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Introduction

The orthopteroid insects include the grasshoppers, locusts, crickets, and
their kind as well as cockroaches, mantids, termites, rock-crawlers (or gryllo-
blattids), earwigs, and stick-insects. Unlike such assemblages as ‘‘beetles’’
(Coleoptera), “‘bugs”’ (Hemiptera), or “‘flies’’ (Diptera), the orthoperoid
insects have no single vernacular name in any language that is applicable to
them all. A few languages do, nevertheless, possess single words that are used
to include most orthopteroid insects in that they refer to those forms which
leap, and which are commonly called by the Latin name ‘‘Saltatoria.”” These
leaping insects are the true locusts, grasshoppers, and their immediate
relatives, and English is one of those few languages in which there is a single,
succinct, expressive noun that covers them all. The word is ‘‘grigs.”” We may,
therefore, include under the umbrella of this almost obsolete name all insects
belonging to orders herein treated collectively.

Even the term “‘insect’” has changed its meaning several times over the
years, although all insects in the modern sense are included in the superphylum
Arthropoda. Arthropoda is the name used to include the greater part of the
animal kingdom. It replaces the ambiguous ‘‘Insecta,”” used by Linnaecus
(1761) for all animals having a chitinous exoskeleton and segmented append-
ages. Within this superphylum falls the phylum Entoma, whose name was
used by Aristotle about 330 B.C. for the arthropods exclusive of crustaceans,
and which was resurrected by Latreille (1804) in 1796 (although in a wider
sense than it is now used, for he included arachnids and some other animals).
Among the Entoma we recognize subphyla, the largest of which is the
Uniramia of Manton. This includes all arthropods that have primarily
unbranched appendages and whose respiratory mechanism is basically a
ramifying and usually anastomosing system of tubules, or tracheae. They
are all land-based or derived from terrestrial ancestors (unlike the arachnids
which, although now mainly terrestrial, have a marine origin). The great
majority of the Uniramia constitute the infraphylum Dicera, or Atelocerata,
of Latreille. These include the superclass Myriapoda, e.g., centipedes and
millipedes, as well as the six-legged arthropods, or superclass Hexapoda. It
should, however, be remembered that there are some arthropods (mainly in
the immature stages) that are not Hexapoda, although they have six legs,
just as there are many Hexapoda (again, mainly in the immature stages) that
are not six-legged.

Orthopteroid insects belong to what we may call supercohort Neoptery-
gota, i.e., they are insects in which the wings (if present) are capable of being
folded backward to lie along the dorsum of the body. The Neopterygota may
be subdivided into cohorts, the orthopteroids falling into what other early
workers called the Polynephria, or Polyneoptera. The Polynephria are
Neopterygota in which the excretory Malpighian tubules discharging into the
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posterior part of the alimentary canal are numerous, the metamorphosis is
incomplete, i.e., the wing buds develop externally, the mouthparts are of
a biting, or chewing, type (more generally determinable by inspection), and
the abdomen bears a pair of caudal appendages called cerci. Some authors
regard all such insects as being orthopteroid and call them the Paurometabola.

All the orthopteroid orders treated in this work fall within a subcohort
constituting one of the major groups of insects established long ago by
Fabricius (1793), namely the Ulonata. The orthopteroid insects, or Ulonata,
take their place within the hierarchical classification system of the super-
phylum Arthropoda, as follows:

Superphylum ARTHROPODA
Phylum ENTOMA
Subphylum UNIRAMIA
Infraphylum DICERA, or ATELOCERATA
Superclass HEXAPODA
Class INSECTA
Subclass DICONDYLIA
Infraclass PTILOTA, or ALATA
Supercohort NEOPTERYGOTA
Cohort POLYNEPHRIA, or POLYNEOPTERA
Subcohort ULONATA (Orthopteroid insects)

The principal characteristics of the Ulonata will be given later when the
major groups within the subcohort are indicated. Brief preliminary accounts
of these insects, insofar as they are found in Canada, are given by
Kevan {1979) and, for earwigs, by Lamb (1979). The tables accompanying
these articles indicated the approximate numbers of species that were known
to occur in Canada, together with the numbers of additional species that might
eventually be found there. The latter figure. were, in effect, based on the
numbers occurring in the northern United States, and both sets need minor
revision in the light of more recent studies.

As indicated by Vickery et al. (1974), grigs are excellent study material
for both professional biclogists and amateur entomologists. They are not
s0 numerous in spectes that the whole fauna of an area may not be studied
by a single person. Many species are easily reared in the laboratory, or even
in the home, making them popular experimental animals, although, admit-
tedly, a large number present considerable problems in this respect. Many
grigs are aesthetically pleasing, either in their appearance or in the sounds
they produce; some excite curiosity on account of their bizarre aspect or
unusual lives; others teach much about past (and present) geographical and
ecological conditions and about evolutionary principles. Many grigs have the
advantage for the student in that they ‘‘can be studied in the field without
undue discomfort, although a fair amount of energy may need to be expended
in their capture.”” The complex behavior patterns, both auditory and, in some
cases, visual, of any orthopteroids, especially among the saltatorial true grigs,
provide rewarding fields for study.

Cytologists and physiologists have been well served by these insects. From
an economic standpoint there is a very important minority of orthopteroid
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species that are serious pests of crops and some that attack stored produce
or structural materials. Scarcely a single field of human ¢ndeavor on land
is not in some way influenced directly or indirectly by these insects—and not
always adversely. There has, also, been a place for grigs in folklore and culture
from the earliest times until the present, and in the simplest to the most
sophisticated forms (see, for example, Kevan 19744, 1978b).

With the exception of the few known species of Notoptera, all orthop-
teroid orders are predominantly tropical. As a result, people who live in coun-
tries that have temperate climates, particularly those who live in higher
latitudes, obtain not enly a distorted impression of them but also, despite
the prevalence of a few species that gain public attention on account of their
economic significance, an unrealistic idea of their abundance and diversity.
In order to put matters into perspective, therefore, we present, in tabular
form (Table 1), the approximate numbers of living families, genera, and
species known for each orthopteroid order for the world as a whole, compared
with those for the region covered by the present work. Subspecies are not
considered separately. About a score of alien species that have become
naturalized, even if but temporarily, either in the field or under artificial
conditions, are included in the numbers given for Canada and adjacent
regions. It will be immediately apparent that Canada and its immediate neigh-
bors are inhabited by only a minute fraction of the world’s orthopteroid
fauna—Iless than 0.01%! This does not, however, mean that they are either
insignificant or unimportant.

Approximate numbers of non-fossil Ulonota known for the world and
for Canada

Order Number of familiesl  Number of genera Number of species

World  Canada World  Canada World  Canada?
Dictuoptera 37 9 1 000 15 7 500 24
Notoptera 1 } 3 1 23 4
Dermaptera 9 3 132 6 1 850 7
Dermodermaptera 1 0 i 0 8 0
Cheleutoptera 11 1 357 i 2 500 3
Grylloptera 32 i3 1 500 37 8 500 104
Orthoptera 32 5 2 000 64 11 0600 155
Total 123 32 4993 124 31 381 2973

I The number of families varies with different authors. The figures given here are for those
families recognized by the present authors.

2 Excluding nonbreeding adventives but including aliens that have been established, at least
temporarily, even if under artificial conditions.

3 Of this total, almost 250 species together with 15 or 16 subspecies are native or established
in Canada.

11



Review of literature to 1850

Over the centuries, and before European settlement in Canada, numer-
ous visits were made to Canada’s shores by different expeditions and for
different purposes. Until Giovanni Caboto’s visit in 1497, however, none
left contemporary written records, and, so far as can be determined, only
one, that of John Davys in 1586, mentions any insect—and then only
mosquitoes, apparently in southern Greenland (Davys 1589).

The earliest Europeans to settle in the northern part of North America
were, of course, those who came to Newfoundland (the first colony in 1583),
New France, and New England, but if (even among those who professed an
interest in natural history) they had anything to say about insects at all, it
rarely concerned grigs.

The so-called “*Jesuit Relations’” (Thwaites 1896-1901), spanning a
period of 180 years, from 1610 to 1791, contain a few scattered early
references to insects in New France, one or two of them referring to grigs.

Nearly a quarter of a century later, Pierre Boucher, who came to Canada
when he was only 12 vears old and who became governor of Trois-Riviéres,
published & book that included observations on natural history. He mentioned
that he had a collection of several hundred insect specimens (Boucher 1664).
He gave no detail, but presumably some grasshoppers would have been
included. The fate of his collection is unknown {Comeau 1965).

When, in a search for early records of orthopteroid insects, we turn to
the history of New England, we fare little better.

We may notice what seems to be the first, brief mention in English (and
the first to be published) of a few orthopteroid insects specifically from north-
eastern North America in John Josselyn’s account of his second visit to
New England begun in 1663 (Josselyn 167¢; see also Weiss 1936). He went
first to Boston, Massachusetts, and later i - in Black Point, Scarborough,
Maine, for more than 8 years. He notes crickets (presumably Gryllus
pennsylvanicus Burmeister), grasshoppers (presumably Acrididae of various
kinds), and “‘a stinking black and red Bug called a Cacarooch or Cockroach.”

The first grasshoppers to be reported during the cighteenth century from
our area were definitely not popular. The occurrence was in 1743, and again
in 1746, In Maine, grasshoppers were said to have ‘‘covered the whole
country’’ and to have “‘threatened to devour every thing green.”” In 1749
and 1754, grasshoppers were again reported from the same region as being
“very numerous and voracious; no vegetables escaped these greedy troops;
they even devoured the potato tops . . . Indeed, so great was the alarm they
occasioned among the people, that days of fasting and prayer were
appointed” (Williamson 1832:102-103; see also T. W. Harris 1841;
Scudder 1872; Riley 1875, 18775h).

The overland explorers and those who visited the coasts of the Pacific
northwest during the eighteenth century were singularly uncommunicative
about insects in general and about grigs in particular. In the East, however,
it would be appropriate to mention the Finnish professor Pehr Kalm of Abo
(now Turku), sent by the Royal Swedish Academy to report on conditions
in North America. He visited parts of Pennsylvania, New Jersey, New York,
and southern Canada during 1748-1751, making various observations in
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his diaries concerning the natural history of the regions that he visited
(Kalm 17564, 1761). Although there is no record of the content of his collec-
tion, or of the fate of his specimens, it is not improbable that there were
some insects, doubtless including grasshoppers.

On 9 December 1748, Kalm himself (17565) made reference to damage
done by grasshoppers to pasture. He said that when the grasshoppers
appeared, the grass-grubs and caterpillars become scarce. Various people,
he said, assured him that these three kinds of insects followed oneg another,
so that the grasshoppers appeared in the first year, the caterpillars in the
second year, and the grass-grubs in the third year. In his own experience this
was partly correct.

With regard to orthopteroids other than true grasshoppers, Kalm
{op. cit.) mentions that cockroaches, or mill beetles, were present in almost
every house in the city of New York, and, furthermore, that they were
common ‘“‘everywhere,”” even in woods and wilderness, where he correctly
regarded them as native. In the former, at the time, they would probably
have been virtually all Blatta orientalis Linnaeus; in the latter, Parcoblatta
spp., although one interesting observation of large numbers of cockroaches
in a rotten log being used for fuel, suggests that he may have collected
Cryptocercus punctulatus Scudder also.

With regard to the house cricket (Acheta domesticus (Linnaeus), Kalm
17565) did not observe it in any part of Pennsylvania or New Jersey, and
others that he asked were unable to say that they had ever seen any. He notes,
however, that in summer, black crickets, which made the same chirping
sound, were found in the fields, but that they were silent as soon as winter
or cold weather came. Anticipating his account of his later excursion to the
north (cf. Kalm 1761), he notes that in some parts of New York, and in
Canada, every farmhouse and most of the houses in the towns, swarmed
with crickets, which continued with their ““music’’ there throughout the whole
winter and summer. He states furthermore that there they had, likewise, not
put aside their customary bad habits (in Europe), namely, of getting among
and cutting to pieces, clothes. These crickets were, at least for the most part,
surely Acheta domesticus.

Field crickets, according to Kalm, were plentiful in summer in all parts
of North America that he visited, and were sometimes so numerous and
vociferous that they were painful to the ears. Most of those that he observed
would have been either Gryllus pennsylvanicus Burmeister or G. veletis
(Alexander & Bigelow), according to whether they were observed later or
earlier in the season. Kalm (1761) further notes that crickets passed the winter
in the soil and emerged again in March to recommence their singing. (This
would apply to G. veletis, which hibernates in the nymphal stage and becomes
adult in spring, but not to G. pennsylvenicus, which passes the winter in the
egg stage and does not become mature until later in the year; the same
individual cricket does not sing in both spring and autumn.) So early a date
would apply only to the southernmost parts of the region and not to that
here covered, which Kalm visited only briefly in the summer of 1749. In his
entry for 13 February 1749, Kalm records that crickets were found at a depth
of about 25 ¢cm and that they were quite torpid, but as soon as they were
brought into a warm place, they revived and were quite lively, (The crickets
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in this instance may have been overwintering nymphs of G. vefetis that had
passed the critical point of their diapause period.) Kalm also remarks on the
fact that, when crickets were abundant, they could prove dangerous where
rattlesnakes abounded because the warning rattle of the serpents could be
rendered inaudible by their chirping,

On 7 September 1762, the Lieutenant-Governor of Nova Scotia,
Jonathan Belcher, sent a dispatch from Halifax to the Lords of Trade in
London, referring to the loss of crops that year brought about by a combi-
nation of drought and grasshoppers. Which species was (or were) concerned
is uncertain, but Piers (1918), who cites the report, strongly suspects
“Melanoplus atliantis (Riley),”’ i.e., M. sanguinipes sanguinipes (Fabricius),
but it may well have been M. femurrubrum femurrubrum (De Geer).

Up until the end of the eighteenth century, we know of no record of
orthoptereid insects from the north central or northwestern parts of North
America. Pritchett (1942), however, places the first observation by a Euro-
pean of swarms of the Rocky Mountain locust, Melanoplus spretus (Walsh),
in the Canadian West at 13 vears before the establishment of the first
Red River Settlement in what is now Manitoba. As this latter occurred in
1812, the record, if correct, would be for 1799. It is probabie that there would
have been swarms of locusts in the general area in 1799 to give rise to those
that were actually reported in 1800, but there is no written record of them.
Nevertheless, grasshoppers in general, and locust swarms in particular, were
surely familiar to the aboriginal Amerindians from time immemorial. As Bird
(1961) says, ““These outbreaks must have undoubtedly occurred periodically
for centuries.”* He supports this by reference to the vast numbers of grass-
hoppers frozen in the glaciers of Montana (Gurney 19534; Gurney and Brooks
1959).

The early part of the nineteenth century saw a slow growth in knowl-
edge of the orthoptercid insects of Canada and adjacent regions in two differ-
ent ways. On one hand, the spread westward of European settlers (and the
accompanying introduction of agricultural and horticultural systems that had
not previously existed in the West) led to reports on swarms of locusts, which
had become of great economic significance, rather than mere matters of
curiosity. On the other, a beginning was made, mainly in the East, on the
collection and scientific description of the insects.

The first swarms of locusts (acridid grasshoppers) to be reported from
the middle of the North American continent were not, as might have been
anticipated, in territory now forming part of the United States (although they
were doubtless present there at the time), but in the Red River valley of what
is now Manitoba and Saskatchewan. Alexander Henry, who was eventually
drowned in 1814 in British Columbia, recorded in his diary for 17 August
1800 that, on the “‘east shore of Lake Winnipeg, six leagues from the mouth
of the Red River. . . The beach was covered with grasshoppers which had
been thrown up by the waves and formed one continuous line as far as the
eye could reach; in some places they lay from six to nine inches deep, and
in a state of putrefaction which occasioned a horrid stench”’ (from Ms., James
Campbell, Librarian of the Library of Parliament, Ottawa, in Packard 1878,
and Coues 1897; see also Morton 1937; Mitchener 1954q, 19545, Bird 1961;
Riegert 1980).
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Although we cannot be certain, the above records, and presumably most
reports of swarms in the early days in the Prairie regions, doubtless referred
to the Rocky Mountain locust, Melanoplus spretus (Walsh). In the East,
although several species were undoubtedly involved, the main cause of
damage and comment was often M. femurrubrum femurrubrum (De Geer).
M. sanguinipes (Fabricius), which is nowadays the most important species
in the West, was probably not the most injurious grasshopper pest in the
East, any more than it is now.

In the years 1800-1801, infestations were said to have caused great
damage on Ile d’Orléans in the St. Lawrence River by Québec City. Lambert
(1810, 1813; see also Vickery et al. 1974) gives a colorful version of the
incident.

Two years after Henry’s experiences in the West, and a vear after the
Québec incident, Daniel William Harmon (born 1778, died 1845), entered
in his journal for 23 July 1802, that locusts were (still or again) present in
great numbers on the Prairies. Harmon (1820; sce also Morton 1937; Riegert
1968) reports that, at Fort Alexandria on the upper Assiniboine River, about
16 km southeast of the present town of Sturgis, in eastern Saskatchewan,
there were ‘“‘grasshoppers, in such prodigious numbers, as I never saw in any
place. In fair weather, between eight and ten o’clock A.M., which {was] the
only part of the day when many of them {left] the ground, they [were] flying
in such numbers that they obscure[d] the sun, like a light cloud passing over
it. They also devourfed] everything before them, leaving scarcely a leaf on
the trees, or a blade of grass on the prairies, and our potato tops escape(d]
not their ravages.”” This was the first record of damage to cultivated crops
in the West.

Ten years after Henry began his migration westward, locusts returned
to the Prairies. In 1812~1815, Lord Douglas, Earl of Selkirk, established his
Red River Settlement of Assiniboia. History shows that things did net go
smoothly for them. In 1817, when all looked well, the wheat crop was
destroyed by frost, but in 1818, things were “‘looking up”’ and reasonable
crops were produced. Then disaster struck again, for the locusts came!

Numerous authors have referred, at greater or lesser length, to the locust
plagues of the Red River Settlement during 1818-1821. In addition to those
already cited, they include the following: Hind (1857); Hargrave (1871);
Huyshe (1871); G. M. Dawson (1873¢, 18755); Bethune (1875); Riley (1875,
1877h), who also discusses the contemporary invasions of Minnesota in 1818
and 1819, which are recorded by Neill (1858), and reports on grasshopper
damage elsewhere in 1820 and 1821; Packard (1878), who also refers to grass-
hopper damage elsewhere in 1820-1821; Gunn (1878); Macoun (1882); and
others later. The disastrous years are commemorated by Pratt (1952) in
Section 5 of “‘The Gathering,” a poem in his saga of the building of the
transcontinental Canadian Pacific Railway.

At about the same time as the devastating swarms of locusts visited the
unfortunate Red River settlers, Eastern Canada and New England were also
experiencing unusually severe attacks by grasshoppers. Talbot (1824), who
came from Ireland in 1818 and who seems to have been even more prone
to exaggerate than his predecessor Lambert (1810, 1813), wrote that ‘‘locusts
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and grass-hoppers which infest the whole country . . . are often as destruc-
tive to the corn crops in Canada as Sampson’s foxes were to the wheat of
the Philistines.”’” He also stated that some of the grasshoppers in what is now
eastern Ontario and Québec, were ‘“‘as large as a field mouse’” and so numer-
ous ‘‘that a single person with a waggoner’s whip might drive ten thousand
of them before him with as great ease as a shepherd can drive a flock of
sheep. The whole face of the earth appears so thickly covered with them,
that crops of every description seemed destined to immediate destruction.”’

All interest in insects in the early nineteenth century was not of an exclu-
sively pragmatic nature, nor did it relate entirely to economic considerations.
Captain William Edward Parry’s Northwest Passage expedition of 1819-
1820 brought back a few northern insects to Great Britain (W. Kirby 1824),
although it is scarcely surprising that no orthopteroid was among them. Some
were, however, collected (presumably as a pastime), about 1821, by an army
officer, Lt. R. S. Redman, in the vicinity of Halifax, N.S. Such orthopteroids
collected by Redman as we know of, are listed in the catalogs of F. Walker
(1869a, 1869h, 1870, 1871). The species, under their current names, are
Ceuthophilus maculatus (Harris), Scudderia curvicauda (De Geer), S. fur-
cata furcata Brunner von Wattenwyl, Conocephalus fasciatus (De Geer),
Allonemobius fasciatus (De Geer), Melanoplus femurrubrum femurrubrum
(De Geer), M. bivittatus (Say), Dissosteira carolina (Linnaeus), Arphia
sulphurea (Fabricius), Pardalophora apiculata (Harris), Chorthippus
curtipennis curtipennis (Harris), and Tetrix ornata (Say). F. Walker (1872),
in his list of orthopteroids known from north of the United States border
(omitting reference to anything west of Ontario), bases his Nova Scotia
records entirely on Redman’s material, all or most of which is still preserved
in the British Museum (Natural History), London. These seem to be the oldest
Canadian specimens still in existence, for they must have been collected not
later than the beginning of 1822, although not before the end of 1820.

Dr. John Jeremiah Bigsby, a keen naturalist (born 1792, died 1881), was
a member of the Canadian Boundary Commission and, at an early date in
his career, in the early 1820s, he visited, among other places, southern Lake
Huron and the surrounding regions (Bigsby 1824). He apparently collected
various natural history specimens at the time, for much later (Bigsby 1850)
he published a list of insects that he had collected, *‘principally in [sic] Lake
Huron.”” Although one cannot say for certain that these belonged to the early
period, it may be assumed that some, at least, did so. The names were Gryllus
bipunctatus (not of De Geer; other than that this was a cricket of some kind,
it cannot be identified); Acrida coeca and A. stenoptera (in earlier times,
Kirby used Acrida Linnaeus for Tettigonia Linnacus; that these ‘‘species’
were tettigonioids with relatively broader or narrower wings, respectively,
is all we can say of them); Locusta borealis (Kirby used Locusta for any-
thing we should now place in the Acridoidea); and Acrydium 4-punctatum
(Kirby used Acrvdium specifically for Tetrigoidea). This last species we can
tentatively identify because a specimen collected by Bigsby from Lake Huron
is listed as Tettix granulata (Kirby) (= Tetrix subulata (Linnaeus)) by
F. Walker (1871).

Captain George G. Back’s Arctic Land Expedition of 1833-1835
(G. Back 1836) returned to the United Kingdom with a few insects. Among
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these was a solitary grasshopper, which is listed by Children (1836) as
Acridium  sulphureum Palisot de Beauvois (i.e., Arphia sulphurea
(Fabricius)), but the specimen almost certainly belonged to Trimerotropis
verruculata verruculata {(Kirby). W. Kirby (1837) notes the reference and
F. Walker (1870) refers to the actual specimen (in the genus QOedipoda from
““Arctic Regions, Capt. Back.”” It probably came from the general region
of Lake Garry, northwest Keewatin,

From the higher latitudes, we should now return to the lower ones. In
the 1830s, Thaddeus William Harris, whose father was also a keen natural-
ist, began a serious study of the insects of Massachusetts. He published a
list of insects for the state, which included a dozen or so species of orthop-
teroids (T. W. Harris 1833), about half of which he regarded as new species,
for which he provided names but no description. Two years later, his revised
list (T. W. Harris 1835) included some 35 names, 25 of them new, but again
there was no description. The only one of these “new’’ names that is now
valid as of that date, was Locusta (now Pardalophora) apiculata, by virtue
of its being indicated as a replacement name for what had previously been
recorded under the name of an Old World species (tuberculata Palisot de
Beauvois) (J. A. G. Rehn and Hebard 19115). Most of them were, however,
validly described by him, usually (but not always) under the same names,
later (T. W. Harris 1841). This last list contained about 32 or 33 nominal
species, of which only 9 or 10 were not regarded as being new. Those which
are still valid, with their current names, are as follows:

Harris’s name Current name
Rhaphidophora maculata Ceuthophilus maculatus (Harris)
Conocephalus ensiger Neoconocephalus ensiger (Harris)
Orchelimum vulgare Orchelimum vulgare Harris
Acrydium alutaceum Schistocerca alutacea (Harris)
Locusta maritima Trimerotropis maritima maritima

{Harris)
Locusta marmorata Scirtetica marmorata (Harris)
Locusta (Chloealtis) conspersa Chlioealtis conspersa Harris
Locusta (Chloealtis) curtipennis Chorthippus curtipennis curtipennis
(Harris)

It may also be noted here that T. W. Harris (1841) mentioned various
natural enemies of grigs, including endoparasitic worms (several in one host,
which he referred to as Gordius, although they may have been mermithid
nematodes) and ectoparasitic red mites (which he called Ocypete, although
they would now presumably be referable to larval Erythraeidae), both from
“locusts’ (i.e., Acrididae). ‘A kind of sand-wasp’” is recorded as preying
upon “‘grasshoppers’’ {i.e., Tettigonioidea). Many birds, including domes-
tic fowls, he said, will consume ‘‘locusts, grasshoppers and crickets,”” and
turkeys, if permitted, will, during the summer, “‘derive nearly the whole of
their sustenance from these insects.”” In respect of the injurious nature of
Acrididae, Harris notes the references by Dwight (1821) and Williamson
(1832) and says, ““The southern and western parts of New Hampshire, the
northern and eastern parts of Massachusetts, and the southern part of
Vermont have been overrun by swarms of these miscalled grasshoppers
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(mainly Melanoplus femurrubrum femurrubrum (De Geer), and have suffered
more or less from their depredations’’ (see also Riley 1875, 1877h). As regards
the local importance in Massachusetts, of ‘““Acrydium femur-rubrum’
(probably both Melanoplus femurrubrum femurrubrum and M. sanguinipes
sanguinipes (Fabricius) were involved), he says, ‘“These, in certain seasons,
almost entirely consume the grass of these [salt] marshes from whenceth ey
[sic] then take their course to the uplands, devouring in their way, grass,
corn, and vegetables, until checked by the early frosts. . . It is stated that,
in Maine, during dry seasons, they often appear in great multitudes, and are
greedy destroyers of the half-parched herbage.”

About the time that T. W. Harris was becoming involved with ento-
mology, so was a young English immigrant to Newfoundland, Philip Henry
Gosse. At the age of 17, in 1827, he obtained a post there at Carbonear.
As recorded by Bruton (1930) and Weiss (1936), his interest in natural his-
tory received added stimulus in 1832, and he painted insects, including orthop-
teroids, that he collected there. He left Newfoundland in 1835 and spent
3 years, until 1838, at Compton in the Eastern Townships of Québec, before
departing for the United States and then returning to England. While at
Compton, he began a book on the entomology of Newfoundland, which,
however, was never published. After his departure from Québec, Gosse (1840)
published the first book exclusively on Canadian natural history, based on
his experience at Compton, in which he mentioned various tettigonioid grigs,
two of which he vaguely named: ‘‘Phyliopterus Myrtifolius 7’ (probably
Scudderia furcata furcata Brunner von Wattenwyl) and ‘‘Locusta 7’
(Conocephalus sp., probably C. fasciatus (De Geer)).

About this time the first record of the lesser earwig, Labia minor
(Linnaeus), from the northeastern United States was published, when Double-
day (1838) reported it from Wanborough, New York. Further records of
orthopteroids were not published for New York until some years later, when
Fitch (1847) listed about 10 saltatorial species from the state. There was appar-
ently an outbreak of grasshoppers or locusts in Minnesota in 1842 (Packard
1878; Lugger 1898) but it does not seem to have affected Canada. In 1845,
Léon (later I’Abbé) Provancher began collecting insects at Bécancourt,
Québec, but his calling put a stop to this in 1846, and he did not take up
entomology again for another 11 years (Comeau 1965). There is no reason
to believe that his earliest collecting involved orthopteroids.

Toward the end of the fifth decade of the nineteenth century two further
expeditions to the Canadian Arctic took place following the disappearance
of the ill-fated Franklin expedition of 1845. A narrative of the first of these,
in 1846 and 1847, is given by Rae (1850), and that for the second, in 1848
and 1849, by Richardson (1851). Both Rae and Richardson brought back
insect specimens to the United Kingdom, and some, at least, of these are
still preserved in the British Museum (Natural History), London. A. White
(1851) lists material from both collectors, but only two species of orthop-
teroids are named, both from the same two localities, the ‘‘Borders
(i.e., margins) of Mackenzie and Slave Rivers,”” and Fort Simpson (61° 30'N).
In addition, four unnamed species of ¢‘Locusta’’ are recorded from the first
of these localities. The named species were “‘Acryvdium granulatum’
(= Tetrix subulata (Linnaeus)) and ‘‘Locusta tuberculata’ (= Pardalophora
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apiculata (Harris)). F. Walker (1871) mentions (as Tettix granulatay what
may be one of the same specimens from *‘Arctic America’ presented by Sir J,
Richardson, and (1870) records “‘Oedipoda phoenicoptera’ (= Pardalophora
apiculata (Harris)) with similar data, which may be any one of the “Locusta”
specimens recorded by White (1851). Specimens collected by Rae and recorded
by F. Walker (1870) for Arctic America are Caloptenus femur-rubrum
{= Melanoplus femurrubrum femurrubrum (De Geer)), which E. M. Walker
(1920) belicves (probably correctly) to have been M. borealis (Fieber), and
a “‘new’’ species, Caloptenus arcticus (= Melanoplus bilituratus bilituratus
(F. Walker) or, according to Gurney and Brooks (1959), M. sanguinipes
sanguinipes (Fabricius)).

Richardson’s material included, in addition to the two aforementioned
species, “‘Caloptenus femur-rubrum’’; the “‘new’’ species C. extremus
(= Melanoplus borealisy; Oedipoda (= Arphia) sulphurea (Fabricius); O.
(= Xanthippus) corallipes Haldeman); Stenobothrus curtipennis (Harris) and
S. longipennis Scudder (both = Chorthippus curtipennis curtipennis
(Harris)); and S. maculipennis Scudder (= Orphulella pelidna pelidna
(Burmeister)). These species are the basis for all the records for ““Arctic
America’” given by F. Walker (1872), which omits ¢“S. longipennis.” Tt should
be realized, however, that the expression ‘“Arctic”’ is now misleading as many
of the specimens would have come from (at the most) subarctic environments
in the western part of the continent and probably from lower than 60°N.

F. Walker (1869qa, 1869b, 1870, 1871) makes several references to other
early Canadian specimens of orthopteroids, but most of these may date from
after 1850. On the positive side, however, two specimens of Oedipoda
(= Arphia sulphurea (Fabricius)), dated 1845, were collected in the Rocky
Mountains and presented to the British Museum (Natural History) by the
Earl of Derby. The dubiously pre-1850 material included Parcoblatta
pennsylvanica (De Geer) from ‘“‘Canada’ (presumably eastern Ontario),
collected by W, S. M. D’Urban, who lived in Montréal for some years before
returning to England; Scudderia furcata furcata Brunner von Wattenwyl (as
Phylloptera myrtifolia from *‘Canada’’ (i.e., Québec or Ontario; no collector,
but probably D’Urban or Barnston; Sphagniana sphagnorum (Walker) (in
genus Decticus), type described from “St. Martin’s Falls, Hudson’s Bay”’
(= Martin Falls, Albany River, northern Ontario), collected by George
Barnston, one of the co-founders of the Canadian Naturalist and Geologist),
Gryllus pennsylvanicus Burmeister (as (. Juctuosusy from ‘‘Canada,”
collected by both D’Urban and Barnston; Melanoplus bivitiatus (Say),
from ““‘Canada’ and Albany River (Martin Falls}), collected by Barnston;
M. fasciatus (Walker), types, Albany River (Martin Falls); M. sanguinipes
sanguinipes (Fabricius) (types of Caloptenus bilituratus Walker and
C. scriptus Walker) from ‘“Vancouver’s Island™ collected by a Dr. Lyall;
M. femurrubrum femurrubrum (De Geer) (type of Caloptenus repletus
(Walker)) from the same locality but collected by Lieut.-Col. Hawkins;
Dissosteira carolina (Linnaeus) from ““W. Canada’ {meaning Canada West
= Ontario), collected by a Mr. Bush (? Richard James Bush, active in the
1860s) and from ““Vancouver’s Island,’’ collected by Lieut.-Col. Hawkins;
Arphia sulphurea (Fabricius) from the same locality but collected by
Dr. Lyall; Pardalophora apiculata (Harris) collected from “‘Hudson’s Bay”’
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(i.e., Martin Falls) (as *Oedipoda phoenicoptera’’) and by Lieut.-Col.
Hawkins from ‘“Vancouver’s Island” (as “‘O. rugosa’’); Chorthippus
curtipennis curtipennis (Harris) from ““Hudson’s Bay’ (Martin Falls)
collected by Barnston, and from Newfoundland, presented by a Prof.
Shephard; and Tetrix subulata (Linnaeus) (as “Tettix granulara’’) and
T. ornata (Say) from ““Hudson’s Bay’’ (= Martin Falls).

One of the pioneer entomologists of Canada was William Couper, who
came to Canada from England in 1842, and who first collected Canadian
insects of “‘all orders,”” no later than 1843 (Baillie 1929), but if any orthop-
teroids were among them {and there probably were), there is no way of telling
this.

Review of literature after 1850
Locust and grasshopper outbreaks

Since the trials and tribulations of 1818-1821, the settlers in the
Red River valley of what is now Manitoba had no serious locust problem
for many vears, although they had other troubles. The Canadian West had,
nevertheless, by no means seen the last of the Rocky Mountain locust and
other major grasshopper pests, and Seamans {1956) notes, with some
inaccuracy, most of the ““locust’” and ““grasshopper’” vears from 1818 until
1951. The first signs of serious trouble ahead seem to have been in 1855,
when, as reported by Taylor (1839), severe outbreaks occurred in Oregon
and Washington, the “‘entire territories”” being covered by grasshoppers.
There were also, according to Taylor (op. cit.), swarms in Minnesota that
year——although this has been denied by Whitman (in Packard 1877)—and
again in 1856 (Walsh 1866, quoting O. H. Kelley in Country Gentleman,
Scudder 1872; Riley 1875, 1877h; Packard 1877, 1878; Lugger 1898). In 1857,
the swarms became more numerous in various parts of the northwestern
United States, including Minnesota (references as aforementioned), and many
entered Manitoba. Riegert (1980) quotes earlier authors who described swarms
in the Pembina River district. There was not much serious crop loss as a result
of the visitations because the swarms arrived too late in the year {(Scudder
1872, with reference to a letter from the Homnourable Donald Gunn;
G. M. Dawson 1875b, cf. Mitchener 1954b). Nevertheless, they deposited
vast numbers of eggs that gave rise to abundant progeny in the following
year, 1858 (Hind 1859:40, 43; Gunn 1878). Hind (1859:44) gives a graphic
account of a devastating flight of Melanoplus spretus to the west of what
is now Souris, Man., on 2 July 1858. He also refers to other occurrences
of locusts in Saskatchewan, and records observations on phenology.

The seriousness of the locust plague of 1858 is stressed by many later
authors. For the following few years, however, locusts were not prevalent
until they appeared in Dakota territory in 1863 (Whitman, in Packard 1877)
and Minnesota (Lugger 1898). They reappeared in force in 1864 and 1863,
causing (according to some authors) widespread damage, particularly in the
former year. Morton (1938}, following Hargrave (1871), notes that the 1864
swarms of grasshoppers had been preceded by “‘a severe drought, such as
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had not hitherto been known in the Settlement,’’ and that ‘‘the depredations
of the grasshoppers continued in 1863, but were largely confined to the part
of the Settlement occupied by the Scots ‘who were probably better able to
support the loss than any other portion of the community.’ ”’

The following year, 1866, although listed for Minnesota by Lugger
(1898), is not generally regarded as having been a “‘locust’” year in Manitoba.
For 1867, the same source reports that the harvest was considerably injured
by ‘“‘a vast cloud” of grasshoppers. This was said to be the largest swarm
ever known (Bethune 1875). In 1868, the progeny of these locusts completely
destroyed the crops in Manitoba in that year also (Huyshe 1871; Bethune
1875b; Gunn 1878). They ‘‘devoured everything, causing a famine’’ (Dawson
1875bh; Macoun 1882; Morton 1939; Mitchener 1954a, 1954b).

According to Huyshe (1871), the locusts of the 1868 outbreak ‘‘came
in such countless myriads that they were lying piled up against the angles
of the bastions and walls of Fort Garry [near Winnipeg, Man.] to a depth
of three feet. The stench from their dead bodies was almost unsupportable,
and they had to be carted away and thrown into the river.”’ The following
year, 1869, was another marked by heavy locust invasion of Manitoba, but
the swarms arrived too late to affect very much the bountiful crops of that
year (Dawson 18756). The progeny of these swarms, however, did much local-
ized damage in 1870 (Dawson 1875b; Bethune 1875; Gunn 1878; Macoun
1882; Mitchener 1954a; Riegert 1980). Some Manitoba farmers did not sow
crops in 1870 (Gunn 1878). In Minnesota, locust damage was apparently more
restricted in 1869, but severe again in 1870 (Lugger 1898).

In 1871, the Canadijan Prairie Provinces seem to have been free from
serious injury by grasshoppers or locusts. It was in the eastern part of our
region that the most serious damage by Acrididae (presumably mainly
Melanoplus femurrubrum femurrubrum (De Geer)) occurred. Riley (1875,
1877b; cited also by Packard 1877) quotes a letter from one L. Colby and
from reports in the Country Gentleman, American Agriculturist, and the
Monthly Reports of the U.S. Department of Agriculture for 1871, which
indicate that damage was severe and widespread in Vermont, New Hampshire,
Massachusetts, and Maine.

In 1872, apparently a bad locust year in Minnesota also (Lugger 1898),
fresh swarms of Melanoplus spretus appeared in Manitoba, and thereafter
the locust situation again became serious (see Dawson 1875b, quoted also
by Packard 1878, Macoun 1882, Mitchener 19544, Riegert 1980). The locusts
deposited an abundance of eggs, particularly in the ‘“‘northern’” (now central)
part of the province. Some of the resulting hoppers marched, in 1873, up
the Red River valley, but over considerable areas, notably around Winnipeg
and Stone Fort, the farmers cut their losses by sowing no crop.

The following year, 1874, saw immigration of flying swarms from the
West earlier than was considered usual, and much injury to crops was inflicted
in some districts. Dawson (1875b) says that, according to a Mr. Solbey, five
million bushels of grain were destroyed by locusts in Minnesota alone.
Packard (1877) quotes Dawson’s (1876) report regarding the Canadian locust
outbreak of 1875, during which little or no cultivation was attempted in
Manitoba (see also Riley 1876; Packard 1878), or as Macoun (1882) puts it:
“The grasshopper plague [of 1873-1875] was upon the whole province and
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no wheat or next to none was raised in 1875. Many got a crop of potatoes,
but the country was on the verge of starvation and all the seed wheat had
to be brought in from Minnesota.”’ This did, however, result eventually in
a long-term benefit. The utter reduction of seed stocks in Manitoba led to
the replacement of inferior varieties by Red Fife, the wheat that placed
Canada ‘‘on the wheat map of the world”” (Morton 1937). A note on the
Manitoba ‘“Grasshopper Seed Grain Mortgages’’ of 1876 is given by Painter
(1941). Nevertheless, at the time, the locust outbreaks of 1873-1875 were
directly responsible for a great reduction in immigration by settlers during
1876 to the Canadian prairies (Morton 1937, 1938), which was an embarrass-
ing set-back to the youthfu!l federal government who had just expended a
great deal of effort and treasure in attempting to encourage settlement of
the West. ““The great tide of immigrants’’ that was expected “‘refused to come
to a land cursed with one of the plagues of Egypt’’ (Morton 1937).

The Manitobans for the most part remained resolute despite adversity,
and the cornerstone for the old Winnipeg City Hall was laid on 17 August
1875. Beside the stone was buried a bronze casket (it would be called a “‘time
capsule’’ nowadays) containing various contemporary articles regarded of
interest to posterity. Included were ‘‘three photographs of Manitoba scourge,
‘grasshoppers,” 1875’ (one actually dating from 1874, is shown in Plate I,
A), “a [glass ‘‘Preston Salts’’] bottle containing samples of the scourge of
Manitoba ‘grasshoppers’ in spirits’” and sealed with red sealing-wax (Plate I,
B, C), and “‘a box containing heads of wheat from a field partially destroyed
by grasshoppers, 1875 (Begg and Nursey 1879:122-123). When recent
excavations were being undertaken for the extension of the City Hall, the
casket was exhumed 15 February 1962 (together with another buried 19 July
1884, when the cornerstone of the ‘““new”’ City Hall was laid) and the objects
recovered (Anonymous 1962a, 19625). The ‘‘grasshoppers,’” although the
alcohol had, of course, dried out, were in an excellent state of preservation.
Most of them were Melanoplus spretus, although other species were
represented.!

The year 1875 saw the last of the really serious crop losses to the Rocky
Mountain locust in the region treated here. There was an exodus of locusts
from Manitoba in 1876 and no problem there in 1877. Packard (1878) shows
1877 as being an unimportant locust year in ‘‘British North America,’’ as
well as in the adjacent United States from Minnesota westward. Locust flights
are shown for 1877 in Manitoba, present Saskatchewan, the Dakotas, and
Montana by Packard (1881), but, for 1878, a few in the last two named
locations only (see also Packard and Riley 1881). By 1879, activity seems
to have become reduced to a small amount in the western Dakotas and in

1 The bottle (capacity 38 mL, height 53 mm, greatest circumference 135 mm) eventually made
its way to Saskatoon, where it was examined by our former colleague Dr. R. L. Randell. We
are grateful to him for the photograph and for information regarding its contents. Besides
a male and a female Melanoplus spretus there were one male M. sanguinipes sanguinipes
(Fabricius), one each of second-, third-, and fourth-instar nymphs of one or other of these,
one female Cratypedes neglectus (Thomas), and one female ‘‘Mormon cricket,”” Anabrus
simplex Haldeman. The bottle also contained some newspaper clippings. Bottle and contents
were returned to the City of Winnipeg at the end of August 1970, and were placed in the
city archives (W. A. Quayle, City Clerk, Winnipeg, in /itt. to R. L. Randell, 1.1X.1970).
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western Montana (which had otherwise become virtually free from the Rocky
Mountain locust for the first time since settlement in 1861).

There has been much speculation over the decline (and eventual demise)
of the Rocky Mountain locust. Bird (1961) believes that, in former times,
ecological conditions were made particularly favorable for Melanoplus spretus
by a combination of dry seasons and an abundance of bison (buffalo) that
grazed and trampled the arid prairie and made dust wallows. Increase in
settlement and plowing, the elimination of the bison and their replacement
by domestic cattle, which do not make wallows, together with other environ-
mental changes induced by man in succeeding decades, led, Bird maintains,
to the decline and eventual disappearance of the Rocky Mountain locust—
and to the rise of other injurious species in its place. So far as the northern
United States herds of bison were concerned, the greatest hunting seasons
were from 1878 to 1883, by which time the peak outbreaks of Rocky
Mountain locust had passed. It would seem safe to say, therefore, that if
the elimination of bison did play a part in the decline of M. spretus, it would
have been a partial, and probably a minor one. The Rocky Mountain locust,
in fact, briefly returned in force to the Canadian prairies, but not until the
end of the century. There was, however, in Minnesota, a build-up from very
small beginnings in 1886 and 1887 and a serious local outbreak in 1888
(Lugger 1898). Few of the 1889 eggs hatched, possibly partly owing to an
energetic plowing campaign.

During the summer of 1891, “‘myriads’ of Melanoplus sanguinipes
sanguinipes (Fabricius) made a sudden appearance on Sable Island about
180 km off the coast of Nova Scotia. Whence they came is unknown. The
species was said to be uncommon at the time in the vicinity of Halifax, N.S.,
although M. femurrubrum femurrubrum (De Geer) was numerous. From
that year until 1896 they rapidly devastated the island (Piers 1896, 1918 [as
M. atlanisl). In 1894, the driest season on record, only one load of hay was
cut where 14 had been harvested previously. In 1895, their depredations were
worse than ever. Gardens were destroyed, houses invaded, and furnishings
damaged; there was insufficient fodder for the wild ponies, so that hay had
to be imported to feed some, while others were shipped to the mainland.
There was considerable anxiety in 1894 and 1895 that, since the grasshoppers
ate the grass down to near the roots the sands would shift and possibly result
in the disappearance of the island beneath the sea, rendering it an even greater
hazard to shipping than it already was. In 1896, cold weather occurred and
the grasshoppers suddenly disappeared. No specimen was reported again until
1969 (Vickery et al. 1974).

A second noteworthy grasshopper outbreak of 1891 has only recently
come to our attention in the journal of a remarkable Acadian-born lighthouse
keeper, Placide Vigneau, 1842-1926 (Gallienne 1969). In his diary, written
at “‘Pointe-aux-Esquimaux’’ (Eskimo Point, now Havre-Saint-Pierre), on
the remote coast of Québec’s ‘‘Lower North Shore,”” opposite Anticosti
Istand, under 25 July 1891, he mentions a ‘‘prodigious quantity of
grasshoppers’’ that devoured almost all the grass and completely ravaged
gardens (of which, however, there cannot have been many), even consuming
rhubarb leaves and angelica; the sky was darkened by them during the day;
in the evening, they covered everything including the walls of houses.
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The species involved cannot be determined with certainty, but it was
probably the same as that which appeared on Sable Island in the same year.
Unlike the latter, it does not seem that the North Shore grasshoppers persisted,
as Vigneau does not mention any again until 1899. Of this invasion, he says
only that they were as abundant as in 1891 and that they did much damage
to garden plants. In neither case do we have any idea where they came from.

The return of Melanoplus spretus to the West in 1898 through 1902 was
naturally a cause for much anxiety, but, although this species was present,
it seems that the principal injurious Acrididae (at least in Manitoba) were
M. sanguinipes sanguinipes (Fabricius), M. packardii Scudder, and Camnula
pellucida (Scudder) (Fletcher 1899-1902a; Mitchener 1954a, 1954b, 1956).
Losses in 1900 and 1901 were considerable and greater than they had been
in the previous two years, but it was in 1901 that the successful, world-famous
grasshopper bait known as ‘‘Criddle mixture’” was first used (N. Criddle in
Fletcher 1902a; Seamans 1956). It was developed by a budding entomolo-
gist, Norman Criddle, and his half-brother, Harry Vane (A. Criddle
1973:230). Losses were also heavy in 1902, but not appreciable in 1903, after
which infestations subsided (Mitchener 1954a, 1954b). Grasshopper outbreaks
occurred in the twentieth century, but the Rocky Mountain locust had
completely disappeared everywhere by 1903—although N. Criddle (1920) gives
1904 (possibly referring to other species). The last known living specimens
of M. spretus to be collected and which are still in existence are, by strange
coincidence, from southern Manitoba, whence swarms of the species were
first reported in 1800. The last known specimen was taken by Norman Criddle
at Aweme, near Treesbank, in 1902 (N. Criddle 1903; Gurney and Brooks
1959; Riegert 1980). The same vear, also by coincidence, saw another
grasshopper outbreak in Eastern Canada (Seamans 1956).

After the turn of the century some trouble with grasshoppers was
experienced in one part of Canada or another, particularly in the West, but
even in Newfoundland (R. F. Morris and Morry 1978, 1979), in almost every
year until the present. The intensity of the outbreaks varied from minor, local
nuisances to grave regional problems. There was an outbreak in Manitoba
1911-1912 (N. Criddle 1913; Bird 1961), although Mitchener (19544, 19545,
1956) and Seamans (1956) do not mention it, and there were others both in
British Columbia (T. Wilson 1915) and in the East (A. Gibson 1914, 1915a,
1915b, 19164, 1916b, 1916¢; Petch 1915; Seamans 1956) during 1913-1915.
The first major upsurge in Western Canada did not, however, occur until
1919 (N. Criddle 1920; Mitchener 1954b). It became alarming in certain
regions in 1920 (Mitchener 19545) and declined in 1923. In 1920, grasshoppers
were again a problem in the East (Seamans 1956). These might be termed
local skirmishes in comparison with what was to come on the prairies, where
the most serious recurrence of the grasshopper problem began in 1929 and
continued with varying intensity until 1952 (Mitchener 19544), after which
grasshopper populations remained low for some time. Riegert (1980) devotes
a chapter to the outbreaks of the 1930s. During this period there were also
serious grasshopper outbreaks in Ontario in the middle 1930s (Gilbert 1936;
Gilbert and Thompson 1937), in British Columbia, notably in 1944 (Buckell
1945), and in Eastern Canada, particularly in 1949 (Seamans 1956). Secamans
declares that the depredations by grasshoppers in Canada during 1930-1951
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were “‘the worst of all,”’ including, it seems to be implied, the dreadful times
of the Rocky Mountain locust plagues of the nineteenth century. Indeed they
may well have been so in terms of total volume of crops lost, since the area
under cultivation and the potential yield per plant had increased considerably.
It was during this period that practical cooperation between Canada and the
northern United States in the matter of grasshopper ‘‘control’’ programs and
exchange of relevant information began in earnest.

It is not the intention here to discuss all these grasshopper outbreaks,
but the reader is referred to Mitchener (19544, 1956) for a résumé, with refer-
ences to the literature, up to 1953, particularly in relation to Manitoba, to
Riegert (1968, 1980) in relation to Saskatchewan, and to D. S. Smith and
Holmes (1977) in relation to Alberta since 1918. The species involved varied
in importance from year to year and from place to place, but they included
principally Melanoplus sanguinipes sanguinipes (Fabricius), M. femurrubrum
Sfemurrubrum (De Geer), M. packardii Scudder, M. bivittatus (Say) (which
does not seem to have been a problem in the West until the 1920s), and
Camnula pellucida (Scudder). Bird (1961) comments on the man-induced
ecological changes in the aspen parkland areas of Western Canada and how,
among other things, the ‘“‘new’’ grasshopper pests came to the fore as a result.
The worst ‘‘grasshopper years’” since the heyday of the Rocky Mountain
locust remain the 1930s (‘““The Dirty Thirties’’), both in Canada and in the
northern United States (Parker 1934; Mitchener 1954a; Riegert 1980). There
have been serious crop losses in later times, up until the present, although
the development of modern insecticides and other methods of treatment and
prevention, and, more recently, the growth in understanding of ecological
principles, have alleviated the problem to a considerable extent.

Systematic and related literature

While information on the economic aspects of the orthopteroid insects
of Canada and the adjacent United States was being published, and as
attempts were being made to devise methods of controlling pest species,
knowledge of the orthopteroid fauna of the region was gradually built up.
It was rather spasmodic, the number of workers engaged in the study of these
insects (in contrast to others, such as Coleoptera and Lepidoptera) always
being small.

No comprehensive review of the progress made specifically in the region
here treated has before been attempted, although some of the references in
the introductory works of Scudder (1868c, 1897b) on the North American
orthopteroids, and in his later catalog for the continent (Scudder 1900q), are
applicable. His extensive bibliography (Scudder 1901«) contained entries for
virtually all the relevant available literature up to that time, and is still of
great value as a reference tool. It is, however, perhaps indicative of the poor
state of early knowledge and the general lack of interest in orthopteroid
insects, other than injurious species, that Bethune (18985), in his account
of “‘the rise and progress of entomology in Canada,”” had almost nothing
to say about them. The world catalogs of W. F. Kirby (1904-1910) also
contain specific references to our region. Piers (1918) gave an abridged
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summary of some of the pertinent publications dating from 1869 to 1915,
mainly, but not exclusively, for Eastern Canada and the northeastern
United States, and, recently, Vickery et al. (1974) have noted the relevant
literature for Québec and the Atlantic Provinces of Canada from the early
nineteenth century until 1973. As we have already reviewed the literature up
until 1850—which is approximately when Glen (1956) reckoned that scientific
entomology began in Canada—we may largely confine our attention here
to works published after that date.

The first Canadian reference is to the stick-insect now known to have
been Diapheromera femorata (Say) (Gibb 1859). The paper was, in fact,
mainly concerned with the sounds produced by local insects, including grigs.
Three years later, Scudder (1862) listed a number of species from the West
and described a new North American grasshopper, now Stethophyma gracile
(Scudder), from Manitoba and Maine. In January of the following year, the
same author (Scudder 1863a) published his first treatise on the orthopteroid
insects of North America. In the same year, also, Scudder (18636) described
Pezotettix [now Booneacris] glacialis from New Hampshire. Ritchie (1867)
again referred to the stick-insect Diapheromera femorata (Say) (as Spectrum
JSemoratum) in Eastern Canada from Montréal in 1865. Scudder’s (18685)
paper on the stridulation of New England grigs was the first of several in
this field. S. I. Smith’s (1868) list of 38 nominal species of orthopteroids
for Maine was an important landmark.

The catalogs of F. Walker (1869a, 1869b, 1870, 1871) included various
references to early records ‘of Canadian orthopteroids, as noted previously,
but also other information, including descriptions of several new species,
some of which still remain valid. A few records for the northwestern United
States and Canada are noted by C. Thomas (1873) in his general work on
the ““Acrididae of North America.”’

Although it is impossible here to attempt to itemize every subsequent
work that had a direct bearing upon the study of the orthopteroid insects
of the northern United States and Canada, we may at least draw attention
to the more significant of these, beginning, perhaps, with the survey for
New Hampshire, given by Scudder (1874). Together with S. I. Smith’s (1868)
account for Maine, this provided the impetus for launching various other
regional studies in the northern United States during the next 30 years or
so. These included the works of Fernald (1888) and the earlier writings of
Morse (1894-1906) for New England, of Beutenmiiller (1894c¢) for
New York, and, farther west, of Lugger (1898) for Minnesota. McNeill
(1896/1897, 1901) wrote two revisional studies of different groups of
Acrididae which were of great importance. Scudder (1900b) made a further
important contribution to the knowledge of New England species. In the early
years of the twentieth century, we may also note the contributions of Walden
(1911) for Connecticut, of F. L. Washburn (19125) and Somes (1914) for
Minnesota, of Pettit and McDaniel (1918) for Michigan, of Morse (19194,
191956, 1920, 1921) for New England and Maine, and of Britton (1920} for
Connecticut. The book by Blatchley (1920) on the orthopteroids of eastern
North America, naturally included the species occurring in much of
the present region, and, although now out of date, remains the most
comprehersive work for the eastern United States.
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In referring more particularly to Canada, Scudder {187558) provided the
first account to deal exclusively with the western provinces, but soon
afterward, real progress was made, particularly in Québec, notably by
Provancher (1876, 1877, 1883) and Caulfield (1886, 1887, 1888), the latter
author also covering eastern Ontario. Before Caulfield began publishing,
however, there appeared a label list of the species of insects known from
Canada (Brodie and White 1883) in which, on a single page [67], were set
out, with their classification, the names of 87 species of orthopteroids. For
some time, the publications of Provancher and Caulfield remained the only
standard references to the orthopteroid insects of Québec, Ontario, and the
neighboring provinces. Soon, however, Piers (1895, 1896) began taking an
interest in the Nova Scotian species, Lochhead {1898} gave a general account
of crickets (in Ontario), and E. M. Walker (1898«) published the first of his
many papers on the orthopteroid insects of Canada.

If any one Canadian worker can be cited as producing the most
important early contributions to our knowledge of the Canadian orthop-
teroids, the credit must go to Edmund M. Walker. He wrote mainly on
the species found in Ontario, but also on those from Western Canada,
Prince Edward Island, and the Magdalen Islands of Québec. Walker,
although he became much more widely known as a student of dragonflies,
maintained his interest in orthopteroids until he died. Quite late in life he
was joined by F. A. Urquhart in a publication on the group in Ontario
(E. M. Walker and Urquhart 1940). In the course of time, he described eight
species or subspecies of orthopteroids that are still regarded as valid. He also
recognized the first known grylloblattids (Notoptera) and described the first
species in this unusual order of insects, which the Entomological Society of
Canada has adopted as its emblem.

Among American authors who contributed most significantly to our
knowledge of the Canadian orthopteroid fauna in the earlier years of the
present century were A. N, Caudell, James A. G. Rehn, and Morgan Hebard.
Caudell reported mainly upon species from western and northern localities.
Rehn and Hebard, either individually or together, produced an abundance
of information on the orthopteroid orders as they occurred in North America
generally, but also with reference to particular regions. Some of their
publications dealt directly with Canada (e.g., Rehn 1910; Hebard 19154,
1931a, 19345, 19354); others added greatly to the information available on
species occurring in Minnesota, the Dakotas, and Montana (J. A. G. Rehn
and Hebard 1906; Hebard 19254, 1928, 19324, 1932¢, 19364, 19365, 1936¢,
1937a). Many other papers by these authors were also, in part, of direct or
indirect importance to our understanding of the Canadian fauna. Signifi-
cant contributions to the understanding of North American Tetrigodea,
including those of Canada and the northern United States, were also made
by Rehn in collaboration with Harold J. Grant, Jr. (J. A. G. Rehn and Grant
19564, 1956b, 1958, 1961). Other particularly notable United States authors
who contributed to our understanding of the fauna of the region here treated
were Theodore H. Hubbell, whose monographic revision of the North
American camel-crickets (Hubbell 1936) was especially valuable, Ashley B.
Gurney, who worked on grasshoppers, cockroaches, and grylloblattids
(Gurney 193758, 1939, 19400, 1948, 1949, 1953¢, 1953b, 1961, 1971), and
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Irving J. Cantrall, who produced one of the best ecological studies of
orthopteroids, based upon his observations in Michigan (Cantrall 1943}. One
should also mention the faunistic papers of Mills and Pepper {1938) on the
grasshoppers of Montana, and of J. W. H, Rehn (1939a, 1939b) on the
orthopteroids of Newfoundland, Saint Pierre and Miquelon, and Nova
Scotia. The important pioneer study by Tuck and Smith (1940) paved the
way for the study of eggs by Onsager and Mulkern (1963).

Returning now to consider Canadian authors, we should first note the
contributions of Gooderham (1917, 1918) to the study of the orthopteroids
of Nova Scotia, and the monograph of Piers (1918) for the same province.
The latter was not superseded until that of Vickery (1961) was published.
In Québec, DuPorte (1919) began publishing on Gryflus pennsylvanicus
Burmeister. On the opposite side of Canada, Ernest R. Buckell (later
associated with R, C. Treherne) began about 1918 to take a particular interest
in the orthopteroids of British Columbia (Buckell 1920-1937; Treherne and
Buckell 1924), while, in the middle of the country, Norman Criddle had
already made and was continuing to make valuable observations upon the
behavior, habitats, and life histories of prairie species in Manitoba. His
observations, too few of which were actually published, have provided models
for subsequent workers. His pioneer studies have seldom received due credit,
at least beyond the limits of the Canadian prairies. Much regarding Norman
Criddle will be found in the history of his remarkable family (A. Criddle
1673). Of his published papers, which included several relating more
particularly to injurious species, we will mention here only that on the field
crickets and those on the immature stages of grasshoppers (N. Criddle 1924,
1925, 19265, 1931). It was not until Handford (1946) made detailed studies
of immature stages of Melanoplus species in the West that further significant
work was published in this field.

In the middle years of the present century, E. M. Walker and Urquhart
{1940) and Urquhart (1938, 1940q, 19414a, 1941b, 1941c, 19414, 1942) made
further valuable contributions to our knowledge of the distribution and
ecology of the orthopteroids of southern Ontario, and Chagnon (1944a,
1944b, 1947, 1948) and Beaudry (1952, 1954) wrote on Québec species.
Urquhart and Beaudry {1953) reported the discovery of the European *‘bush-
cricket,”” Metrioptera roeselii (Hagenbach) in the Montréal area, and, in the
West, Brooks (1958) produced his important monograph of the acridid
grasshoppers of the southern parts of the Canadian Prairie Provinces.

It was during the middle 1950s, also, that R. S. Bigelow, at the authors’
institution, began his studies in experimental taxonomy related to field
crickets, particularly of the genus Gryllus in North America, which continued
after he had left Canada. These investigations, together with the studies of
R. D. Alexander at the University of Michigan, Ann Arbor, clarified the
taxonomic status of the Canadian and northern United States species, long
since questioned by N. Criddle (1925). A new species of field cricket, Acheta
{now Gryllus] veletis, which matures in spring and early summer, instead
of in late summer and early autumn, was recognized (R. D. Alexander and
Bigelow 1960). Of greater significance than the formal recognition of this
species, owever, was the hypothesis of *‘allochronic speciation” which
resulted fom the work and which became of considerable importance in
evolutiona'y theory.
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Also in 1960, two small faunistic studies of orthopteroids in Eastern
Canada appeared, one for Newfoundland (Ander 1960) and one for Mont
Tremblant Park, Qué. (Robert 1960). In 1961, D. K. McE. Kevan and
V. R. Vickery began publishing on Canadian orthopteroids. Their publica-
tions have continued to the present time, together with those of a third
contributor to this work, Miss Diane E. Johnstone, who began independent
publication in 1970. This group’s most significant contributions were
Vickery’s (1967a) records for Alaska, Yukon, and MacKenzie District,
Vickery and Kevan’s (1967) annotated list for Ontario, and Vickery et al.’s
(1974) monograph for Québec and the Atlantic Provinces of Canada.

Other recent Canadian work on orthopteroids is that of G. K. Morris
(1970-1972) and his co-workers (Morris and Pipher 1967, 1972; Pipher and
Morris 1974; Kerr 1974, 1978; Morris et al. 1975a, 1975b, 1978; Gwynne
1977; Morris and Gwynne 1979) on the analysis of stridulatory and other
behavior of Ontario and northern New York grigs. Morris and Walker (1976),
in work also associated with these studies, have published the first part of
a critical review of the North American katydids of the genus Orchelimum.
In British Columbia, Lamb and Wellington (1975) and Lamb (1975-1976b)
have studied the bioecology of earwigs (Dermaptera). Lamb (1979), also,
gave a brief account of what is known of this order so far as Canada is
concerned. Larochelle (1978) issued a summary of the Québec orthopteroids
based upon the monograph of Vickery et al. (1974). He and his associates
have been publishing frequent records for the province over the past few years.
Kamp’s (1979) work on Grylloblatta should also be noted.

In conclusion, we may also draw attention to one or two of the publica-
tions by American authors that involve species found in the region covered
by this book. First and foremost we should mention Helfer’s (1963) useful
“‘pictured keys’’ to the genera and most of the species of orthopteroids of
all orders that occur in North America, north of Mexico. Range of each
species by state and province (so far as was known at the time) is given. The
““tree crickets’” (Oecanthidae, mainly the genus Oecanthus) have long been
in a confused state taxonomically, so that the several species living in
the northern United States and Canada were often incorrectly identified.
T. J. Walker (1962, 1963) has clarified the situation so far as most of
North America is concerned, so that identification of our species is now
possible. Other recent works having a definite bearing on the Canadian fauna
include those of Hewitt and Barr (1967) and Scoggan and Brusven (1972)
(Idaho), and of Cantrall (1968) and R. D. Alexander et al. (1972) (Michigan).
We have also had occasion in the present work to refer frequently to the
behavioral studies of Robert Willey and his associates and of Daniel Otte,
for, although the work of these authors was done in various of the
United States, mainly outside our region, it is relevant in the case of a number
of species that occur in our area (see Willey and Willey 1967, 1969, 1971;
Otte 1970; Steinberg and Willey 1974; Willey 1975). The reader is also referred
to Weissman and Rentz (1980) for cytological data on the species in three
genera of Locustini, and to Tyrkus et al. (1983) for several papers in many
different fields (including economic) that are applicable to the grigs of Canada
and adjacent regions.
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Anatomy

The following discussion is intended to facilitate use of the keys and
descriptions, especially for those who are not familiar with this group of
insects. A glossary, which explains the terms used in this work, will be found
at the end of the book. The basic structure of all orthopteroids is generally
similar, although each order has its own peculiar characteristics involving
important structural and other features that have evolved as a result of their
specialized behavior. Fig. 6 illustrates the basic structure of an ulonate insect
of a familiar form, that of a short-horned grasshopper.

The body is made up of three regions: the head (A), the thorax (¢), and
the abdomen (ab). On the head are a pair of antennae (a), three simple eyes,
or ocelli {(0), although these may be reduced or absent, a pair of compound
eyes (e), and the mouthparts, i.e., structures associated with feeding. The
antennae vary considerably in length. The top of the head is the vertex (v);
the sides, or cheeks, are the genae (g); the front of the head, or face, is the
frons (f), often with a vertical ridge, or frontal costa (fc), whereas the posterior
part of the head is the occiput (oc). The ocelli are arranged, basically, in
a triangle, one ocellus near each antenna and the third in the middle of the
frons. The two compound eyes are generally large and usually prominent,
each being composed of a large number of facets, each of which is the cornea
of an individual component, or ommatidium, of the eye.

The mouthparts in all Ulonata are of a typical biting or chewing type,
consisting of two pairs of movable jaws, the mandibles (md), which are large
and usually heavy, and the maxillae (mx), which are located behind the
mandibles, together with the labium (/), which lies behind the maxillae.
Attached to the lower part of the frons, and above the mouthparts proper,
is the clypeus (c), to which is attached the labrum (/r), which functions as
an upper, or outer, lip. The labium acts as a lower lip and prevents loss of
food while the insect is chewing; it bears a pair of three-segmented
appendages, the labial palps. Similar palps, each with five segments, are
attached to the maxillaec. The palps have a sensory function.

The thorax, i.e., the body region which has locomotion as its main
function, is made up of three segments: the prothorax (pr), the mesothorax
(ms), and the metathorax (mf). Each of these segments bears ventrally a pair
of legs. The uppermost part of the prothorax, which is generally bent down
over the sides of the rest of prothorax, is the pronotum, normally a large
and prominent structure. The mesonota and metanota, i.e., the uppermost
parts of the mesothorax and metathorax, respectively, each bear a pair of
wings (except in wingless species) and laterally a pair of spiracles (respira-
tory pores). The fore wings, or tegmina (feg), are typically thickened, usually
close-veined and tough, serving to protect the more delicate membranous
hind wings, which are folded, fanlike, beneath the tegmina when not in use.
In some groups the pronotum is projected backward over the bases of the
wings. In the Orthoptera, sensu stricto, the pronotum is usually divided trans-
versely by a major furrow, or ‘‘typical’’ sulcus, into an anterior area, the
prozona (prz), and a posterior area, the metazona (mez). (Sometimes a less
prominent sulcus between the anterior margin of the pronotum and the
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“‘typical’’ sulcus is sufficiently obvious for the region immediately behind
it to merit the term mesozona, but this is not in general use.)

The legs are basically similar throughout the orthopteroid orders,
although many modifications and adaptions occur between and within differ-
ent groups. In almost all Orthoptera and Grylloptera the hind legs are large
and modified for jumping; the fore legs may be equipped for grasping prey
(mantids) or for digging (some crickets). The segments of the legs from the
base to the apex are coxa (cx), trochanter (¢r), femur (fe), tibia (¢i), tarsus
(t@) (usually three- or four-segmented, but five-segmented in cockroaches,
in a few termites, and in almost all Cheleutoptera), and pretarsus (p¢). The
trochanter often is reduced or fused with the coxa. The pretarsus nearly always
bears a pair of claws, with or without an arolium between them.

The abdomen, in most groups, is relatively unspecialized. It consists of
successive similar segments (except for the terminal ones), with a clearly
definable dorsal tergum (fer) and ventral sternum (sf), which are heavily
sclerotized plates, and, on each side, a softer pleuron (p/). Spiracles (sp) are
located near the bases of the tergal plates on each side of the first six
abdominal segments. These are the breathing pores used in respiration and
are connected to tracheal trunks, the principal breathing tubes, inside the
body.

The terminal part of the abdomen is specialized, bearing the genital
structures. The external appearance of these varies widely between the orders,
but cerci (ce) of various types are always present (even if occasionally they
are very small). In the males of some forms, these serve as copulatory claspers;
they are often sensory; in earwigs they form forceps. A female has an egg-
laying device, or ovipositor (Fig. 6, inset, ov), which varies considerably in
form and size in different groups. It is absent in most termites, in many
cockroaches, in earwigs, and in a few members of other groups. The principal
copulatory, or phallic, structures of a male, which are usually complex, are,
strictly speaking, external but, except when carrying out their function, they
are retracted and concealed within the abdominal apex by the supra-anal plate
(the terminal part of which is called the epiproct) above, the subgenital plate
below, and the paraprocts on either side. The form of the male copulatory
structures is of great taxonomic importance. The female also has subgenital
and supra-anal plates, and a pair of paraprocts.

Collection, preparation, and preservation

It is impossible to present a full exposition on collecting, preparing, and
preserving grigs, but we may give some guidelines, partly taken, with a little
modification, from Martin (1977).

True, or saltatorial, grigs may be found in trees, shrubs, herbs, grasses,
swamps, and bogs, or beneath stones, logs, and debris. Collecting methods
vary according to the kinds being collected: sweeping low vegetation; beat-
ing trees and shrubs; and using fingers or forceps to collect specimens under
stones or logs. Quick-flying or jumping species may be captured by covering
them quickly with a standard net while they are at rest on the ground. When
they are covered, the net handle is moved slightly and the insects usually hop
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upward into the net bag; then a rapid sweep and twist of the net ensures
they do not escape. A conventional large long-handled net may not always
be the most satisfactory tool, especially for collecting crickets. These insects
may best be stalked and swatted with an ordinary small aquarium fishnet.
This technique, developed many years ago by one of us (D.K.K.), does not
seem to have been mentioned in the literature. It has certain advantages which
may outweigh the lack of reach: the insect’s position (if secured!) is immedi-
ately obvious (because of the small search area and lack of folds formed by
a conventional net); the net, because of its lightness, may rapidly be used
a second (or third) time with great precision, if the quarry is missed or crawls
from under the edge; the small size of the net enables it to be stowed in a
pocket when not in use or when both hands need to be free; and such nets
are inexpensive and readily obtainable.

In areas of rank low herbage, dense grass, or sedges, grigs are some-
times difficult to locate or capture. By heavily trampling the vegetation around
an ever-diminishing perimeter (i.e., roughly in a spiral), starting with an area
of, say 50 m? and reducing it to a little over 1 m2, one can bring about a
concentration of insects such that the remaining standing vegetation may
profitably be worked (Cantrall 1939, 1941).

Grouse grasshoppers (Tetrigodea) and pygmy hoppers (Tridactylodea)
may often be obtained by sweeping a net ‘blindly’’ over damp mud and sand.
These small insects may not be readily seen, but the disturbance causes them
to jump vigorously, and they may be found in the net.

Specialized methods may have to be used to collect adequate numbers
of specimens of some groups. Camel, or cave, crickets (Rhaphidophoridae)
may be collected by using ‘‘bait-jars’’ (Hubbell 1936; Beaudry 1954): diluted
molasses coated on the inside of jars 8-13 c¢m in diameter and 13-15 cm tall.
The bottom of the jar is covered with dead leaves and the jar buried to its
rim in the ground. The method is most productive in rocky, wooded, or
forested areas. The combined use of a trail of dry oatmeal bait and a miner’s
headlight is also very effective for obtaining these insects (Hubbell 1956).

Many species of Grylloptera stridulate at night, and the males may be
discovered by following their sound to the source. Then, with the aid of a
flashlight or a headlight and a net, a specimen may be caught before it is
able to fly away. The songs of the insects are different for nearly every species
and are useful for identification. Songs may be recorded, before the speci-
men is captured, by using a good-quality tape-recorder with a microphone
attached to a parabola.

For each specimen collected, pertinent information such as host plant,
location, and date of capture should be recorded either on a label or in a
notebook with a cross-reference number on the data label.

Kill specimens promptly with potassium cyanide in standard entomo-
logical killing bottles. Grasshoppers do not die as quickly as some other insects
do in cyanide bottles. They may appear to be dead, but then, later, they
may revive and damage other specimens in the bottle by thrashing around.
Specimens should, however, not be left too long in cyanide, because it affects
the color, particularly that of green specimens. To kill grasshoppers as quickly
as possible, use fresh cyanide bottles.
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Some species, such as those of camel crickets, tend to shrivel when they
dry out. Such species are best stored in alcohol or other fluid, or preserved
by the following process: pass specimens through two changes of 95% alcohol
and two changes of absolute alcohol, then transfer to xylene. Specimens
become translucent when they are completely dehydrated; they can, if so
desired, be pinned directly from the xylene; the appendages, although
somewhat stiff, can be arranged carefully while the specimens are still wet.
Specimens that have been preserved in alcohol and then become dried and
shriveled, or specimens of soft-bodied insects, like termites, that have become
desiccated naturally, may be restored to some semblance of their former shape
by immersing them for about 24 hours in a 1% solution of trisodium
phosphate before putting them in fresh preservative. A surfactant, Decon
90, is also recommended by McNutt (1976); the process is less direct, but
the result superior. Another method is to soak the dried specimens, for a
few minutes only, in a mixture of warm water (three parts) and household
detergent (one part). Instead of using standard ethyl alcohol as a fluid preserv-
ative, we recommend as a general fixative and preserving fluid, what has
been termed CFAA preservative (Frings and Frings 1971). This consists of
a mixture of chloroform, isopropyl alcohol, formalin (40% formaldehyde
solution), glacial acetic acid, and water (preferably distilled) in the follow-
ing proportions by volume: 8:45:10:2:35. Although this mixture does not
preserve color well, it is generally useful for most purposes where fluid preser-
vation is preferred (especially if subsequent dissection or histological study
is the objective). It has the advantage of being quick-acting, rapidly killing
insects dipped into it, thus dispensing with the cyanide bottle; it is casy to
make up; the ingredients are relatively easily obtainable; and it is inexpensive.

If orthopteroids are to be pinned, this should be done within 24 hours
after their death, and they should be dried as quickly as possible. Insert the
pin through the right side of the pronotum near its posterior edge. Take care
not to damage the wings, particularly in crickets and other singing species,
where examination of the stridulatory apparatus on the tegmina may be neces-
sary for positive identification. Ensure that the long axis of the body is nearly
at right angles to the pin, with the head of the insect directed slightly down-
ward. Bend the legs beneath the body to minimize the possibility of break-
age and to occupy the least amount of storage space. Set the abdomen so
that it droops below the wings and is not obscured by the hind legs, because
several taxonomic characters are found on the terminal end. Until the speci-
men is thoroughly dry, support its body parts with extra pins so that it dries
in the desired position. Mount very small specimens, such as grouse grass-
hoppers, pygmy hoppers, or small crickets, either on card points or on small
pins in Polyporus, cork, or balsa supports, and then place these on larger pins.

Large specimens (about 3 ¢m, or more) should be eviscerated when they
are fresh, because the internal organs and food in the gut tend to decompose
before drying can be completed, and color changes occur. This is particu-
larly important with large green specimens. The most satisfactory method
Is to cut the membranous dorsal region between the head and pronotum,
remove the internal contents with fine curved forceps, swab the inside with
cotton, and insert a mixture of one part boric acid to three parts talc. The
specimen is then shaken gently to distribute the talc. A drop of adhesive is
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finally used to hold the head close to the thorax. This method promotes quick
internal drying and preserves color better than other known methods. Eviscer-
ation can also be done by making an incision through the first three abdominal
sterna along the midline (or, in certain cases, where the abdomen is robust,
along the pleural region) with fine sharp scissors, removing the thoracic
contents and those of the abdomen with fine straight forceps, and then
proceeding as previously described. For very large specimens, the body cavity
can be packed lightly with absorbent cotton. The abdomen should be molded
back to as near its original form as possible when still moist. It will thus
retain a natural appearance. Kaltenbach (1958) and Rentz (1962b) describe
more elaborate although superior methods for dry preservation of soft-bodied
grigs.

If specimens cannot be pinned soon after they are killed, they should
be eviscerated (unless they are small), and placed in layers between either
absorbent cotton or absorbent paper in small wooden or plastic (not metal)
boxes. Later they can be relaxed by standard means, pinned, placed in the
desired position, and allowed to dry. Since the tegmina and/or hind wings
of many species are important in identification because of their venation or
coloration, it is often desirable to set specimens with their wings extended.
This is particularly true of bandedwinged (locustine) grasshoppers. The
method of spreading is standard for most insects, but it is conventional in
the case of grigs to spread the wings of only one side. Unless there is a good
reason to the contrary (as with a damaged specimen), the left side (away from
the insertion of the pin) is selected. Uniform treatment leads to conservation
of storage space as well as being aesthetically more pleasing.

The foregoing remarks are directed mainly toward the study of saltatorial
forms, but cockroaches (Blattodea) and mantids (Mantodea) may be treated
in the same way, except that it is often preferable to pin bulky specimens
through the right tegmen and abdomen (like beetles). Although some species
occur outdoors, amongst litter, for example, cockroaches are usually found
in buildings, where they may be collected by means of ‘‘bait-jars’ similar
to those mentioned for camel crickets. Place the jars in out-of-the-way corners
and make sure their outsides are nct too clean or smooth (any labels should
be left on them), otherwise the cockroaches may have difficulty in climbing
the jar.

In the East and in southern British Columbia, adult specimens of
introduced mantids are usually found in late summer on rank vegetation,
including bushes. Females, especially green ones, should be eviscerated after
a slit is made in the basal abdominal pleura on one side. The small native
western mantid is normally found running on the ground or on low vegeta-
tion. Because this mantid is fragile in a dried condition, it is best to mount
it like a stick-insect.

The termites (Termitodea) of our region are nearly always (although not
exclusively) associated with buildings, except in British Columbia, where they
are also found in natural rotting wood and in underground nests. Because
they are soft-bodied, they are not usually pinned, but are preserved in fluid.
To do this, use either ordinary 70-75% ethyl alcohol (or isopropyl alcohol),
to which a drop of glycerol has been added in order to ensure that the insects
do not become brittle, or CFAA preservative. It is desirable to collect
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members of all castes. Workers, which are by far the most numerous, are
often difficult or impossible to identify to species with certainty; soldiers,
however, are readily distinguishable, but it is the alate forms that indicate
the group of termites to which a species belongs, and thus assist the novice
to place the other castes correctly. With few native species and little geographi-
cal overlap there is usually no difficulty in our region, but imported material
or occurrences in unexpected places may cause problems of identification.

Rock-crawlers (Notoptera, Grylloblattidae) are found only in the west-
ern mountainous regions and mainly at high elevations. They should be sought
in cracks and fissures, either in the ground or in old damp logs (especially
of Douglas fir showing cuboid rot). In alpine areas they are sometimes found
foraging on the surface of snow, and freshly dead specimens that have died
of exposure overnight by venturing too far from shelter may be the first
evidence that they are present. They should be preserved in fluid, as for
termites.

Earwigs (Dermaptera) are most frequently found under sticks or stones
or similar objects, often on beaches, although the most generally distributed
species is found everywhere and often likes to hide in flowers. Earwigs may
be pinned in the same way as other small orthopteroids, or they may be
preserved in fluid.

Stick-insects (Cheleutoptera, Phasmatodea) are usually taken by beat-
ing trees, although some outside Canada occur on lower vegetation. They
are best left unpinned, stored singly in cellophane envelopes into which heavy
white cards of the same dimensions have been inserted to prevent breakage
of the specimen. Pertinent data may be written on the card instead of on
a normal data label. If it is preferred to pin the specimens, this should be
done as soon as possible after killing, immediately arranging appendages as
desired (but not too widely spread), supporting them, until they are dry, by
means of a large stiff card pinned immediately below the specimen. The
support is removed altogether, or cut much smaller and returned to its original
position before labeling and storing.

In taxonomic work on grigs, much recourse is often had to the study
of the concealed genitalic structures. Since little use has had to be made of
these in the present work, we need here say only that, when they must be
examined, the general methods by H. R. Roberts (1941b), for males, and
by Randell (1963), for females, may be followed. These methods have, of
course, been variously modified over the years and for different kinds of
grigs, but the basic methods used are still much the same. The most impor-
tant modification is undoubtedly that of Cohn and Cantrall (1974). These
authors recommend a chloral hydrate macerating fluid, originally developed
for studying water mites (formula: 9 g chloral hydrate, 6 mL glacial acetic
acid, and 9 mL distilled water) in place of the more drastic potassium hydrox-
ide solution of Roberts (op. cit.) or even of the sodium hydroxide of Gurney
et al. (1964).

We prefer to store genitalic structures in glycerol in microvials pinned
through their stoppers immediately below the specimens from which they
have been taken (Gurney et al. 1964). The microvials are placed above, rather
than below, the data labels, although this is a matter of personal preference.
Cork stoppers, if they come into contact with glycerol, eventually blacken
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and the glycerol becomes stained, but this is not usually serious. It may be
largely avoided if the proper precautions are taken (Gurney et al. 1964; Deitz
1979). Although neoprene or Polyporus stoppers tend to be difficult to insert
properly and are expensive, they are generally preferable to cork stoppers,
which are weak and tend to break. Some workers prefer to store in alcohol,
because the structures are rendered less transparent thereby, but the greater
risk of desiccation due to evaporation of the preservative necessitates the use
of larger vials (in which minute specimens may be difficult to locate) and
demands that the vials be themselves stored in greater quantities of fluid in
larger, well-sealed vessels. This, in turn, results in the separation of the
genitalia from their owners and a time-consuming system of cross-references
and additional labeling. A more compact method even than the pinned
microvial is the use of the card microslide pinned below the specimen (Kevan
1952b), but there are several drawbacks to this, most important being some
flattening of the structures and the impossibility of viewing them from all
angles.

Some orthopteroid species, such as various kinds of cockroaches,
crickets, and camel crickets, are easy to rear at room temperature in almost
any kind of closed container that is provided with a metal gauze ventilation
panel, crumpled paper toweling for concealment and absorption of excess
humidity, dry food (e.g., bran, commercially available pellets such as are
used for feeding small rodents and young rabbits, or broken dog biscuits),
sometimes with the addition of discarded fruit, and a vial of drinking water
plugged with cotton. The bottom of the container may profitably be covered
with coarse wood-shavings or dry sterilized natural leaf-litter. Crickets and
other species also require containers of moist sand in which to lay their eggs.
Apart from the cockroaches, however, some species undergo an obligatory
winter diapause and will not develop unless the appropriate stage is chilled
for a suitable length of time.

Although many species of grasshopper also have this last limitation,
others do not and may be reared fairly readily and continuously in large airy
cages. They should be provided with twigs and sticks upon which they can
climb or roost, a water vial, a fairly deep container of moist sand for ovi-
position, and fresh green food. Food preferences vary with the species, but
most will accept lettuce leaves, although grass-feeders are best supplied with
young wheat or corn grown for the purpose in a greenhouse. In season, the
insects may be supplied with natural vegetation cut locally outdoors, but this
sometimes may introduce disease or parasites, notably mermithid nematodes,
into the culture. Species that have an obligatory diapause and those that lay
their eggs in plant tissues (many katydids, tree crickets, and others) are more
difficult to rear. Some species may have a prolonged life cycle lasting more
than 1 year; thus impatience at slow hatching of eggs should not lead to the
immediate conclusion of failure.

Although we cannot deal with the subject more fully here, we recom-
mend that those interested in rearing a particular species consult the litera-
ture listed in the synonymies of the appropriate and related species. Often
the publications (if any) describing methods of culturing the insect in ques-
tion will be cited, or following the appropriate lead may guide the reader
to such information. Only a few of the species treated in this work have,
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in fact, been reared in the laboratory, but many more could be cultured
without much difficulty.

Zacher (1928) gives a lengthy review of rearing methods for various
orthopteroids, although many are not of this region and he does not treat
the termites, for which Delong and Keagy (1949) give a brief introduction.

A useful brief simplified guide to the rearing of saltatorial grigs was
circulated in the early 1930s by N. Criddle (1930b4), but a more up-to-date
résumé is that of Frings and Frings (1962). More detail is given by Gangwere
(1960a). For designs for rearing cages of proven reliability, we suggest those
described by Hunter-Jones (1961), although the variations on these are almost
endless. For a more general guide to the rearing of insects (including grigs)
and other technical matters, the reader should consult Nicholls (1963) and
Peterson (1964).

The orthopteroid orders, or Ulonata

The Ulonata, which form the subject of this work, are Polynephria in
which the immature stages are not aquatic and lack gills. (Only rarely are
they even subaquatic, in which case the adults have similar habitats.) The
wings of the Ulonata, when present, typically have reticular venation or
numerous crossveins (whereas other Polynephria rarely do so), and the
anterior pair are usually stiffened, parchmentlike, or leathery, forming
tegmina which may, like the hind wings, be fully developed or abbreviated
to varying degrees; the hind wings, also, are normally broad and characteristi-
cally fanlike, typically with enlarged posterior, or anal, lobes. (Plecoptera
often have a somewhat similar type of hind wing.) Even when wings are pres-
ent, however, there are exceptions to the foregoing. This is particularly true
of the termites, in which the fore wing is not stiffened, the hind wing is rarely
broad or with an anal lobe, and reticulation or cross-venation is usually much
reduced.

Key to orders of Ulonata

1. Cerci strong, movable, forcepslike (in immature forms sometimes elongate-
conical or rodlike and close together) ....... Dermaptera (p. 39)

Cerci of various forms, but, even if inwardly curved, not forcepslike or close

TOgether .. . e e 2

2(1). Body greatly elongate, sticklike, wingless. Tarsi 5-segmented; legs all simi-

lar, with coxae small, wide apart; fore pair not raptorial. Abdomen

terminating in a pair of inwardly curved, unsegmented cerci ......
....................................... Cheleutoptera (p. 54)

Without the above combination of characters ..................... 3

3(1). Body somewhat elongate, wingless. Eyes greatly reduced. Antennae not
whiskerlike. Thoracic segments short, subequal, independent of each

other, even in adult. Legs subequal, with coxae broad; tarsi 5-segmented.

Cerci generally 8-segmented. Male abdominal terminalia asymmetrical.

Female abdomen terminating in long exserted ovipositor .........
.......................................... Notoptera (p. 60)



403).

5(4).

2(1).

3(1).

4(3).
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Hind legs with femora not thickened or modified for jumping; coxae broad,
close together; tarsi usually S-segmented, but, if 4-segmented, then some-
times with basal segment subdivided ventrally. Wings, when present,
held more or less horizontally over dorsum when at rest (anterior pair
sometimes not thickened or posterior pair broad). Cerci rarely unseg-
mented, even if very short ................. Dictuoptera (p. 66)

Hind legs with femora thickened and modified for jumping; coxae small,
widely separated; tarsi with 5, or fewer, segments (usually 3 or 4). Fore
wings, when present, always in form of thickened tegmina held rooflike
over body or angled or curved downward along sides of abdomen when
at rest. Cerci usually unsegmented, even if long ............... 5

Antennae whiskerlike, usually longer than body, with many (well over 30)
indistinct segments (rarely bristlelike and much shorter than body, when
hind legs are not adapted for jumping). Anterior tibiae usually with
basal, oval, or slitlike tympanal organs. Male tegmina, when present
(even if reduced), with wing venation generally modified, at least at
wing base, to form a tegmen-to-tegmen stridulating organ. Ovipositor
long, sword-, dagger-, sickle-, or needle-like, the valves forming a single
UNEE L Grylloptera (p. 117)

Antennae not whiskerlike (or bristlelike), shorter than body, with less than
30 distinct segments. Anterior tibiae without, but sides of base of abdo-
men generally with, rounded tympanal organs. Male tegmina without
tegmen-to-tegmen stridulating organ, although tegmina may be modi-
fied for this function (but not at base), and hind femur also frequently
involved. External part of ovipositor consisting of two pairs of rather
short sharp triangular plates, or valves, with divergent tips .......
.......................................... Orthoptera (p. 296)

Clé des ordres d'Ulonata

Cerques forts, mobiles, en forme de pinces (chez les formes immatures,
parfois allongés et coniques ou de forme cylindrique et rapprochés ’'un

de Tautre) ... ... . .. Dermaptera (p. 39)
Cerques de formes diverses, mais jamais en forme de pinces ni rapprochés
I'un de P’autre méme si tournés vers l'intérieur ................ 2

Corps trés long, en forme de baton et aptére. Tarses a 5 segments; pattes
toutes semblables a petites coxas clairement séparées I’une de 'autre;
pattes antérieures non ravisseuses. Abdomen se terminant par une paire
de cerques non segmentés et incurvés vers lintérieur ............
....................................... Cheleutoptera (p. 54)

Ne présente pas la combinaison de caractéres donnée ci-dessus . ... .. 3

Corps assez long et aptére. Yeux trés petits. Antennes non filiformes.
Segments thoraciques courts, subégaux et indépendants I'un de ’autre,
méme chez ’adulte. Pattes subégales a coxas larges; tarses a 5 segments.
Cerques comptant en général 8 segments. Terminalia asymétriques chez
le male. Femelle pourvue, au bout de ’abdomen, d’un long ovipositeur
satllant ... ... L Notoptera (p. 60)

Ne présente pas la combinaison de caracteres donnée ci-dessus ... ... 4

Pattes postérieures ayant un fémur non adapté au saut; coxas larges,
rapprochées I’une de I’autre; tarses comptant d’habitude 5 segments
mais, s’il n'y en a que 4, le segment basal est parfois subdivisé ventrale-
ment. Ailes, lorsque présentes, posées plus ou moins a plat sur le dos



au repos {paire antérieure parfois non épaissie ou paire postérieure
large). Cerques rarement non segmentés, méme s'ils sont tres courts
......................................... Dictuoptera (p. 66)
Pattes postérieures avant un fémur adapté au saut; coxas petites, clairement
séparées I'une de Pautre; tarses comptant 5 segments ou moins (habi-
tuellement 3 ou 4). Aliles antérieures, lorsque présentes, prenant toujours

la forme de tegmina épaissis et posés comme un toit sur le dos ou décri-
vant un angle ou une courbe vers le bas, de part et d’autre de 'abdomen,

au repos. Cerques d’habitude non segmentés, méme s’ils sont longs .. .§
5(4). Antennes filiformes, en général plus longues que le corps, comptant beau-
coup plus que 30 segments indistincets (plus rarement, antennes séti-
formes et beaucoup plus courtes que le corps, lorsque les pattes
postérieures ne sont pas adaptées au saut). Tibias antérieurs d”habitude
pourvus a la base d’un tympan de forme ovale ou allongée. Tegmina

du mile, lorsque présents {méme de taille réduite), présentant des
nervures généralement modifiées, au moins a la base, pour former 'une
contre Pautre un organe stridulant. Ovipositeur long, en forme de sabre,

de poignard, de faux ou d’aiguille, et aux valves soudées pour ne donner
qu'une seule pigce . ... ..o Gryloptera (p. 117}
Antennes ni filiformes ni sétiformes, plus courtes que le corps, comptant
moins de 30 segments distincts. Tibias antérieurs dépourvus d’'un
tympan, Un tympan de forme arrondie existe toutefois généralement,

de part et d’autre de 'abdomen, a sa base. Tegmina des males ne
formant pas un organe stridulant (ils peuvent cependant étre modifiés

de maniére a jouer ce réle, mais pas a la base), mais fémurs postérieurs
souvent adaptés pour la stridulation. Partie externe de 'ovipositeur faite

de deux paires de plagues triangulaires tranchantes, ou valves, a pointes
divergentes .. ... Orthoptera (p. 296)

Order Dermaptera—earwigs

Members of this order are characterized as follows: body usually small
to moderate (about 10-30 mm long), depressed, generally elongate. Head
small, more or less prognathous, with distinct gular sclerite. Antennae fili-
form or slightly moniliform, seldom more than half as long as body. Com-
pound eyes usually well-developed, sometimes reduced; ocelli absent. Cranial
sutures distinct. Pronotum somewhat larger than mesonota and metanota,
usually more or less subquadrate and flat dorsally, not much, if at all, wider
than head. Legs similar in size and form, rather short, with tarsi 3-segmented.
Wings frequently absent; anterior pair, if present, modified to form short
subguadrate veinless elytronlike tegmina which meet at mid-dorsal line and
which barely reach first abdominal tergum; hind wings (which may be absent,
even if tegmina are present) variously developed, if present composed almost
entirely of greatly enlarged semicircular anal lobe with a number of radiat-
ing veins, but, except for a submarginal connecting row, lacking crossveins;
base strongly sclerotized, incorporating two reduced longitudinal veins only,
with the wing, at rest, folded first longitudinally in a fanlike manner, and
then transversely along two folds so that they are stowed as packages under
the tegmina, only the small sclerotized basal part projecting for a short
distance over the base of the abdomen. Abdomen 11-segmented, with first
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tergum fused to metanotum; first sternum reduced or absent; in females 8th
and 9th terga nearly always small and invisible (without dissection); 11th seg-
ment represented only by epiproct (supra-anal plate) and lateral paraprocts;
9th sternum in male largely overlying 10th (which is represented in both sexes
by a pair of plates at bases of cerci); 7th sternum in females concealing 8th
and 9th. Epiproct divided transversely into opisthomeres (3 in the most
completely divided forms-—the so-called ‘‘pygidium,”’ ‘‘metapygidium,’’ and
“‘telson.”” Cerci well-developed, unsegmented (except in the immature stages
of some species), typically in the form of forceps whose bases are close
together (they vary considerably in length, often in a single species), those
of the males generally larger, heavier, and more strongly curved, often asym-
metrical (in immature forms they may be almost straight and, in some, are
held pressed together so as to appear almost like a tail; cerci of some nymphal
forms long, segmented. Ovipositor usually lacking, but present (although
reduced) in some primitive forms and represented by two pairs of short valves
developed from the 8th and 9th sterna. Male genitalia basically incorporat-
ing a pair of phallic structures (penes), one member of which is usually
reduced, sometimes directed forward, but, in most species, absent.

Remarks. Earwigs are generally cryptic insects, concealing themselves,
at least during the day, under stones, debris, logs, or bark, in crevices or
leaf sheaths, or deep in flowers. They emerge at night, however, and may
forage widely. Most species, even if able to fly, seem generally reluctant to
do so, although sometimes (particularly in the case of smaller species) they
may fly to lights. On rare occasions, earwigs have been known to fly by day.
A few species are cavernicolous or burrow actively in soil.

Most species of earwigs are more or less omnivorous, although they prob-
ably prefer animal food, whether it be dead or alive. Some species are known
to be exclusively predaceous, such as those that feed on worker ants in Africa.
That some, at least, consume vegetable matter is, however, well known in
the case of Forficula auricularia Linnaeus, which often damages garden
blooms in addition to preying upon other insects. Earwigs are said to capture
their prey by means of their forceps (cerci)—although these are probably as
much defensive as offensive weapons. (They are also used in courtship.) The
Dermaptera are all but unique among the Ulonata in that they include epizoic
(if not truly parasitic) species, which spend much of their life on the bodies
of Malaysian, Indonesian, and Philippine free-tailed bats.

Distribution. The 135 or so genera and over 1350 known species of
Dermaptera are largely tropical in distribution, occurring widely through-
out the warmer parts of the world, with some species inhabiting temperate
climates. A few can tolerate cold winters, but these are exceptions. Because
of their retiring habits and omnivorous diet, earwigs, like cockroaches, are
frequently transported successfully by commerce. Indeed some species seem
to have accompanied primitive man on some of his earliest migrations, so
that their native homelands may be only surmised. As with cockroaches,
however, relatively few of the total number of species are synanthropic.
Unlike cockroaches, those few that have managed to adapt to new environ-
ments seldom become serious domiciliary nuisances or major pests of
commercial premises—although there are localized exceptions. Most success-
ful synanthropic species have, in fact, established themselves out-of-doors
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in their adopted countries. Of these, only Forficula auricularia Linnacus has
become a serious crop pest, and then really only of prized or commercially
valuable flowers. For the most part, these earwigs probably do more good
than harm from a human standpoint, for they feed largely on other insects.
If abundant, like any other insect, they may incur the ire of the gardener
or the wrath of the householder, more as a matter of prejudice than of
practicality.

There is much folklore associated with earwigs, and traditionally, of
course, they are supposed to enter the human ear with dire results. As they
seek out crevices, they may indeed, on rare occasions, enter ¢ars if these are
placed on the ground when the owner is recumbent, but probably no more
so than do other similarly retiring insects.

An interesting sidelight on Canadian folklore is that, at Sandspit, Queen
Charlotte Islands, B.C., earwig races ar¢ an annual gambling event, attended
with much enthusiasm by locals and visitors alike (Canadian Broadcasting
Corporation 1970). The species involved is Forficula auricularia Linnaeus.

Biology. The life histories of few species of Dermaptera have been stud-
ied, but the eggs always seem to be rather small, smooth, and whitish, laid
in batches but not cemented together or in capsules or oothecae. In general,
there are four or five nymphal instars, according to species, but there are
occasionally more. The number of antennal segments (and, in species in which
the nymphal cerci—which may be much longer than the body—are seg-
mented, of these too) increases with each instar. The females of several
species, including Forficula auricularia Linnaeus and at least some others,
are known to brood over their eggs and to show a degree of maternal care
for the emerging offspring. The young earwigs may remain associated in
family groups until they are nearly mature, so that the insects are in some
measure semisocial. This is, however, not general among Dermaptera. Earwig
biology is well discussed by Chopard (1938). The most recent comprehen-
sive accounts of the Dermaptera are those of Beier {1959) and Giinther and
Herter (1974). For suprageneric classifications, the reader is referred to
Popham (1963, 1963), to Gunther and Herter (op. cit.}, and to Steinmann
(1975). For a checklist of world species, see Steinmann (1973).

Four superfamilies of living earwigs may be recognized. Only two of
these concern us here: Spongiphoroidea (= Labiodea) and Forficuloidea.
They differ from other superfamilies by not being hairy, by possessing a
collarlike structure in the neck region, and by the anterior ventral cervical
sclerite being smaller than the posterior one,

Key to superfamilies of Dermaptera

1. Second tarsal segment typically subeylindrical, not projecting beneath third,
third segment, in lateral view, arising more or less terminally from
second toward ventral part (Figs. 90, 94y .. ... ... ... ... .. ... ...
.................................... Spongiphoroidea (p. 42)

Second tarsal segment typically bilobed, projecting distally beneath third
(Figs. 98, 109), or if not, then third (in lateral view) arising subterminally
toward dorsal part of second segment ... .. Forficuloidea (p. 49)
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Clé des superfamilles de Dermaptera

l. Deuxieme scgment des tarses typiquement subcylindrique, ne se prolongeant
pas sous le troisiéme segment; troisieme segment, vu de coté, s’articu-
lant plus ou moins vers Pextrémité a partir du deuxiéme segment vers
la partie ventrale (fig. 90 et 94) ... ... .. Spongiphoroidea (p. 42)

Deuxieme segment des tarses typiquement bilobé, a extrémité faisant saillie
sous le troisiecme (fig. 98 et 109) ou sinon, troisiéme segment (vu de
c6té) s’articulant avant I'extrémité et vers le ¢oté dorsal du deuxieme
SCOMENT © ottt Forficuloidea (p. 49)

Superfamily Spongiphoroidea

This superfamily comprises two families, if the Arixeniidae be excluded.
These are the Anisolabididae and the Spongiphoridae, which include, between
them, 48 genera and over 350 species. Both are represented by established
alien species in the region with which we are here concerned, there being no
native species.

Key to families of Spongiphoroidea

1. Wings lacking. Pygidium (11th abdominal segment) distinguishable but
concealed by being bent downward between cerci (Figs. 83, 89). Male

with two “‘penis lobes” ................. Anisolabididae (p. 42)

Wings usually present. Pygidium distinct (Figs. 91, 93), and other opistho-

meres reduced. Male with single “‘penis lobe™ ..... ... ... ... ...
...................................... Spongiphoridae (p. 46)

Clé des familles de Spongiphoroidea

1. Ailes absentes. Pygidium (onziéme segment abdominal) distinct, mais replié
vers le bas et dissimulé entre les cerques (fig. 83 et 89). Males pourvus

de deux lobes «péniens» ................ Anisolabididae (p. 42)

Ailes habituellement présentes. Pygidium distinct (fig. 91 et ©3) et autres
opisthomeéres réduits. Males munis d’un seul lobe «pénien» ......
...................................... Spongiphoridae (p. 46)

Family Anisolabididae

This family is widely distributed naturally throughout the warmer parts
of the world. There are 18 genera and about 115 known species.

Key to genera of Anisolabididae

1. Antennae with 20-24 segments, with basal segment longer than combined
segments 4-6. Legs (and body) entirely black (Fig. 83) ...........
.......................................... Anisolabis (p. 43)
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Antennae with 14-16 segments, with basal segment about equal to combined
segments 4-6. Legs pale, with femora and tibiae usually distinctly
banded with black (Fig. 84) ................. Euborellia (p. 45)

Clé des genres d’Anisolabididae

l. Antennes comptant de 20 & 24 segments, a segment basal plus long que les
segments 4 a 6 inclusivement. Pattes (et corps) d’un noir uniforme

(fig. 83) .. Anisolabis (p. 43)

Antennes comptant de 14 a 16 segments, a segment basal de longueur
approximativement égale aux segments 4 a 6 inclusivement. Pattes de

couleur pale, fémurs et tibias d’habitude marqués de bandes noires

(fig. 84) .. . Euborellia (p. 45)

Genus Anisolabis Fieber

Description. Body apterous, long, slender. Antennae about half as long
as body. Head and pronotum about equal in width; pronotum nearly square,
with posterior margin and angles evenly rounded; metanotum with posterior
margin conspicuously concave. Legs relatively short. Abdomen large, some-
what enlarged at middle. Male forceps well-separated at base, strongly curved,
asymmetrical; right forceps (dorsal aspect) more incurved than left one
(Figs. 85, 86); female forceps short, nearly straight, symmetrical (Fig. §7).

Anisolabis maritima (Bonelli)

Figs. 83, 85-87; Map 1

Forficula maritima Bonelli in Gené, 1832:221.
Anisolabis maritima; Helfer 1963:15.

Diagnosis. Body large, shiny black or brown. Legs yellow. Found only
at or near seashores.

Description. Body large (length, male 18.0-23.5, forceps 3-4.5; female
15.5-25.0, forceps 4.5-5.4 mm), shiny black or brown. Antennae with
20-24 segments, uniformly dark. Legs pale yellow. Immatures identical in
shape and color but with fewer antennal segments, and forceps straight in
both sexes.

Range. British Columbia to California; Ontario and Québec to Florida.

Behavior and habitats. Bennett (1904) reported watching caged
A. maritima employ their forceps to capture crickets (species unspecified),
sand fleas, and smaller earwigs. They devoured them while still holding them
with the forceps. This earwig is able to twist and bend its abdomen so that
the forceps are brought around nearly in front of the head.

Guppy (1950) found A. maritima at Departure Bay, Vancouver Island,
and observed its behavior. Adults were found in trash at the high-water level
and also well above this mark, and under the bark of logs on the shore.
Members of the species are nocturnal, remaining active until temperatures
drop to near freezing. Then they retreat to well above the high-tide mark,
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Map 1. Collection localities for Anisolabis maritima.

seek shelter under logs, boards, or other debris, and become completely
dormant. Burrows are dug in sand, usin¢, only the mandibles. Eggs are
hatched and young are fed in the burrows. The food supply usually consists
of small crustaceans and drowned insects thuat wash up on the shore. Eggs
and larvae of Diptera which breed in decaying seaweed were thought to
provide a great part of the food supply.

Life history. The life cycle takes 2 years on Vancouver Island. Eggs
are laid in burrows, usually in July, although warm weather in May may
induce egg-laying at an earlier date. Eggs hatch in 30-45 days, and immatures
pass the first winter in the first or second instar. They may reach adulthood
during the second summer or pass the second winter as fifth instar nymphs,
maturing early during the following spring. Females can produce eggs within
6 weeks of becoming adult. Burrows are dug in areas that remain moist,
if these are constructed in sand, often under driftwood or other debris.
However, the brooding chamber may be under bark of rotten logs. Females
are aggressive in protecting their eggs, using their forceps and striking forward
over their backs with such force as to throw themselves on end. If eggs have
not hatched by the time cold weather arrives, they are eaten by their parents.
The rate of growth of nymphs is strongly influenced by temperature (Guppy
1950).
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Genus Euborellia Burr

Description. Size as in genus Anisolabis. Tegmina normal, reduced,
or absent, and wings present or absent. Pronotum nearly square to slightly
broader posteriorly. Abdomen slightly expanded at middle. Male forceps
stout, separated at base, triangular in cross-section basally, with apices curved
inward, asymmetrical to nearly symmetrical (Figs. 88, 89). Female forceps
more slender, symmetrical (Fig. 84a). Body black to dark brown, with legs
yvellow, often with darker bands. Antennae often with l1-several segments
near apex (but not apical segment) white.

Euborellia annulipes (Lucas)

Figs. 84, 88-90; Map 2

Forficesila annulipes Lucas, 1847:IXXXIV.

Forcinella azteca Dohrn, 1862:226.

Euborellia annulipes; Hebard 1917h:312; Helfer 1963:163; Vickery et
al. 1974:127.

Common name. Ringlegged earwig.
Diagnosis. Legs yellow with darker rings.

Map 2. Collection localities for Euborellia annulipes.
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Description. Body apterous, dark brown. Legs pale yellow with dark
rings (which may, however, be faint). Third and fourth (and sometimes fifth)
subapical antennal segments pale.

Range. British Columbia; Ontario and Québec; cosmopolitan.

Behavior and habitats. E. annulipes is found under debris in both damp
and dry locations. It is not restricted to seashores like A. maritima, although
it is commonest in maritime regions. It is a general feeder and may be found
in greenhouses and warehouses. It has been reported damaging stored pota-
toes, flour, meat products, and roots of vegetables grown in greenhouses.
It is also predaceous on other insects, and, like other Dermaptera, probably
attacks products of plant origin only when insect prey is scarce. Bohart (1947),
as reported also by Langston and Powell (1975), found E. annulipes to be
an effective predator on larvae of Crambus species (Crambidae: Lepidop-
tera) in lawns. Bharadwaj (1966) found females guarding their eggs, which
they handled and rearranged until the eggs hatched. Any damaged or infer-
tile egg was eaten by the mother. Maternal care ceased when hatching was
completed.

Life history. Bharadwaj (1966) found egg clutches to average 53 eggs.
Incubation lasted from 6 to 17 days at 20-29°C. Five nymphal instars are
usual, but some individuals pass through a sixth instar before becoming
mature. An average life cycle requires 120 days. Under good conditions there
may be two generations each year.

Family Spongiphoridae

This family is also widely distributed throughout the world. There are
30 genera and about 240 known species, which are placed in 8 subfamilies
that mainly occur in the tropics and subtropics. The Labiinae are widely
distributed, reaching high temperate latitudes, and comprise 11 genera and
more than 100 species. It includes a number of synanthropic species, particu-
larly in the genus Labia Leach, one of which has been present in Canada
and the northeastern United States for a long time. This species has, indeed,
become so well adapted to North American conditions as to give the impres-
sion that it is a native. The Labiinae may be distinguished from other
Spongiphoridae as follows: size small (less than 12 mm long); body not greatly
flattened; head narrow with small eyes that are not as wide as first antennal
segment is long; tegmina without lateral keels.

Key to genera of Spongiphoridae

1. Body small (4-5 mm), pubescent. Hind wings visible when folded, twice
as long as tegmina. Antennae filiform, with fourth segment cylindri-

cal, as long as third segment (Fig. 91) ............ Labia (p. 47)

Body larger (5-8 mm), not pubescent. Tegmina short, with hind wings absent

or concealed. Antennae clavate, with fourth segment conical, shorter

than third segment (Fig. 95) ....... ... ... ..... Marava (p. 48)
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Clé des genres de Spongiphoridae

1. Corps petit (de 4 4 5 mm) et pubescent. Ailes postérieures visibles lorsque
repliées, deux fois plus longues que les tegmina. Antennes filiformes
ayant le quatrieme segment cylindrique et aussi long que le troisieme
(fig. OL) .. Labia (p. 47)

Corps plus gros (de 5 a4 8 mm) et glabre. Tegmina courts, et ailes posté-
rieures absentes ou dissimulées. Antennes claviformes ayant le quatrieme
segment conique et plus court que le troisiéme (fig. 95) ..........
............................................. Marava (p. 48)

Genus Labia Leach

Description. Body flattened, slender, pubescent, with abdomen slightly
dilated at middle. Eyes small, shorter than basal antennal segment is long.
Antennae about half as long as body, 10-12-segmented; each segment some-
what conical, about three times longer than broad. Tegmina and wings pres-
ent. Basal and third tarsal segments equal in size, the second small and
compressed. Forceps about half as long as abdomen, of male slightly to
strongly curved (Fig. 92), of female straight and incurved apically (Fig. 93).

Labia minor (Linnaeus)
Figs. 91-94; Map 3

Forficula minor Linnaeus, 1758:423.

Labia minor; Doubleday 1838:279; Helfer 1963:17; Vickery et al.
1974:126.

Labia minuta Scudder, 1863a:415.

Diagnosis. Body small, alate. Male pygidium rectangular, narrow.

Description. Body small (Fig. 91) (length 4-5 mm, length of tegmina
1.5 mm, male forceps 1.5-2 mm, female forceps 1.2 mm). Pronotum
narrower than head, only slightly longer than broad. Tegmina about twice
pronotal length; hind wings, when folded, twice as long as and extending
beyond tegmina. Male forceps simple, minutely toothed on inner edge
(Fig. 92). Penultimate sternum of male with rectangular projection; pygidium
visible from above (Fig. 91). Forceps of female short, rather stout, straight,
with narrowly curved tips (Fig. 93). Color usually dull yellowish brown to
brown, with head, forceps, and apical abdominal segment darker. Body,
tegmina, and wings with fine yellowish pubescence.

Range. British Columbia to Nova Scotia, south to California; Europe.

Behavior and habitats. The species occurs in a wide variety of habitats.
Morse (1920) reported it from stables, manure heaps, and fungi. It is mainly
nocturnal, flies well, and often is attracted to lights at night. It is primarily
a scavenger, although it may feed upon vegetation (floral parts) when other
food is scarce.

Life history. Morse (1920) recorded adults from 25 May to 4 November
in the New England states.
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Map 3. Collection localities for Labia minor (®) and Marava arachidis (a).

Genus Marava Burr

Description. Antennae with basal segments shorter than distance
between antennal bases; second segment short, squarish; third segment long,
three times, or more, as long as fourth and fifth segments combined.
Pronotum nearly square, with posterior margin convex. Tegmina present,
well-developed or abbreviated; wings present or absent. Femora, especially
fore femora, broad. Male forceps well-separated at base, with small elongate
projection (pygidium) between them (Fig. 95). Female forceps short
(Fig. 95a).

Marava arachidis (Yersin)

Fig. 95; Map 3
Forficula arachidis Yersin, 1860:509; pl. 10, figs. 33-35.

Marava arachidis; Hincks 1954:163.
Prolabia arachidia [sic]; Helfer 1963:17.

Diagnosis. Body small. Wings generally absent or concealed, with
tegmina short. Male pygidium broad.

Description. Body small (length 5-9 mm; forceps, male 1.5-2.75,
female 0.75-1.25 mm). Tegmina short; hind wings generally absent or
concealed. Abdomen broad. Male forceps arcuate, cylindrical, widely
separated at base, each with small tooth on inner side near apex; pygidium
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broad. Forceps of female closer together, only slightly arcuate. Color dark
brown to reddish brown or yellowish brown, shiny in appearance. Antennae
yellow or brown, usually with basal segments paler.

Range. Massachusetts; cosmopolitan in tropics and subtropics.

Behavior and habitats. Although a tropical and subtropical species,
M. arachidis can survive under artificial conditions in temperate countries.
It is often transported from place to place in stored produce such as ground-
nuts (as its specific name suggests), and it seems particularly prone to infest
materials of animal origin. In Europe, it was formerly known to breed occa-
sionally in large numbers in such places as bone-meal plants and glue factories.
In Massachusetts, large numbers were found in a slaughterhouse as well as
in a sugar refinery (Morse 1919b, 1920). With more modern hygienic
conditions in such places, it is not likely to establish itself so readily.

Life history. Not a great deal is known of this. Under artificial
conditions, the species seems to breed more or less continuously, with
overlapping generations, but probably not usually producing more than a
single brood per year.

Superfamily Forficuloidea

This superfamily is made up of three families: Labiduridae, Chelisochi-
dae, and Forficulidae. Only the last of these is of direct concern here, but
both of the others include cosmopolitan synanthropic species that may well
be found as adventives in our region and which have become established in
other parts of North America.

Family Forficulidae

This family is one of the two largest of the Dermaptera, being only
slightly bigger, although with many more genera, than the Spongiphoridae.
Some 57 genera and nearly 250 spectes are included, coming from all parts
of the world where earwigs are found. Of the eight subfamilies, only the
Forficulinae is represented in the region here covered, where it is represented
by the only indigenous species of earwig and by a thoroughly established
alien. Additional adventive species have also been found.

Key to genera of Forficulidae

1. Body brown or black with yellow longitudinal stripes. Antennae with
11-13 segments; fourth segment from base twice as long as broad. Tarsi
with basal segment as long as but no longer than 1.5 times length of
third segment. Male pygidium spinelike (Figs. 100-105) ..........
............................................... Doru (p. 50)

Body brown and pale brownish yellow, not striped. Antennae with 14 or
15 segments; fourth segment from base less than twice as long as broad.
Tarsi with basal segment twice as long as third segment. Male pygidium
not spinelike (Figs. 106-109) ................. Forficula (p. 51)
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Clé des genres de Forficulidae

I. Corps brun ou noir ayant des bandes longitudinales jaunes. Antennes comp-
tant de 11 & 13 segments, le quatriéme étant & partir de la base deux
fois plus long que large. Tarses pourvus d’un segment basal au moins
aussi long, mais de longueur ne dépassant pas une fois et demie celle
du troisiéme segment. Pygidium du maéle poinru (fig. 100 a 10%5) .
.............................................. Doru (p. 50)

Corps brun et jaune brunatre pale, mais sans rayure. Antennes comptant
14 ou 15 segments, le quatriéme étant & partir de la base moins de deux
fois plus long que large. Tarse a segment basal deux fois plus long que
le troisieme segment. Pygidium du mile obtus (fig. 106 & 109) .. ..
........................................... Forficula (p. 51)

Genus Doru Burr

Description, Body small to medium (length 8-15 mm), Head broad,
smooth. Eyes small. Basal antennal segment shorter than distance between
antennal bases; antennal segments cylindrical but not elongated. Pronotal
shape variable. Tegmina normal or abbreviated, usually meeting at median
line; hind wings present or absent. Abdomen with sides parallel or widening
posteriorly; last tergum before pygidium usually with tubercle above base
of each forceps or with numerous small tubercles between bases; male forceps
widely separated at base, arcuate to nearly straight, with or without inner
subapical tooth; pygidium spatulate or pointed. Female forceps slender, rather
straight.

Doru aculeatum {Scudder)

Figs. 100-102; Map 4

Forficula aculeata Scudder, 18765:262.

Doru aculeatum; J. A. G. Rehn and Hebard 19144:93; Helfer 1963:13.
Daoru aculeatum qculeatum; Urquhart 19415:9; Cantrall 1943:67.
Doru lineare; Helfer 1963:13 (partimn, not fig. 10).

Diagnosis. Body brown and yellow. Pronotum almost as long as wide.
Male pygidial spine much longer than wide, acute.

Description. Robust species (body length 7-12, male forceps 3.5-6.8,
female forceps 3-3.6 mm). Pronotum rather large, of about equal length and
width, with posterior margin convex. Tegmina short; hind wings concealed
(rarely, if ever, fully developed). Male pygidial spine (between forceps) long,
aciculate; each male forceps usually with distinct subapical internal tooth.
Head and pronotum dark brown, and pronotum with yellow lateral margins;
tegmina yellowish brown to brown, with sutures darker; legs yellowish brown;
abdomen and forceps black.

Range. Nebraska to Ontario; southeastern United States.

Behavior and habitats. Cantrall (1943) has given a detailed account
of D, aculeatum as it occurs in the northern part of its range, in southern
Michigan. It persists only along margins of sedgy (Carex) marshes where it
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Map 4. Collection localities for Doru aculeatum.

can find suitable winter protection. He found it only in association with Carex
riparia var. lgcustris, although farther south it is found with other species.
It spends much of its life in leaf axils. It usuaily chooses the greenest plants,
is never found on dead ones, and remains head downward in the leaf axils
during daytime. It is nocturnal, roaming freely on the foliage. If disturbed
by a light it attempts to hide.

Life history. Adults hibernate during the winter. They emerge in late
May and lay eggs until late June. These begin hatching in late June, and the
insects mature by fall. Earliest and latest adults were reported by Cantrall
(1968) to occur on 27 May and 30 September, although no adult was found
during midsummer.

Genus Forficula Linnaeus

Description. Body flattened. Pronotum squarish with posterior angles
rounded. Abdomen not expanded at middle. Hind wings, when folded,
slightly longer than tegmina. First tarsal segment slightly longer than third,
the sccond short, dilated, and lobed at apex, held beneath the third. Antennae
with 14 or 15 segments, with third segment twice as long as fourth. Terminal
abdominal segments beyond the sixth cylindrical, more than four times as
long as broad.
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Forficula auricularia Linnaeus
Figs. 106-109; Map 5

Forficula auricularia Linnaeus, 1758:423.
Forficula auricularia; Glaser 1914:157; Vickery et al. 1974:128.

Common name. European earwig.

Diagnosis. Antennae with 14 or 15 segments. Male forceps as long as
abdomen, curved. Female forceps crossed.

Description. Medium to small species (body length 10-12, male forceps
4-7, fernale forceps 3, tegmina 2 mm). Male forceps varying from about half
as long to as long as abdomen (sometimes longer); flat and somewhat broad-
ened basally, then curved, semicircular, with crenulate teeth basally and on
beginning of curvature of inner margin (Fig. 107). Female forceps slightly
curved, crenulate on inner margins, usually crossed apically (Fig. 108). Color
generally dark reddish brown with tegmina and wings dull yellow; legs,
forceps, basal antennal segments, lateral areas of pronotum, and posterior
margins of abdominal segments pale.

Range. British Columbia to Newfoundland; cosmopolitan in cooler
parts of the world.

Behavior and habitats. F. aquricularia is often of concern to the human
population in areas where it has recently become established. New colonies
tend to build up to very high population levels with consequent competition

Map 5. Collection localities for Forficula auricularia.
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for food and shelter. This occurred on the western part of Montréal Island
during the mid-1960s (Vickery et al. 1974) and continues there at high level,
causing much undue concern to householders. The earlier infestation in
Vancouver exhibited the same characteristics, but that population has now
declined greatly in numbers, and the species is no longer treated as a pest
of consequence there (Lamb and Wellington 1975). Initial high levels of popu-
lation, followed by gradual decline, is characteristic of many species
introduced into new areas. F. auricularia is a prime example of this type of
population behavior.

Earwigs in general tend to shun light and are mainly nocturnal. Also
when crowded they take advantage of shelter wherever this can be found,
often in buildings. Although they are primarily omnivorous, feeding on both
animal and plant materials, they are largely beneficial as other insects make
up a large part of the food supply. When population pressure is great, and
insect food then becomes scarce, they do attack plants and may cause severe
damage to blossoms in flower gardens (they are partial to ray florets of
Dahlia, and were reported as a pest of these flowers in Ottawa, Ont., in
1978-1979). F. auricularia, although fully winged, is an infrequent flier
(Brindle 1977). W. A. Wilson (1971) reports on parasitism by nematodes.

Life history. Lamb and Wellington (1975) and Lamb (1975) studied
the behavior and life history of F. auricularia in Vancouver, where it spends
the winter in the adult stage, living in pairs in underground nests or in aggre-
gations on the surface. It is doubtful that surface aggregations could survive
the winter in Ontario or Québec, although, with an early snow cover, this
is possible. Females oviposit in the nests near the end of winter or early in
spring. They then drive the males out of the nests. In May, some females
and immatures appear on the surface. Some of these females may produce
a second brood in spring. Most males die early in the spring after being driven
from the nests. Females remain with the eggs and tend them and the newly
hatched immatures. Then for a short period both females and immatures
leave the nests to forage, returning before daylight. Finally the immatures
cease to return, but seek shelter under surface debris elsewhere. The females
die before midsummer. The immatures of both broods become adults by the
end of August, and, by early October, fresh pairs have entered the soil and
constructed winter nests (Lamb and Wellington 1975). Observations in Québec
indicate a life history similar to this, but emergence from winter quarters
is later in the season. There is a lower frequency of second brood, and retiral
to winter quarters occurs earlier in the fall.

Economic importance. When populations of F. auricularia are dense,
significant damage to garden blooms may occur, as previously noted, but
the main economic effect is the amount of time wasted in worrying about
the insects and in the expense incurred in attempts to eradicate them when
they enter buildings to seek shelter! The principal natural enemy of auricularia
is the tachinid fly Bigonicheta spinipennis (Meigen); McLeod (1962)
summarized biological control attempts up to 1959.
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Order Cheleutoptera—stick-insects

Members of this order have been given various vernacular names such
as spectres, phasmids, walking sticks, walkingsticks, or stick-insects. They
also include some leaf-insects and a few other Ulonata having, with some
exceptions, an elongate twiglike sometimes dorsoventrally flattened and
leaflike appearance. The relationships of the order are not clear, and those
with the Orthoptera are probably not so close as was previously supposed.
There are, indeed, indications of a nearer affinity with the Dermaptera.

Cheleutoptera are of moderate to large size, adults being rarely less than
3 cm long, and they include the longest of all living insects (some exceed 30 cm
long). They may be characterized as follows: body form usually elongate,
cylindrical, occasionally shorter, depressed and leaflike, rarely of other form.
Antennae simple, usually filiform, of variable length. Prothorax short;
mesothorax and metathorax usually elongate, the tergum of the latter being
closely associated with (often fused to) that of the first abdominal segment.
Legs all more or less similar, with hind pair not modified for jumping; coxae
small and wide apart; tarsi 5-segmented. Wings often greatly reduced or
absent; fore wings (when present) usually rather short, in the form of leath-
ery or parchmentlike tegmina, overlapping each other slightly, with costal
vein submarginal; hind wings (when present) fanlike, usually considerably
surpassing fore wings; hind wing buds of nymph not overlapping front wing
buds during development. Abdomen with distinct, rather short, symmetrical,
unsegmented, typically curved cerci (sometimes expanded in female). Male
external genitalia variable, asymmetrical, and concealed by enlarged 9th and
10th abdominal terga and 9th sternum (subgenital plate), behind which the
10th sternum may be clearly visible as a hooklike vomer, or reduced.
Ovipositor of female (belonging to 8th and 9th abdominal segments) present,
but short, rather complex.

Somewhat in excess of 2500 species have been described, but the real
number of valid species is uncertain because males and females of the same
species may often have been given different names. The majority occur in
the humid tropics and a large proportion of these are from the Oriental-
Australasian region. They do, however, occur in drier and in temperate
regions. Most are arboreal or arbusticolous, but a few live on the ground
or among grasses and herbs. None is aquatic, although some early reports
suggested that one or two species were so. So far as known, all are phyto-
phagous and most are nocturnal. Eggs are nearly always laid singly in
frequently elaborate, seedlike oothecae, usually scattered at random on the
ground, although a few species lay eggs in rows on twigs or foliage, or oviposit
in debris such as rotten wood. Many species are parthenogenetic, often
continuously so, although occasional males occur in such species.

The sexes usually differ greatly in size and often in form also. There
seem to be usually about 5-8 nymphal stages, metamorphosis being gradual
and usually rather slight, especially in wingless forms. Cheleutoptera are
unusual for the powers possessed by many (if not all) to regenerate, to a
considerable degree, damaged or lost appendages in the instar following an
injury by autotomy (voluntary shedding of appendages). Adults cannot
regenerate, as they do not molt, but they retain the facility for autotomy
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as an escape mechanism. The whole order is remarkable for the powers of
camouflage that result from extraordinary mimicry of plant stems of many
kinds and occasionally of foliage and the like. Associated with this is the
state of catalepsy, whereby the insect becomes rigid and feigns death. Most
species can change color from instar to instar so as to match their background;
some can even change color, like chameleons, without molting. Some
discharge defensive irritant fluids. Cheleutoptera are usually said not to
stridulate, but female leaf-insects (Phylliidae), at least, have what are regarded
as stridulatory teeth on the inner surfaces of the bases of the antennae, and
some species in other families strike hind and fore wings together when
alarmed.

Relatively few species are economically important, but some may
suddenly become abundant and seriously defoliate trees. There is a keen
interest among amateur naturalists in rearing these insects and a fairly large
international exchange between them. One or two species (notably Carausius
morosus (Brunner von Wattenwyl)) have become favorite experimental
animals with European insect physiologists.

For comprehensive accounts of the Cheleutoptera, see Chopard (1938,
1949), and Beier (1957, 1968). Systematics and zoogeography are also covered
by these authors (except Chopard 1938), by Giinther (1953), by Clark (1975),
who reproduces the key of Beier (1968) in English, and, in a more recent
interpretation, by Bradley and Galil (1977). The most recent modifications
are those of Kevan (1976b, 1977b). Clark (1979) gives the most comprehen-
sive account to date of the eggs in the suborder Phasmatodea. The eggs differ
from those of Orthoptera sensu stricto in lacking a distinct localized hydropyle
at the posterior pole.

Family Heteronemiidae

This family may be characterized as follows: body greatly elongate, thin,
sticklike. Antennae slender, indistinctly segmented, at least beyond the
middle, longer than front femora, but not as long as body. Wings lacking.
Thoracic mesonotum nearly always shorter than metanotum. Ventral keels
of middle and hind femora unarmed, or virtually so. Penultimate (9th)
abdominal tergum often with lateral margins turned downward and over-
lapping ventrally so as to form, at least apically, a sort of tube. Terminal
abdominal segment of male with tergum not split and bilobed, nor with pair
of fingerlike posterior processes, of female not beaklike.

Two subfamilies (Heteronemiinae and Libethrinae) and about 19 genera
are known, which together probably include more than 100 species. All but
one genus of Libethrinae, which occurs in southern Africa, are American,
mainly tropical, but a few species of Heteronemiinae extend into temperate
regions, north and south. A single genus is represented in Canada.

Genus Diapheromera Gray

Description: Body slender, long, nearly cylindrical; antennae inserted
in front of eyes; pronotum about equal in length to head; mesonotum four
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times as long as pronotum; metanotum about three times as long as prono-
tum; apical abdominal segment oblong, twice as long as wide in male; legs
very long, slender, with middle femur swollen in male; middle and hind
femora armed on upper side near apex with curved acute spine; male cerci
long, incurved, usually crossed, and female cerci short, straight.

2(1).

3(1).

Key to species and subspecies of Diapheromera

Hind femur unarmed apically beneath ...... blatchleyi (Caudell) ... 2
Hind femur with apical spine beneath (Fig. 110) .................. 3
Head as seen from above with subparallel sides. Midwestern United States
......................... blatchleyi blatchleyi (Caudell) (p. 57)
Head broader across eyes than behind, then tapering slightly backward.
Eastern coastal United States . blatchleyi atlantica (Davis) (p. 58)
Middle femur of male banded green and brown. Apical spine of hind femur
strong. Cerci of male armed internally with blunt angular tubercle
(Fig. 111), of female short, less than half length of terminal abdominal
segment (Fig. 114) ... ................. femorata (Say) (p. 58)
Middle femur of male not, or at most feebly, banded. Coloration generally
rather uniform. Apical spine of hind femur rather weak. Cerci of male
armed internally at base with slender spine (Fig. 113), of female longer,
nearly equal in length to terminal abdominal segment (Fig. 115).....
..................................... velii velii Walsh (p. 59)

Clé des espéces et des sous-espéces de Diapheromera

2(1).

3(1).
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Fémur postérieur inerme sous son extrémité apicale .................
................... blatchleyi (Caudell) ................... 2
Fémur postérieur portant une épine sous I'extrémité apicale (fig. 110) 3
Téte, vue du dessus, a cotés subparalléles. Midwest des Etats-Unis . . ..
......................... blatchleyi blatchleyi (Caudell) (p. 57)
Téte plus large au niveau des yeux, puis allant se rétrécissant vers I’arriére.
Céte est des Etats-Unis .. . ... blatchelyi atlantica (Davis) (p. 58)
Fémurs médians des males marqués de bandes vertes et brunes. Epine apicale
des fémurs postérieurs forte. Cerques des méles pourvus, vers I'intérieur,
d’un tubercule arrondi (fig. 111); cerques des femelles courts, de
longueur inférieure a la moitié de la longueur du dernier segment
abdominal (fig. 114) ................... femorata (Say) (p. 58)
Fémurs médians des méales de couleur uniforme ou faiblement marqués de
bandes. Coloration généralement uniforme. Epine apicale des fémurs
postérieurs plutdt petite. Cerques des méiles pourvus vers ’intérieur,
a la base, d’une fine épine (fig. 113); cerques des femelles plus longs,
de longueur presque égale a celle du dernier segment abdominal
(fig. 115) oo o velii velii Walsh (p. 59)



Diapheromera blatchleyi blatchleyi {Caudell}

Figs. 113, 116; Map 6

Bacunculus blatchleyi Caudell, 19055:212.
Diapheromera persimilis blatchleyi; Hebard 19315:130.
Diapheromera blatchleyi blatchleyi; Hebard 1934a:160.

Diagnosis. Hind femur without apical ventral spine. Head, seen from
above, with subparallel sides.

Description. Middle and hind femora lacking subapical spines. Head
slightly longer than pronotum, with more or less subparallel sides when viewed
from above. Female with ninth abdominal segment broadly but angularly
emarginate (Fig. 116). Cercus of male with blunt inner basal tooth (Fig. 113),
of female about as long as that of male, subequal to terminal abdominal
segment (Fig. 116). Color green or brownish green; male with pale lateral
stripe from head to base of hind femur.

Range. Nebraska to Ohio, south to Oklahoma.

Behavior and habitats. Arboreal, according to Froeschner (1954), but
host trees were not mentioned.

Life history.  As adults have been found in July and August (Froeschner
1954) and undoubtedly occur in September, the life history appears to be
univoltine, with overwintering in the egg stage.

- : RN 7 R 5

T : ; e

Map 6. Collection localities for Diapheromera blatchleyi blatchleyi (W), D. blatch-
leyt atlantica (@), D. femorara (a}, and D. velii velii (C).
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Diapheromera blatchleyi atlantica {Davis)

Map 6

Manomera blatchieyi; Morse 1919¢:16; Helfer 1963:24 (partim).
Manomera blatchieyi atlantica W. T. Davis, 1923:53, pl. X, figs. 1-4.
Diapheromera blatchleyi atlantica; Hebard 19315:130.

Diagnosis aud description. Like D. blatchieyi blatchleyi, but with head
wider in front than behind. Female cerci shorter than last abdominal segment.

Range. New York to Virginia.

Behavior and habitats. Found on Soflidago {goldenrod) and associated
plants (Blatchley 1920; W. T. Davis 1923).

Life history. In New York, mature females occur from end of July
to beginning of October, according to W. T, Davis (1923), who discovered
no male,

Diapheromera femorata {Say)

Figs. 110, 111, 114; Map 6

Spectrum femoratum Say, 1824b:297.

Diapheromera Sayi Gray, 1835:18.

Diapheromera femorate; 'T. W. Harris 1841:119; Cantrall 1943:75;
Helfer 1963:23; Vickery et al. 1974130, fig. 5.

Common name. Walkingstick.

Diagnosis. Body long, slender. Hind femur with apical ventral spine.
Middle femur of male banded green and brown. Female cerci less than half
as long as terminal abdominal segment.

Description.  General appearance as in Fig. 110. Body length 55-68 mm,
occasional females longer: antennae slender, nearly as long as body. Cerci
of male with short hairs, with cylindrical to oval-flattened apex, with blunt
basal tooth or tubercle (Fig. 111), strongly incurved, usually crossing at or
near middle. Cerci of female (Fig. 114) straight, stout, blunt, pubescent. Apex
of ninth abdominal segment with shallow triangular emargination, with apex
acute. Color variable, gray, brown, or greenish brown; males usually
brownish; both sexes brownish late in season; head yellowish with three vague
fuscous stripes; in dark males middle femora with pale bands.

Range. Manitoba to Québec, south to Arizona and Florida.

Behavior and habitats. D. femorata is seldom found except where its
principal host plants, several species of cak trees, occur. Black oak (Quercus
velutina Lam.), northern red oak (Q. rubra L..), white oak (Q. alba L..), and
others may serve as hosts. Small nymphs often feed upon understory plants
as well as white oak. Their numbers on these hosts become progressively less
as the nymphs move into the oak trees. Giese and Knauer (1977) found
nymphal mortality to be very high when black oak was the only food supplied,
although this species is heavily favored by adults. Pubescence on the oak
leaves i3 thought to be a barrier to feeding by the early-instar nympbhs.
Occasionz 1y other genera of trees may support this species (C. E. Rogers
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1975), and, at one time, a lone Robinia (locust tree) on the grounds of McGill
University, Montréal, was one of the few places in Québec where the species
was known. (The tree has now gone, and so, from that locality, has
D. femorata.)

Population density in tree crowns increases as the season progresses,
but crowding and wind dislodge many individuals, which then climb back
to the crowns, producing a vertical cycling of the population (Giese and
Knauer 1977). D. femorata exhibits a well-defined feeding period from 21:00
to 03:00 hours, but feeding activity is less at lower than at higher tempera-
tures (Gigse and Knauer 1977). D. femorata may become numerous in
areas where oak becomes predominant following logging and burning and
subsequent fire prevention.

Life history. Giese and Knauer (1977) gave a detailed analysis of the
life history of D. femorata. Eggs are deposited early in September, mainly
between 15:00 and 03:00 hours with a peak at 18:00 hours. Eggs fall into
the leaf litter beneath the trees and winter there, hatching during mid-June
to mid-July. The number of nymphal instars is usually five, but some males
require only four and some females do not mature until after the sixth instar,
Maturity is reached in August and early September,

Economic importance. D. fermorata can cause severe defoliation of its
host trees (C. E. Rogers 1975) and such injury has been reported by Williams
(1906) and by Brown (1940) in southern Ontario. Giese and Knauer (1977)
stated that severe defoliation by this insect significantly reduced radial growth
of black oak.

Diapheromera velii velii Walsh

Figs. 112, 115; Map 6

Diapheromera velii Walsh, 1864:410.
Diapheromera velii velii; Hebard 19344:162.

Diagnosis. Body long, slender. Hind femur with ventral spine; middle
femur of male not banded. Female cercus nearly as long as terminal
abdominal segment.

Description, Middle femur of male not banded. Male cercus with
slender curved spine on inner side near base (Fig. 112). Female with cerci
a little shorter than in male, but nearly as long as terminal abdominal segment
and with deep broadly rounded emargination at apex of ninth abdominal
segment (Fig. 115). Spines of middle and hind femora small.

Range. Colorado to Minnesota, south to Texas.

Behavior and habitats, Unlike D. femorata, this species is not arboreal
but is found in clumps of prairie grasses. It appears to prefer Andropogon.

Life history. Probably similar to that of D. femorata. Adults appear
earlier than those of other species of Diapheromera. Froeschner (1954)
reported adults from 9 July to 19 September in Iowa, and Hebard (19324)
recorded adults from 28 June to 27 August in Minnesota.
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Order Notoptera—rock-crawlers

The placing of this order has presented considerable difficulty since the
time of the discovery of its best-known species, Grylloblatta campodeiformis,
by E. M. Walker and the description of a new orthopteroid family, Gryllo-
blattidae, to contain it. Recent work on these insects, however, particularly
that of Kamp (1973a, 1973b), Matsuda (1976), Pritchard and Scholefield
(1978), and J. S. Edwards (unpublished)! strongly suggests that their affinities
are more with the Dermaptera than with any other living order. Matsuda
believes, probably correctly, that they may be neotenic (i.¢., carrying juve-
nile characters into the adult stage). We tentatively regard the living forms
as suborder Grylloblattodea, with a single family characterized by the features
indicated here.

Family Grylloblattidae

The few known species of this family, which have been given the
vernacular name of rock-crawlers, may be characterized as follows: Ulonata
of modest size (adults about 1.5-2.5 ¢m long). Body elongate, subcylindrical
but slightiy flattened. Head short, rather flat, prognathous (although jaws
often held pointing downward), with all principal sutures well-defined. Eyes
small, reduced, or absent; ocelli lacking. Antennae moderately long, filiform,
with about 28-40 clearly defined segments. Thorax with all three segments
independent, similar, more or less subquadrate, and somewhat flattened. Legs
similar, rather short, cursorial, with large coxae and 5-segmented tarsi; latter
with more or less divided pulvilli; pretarsi without arolia between claws. Wings
entirely lacking. Abdomen with 10 clearly defined segments, ending in supra-
anal plate or epiproct, and with pair of well-defined paraprocts; cerci long,
flexible, 8-segmented. Females with eighth sternum somewhat reduced and
with pair of long (anterior) ovipositor valves; ninth sternum much reduced
and bearing another two pairs of long ovipositor valves. Males with ninth
sternum enlarged, bearing pair of enlarged asymmetrical coxites, each ending
in small style; phallic structures complex, asymmetrical.

These insects are often regarded as being relict ““living fossils.” More
than a score of living species are known, although a few of these still remain
undescribed. They are placed in three genera, the majority belonging to
Grylloblatta E. M. Walker, which occurs in the mountainous regions of west-
ern North America from California to the southern border of Yukon Territory
(and possibly farther north).

The importance of these insects in the study of Pleistocene zoogeography
is considerable (Kamp 1963, 1979). Associated with this is the unusual phys-
iological adaptation of these rock-crawlers to low temperatures. There is,
in fact, a “‘popular’’ belief among entomologists {(and possibly prospectors
who may have called them ““ice-worms’”) that they live only among the ice

1 Br, 1. &. Edwards of the University of Washington, Seattle (in fitr., 27.1X.1979) writes: **. . .our
ultrastructural and neuroanatomical studies on Gryfloblutta gives a picture almost indistin-
guishable “om Dermaptera. . .”’
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and snow on high mountains. Although some are found at elevations of over
2000 m, and do, in fact, forage on ice or snow, they are, nevertheless, killed
by undue exposure to temperatures below freezing (Kamp 1979). Conversely,
whereas they may be found on talus slopes at fairly low elevations (down
to 386 m, or less), they are intolerant of even moderately warm tempera-
tures, from which they escape by descending deep into crevices, emerging
only at night to feed. Their temperature tolerance range is, in fact, very
limited, which makes them difficult to keep alive in the laboratory. There
is a valuable recent study by Morrissey and Edwards (1979) on the neuro-
physiological effects of temperature on an undescribed species of Grylloblatta
from Mt. Rainier, Washington.

Rock-crawlers occur mainly under stones or in underground tunnels,
when not foraging at night. At moderate elevations they may be found
inhabiting old damp logs (Kevan 1962b) (e.g., of Douglas fir) with cuboid
rot. Some species occur in shallow mountain caves (Kamp 1970). Their food
consists mainly of other insects, both alive and dead (Pritchard and
Scholefield 1978). Their eggs are dark in color and deposited singly in soil
crevices or in moss. The life history, at least where this has been studied,
seems to be prolonged (Ando 1979). Eggs take about a year to develop, and
the seven or eight nymphal stages may take as long as 5 years to attain adult-
hood. Females do not, apparently, lay eggs for about a year thereafter.

On a world basis, the systematic reviews of Gurney (1948, 1961) may
be referred to, although several species have been described since his papers
were published. Dr. J. W. Kamp is preparing a revised key to all the known
North American forms. Ando (1979) may also be consulted.

Genus Grylloblatta E. M. Walker

Description. Body clongate, slender, depressed (Fig. 78). Head flat-
tened, with epicranijal suture evident. Antennae shorter than body, comprised
of 26-37 segments. Eyes small, widely separated, without ocelli. Thorax
depressed, decreasing in width posteriorly. Wings absent. Terga and sterna
of abdomen not overlapping but separated laterally by pleural membrane.
Cerci long, about same length as hind tibia, cylindrical. Legs slender except
for large fore coxae; tibia with 2 spurs, inner and outer. Male external
genitalia markedly asymmetrical (Fig. 80). Ovipositor exserted (Figs. 78, 79),
in form resembling that of the tettigonioid Grylloptera.

Key to species and subspecies of Grylloblatta

1. Antennae of adults with more than 30 segments. Southwestern British
Columbia and northern Washington .................. ... ... 2

Antennae of adults with less than 30 segments. Northeast British Columbia,

western Alberta, and western Montana ....................... 3

2(1). Antennae of adults with 36 or 37 segments. Whistler Mountain, Wedge Peak,
Mt. Garibaldi, and Garibaldi Provincial Park, B.C. .............
...................................... scudderi Xamp (p. 62)
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3(1).

4(3).

2(1).

3(D).

4(3).

Antennae of adults with 30-32 segments. Northern Washington near British
Columbia border, Mt. Baker, and Hanagen Peak ...............
.................................. occidentalis Silvestri (p. 64)

Cassiar Range, northern British Columbia, near Yukon border ..... 4

Mountainous areas of southeastern British Columbia, southwestern Alberta,
northern Idaho, and western Montana .........................
......... campodeiformis campodeiformis E. M. Walker (p. 64)

Pronotum long (2.80 mm male, 3.05 mm female), with margins converging
posteriorly. Cerci long (4.80 mm male, 5.00 mm female). Mt. McDane,
above 1525 m in Cassiar Range ............ ... oo,
....................... campodeiformis nahanni Kamp (p. 65)

Pronotum shorter (2.59 mm male, 2.72 mm female), nearly square in male,
with lateral margins only slightly converging. Cerci shorter (4.50 mm
male, 4.40 mm female). Mt. St. Paul, at 1500 m in Stone Mountain
Provincial Park ....... campodeiformis athapaska Kamp (p. 66)

des espéces et des sous-espéces de Grylloblatta

Antennes des adultes comptant plus de 30 segments. Sud-ouest de la

Colombie-Britannique et nord de I'Etat de Washington ........ 2
Antennes des adultes comptant moins de 30 segments. Nord-est de la
Colombie-Britannique, ouest de I’Alberta et ouest du Montana . .. .. 3

Antennes des adultes comptant 36 ou 37 segments. Mont Whistler, pic
Wedge, mont Garibaldi et parc provincial Garibaldi (C.-B.) ......
...................................... scudderi Kamp (p. 62)

Antennes des adultes comptant de 30 & 32 segments. Nord de I’Etat de
Washington, prés de la frontiére de la Colombie-Britannique, mont

Baker et pic Hanagen .............. occidentalis Silvestri (p. 64)
Chaine des Cassiars, nord de la Colombie-Britannique, prés de la frontiére
du Yukon ... 4

Régions montagneuses du sud-est de la Colombie-Britannique, sud-ouest
de ’Alberta, nord de I’ldaho et ouest du Montana ..............
.......... campodeiformis campodeiformis E.M. Walker (p. 64)

Pronotum long (2,80 mm chez les méles, 3,05 mm chez les femelles), a bords
convergeant vers [’arriére. Cerques longs (4,80 mm chez les maéles,
5,00 mm chez les femelles). Mont McDame, altitudes supérieures a
1 525 m dans la chaine des Cassiars ........... ... ... ..
........................ campodeiformis nahanni Kamp (p. 65)

Pronotum plus court (2,59 mm chez les males, 2,72 mm chez les femelles),
presque carré chez les males, les bords latéraux ne convergeant que
légerement. Cerques plus courts (4,50 mm chez les males, 4,40 mm chez
les femelles). Mont Saint-Paul, altitudes de 1 500 m dans le parc
provincial de Stone Mountain ........... ... ... .. . ..
...................... campodeiformis athapaska Kamp (p. 66)

Grylloblatta scudderi Kamp

Fig. 81; Map 7

Grylloblatta scudderi Kamp, 1979:30.
Diagnosis. Adults with 36- or 37-segmented antennae.
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Map 7. Collection localities for Grylloblatta scudderi (o), G. occidentalis (R),
G. campodeiformis campodeiformis (®), G. campodeiformis nahanni (O), and
G. campodeiformis athapaska (X).

Description. Male densely clothed with fine tan pubescence. Antennal
segments 35-37 (holotype with 35 left, 37 right; allotype with 36 left and
right). Pronotum with lateral margins slightly convergent and convex (male,
length 2.67, width 2.22; female, length 2.90, width 2.32 mm). Legs long (male,
fore tibia 2.82, fore femur 3.15, hind tibia 4.75, hind femur 3.82 mm; female,
fore tibia 2.80, fore femur 3.15, hind tibia 4.85, hind femur 4.40 mm [note:
hind femur length was given incorrectly by Kamp (1979) as 0.40 mm]. Ventral
ovipositor valves moderately curved throughout. The genitalia are illustrated
by Kamp (1979).

Range. Known only from the type locality.

Behavior and habitats. The ‘‘types were collected on a large persistent
snowfield in a cirque approximately 1000 m below a glacier.”” In this area,
cold air from higher elevations flowed off the glacier and was funneled into
the cirque and over the snowfield. At the time of collection (13 July) the
air temperature was 5°C. Nine immature specimens were found in rocky areas
near the snowfield (Kamp 1979).

Life history. Not studied, but the life cycle is probably of several years
duration.
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Grylloblatta occidentalis Silvestri

Map 7

Grylloblatta campodeiformis var. occidentalis Silvestri, 1931:293.
Grylloblatta campodeiformis occidentalis; Helfer 1963:61.

Diagnosis. Antennae of adults with 30-32 segments.

Description. G. occidentalis was described from immature specimens.
Little descriptive information is available and we have no adult specimen
at the present time. Gurney (19535:325) lists the following information in
a key: dorsal valve of ovipositor reaching to middle of cercus, or at least
to apical half of fifth segment. Stylus of male about four times as long as
wide. Antennae of adult with more than 30 segments. Gurney (op. cit.) also
apparently included the species now known as G. scudderi (see previous
species) under occidentalis.

Range. Known only from the type locality, Mt. Baker, WA.

Behavior and habitats. Found under stones at base of hill near deep
snow, and among stones along a roadside bank at lower elevations
(ca. 1280 m).

Life history. Unknown.

Grylloblatta campodeiformis campodeiformis E. M. Walker

Figs. 78-80, 82; Map 7

Grylloblatta campodeiformis E. M. Walker, 1914a:94, pl. 6, figs. 1-7.

Grylloblatta campodeiformis; Crampton 1915:337-350; Helfer 1963:61.

Grylloblatta campodeiformis campodeiformis; Kamp 1979:27, 32-37,
figs. 19-27.

Diagnosis. Body small, pale. Antennae with less than 30 segments.
Occurring in mountainous areas of western Alberta, southeastern British
Columbia, Montana, and Idaho.

Description. Body of female (including ovipositor) 30-34 mm, covered
with fine pubescence (Figs. 78, 79). Eyes small, each with 70 slightly irregular
facets. Antennae filiform, with 28 or 29 segments; basal segment much larger
than others. Pronotum feebly convex, longer than broad, with anterior margin
arcuate and with posterior margin truncate. Abdomen widening from base
to fifth segment, which is wider than head, narrowing drastically in three
apical segments. Cerci 8-segmented, with segments progressively longer
toward apex. Ovipositor (ca. 3.0-3.3 mm) shorter than hind femur (Fig. 78).
Supra-anal plate of male bluntly subtriangular, slightly wider than long
(Fig. 80a); male subgenital plate bearing 2 hairy styli, scoop-shaped, enlarged,
asymmetrical (Fig. 80b).

Range. British Columbia, Alberta, Idaho, and Montana.

Behavior and habitats. The optimum temperature for G. campodei-
JSormis campodeiformis is 3.7°C (Mills and Pepper 1937). A temperature
range of about 10 to -6°C is tolerated, but the insects cannot withstand
temperatures outside this range, except for short periods, and they are
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susceptible to rapid temperature changes. The natural habitat is in moss,
decaying wood, or damp crevices between stones. High humidity is necessary,
close to 100% RH (Mills and Pepper 1937; Edwards and Nutting 1950).
G. campodeiformis campodeiformis is usually found near the timberline on
mountains, near margins of glacial bogs, and sometimes 1 m, or more, deep
in rock scree. A population of Grylloblatta that occurs at low elevations and
under dry conditions near Kamloops, B.C., and which has been referred to
as G. campodeiformis by Gregson (1938, 1939) and Campbell (1949),
probably represents a separate species.

Many authors regard members of this species as carnivorous, although
E. M. Walker (1937) and Campbell (1949) mentioned that they also ‘‘nibble
moss’’ or eat ‘‘decaying vegetable matter.”’ Pritchard and Scholefield (1978)
found gut contents to consist almost entirely of arthropods in adults, and
arthropods and occasional vascular plant tissue in immatures. Collembola,
Microcoryphia, oribatid mites, adult Diptera, aphids, and staphylinid beetles
were all found as gut contents. However, the primary food source appears
to be adults of the wingless cranefly, Chionea obtusa Byers. These insects
live in the same habitats as Grylloblatta, and are found in late fall and winter.
The living prey are usually smaller than the hunters. G. campodeiformis
campodeiformis can exist for long periods without food. Small and medium-
sized immature individuals have been kept alive without food for 18 months
with no growth. Adults lose weight if not fed at least every 3 weeks. N. Ford
(1926) gave an interesting account of the behavior of this species.
E. M. Walker (1937) reported on mating in captivity. Although the sexes
may live together for months, a female may suddenly decapitate or eat the
male.

Life history. The total cycle has been calculated to take about 7 years
(Henson 1957). Females become sexually mature, mate, and deposit eggs
about 1 year after reaching the adult stage. Immatures take at least 5 years
to grow to the adult stage. There are eight or so nymphal instars, three during
the 1st year, four at 1-year intervals, and the last about 6 weeks after the
preceding one (E. M. Walker 1937). Nymphs not only lack fully developed
genitalic structures but have fewer segments to the antennae and cerci than
do adults—see E. M. Walker (1919q, 1919b) and Fig. 82.

Grylloblatta campodeiformis nahanni Kamp

Map 7
Grylloblatta campodeiformis nahanni Kamp, 1979:28.
Diagnosis. Pronotum narrowing posteriorly. Known only from type
locality, Mt. McDane, Cassier Range, or its vicinity.

Description. Legs long (male, fore tibia 2.40, fore femur 2.70, hind
tibia 4.25, hind femur 3.43; female, fore tibia 2.80, fore femur 3.11, hind
tibia 4.43, hind femur 4.00 mm). Pronotum wide in proportion to length
(male 2.80 mm long, 2.48 mm wide; female 3.05 mm long, 2.70 mm wide).
Pubescence on body conspicuous. Kamp (1979) illustrates genitalia.

Range. Known from type locality and from nearby Limestone Peak.
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Behavior and habitats.  Similar 1o G. campodeiformis campodeiformis.
Life history. Probably similar to G. campodeiformis campodeiformis,

Grylloblatta campodeiformis athapaska Kamp

Map 7
Grylloblatta campodeiformis athapaskae Kamp, 1979:27.

Diagnosis. Pronotum nearly square in male. Known only from Mt.
St. Paul, Stone Mountain Provincial Park, northern British Columbia.

Description.  As for G. campodeiformis. Pronotum short, square, (male
2.59 mm long, 2.60 mm wide; female 2,72 mm long, 2.45 mm wide). Leg
length (male, fore tibia 2.50, fore femur 2.73, hind tibia 4.00, hind femur
3.71; female, fore tibia 2.20, fore femur 2.89, hind tibia 3.00, hind femur
3.60 mm). Anterior margin of male lobiform clasper process smoothly
curved, not obtuse. Ovipositor with ventral valves markedly curved in apical
third; female cerci short, no longer than ovipositor, 6-segmented. Kamp
(1979) illustrates the genitalia.

Range. Known only from Mt. St. Paul, Stone Mountain Provincial
Park, northern British Columbia.

Behavior and habitats. Similar to those of G. campodeiformis
campodeiformis.

Life history. Probably similar to that of G. campodeiformis
campodeiformis.

Order Dictuoptera—termites,
mantids, and cockroaches

The order Dictuoptera includes the ““‘Dictyoptera’ of many recent works
(i.e., the cockroaches and mantids) together with the Isoptera, or termites,
which, since they were removed from the old composite ““Neuroptera’ have
long been recognized as a separate order. It is often argued that the general
structure, and especially the social organization, of termites is sufficient to
set them apart, but, in fact, when the most primitive termites, represented
by the Australian genus Mastotermes and certain fossil forms {including North
American species), are considered, basic anatomical differences from some
cockroaches are slight (McKittrick 1965), and the level of social organiza-
tion is equivalent (Mastotermes is only slightly more advanced than certain
semisocial cockroaches). Certain tropical cockroaches, e.g., Cardacopsis spp.,
have virtually isopterous wings, the hind pair of which lack anal lobes. In
addition, the characteristic manner of laying eggs in a package (ootheca),
even if constructed of different material, is retained by Mastotermes (whereas
in many ovoviviparous cockroaches it is not), and the peculiar flagellate
protozoan gut fauna found in the same genus, and in Kalotermitidae, is
remarkably similar to that of the wood-eating cockroach genus Cryptocercus.
Boudreaux (1979), however, maintains that the Isoptera should continue to
be recognized at the ordinal level and presents arguments in favor of this
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position, suggesting that the intestinal protozoa have been acquired from
termites by the cockroaches in the remote past by virtue of their wood-eating
behavior.

It has also been common practice, particularly in Continental Europe,
but also among some North American authors, including Boudreaux (1979),
to treat the mantids as a distinct order, but there is even less justification
for this than for giving separate ordinal status to the termites. It is true that
the raptorial front legs, the elongate rather than disclike pronotum, and the
form of the tegmina of many mantids give them a different aspect from typical
cockroaches, but, when certain short-bodied, primitive mantids with sub-
quadrate pronota are compared with slenderly built cockroaches, the differ-
ences lose much of their significance. The primitive Neotropical mantid genus
Chaeteessa is very cockroachlike. The fact that all mantids are predaceous,
whereas cockroaches are not, does not warrant separate ordinal status.

We may now consider the general characteristics of the Dictuoptera as
a whole. These insects are Ulonata with the following combination of charac-
ters: size small (a few millimetres long) to large (body length up to 16 cm
and wingspan up to 18.5 c¢m, although not in the same insect); head either
hypognathous or (in termites) prognathous; antennae long, whiskerlike, and
annulated rather than distinctly segmented, or (termites and some mantids)
comparatively short and multiarticulate; pronotum of diverse form, but not
elevated; legs all similar or (mantids) front pair raptorial; coxae large and
broad and rather close together; hind femora not thickened at their bases
or modified for jumping; tarsi with 5 segments or 4 (in most termites); wings,
if present, superposed more or less horizontally over the dorsum when at
rest (somewhat bent downward along the sides of the abdomen, as in most
mantids), typically reticulate or with numerous crossveins (except in a few
cockroaches and many termites); fore wings, when developed, forming leath-
ery tegmina (except in some mantids and cockroaches and in all termites),
considerably overlapping when at rest; hind wings, when developed, broad
and with large anal lobe (except in a few cockroaches and in nearly all
termites); hind wing buds of immature stages (when present) not overlapping
fore wing buds during development; cerci typically rather long and with
numerous segments, although short to very short and with few segments in
the majority of termites and in some cockroaches; ovipositor present but
reduced and usually concealed by enlarged seventh abdominal sternum, or
(most termites) not evident; ninth abdominal sternum of male with a pair
of styles (in termites often inconspicuous but sometimes present in females
and often in asexual forms and nymphs; in some cockroaches one or both
reduced) and more or less concealing the copulatory structures, which are
complex and asymmetrical (reduced or virtually lacking in most termites).
Auditory and special stridulatory organs are not generally developed,
although many species are capable of producing sounds—usually by striking
the substrate or rustling the wings.

The number of known living species is about 7500, although only about
a score inhabit the region here considered. They occur throughout most of
the world, but they are predominantly tropical and subtropical, being infre-
quent at higher latitudes and at altitudes subject to lower temperatures. A
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few species of cockroaches, however, do reach such regions, even out-of-
doors, and a number establish themselves readily there under artificial
conditions. Within their general range of temperature tolerance, some
Dictuoptera will be found in almost any terrestrial environment, from
subterranean burrows to treetops, and from dense forest to savanna, prairie,
and desert, although subaquatic forms (some cockroaches only) are
infrequent. As the three suborders Blattodea, Mantodea, and Termitodea
differ markedly in their biology, generalizations regarding this will be left
until the suborders are referred to individually.

The economic importance of a few species of Dictuoptera that have
become associated with human activities is great, but the vast majority of
species are of little or no direct practical significance to man. Nevertheless,
the importance of their roles in the general ecosystem may be great, differ-
ing according to the group concerned. Further comment will be made under
the three individual suborders.

Key to suborders of Dictuoptera

I Body small, not distinctly flattened or elongate, usually rather pale. Head
prognathous. Antennae multiarticulate, not whiskerlike or bristlelike.
Pronotum not disclike or elongate. Legs similar, short, not markedly
spinose. Wings, when present, long in relation 1o body length; fore wings
not leathery; hind wings similar in shape to fore wings, without anal
lobe. Species social, living in wood or soil, with winged forms feebly

MIGTANL ..ot e e e e e Termitodea (p. 69)
Without the above combination of characters ....... ... ... ... ... 2
2(1). Body elongate. Pronotum much longer than wide, not concealing head from

above. Front legs raptorial; middle and hind legs slender ........
.......................................... Mantodea (p. $3)
Bodv broad, dorsoventrally flattened. Pronotum disclike, largely conceal-
ing head from above. Front legs not raptorial; middle and hind legs
often stout .. .. .. e Blattodea (p. 91)

Clé des sous-ordres de Dictuoptera

1. Corps petit, ui aplati ni allongé, de couleur habituellement plutdt péale, Téte
prognathe. Antennes multiarticulées, ni filiformes ni sétiformes. Prono-
tum ni arrondi ni allongé. Pattes semblables, courtes, non clairement
spinervées. Ailes, lorsque présentes, longues comparativement au corps;
ailes antérieures non tannées; ailes postéricures de forme semblable aux
ailes antérieures, sans lobe anal. Insectes sociaux, vivant dans le bois
ou dans le sol, a formes ailées légérement migratrices ............
................. .. Termitodea (p. 69)

Ne présente pas la combinaison de caractéres donnée ci-dessus ..., .. 2

2(1). Corps allongé. Pronotum beaucoup plus long que large, ne surplombant
pas la téte. Pattes antéricures ravisseuses; pattes meédianes et postérieures
erdles L e e Mantodea (p. 83)

Corps large, aplati dorsoventralement. Pronotum arrondi, surplombant la
téte. Patres antérieures non ravisseuses; pattes médianes et postérieures
souvent fortes . ... ... Blattodea (p. 91)
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Suborder Termitodea—termites

The suborder Termitodea comprises the termites, or white ants. As
previously noted in the discussion of the order Dictuoptera, these have
generally been regarded as constituting a separate order, Isoptera, and there
are many who still adhere to this position. Most termites, indeed, are of
different appearance and behavior from most other Dictuoptera (particularly
the few that concern us here). They may be characterized as follows:

Dictuoptera of small size (except for the exaggeratedly swollen, gravid
queens of some species), dimorphic or (most species) polymorphic (includ-
ing sexual, soldier, and worker castes), found in colonies (except for sexual
forms at time of migration, mating, and colony foundation). Body subcylin-
drical or slightly flattened, usually weakly sclerotized, pale (head and thorax
often, rest of body seldom, more sclerotized and darker), with pigmentation
limited to various shades of yellowish to brownish or blackish; head some-
times extremely heavily sclerotized or drawn out into conical process (some
soldiers of exotic species). Antennae short, distinctly segmented, not greatly
enlarged. Pronotum more or less quadrate or rectangular in dorsal view, not
concealing head. Legs short, similar in form, without pronounced spines;
tarsi typically 4-segmented, with basal segment in some indistinctly sub-
divided, with arolia between claws (two families). Wings developed only in
primary ‘‘sexual’’ forms (and then only temporarily present, being shed after
nuptial migratory flight), much longer than body, similar in shape, venation,
and texture, with front pair not forming thickened tegmina (although the
anterior veins are usually strongly developed, giving rigidity); wing membranes
densely reticulate or not; hind wings narrow, without anal lobes. Abdominal
cerci varying from long, 8-segmented, to short, tuberclelike, 2-segmented,
or unsegmented. Females with seventh abdominal sternum much enlarged
to form subgenital plate covering succeeding sterna but ovipositor usually
more or less vestigal. Males with eighth and ninth abdominal sterna forming
subgenital plate, which is often longitudinally divided; phallic structures
usually reduced, membranous.

There are nearly 2000 species of termites in the world, distributed among
191 genera in 6 or 7 families. Most of them belong to a single superfamily,
Termitoidea.

Termites are predominantly tropical, being poorly represented even in
warmer temperate climates. In latitudes similar to those covered by the present
work, very few species are found, and some of those mainly under artificial
conditions. Termites are all social insects, but the complexity of their social
structure, like that of their habitations, varies widely. Even in the most primi-
tive termites, there are at least two castes of individuals (which, unlike those
of Hymenoptera, may be of either sex). These are the primary reproductive
forms (sexuales), which are fully winged in the adult stage, and the sterile
forms (soldiers), which are wingless with enlarged mandibles or other special-
ized head features, notably in some ‘‘nasutiforms,”’ which have a forward
prolongation of the head by means of which a sticky poisonous substance
is ejected.

Few genera of termites lack a soldier caste; many species have soldiers
of more than one kind. In most species of termite there is a third caste (of
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which there may also be more than one kind). This is the worker caste, and
when workers occur, they are the most numerous individuals in a colony.
Soldierless species have workers; thus there are two castes here also. Strictly
speaking, a worker caste is not found in the Mastotermitoidea or in the most
primitive Termitoidea (the Termopsidae). Nor do they occur in the Kaloter-
mitidae, in which their function is carried out by nymphal stages and
“‘pseudergates.”” Pseudergates are wingless ‘‘subadults’ that normally do
not molt again, but which, under special circumstances, must do so before
becoming capable of reproduction.

The most primitive form of termite habitation merely consists of galler-
ies chewed through wood. The Kalotermitidae are ‘‘powder-post’’ termites,
which attack sound wood and which maintain no direct contact with the soil.
The most primitive of the Termitoidea (the Termopsidae) are the dampwood
termites, and these live in moist decaying timber (usually in contact with the
ground). These wood-feeding termites all have flagellate protozoan intestinal
microfaunas, which enable them to digest cellulose. The great majority of
termites, although they also consume wood and other products containing
cellulose, have a bacterial intestinal microflora to achieve digestion. They
also have more complex habitations than the wood-feeding species, and they
are known either as mound-building termites (which are absent from the
region here covered) or subterranean termites. This is not a very appropriate
distinction (unless one is aware of what is meant by the terms), for all mound-
building termites have a large part of their habitations underground and some
build ‘‘nests’’ in trees and not mounds—or even hills or towers. The so-called
subterranean termites do not, indeed, build massive structures aboveground,
but they do construct covered galleries by means of which (like the mound-
building termites) they traverse regions through which they cannot excavate.
They also tunnel extensively in wood aboveground, often ascending to
considerable heights in doing so.

In dull weather, or in deep forest, termites have been observed to march
across open spaces in columns, but they rarely do so, and it is usually only
the more strongly sclerotized kinds that proceed thus. Nearly all termites shun
the light at all times even when flying, for nuptial flights mainly occur at
night. A number of species do, however, make these flights by day. The habi-
tations of termites almost always contain ‘‘guest’” arthropods or inquilines,
particularly various specialized beetles and flies, as well as representatives
of many other groups. Some termite species have symbiotic relations with,
and live in the habitations of, others, notably those few that lack a soldier
caste. Some of the more advanced species of termites cultivate fungus gardens
somewhat similar to those tended by certain kinds of ants.

The economic importance of many species of termites is great, particu-
larly in respect of their ravaging structural timbers, but almost anything
containing cellulose may be consumed if it is in contact with the ground,
or sufficiently close to it for the termites to reach it by means of their galleries.
Wood-feeding termites do not even need this provision as they can, and often
do, establish themselves in timber aboveground. On the whole, termites are
not usually thought of as major pests of growing plants, but far more damage
of this kind is done than is generally believed, particularly to shrubs and trees,
and also to such plants as sugarcane and pasture grasses.

70



In tropical and many subtropical countries, the role of termites in the
ecology of the soil is great, particularly on account of the remarkable rapid-
ity with which they consume wood. They tend to lock up the by-products
of decomposition in such relatively small areas that the general fertility of
the soil is not enhanced by their activity, However, their subterranean exca-
vations may bring up enough minerals from the soil for the surface soil to
become more fertile in their vicinity. Certain observant prospectors have also
profited by geological information thus made available! As termites are not
abundant in the region here covered, we refer the reader elsewhere for further
information concerning them (see, for example, Hegh (1922), Kofoid (1934),
Snyder (1935), Schmidt (1955), W. V. Harris (1961, 1971), United Nations
(1962), Krishna and Weesner (1969, 1970), Howse (1970), Weidner (1970),
and Lee and Wood (1971).

Key to families of Termitodea

1. Fontanelle absent (Figs. 54, 56-58). Wings with 3, or more, heavy oblique
veins in anterior field (Figs. 51, 52). Soldiers with toothed jaws (Figs. S5,

59, 61, 64). True worker caste lacking ....................... 2

Fontanelle present in sexual forms (Figs. 65, 69, 70). Wings without anterior

oblique veins (Fig. 53). Soldiers with virtually untoothed (even if ser-

rated) jaws (Figs. 66, 68). True worker caste developed ..........
..................................... Rhinotermitidae (p. 72)

2(1). Cerci long (Figs. 54, 56-59), 3-8-segmented. Antennae usually with more
than 21 segments. Sexuales without ocelli. Tarsi with basal segment

partly divided below so that they are apparently 5-segmented from some

angles; claws with an arolium. Pseudergates with left mandible

possessing 3 marginal teeth ............... Termopsidae (p. 77)

Cerci shorter (Fig. 63), 2-segmented. Antennae usually with fewer than

21 segments. Sexuales with pair of ocelli. Tarsi 4-segmented, with basal

segments not divided; claws often without arolium. Pseudergates with

left mandible possessing 2 marginal teeth . ... .. Kalotermitidae (p. 81)

Cié des familles de Termitodea

1 Fontanelle absente (fig. 54, 56 a4 58). Ailes comptant trois nervures obli-
ques épaisses ou plus dans la région costale (fig. 51 et 52). Chez les
soldats, mandibules dentées (fig. 55, 59, 61 et 64). Pas de véritable caste
A OUVIIETS L. 2

Fontanelle présente chez les formes sexuées (fig. 65, 69 et 70). Pas de nervure
oblique dans la région costale de l'aile (fig. 53). Chez les soldats,
mandibules non dentées mais parfois denticulées (fig. 66 et 68). Existence
d’une véritable caste d’ouvriers ......... Rhinotermitidae (p. 72)

2(1). Cerques longs (fig. 54, 56 a 59), comptant de 3 a 8 segments. Antennes comp-
tant habituellement plus de 21 segments. Formes sexuées sans ocelles.
Tarses a segment basal partiellement divisé en-dessous, de sorte que
vus d’un certain angle, ils semblent compter 5 segments; arolium présent.
Chez les Pseudergates, mandibule gauche a bord muni de 3 dents
marginales ......... ... .. Termopsidae (p. 77)
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Cerques plus courts (fig. 63) a 2 segments. Antennes comptant habituelle-
ment moins de 21 segments. Formes sexuées pourvues d’une paire
d’ocelles. Tarses & 4 segments, a segment basal non divisé; arolium
souvent absent. Chez les Pseudergates, mandibule gauche a2 bord muni
de deux dents .......... ... ... ......... Kalotermitidae (p. 81)

Family Rhinotermitidae

Members of the Rhinotermitidae family are included among the subter-
ranean termites. Their principal distinguishing features have already been
given in the key to families. Their general biology is characteristic of smaller
subterranean termites in general and may be typified by that of Reticulitermes
hesperus Banks (Weesner 1956). There are 14 living genera of Rhinotermit-
idae and about 160 species. Except in the most southerly United States, only
two genera, which belong to the subfamily Heterotermitinae, are represented
in North America.

Genus Reticulitermes Holmgren

Diagnosis and description. Alates (Fig. 65) with wings not possessing
hairs. Ocelli small but conspicuous. Antennae with less than 18 segments.
Body yellow brown to black, with wings brown, grayish, or whitish (if whit-
ish, veins are gray). Soldiers with short, heavy, bluntly pointed mandibles;
mandibles usually shorter than head width (Figs. 67, 68).

Key to species of Reticulitermes

(The following key to species is based mainly upon alate sexual forms,
for which it should be fairly reliable. For soldiers, it is less reliable, for these
are highly variable save that, in R. hesperus, the head is fully twice as long
as wide, not about 1.5 times as long, as in other species. Workers are difficult
or virtually impossible to tell apart.)

l. Body of alate, and head of soldier, yellowish brown to brown. Eastern species
................................... arenicola Goellner (p. 74)

Body of alate brownish black to black; head of soldier darker ...... 2

2(1). Alate with tibiae slightly darkened. Soldiers with head twice as long as wide

(Fig. 68). Western, including coastal regions ....................
...................................... hesperus Banks (p. 74)
Alate with tibiae either distinctly pale (eastern) or distinctly dark. Soldiers
with head about 1.5 times as long as wide (Fig. 66). Eastern or western,

but in west not coastal ....... ... .. ... ... 3
3(2). Body of alate dark. Tibiae black (Fig. 65). Soldiers generally with gula less
than twice as broad in front as in middle (Fig. 67). Eastern and western
....................................... tibialis Banks (p. 76)
Body of alate blackish brown to black. Tibiae pale (Fig. 69). Soldiers gener-
ally with gula fully twice as broad in front as in middle (Fig. 71).
Bastern ... ... .. e 4
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4(3). Alate with wings almost colorless (anterior field may be slightly infumated).
Overall length (including folded wings) about 8 mm (wings less than

6 mm). Ocelli close to eyes (distant by less than diameter of an ocellus).

Soldiers usually 4.5-5.0 mm long ..... virginicus (Banks) (p. 76)

Alate with wings faintly to distinetly grayish or brownish (fore wings darker

than hind wings). Overall length about 10 mm (wings usually more than

6 mm}. Ocelli less close to eyes (distant by about diameter of an ocellus).

Soldiers usually 6-7 mm long .......... flavipes (Kollar) (p. 76)

Clé des espéces de Réticulitermes

(La présente clé d'identification des espéces porte principalement sur les
formes ailées, pour lesquelles elle devrait étre assez fiable. Pour les soldats, qui
sont beaucoup plus variables, elle pourra s’avérer moins fiable a une exception
prés: chez le R, hesperus, la téte est nettement deux fois plus longue que large,
comparativement a environ 1,5 fois plus longue que large chez les autres espéces.
Par ailleurs, les ouvriers sont difficiles ou pratiquement impossibles i identifier.)

1. Corps des formes ailées et tétes des soldats de couleur brun jaundtre a brun.
Espece orientale .................... arenicola Goellner (p. 74)

Corps des formes ailées de couleur noir brunatre a noir; téte des soldats

plus foncée .. ... . . e 2

2(1). Chez les formes ailées, tibias légérement plus foncés. Chez les soldats, téte
deux fois plus longue que large (fig. 68). Espéce vivant dans ["ouest,

y compris les régions cbtiéres ........... hesperus Banks (p. 74)

Chez les formes ailées, tibias clairement plus pales (est) ou nettemnent plus
foncés. Chez les soldats, téte environ une fois et demie plus longue que
large (fig. 66). Dans I’est ou dans Pouest, sauf sur la cOte ouest ... .. 3

3(2). Corps des formes ailées foncé, Tibias noirs (fig. 65). Chez les soldats, gula
en général moins de deux fois plus large en avant qu’au milieu (fig. 67).
Dans Pest et dans Pouest ................ tibialis Banks (p. 76)

Corps des formes ailées brun noirdtre a noir. Tibias pales (fig. 69). Chez
les soldats, gula en général au moins deux fois plus large en avant qu’aun
milieu (fig. 71). Espéces orientales ........................... 4

4(3). Chez les formes ailées, ailes presque incolores (la région costale peut étre
légérement enfumée). Longueur totale (v compris les ailes repliées)
d’environ 8 mm (ailes de longueur inférieure 4 6 mm). Ocelles situés
preés des veux (4 une distance inférieure a celle de leur propre diameétre).
Soldats mesurant d’habitude de 4,5 a Smmdelong .......... ...
.................................... virginicus (Banks) (p. 76)

Chez les formes ailées, ailes légérement ou nettement grisitres ou brundtres
{asles antérieures plus foncées que les ailes postérieures). Longueur totale
d’environ 10 mm (ailes de longueur habituellement supérieure 4 6 mm),
Ocelles moins prés des veux (distance a peu prés égale a leur propre
diametre). Soldats atteignant d’habitude de 6 4 7 mm de long ... .
..................................... flavipes (Kollar) (p. 76)
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Reticulitermes arenicola Goeliner
Map 8
Reticulitermes arenicola Goellner, 1931:227-234, figs. 1-6.

Diagnosis. Body of alate pale. Head of soldier brown.

Description.  Small species. Alate with body yellowish brown to brown.
Wings longer than 6 mm, narrow, not exceeding 2 mm in width, white to
dusky. Soldier with head yellowish brown to brown, light in color.

Range. lllinois to Massachusetts.

Behavior and habitats. R. arenicola prefers dry sandy areas where it
infests buried or partly buried pieces of wood. According to Snyder (1934},
swarms issue late in May in the Chicago area, but, according to the same
author, under the name of R. /ucifuga, the species swarms in the Boston
area a month later than does R. flavipes, namely in June and July.

Economic importance. Of minor, if any, significance.

Reticulitermes hesperus Banks

Fig. 68; Map 8
Reticulitermes hesperus Banks in Banks and Snyder, 1920:50.

Common name. Western subterranean termite.

Map 8. Collection localities for Rericulitermes arenicola (@), R. hesperus (a),
R. tibiafis (O}, R. flavipes (®), Incisitermes minor (¥), and Cryptotermes brevis (R).
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Diagnosis. Alate dark brown. Soldier with long head.

Description. Alate dark brown to brownish black. Wings distinctly
brownish gray (when seen against white background). Fore wings about
8.0-9.5 mm long. Tibiae slightly darkened but not black. Antennae and palpi
dark. Soldier usually with dark head (yellowish brown to coal black), nearly
to more than twice as long as wide (Fig. 68). Pronotum slightly emarginate
anteriorly, narrowed posteriorly (Fig. 68). Gula broad anteriorly, more than
twice as broad as narrowest part {often even broader than in Fig. 71).

Range. British Columbia south to California.

Behavior and habitats. This species is the common subterranean termite
of the Pacific coast area. Although it (and other species of the genus) often
burrow into soil, soil is necessary only to provide a source of moisture.
R. hesperus colonizes wood that is in contact with soil, but can survive with-
out soil contact if food, moisture, and temperature are satisfactory. It is the
major economic termite species of the Pacific coastal area, although Spencer
(1945) mentioned particularly that it did not appear to build up or to spread
to any extent in interior British Columbia. Pickens (1934) noted that colonies
consisted of three or four individuals up to several thousand, depending upon
the age and location of the colony. Four thousand individuals can exist in
a small piece of wood. Supplementary queens are commonly produced,
enabling colonies to build up in population much more quickly than would
be possible with only the primary queen.

Life history. As with other species, alate sexual forms are produced
in large numbers and most of these perish without finding a suitable habitat
in which to initiate a new colony. In the south, most swarms occur in late
fall or even early winter, but in the northern part of the range spring swarms
are usual. Flight is weak and direction is largely determined by prevailing
wind, usually covering only 60-200 m. Almost immediately upon settling,
an alate termite raises its abdomen, pushing against the wings, which break
off at the natural sutures leaving only four small stumps. Females remain
with their abdomens raised, emitting a pheromone which attracts males. When
a male finds a female, she lowers her abdomen and, with the male follow-
ing, searches for shelter, preferably in or under wood. The pair excavates
an area and plugs all cracks. Copulation does not occur until the home is
ready, usually not until the next day. Parental care occurs; the parents care
for the eggs and the newly hatched nymphs. Colony growth is slow at first,
since the nymphs require many months to become fully grown.

At the Lyman Entomological Museum’s Jaboratory, a colony originating
from a few individuals collected by Kevan at Spences Bridge, B.C., 20 April
1963, was maintained for 15 years. The original group did not contain primary
reproductives, but secondary reproductives managed to build up a thriving
colony.

Economic importance. Under natural conditions, subterranean termites
play a valuable role in aerating and mixing soil. They accelerate the break-
down of cellulose. The activities of man in clearing, irrigating, building, and
increasing the availability of dead wood (stumps, fallen logs, parts of trees,
and so on) have made the environment in many localities much more favor-
able for these termites than they would be naturally. As urbanization and
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industrialization increase, so does termite damage. First to be attacked are
structures of minor importance, such as poles and fences, then foundations,
floors, walls, or any parts of buildings that are in contact with soil.

Effective control uses methods of construction that make infestation
nearly impossible. Treatment of such timbers as will be below ground level,
use of concrete where soil contact with a structure occurs, and allowing no
direct contact between wood and soil, effectively prevent infestation. Control
in an infested building usually requires the affected timbers to be replaced
and the original problem to be corrected. This is often expensive.

Reticulitermes tibialis Banks

Figs. 65-67; Map 8
Reticulitermes tibialis Banks in Banks and Snyder, 1920:47.

Diagnosis. Alates with ocelli close to eyes. Tibiae black.

Description. Alate black, often shiny. Tibiae black (Fig. 65). Wings
7.5-9.0 mm long, nearly colorless. Ocelli distant from eyes by distance less
than diameter of ocellus. Soldiers with dark heads about 1.5 times as long
as wide (Fig. 66), with gula usually less than twice as wide in front as in middle
(Fig. 67).

Range. Southern Alberta to Michigan, south to Mexico.

Behavior and habitats. There are records of flights of swarms in both
spring and fall. In southern areas, R. tibialis frequently occurs in hard-baked
and alkali soils. In Colorado, it is known to occur at elevations of up to
2100 m.

Economic importance. Although the feeding behavior is similar to that
of other termites, the species is not classed s so troublesome as most, owing
largely to its preference for arid condition 1t may, however, prove to be
more troublesome in buildings in such situations than is generally appreciated.

Reticulitermes virginicus (Baiiks)

Termes virginicus Banks, 1907:392.
Reticulitermes virginicus; MacNay 19615:206; Helfer 1963:74.
Diagnosis. Ocelli close to eyes. Tibiae yellowish.

Description. Alate brownish black to black; tibiae pale yellowish; wings
almost colorless except along anterior margins. Wings less than 6 mm in
length. Ocelli distant from eyes by distance less than diameter of ocellus.
Soldiers similar to those of R. flavipes but smaller, about 4.5-5 mm long.

Range. Native to southeastern United States; established (once) in
Ontario and eliminated.
Reticulitermes flavipes (Kollar)

Figs. 69-71; Map 8

Termes flavipes Kollar, 1837:411.
Reticulitermes flavipes; Banks and Snyder 1920:45; Helfer 1963:72.
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Common name. Eastern subterranean termite.

Diagnosis. Alate with ocellus distant from eye by distance greater than
width of ocellus.

Description. Alate with wings at least 6.5 mm long, usually 7.0-
7.5 mm; fore wing membrane distinctly grayish to gray brown (when viewed
against white background); hind wing paler. Body brownish to black; tibiae
pale yellowish. Ocelli distant from eyes by distance more than width of an
ocellus. Soldiers about 6-7 mm long, with dark heads about 1.5 times as long
as wide; gula usually twice as wide in front as at middle (Fig. 71).

Range. Minnesota to Maine, south to Texas and Florida.

Behavior and habitats. R, flavipes attacks and destroys wood in build-
ings, and also wood-products such as cardboard and paper, and any wood
that has contact with soil. Its natural spread is relatively slow, less than 100 m/
year. It appears that most northern infestations have resulted from trans-
port of infested soil or wood from one area to another. Like other species
of Reticulitermes this species prefers sandy rather than heavier soils. Despite
this, it is less tolerant of dry conditions than most other species of the genus.
R. flavipes builds covered runways from the soil to suitable colony sites and
these are often noticed on trunks of shade trees in infested areas such as
Toronto.

Colonies are founded by adults from swarms. Build-up is slow at first,
then accelerates. During cold weather, termites may migrate into cells in soil,
thus escaping freezing, but specimens have been found during winter in debris
at the soil surface, sluggish but not dead (Esenther 1969). Swarms issue early
in the season, with records as early as late January and February in New
York (Weesner 1965), and terminate by the end of April. It is probable that
swarming flights are later than this, May or even June, in the northernmost
part of the range.

Economic importance. Pickens (1934) classed this termite as destruc-
tive. It can seriously weaken foundations of buildings. The many pest-control
operators who specialize in termite control in northern latitudes is mute
testimony to its importance. R. flavipes is undoubtedly the most important
termite species in the eastern United States and Canada. For a general account
of the species as it affects Canada (specifically the Toronto region), see
C. S. Kirby (1963).

Family Termopsidae

Members of this family are the dampwood termites, and they are among
the most primitive of living species. Their principal characteristics have been
given in the key to families. Their general mode of life has also been briefly
noted. There are five genera, one of which is represented in Canada.

Genus Zootermopsis Emerson

Description. Alate forms with head lacking ocelli and fontanelle;
clypeus short, 5-6 times broader than long; labrum large, truncate apically.
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Basal wing scale of fore wings large, longer than pronotum, twice as large
as those of hind wings. Tibiae with several spines before apex. Wings large,
with 3 or 4 heavy veins near anterior margins. Cerci long, with 5 or 6
segments. Soldiers with head large; labrum broad, truncate apically; mandi-
bles long, toothed, with number of teeth differing on opposite sides. Antennae
with more than 20 segments. Tibiae spined. Cerci prominent, with 3, or more,
segments,

Key to species of Zootermopsis

A Alates

Body vellowish to light cinnamon brown or chestnut brown; wings grayish,
usually measuring more than 20 mm from tip to basal suture .. ...
................................. angusticollis (Hagen) (p. 78)

Body chocolate brown; wings darker, usually measuring less than 20 mm

inlength ... ... .. .............. nevadensis (Hagen) (p. 80)

B. Soldiers
I. Sides of head almost parallel. Mandibles as long as or slightly longer than
width of head (Fig, 55) ............. nevadensis (Hagen) (p. 80)
Sides of head slightly concave. Mandibles not as long as width of head
(Fig. 59) ... ... ... . .. . angusticollis (Hagen) (p. 78)

Clé des especes de Zootermopsis

Al Formes ailées,
Corps de couleur variant de jaunatre a brun cannelle clair ou a brun noisette;
ailes grisatres, mesurant habituellement plus de 20 mm de Uextrémité

o

a la suture basilaire ... .. angusticollis (Hagen} (p. 78}
Corps de couleur brun chocolat; ailes plus foncées, mesurant habituelle-
ment moins de 20 mm de longueur ... nevadensis (Hagen) (p. 80)
B. Soldats

.,

Cotés de la téte presque paralleles. Mandibules aussi longues ou un peu plus
longues que la largeur de la téte {(fig. 55) ........ ... ... ... . ...,
.................................. nevadensis (Hagen) (p. 80)

Cotés de la téte 1égérement concaves. Mandibules moins longues que la
largeur de la téte (fig. 39) ......... angusticollis (Hagen) (p. 78)

Zootermopsis angusticollis {Hagen)

Figs. 56-59; Map 9
Termopsis angusticoflis Hagen, 1858:75.
Zootermopsis angusticollis; Emerson 1933:182; Helfer 1963:64.
Common name. Pacific'dampwood termite.
Diagnosis.  Alates yellowish brown to chestnut brown. Heads of soldiers
narrow in front, concave at sides.

Description.  As for genus Zootermopsis and in key. Alates up to
25 mm in length, including folded wings. Antennae with 25, or more,
segments, longer than combined length of head and pronotum. Body
yellowish brown to chestnut brown; wings grayish. Soldiers (Fig. 59) large,
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Map 9. Collection localities for Zootermopsis angusticollis.

up to 15-20 mm in length (size varies with age of colony, smaller in young
colonies). Head with sides slightly concave, narrower in front.

Range. British Columbia to Baja California.

Behavior and habitats. Established colonies inhabit rotting wood;
younger, establishing colonies may occur in sound wood, such as felled logs,
dead trees still standing, and dead parts of living trees. Colonies occur most
often in fallen pine or fir logs in contact with moisture.

Alates (sexual forms) swarm at dusk, pairing and beginning new colo-
nies. Swarms may occur at any time during the year, but most swarms take
place in late summer or early fall. One such swarm was observed at Miracle
Beach, near Comox, Vancouver Island, by V. R. Vickery in August 1966.
It appeared to contain many thousands of individuals. Castle (1934) provided
a detailed account of the life of the colonies of this species.

Z. angusticollis, like all Termopsidae, has only two well-defined castes,
soldiers and reproductives. The latter may be of three types, but usually only
one or two of these occur in a colony at any time. Most of the members
of a colony are nymphs (Fig. 57). The social system is primitive when
compared with that of most other termites. The most common reproductive
forms are the alate males and females. Following swarming, a pair of alates
shed their wings and establish a new colony. Once a colony becomes well
established, the abdomen of the female becomes greatly swollen (Fig. 56).
A less common form of reproductive is a supplementary, or secondary, form,
which has only short wing-pads (Fig. 58). The third type of reproductive is
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nearly apterous and usually develops only in colonies that have lost one or
both of the primary reproductives or in groups that become isolated from
the parent colony. Normally these forms do not molt to the adult stage and
they remain as final-stage nymphs, carrying out a function similar to the
workers (or ergates) in more advanced species of termites. Since they do not
form a distinct, sterile worker caste, they are called pseudergates.

Life history. Continuous production of nymphs, except during cold
months, occurs. During these months activity ceases, then resumes when
spring arrives. Colonies grow very slowly. A year-old colony contains only
the royal pair, one soldier, and 12-20 nymphs. A few years later it may
contain up to 3500 individuals, with the same royal pair. Size of colony may
be limited by the size of log that they inhabit.

Economic importance. Z. angusticollis is regarded as unimportant
economically. However, it causes more damage in the northern part of its
range than in the south. These termites are more likely to attack in shaded
areas, where moisture is abundant. Wooden poles standing in soil (such as
along telephone and telegraph lines) may be damaged severely. Wooden fence
posts and sills of buildings such as garages may be attacked. Fence posts
that have been treated below ground level may be infested as high as 60 cm
above the ground in the untreated wood.

Zootermopsis nevadensis (Hagen)

Figs. 54, 55; Map 10

Termopsis angusticollis var. nevadensis Hagen, 1874:571.
Zootermopsis nevadensis; Emerson 1933:165.

Diagnosis. Alates chocolate brown. Soldiers with sides of head parallel.

Description. As for genus Zootermopsis and in key. Alates (Fig. 54)
small, although sometimes exceeding 20 mm in length including folded wings.
Body chocolate-colored, with wings dark. Soldiers with long jaws and with
sides of head straight, parallel (Fig. 55).

Range. British Columbia to Idaho, south to northern California.

Behavior and habitats. These are much the same as for Z. angusticollis
but Z. nevadensis can withstand lower temperatures and is found in drier
areas and at altitudes up to 1800 m. In coastal areas, swarming usually peaks
in late summer and early fall, but at higher altitudes, the peak swarming
period apparently occurs in the spring. Eggs are laid in spring following the
autumn swarm. Composition of colonies at any given time is much the same
as in Z. angusticollis.

Life history. More or less as for Z. angusticollis.

Economic importance. This species is regarded as relatively unimpor-
tant economically, but it can and does cause damage to untreated lumber
in contact with the soil, such as house sills, poles, docks, and wooden bridges.
Its importance is probably greater than is generally recognized. It is well
controlled by use of construction methods designed to prevent damage by
subterranean termites.
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Map 10. Collection localities for Zootermopsis nevadensis.

Family Kalotermitidae

Members of this family are the drywood and powderpost termites. Their
anatomical features have already been given in the key to families and need
not be repeated. There are 21 living and 4 extinct genera, and it has been
estimated that there are at least 343 species, although many are probably
still undescribed (Weidner 1970). Only a single subfamily is recognized. Living
species occur naturally throughout the warmer parts of the world, six genera
being North American, but none is native to the region covered by the present
work. Many species are of importance because of their destruction of such
items as structural timber, containers, and furniture, and some species have
been transported by commerce to many parts of the world, including the
northern United States and southern Canada. Two of these have managed
to establish themselves, for a time, in the region covered.

Key to genera of Kalotermitidae

1. Fore wing with median vein distinct, running about midway between adjacent
long veins (radial sector and cubitus), reaching margin of wing near
apex (Fig. 60). Soldier with head longer than wide, not boxlike or
excavated in front. Mandibles long (Fig. 61) ... .. Incisitermes (p. 82)
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Fore wing with median vein running closer to vein in front (radial sector),
uniting with it before reaching wing apex (Fig. 62}, Soldier with short
truncated boxlike head, which is strongly excavated in front. Mandibles
short (Figs. 63, 64) ... .................. Cryptotermes (p. 83)

Clé des genres de Kalotermitidae

1. Alles antéricures & nervure médiane distincte, située environ i mi-distance
entre les nervures adjacentes (secteur radial et nervure cubitale) et rejoi-
gnant le bord de I'aile prés de apex (fig. 60). Chez les soldats, téte
plus longue que large, ni cubique ni concave en avant. Mandibules
fongues (fig. 61y ........ ... . ... .. ... ... Incisitermes (p. 82)

Ailes antéricures a nervure médiane plus rapprochée du secteur radial et se
joignant a ce dernier avant d’atteindre "apex (fig. 62). Chez les soldats,
téte courte et cubique, fortement concave en avant, Mandibules courtes
(fig. 63 et 64) ... ... ... .. .. ..... Cryptotermes (p. 83)

Genus Incisitermes Krishna

Description. Alates lacking pigmented nodules on wing membrane.
Third antennal segment slightly longer and usually darker than second
segment, distinctly larger than fourth segment. Soldiers with head longer than
broad, with sides straight, less than 4 mm wide. Eyes dark or hyaline. Third
antennal segment as long as or longer than fourth and fifth segments
combined.

Incisiterrmes minor (Hagen)

Figs. 60, 61; Map 8

Kalotermes marginipennis var. minor Hagen, 1858:47.
Kalotermes minor; Banks and Snyder 1920:20; Helfer 1963:66.

Common pame. Western drywood termite.

Diagnosis. Winged forms nearly black. Antennae with less than
20 segments. Soldiers with third segment as long as next three segments.

Description.  Alates (Fig. 60) nearly black, with wings grayish, lacking
pigmented nodules. Ocelli present. Antennae with less than 20 segments.
Soldiers with third antennal segment as long as segments four to six combined.
Mandibles with conspicuous asymmetrically positioned teeth (Fig. 61).

Behavior and habitats. . minor infests dead trees, dry wood, or dead
wood of living trees in California, Arizona, and Mexico. Weesner (1970)
reports its natural occurrence as far north as Washington State. It also infests
buildings. It has high tolerance for dry conditions and high temperatures.

Snyder (1954) reports an infestation lasting at least 6 years (prior to eradi-
cation in 1951) at Niagara Falls, NY. Snyder (loc. cit., and Weesner {1970))
record introductions in Ohio, at Cleveland (eradicated 1948) and Columbus.
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Genus Cryptotermes Banks

Description. Alates with median vein of wing not sclerotized, pig-
mented only on basal third; vein bending forward and joining radial sector
(Fig. 62). Soldiers with head short, thick, concave in front. Mandibles
recurved beneath head. Apex of tibiae with three spines but no spur.

Cryptotermes brevis (F. Walker)

Figs. 62-64; Map 8

Termes brevis F. Walker, 1853:524.
Cryptotermes brevis; Banks and Snyder 1920:36, 144; Helfer 1963:69.

Diagnosis. Winged forms brownish. Antennae with 16-18 segments.
Soldiers with short dark rough heads with dorsal depressions.

Description,  Alates (Fig. 62) 10-11 mm in total length. Antennae with
16-18 segments. Head width slightly more than 1 mm. Wing membrane color-
less, with brownish veins. Soldiers with head black, rough in front and
dorsally, with distinct ‘‘dished”” depression (fontanelle) at top of head
(Figs. 63, 64).

Behavior and habitats. C. brevis is known to be established from
Florida to southern Texas and has been introduced into many other areas,
including Hawaii and Bermuda. It does not occur in natural habitats in the
United States or Canada. It infests furniture as well as wooden buildings.
“This and other non-subterranean termites. . . have been found infesting
furniture as far north as Belleville, Ontario . . . and as far west as Cleveland,
Ohio’’ (Snyder 1954). Weesner (1970) records C. brevis from Columbis, OH,
and Suffolk County, NY. What was thought to be the same species was
found dead in a picture frame in Montréal in the early 1960s (the late
Dr. F. O. Morrison, pers. com.). Subsequently, this proved to be Incisitermes
snyderi (Light 1933). An established colony of C. brevis has recently been
confirmed as occurring at Port McNeill, northwest Vancouver Island. A
wooden case, imported from Peru early in 1978 by Mr. D. L. Kennedy, was
found to be still infested with living termites of this species (all castes) 19 June
1979 and subsequently. Another colony occurs at Vancouver, within the
woodwork of a cupboard in Dr. G. G. E. Scudder’s laboratory.

Suborder Mantodea—mantids

The suborder Mantodea constitutes the praying mantids. Mantids are
Dictuoptera having the following characteristics: Size moderate to large (body
length of adult ranging from about 15 mm to 16 cm), often strongly sexu-
ally dimorphic, usually somewhat to very elongate. Head roundish or conical,
hypognathous with prominent usually globular eyes which may, however,
be acutely conical anteriorly or each may bear a prominent median thornlike
or spinelike process; outer convexities of eyes projecting beyond lateral
margins of pronotum, except when latter is foliarly expanded. Cervical region
narrow, flexible, enabling the head to rotate. Antennae usually whiskerlike
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(not excessively long) or bristlelike, occasionally pectinate. Pronotum typically
elongate, sometimes more or less quadrate, occasionally broadly rhomboid
on account of the presence of wide lateral expansions. Front legs raptorial
(Fig. 26), with coxae and femora elongate, the latter usually, but not invari-
ably, heavily spined on ventral (posterior) margins, and tibiae strongly spined
apically and usually ventrally, folding upward against femora and with later-
ally articulating tarsi; middle and hind legs ambulatory, long, slender. Wings
fully developed, reduced, or absent, their form and/or degree of develop-
ment often differing markedly between sexes; fore wings, if present, reticu-
late, normally in form of leathery tegmina, although sometimes, if fully
developed, rather more membranous, typically with anterior field denser than
rest, although main part of fore wings and the hind wings folded more or
less horizontally over dorsum; latter pair, when developed, broad with wide
anal lobe. Cerci long, with numerous segments, usually rather slender and
pointed but occasionally flat and foliaceous. Ovipositor short, more or less
concealed by enlarged seventh abdominal sternum (subgenital plate). Males
with abdominal styles well-developed; copulatory structures distinctly asym-
metrical and well-sclerotized. True stridulatory mechanism not developed,
although a rustling sound may be produced by vibration of hind wings which
strike against raised tegmina; some species, when in a “‘threatening’’ posi-
tion, may raise the abdomen and bend it forward so that the cerci strike the
tegminal veins and make an intermittent chirping sound.

The number of known species in the world is about 1800, the vast
majority of them tropical. They are distributed among 3 superfamilies and
8 families, as currently recognized, and are placed in some 360 genera.

Mantids are all predatory, mainly on other insects, although some of
the larger ones will take small reptiles, amphibia, and even nestlings of small
birds. It is an old cliché that they should be called preying, not praying, man-
tids, the latter applying only to their supplicating attitude when awaiting their
victims. Usually, prey is caught by waiting in ambush until the victim
approaches, and then, as often as not, creeping up on it and suddenly seiz-
ing it with the formidable gin-traplike front legs. The mantids are often well
camouflaged by resemblance to foliage (green or dried), such as dry sticks,
stems, and bark. A few are brilliantly colored like the flowers in which they
lurk, waiting for prey. Some ground-dwelling species are rapid runners and
may pursue their prey actively. They, too, resemble their background closely.
The females of some species of mantid make little, if any, initial distinction
between a meal and a male, and, if the latter is to survive to fulfill its func-
tion, it has to be both adroit at avoiding attack and successful in courtship.
Having done its duty, the male often pays the supreme penalty anyway!

Mantids mainly live among foliage, be it herbaceous (including grasses)
or on shrubs, bushes, and trees. Some flattened species live on tree trunks
and, as previously noted, a number live among blossoms; others live on the
ground’s surface, particularly in extremely arid desert situations. Some man-
tids inhabit savanna, steppe, or prairie, but most live in mesophyllic or humid
situations. None is aquatic or subaquatic. Many are bizarre in form, the
nymphs often being rather different from the adults in appearance. Most
species adopt a threatening attitude when alarmed, and some with brightly
colored or heavily pigmented hind wings appear to enhance their obvious
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ferocity by sudden display behavior; others adopt a grotesque posture. It
is interesting that, in the Oriental martial art of kung fu, mantid posturing
is overtly imitated. Unlike many other cultures, the Chinese correctly regard
mantids as symbols of strength, ferocity, and courage, not of piety, prophecy,
or pathfinding. In North America, and to some extent in Europe, attempts
have been made to use mantids as ‘‘biological control’’ agents. They are even
made available commercially with this in view, but they are insufficiently
discriminating for the purpose. One or two introduced species have, however,
managed to establish themselves.

Eggs are laid in typical papery or spongy packages (oothecae), which
are usually attached to vegetation. Such packages usually contain a large
number of eggs. Viviparity and ovoviviparity are not known to occur, and
parthenogenesis is rare. The number of nymphal instars ranges from six to
nine, there apparently being some variation within most individual species
studied. The most recent general accounts of the mantids are those of
Beier (1964, 1968). A useful account of North American species is that of
Gurney (1951a).

Family Mantidae

This family includes the great majority of the known species of mantids
(about 1480), which are divided among about 275 genera placed in 21 sub-
families. Of these last, only two concern us here.

Key to subfamilies of Mantidae

1. Small slender species (body of adult less than 35 mm). Antennae and costal
(anterior) margins of male tegmina usually setose. Supra-anal plate of

male usually enlarged ....................... Amelinae (p. 86)

Larger species (body of adult more than 45 mm). Females robust. Antennae

and costal margins of tegmina not setose. Males fully winged.

Supra-anal plate of male transverse but not enlarged ............
........................................... Mantinae (p. 87)

Clé des sous-familles de Mantidae

1. Espéces petites et gréles (corps des adultes mesurant moins de 35 mm).
Antennes et bords antérieurs des tegmina des males habituellement
sétiféres. Plaque supra-anale des males en général développée . ...
........................................... Amelinae (p. 86)

Espéces plus grosses (corps des adultes mesurant plus de 45 mm). Femelles
robustes. Antennes et bords antérieurs des tegmina non sétiféres. Males
pourvus d’ailes. Plaque supra-anale des males transverse mais pas
développée . ... ... ... Mantinae (p. 87)
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Subfamily Amelinae

This subfamily includes some 32 genera and more than 150 species widely
distributed in the Ethiopian and Oriental regions, with a few representatives
in the southern Palaearctic and Nearctic regions. The single Nearctic genus
Litaneutria ranges from Mexico to southwestern Canada.

Genus Litaneutria Saussure

Description. Body small (less than 35 mm). Tegmina and wings of male
fully developed, of female reduced and covering no more than one-third of
abdomen. Color light buff to dark brown.

Litaneutria minor (Scudder)

Figs. 72, 73; Map 11

Stagmatoptera minor Scudder, 1872:251.

Litaneutria ocularis Saussure, 1892:123.

Litaneutria borealis Scudder, 18965:209.

Litaneutria obscura Scudder, 18965:209.

Litaneutria minor; Scudder 18965:209; Gurney 19514:358; Helfer
1963:28.

! T hl

Map 11. Collection localities for Litaneutria minor (O) and Tenodera aridifolia
sinensis (@®).
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Litaneutria pacifica Scudder, 18965:210.
Litaneutria skinneri J. A. G. Rehn, 1907:26.
Litaneutria longipennis Beier, 1929:137.

Diagnosis. Body small. Insect ground-dwelling. Male usually with black
spot on hind wing.

Description. As for genus Litaneutria. Males usually macropterous,
with large black spot in center of hind wing; more rarely brachypterous or
even micropterous (with tegmina covering no more than one-third of
abdomen); females micropterous.

Range. British Columbia to North Dakota, south to Mexico.

Behavior and habitats. L. minor is most often found on the ground,
less frequently on low vegetation. R. A. Roberts (1937) found specimens
mainly on low rocky ridges that were sparsely covered with bunchgrass. The
color is similar to that of the environment and specimens are not readily
detected unless they move. Because L. minor usually runs on the ground it
can be captured in pan traps set in the ground (Barnum 1964). R. A. Roberts
(1937) observed mating and reported that copulation lasts 3-4 hours. The
female may capture and devour the male following copulation, although it
often escapes. Mated females produce small egg masses, about 7 mm long,
nearly rectangular with rounded corners. Unmated females also produce egg
masses but the eggs do not hatch.

Life history. The egg masses are deposited on stems of low-growing
shrubs. A female may lay as many as 10 egg masses in its lifetime, each of
which may produce about 16 nymphs. For overwintering eggs, the incuba-
tion period is 185-205 days. Nymphs mature about 93 days after the eggs
hatch, females requiring one more molt than males. Adult longevity for males
is about 47 days and for females about 156 days or until killed by frost. In
the southern part of the range a partial second generation occurs, but, in
northern latitudes, the life cycle is univoltine, with overwintering in the egg
stage.

Subfamily Mantinae

This is by far the largest subfamily of Mantidae (and of the whole sub-
order), and it includes approximately 500 species in just over 60 genera. These
are found throughout the whole range of the suborder, with the exception
of southern South America and northwestern North America. Several tribes
are recognized, but only the Mantini concern us here. Of these, but two genera
breed in our region, both of them introduced by man.

Key to genera of Mantinae

1. Tegmina rather broad, with anterior margin convex and apex rounded.
Middle and hind femora without apical spines. Body green, sometimes
brown, with colored part of tegmina not sharply limited to anterior.
Fore coxae each with large black-ringed spot near base ..........
............................................. Mantis (p. 88)
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Tegmina narrower, with anterior margin rather straight and apex somewhat
pointed. Middle and hind femora each with apical spine. Coloration
of tegmina sharply limited to anterior area. Fore coxae without black-
ringed Spot ... ... Tenodera (p. 90)

Clé des genres de Mantinae

1. Tegmina plutdt larges, a bord antérieur convexe et a apex arrondi. Fémurs
médians et postérieurs dépourvus d’épines apicales. Corps vert, par-
fois brun. Partie antérieure colorée des tegmina non clairement déli-
mitée. Coxas antérieures marquées chacune d’une grande tache cerclée
de noir prés de la base ........................ Mantis (p. 88)

Tegmina plus étroites, & bord antéricur plutdt rectiligne et & apex plutét
pointu. Fémurs médians et postérieurs portant chacun une épine apicale.
Coloration des tegmina clairement limitée a la région antérieure. Coxas
antérieures dépourvues de taches annelées ... .. Tenodera (p. 90)

Genus Mantis Linnaeus

Description. Body size medium (male 47-51, female 52-56 mm long).
Both sexes fully winged; tegmina extending to or surpassing apex of abdo-
men. Facial shield somewhat less than twice as broad as high. Pronotum
rather long, narrow (13-18 mm), broadest well before middle, anterior to
this with sides converging to rounded anterior margin, in female margins
finely and densely serrated for more than half the length. Male subgenital
plate small. Inner face of fore coxa with large black spot.

Mantis religiosa religiosa Linnaeus
Figs. 2a, 2b, 74, 75; Map 12
Gryllus Mantis religiosus Linnaeus, 1758:426.

Mantis religiosa; Scudder in Slingerland 1900:38; Helfer 1963:31.
Mantis religiosa religiosa; Bazyluk 1960:238, 239; Vickery et al. 1974:19.

Common name. FEuropean mantid.

Diagnosis. Body large (47-56 mm). Fore coxa with black spot on inner
face.

Description. As for genus Mantis (Fig. 74). Female elongate (52-
56 mm); male smaller and more slender (47-51 mm). Body and legs usually
green or greenish yellow (Fig. 2a), some specimens entirely pale brown (as
in Fig. 2b); in green form, female tegmina grass green; those of males paler
green, sometimes hyaline with narrow brown borders; wings transparent or
pale green. Pronotum of male finely serrated laterally anterior to the dorsal
transverse sulcus.

Range. Michigan to Québec; interior British Columbia; northeastern
United States.

88



Map 12. Collection localities for Mantis religiosa religiosa.

Behavior and habitats. A general account of the biology of M. religiosa
religiosa under western European conditions is found in Binet (1931). In
Ontario and southwestern Québec, M. religiosa religiosa is found most often
on vegetation bordering fields and roads, in uncultivated fields and pastures,
or on tall species of Solidago (goldenrod).

Like all other mantids, this species is carnivorous, and, like most, it feeds
upon a wide variety of other insects. Young immature individuals seize and
devour small insects. The raptorial forelegs (Fig. 75) are ideally suited for
this. The mantid usually waits motionless until its prey approaches, then
strikes extremely rapidly. It may, however, stalk prey that is relatively immo-
bile. As a mantid grows larger it attacks larger prey. Adults have been
observed to kill fairly large female grasshoppers (Melanoplus bivittatus) that
are bulkier than themselves. Cannibalism is common, particularly among
young mantids in crowded conditions.

Female mantids commonly attack and devour males either before or after
copulation. Males approach females only when they are in the range of vision.
Approach is slow and hesitant with no display. If the female detects the male’s
presence it is attacked and, if caught, eaten. In many cases, copulation is
effected and completed after the head of the male has been destroyed. The
suboesophageal ganglion acts as an inhibitor of lateral movement and also
of copulatory movements of the male abdomen. Destruction of the ganglion
allows copulation to proceed (Roeder 1935). The male is not always destroyed
by the female if it manages to get onto the female’s back in a normal mating
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position. Copulation may last 4-5 hours. The male then withdraws, leaving
a large white spermatophore attached to the female. The male releases its
hold and attempts to drop from the female’s back. The male may escape,
but the female may turn and seize it.

Slingerland (1900) reported that, according to H. F. Atwood, M. religiosa
religiosa produced sound by rubbing a leg against a tegmen—although it was
presumably vice versa, as is known for other mantids (Chopard 1938). This
appeared to be aggressive behavior and occurred only when two males were
close to each other. Long ago, this species was also said to produce sound
by rubbing the extremity of the body against the wings (DuFour 1841).

Females produce eggs in masses covered with a frothy substance which,
when dry, acts as protection and insulation. Egg masses are attached to twigs,
stems, or flat surfaces. Several times they have been seen in southwestern
Queébec attached to the sides of houses (Vickery and Kevan, unpublished).
Vickery (1962) reported taking an egg mass that had wintered in Québec to
Nova Scotia, but the eggs failed to hatch. The experiment was repeated on
a larger scale about 10 years later. A number of egg masses (22) were collected
in Québec in the fall and taken to Yarmouth County, N.S., where they were
fastened in appropriate situations outdoors. The following summer most of
the egg masses were intact, but the eggs had not hatched. Several other
attempts, largely unsuccessful, have been made to introduce the species into
various parts of Western and Atlantic Canada from Ontario (Baird 1938-
1946; Buckell 1941; McLeod 1962; MacNay 1955¢; G. D. Williamson 1966,
1973).

Life history. Univoltine, with overwintering in the egg stage. Adults
are present from mid-August to the end of September or until killing frost
occurs.

Genus Tenodera Burmeister

Description. Body large (Ilength 70-104 mm), elongate, rather robust.
Facial shield about twice as broad as high. Pronotum moderately long
(13-18 mm), but quite stout in commonest species, only feebly broadened
at transverse sulcus; lateral pronotal margins of females finely serrate.
Tegmina and hind wings fully developed, with tips subacute. Forelegs stout,
with lower margin of coxa strongly toothed.

Tenodera aridifolia sinensis Saussure

Fig. 76; Map 11
Tenodera aridifolia var. sinensis Saussure, 1871:419.
Paratenodera sinensis; Weiss 1914:279.
Tenodera aridifolia sinensis; Gurney 1951a:355; Vickery et al. 1974:20;
Helfer 1963:32.
Common name. Chinese mantid.
Diagoosis. Body large (male 83-87, female 85-104 mm).
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Description.  As for genus Tenodera. Female with body and legs green
to greenish yellow, with tegmina and wings greenish subhyaline; male same
color as female, entirely brown, or brown with tegminal margin green. Prono-
tum of male subcarinate and of female strongly carinate behind transverse
sulcus, bicarinate in front with carinae granulose. Tegmina with large
marginal field.

Range. Southern Ontario and Québec, south to New Jersey.

Behavior and habitats. 7. aridifolia sinensis is a voracious predator
and is sold commercially as a biological control agent in the United States
(Gurney 19514), although its catholic tastes and slow rate of reproduction
would render it very inefficient for the purpose. It seems to prefer taller vege-
tation than does Mantis religiosa, is often found on blackberry bushes, and
avoids low wet ground and low-growing plants. Egg masses are attached to
vegetation and solid surfaces aboveground; each mass contains 150-300 eggs.

Life history. Univoltine, with overwintering in the egg stage. An egg
mass was dissected from a Pennsylvania female in October by Laurent and
Saussure (1898). Weiss (1914) investigated the oothecae and eggs. In
Michigan, Cantrall (1968) reported T. aridifolia sinensis as a late summer
species that occurred in the adult stage from September to 13 October.

Suborder Blattodea—cockroaches

The insects in this suborder may be characterized as follows: size rang-
ing from a few millimetres to 10 ¢m (including the projecting wings) or nearly
8 cm in body length alone, and with a wingspan of as much as 18.5 cm. Head
hypognathous, with most sclerites and sutures well-defined. Antennae
whiskerlike, usually rather long, often as long as or longer than body.
Compound eyes normally well-developed; ocelli usually absent, never more
than two, usually represented only by pair of pale frontolateral areas
(fenestrae). Mouthparts of generalized biting and chewing type, with
mandibles neither particularly large nor acute. Neck sclerites well-developed
so that the head is unusually mobile (normally held tucked under pronotum),
although not rotatable. Pronotum broad, typically disclike, usually rather
flat, sometimes markedly convex. Legs similar, cursorial, with hind pair
longer than others, typically with few to many strong ventral spines; coxae
large, flat, platelike, close together, S-segmented. Wings, when present,
usually rather broad, held more or less flat over dorsum, usually shorter,
sometimes much shorter, in females than in males of the same species, often
reduced or lacking either in females or in both sexes; fore wings, if present,
typically in form of leathery tegmina, more membranous in some small
species, not bent downward along sides of abdomen when at rest; hind wings
nearly always broad, with prominent anal lobe (reduced in a few small
aberrant species). Abdomen with 10 terga, with 8th and 9th largely concealed
beneath 7th; 11th (epiproct) reduced; male terga often with median glandular
setose depression (licked by female when mating); Ist sternum small; 7th (in
female) or 9th (in male) enlarged, forming distinct subgenital plate, which
conceals most of the genitalia; 8th to 10th in females generally reduced and
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partly membranous; 9th sternum in males normally with pair of styles,
although one or both occasionally lacking; abdominal cerci usually conspic-
uous, multiarticulate, tapering, sometimes blunt with few segments or,
occasionally, even unsegmented. Ovipositor of female consisting of 3 pairs
of valves, but not visible or only partly so. Male phallic structures strongly
sclerotized, complex, asymmetrical.

A true stridulatory apparatus is not commonly present, although a
number of sound-producing structures are known. Some species produce
sounds by rustling the wings, sometimes against special ridges at the sides
of the pronotum and on the costal veins, by means of which they produce
a squeaking noise; a few species hiss by the expulsion of air from the tracheal
system or by vibrating the abdominal segments, either against each other or
against the undersides of the wings if these are present; some species drum
on the substrate with the abdomen (Roth and Hartman 1967). Many species
have integumental glands that produce repugnant fluids. Other defense
mechanisms include the ability of some wingless species to roll up into a ball
like some isopod crustaceans and short-bodied millipedes.

The popular concept of cockroaches is based upon a few synanthropic
species that are by no means representative of the suborder. In the region
covered by the present work, there are few other kinds.

The Blattodea are predominantly tropical and subtropical insects,
although a few species have a natural distribution that extends to high lati-
tudes, e.g., Lapland, central Ontario, or southern New Zealand. Associated
with man, they can exist under artificial conditions wherever he goes, and
one species, Blattella germanica (Linnaeus), has been found in heated build-
ings in Canada within 750 km of the North Pole. Most cockroaches, whether
synanthropic or not, live under debris, stones, or logs or in cracks or crevices,
and some species are cavernicolous or live in the nests of other animals such
as ants or rodents. A number of species actively burrow in soil or bury them-
selves under sand. There are, however, many kinds of cockroach that spend
their lives well above ground level, either on the trunks of trees and in
epiphytic plants or amongst foliage and flowers. These latter are sometimes
green or brightly colored, or spotted or gaily striped and not at all of the
brownish, blackish, yellowish, or tawny coloration with which most people
are familiar. Cockroaches are particularly abundant in warm humid climates,
but many are quite at home under mesophilic or semiarid conditions. There
are, in fact, true desert-living species. At the opposite extreme there are those,
like Dryadoblatta scotti (Shelford) from Trinidad and Venezuela, that live
in epiphytic bromeliads on tropical forest trees, where they spend most of
their time under the water that accumulates there.

Cockroaches are typically but not always omnivorous. Many species,
particularly those that are synanthropic, are largely detritus feeders and
scavengers, feeding on decaying plant remains and the associated fungi and
microorganisms. They are not, however, averse to eating animal matter or
even living animal tissue, either in the form of small insects or, at the oppo-
site extreme, the dermal products and indeed the skin of recumbent mammals
(including man). Some species, however, feed directly on foliage or nectar.
The smali family Cryptocercidae is of special interest because the species feed
on wood, igesting cellulose (but not lignin) by the aid of peculiar intestinal
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flagellate protozoa (Trichonymphidae and related families) that are virtually
indistinguishable from those found in the guts of the ‘‘less advanced’ groups
of termites.

In their reproductive biology, cockroaches show a wide diversity.
Whereas most species are bisexual, there are some, like Pycnoscelus
surinamensis (Linnaeus), that are parthenogenetic. Cockroach eggs are
produced in double rows in packages. Typically they are laid in capsules,
which are often in the form of leathery or horny oothecae. These may be
deposited almost at once or carried around for a period before deposition
(when the eggs have a relatively long incubation period). Frequently, however,
the oothecae are thin-walled, the eggs hatching within a relatively short time
after deposition—sometimes almost at once. In fact, the hatching may be
so advanced that the females are often ovoviviporous, the young emerging
as (or even before) the oothecae are deposited. Roth and Willis (1954),
McKittrick (1964), and Roth (1968, 1970) give the most comprehensive
accounts of the various forms of reproduction. There may be any number
between 4 and 12 nymphal instars according to species, with some variation,
particularly when the number is greater. Females may sometimes pass through
an extra instar as compared with males. Most cockroaches have at least one
generation per year, but there are some in which the life history is longer.

Because of their catholic tastes and their ability (indeed preference) to
hide in crevices, certain species of cockroach have been widely distributed
by human commerce and have become unmitigated nuisances, if not serious
pests or hazards to the health of humans and their livestock. General accounts
of cockroaches in their various roles are given by Chopard (1938), Roth and
Willis (1957¢, 1960), Beier (1961, 1974), Guthrie and Tindall (1968), and
Cornwell (1968, 1976).

Key to superfamilies of Blattodea

1. Middle and hind femora armed ventrally on both margins with rows of
strong, more or less equally developed, spines along their lengths. Male
subgenital plate symmetrical, with elongate slender symmetrical style
(Figs. 18, 21). Female subgenital plate distinctly divided into valves by
short longitudinal slit ....................... Blattoidea (p. 94)

Middle and hind femora typically unarmed ventrally, or with distal spines
only, or with 1-4 weak spines on posterior and/or anterior margins,
those of the two series unequally developed; if leg spines as indicated
above, then abdominal terminalia not as above ............... 2

2(1). Male with subgenital plate symmetrical, rather narrowly subtriangular {with
short symmetrical styles). Seventh abdominal tergum broadly triangular,
somewhat rounded posteriorly, with heavy thickened margin (Fig. 7)
..................................... Cryptocercoidea (p. 101)

Male without the above characters .............. Ectobioidea (p. 102)
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Clé des super-familles de Blattodea

1. Fémurs médians et postérieurs munis, de part et d’autre de la portion ven-
trale, de rangées d’épines fortes et plus ou moins égales sur toute leur
longueur. Plaque sous-génitale des méles symétrique, munie de styles
longs, gréles et symétriques (fig. 18 et 21). Plaque sous-génitale des
femelles clairement divisée en valves par une courte incision longi-
tudinale ......... .. ... ... ... . ... Blattoidea (p. 94)

Fémurs médians et postérieurs typiquement dépourvus d’épines sur le ventre
ou ne portant des épines que sur la partie distale ou ne portant que
de 1 & 4 petites épines sur le bord postérieur ou sur le bord antérieur
ou portant des épines de grosseur inégale sur le bord postérieur et sur
le bord antérieur. Si les épines des fémurs répondent & la description
donnée ci-haut, les terminalia sont différents .................. 2

2(D). Plaque sous-génitale des males symétrique, pratiquement subtriangulaire
(pourvue de styles courts et symétriques). Septiéme tergite de Pabdo-
men grossierement triangulaire, plutét arrondi postérieurement et muni
d’un bord épaissi (fig. 7) .............. Cryptocercoidea (p. 101)

Male ne présentant pas la combinaison de caractéres donnée ci-dessus . .. .
......................................... Ectobioidea (p. 102)

Superfamily Blattoidea

The general characters distinguishing the members of Blattoidea have
been given in the key to superfamilies. There are three included families, if
the Archiblattidae be admitted. Blattidae, the only family of concern here,
is a large family of mainly moderate-sized to large insects, with 47 genera
and nearly 650 species distributed throughout the world, including a few that
occur naturally in warmer temperate regions. A handful of species are of
economic importance, some of them being among the most obnoxious of
man’s companions. The great majority are strongly pigmented, usually
reddish brown, dark brown, or blackish species, often with pale lateral streaks
on pronotum and tegmina. The tegmina and hind wings may be fully devel-
oped or reduced in both sexes, but, in either event, they are generally shorter
in females than in males. Most species, under natural conditions, live under
debris, stones, or logs, or under the loose bark of dead trees.

Family Blattidae

Apart from one or two adventives, the family Blattidae includes the
largest of the cockroaches found in the region here covered. All are limited
to artificial conditions, such as houses, warchouses, greenhouses, city sewers,
and the like. They are commonly found on ships and in seaports. They are
among the most unsavoury of the domiciliary species as they produce objec-
tionable odors. Species of Eurycotis, in particular, are known as *‘stinking
cockroaches,”” but, in the region here covered, these are only met with occa-
sionally as adventives (or as laboratory insects) and do not breed ‘‘in the
wild.”” Members of Blattidae are, however, not the most abundant or impor-
tant pest species in Canada, although in some parts of the world, especially
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in tropical and subtropical countries, they may be of major significance, both
indoors and in the open. As hazards to health they are second to none, and
some people are actually allergic to them. Conversely, they have been widely
used in folk medicine in different ways for curing various ailments. There
is also a large body of folklore associated with them. Despite the numerous
species belonging to this family, relatively few are pests.

Key to genera of Blattidae

1. Body uniformly dark pitchy brown. Tegmina of male somewhat shorter than
abdomen, subtruncated apically, of female reduced to small lateral lobes

(Figs. 8, 9) ..o Blatta (p. 95)

Body and tegmina not as above ................ Periplaneta (p. 97)

Clé des genres de Blattidae

1. Corps de couleur brun foncé uniforme. Tegmina des méales un peu plus courts
que I’abdomen et & ’extrémité quelque peu tronquée. Chez les femelles,
tegmina réduits a de petits lobes latéraux (fig. 8 et 9) ............
.............................................. Blatta (p. 95)

Corps et tegmina différents de la description donnée ci-dessus ........
......................................... Periplaneta (p. 97)

Genus Blatta Linnaeus

Description. Body size medium (18-24 mm long), robust. Antennae
elongate, setaceous. Space between eyes of male slightly broader than that
between antennal bases. Lower anterior margin of fore femur with numer-
ous stout feebly curved spines that decrease in length toward apex with two
longer apical spines (Fig. 10); other femora with fewer more widely separated
spines; tarsi with segments one to four bearing small pulvilli.

Blatta orientalis Linnaeus

Figs. 8-10; Map 13

Blatta orientalis Linnaeus, 1758:424; Cantrall 1943:74; Vickery et al.
1974:21; R. J. Harrison 1980:10.

Common name. Oriental cockroach.

Diagnosis. Body size medium (18-24 mm long), shining dark chest-
nut and blackish brown. Male brachypterous, female micropterous.

Description. As for genus Blatta. Body size medium (pronotal length,
male 5.7-6.3, female 6.1-7.1 mm), shining dark chestnut and blackish brown.
Pronotum with broad impression on each side on anterior third of disc.
Tegmina of male overlapping, covering about two-thirds of abdomen;
tegmina of female reduced to small oval widely separated pads. Chromosome
number, 27 male = 47 (Cohen and Roth 1970).
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Map 13. Collection localities for Blarta orientalis (o) and Cryptocercus punctulatus
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Range. British Columbia to Newfoundland; cosmopolitan.

Behavior and habitats. Cornwell (1968) has summarized the informa-
tion on habitats of this insect. It is found in areas that are noticeably cooler
than those preferred by the German cockroach, Blattella germanica, such
as basements and cellars, service ducts, and crawl spaces. In kitchens, it may
occur behind radiators, ovens, hot-water pipes, and under floor coverings.
It is often found in toilets and behind bathtubs and sinks, where large num-
bers congregate near sources of water such as condensation on water- and
waste-pipes. Although infestations are most frequently found below ground
level or on ground floors of buildings, the insects may disperse via water-
pipes to upper floors. Restaurants, bakeries, and candy factories are infested,
as are ships and warehouses. This cockroach shuns light and is active in build-
ings at night. The species is gregarious; where one is seen many more are
nearby. If a light is turned on while specimens are prowling, they instantly
scramble for cover in a dark spot.

In Canada, most infestations in homes seem to be produced by the
carrying home of specimens in grocery packages from infested retail outlets.
In Great Britain and in the southern United States, B. orientalis occurs out-
side buildings and is able to survive winter conditions in dumps, refuse heaps,
and even under dead leaves and stones. A few parasitic insects, Evaniidae
and Eulophidae (Hymenoptera), are known as egg parasites of B. orientalis
(Roth and Willis 1960). In domiciliary situations, parasitism does not generally
occur.
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Life history. Under optimum conditions a generation requires about
6 months to complete development (Willis et al. 1958), but it may take 2 years
in unheated buildings (Cornwell 1968). Male nymphs develop more rapidly
than females. Parthenogenesis is known in B. orientalis (Roth and Willis 1956)
and a 1:1 sex ratio has been found in the progeny of both mated and virgin
females. Copulation usually occurs within a few days of molting to the adult
stage and lasts about 40 minutes. Females produce oothecae (egg cases), each
containing up to 18 eggs. These are carried by the female for about 24 hours,
then they are carefully hidden, glued to some surface. This apparently pre-
vents their being eaten by other individuals of the species. The incubation
period of the eggs is about 6 weeks at 30-36°C, longer at cooler tempera-
tures. Adults live 1-6 months, and a single female may produce six oothecae
during this time.

Economic importance. B. orientalis is an important pest species. The
obnoxious smell associated with it makes it particularly annoying. It will feed
upon meat, cheese, soiled woolen clothes, even old leather, but it prefers
starchy foods.

Genus Periplaneta Burmeister

Description. Large stout species (23.5-34.5 mm long). Antennae long,
slender. Pronotum convex, with lateral edges deflexed. Tegmina rather leath-
ery, extending beyond apex of abdomen in both sexes, with lateral and apical
margins rounded. Male subgenital plate symmetrical, with styles elongate,
slender, located in sockets laterally near apex. Fore femur armed on
anteroventral margin with row of stout spines; longest spine located near
middle, and 3 apical spines unequal.

Key to species of Periplaneta

1. Pronotum yellowish with 2 large rather indistinct suffused chestnut brown
blotches (Figs. 11, 12) .. ... . e 2

Pronotum reddish brown, tinged with orange, with 2 large, sharply defined,

usually confluent black blotches (Figs. 13, 14) ............... ...
............................... australasiae (Fabricius) (p. 98)

2(1). Cerci long, slender (Figs. 16, 17). Male supra-anal plate nearly unsclero-
tized, extending half its length beyond subgenital plate, divided dis-

tally (Fig. 16). Male styles long (Fig. 18). Female supra-anal plate with

deep acute median notch (Fig. 17) ... .. .. .. . . oo,
................................ americana (Linnaeus) (p. 99)

Cerci shorter and less slender (Figs. 19, 20). Male supra-anal plate nearly
truncate, with shallow median emargination (Fig. 19). Male styles short

(Fig. 21). Female supra-anal plate feebly bilobate at apex (Fig. 20)
.................................. brunnea Burmeister (p. 101)
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Clé des especes de Periplaneta

1. Pronotum jaunatre et marqué de deux taches plutdt diffuses, de couleur
brun noisette (fig. 11 et 12) ... ... . .. .. . . . . 2

Pronotum de couleur brun rougeétre, teinté d’orangé, marqué de 2 taches

noires, claires et habituellement accolées (fig. 13 et 14) ....... ...
............................... australasiae (Fabricius) (p. 98)

2(1). Cerques longs et gréles (fig. 16 et 17). Plaque supra-anale des mailes prati-
quement non sclérifiée, s’étendant, sur la moitié de sa longueur, au-

dela de la plaque sous-génitale; divisée distalement (fig. 16). Styles des

males longs (fig. 18). Plaque supra-anale des femelles pourvue d’une

incision médiane profonde (fig. 17) ....... .. .. .. .
................................ americana (Linnaeus) (p. 99)

Cerques courts et moins gréles (fig. 19 et 20). Plaque supra-anale des males

presque tronquée et ayant une légére dépression médiane (fig. 19). Styles

des males courts (fig. 21). Plaque supra-anale des femelles [égérement

bilobée a "apex (fig. 20) ........... brunnea Burmeister (p. 101)

Periplaneta australasiae (Fabricius)

Figs. 13, 14; Map 14

[Blatta] australasiae Fabricius, 1775:271.

Blatta domingensis Palisot de Beauvois, 1817:182.

Periplaneta zonata Haan, 1842:49.

Periplaneta repanda ¥. Walker, 1869a:125.

Periplaneta subcincta F. Walker, 1869a:126.

Periplaneta inclusa F. Walker, 18694:126.

Periplaneta emittens F. Walker, 1871:37.

Polyzosteria subornata F. Walker, 1871:35.

Periplaneta australasiae; Lugger 1898:184; Helfer 1963:51; Vickery et al.
1974:23; R. J. Harrison 1980:10.

Common name. Australian cockroach.

Diagnosis. Pronotum reddish brown to orange yellow, with 2 large
sharply defined, usually confluent, black blotches.

Description. Body medium large (male 23.6-25.5, female 24.3-29 mm
long). Pronotum without discal impressions, subelliptical, with all angles
broadly rounded (pronotum length, male 6.2-7.2, female 7.8-8.8 mm), red
brown to orange yellow, with 2 large black blotches (Fig. 14). Tegmina and
wings fully developed. Male cerci short, acute. Chromosome number, 2# male
= 27 (Cohen and Roth 1970).

Range. British Columbia to Newfoundland (in buildings); cosmo-
politan.

Behavior and habitats. P. australasiae requires warmer temperatures
than does P. americana and, in the present region, is found only in premises
that are heated. In general, it is found in habitats similar to that species and
feeds on the same types of food.
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Map 14. Collection localities for Periplaneta australasiae (®) and P. brunnea (O).

Life history. Willis et al. (1958) reported that mating occurs about
5 days after molting to the adult stage. Females may produce 20-30 oothe-
cae at about 10-day intervals. Each ootheca contains about 24 eggs. The incu-
bation period for eggs is about 40 days but is dependent upon temperature.
The period of nymphal development is not known but probably is of
4-12 months’ duration.

Economic importance. In the present region, similar to but less than
for P. americana.

Periplaneta americana (Linnaeus)

Figs. 11, 12, 16-18; Map 15
[Blatta) americana Linnaeus, 1758:424.
Blatta kakkerlac De Geer, 1773:535.

Periplaneta americana; Saussure 1864b:72; Vickery et al. 1974:22;
R. J. Harrison 1980:10.

Periplaneta stolida F. Walker, 18694:128.
Periplaneta americana colorata J. A. G. Rehn, 1901a:220.
Common name. American cockroach.

Diagnosis. Pronotum yellowish brown with 2 large suffused chestnut
brown blotches.
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Description. Body medium large (male 29.7-34.2, female 27.8-34 mm
long), red brown. Pronotum 7.6 mm long (male) or 9.6 mm (female), subel-
liptical, widest behind middle, narrowed in front, with all angles broadly
rounded (Fig. 12), yellow brown, with 2 large suffused chestnut brown
blotches. Tegmina and wings fully developed in both sexes. Male cercus with
15 segments, long and strongly tapering. Supra-anal plates of male and female
as in Figs. 16, 17. Subgenital plate of male as in Fig. 18. Chromosome
number, 2n male = 33 (Cohen and Roth 1970).

Range. British Columbia to Newfoundland (in buildings); cosmo-
politan.

Behavior and habitats. P. americana prefers a warm moist environ-
ment. In southern areas of the North American continent it is often abun-
dant in dumps, wood piles, and outbuildings; it is found on palm trees on
the Gulf coast of Texas, and in decaying debris, and so forth, almost univer-
sally in Bermuda. It also is known from caves and coal mines. In temperate
regions, it cannot withstand winter temperatures except in heated buildings.
It is a common pest of restaurants, bakeries, grocery stores, and premises
where food is prepared, stored, or sold. It may also live in latrines, privies,
and sewers and it has often been reported infesting cargo ships.

Roth and Willis (1956) reported sexual as well as parthenogenetic
reproduction in this species. After mating, females produce oothecae which
they carry for 24 hours then deposit in carefully selected locations. The
ootheca is a strong ovate to quadrate capsule about 5.2-7.8 mm long. Each
ootheca contains about 16 eggs in two parallel rows.
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P. americana feeds upon a wide variety of products such as bread, pastry,
cheese, and various fruits and vegetables. In greenhouses, they will feed upon
flower petals and tender shoots. Willis and Lewis (1957) found this species
able to survive without water for up to 40 days, but it was unable to use
available dry food. Survival up to 90 days on water alone is possible,
P. americana may disperse to new locations during warm weather due to
population pressure or other factors, but normally it tends not to migrate
(Cornwell 1968; Jackson and Maier 1961). New infestations usually result
from accidental transfer by man.

Life history. Cornwell (1968) reported the incubation period for eggs
as averaging 30-45 days with extremes of 24-100 days. Nymphs may take
a year or more {(depending upon conditions) to mature, 5-15 months during
which time they molt 7-13 times. Under adverse conditions, nymphs cease
growth, greatly prolonging the life cycle (Nigam 1933). Longevity of adults
varies from 102 to 588 days, depending upon temperature.

Economic importance. This species often created severe problems
during the years prior to 1945. With the advent of many newer insecticides,
it is now somewhat easier to control, but the problem persists of introducing
chemicals into the inaccessible places it inhabits, and of using chemicals in
places where food stuffs may become contaminated.

Periplaneta brunnea Burmeister

Figs. 15, 19-21; Map 14

Pleriplaneta] brunnea Burmeister, 1838:503.

Pleriplaneta] truncata Krauss, 1892:165.

Periplaneta brunnea; Hebard 1917¢:182; Helfer 1963:52; Vickery et al.
1974:24; R. J. Harrison 1980:10.

Common name. Brown cockroach.

Diagnosis. Supra-anal plate of male truncate, of female feebly bilobate.

Description. Body medium large (male 25.1-28.5, female 26.5-
33.0 mm long), dark red brown. Pronotum with slight discal impressions
(Fig. 15), with two indistinct dark blotches (Fig. 15). Tegmina fully devel-
oped, uniformly brown. Male cerci short, acute. Supra-anal plates of male
and female as in Figs. 19 and 20. Subgenital plate of male as in Fig. 21.
Chromosome number, 27 male = 27 (Cohen and Roth 1970).

Range. Native to South America; established (once) in Montréal and
subsequently eliminated; adventive.

Superfamily Cryptocercoidea

The general characters of the Cryptocercoidea, or hooded cockroaches,
have been given in the key to superfamilies of Blattodea and need not be
repeated. These cockroaches are strongly sclerotized, and are of special
interest because of their ability to feed on wood, digestion being achieved
by the action of peculiar flagellate protozoa (Trichonymphidae and related
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families) similar to those found in the alimentary canals of certain wood-
feeding termites. Whereas the Cryptocercoidea have certain termite features
(McKittrick 1965), they do not much resemble in general appearance even
the largest and most heavily sclerotized termites.

The superfamily contains a single genus, Cryptocercus Scudder, which
has a disjunct relict geographical distribution. Two species occur in China
and one in North America.

Family Cryptocercidae
Genus Cryptocercus Scudder

Description. Body size medium (23-29 mm long), robust, apterous.
Eyes smaller than antennal sockets. Last dorsal and ventral abdominal seg-
ments large, concealing supra-anal and subgenital plates and genitalia. Prono-
tum convex, broader than long, with wide deep central depression, and with
anterior margin broad, upturned, forming hood over head. Legs short, stout.

Cryptocercus punctulatus Scudder

Fig. 7; Map 13
Cryptocercus punctulatus Scudder, 1863a:420.

Diagnosis. Body apterous, dark. Eyes smaller than antennal sockets.

Description. As for genus Cryptocercus. Body shining dark brown to
almost black, with reddish brown abdomen and venter, and with dark brown
pronotum. Chromosome number, 2n male = 39 (Cohen and Roth 1970).

Range. Washington to California; New York to Northern Georgia.

Behavior and habitats. Hebard (1917¢) reported two colonies in Oregon
found in fir logs. The logs were soggy and the insects were found under the
bark, burrowing into the softer decayed areas of sapwood. Hebard also stated
that the species had always been found in similar situations in decaying trunks
of a variety of species of trees. Blatchley (1920) reported it as most numer-
ous in Virginia and North Carolina, in the decaying sapwood of pine or chest-
nut logs. As already noted C. punctulatus possesses intestinal flagellates, very
like those of termites, that enable it to feed upon and derive nourishment
from the wood which it excavates from its burrows.

Life history. Little is known to the seasonal history, but adults have
been recorded only from June to August.

Superfamily Ectobioidea

33

Members of this superfamily are the ‘‘Blattellidae,”” sensu lato, of
McKittrick (1964). Their characters are given in the key to superfamilies of
Blattodea. Despite apparent evolutionary convergence, and despite similarities
and overlapping of genitalic, proventricular, and biological characters, there
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would seem to be some practical advantage in continuing to recognize
more than McKittrick’s single family for this great array of species, which
constitute about half the known species of cockroaches.

Key to families of Ectobioidea

1. Body small (seldom more than 10 mm long), pale. Hind wings with large
apical intercalated triangle. Subgenital plate of male obliquely asym-
metrical, widely triangular, with reduced styles .................
.......................................... Ectobiidae (p. 103)

Body usually somewhat larger (10-20 mm, or more), generally darker, or

pale with distinct dark marks. Hind wings without large apical triangle.

Subgenital plate of male of various forms, but not as above .....

Blattellidae (p. 105)

Clé des familles d'Ectobioidea

1. Corps petit (de longueur dépassant rarement 10 mm) et pale. Ailes posté-
rieures munies, dans la partie apicale, d’un large triangle intercalaire.

Plaque sous-génitale des males obliquement asymétrique, formant un

triangle large, munie de styles réduits ........ Ectobiidae (p. 103)

Corps habituellement plus grand (de 10 & 20 mm ou plus) et en général plus

foncé ou pile avec des marques foncées distinctes. Ailes postérieures

dépourvues d’un large triangle apical. Plaque sous-génitale des méles

de formes diverses, mais différente de celle décrite plus haut .. ...

Blattellidae (p. 105)

Family Ectobiidae

The main distinguishing features of this family have already been given
in the key to families. There are 10 genera and 180 known species, the great
majority of them being confined to the Old World. Some species are the most
fully adapted of all cockroaches to life in cold climates.

Genus Ectobius Stephens

Description. Body small, rather delicate (less than 10 mm long), tawny
or grayish, agreeing in general terms with the characteristics already given
for the family. Apical triangle of hind wing traversed by single vein.

Ectobius pallidus (Olivier)
Fig. 50; Map 16

Blatta pallida Olivier, 1789:319.

Blatta livida |nec De Geer, 1773] Fabricius, 1793:10.

Blatta livens Turton, 1802:529.

Ectobius pallidus; Flint 1951:53 (first North American record).
Ectobius pallidus; Roth and Willis 1957b:31-37; Helfer 1963:58.

103



Common name. Spotted Mediterranean cockroach.

Diagnosis. Body small (9 mm, or less, long), rather broad, pale tawny
with maculations.

Description. Body small (8-9 mm long, including tegmina), pale tawny
yellow with numerous small dark brown and blackish dots, or maculae,
particularly on the tegmina, but also on pronotum. Hind wing with large
intercalated triangular area at apex, veinless except for single indistinct long
vein. Tarsi each with distinct arolium, with claws of unequal length. Male
subgenital plate with sifigle small style. Chromosome number, 2n male = 21
(Cohen and Roth 1970).

Range. Michigan and Massachusetts; Europe.

Behavior and habitats. Individuals of E. pallidus are found among leaf
litter in shady woods, under tree bark, and under debris. They are known
to run on the surface of vegetation at night. They are fully alate, and both
sexes can fly well. In both Massachusetts and Michigan they are known to
invade domestic premises. Roth and Willis (1957b) give an account of the
biology of the introduced populations of this species. They mention that two
species of ant prey upon it and that there is a mermithid nematode parasite.

Life history. The species apparently passes the winter in the egg stage,
although overwintering may take place under natural conditions in the nym-
phal stage (Roth and Willis 1957b), but it can probably survive in buildings
as adults.
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Economic importance. The species has no economic significance in
Europe. Gurney (1968) states that it is not likely to become an important
pest in North America but that the occasional infestation of buildings,
particularly private houses, may occur.

Family Blattellidae

The family Blattellidae constitutes the largest single family of cock-
roaches. It occurs (at least as introductions) throughout almost the entire
range known for the order Dictuoptera. On an individual species basis, one
member of the family, Blattella germanica (Linnaeus), is among the most
widely dispersed of all insects, occurring, as it does, on some of the remotest
oceanic islands, and, under artificially heated conditions, within about 750 km
of the North Pole. Blattellidae includes the only native Canadian cockroaches,
and, with the exception of Cryptocercus, the only endemic species for the
whole region here covered. The native species are, however, exclusively east-
ern; by contrast with the two introduced species, none can be regarded as
a pest, although sensitive people object to their occasional presence in summer
homes and camps.

Key to subfamilies of Blattellidae

1. Male with retractable hook on right phallomere; basal phallic sclerite long,
unforked. Female carrying ootheca with keel uppermost.1 Tenth ter-
gum with deep terminal notch. First pair of ovipositor valves not
embracing second and third valves laterally. Spermathecae in single pair,
with openings at tip of genital papilla. Laterosternal shelf broad, with
posterior border flat or slightly curved, rarely narrowly divided, but
if not of this form, then first valvifer arms and spermathecal plate firmly
joined anteriorly; vestibular sclerite small, broad ................
............................... Pseudophyllodromiinae (p. 106)

Male with retractable hook on left phallomere; basal phallic sclerite more
or less forked. Female carrying ootheca with keel directed laterally (i.e.,
rotated through 9O°).1 Tenth tergum with slight notch or none. First
pair of ovipositor valves embracing second and third valves laterally.
Spermathecae usually in 2 (occasionally more) pairs (if 1 pair only, then
first valvifer arms and spermathecal plate separated anteriorly by mem-
brane), with openings on groove of genital papilla; vestibular sclerite
small, slender, discrete, or absent ........... Blattellinae (p. 108)

I The position of the ootheca in dried specimens or in species in which it is rotated, may differ
from the positions indicated, either due to distortion or to the fact that rotation has not been
completed. Caution should therefore be exercised in using this character.
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Clé des sous-familles de Blattellidae

1. Chez les males, crochet rétractile sur le phallomére de droite; sclérite phal-
lique basilaire long et non fourchu. Chez la femelle, I’'oothéque est portée
la partie inféricure retournée vers le haut!. Dixiéme tergite portant une
indentation profonde. La premiere paire de valves de 'ovipositeur
n’enveloppe pas la deuxieme et la troisieme paires latéralement. Une
scule paire de spermathéques, s’ouvrant a 'extrémité de la papille géni-
tale. Rebord latérosternal large, a bord postérieur plat ou légérement
incurvé et rarement divisé; sinon, premieres valviféres et plaque de la
spermatheque jointes solidement en avant; sclérite du vestibule petit
et large ........ .. ... . ... .. ... Pseudophyllodromiinae (p. 106)

Chez les males, crochet rétractile sur le phallomére de gauche; sclérite phal-
lique basilaire plus ou moins fourchu. Chez la femelle, oothéque portée
le dessous tourné vers le coté (rotation de 90°)l. Dixiéme tergite a
indentation légeére ou sans indentation. Premiere paire de valves de
I’ovipositeur enveloppant la deuxiéme et la troisiéme paires latérale-
ment. D’habitude deux paires de spermatheques (parfois plus). S’iln'y
en a qu'une paire, les premiéres valviferes et la plaque de la sperma-
theéque sont séparées antérieurement par une membrane. Les sperma-
theques s’ouvrent dans le sillon de la papille génitale. Sclérite du vestibule
petit, gréle, dissimulé ou absent ............. Blattellinae (p. 108)

I La position de ’ootheque chez les spécimens séchés ou chez les espéces ou elle déerit un
mouvement de rotation peut différer des positions décrites soit a cause d’une distorsion ou
a cause d’une interruption du mouvement de rotation. Ce caractére ne doit donc étre utilisé
qu’avec précaution,

Subfamily Pseudophyllodromiinae

This is McKittrick’s (1964) invalid subfamily Plectopterinae.

Genus Supella Shelford

Description. Body size medium (10.5-12 mm long), slender. Eyes well-
separated, with interocular area flattened and raised to form rounded angu-
lation with ocellar area. Tegmina of male narrow, delicate, of females some-
what reduced; wings hyaline. Male subgenital plate asymmetrical, elongate,
triangular, fused with styles. Female subgenital plate large, broad. Legs
slender; fore femur armed with weak spines that gradually diminish in size
toward apex, followed by 2 large subequal spines near apex (Fig. 39).

Supella longipalpa (Fabricius)
Figs. 37-39; Map 17

Blatta longipalpa Fabricius, 1798:185.

Blatta supellectilium Audinet-Serville, 1838:114.

Ischnoptera vacillons F. Walker, 1868:114.

Supella supellectilium;, Hebard 1917¢:47; Helfer 1963:46.

Supella longipalpa; Princis 1960b:193; Vickery et al. 1974:30; R. J.
Harrison 1980:10.
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Map 17. Collection localities for Supella longipalpa.

Common name. Brownbanded cockroach.
Diagnosis. Tegmina pale brown, banded by 2 darker blotches.

Description. As for genus Supella. Pronotum one-third wider than
long, narrowed from posterior third to anterior end, with disc feebly convex
and with posterior margin weakly convex. Tegmina pale brown, with 2 darker
blotches. Dorsum of sixth abdominal segment of male with circular deeply
depressed area containing low conical tuft of closely adpressed hairs.
Chromosome number, 2n male = 19 (Cohen and Roth 1970).

Range. British Columbia to Newfoundland (in buildings); cosmo-
politan.

Behavior and habitats. In northern latitudes, the brownbanded cock-
roach is entirely domiciliary, surviving winter only in heated buildings. It
ranks with Blattella germanica in importance as a household pest. In some
instances it has displaced B. germanica. On account of its propensity to seek
the extra warmth to be found in radio and television receivers, it has
sometimes been dubbed the ‘“‘television (cock)roach.”

Life history. Gould and Deay (1940) and Hull and Davidson (1958)
studied the life cycle of this species under laboratory conditions. The adult
life span varies from 4 to 10 months at about 22°C. Each female deposits
an average of 10 oothecae at about 10-day intervals. Nymphs mature in about
3 months at 28°C but require twice as long at 22°C. Under warm conditions,
breeding is continuous.
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Economic importance. S. longipalpa is increasing in importance and
no doubt will continue to do so as it spreads within communities where it
is established and to other cities and towns where it is not yet known. It is
a very agile species. It tends to dominate in locations where it occurs, so that
previously present species disappear. It does not seem to be so readily
controlled by chemical means as are other domiciliary species.

Subfamily Blattellinae

In the restricted sense of McKittrick (1964), so far as the region here
covered is concerned, this subfamily includes only the native genus Parco-
blatta Hebard and the ubiquitous introduced domiciliary Blattella germanica
(Linnaeus).

Key to genera of Blattellinae

1. Pronotum pale, with 2 conspicuous longitudinal dark bars (Fig. 41). Tegmina
of female not distinctly abbreviated ............ Blattella (p. 108)

Pronotum dark with pale anterior and lateral margins. Tegmina of female

usually abbreviated .................... ... Parcoblatta (p. 110)

Clé des genres de Blattellinae

l. Pronotum pale, marqué de 2 lignes longitudinales foncées (fig. 41). Tegmina
des femelles non clairement tronqués ........... Blattella (p. 108)

Pronotum foncé, a bords antérieurs et latéraux pales. Tegmina des femelles
habituellement tronqués ...... ............ Parcoblatta (p. 110)

Genus Blattella Caudell

Description. Body small (male 10.5-11.5, female 11-12.8 mm long),
rather narrow. Head long, nearly hidden by pronotum. Eyes well-separated,
with interocular area not flattened. Tegmina narrow, surpassing apex of abdo-
men; hind wings hyaline. Male subgenital plate asymmetrical. Female sub-
genital plate large, convex, truncate. Anteroventral margin of fore femur
armed on basal half with longer spines followed apically by row of much
shorter spines, with 3 longer unequal spines near apex (Fig. 42); tarsal
segments elongate, with arolia small.

Blattella germanica (Linnaeus)
Figs. 40-42; Map 18

Blatta transfuga Brunnich, 1763:697.
Blatta germanica Linnaeus, 1767:668.
Blatta bivittata Saussure, 18645:102.
Blatella germanica; Caudell 19035:239.
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Map 18. Collection localities for Blattella germanica.

Common name. German cockroach.

Diagnosis. Pronotal disc with 2 dark longitudinal stripes (Fig. 41).

Description. As for genus Blattella. Pronotal disc with 2 blackish or
dark brown longitudinal stripes separated by testaceous stripe (Fig. 41);
general color dull brownish yellow, with legs paler; females often darker than
males. Tegmina and wings of female extending to apex of abdomen, those
of male longer. Chromosome number, 2n male = 23 (Cohen and Roth 1970).

Range. Alaska to Newfoundland; cosmopolitan.

Behavior and habitats. Requires food, warmth, and moisture and can
establish itself anywhere if these requirements are met. It is reported from
stores, warehouses, bakeries, food-processing and storage buildings, and
dwellings, often in great numbers. It will displace other species of cockroach
in places it infests, being an excellent competitor. It may itself be displaced
by Supella longipalpa, which is, however, not so universally distributed.

Life history. Adults mate within a few days of reaching the adult stage.
Females will copulate repeatedly. Willis et al. (1958) reported on develop-
ment at 30°C. Each female produces 4-8 oothecae (average 7) with an aver-
age of 37 eggs per ootheca. Nymphs have 5-7 molts and, in isolation, males
mature to adults in 38 days with 5 molts; females in 63 days with 7 molts.
However, when reared in groups, both sexes mature in about 40 days. Adult
longevity varies from 128 days (average for male) to 153 days (average for
female). At lower temperatures, the life cycle is extended somewhat.
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Economic importance. B. germanica is a common pest of houses,
restaurants, and so forth, and is difficult to eradicate. Individuals move
rapidly and are able to utilize very small spaces in which to hide. In many
cities, this species is responsible for much of the livelihood of pest control
operators; without it many would go out of business.

Genus Parcoblatta Hebard

Description. Body size medium (male 11.5-24.5, females 9.8-22 mm
long), ovate-clongate in male (Fig. 43), broader and more compact in female.
Pronotum feebly convex, in male elliptic, narrowed anteriorly, with posterior
margin rounded, and with 2 oblique impressions on disc, in female semi-
circular, with posterior margin truncate, lacking impressions on disc. Tegmina
membranous, translucent, extending beyond abdomen in males, not reaching
apex in females (and often abbreviated) except in P. caudelli. Male styles
slender, deflexed, cylindrical; right style slightly longer than left.

Key to species of Parcoblatta

(Tegmina and wings of males must be separated to show dorsal abdominal segments.)

1. Tegmina exceeding apex of abdomen (Fig. 43). Pronotum elliptic, narrowed
anterjorly, with posterior margin rounded. Subgenital plate with right
style slightly longer than left (males) ............ ... ... ... ..., 2

Tegmina reduced (except in caudelli). Pronotum nearly semicircular, with
posterior margin truncate (Figs. 44, 45). Subgenital plate with styles
symmetrical (females) ........ .. . ... .. . 7

2(1).  Dorsum of median segment (apparent first abdominall) alone specialized
(Figs. 47, 48) .. i e 3

Both median and true first abdominal segments (apparent first and second

abdominals) with twin specialized areas (Fig. 46) .............. 5

3(2). Median abdominal segment with single specialized area, this moderately large
and with minute scattered hairs (Fig. 47) ......... .. ... ... ....
..................... virginica (Brunner von Wattenwyl) (p. 112)

Median abdominal segment with smaller twin specialized areas (Fig. 48) .. 4

4(3).  Pronotum short, widest at middle. Tegmina much broader than pronotum.
Subgenital plate, when viewed from beneath, not elevated at base of

“right’” style2 .................... uhleriana (Saussure) (p. 113)

Pronotum longer, widest behind middle. Tegmina little broader than
pronotum. Subgenital plate elevated at base of “‘right”” style .....
...................... fulvescens (Saussure & Zehntner) (p. 115)

5(2).  Specialized areas on dorsal abdominal segments weakly elevated; anterior
faces with heavy tuft of hairs ........... .. ... ... .. ... ... 6

Specialized areas on dorsal abdominal segments distinctly elevated; ventral
face of overhanging extremities heavily supplied with hairs (Fig. 46)
.............................. pennsylvanica (De Geer) (p. 115)

6(5). Body size medium, slender. Pronotum 2.9-3.4 mm long, 3.9-4.7 mm wide
caudelli Hebard (p. 117)

1 The median segment is actually the metathorax; it appears to be the first abdominal segment.
The actual first abdominal segment thus appears to be the second.

2 Meaning ‘‘right’’ only from the viewpoint of the observer; actually left in respect of the insect
itself.
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Body larger, robust. Pronotum 4.2-5.2 mm long, 5.4-6.7 mm wide . ..
......................... lata (Brunner von Wattenwyl) (p. 117)

7(1).  Tegmina strongly reduced ......... .. ... .. . i 8
Tegmina moderately reduced, not confined to lateral position or apically
EEUDNCALE .o .t ottt e e e et e 11

8(7). Tegmina represented by rounded subtriangular lateral lobes (Fig. 45) ..
.................................. uhleriana (Saussure) (p. 113)

Tegmina represented by subquadrate slightly overlapping lobes ..... 9

9(8). Tegmina truncated at apex of anal field (Fig. 44). Pronotum 3.1-4.9 mm
long, 4.6-6.6 mm wide ........... .. ... .. ... 10

Tegmina truncated distal to apex of anal field. Pronotum 4.8-6.1 mm long,

6.8-8.2 mm wide ......... lata (Brunner von Wattenwyl) (p. 117)

10(9). Body small, slender (pronotum 3.2-3.8 mm long, 4.0-4.9 mm wide), pale.
Supra-anal plate with apex straight to sharply rounded ..........
..................... virginica (Brunner von Wattenwyl) (p. 112)

Body medium in size (pronotum 3.1-4.9 mm long, 4.6-6.6 mm wide), brown

to blackish brown. Supra-anal plate with apex feebly concave to bluntly

rounded .............. fulvescens (Saussure & Zehntner) (p. 115)

11(7).  Apices of tegmina not reaching beyond apex of supra-anal plate. Body dark
brown, with lateral pronotal margins pale ......................
.............................. pennsylvanica (De Geer) (p. 115)

Apices of tegmina exceeding apex of supra-anal plate. Body tawny ....
..................................... caudelli Hebard (p. 117)

Clé des espéces de Parcoblatta

(Les tegmina et les ailes des males doivent étre ouverts pour permettre d’observer
les tergites abdominaux.)

1. Tegmina dépassant I’extrémité de ’abdomen (fig. 43). Pronotum elliptique,
plus étroit en avant et & bord postérieur arrondi. Sur la plaque sous-
génitale des males, le style droit est légérement plus long que le style
gauche ... . 2

Tegmina réduits (sauf chez le caudelli). Pronotum presque semi-circulaire,
a bord postérieur tronqué (fig. 44 et 45). Sur la plaque sous-génitale

des femelles, les styles sont de longueur égale ................. 7
2(1).  Le tergite du segment médian (le premier segment abdominal apparent!)
est le seul a porter des structures spécialisées (fig. 47 et 48) ... .. 3

Le segment médian et le premier véritable segment abdominal (premier et
deuxieme segments apparents) portent une paire de structures spéciali-

s€es (fig. 46) .. o 5

3(2). Segment abdominal médian portant une seule structure spécialisée, de taille
moyenne, parsemée de poils (fig. 47) ... .. L
..................... virginica (Brunner von Wattenwyl (p. 112)

Segment abdominal médian portant une paire de structures spécialisées plus

petites (f1g. 48) ... i e 4

4(3).  Pronotum court, plus large au milieu. Tegmina beaucoup plus larges que
le pronotum. Plaque sous-génitale, vue du dessous, non relevée a la

base du style droit2 ................ uhleriana (Saussure) (p. 113)

lpe segment médian est en réalité le métathorax, méme s’il semble s’agir du premier segment

abdominal. Ainsi, le véritable segment abdominal semble étre le deuxieme et non le premier.
2 A droite par rapport a I’observateur; en réalité, il s’agit du coté gauche de Iinsecte.
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5(2).

6(5).

7(1).

8(7N).

9(8).

10(9).

11(7).

Pronotum plus long, plus large en arriére de la partie médiane. Tegmina
un peu plus larges que le pronotum. Plaque sous-génitale relevée a la
base du style droit ... .. Sfulvescens (Saussure & Zehntner) (p. 115)

Structures spécialisées des segments abdominaux légérement protubérantes;
faces antérieures pourvues d’épaisses touffes de poils .......... 6

Structures spécialisées des segments abdominaux clairement protubérantes;
face ventrale des extrémités surplombantes abondamment recouvertes

de poils (fig. 46) ........... ... pennsylvanica (De Geer) (p. 115)
Corps de taille moyenne et gréle. Pronotum de 2,9 4 3,4 mm de longueur,
de 3,9 a 4,7 mm de largeur ............ caudelli Hebard (p. 117)
Corps plus gros et robuste. Pronotum de 4,2 4 5,2 mm de longueur, de 5,4
a 6,7 mm de largeur ...... lata (Brunner von Wattenwyl) (p. 117)
Tegmina de taille trés réduite . ... ... ... .. .. . i 8
Tegmina de taille légérement réduite, non limités 4 une position latérale ni
apicalement tronqUES ... ... ...ttt e 11

Tegmina en forme de lobes latéraux subtriangulaires arrondis (fig. 45) .
.................................. uhleriana (Saussure) (p. 113)

Tegmina en forme de lobes subquadrangulaires légérement superposés ... 9
Tegmina tronqués a I’apex de la zone anale (fig. 44). Pronotum de 3,1 a
4,9 mm de longueur, de 4,6 a 6,6 mm de largeur ............. 10

Tegmina tronqués en position distale de I’apex de la zone anale. Pronotum
de 4,8 4 6,1 mm de longueur, de 6,8 a 8,2 mm de largeur ........
......................... lata (Brunner von Wattenwyl) (p. 117)

Corps petit, gréle (pronotum de 3,2 4 3,8 mm de longueur, de 4,0 34,9 mm
de largeur) et pale. Apex de la plaque supra-anale variant de rectiligne
a fortement arrondi . ...... ... ...
..................... virginica (Brunner von Wattenwyl) (p. 112)

Corps de taille moyenne (pronotum de 3,1 & 4,9 mm de longueur, de 4,6
a 6,6 mm de largeur), brun & brun noiratre. Plaque supra-anale ayant
un apex variant de légérement concave a légerement convexe ... ..
...................... fulvescens (Saussure & Zehntner) (p. 115)

Apex des tegmina ne dépassant pas ’apex de la plaque supra-anale. Corps
brun foncé, bords latéraux du pronotum péles ..................
.............................. pennsylvanica (De Geer) (p. 115)

Apex des tegmina dépassant ’apex de la plaque supra-anale. Corps brun
clair ..o caudelli Hebard (p. 117)

Parcoblatta virginica (Brunner von Wattenwyl)

Figs. 44, 47; Map 19

Temnopteryx virginica Brunner von Wattenwyl, 1865:86.

I[schnoptera] borealis Brunner von Wattenwyl, 1865:153.

Parcoblatta virginica; Hebard 1917¢:96; Cantrall 1943:72; Helfer
1963:41.

Diagnosis. Outdoor species. Male abdomen with median segment

specialized. Female small, pale.

Description. Median abdominal segment possessing large specialized

area with minute scattered hairs (Fig. 45). Male supra-anal plate four times
as broad as long, truncate. Tegmina of females greatly reduced, subquadrate,
slightly overlapping (Fig. 44). Supra-anal plate of female with lateral margins
straight, converging posteriorly to sharply rounded apex.

112



Map 19. Collection localities for Parcoblatta virginica.

Range. Minnesota to Maine, south to Alabama and North Carolina.

Behavior and habitats. This is a free-living species, found near woods
and occasionally near cultivated fields, under logs, leaves, or other debris.
Cantrall (1943) reported its favorite habitat as ‘‘deep, moist piles of dead
and decaying leaves, humus, and the crevices beneath the bark of decaying
logs.”” It appears to be confined to locations where moisture is abundant
and continuous, and it apparently cannot survive under dry conditions.

Life history. Winters are passed as nymphs, which mature early in
June; adults are present only until mid-August. Adults are most abundant
about the middle of June. Males are seidom found after mid-July.

Parcoblatta uhleriana (Saussure)

Figs. 45, 48; Map 20

I[schnoptera] uhleriana Saussure, 1862:169.

Pllatamodes] unicolor Scudder, 1863a:417.

E[ctobia) lithophila Scudder, 1863a:418.

Ischnoptera intricata Blatchley, 1903:186.

Parcoblatta uhleriana; Hebard 1917¢:105; Cantrall 1943:72; Helfer
1963:43,

Diagnosis. Outdoor species. Pronotum of male short. Tegmina much
broader than pronotum; female tegmina with rounded subtriangular lateral
lobes.
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Description. Body slender. Male with twin specialized areas on median
abdominal segment (Fig. 48), each bearing tuft of hairs. Male supra-anal
plate twice as broad as long, rounded at apex. Female tegmina represented
by subtriangular lateral pads, which are separated by space equal to a quarter
of width of one pad (Fig. 45). Female supra-anal plate with lateral margins
convergent, weakly concave. Body pale brownish yellow, with tegmina often
darker; head with brownish stripe from between eyes down two-thirds length
of face.

Range. Iowa to southern Ontario, south to Mississippi and Florida.

Behavior and habitats. P. uhleriana is found in forested areas, in
habitats similar to those of P. virginica, although uhleriana also inhabits areas
that are much drier than those required by virginica. Cantrall (1943) found
it on the George Reserve, southern Michigan, associated with rotten logs and
large piles of dead leaves in oak-hickory forest. Hubbell (1922b) trapped
specimens only in baited pit-traps. Cantrall (1943) found males in pit-traps
as well as at light at night.

Life history. Like other species of Parcoblatta, P. uhleriana winters
in the nymphal stage, maturing early in June. Adult males disappear early
in July and females persist only until late August.
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Parcoblatta fulvescens (Saussure & Zehntner)

[Ischnoptera uhleriana var.] fulvescens Saussure and Zehnter, 1893:36.
Temnopteryx texensis Saussure and Zehntner, 1893:52.
Parcoblatta fulvescens; Hebard 1917¢:114; Helfer 1963:43.

Diagnosis and description. Body size medium (length 10.8-16.5 mm).
Male with median abdominal segment specialized, this with twin weakly
arcuate raised ridges that converge anteriorly; each anterior face bearing tuft
of hairs. Female tegmina represented by subquadrate overlapping pads; pads
truncate apically. Chromosome number, 2n male = 37 (Cohen and Roth
1970).

Range. Southern New York, south to Texas and Florida.

Parcoblatta pennsylvanica (De Geer)

Figs. 43, 46; Map 21

Blatta pensylvanica [sic] De Geer, 1773:537.

Blatta borealis Saussure, 1862:166.

[Ischnoptera] couloniana Saussure, 1862:169.

[[schnoptera] nortoniana Saussure, 1862:169.

Ectobia flavocincta Scudder, 1863a:419.

Ischnoptera translucida Saussure, 18645:85.

Temnopteryx marginata Scudder, 1872:251.

Ischnoptera inaequalis Saussure and Zehntner, 1893:36.

Parcoblatta pensylvanica [sic]; Hebard 1917¢:139.

Parcoblatta pennsylvanica; Blatchley 1920:86; Helfer 1963:42; Vickery
et al. 1974:28; R. J. Harrison 1980:10.

Diagnosis. Found outdoors. Male long-winged with both median and
true first abdominal segments possessing twin specialized areas. Female
tegmina not reaching apex of abdomen. Body dark, with pronotal margins
pale.

Description. Body large (pronotal length 4.2-5.8 mm). Dorsum of male
abdomen specialized as in key (Fig. 46). Male subgenital plate 1.5 times
broader than long, convex except near apex where it is narrowed, often
concave near styles; left style (as seen from below) slightly stouter and more
deflexed than right one. Female subgenital plate strongly convex, twice as
wide as long, broadly rounded apically. Tegmina of male exceeding abdomen,
of female variable, usually covering two-thirds, or more, of abdomen. Head
brown, paler laterally, with pronotal disc and posterior margin brown,
yellowish transparent laterally; tegmina pale reddish brown with yellowish
transparent margin for one-third to one-half their length; abdomen dark
brown; legs mainly yellowish brown on tibiae and tarsi. Chromosome
number, 2n male = 37 (Cohen and Roth 1970).

Range. North Dakota to Québec, south to Texas and Georgia.
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Map 21. Collection localities for Parcoblatta pennsylvanica.

Behavior and habitats. P. pennsylvanica is native to North America
and is a free-living species. It is found usually among fallen leaves, or under
rocks or logs, in deciduous forest. It is agile and often escapes detection.
It can be trapped, using nearly buried jars or cans containing molasses.
Blatchley (1920) reported this species feeding upon dead larvae of Tenebrio,
so it is possible that other insects, as well as living and decaying vegetation,
make up most of the food requirements. He also reported oothecae under
tree bark. These are chestnut brown, 5-9 mm long and about 4 mm broad,
with one edge slightly concave and the other minutely serrate.

Life history. Hebard (1917c¢) stated that males probably winter as nearly
full-grown nymphs, maturing early in the spring. Females mature somewhat
later. Adults are common from late May to October. Nymphal stages are
common from mid-August until they take shelter for the winter.

Economic importance. Although this species is not confined to
domiciliary existence like most cockroach species in the region, it is reported
frequently in the fall from summer cottages, motels, or other buildings in
forested areas, where it apparently seeks shelter from winter conditions
(MacNay 19594, 1961a). It is sometimes attracted to light, now and then
causing unwarranted alarm. It is not a pest, although occasionally it has
damaged wallpaper, when other food was lacking, in getting at the flour paste
beneath.

116



Parcoblatta caudelli Hebard

Parcoblatta caudelli Hebard, 1917¢:122.
Parcoblatta caudelli; Blatchley 1920:89; Helfer 1963:45.

Diagnosis and description. Body small (10.7-16 mm long). Male with
specialized areas on dorsum of both median and first abdominal segments,
these weakly elevated with hair tufts on anterior faces. Females with tegmina
long, exceeding apex of abdomen.

Range. Ontario (as adventive), Indiana to southern New York, south
to Texas.

Parcoblatta lata (Brunner von Wattenwyl)

I [schnoptera] lata Brunner von Wattenwyl, 1865:135.
Parcoblatta lata; Hebard 1917¢:126; Helfer 1963:44.

Diagnosis and description. Body large (15.7-22 mm long), robust. Male
with specialized dorsal abdominal segments similar to those of P. caudelli.
Female with tegmina represented by subquadrate slightly overlapping pads;
pads truncate distal to anal field.

Range. Massachusetts (as adventive); Maryland, south to Texas and
Florida.

Order Grylloptera—katydids and crickets

Members of this order are the insects most commonly called Ensifera
in recent literature, where they are regarded as constituting a suborder of
Orthoptera, sensu lato. They include the crickets, katydids, and long-horned
grasshoppers. They share several features with the Orthoptera, sensu stricto,
notably the generalized biting and chewing mouthparts, usually somewhat
backwardly produced pronotum, enlarged and modified hind legs, basically
similar wing venation, and a widespread ability, mainly in males, to stridulate
loudly. They differ in many ways, however, and some of the shared features
are doubtless due to their ancient, although not necessarily immediately
common, lineage (mouthparts, wing venation) or to parallel or convergent
evolution. (The jumping hind legs probably developed more than once as
a ‘‘catapult’’ mechanism for launching early, aerodynamically rather
awkward insects into the air; the stridulatory mechanisms are clearly indepen-
dently evolved, as they are, for the most part, of quite a different nature;
they vary throughout both groups, as they do in other orders of insects,
notably Hemiptera.) The characters separating Grylloptera from Orthoptera,
sensu stricto, include the following: antennae fine, threadlike, simple, nearly
always at least as long as, and often longer than, body, and with numerous
short ill-defined segments. Mandibles of biting type, more or less symmetri-
cal, with rather acute teeth, occasionally greatly enlarged in males. Thoracic
pleura largely concealed by lateral pronotal lobes, with visible parts small;
prothoracic spiracle and associated tracheal system sometimes enlarged and
modified as auditory organ (some Tettigonioidea). Legs with tarsi either
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3- or 4-segmented; front tibiae often with proximal auditory organ; hind
femur sometimes possessing longitudinal rasplike stridulatory ridge or a patch
of fine, rather irregularly distributed teeth on inner faces (some Stenopel-
matoidea). Tegmina frequently resembling broad-leaved (dicotyledonous)
foliage (many Tettigonioidea), with venation of bases (at least) usually modi-
fied for stridulation, typically incorporating a file and enlarged cells, sound
being produced by the rubbing of the two together; hind wing with ‘‘fan”’
not confined to anal region (i.e., apical margin normally continuously
rounded, but if unequally biarcuate, the emargination is in front of, not
behind, cubital veins). Base of abdomen without lateral auditory (tympanal)
organs, although often with a smooth area, stridulatory teeth, or ridges. Cerci
often long and flexible (not in Tettigonioidea). Ovipositor of female typically
sickle-, dagger-, sword-, or needle-like, sometimes reduced, rarely absent,
with valves tongued and grooved together so as to form virtually a single
structure, and with all six well-developed except in Grylloidea (in which the
inner pair are reduced) or when ovipositor is rudimentary or lacking. Male
subgenital plate (ninth abdominal sternum) typically with pair of styles, except
in Gryllodea; phallic structures lacking true intromittent organ. Salivary
glands typically well-developed and having reservoirs; proventriculus (gizzard)
normally well-developed, with sclerotized cuticular teeth or ridges; gut
with one pair of large gastric caeca; intestine convoluted to some degree;
Malpighian tubules coming together in groups and terminating in small
common ampullae, or (Grylloidea) uniting in a pair of common ducts.
Male ejaculatory duct with pair of associated ‘‘prostate’’ glands. Accessory
glands of female reproductive system often opening at base of ovipositor
independently of gonopore and spermathecal duct.

The number of chromosomes is variable, but commonly exceeds 12 pairs
(female diploid) and may be more than double this. In some Grylloidea,
however, there may be half this number, or even less.

Members of Grylloptera are largely, although by no means exclusively,
nocturnal. Most of ‘‘the music of the night”’ is due to their stridulation.
They are collectively found virtually throughout the habitat range of the
Orthopteroida, but are more predominantly tropical and arboreal and less
well represented at higher altitudes and latitudes than are Orthoptera, sensu
stricto. Unlike the latter, many are subterranean burrowers or cave-dwellers,
and subaquatic forms do not habitually swim. A large number are omnivorous
or at least partially, and sometimes exclusively, carnivorous; many are mainly
if not wholly phytophagous (probably a secondary evolutionary develop-
ment). A few are commensals, living in the habitations of other animals (ants,
termites, rodents, and man), but this relationship is not always obligatory.
Although mimicry of foliage and other plant materials, and occasionally
of other arthropods, is widespread, aposematic (warning) coloration is
uncommon, as is the production of irritant and similar secretions.

Members of Grylloptera usually copulate with the female above the male
(either the male comes from below or the female mounts the male). This is
the opposite of the position in Orthoptera, sensu stricto. A spermatophore
is produced and this is normally subspherical, flask-shaped, or pyriform,
and remains partly extruded from the female, which commonly eats some
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of it. Eggs, although normally laid in batches of several at a time, are generally
deposited separately, frequently in living plant tissues, and not held together
in ‘“‘egg pods.”’

Gregarious behavior is relatively uncommon, and sustained migration,
particularly in flight, rare, although both occur, sometimes spectacularly.
A number of species may become crop pests, mostly of a sporadic nature,
and a few others may be nuisances in human habitations and in other ways,
but, generally, the economic importance is not nearly as great as that of the
Orthoptera, sensu stricto. There is a large body of folklore associated with
some species.

Living Grylloptera number more than 1000 genera and something
like 8500 species divided among 2 suborders. These suborders are the
Tettigoniodea and Gryllodea.

Key to suborders of Grylloptera

l. Tarsi (at least middle pair) 4-segmented. Tegmina, when present, not bent
angularly downward along sides of body when at rest. Cerci shorter
and usually rigid, but if longer and flexible, sometimes segmented
(although this is almost always weak and confined to the apices).
Ovipositor not needlelike, virtually always present, even if small, and
with 6 distinct valves .................... Tettigoniodea (p. 119)

Tarsi 3-segmented, although metatarsus may appear subdivided. Tegmina,
when present and well-developed, bent angularly downward along sides
of body when at rest. Cerci long, flexible, almost invariably unseg-
mented. Ovipositor typically needlelike, occasionally absent, sometimes
flattened and/or curved, and with 4 valves well-developed .......
........................................... Gryllodea (p. 245)

Clé des sous-ordres de Grylloptera

I. Tarses (au moins ceux des pattes médianes) a 4 segments. Tegmina, lorsque
présents, non recourbés vers le bas sur les ¢otés du corps en position
repliée. Cerques courts et habituellement rigides, mais parfois segmen-
tés lorsqu’ils sont plus longs et flexibles (la segmentation est toutefois
presque toujours légere et limitée aux extrémités). Ovipositeur non en
forme d’aiguille, presque toujours présent, mais parfois petit et constitué
de 6 valves distinctes .................... Tettigoniodea (p. 119)

Tarses a 3 segments (le métatarse peut parfois sembler subdivisé). Tegmina,
lorsque présents et bien développés, incurvés vers le bas le long des cotés
du corps en position repliée. Cerques longs, flexibles, presque jamais
segmentés. Ovipositeur en forme typique d’aiguille, parfois absent,
parfois aplati et ou incurvé et ne comptant que 4 valves bien
développées. ... o Gryllodea (p. 245)

Suborder Tettigoniodea

The suborder Tettigoniodea consists of the katydids and various other
cricketlike insects other than true crickets and mole crickets. The two living
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infraorders are the Stenopelmatidea and the Tettigoniidea. The former
includes about 170 genera and somewhere in the order of 1000 known species;
the latter about 900 genera and 5000 species.

Key to infraorders of Tettigoniodea

1. General coloration brownish or grayish, often mottled, but never green. Head
rather globular, sometimes appearing disproportionately large (eyes
always small) (Fig. 117). Prothoracic spiracles small, simple. Legs often
heavily spined and modified for digging; front and middle tibiae often
with ventral articulated spines; front tibiae without auditory organs.
Wings absent. Cerci usually rather long and flexible .............
..................................... Stenopelmatidea (p. 120)

General coloration usually largely or wholly green, although brownish,
grayish, or mottled forms common. Head of various shapes but not
disproportionately large. Prothoracic spiracles often enlarged. Legs,
even if heavily spined, not modified for digging; front tibiae normally
with basal auditory organs. Wings present, brachypterous, or sometimes
micropterous, rarely completely apterous; veins of male tegmina (even
if latter reduced) almost always modified at base as stridulatory organs;
tegmina leathery unless reduced. Cerci shorter, rigid .............
........................................ Tettigoniidea (p. 159)

Clé des infra-ordres de Tettigoniodea

i. Corps variant de brunitre a grisatre, souvent moucheté, mais jamais
vert. Téte plutdt globuleuse, de taille parfois disproportionnée (yeux
toujours petits) (fig. 117). Stigmates prothoraciques petits et simples.
Pattes souvent couvertes de nombreuses épines et modifiées pour
creuser; tibias antérieurs et médians souvent munis d’épines ventrales
articulées; tibias antérieurs dépourvus d’organes auditifs. Ailes absentes.
Cerques habituellement longs et flexibles .............. ... .. ...
..................................... Stenopelmatidea (p. 120)

Corps d’habitude entiérement ou presque entiérement vert, parfois brunatre,
grisdtre ou moucheté. Téte de formes diverses, mais non dispropor-
tionnée. Stigmates prothoraciques souvent grands. Pattes jamais
adaptées au creusage, méme si elles sont couvertes de nombreuses épines;
tibias antérieurs normalement pourvus a la base d’organes auditifs. Ailes
présentes, insecte brachyptere, parfois microptére ou rarement com-
pléternent aptére; nervures des tegmina du méle (méme lorsqu’elles sont
réduites) presque toujours modifiées & la base pour former des organes
stridulants; tegmina tannés sinon réduits. Cerques plus courts,
rigides ... . Tettigoniidea (p. 159)

Infraorder Stenopelmatidea

Members of this infraorder include leaf-rolling crickets, stone crickets,
sand crickets, cave crickets, camel crickets, and weta, characterized by the
following combination of characters: general coloration brownish or gray-
ish, sometimes variegated, never green. Head round and bulletlike, some-
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times large in proportion to body. Eyes small, widely separated. Antennae
occasionally short. Prothoracic spiracles small, simple. Legs often heavily
spined and modified for digging, with tarsi 4-segmented (occasionally appar-
ently 3-segmented by reduction of second segment); front and middle tibiae
often with ventral articulated spines; lacking auditory organs. Wings absent.
Cerci usually rather long and flexible, occasionally weakly segmented, at least
toward apices. Subgenital plate (ninth abdominal sternum) of males with pair
of styles. Ovipositor normally fairly long and sabrelike, with all 6 valves
well-developed, occasionally reduced, rarely absent.

There are about 170 genera and rather more than 1000 living species,
divided between two superfamilies as recognized here: Stenopelmatoidea and
Rhaphidophoroidea. They are widely distributed throughout the world but
are mainly tropical or from the Southern Hemisphere; they are poorly
represented in the Palaearctic region. All fossil Stenopelmatidea (known from
the early Triassic onward) seem to belong to these superfamilies.

A high proportion of the species are cavernicolous or burrowing forms,
many others live on the surface of the ground, e.g., under stones or logs,
but there are also many arboreal species, mainly in the Old World tropics.
A few are commensals in rodent burrows, and so forth, and some are beetle
mimics. Members of the infraorder are mainly nocturnal, largely omnivorous,
or predatory. Most do not stridulate, although drumming sounds are made
by some. A few species are sometimes minor pests of crops and household
nuisances.

The most comprehensive work on the taxonomy of this group remains
that of Karny (1937). Most North American species, however, are covered
by the classic monograph of Hubbell (1936), which also includes much infor-
mation other than that of a purely taxonomic nature.

Key to superfamilies of Stenopelmatidea

I. Head and mandibles disproportionately large. Antennae widely separated
at bases. Hind femora neither greatly elongate nor unusually robust;

tarsi depressed, with distinct pulvilli ... Stenopelmatoidea (p. 122)

Head and mandibles not disproportionately large. Antennae arising fairly

close together. Hind femora usually greatly elongate or greatly

thickened; tarsi strongly compressed laterally, without pulvilli ....
.................................. Rhaphidophoroidea (p. 126)

Clié des super-familles de Stenopelmatidea

1. Téte et mandibules disproportionnées. Antennes éloignées I'une de ’autre
a la base. Fémurs postérieurs ni tres allongés ni anormalement robustes;
tarses aplatis et pourvus de pulvilles distinets. ..................
.................................... Stenopelmatoidea (p. 122)

Téte et mandibules non disproportionnées. Antennes rapprochées 'une de
I’autre a la base. Fémurs postérieurs habituellement trés allongés ou
trés épaissis; tarses fortement aplatis latéralement et dépourvus de
pulvilles .......................... Rhaphidophoroidea (p. 126)
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Superfamily Stenopelmatoidea

The insects included in this superfamily are stone-crickets, sand-crickets,
and leaf-rolling crickets. Although represented by only a few species in North
America, they constitute the principal superfamily of Stenopelmatidea,
including all winged forms, and all those with ‘‘outsize’” heads, unusually
short antennae or ovipositors, with auditory organs present at bases of
anterior tibiae, with a (femoro-abdominal) stridulatory mechanism, or with
hind legs that are neither unusually long nor stout. The antennae are usually
rather cylindrical and depressed, and have distinct pulvilli, or, if compressed,
they are only moderately so; the cerci are rarely segmented, but, if so, then
throughout their length (Lezinidae).

Exclusive of the Rhaphidophoroidea, which are commonly regarded as
an included family, there are about 125 genera and more than 750 species
of Stenopelmatoidea.

Family Stenopelmatidae

The family Stenopelmatidae, sensu stricto, includes the stone-crickets,
sand-crickets, ground-crickets, and Jerusalem crickets. The family consists
of stout-bodied insects, differing from other members of the superfamily
Stenopelmatoidea in having the following combination of characters: head
disproportionately large. Antennae usually rather short. Pronotum distinctly
widened anteriorly. Anterior coxae and tibiae above without spines, the latter
without auditory organs; all tibiae flattened and with strong spines for
digging; tarsi more or less cylindrical. Wings absent. Cerci rather short,
unsegmented. Ovipositor short, but not entirely lacking.

About six genera and a little over 30 species are known. Most are Central
American, whence a few extend into western North America. They clearly
constitute a relict group, but their fossil record is apparently no earlier than
the Miocene. The insects are mainly predators or scavengers that emerge,
usually at night, from burrows dug in the earth. They will, however, gnaw
at roots and parts of plants in contact with the ground, and thus may
occasionally be minor local crop pests.

Genus Stenopelmatus Burmeister

Description. Tegmina and wings absent. Head large in proportion to
body; head and pronotum glabrous or only indistinctly punctate; pronotum
expanded anteriorly, concealing posterior part of head. Body brown. Median
spur present on ventral face of fore tibia; hind tibia with prominent conical
to subconical spines on apical margin, these forming an uneven ringlet;
innermost teeth of ringlet usually longest.

Key to species of Stenopelmatus

1. Apical spurs of hind tibia cylindrical; innermost two spurs longer than others
.................... longispina Brunner von Wattenwyl (p. 123)
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Apical spurs of hind tibia spatulate or trowel-shaped; innermost three spurs
nearly equal and longer than outer spurs .......................

Clé des espéces de Stenopelmatus

1. Eperons apicaux des tibias postérieurs cylindriques; les deux éperons situés
le plus a ’intérieur sont plus longs que les autres ...............
.................... longispina Brunner von Wattenwyl (p. 123)

Eperons apicaux des tibias postérieurs en forme de spatule ou de truelle;
les trois éperons situés le plus a I’intérieur presque égaux ou plus longs
que ceux situés a Iextérieur ........... fuscus Haldeman (p. 124)

Stenopelmatus longispina Brunner von Wattenwyl

Map 22

Stenopelmatus longispina Brunner von Wattenwyl, 1888:260, pl. V,
fig. 1D.

Stenopelmatus californicus Brunner von Wattenwyl, 1888:261, pl. V,
figs. 1A, 1B, 1C.

Stenopelmatus irregularis Brunner von Wattenwyl, 1888:261.

Stenopelmatus terrenus J. A. G. Rehn, 19025:240.

Stenopelmatus longispina; Helfer 1963:305.
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Map 22. Collection localities for Stenopelmatus longispina.
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Diagnosis. Body large. Head large but not bulbous.

Description. Head large, but not with abnormally bulbous occiput.
Hind tibiae weakly concave dorsally; hind tibial spurs and spines rather
constant, with innermost two longer than others. Head, pronotum, and legs
yellowish to brownish; females with triangular darker transverse markings
dorsally on pronotum; abdomen shining dark brown with caudal margins
paler; coloration of immature individuals less distinct and pronotal markings
less apparent.

Range. British Columbia, south to northern Mexico.

Behavior, habitats, and life history. Presumably similar to those of
S. fuscus.

Economic importance. Like S. fuscus, this species causes sporadic
damage to roots of tubers (Spencer 1958).

Stenopelmatus fuscus Haldeman

Fig. 117; Map 23

Stenopelmatus fuscus Haldeman, 1852:372.

Stenopelmatus cephalotes F. Walker, 1869a:195.

Stenopelmatus fasciatus C. Thomas, 1872:434.

Stenopelmatus oculatus Scudder, 18764:261.

Stenopelmatus hydrocephalus Brunner von Wattenwyl, 1888:261.
Stenopelmatus comanchus Saussure and Pictet, 1897:290.

Map 23. <"ollection localities for Stenopelmatus fuscus.
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Common name, Jerusalem cricket.

Diagnosis. Body large (up to 50 mm long), shining. Head large, with
occiput bulbous in male.

Description. Dorsal surface shining. Head, especially in males, large
in proportion to body, particularly in occipital region (Fig. 117). Body large
(up to 50 mm long; pronotal length 6-9 mm, hind femur length 11-15 mm;
hind tibia length 10-13.8 mm). Head, pronotum, legs, and underside of body
buff to yellowish with dark brown markings (tending to orange red in south-
ern areas); abdomen dark brown above with posterior margins of segments
a much paler, buff color. Dorsolateral margins of subgenital plate of adult
(and preadult) male armed with hooks.

Range. British Columbia to North Dakota, south to Mexico.

Behavior and habitats. Barnum (1964) reported S. fuscus as noctur-
nal and subterranecan, found under rocks and debris. However, he also
reported finding individuals wandering on the desert in Nevada during late
afternoons when humidity was relatively high. The species occupies a wider
variety of habitats than other species of the genus in California (Tinkham
and Rentz 1969). Davis and Smith (1926) observed mating and reported that
the female pursues the male prior to mating, whereas the reverse is true of
S. intermedius. However, Tinkham and Rentz (1969) believe the specimens
called fuscus by Davis and Smith may have been longispina rather than fuscus.
Rentz (in Tinkham and Rentz 1969) reported on mating of S. intermedius
and S. nigrocapitatus. When a male detected the presence of an acceptable
mate, he drummed his abdomen against the substrate making an audible
sound. Apparently the drumming is usually done within burrows. The next
phase appeared like a battle, with the sexes grasping each other with their
mandibles. If the opposite sex was not acceptable, a real battle ensued and
the vanquished member was eaten. If the mate was acceptable, the male finally
mounted the female with his hind legs placed dorsally between the middle
and hind legs of the female at their bases. He then bent his abdomen to meet
the genitalia of the female. At the instant of contact a spermatophore was
ejected and attached to the female. The male with noticeable abdominal
pulsations pumped fluid onto the back of the female until a good part of
his abdominal contents seemed to have been emptied. The total act lasted
about 5 minutes. It appears that the female attacks and devours the male,
if she can, following copulation.

Life history. Hebard (1916a) suggested that the life cycle might extend
over several years. Tinkham and Rentz (1969) reported that second- or third-
instar nymphs which had been brought to the laboratory and reared took
4-5 years to mature.

The prolonged life cycle has resulted in collection of many immatures
and few adults. The wingless condition has added to the confusion as late-
instar nymphs are difficult to differentiate from adults. Adult males (and
last-nymphal-instar males) of S. fuscus can be determined by the hooks on
the dorsolateral margins of the subgenital plate. In earlier-instar males these
appear as swellings or ridges.

Economic importance. Inthe southern part of its range, S. fuscus has
been reported as damaging crops, particularly the roots and seedlings, as well
as potatoes (Henderson 1931).
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Superfamily Rhaphidophoroidea

All members of this superfamily, which includes camel crickets and cave
crickets, are completely apterous, lack detectable stridulatory or auditory
apparatus (although a few have been reported to make drumming sounds),
have the antennae arising close together on the head, and usually have greatly
elongate, or sometimes very stout hind legs, whose tarsi are strongly
compressed laterally and almost or virtually without pulvilli, occasionally
appearing to be 3-segmented by reduction of second segment. The cerci are
typically unsegmented, but in some, particularly in males, they are feebly
segmented toward their apices.

There are about 300 species and 45, or more, genera, mostly in the family
Rhaphidophoridae, found more or less throughout the geographical range
of the Stenopelmatidea. The great majority are cave dwellers, or live in
crevices, or burrow in sand; a few live on bushes. They seem to feed mainly
on dead and dying invertebrates, but some will also take plant material. A
few species may be minor pests or nuisances to humans.

Family Rhaphidophoridae

Insects such as camel-crickets, sand-treader crickets, and false cave-
crickets, constitute the principal family of Rhaphidophoroidea, in which the
apices of the posterior metatarsi have only one dorsal spine or none. They
typically have long hind legs, but in many North American digging forms
these may be short and stout.

There are about 250 species and 30 genera, divided among 7 sub-
families. Four of these (Ceuthophilinae, Daihiniinae, Tropidischiinae, and
Gammarotettiginae, the last two monogeneric) are exclusively North and/or
Central American and many live largely in crevices or burrow in sand. The
principal subfamily (Rhaphidophorinae) occurs mainly in the Indo-Australian
region and in Polynesia, with some forms reaching China and Japan. One
member of this subfamily, Tachycines asynamorus Adelung, is now cosmo-
politan in greenhouses, where, it is said, it occasionally damages shoots. Most
North American species belong to the Ceuthophilinae (see Hubbell 1936),
and some members of the genus Ceuthophilus Scudder may inhabit basements
and cellars of houses (caves of a sort!), where they may cause consternation
but no harm.

The oldest recognizable picture of an insect is one of Troglophilus sp.
from a cave in southern France, where, incidentally, the genus no longer
occurs (Magdalenian culture, ca. 16 000 B.C., or earlier).

Key to subfamilies of Rhaphidophoridae

1. Hind tibiae square in cross-section, armed along the 4 ridges with rows of
small closely set teeth (Fig. 123) ......... Tropidischiinae (p. 127)
Hind tibiae cylindrical, not toothed as above ..................... 2

126



2(1). Hind tibiae armed above with pairs of rather large movable spines alternat-
ing with series of small teeth; latter sometimes reduced and replaced
in distal part of tibia by large spines forming a ‘‘sand-basket.”’ Fastigium
of vertex not divided apically .............. ... ... .. . ... 3

Hind tibiae not so armed. Fastigium of vertex divided apically .......
................................... Rhaphidophorinae (p. 129)

3(2). All tarsi distinctly 4-segmented. Insects sometimes long-legged; short-legged
species sometimes with ‘‘sand-baskets’’ at ends of hind tibiae ....
...................................... Ceuthophilinae (p. 130)

At least anterior and middle tarsi, and sometimes hind tarsi also, appar-

ently 3-segmented owing to reduction of second segments (Figs. 179,

180). Hind legs rather short, never with ‘‘sand-baskets’’ on tibiae .

Daihiniinae (p. 158)

Clé des sous-familles de Rhaphidophoridae

1. Tibias postérieurs carrés vus en coupe transversale, les quatre arétes étant
munies de rangées de petites dents rapprochées (fig. 123) ........
...................................... Tropidischiinae (p. 127)

Tibias postérieurs cylindriques, dépourvus de dents comme ci-dessus . ... 2

2(1). Tibias postérieurs armés, en position proximale, de paires d’épines mobiles
plutdt grandes alternant avec des séries de petites dents; ces derniéres
étant parfois réduites et remplacées, en position distale du tibia, par
de grosses épines formant un panier. Fastigium du vertex non divisé

apicalement ... ... ... 3

Tibias postérieurs dépourvus de telles épines. Fastigium du vertex divisé
apicalement ........................ Rhaphidophorinae (p. 129)

3(2). Tous les tarses a 4 segments distincts. Insectes parfois pourvus de longues
pattes; especes a pattes courtes parfois pourvues de paniers aux extré-

mités des tibias postérieurs .............. Ceuthophilinae (p. 130)

Tarses antérieurs et médians, et parfois tarses postérieurs, apparemment
constitués de trois segments a cause d’une réduction du deuxieme
segment (fig. 179 et 180). Pattes postérieures plutot courtes, jamais de
panier sur les tibias ....................... Daihiniinae (p. 158)

Subfamily Tropidischiinae

All tibiae quadrangular in cross-section. All 4 carinae armed with many
uniform overlapping spines (Fig. 123). Large insects with legs greatly
elongated in proportion to body size.

Genus Tropidischia Scudder

Description. As for subfamily Tropidischiinae.

Tropidischia xanthostoma (Scudder)

Figs. 121-124; Map 24

Raphidophora xanthostoma Scudder, 1861:12.
Tropidischia xanthostoma; Scudder 1863a:441; Helfer 1963:307.
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Map 24. Collection localities for Tropidischia xanthostoma.

Diagnosis. Legs long; all tibiae square in cross-section, spined.

Description. Head as broad in front as pronotum; fastigium between
antennae formed as pair of rounded-triangular, flattened plates (Fig. 122).
Antennae long, slender, with pale annulations. Pronotum broader posteriorly,
with posterior margin truncate. Legs long and slender, with fore femora three
times as long as pronotum; hind femora nearly 1.5 times body length
(Fig. 124); all tibiae square in cross-section, spined. Abdomen broad. Male
subgenital plate broad, with posterior margin rounded and with a pair of
conical styles. Female subgenital plate broad, shallowly notched posteriorly.
Ovipositor three times as long as pronotum, tapered, curved upward, with-
out teeth at apex. General color dark chocolate brown, with head and legs
paler; distal ends of fore and middle tibiae and tarsi nearly flesh-colored;
mouthparts yellowish.

Range. British Columbia, south to California.

Behavior and habitats. Fulton (1928) found colonies of 7. xanthostoma
in dark areas under log bridges near Corvallis, OR; most of the individuals
were immature in May.

Life history. The few adults examined in collections were collected in
August and September, but maturation probably occurs earlier than this,
and with some irregularity. Fulton (1928) captured one adult in May.
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Subfamily Rhaphidophorinae

The characters of this subfamily are given in the foregoing key.

Genus Tachycines Adelung

Description. Head with paired prominent contiguous conical tuber-
cles on vertex (Fig. 119); head twice as long as wide. Antennae about three
times as long as body. Palpi long, slender, with fifth segment much longer
than the others. Legs slender and long in proportion to body size. Male sub-
genital plate short, broad, truncate. Cerci long, slender, tapered. Ovipositor
with apical half gently curved upward, and with inner valves crenulate
beneath.

Tachycines asynamorus Adelung

Figs. 118-120; Map 25

Tachycines asynamorus Adelung, 1902:59.

Locusta marmorata Haan, 1843:217 (name preoccupied).

Diestrammena japanica [sic] Blatchley, 1920:611 (new name for
marmorata).

Tachycines asynamorus; Henriksen 1939:11; Helfer 1963:308; Vickery
et al. 1974:38.

/ | [ %

Map 25. Collection localities for Tachycines asynamorus.

129



Common name. Greenhouse stone cricket.
Diagnosis. Head with conical tubercles on vertex (Fig. 119).

Description. General characters as in key to subfamily. Legs long and
slender; fore tibia with small median spur or spine between the paired disto-
ventral spurs (Fig. 120). Ovipositor somewhat shorter than half length of
hind tibia. Body brownish yellow, mottled with darker brown, covered with
fine yellowish pubescence; hind femur with fuscous blotches. Sexes about
equal in size (14-16 mm long).

Range. Saskatchewan to Québec, south to California; cosmopolitan.

Behavior and habitat. This species has become established only in
greenhouses (Blatchley 1920; Vickery and Kevan 1967; Beirne 1972). It feeds
on living plants, but aiso on dead plant material and on small living (and
dead) insects. Boettger (1950) reported on reproductive behavior. Copula-
tion takes place only in the dark. The male creeps backward beneath the
female and attaches a spermatophore to her genital opening. When the sexes
separate, the spermatophore sac is consumed by the female.

Life history. Breeding is continuous in heated greenhouses. Eggs are
laid in soil and nymphs appear after 3-4 months. Following 11 molts, the
adult stage is attained in about 7 months (Boettger 1950/1951).

Economic importance. Greenhouse plants may be damaged by feed-
ing on seedlings, blossoms, seeds, or green leaves. Injury is usually not serious.

Subfamily Ceuthophilinae

Legs short and stout, with fore femora less than twice as long as
pronotum; hind tarsus with 4 distinct segments.

Key to genera of Ceuthophilinae

1. Fastigium with conical or hornlike protuberance (Fig. 128). Tarsal claws
with ventroproximal sensory seta (Fig. 127). Abdomen of male distinctly
tuberculate dorsally (Figs. 129, 130). Male subgenital plate entire or
emarginate distally. Ventral ovipositor valves with crenulations or
numerous low serrulations ........... Pristoceuthophilus (p. 131)

Fastigium without hornlike protuberance. Tarsal claws without ventroprox-
imal sensory seta. Abdomen of male smooth dorsally. Male subgenital
plate often divided into lateral halves by median cleft, sometimes
undivided. Ventral ovipositor valves with 4-8 triangular teeth ... 2

2(1). Dorsal surface of anterior tibia with stout spur near middle (Fig. 175). Body
reddish brown to black .................... Udeopsylla (p. 135)

Dorsal surface of anterior tibia without spurs except at apex (Fig. 139)

Ceuthophilus (p. 136)

Clé des genres de Ceuthophilinae
I. Fastigium surmonté d’une protubérance conique ou en forme de corne

(fig. 128). Griffes des tarses munies d’une soie sensorielle ventro-
proximale (fig. 127). Abdomen du maéle distinctivement tuberculé
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dorsalement (fig. 129 et 130). Plaque sous-génitale du maéle entiere ou
marquée d’une encoche distale. Valves ventrales de l’ovipositeur
crénelées ou serratulées .............. Pristoceuthophilus (p. 131)
Fastigium dépourvu de protubérance en forme de corne. Griffes des tarses
dépourvues d’une soie sensorielle ventro-proximale. Abdomen des males
sans tubercule. Plaque sous-génitale du male souvent divisée en deux
portions latérales par une incision médiane, mais parfois aussi entiere.
Valves ventrales de I'ovipositeur munies de 4 4 8 dents triangulaires .. .2
2(1). Surface dorsale des tibias antérieurs ornée, prés du milieu, d’un éperon dur
(fig. 175). Corps de couleur brun rougedtre a noir ..............
.......................................... Udeopsylla (p. 135)
Surface dorsale des tibias antérieurs dépourvue d’éperon sauf a I’apex
(fig. 139) ... ... Ceuthophilus (p. 136)

Genus Pristoceuthophilus J. A. G. Rehn

Description. Vertex of head with conical projection. Hind tibiae with
3 pairs of spurs. Fore femur without spines. Apical segment of palps twice
as long as preceding segment.

Key to species of Pristoceuthophilus {males)

Note: Keys are not reliable in distinguishing between females of this genus.
Females should be associated with males from the same collection site; they do not
have abdominal tubercles or curved or bowed hind tibiae (Fig. 126).

1. Dorsal abdominal terga with mesal raised smooth areas on first five
(Fig. 129). Hind tibiae with slight curvature in basal fifth ........
.................................... celatus (Scudder) (p. 132)

Dorsal abdominal terga without mesal raised smooth areas on first five. Hind
tibiae either strongly bowed in basal half or showing no trace of
CUIVALUIE o\ ittt ettt ettt e e et e e et e e et 2

2(1). Dorsal abdominal terga with numerous spines; fourth tergum with prominent

protuberance (Fig. 130) ................. gaigei Hubbell (p. 133)
Dorsal abdominal terga with numerous spines or tubercles; fourth tergum
lacking protuberance ............ ... i e 3

3(2). Dorsal abdominal terga with numerous tubercles. Cerci long, with acute
deflexed tips (Fig. 135). Hind tibiae without curvature ...........
...................................... cercalis Caudell (p. 134)

Dorsal abdominal terga with lateral tubercles only, none on midline. Cerci
tapered, unspecialized (Fig. 132). Hind tibiae strongly bowed in apical
third to half. Hind femur with ventral spine adjacent to bow .....
................................... pacificus (Thomas) (p. 134)

Clé des espéces de Pristoceuthophilus (males)

Nota: Les clés d’identification ne permettent pas de distinguer I'une de ’autre
les femelles appartenant a ce genre. Leur identification devrait passer par 'iden-
tification des méles recueillis au méme endroit; les femelles ne possédent pas de
tubercules abdominaux ni de tibias arqués (fig. 126).
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1. Cing premiers tergites dorsaux de I’abdomen munis d’une protubérance
médiane non tuberculée (fig. 129). Le cinquiéme tergite proximal des

tibias postérieurs légérement incurvé . ... celatus (Scudder) (p. 132)

Cinq premiers tergites dorsaux de ’abdomen dépourvus d’une protubérance

médiane non tuberculée. La moitié proximale des tibias postérieurs est

fortement arquée, sinon, il n’y a aucune trace de courbure ..... 2

2(1). Tergites dorsaux de ’abdomen pourvus de nombreuses épines; quatrieme
tergite surmonté d’une forte protubérance (fig. 130) .............
....................................... gaigei Hubbell (p. 133)

Tergites dorsaux de I’abdomen pourvus de nombreuses épines ou tubercules;
quatrieme tergite dépourvu d’une protubérance ............... 3

3(2). Tergites dorsaux de I’abdomen pourvus de nombreux tubercules. Cerques
longs, a extrémités fortement incurvées (fig. 135). Tibias postérieurs

non courbés ....... .. ... ... ... .. cercalis Caudell (p. 134)

Tergites dorsaux de I’abdomen munis de tubercules latéraux mais sans tuber-

cule sur la ligne médiane. Cerques pointus et non spécialisés (fig. 132).

Le tiers ou la moitié de I’apex des tibias postérieurs fortement arqué(e).

Fémurs postérieurs munis d’une épine ventrale adjacente a l’arc ..

pacificus (Thomas) (p. 134)

Pristoceuthophilus celatus {Scudder)

Figs. 128-130, 133, 137; Map 26

Ceuthophilus celatus Scudder, 1894a:26.
Ceuthophilus henshawi Scudder, 18944:97.
Pristoceuthophilus celatus; Caudell 1916:671.
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Map 26. Collection localities for Pristoceuthophilus celatus (@) and P. cercalis (O)V.V
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Diagnosis. Male abdomen with 4 or 5 large elevated smooth areas, and
with remainder tuberculate.

Description. Body small (9-12 mm long). Dorsal surface of abdomen
of male with numerous rounded tubercles and with 4 or 5 large elevated
smooth areas (Fig. 130). Male cerci broad at base, each with blunt tooth on
inner face, tapering to acute point (Fig. 133). Male subgenital plate as in
Fig. 129. Fore femur longer than pronotum by one-third in males, by one-
quarter in females. Ovipositor straight, slender, gradually attenuate at apex,
slightly upcurved, with ventral valves crenulate (Fig. 137).

Range. British Columbia and Alberta, south to California.

Behavior and habitat. P. celatus is usually found under tree bark or
in damaged decayed damp sapwood of trees.

Life history. Nymphs have been found in May, and adults from early
July to late August.

Pristoceuthophilus gaigei Hubbell
Figs. 131, 134; Map 27
Pristoceuthophilus gaigei Hubbell, 1925:39-42.

Diagnosis. Fourth male abdominal tergum with large protuberance;
other terga spined or tuberculate.
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Map 27. Collection localities for Pristoceuthophilus gaigei (O) and P. pacificus (M).
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Description. Body small. Dorsum of abdomen of male with large blunt
spines or rounded or conical tubercles on first to eighth terga; fourth tergum
with smooth protuberance about three times as long as width of third tergum
(Fig. 131). Pronotum slightly longer than exposed parts of mesonotum and
metanotum combined. Male cerci as in Fig. 134. General color yellowish with
brown stripes.

Range. British Columbia and Washington.

Behavior and habitat. The type specimen was found in rotten logs in
a clearing in maple-alder woods bordering a dense forest of conifers.

Pristoceuthophilus cercalis Caudell

Figs. 135, 138; Map 26
Pristoceuthophilus cercalis Caudell, 1916:673.

Diagnosis. Male abdomen with rounded tubercles on posterior half of
all but two terminal segments.

Description. Dorsum of abdomen of male with all except terminal two
segments covered on posterior half, or more, with large rounded tubercles.
Male cerci slightly compressed basally, unsegmented to near tip, then bent
inward and depressed, bearing short, weakly segmented apical part at right
angles to base (Fig. 135). Abdomen of female smooth. Cerci of female simple.
Ovipositor heavy, longer than pronotum, with ventral valves triangularly
serrate beneath at tip (Fig. 138). General color brown with obscure lighter
mottling.

Range. British Columbia and Alberta, south to Oregon.

Behavior and habitat. Caudell (1916) reported that specimens were
found under boulders and logs, in dense forests. Additional collecting would
probably increase the known range of this species.

Life history. Adults have been collected in August and September.

Pristoceuthophilus pacificus (Thomas)

Figs. 125-127, 132, 136; Map 27

Ceuthophilus pacifica C. Thomas, 1872:436.
Pristoceuthophilus pacificus; Caudell 1916:675; Hubbell 1936:37; Helfer
1963:311.

Diagnosis. Male abdomen tuberculate dorsally on all segments.

Description. Body small (11-12.5 mm long). Dorsum of adult male
tuberculate, the tubercles distributed on all segments. Hind femur usually
armed beneath with heavy toothlike spine on each carina (lacking in some
specimens); male hind tibia abruptly bowed before middle (Figs. 125, 127).
Conical projection of vertex pronounced, even in immature specimens. Male
cerci more or less straight, unspecialized (Fig. 132). Ovipositor as in Fig. 136.
General color opaque yellowish brown with numerous brownish to purplish
maculations.
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Range. British Columbia, south to Nevada and California.

Behavior and habitats. P. pacificus is found under rocks where
numerous fissures occur and where rocks have been loosened.

Life history. Barnum (1964) collected nymphs from 8 July to
2 November, and collected adults from 11 August to 10 January.

Genus Udeopsylla Scudder

Description. Head larger and body stouter than in Ceuthophilus
(Fig. 174). Vertex of head flattened vertically. Antennae slender, hardly longer
than body, with third segment longer than combined length of first and
second. Pronotum 1.5 times as long as either mesonotum or metanotum.
Fore tibia with stout spine dorsally near middle (Fig. 175); hind femur
flattened, broad, thin, with outer ventral carina possessing 8-20 small teeth;
inner carina with 8, or more, long stout teeth; hind tibia spinose on each
dorsal margin with 4 long movable spines, spaced alternately, with 3 or 4 short
teeth between each pair; apex with 3 pairs of stout spurs; tarsi 4-segmented;
segments one and four longer than segments two and three combined.

Udeopsylla robusta {Haldeman)

Figs. 174-176; Map 28

Ph [alangopsis) [Daihinia) robustus Haldeman, 1850:346.

Daihinia robusta Scudder, 1862:284.

Udeopsylla nigra Scudder, 1862:284.,

Ceuthophilus niger Scudder, 1863a:437.

Udeopsylla robusta; Scudder 1863a:442; Hebard 1936a:55; Helfer
1963:313.

Marsa arcuata F. Walker, 1869b:254 (Saskatchewan).

Daihinia gigantea Bruner, 1885a:127.

Udeopsylla compacta Bruner, 1891a:38.

Ceuthophilus devius Scudder, 1894a:30, 99.

Ceuthophilus politus Scudder in Scudder and Cockerell, 1902:56.

Ceuthophilus ater Scudder in Scudder and Cockerell, 1902:57.

Diagnosis. Fore tibia with stout dorsal spine near middle. Abdomen
with nodules dorsally.

Description. As for genus. Body large (18-26 mm long). Dorsum of
abdomen with numerous small nodules. Male subgenital plate deeply
impressed but not cleft, with lobes swollen at middle and with apex feebly
notched. Ovipositor short, stout at base, strongly tapering to middle, with
apex of upper valves oblique, terminating in sharp spine; lower valves with
large unequally spaced teeth and a slender decurved terminal hook (Fig. 176).
Color extremely variable, typically dark brown to reddish brown, blotched
with fuscous, or black with legs and dorsum of pronotum paler, or uniformly
pale reddish brown.
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Map 28. Collection localities for Udeopsyila robusta.

Range. Idaho to Manitoba and Illinois, south to California and Texas.

Behavior and habitats. U. robusta is said to be nocturnal, living singly
in burrows dug in loose soil. It has been found in plowed fields and on road-
sides on cloudy days, early in the morning, or just before sunset. In Indiana,
McCafferty and Stein (1976) found it in gardens under boards, and in old
stumps.

Life history. Unknown. Six adult specimens at hand were all taken
in September and October.

Genus Ceuthophilus Scudder

Description.  Size medium. Body thick, dorsally arched (Fig. 139). Head
oval, lacking anterior projection on vertex, bent downward and backward
between fore legs. Antennae long, slender, cylindrical, tapered. Hind femur
thick, usually spined beneath in males, feebly armed in females; all tarsi with
4 segments; fore tibia with spines only at apex. Ovipositor nearly straight,
stout at base, tapering to middle, with dorsal valves upturned apically, and
with ventral valves possessing 5 or 6 teeth near apex; apical tooth usually
hooklike.
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Key to species and subspecies of Ceuthophilus

1. Slender species with relatively long legs and antennae. Ninth tergum of male
abdomen produced posteriorly (Figs. 144-147). Male subgenital plate
usually divided vertically by median sulcus (Figs. 153-161). Ovipositor
unspecialized (Fig. 151) (subgenus Ceuthophilus) .............. 2

Small robust compact species with relatively short stout legs. Ninth tergum
of male abdomen not produced, and eighth tergum usually strongly
produced and concealing ninth tergum (Figs. 148-150). Male subgenital
plate scoop-shaped or conical, not divided by median sulcus (Figs. 162-
166). Ovipositor moderately to strongly specialized (Fig. 152) (subgenus
Geotettix) . ... 12

2(1).  Ninth tergum of male abdomen distinctly produced, subtruncate or deeply
and broadly emarginate. Dorsal spurs of posterior tibiae small, not
dorsally bicarinate ............ .. .. it 3

Ninth tergum of male abdomen usually little produced, but, if distinctly
produced, then not subquadrate nor emarginate. Dorsal spurs of
posterior tibiae large, dorsally bicarinate .................... 11

3(2). Male subgenital plate apically with distinct V-shaped or U-shaped notch,
or with margins of mesal notch produced (Figs. 153, 154, 157). Posterior
margin of ninth tergum of male convex or subtruncate (Fig. 144).
Ovipositor relatively short ....... .. ... ... .. i i 4

Male subgenital plate with lateral margins produced but without distinct
notch (Figs. 155, 156). Posterior margin of ninth tergum of male
subtruncate or broadly emarginate, bilobate. Ovipositor stout .. 6

4(3). Ninth abdominal tergum of male broadly arcuate to subtruncate distally;
margin of eighth tergum produced to cover much of ninth tergum
(Fig. 144). Ovipositor with teeth of ventral valve close-spaced, crowded.
Legs rather slender, moderately long; hind tibiae darkened, except spines
and areas around spine bases. Dark eastern species ..............
.................................... brevipes Scudder (p. 142)

Ninth abdominal tergum of male subquadrate, emarginate distally; eighth
tergum not produced, not covering most of ninth tergum. Ovipositor
with teeth of ventral valve short and widely separated. Legs not
unusually long; hind tibiae pale. Pallid to pale western species .. 5

5(4).  Anterior margins of abdominal terga darkened; ninth abdominal tergum
of male deeply emarginate, forming paired diverging subtriangular
lobes. Ovipositor slender, elongate, 2.0-2.4 times as long as length of
pronotum. Found from Alberta to Manitoba and adjacent United States
.................................... pallescens Bruner (p. 143)

Anterior margins of abdominal terga not darkened; ninth abdominal tergum
of male truncate or only slightly emarginate. Ovipositor shorter, 1.5-
1.9 times as long as pronotal length. Found in British Columbia and
Washington ........................ agassizii (Scudder) (p. 144)

6(3).  Thoracic terga dull reddish brown, mottled with more or less indistinct
weakly contrasted darker brown. Tibial spurs distinctly bicarinate
dorsally. Found in Michigan and southern New York ...........
....................................... uhleri Scudder (p. 144)

Thoracic terga polished, shining, with many distinct pale maculae (prono-
tum usually with pale bars outlining paler median stripe). Tibial spurs
normally unicarinate dorsally ............. .. .. .. ... .. .. ..... 7
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7(6).

8(7).

9(8).

10(8).

11(2).

12(1).

13(12).

14(12).

15(14).
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Hind tibiae of males with 1 or 2 subdistal ventral spurs (Fig. 140b). Dorsum
without contrasting median color stripe, conspicuously maculate, Ninth
abdominal tergum of male emarginate distally. Male subgenital plate
without V-shaped notch, with dorsolateral angles prominent ......
................................... maculatus (Harris) (p. 146)

Hind tibiae of males with 2 pairs of subdistal ventral spurs (Fig. 142).
Dorsum usually with contrasting median color stripe. Ninth abdominal
tergum of male not emarginate distally. Male subgenital plate

subtruncate distally .. ... ... . 8
Hind tibiae with dorsal spines darkened at bases ................. 10
Hind tibiae unicolorous, with dorsal surface sometimes darker than lateral

surfaces, and with spines not darkened at bases ............... 9

Posterior margins of abdominal terga darkened, appearing transverse-banded
dorsally. Females with ratio of anterior femur length to pronotum length
1.4-1.9. Male subgenital plate rounded, mesally emarginate, with lobes
triangulate (Fig. 155) .... gracilipes gracilipes (Haldeman) (p. 147)

Posterior margins of abdominal terga not darkened, and with dorsum
infuscated on either side of broad orange stripe. Females with ratio of
anterior femur length to pronotum length slightly less than 1.4. Male
subgenital plate quadrate, sometimes concave distally but not emarginate
(Fig. 156) ........................ meridionalis Scudder (p. 148)

Ninth abdominal tergum of male with distal margin more or less mem-
branous mesally, with distal edge of heavily sclerotized part distinctly
emarginate {Fig. 146). Ovipositor with intervals between teeth equal
....................................... latens Scudder (p. 149)

Ninth abdominal tergum of male subquadrate, sclerotized throughout.
Ovipositor teeth with intervals diminishing toward apex ..........
.............................. pallidipes E. M. Walker (p. 150)

Fastigium compressed, as prominent as mesal margins of antennal fossae.
Dorsum of thorax glabrous, weakly polished, nearly always with distinct
narrow pale median stripe ............ divergens Scudder (p. 152)

Fastigium with rounded apex, not elevai 1, lower than or even with margins
of antennal fossae. Dorsum of thorax densely setose, appearing dull,
with contrasting light and dark blotches ........ e
..................................... pallidus Thomas (p. 152)

Tarsi with ventral keels each bearing row of short stiff spiniform setae from
base at least halfway to apex (Fig. 143) ..................... 13

Tarsi with ventral keels smooth, non-setose ...................... 14

Eighth tergum of male produced, truncate at apex ..................
................................... Fusiformis Scudder (p. 153)

Eighth tergum of male strongly produced, with posterior margin emarginate
and forming paired lobes, which are bent downward and projected
posteriorly past bases of cerci .......... silvestris Bruner (p. 153)

Male subgenital plate scoop-shaped or conical, with apex semicircular, entire,
or weakly notched. Dorsal spurs of hind tibiae short, stout. Dorsum,

including lateral thoracic lobes, deeply infuscate ............. 15
Male subgenital plate not scoop-shaped or conical, with apex entire. Dorsal
spurs of hind tibiae usually elongate. Dorsum not infuscate ... 16

Dorsum, including lateral lobes, dark, often with contrasting broad median
pale stripe. Distal part of abdomen of female often distinctly tectate-
carinate, with margins of posterior 3 or 4 terga angulate or distinctly
produced at midline. Male subgenital plate conical (Fig. 164), narrowly
cleft at apex to form paired distal lobes ............. ... .....
........................... guttulosus thomasi Hubbell (p. 154)



Dorsum brownish, sometimes infuscated, with lateral lobes usually paler,
psually without median stripe. Abdomen of female seldom tectate
posteriorly, with eighth tergum only produced moderately to spicate
point. Male subgenital plate scoop-shaped, with free margin usually
shallowly depressed at midline (Fig. 162) .......................
....................... guttulosus guttulosus ¥. Walker (p. 155)

16(14). Body distinctly depressed. Eyes small. Hind tibia shorter than hind femur,
swollen; subdistal ventral spurs of hind tibiae normally 2-2. Epiproct
of male large, quadrate; male subgenital plate small, rounded, mesally
cleft or emarginate (Fig. 167) ........... alpinus Scudder (p. 156)

Body not depressed. Eyes large. Hind tibia not shorter than hind femur,
not swollen; subdistal ventral spurs of hind tibiae normally 1-1. Epiproct
of male elongate-triangular; male subgenital plate triangular, converging
to narrow truncate apex ............... vicinus Hubbell (p. 157}

Clé des especes et des sous-espéces de Ceuthophilus

1. Espéces gréles, a pattes et 4 antennes relativement longues. Portion posté-
rieure du neuviéme tergite de 'abdomen des méles développée (fig. 144

a 147). Plaque sous-génitale des males habituellement divisée vertica-

lement par un sillon médian (fig. 153 a 161). Onposneur non spécia-

lisé (fig. 151) (sous-genre Ceuthophilus) ....... ... ... ... .... 2

Especes petites et robustes, a pattes relativernent courtes et fortes. Neuvieme

tergite de "abdomen des males peu développé; huitiéme tergite habi-

tuellement trés développé et dissimulant le neuvieme tergite (fig. 148

4 150). Plaque sous-génitale des males en forme de cuillére ou de ¢One,

non divisée par un sillon médian (fig. 162 & 166}. Ovipositeur modéré-

ment a fortement spécialisé (fig. 152) (sous-genre Geotettix) ... 12

2(1).  Neuviéme tergite de 'abdomen des males bien développé, légérement tron-
qué et marqué d’un sillon large et profond. Epines dorsales des tibias

postérieurs petites, non bicarénées dorsalement ,............... 3

Neuvieme tergite de 'abdomen des males habituellement peu développe mais

dans le cas contraire, ni subguadrangulaire ni marqué d’un sillon. Epines

dorsales des tibias postérieurs grandes et bicarénées dorsalement ... 11

3(2).  Plaque sous-génitale du male marquée, a extrémité apicale, d’une encoche
en forme de V ou de U ou aux bords faisant saillie (fig. 153, 154 et

157). Bord postéricur du neuvieme tergite des males convexe ou
d’apparence tronquée (fig. 144). Ovipositeur relativement court ... .. 4

Plaque sous-génitale du méle a bords latéraux saillants mais dépourvus

d’une véritable encoche (fig. 155 et 156). Bord postérieur du neuvieme

tergite du méle d’apparence tronquée ou marqué d’une large incision,

bilobé, Ovipositeur fort ... ... .. 6

4(3).  Neuviéme tergite de 'abdomen des miles largement arqué ou d’apparence
tronquée distalement; bord du huitiéme tergite développé, recouvrant

en grande partie le neuvieme tergite (fig. 144). Valve ventrale de ['ovi-

positeur pourvue de nombreuses dents rapprochées. Pattes plutdt

minces, modérément longues; tibias postérieurs foncés a 'exception des

épines et des zones & la base de ces épines. Espéce foncée de Vest
.................................... brevipes Scudder (p. 142)

Neuvieme tergite de Pabdomen du male subquadrangulaire et marqué d’une
encoche distale; huitieme tergite non développé et ne recouvrant pas

la plupart du neuviéme tergite. Valve ventrale de I'ovipositeur munie

de dents courtes et largement séparées 'une de autre. Pattes pas trop
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5(4).

6(3).

7(6).

8(7).

9(8).

10(8).
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longues; tibias postérieurs pales. Espece de ’ouest, décolorée ou
PAle . 5
Bords antérieurs des tergites de I’abdomen foncés; neuviéme tergite de [’abdo-
men des méles portant une profonde encoche et prenant la forme de
deux lobes subtriangulaires divergents. Ovipositeur long et mince, de
2,0 a 2,4 fois plus long que le pronotum. Espéce vivant de I’Alberta
au Manitoba ainsi que dans les Etats adjacents des Etats-Unis . ...
.................................... pallescens Bruner (p. 143)
Bords antérieurs des tergites de I’abdomen non foncés; neuviéme tergite de
I’abdomen du madle tronqué ou ne portant qu’une légére encoche.
Ovipositeur plus court, de 1,5 a 1,9 fois plus long que le pronotum.
Espéce vivant en Colombie-Britannique et dans I’Etat de Washington
................................... agassizii (Scudder) (p. 144)
Tergite du thorax brun rougedtre mat, moucheté de taches brun foncé plus
ou moins distinctes. Epines des tibias distinctement bicarénées dorsale-
ment. Espéce vivant au Michigan et dans le sud de I’Etat de New York
....................................... uhleri Scudder (p. 144)
Tergite du thorax luisant, parsemé de nombreuses taches pales distinctes
(pronotum habituellement marqué de lignes pales délimitant une bande
médiane plus pale). Epines des tibias normalement unicarénées
dorsalement ........ .. ... 7
Tibias postérieurs des méales munis, prés de I'extrémité distale, d’une ou deux
épines ventrales (fig. 140b). Dos dépourvu d’une bande médiane de
couleur contrastante, mais clairement mouchetée. Neuviéme tergite de
I’abdomen du male marqué d’une encoche distale. Plaque sous-génitale
du méle dépourvue d’une encoche en forme de V, mais & angles dorso-
latéraux proéminents ................ macularus (Harris) (p. 146)
Tibias postérieurs des males armés, pres de extrémité distale, de deux paires
d’épines ventrales (fig. 142). Dos habituellement marqué d’une bande
médiane de couleur contrastante. Neuvieme tergite de I’abdomen des
males dépourvu d’une encoche distale. Plaque sous-génitale du male

d’apparence tronquée a Pextrémité distale . ................... 8
Tibias postérieurs armés d’épines dorsales foncées a la base ....... 10
Tibias postérieurs de couleur uniforme, la surface dorsale étant parfois plus

foncée que les ¢Otés et les épines n’étant pas foncées a la base .... 9

Bords postérieurs des tergites de I’abdomen foncés, formant sur le dos une
série de bandes transversales. Chez les femelles, fémurs antérieurs de
1,4 a 1,9 fois plus longs que le pronotum. Plaque sous-génitale du méle
arrondie qui porte une encoche médiane formant deux lobes triangu-
laires (fig. 155) ......... gracilipes gracilipes (Haldeman) (p. 147)
Bords postérieurs des tergites de I’abdomen non foncés; dos plus foncé de
part et d’autre d’une large bande orangée. Chez les femelles, fémurs
antérieurs un peu moins de 1,4 fois plus longs que le pronotum. Plaque
sous-génitale du male quadrangulaire, parfois concave a 'extrémité
distale, mais jamais marquée d’un sillon (fig. 156) ..............
................................. meridionalis Scudder (p. 148)
Neuvieme tergite de ’abdomen des males a bord distal plus ou moins
membraneux au milieu et fortement sclérifié de part et d’autre,
présentant une concavité distincte (fig. 146). Ovipositeur muni de dents
réparties également ..................... latens Scudder (p. 149)
Neuvieme tergite de I’abdomen du maéle subquadrangulaire, entiérement
sclérifié. Ovipositeur muni de dents plus rapprochées vers I’apex ..
............................... pallidipes E.M. Walker (p. 150)



11(2).

12(1).

13(12).

14(12).

15(14).

16(14).

Fastigivm comprimé, aussi proéminent que les bords médians de la fovéa
antennaire. Tergites du thorax glabres, [égerement luisants, presque
toujours marqueés d’une érroite bande médiane péale et distincte ...
................................... divergens Scudder (p. 152)

Fastigium & apex arrondi, non surélevé, de hauteur inférieure ou égale aux
bords de la fovéa antennaire. Tergites du thorax fortement sétiféres,
mats, marqués de taches claires et foncées ....... ... ... ... ..
.................................... pallidus Thomas (p. 152)

Tarses a carénes ventrales munies, de la base jusqu’a mi-longueur, d’une
rangée de soies courtes et spiniformes (fig. 143y .............. 13

Tarses a4 carénes ventrales unies, non sétifére . ........ ... .. ... .. 14

Huitieme tergite du male développé, tronqué 4 Fapex ............. ..
................................... fusiformis Scudder (p. 153)

Huitiéme tergite du male trés développé, a bord postérieur margué d’un sillon
formant deux lobes incurvés vers le bas et faisant saillie au-dela des
CETQUES v v it ittt it e e e silvestris Bruner (p. 153)

Plaque sous-génitale du méle en forme de cuillére ou de cdne, 4 apex semi-
circulaire, entier ou légérement encoché. Epines dorsales des tibias
postéricurs courtes et fortes. Dos et lobes latéraux du thorax trés
enfuUMmEs . e 135

Plaque sous-génitale du méle ni en forme de cuillére, ni en forme de cone,
4 apex entier, Epines dorsales des tibias postérieurs habituellement
longues. Dos non enfumé . ... ... ... .. .. ... ... 16

Dos et lobes latéraux foncés, souvent marqués d’une large bande médiane
péle et contrastante. Portion distale de I’abdomen des femelles souvent
clairement tectiforme ou carénée, les bords des 3 ou 4 tergites postérieurs
formant un angle plus ou moins aigu au milieu. Plague sous-génitale
des méles conique (fig. 164), marquée d’un sillon étroit & "apex et
formant deux lobes ......... guttulosus thomasi Hubbell (p. 154)

Dos brunétre, parfois enfumé, a lobes latéraux habituellement plus piles,
dépourvus d’habitude d’une bande médiane. Abdomen des femelles
rarement tectiforme a Pextrémité postérieure; huitieme tergite modé-
rément développé, se terminant en pointe. Plague sous-génitale du maéle
en forme de cuillére, a bord distal en général légérement concave au
milieu (fig. 162} ........ guttulosus guttulosus F. Walker (p. 155)

Corps clairement aplati dorso-ventralement, Yeux petits. Tibias postérieurs
plus courts que les fémurs postérieurs et renflés; épines ventrales sub-
distales des tibias postérieurs habituellement 2-2. Epiprocte du male,
grand et quadrangulaire; plaque sous-génitale du méile petite, arron-
die, encochée ou concave (fig. 167) ..... alpinus Scudder (p. 156)

Corps non aplati dorso-ventralement. Yeux grands. Tibias postérieurs ni
plus courts que les fémurs postérieurs ni renflés; épines ventrales sub-
distales des tibias postérieurs habituellement 1-1. Epiprocte du maile
long et triangulaire; plaque sous-génitale du mdle triangulaire, se
terminant en un apex éroit et tronqué. ... ..ot
...................................... vicinus Hubbell (p. 1537)
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Ceuthophilus (Ceuthophilus} brevipes Scudder

Figs. 144, 151, 153, 169; Map 29

Ceuthophilus brevipes Scudder, 1863a:434,

Ceuthophilus brevipes; Hubbell 1936:114-126; Cantrall 1943:146; Helfer
1963:319; Vickery et al. 1974:43-44,

Ceuthophilus terrestris Scudder, 18944:26, 46.

Diagnosis. Hind tibiae dark except for pale spurs and pale arcas at
spur bases.

Description. Body relatively small (pronotal length, male, 3.1-4.5,
female, 3.5-4.7 mm). Hind margin of terminal dorsal segment of male
rounded obtusely (Fig. 144). Fore femur one-third, or more, longer than
pronotum; outer, lower carina of male with about 25 minute crowded teeth;
female with even smaller teeth; hind tibia straight in both sexes. Subgenital
plate of male and ovipositor as in Figs. 153 and 151, respectively; epiphallus
as in Fig. 169. Color pale dull brown, thickly mottled with paler spots, usually
without lighter dorsal stripe; ventrolateral margins of pronotum dark; hind
tibia dark except for pale spurs and areas about spur bases.

Range. Ontario to Newfoundland, south to Virginia.

Behavior and habitats. C. brevipes is restricted to cool damp locations
in or near swampy areas. It is found under fallen logs or in debris on the
forest floor in deciduous, coniferous, or mixed forests. Occasional reports
are received of infestations in damp basements where it may be a harmless
nuisance.

- ]
X ; T 4 M i d

Map 29. Collection localities for Ceuthophilus brevipes.
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Life history. According to Hubbell (1936) adults are found from April
to September; most of the specimens examined during this study were taken
June to August.

Ceuthophilus (Ceuthophilus) pallescens Bruner

Map 30

Ceuthophilus pallescens Bruner, 1891a:37.
Ceuthophilus pallescens; Hubbell 1926:14; Hubbell 1936:136-140.

Diagnosis. Male abdominal terga dark on anterior margins.

Description. Size small (pronotal length, male, 3.4-4.8, female, 4.1-
5.2 mm), not robust, Ovipositor with 5 short slender aciculate teeth; apical
teeth strongly decurved. Anterior margins of male abdominal terga strongly
infuscated, these tending to disappear by normal telescoping of the segments.

Range. Alberta to Manitoba, south to Colorado and Nebraska.

Behavior and habitats. Little is known about C. pallescens. The type
was found in a shallow well, and other specimens have been found in outside
cellar stairways.

Life history. Probably univoltine. Hubbell (1936) recorded adults from
July to October. E. M. Walker (1910) reported adults (as C. aridus) from
Saskatchewan in September and nymphs in May, June, September, and
November.

Map 30. Collection localities for Ceuthophilus pallescens.
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Ceuthophilus {Ceuthophilus) agassizii (Scudder)

Fig. 154; Map 31

Rhaphidophora agassizii Scudder, 1861:11-12.
Ceuthophilus zonarius F. Walker, 18694:203.
Ceuthophilus agassizii; Scudder 1894a:27, 81-82.
Ceuthophilus crassus Scudder, 18944:30, 85-86.

Diagnosis. Pale western species.

Description. Pronotal length of males 3.7-5.5 mm; females, 3.9-
5.8 mm. Hind femur with 20-60 tiny denticulations dorsally. Median sulcus
of male subgenital plate bordered with membranous areas extending almost
to base of plate (Fig. 154); male epiphallus with dorsolateral margins heavily
sclerotized, rolled outward to form pair of auriculae with strongly tumid
caudal surfaces. Body pale, varying from brown to brownish yellow.

Range. British Columbia and Alberta, south to Oregon.

Behavior and habitats. Nocturnal, but has been found during daylight
hiding under stones or debris, pieces of board, or in garages or cellars
(Buckell 1922).

Life history. Adults have been found in British Columbia from early
June to early October.

Ceuthophilus {Ceuthophilus) uhleri Scudder

Fig. 161; Map 32

Ceuthophilus uhleri Scudder, 1863a:435-436.
Ceuthophilus blatchleyi Scudder, 1894a:26, 27.

Diagnosis. Legs stout. Body yellowish to reddish brown, glabrous.

Description. Size medium (pronotal length, male, 3.1-5.8, female,
3.8-5.3 mm). Legs stout. Male ninth tergum weakly produced; male sub-
genital plate persulcate with lateral lobes small, weakly sclerotized, appear-
ing narrow with angulate apices; distal area between lobes membranous,
V-shaped (Fig. 161). Ovipositor short, straight, appearing heavy, with teeth
of ventral valve short, triangular. Dorsum dull to weakly shining, glabrous,
yellowish to reddish brown, usually with faintly indicated pattern of small
maculation.

Range. Michigan and Ontario, south to Mississippi and Florida.

Behavior and habitats. C. uhleriis found in deciduous forests usually
on heavier soils such as clay or clay loam. Blatchley (1920) reported small
colonies of 3-6, or more, beneath logs or rails in dry locations. Hubbell (1936)
stated that it hides by day but is active at night, and that, although it does
not normally climb on vegetation, some specimens can be captured by
sweeping. It has not been found in caves or on rocky slopes.

Life history. Over most of its range, C. uhleri is a late-maturing species,
most numerous in the adult stage from late August to mid-October. It matures
earlier in the northern part of the range, adults appearing in late June and
July in Pennsylvania (Hubbell 1936).
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Map 31. Collection localities for Ceuthophilus agassizii (o) and C. alpinus (O).

9
Qﬁ%‘ﬁ% *\f

Map 32. Collection localities for Ceuthophllus uhleri (O) and C. silvestris (®).
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Ceuthophilus (Ceuthophilus) maculatus (Harris)

Figs. 139, 140, 147, 159, 168; Map 33

Rhaphidophora maculata T. W. Harris, 1841:126.

Ceuthophilus maculatus; Scudder 1862:284 (invalid combination);
1863a:434; Hubbell 1936:197, 205; Helfer 1963:318; Vickery et al. 1974:41,
42.

Ceuthophilus scriptus F. Walker, 1869a:202.

Machamala armata F. Walker, 1869a:209.

Diagnosis. Ventrolateral margins of pronotum pale.

Description. Size medium (pronotal length, male, 3.6-5.0, female,
4.0-5.5 mm). Posterior margin of last evident tergum of male notched
(Fig. 147). Male subgenital plate broad, more or less flattened, with lateral
lobes more or less flattened and each consisting of two more or less distinct
regions, namely, a heavily sclerotized distolateral lobe and a weakly sclero-
tized to membranous basal area (Fig. 159). Fore femur about one-third, or
more, longer than pronotum; hind tibia and femur about equal in length,
the latter broad and armed ventrally with 8-16 unequal rather coarse spines;
hind tibia of male distinctly bowed or curved on basal third. Male epiphallus
as in Fig. 168. Body blackish brown above, often with paler middorsal stripe;
ventrolateral margins of pronotum pale; abdomen maculate with paler spots
on darker background; hind femur with brownish bars.
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Map 33. Collection localities for Ceuthophilus maculatus.
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Range. Saskatchewan to Nova Scotia, south to Arkansas.

Behavior and habitats. C. maculatus is commonly found under stones,
logs, and soil surface debris in woods, particularly in drier areas.

Life history. Adults have been found from early May to the end of
summer. They are most numerous during July and August. During winter,
they are sometimes found in cellars. Nymphs are most common during early
summer but may be found at any time during the frost-free period. In cellars
and basements they may be found at almost any time of year.

Ceuthophilus (Ceuthophilus) gracilipes gracilipes {Haldeman)
Figs. 141, 155; Map 34

Phalangopsis gracilipes Haldeman, 1850:346.

Phalangopsis scabripes Haldeman, 1853:364.

Ceuthophilus gracilipes; Scudder 1863a:439.

Ceuthophilus grandis Scudder, 18944:38-39.

Ceuthophilus heros Scudder, 1894a:54-56.

Diagnosis. Pronotal length 4.6-6.2 mm. Abdominal terga with

posterior margins darkened.

Map 34. Collection localities for Ceuthophilus gracilipes gracilipes (m) and
C. divergens (A).
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Description. Body large (pronotal length, male, 4.6-6.2, female 5.1-
6.2 mm), robust. Legs and antennae long; hind femur nearly as long as body,
smooth above; hind femur of male with 6-14 (normally 8-11) robust spines
with a few smaller spines interspersed between larger ones toward apical end
(Fig. 141); hind femur of female with 5-14 (usually 8-10) small spines on
outer ventral carina. Male subgenital plate divided by central sulcus, with
lateral lobes narrow and ventral areas strongly convex; distal halves triangu-
lar with bluntly conical apices (Fig. 155). Ovipositor elongate; ventral valves
with 5 stout triangular teeth, with proximal pair smaller and more widely
separated than the others. Body brownish yellow to reddish brown, marked
with darker brown above, this usually across hind margins of most segments,
with or without median longitudinal pale area or row of lighter spots; lateral
area sprinkled with pale yellow spots but these may be lacking in darker
northern specimens.

Range. New York and Massachusetts, south to Mississippi.

Behavior and habitats. C. gracilipes gracilipes occurs widely in for-
ested areas. It is not numerous at any locality, although it is both widespread
and common throughout its range. It has been found in hollow trees,
under loose bark of dead trees, under logs and stones, and in caves. In the
southern part of the range, C. gracilipes gracilipes has been observed
climbing trees, especially rough-barked trees. It is more active than most
Ceuthophilus species. It can be attracted to molasses painted on tree trunks
(Hubbell 1936).

Life history. Hubbell (1936) reported mature individuals at the north-
ern part of the range in late June and early July and as late as October.

Ceuthophilus (Ceuthophilus) meridionalis Scudder

Figs. 142, 156; Map 35

Ceuthophilus meridionalis Scudder, 1894a:66-67.
Ceuthophilus meridionalis; J. A. G. Rehn and Hebard 19124:70;
Hubbell 1936:166-175.

Diagnosis. Dark, shiny, with dorsal median stripe orange yellow,
conspicuous.

Description. Body size medium (pronotal length, male, 4.0-6.5, female,
4.6-7.0 mm), robust. Male subgenital plate similar to that of gracilipes but
with apices of lobes not produced, angulate, with notch between distal parts
of lobes broadly open (Fig. 156). Ovipositor elongate (9-13 mm). Female
with 7-9 blunt teeth on mesal areas of posterior margins of terga. Dorsal
surface dark, shiny, with conspicuous orange yellow median stripe on thorax
and basal abdominal segments; abdomen dark with lighter spots.

Range. Michigan and Ontario, south to Pennsylvania.

Behavior and habitats. C. meridionalis is found in low moist areas (but
not in swampy areas), in forests, in wooded margins of lakes and streams,
and also in grassy pastured woodlots. It burrows beneath debris and prob-
ably emerges only at night. Some specimens appear to establish residence
in certain burrows, returning to these after nocturnal forays (Hubbell 1936).

148



&
1 : \
/\\ i — LY A
T~ o4 Y = \ >
J T~ : 4 S \# L L =

¢ :
Map 35. Collection localities for Ceuthophilus meridionalis.

Life history. Adults have been taken in southern Michigan from
10 July to 11 November, but they are most numerous from late July to early
September. Nymphs occur from early May to late July.

Ceuthophilus (Ceuthophilus) latens Scudder

Figs. 146, 158; Map 36
Ceuthophilus latens Scudder, 1863a:437.
Ceuthophilus latens; E. M. Walker in A. Gibson 1910b:126; Hubbell
1936:184.

Diagnosis. Hind femur nearly spineless. Body with broad orange band
dorsally, darker laterally.

Description. Size medium (pronotum length, male, 3.6-5.0, female,
4.3-5.7 mm). Legs short, stout, with hind femur almost lacking spines. Male
abdominal terminalia as in Fig. 146; male subgenital plate with lateral lobes
widely separated dorsally and with apices strongly oblique (Fig. 158).
Ovipositor with teeth nearly equally spaced. Dorsum of thorax with broad
orange band; dorsolaterally much darker, reddish brown to shining intense
black.

Range. Michigan to Maine, south to Tennessee and South Carolina.
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Map 36. Collection localities for Ceuthophilus latens (O) and C. fusiformis (®).
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Behavior and habitats. Hubbell (1936) reported C. latens from a wide
variety of deciduous forest environments to open grassy areas, particularly
in drier areas. It does not appear to be associated with any particular soil
type. It has also been found under surface debris, stones, and pieces of board,
as well as in house cellars and near caves.

Life history. Eggs are laid in the fall. Some of these hatch in the autumn
and winter as nymphs; others hatch in the spring. Adults appear in late June
and July and decline in numbers, disappearing in October or early November.

Ceuthophilus (Ceuthophilus) pallidipes E. M. Walker

Figs. 145, 157, 170; Map 37

Ceuthophilus pallidipes E. M. Walker, 1905b:114-116, pl. 1V, figs. 2,
2a, 2b, 2c.

Ceuthophilus pallidipes; E. M. Walker 1909:210; Vickery et al. 1974:44.

Diagnosis. Dorsal spurs of hind tibiae darkened at bases.

Description. Body small (pronotal length, male, 3.1-4.6, female, 3.4-
4.9 mm). Dorsal spurs of hind tibiae darkened at base. Ninth abdominal
tergum of male subquadrate, often upturned, heavily sclerotized (Fig. 145).
Male subgenital plate with lateral lobes ovate; apices bluntly rounded,
separated by shallow V-shaped notch (Fig. 157). Epiphallus as in Fig. 170.
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Map 37. Collection localities for Ceuthophilus pallidipes (®), C. pallidus (a), and
C. vicinus (O).

Ovipositor elongate, broad at base, tapering to apex, with 5 short closely
spaced triangular teeth, the intervals between them diminishing toward apex.
Body infuscate dorsally, with well-defined contrasting median pale stripe;
dorsolateral thoracic bands not intensely black.

Range. Ontario to Maine, south to Georgia.

Behavior and habitats. C. pallidipes is nocturnal and is found in hollow
logs, beneath tree bark, and under debris on the soil surface. Specimens have
occasionally been taken up to 2 m above the ground on the sides of cabins
and on tree trunks. Hubbell (1936) reported capture of specimens while sweep-
ing bracken ferns and shrubbery at night in northern Michigan. He also
mentioned that this species will visit molasses smeared on tree trunks.
C. pallidipes is an active insect and a good climber.

Life history. Most of the information available on the life history of
the species was provided by E. M. Walker (19055). In southern Ontario,
pallidipes was found to mature in the summer. A few specimens, which hatch
from the eggs late in the season, pass the winter as young nymphs. Adults
are usually found from early July until September, although captures in mid-
October, in Massachusetts, and early November, in Michigan, were reported
by Hubbell (1936).
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Ceuthophilus (Ceuthophilus) divergens Scudder

Map 34

Ceuthophilus divergens Scudder, 1863a:436-437.
Ceuthophilus divergens; Hubbell 1926:14; 1936:355.
Ceuthophilus bicolor Scudder, 1894a:72.
Ceuthophilus sallei Scudder, 1894a:63.
Ceuthophilus caecus Scudder, 1894a:60.

Diagnosis. Body glabrous, with narrow longitudinal pale stripe bordered
by darker areas.

Description. Body small (pronotal length of northern specimens, male,
2.8-3.8, female, 3.1-4.7 mm), not robust. Fastigium compressed, narrow,
low, round, conelike. Male with posterior margin of ninth tergum subtrun-
cate; male subgenital plate small, weakly sclerotized, broadest at base, with
lateral lobes weakly convex at sides and converging to near apices; apices
produced as short blunt lobes with open V-shaped notch between them.
Ovipositor short, little longer than pronotum, stout at base, tapering only
in basal half, with teeth of ventral valve slender and sharp. Body dark reddish
brown dorsally, with narrow median pale stripe extending length of body;
stripe bordered by broad infuscate areas that are broken by paler spots and
dashes.

Range. South Dakota to Michigan, south to Louisiana and Georgia.

Behavior and habitats. C. divergens is generally found in low open-
wooded areas but also in dense woods or grassy areas in woodland. It prefers
dry conditions and is seldom found in marshy locations. Hubbell (1936) took
large numbers in traps, possibly indicating high population densities to be
present where the species occurs.

Life history. Hubbell (1936) recorded late June as the time of earliest
appearance of adults in the northern part of the range, then abundant through
July and August, declining in September. Late-instar nymphs were common
in May and early June, indicating that winter is probably passed as small
nymphs, although possibly also in the egg stage.

Ceuthophilus (Ceuthophilus) pallidus Thomas

Map 37

Ceuthophilus pallidus C. Thomas, 1872:434-435.
Ceuthophilus pallidus; Hubbell in Hebard 1928:301-302; Hubbell
1936:269-283.

Diagnosis. Thorax with minute setae (pilose) dorsally.

Description. Thorax minutely setose or pilose dorsally. Body small
(pronotal length, male, 2.9-3.9, female, 3.0-4.1 mm), densely clothed on
thoracic and abdominal terga with minute recumbent setae, appearing
somewhat dull to unaided eye. Fastigium of head low, rounded, conelike,
not elevated. Male subgenital plate shallow, stout at base, tapering only to
middle. Color pattern consisting of light and darker blotches.
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Four distinct geographical ‘‘phases’” were characterized by Hubbell
(1936). All the specimens occurring within the scope of the present work
belong to the ‘‘Northern Great Plains phase.”” This ‘‘phase’’ is character-
ized by the dorsocephalic angle of middle coxa being strongly produced,
forming an angle averaging from 60 to 70°; size small; spurs and calcar short;
ovipositor elongate; epiphallus subquadrate.

Range. Saskatchewan and Manitoba, south to new Mexico and Texas.

Behavior and habitats. C. pallidus is generally in wooded areas but
also in debris and under stones in short-grass plains or grassy hillsides.
Specimens have been found in nests of bank swallows and kangaroo rats
(Hubbell 1936). It is probable that C. pallidus is a useful food source for
rodents. V. Bailey and Sperry (1929) reported that ‘‘camel-crickets’’ were
eaten extensively by ‘‘grasshopper mice’’ of the genus Onychomys.

Life history. Earliest and latest dates for adults in the northern Great
Plains are 2 July and 14 October, respectively. Maturity appears to be reached
earlier in this region than farther south (Hubbell 1936).

Ceuthophilus (Geotettix) fusiformis Scudder

Figs. 143, 165; Map 36
Ceuthophilus fusiformis Scudder, 1894a:62-63.

Diagnosis. Legs pale. Prairie and plains species.

Description. Body small, compact, robust (pronotal length, male, 2.9-
3.9, female, 3.0-3.9 mm). Legs short, stout. Ninth tergum of male completely
concealed by eighth tergum, which is strongly produced with mesal part
overhanging genital cavity; male subgenital plate small, entire, broadest at
base, with lobes triangular, and with deep narrow cleft between lobes
(Fig. 165). Ovipositor short, stout at base, tapering on basal half to slender
apical half; teeth of ventral valve slender, curved. Body brownish yellow,
banded with darker brown on posterior edges of terga but varying from
completely pale to extensively infuscate; legs always pale.

Range. Alberta to Manitoba, south to New Mexico.

Behavior and habitats. Hubbell (1936) recorded C. fusiformis as a
plains species, found under rocks, in nests of burrowing rodents, and among
sedges in swales. He also stated that it excavates burrows when it cannot
find a natural cavity or one prepared by another animal. Although it is
primarily a grassland species, it is also found in open coniferous forests on
mountain slopes. It has been found in Colorado at an elevation of 3140 m.

Life history. Adults have been found during every month of the year
except January and February. Nymphs in various instars have been taken
from April to October (Hubbell 1936).

Ceuthophilus (Geotettix) silvestris Bruner

Fig. 166; Map 32

Ceuthophilus silvestris Bruner, 1885a:126-127.
Ceuthophilus silvestris; Hubbell in Hebard 19324:50; Cantrall 1943:149.
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Diagnosis. Legs pale. Eastern forest-associated species. Male eighth
tergum strongly produced, with bent lateral lobes at posterior margins.

Description. Body small, slender (pronotal length, male, 2.4-3.7,
female, 2.9-3.5 mm). Eighth tergum of male in dorsal aspect strongly
produced, with posterior margin emarginate and forming pair of lateral lobes
bent downward over genital cavity, in lateral aspect projected past bases of
cerci; subgenital plate with apices of lobes strongly rounded and prolonged,
separated by cleft to middle (Fig. 166). '

Range. Minnesota to Michigan, south to Arkansas.

Behavior and habitats. C. silvestris has been found in forests along
stream margins, in roadside hedges bordering grassy fields, stone piles, and
bushy clumps in grassy pastures.

Life history. Hubbell (1936) reported that adults had been collected
in February and March and from August to November. The part of the range
where these collections were made was not given. This may represent two
generations but more likely is a representation of wintering as eggs and also
as large nymphs.

Ceuthophilus (Geotettix) guttulosus F. Walker

Figs. 148, 150, 152, 162, 164, 171; Map 38
Ceuthophilus guttulosus F. Walker, 1869a:203.

Two subspecies are recognized in the area here covered. See discussion
under the typical subspecies for general characters of the species as a whole.

Ceuthophilus (Geotettix) guttulosus thomasi Hubbell

Figs. 150, 164, 172; Map 38.

Ceuthophilus thomasi Hubbell, 1936:419-425.
Ceuthophilus thomasi; Cantrall 1943:148.
Ceuthophilus guttulosus thomasi; Eades 1962:147; Vickery et al. 1974:45.

Diagnosis. Body robust. Legs short, stout. Male subgenital plate entire,
conical. Abdomen of both sexes somewhat tectate.

Description. Body small (pronotal length, male, 3.2-3.9, female,
3.5-4.2 mm), robust, with short stout legs. Male subgenital plate conical,
entire, with a deep V-shaped notch posterodorsally (Fig. 164); eighth tergum
of male strongly produced, nearly or entirely concealing ninth tergum
(Fig. 150). Distal part of abdomen distinctly tectate to tectate—carinate
dorsally (somewhat less apparent in males). Male epiphallus as in Fig. 172.
Ovipositor as in Fig. 152. Body dark, usually with mediolongitudinal pale
stripe (sometimes lacking); ventrolateral lobes of pronotum dark, rarely paler
than dorsum.

Range. Michigan to Québec, south to Indiana and Ohio.

Behavior and habitats. Remarks under C. guttulosus guttulosus apply
also to C. guttulosus thomasi.
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Map 38. Collection localities for Ceuthophilus guttulosus thomasi (O), C. guttu-
losus guttulosus (®), and intermediates (A).

Life history. As for C. guttulosus guttulosus.

Ceuthophilus (Geotettix) guttulosus guttulosus F. Walker

Figs. 148, 152, 162, 171; Map 38

Ceuthophilus guttulosus F. Walker, 1869a:203.
Ceuthophilus guttulosus guttulosus;, Eades 1962:147; Vickery et al.
1974:45.

Diagnosis. Body robust. Legs short, stout. Male subgenital plate entire,
scoop-shaped.

Description. Body small, robust (pronotal length in northern part of
range, male, 3.5-4.3, female, 3.7-4.4 mm). Legs short, stout. Ventral carina
of hind femur with numerous close-spaced denticulations. Ninth tergum of
male narrow, nearly concealed by eighth tergum (Fig. 148); male subgenital
plate distinctive, scoop-shaped, undivided (Fig. 162); male epiphallus as in
Fig. 171. Ovipositor short, heavy; ventral valve with crowded acute trian-
gular teeth. Body buff to reddish brown, with broad irregular pale median
stripe; dark areas interrupted laterally by pale maculae.

Range. Indiana to Nova Scotia, south to Virginia.

Behavior and habitats. At St. Hermas, Qué., specimens were found
under stones in a wooded area where maple was the predominant tree (Vickery
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et al. 1974). Hubbell (1936) concluded that the (sub) species was associated
with moist to medium dry forest areas. Eades (1964) stated that deep leaf
litter seemed to be a key habitat requirement. He found greatest numbers
in climax and subclimax forests dominated by sugar maple, basswood, beech,
and yellow birch. The subspecies does not occur to any extent in oak-hickory
forests.

C. guttulosus guttulosus does not climb like some other species, prob-
ably because the legs are relatively short. It is active at dusk and for about
3 hours afterward. At other times, these insects hide under logs or rocks
amongst leaf litter. Eades (1964) reports that this subspecies is sensitive to
drying and cannot survive under low humidity for more than a few hours.

Mating behavior was observed in the laboratory by Eades (1964). The
sexes first touch antennae. The male then turns quickly and backs toward
the female with abdomen twitching and cerci directed backward and in
constant motion. When the male cerci contact the female abdomen, the male
twists the tip of his abdomen through almost 90° and attempts to insert his
genitalia beneath the ovipositor of the female. The male abdomen continues
to twitch and cerci continue to move until insertion has been accomplished.
The pair remain together for 15 minutes, or longer. Eades (1964) carried out
experiments on crossbreeding the various subspecies of C. guttulosus, and
found mating to be about random between them; no apparent barrier was
found. That author also reported finding specimens heavily infested with
mites in Québec.

Life history. Eades (1964) stated that nearly all individuals pass the
winter as eggs or as large nymphs. There are two peaks of adult activity as
a result of this, the first in late April, the second from August to October.

Ceuthophilus (Geotettix) alpinus Scudder

Figs. 167, 173; Map 31

Ceuthophilus alpinus Scudder, 1894a:30, 78-79.
Ceuthophilus vinculatus Scudder, 18944:29, 91.
Ceuthophilus alpinus; Hubbell in Hebard 1928:300.

Diagnosis. Body small, depressed, appearing broad. Male subgenital
plate entire, rounded with shallow apical cleft.

Description. Form depressed, thus appearing unusually broad; size
small (pronotal length, male, 3.1-3.9, female, 3.1-3.7 mm). Eyes small,
widely separated. Male hind tibia shorter than hind femur, swollen, dorsally
tumid, with dorsolateral carinae poorly defined; spurs short, stout, subcylin-
drical; subdistal ventral spurs of hind tibia 2-2. Eighth tergum of male com-
pletely covering ninth tergum, truncate posteriorly, bent downward mesally;
subgenital plate rounded, entire, shallowly cleft (but appearing deeper in dried
specimens) (Fig. 167); male epiphallus as in Fig. 173. Ovipositor noticeably
curved, with apices of dorsal valves upturned, aciculate; ventral valves with
5 slender curved aciculate teeth and with apical 3 longer and more curved.

Rarge. British Columbia to Iowa, south to Colorado.
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Map 39. Collection localities for Daihinia brevipes.

Behavior and habitats. Buckell (1928) reported this species as common
under logs and stones in the Peace River area of British Columbia, near the
Alberta border. Other specimens have been found under boards at the edge
of a meadow in a grove of yellow pines in Wyoming. The structure of this
species indicates that it is probably a burrowing species, seldom to be found
aboveground (Hubbell 1936).

Life history. Poorly known; adults have been collected from April to
October.

Ceuthophilus (Geotettix) vicinus Hubbell

Map 37
Ceuthophilus vicinus Hubbell, 1936:454-456.

Diagnosis. Western. Male subgenital plate elongate, triangular,
truncate at apex.

Description. Pronotal length, male, 3.5-4.9, female, 4.4 mm; based
upon 3 males, 2 females from Washington (Hubbell 1936). Body robust with
short stout legs, nearly glabrous dorsally, moderately polished. Male with
ninth tergum evaginated mesally; eighth tergum produced obtuse-triangulate,
with apex extending over evaginated area of ninth tergum; male subgenital
plate entire, elongate triangular, truncate at apex, not cleft or notched.
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Ovipositor about 1.25 times longer than pronotum; ventral valves with 5 long
attenuate teeth, of which apical 3 distinctly curved and longer than basal 2.

Range. British Columbia, Washington, and Idaho.
Behavior and habitats. Unknown.
Life history. Unknown; adults have been collected in April and August.

Subfamily Daihiniinae

Diagnosis. Hind legs short, fore and/or hind tarsi apparently
3-segmented.

Genus Daihinia Haldeman

Description. Fore and hind tarsi each with only 3 segments rather than
the usual 4 (due to reduction of true second), the apparent second segment
much smaller than the others (Fig. 179). Pronotum truncate anteriorly and
posteriorly; mesonota and metanota together as long as pronotum. Fore tibia
with large blunt spines; hind tibia with large claws (Fig. 179); hind femur
armed ventrally; hind tibia armed above on both margins with about 6 large
spines with smaller spines among the large ones on basal half (Fig. 180).
Ovipositor stout, with ventral valves possessing 4 long teeth (Fig. 178) and
an apical hook. Male subgenital plate with deep apical fissure.

Daihinia brevipes Haldeman

Figs. 177-180; Map 39

Phalangopsis (Daihinia) brevipes Haldeman, 1850:346.
Daihinia brevipes; Bruner 18935:30.

Diagnosis and description. As for genus. Hind tibia with single spine
on ventral face.

Range. North Dakota, South Dakota, Nebraska.

Behavior and habitats. Hebard (19315) reported that D. brevipes, by
preference, digs holes in hard soil, often along clay roads. The biology and
behavior of the species have been extensively studied (in Oklahoma) by
Whitehead and Miner (1944). The eggs are about 2 mm long and may be
laid as deep underground as 1.25-1.5 m, although Hebard (19315) reported
a depth of only 45 c¢m, which is probably more normal. There are six nymphal
instars. Feeding occurs at night, when the insects may emerge from the
ground. Mating occurs in the burrows and several individuals of each sex
may cohabit a single burrow system, although Hebard (19315b) states that
only single males occur with the females.

Life history. According to Whitehead and Miner (1944), the winter,
in Oklahoma, is spent in burrows, mostly as third- or fourth-instar nymphs.
Rapid development occurs in spring and, by April or May, adults appear.
Maturity is presumably later in the north. Oviposition takes place in the walls
of burrows until the end of June, by which time most adults are dead.
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Eggs hatch in the latter part of September, after an incubation period of
3.5-4 months. The young nymphs then dig their way to the surface from
the collapsed adult burrows where they hatched, and excavate their own
individual burrows. They remain active until the onset of cold weather. There
is only one generation each year.

Economic importance. Hyslop (1934) first recorded this species as being
injurious to truck crops and garden plants at Hollis, OK. During 1935 to
1938, in particular, it did considerable damage in various parts of that state,
injuring seedlings of a wide variety of crops, according to Whitehead and
Miner (1944). Injury does not seem to have been serious subsequently. The
authors mentioned details concerning the kinds of plants attacked and the
nature of the damage. They also discuss control measures, using poison baits.

Infraorder Tettigoniidea

Members of this infraorder are known by such vernacular names as
bush-crickets (rnot bush crickets), katydids, long-horned grasshoppers,
leaf-crickets, and hump-winged crickets. They may be distinguished from
other Grylloptera (including the Stenopelmatidea) by the following
combination of characters: general coloration most often predominantly
green, although frequently brown, gray, or mottled. Head, if round, not
bulletlike or disproportionately large, often conical or of other shape. Eyes
often small, but generally not unusually so. Antennae seldom shorter than
body. Prothoracic spiracles and associated ends of tracheal system sometimes
enlarged and modified as auditory organ. Legs, if heavily spined, seldom
modified for digging, with tarsi 4- or 5-segmented; front tibiae usually with
basal auditory organs; hind femora not modified for stridulation. Wings
usually fully developed or moderately abbreviated, sometimes greatly reduced
or absent; tegmina usually held rooflike over abdomen, frequently resembling
foliage, those of males in most species with stridulatory area of specialized
veins at bases (even in species with greatly reduced wings, the stridulatory
area remains). Cerci neither long nor flexible. Subgenital plate (ninth
abdominal sternum) of males almost invariably with pair of styles. Ovipositor
normally long, sickle-, sword-, or dagger-like, with all 6 valves well-developed,
occasionally reduced.

There are almost 5000 species and probably somewhere in the order of
900 genera of living Tettigoniidea; all, except for four species of Hagloidea,
belong to the superfamily Tettigonioidea, sensu stricto. There is also a small
extinct group, the somewhat elongate-bodied Phasmomimidae of Sharov
(1968), formerly known only from the Upper Jurassic to Lower Cretaceous
deposits of Siberia. They are believed to have had a common ancestry with
the Hagloidea, or to have been derived from these (Sharov 1968, 1971); they
probably merit separate superfamily status (Phasmomimoidea). One of
us (D. K. K.) examined one of the two fossil ‘“‘Orthoptera’’ reported by
P. Mitchell and Wighton (1979) from the Palacocene Paskapoo deposits in
the Red Deer River region of Alberta, and found that, of the single pair of
wings (Figs. 181, 182), the tegmen bore a close resemblance, in both shape
and venation, to similar structures in the genus Phasmomimoides Sharov.
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What little could be seen of the hind wing venation agreed with this finding,
and it seems that the Phasmomimidae did not become extinct in Cretaceous
times, but persisted, at least in Canada, until the early Tertiary. This is a
similar state of affairs to the recent discovery of Tertiary Locustopsidae in
Montana and is not particularly surprising in view of the relict status of the
few living members of the related Hagloidea.

Living Tettigoniidea are widely distributed throughout the world, but
they are predominantly tropical, although many occur in temperate countries.
They are uncommon, however, in regions with long cold winters. A high
proportion of species are arboreal or arbusticolous, but there are also many
that live in herbage, reeds, or grassland, and a considerable number live on
the ground. A great many resemble broad-leaved foliage and many others
mimic grass blades or stems. Procryptic resemblance to bark, lichen, and
so forth is also exhibited by some; a few, in the immature stages, mimic other
arthropods. There are species that exhibit aposematic (warning) coloration
and some may produce irritant secretions, or eject streams of haemolymph,
but their numbers are relatively few. The majority of species, although by
no means all, are crepuscular or nocturnal. A great many are completely
phytophagous, but it is probable that the majority have a diet that includes
not only foliage, but also flowers, seeds, and insect prey. Some are largely
or wholly carnivorous (probably the primitive condition), when they may
be ferocious predators of large insects.

A few Tettigonioidea, under certain circumstances, may become strongly
gregarious. This applies mainly to certain flightless species, but there are one
or two that form migrating flying swarms somewhat like locusts (although
not in the region here considered). Some serious, if spasmodic, crop pests
are included in the Tettigonioidea, particularly among flightless, gregarious
species. The flying swarms, in countries where they occur, tend to be wel-
comed as a source of human food. There are, of course, nongregarious species
that are crop pests and a few ground-living species that attack stored pro-
duce, more or less in the open, but the general economic importance of the
infraorder is not great in relation to its size.

Key to superfamilies of Tettigoniidea

1. Body brownish, usually mottled with green. Head short, with slightly concave
fastigium and with antennae inserted near lower margins of eyes. Hind
tibiae rather short and stout, with less than 10 dorsal spines in each
row. Ovipositor short ...................... Hagloidea (p. 161)

Body wholly or partly green (rarely with some pink). Head, if short, with
fastigium not concave (often produced); antennae inserted near middle
or upper margins of eyes. Hind tibiae long, slender, with numerous
spines in each row. Ovipositor usually well-developed, sometimes
conspicuously elongate .................. Tettigonioidea (p. 165)

Clé des superfamilles de Tettigoniidea

1. Corps brundtre, habituellement moucheté de vert. Téte courte, a fastigium
légérement concave; point d’insertion des antennes prés du bord infé-
rieur des yeux. Tibias postérieurs plutot courts et forts, portant moins

160



de 10 épines dorsales par rangée. Ovipositeur court .............
.......................................... Hagloidea (p. 161)
Corps entiérement ou partiellement vert (plus rarement avec du rose). Téte,
si elle est courte, munie d’un fastigium non concave (souvent convexe);
point d’insertion des antennes prés du milieu ou du dessus du bord des
yeux. Tibias postérieurs longs, minces et munis de nombreuses ¢pines
dans chaque rangée. Ovipositeur en général bien développé, parfois
long ... ... ... Tettigonioidea (p. 165)

Superfamily Hagloidea

Members of this superfamily have been called ambidextrous crickets and
hump-winged crickets, and they were given superfamily rank by Chopard
(1949).

Two families are recognized, namely, the extant Prophalangopsidae and
the extinct Haglidae, sensu stricto (Triassic to Liassic or Lower Jurassic).
Both living subfamilies of Prophalangopsidae are known from the Liassic
until the present time, but most members of the family are also extinct. The
living subfamily Prophalangopsinae is represented today by a single species
from northeastern India, and the other living subfamily, Cyrtophyllitinae,
is represented by one genus with three brachypterous species (all having
normal, four-segmented tarsi) from western North America. These latter are
all ground-dwelling, largely predatory, and mainly nocturnal. They stridu-
late loudly. Information concerning them is summarized by G. K. Morris
and Gwynne (1979).

Family Prophalangopsidae

Characters are given for this family in the key to superfamilies.

Genus Cyphoderris Uhler

This genus is the sole North American representative of the family.

Description. Size medium (16-31 mm long), robust. Legs short; hind
pair barely saltatorial (Figs. 183, 187); fore tibiae with spines on both ventral
margins, and on inner dorsal margin; tympanal cavity broad and long on
both faces. Tegmina reduced to small oval lobes in females, well-developed
for stridulation (but not for flight) in males. Thorax of female cylindrical,
of male dilated and inflated (‘“hump-backed’’) posteriorly; posterior margin
of metanotum typically with small denticles.

Only two of the three known species occur within the range of the present
study, C. monstrosa Uhler and C. buckelli Hebard. The third species,
C. strepitans Morris & Gwynne, is known from Wyoming and Colorado.
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Key to species of Cyphoderris

I. Male with prominent process on subgenital plate projected ventrally at angle
greater than 90° (Fig. 184q), usually terminally cleft and toothed

(Fig. 184b); styli of subgenital plate depressed, sublanceolate

(Fig. 1844). Ridged patch (Ander’s organ) present dorsolaterally on first

abdominal tergum just behind hind wing; adjacent edge of metanotum

with strong teeth (Fig. 185) ............ monstrosa Uhler (p. 162)

Males lacking ventral process on subgenital plate; plate bulbous, with paired

short stout somewhat incurved styles laterally (Figs. 186a, 187a, 1875).

Ridged patch (Ander’s organ) lacking; adjacent edge of metanotum

sometimes with weakly developed teeth ... .. buckelli Hebard (p. 164)

Clé des espéces de Cyphoderris

1. Plaque sous-génitale des males munie d’une protubérance ventrale formant
un angle supérieur a 90° (fig. 184a), habituellement encochée a I’extré-
mité et munie de dents (fig. 184b); styles de la plaque sous-génitale apla-
tis, sublancéolés (fig. 184a). Plaque carénée (organe d’Ander) en position
dorso-latérale, sur le premier tergite de I’abdomen, juste derriére les
ailes postérieures; bord adjacent du métanotum muni de fortes dents
(fig. 185) ... .. monstrosa Uhler (p. 162)

Plaque sous-génitale des males dépourvue d’une protubérance ventrale, de
forme bulbeuse et munie d’une paire de styles courts, forts et légére-
ment incurvés (fig. 186a, 1874 et 187h). Plaque carénée (organe d’Ander)
absente; bord adjacent du métanotum parfois muni de dents peu
développées .......... ... ... ... .. ... .. buckelli Hebard (p. 164)

Cyphoderris monstrosa Uhler

Figs. 183-185; Map 40

Cyphoderris monstrosus Uhler, 1864:552 (partim).
Cyphoderris monstrosa; Scudder 1899a:117.
Cyphoderris monstrosa var. piperi Caudell, 19045:53; Helfer 1963:303.

Diagnosis. Process of male subgenital plate projected ventrally.
Females with ridged patch dorsally on first abdominal tergum.

Description. Head subglobose, broad. Pronotum expanded and
produced anteriorly, covering occipital region of head, subtruncate on
anterior and posterior margins in males, somewhat more rounded posteri-
orly in females, deeply constricted before the middle and expanded posteriorly
in males (lacking in females). Male genital structure as in Figs. 184a, 184b.
Both sexes possessing Ander’s organ, a ridged patch situated dorsolaterally
on the first abdominal tergum (present also in many immature individuals)
and associated with denticles on posterior margin of metanotum (Fig. 185).

Range. British Columbia to Montana, south to northern California.

Behavior and habitats. Hebard (1934b) reported finding specimens
under stones and also that they are frequently found in buildings. G. K.
Morris and Gwynne (1979) recorded observations in the Kananaskis Valley,
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Map 40. Collection localities for Cyphoderris monstrosa.

Alta., where both adults and nymphs were observed in Lodgepole pine trees
(Pinus contorta), feeding upon staminate cones prior to the ‘‘loose pollen”
stage of these. A similar situation, for nymphs only, was observed by one
of us (D. K. K.) in the same general locality 19 June 1959. C. monstrosa
is the only member of the genus that is known to climb trees, the other species
preferring to remain on the ground or on low structures. Several immature
specimens were collected by one of us (V. R. V.), 20 August 1966, on Sulphur
Mountain, Banff, Alta. The ridge is rocky and nearly devoid of vegetation.

The stridulation of C. monstrosa is a trill of sinusoidal pulses with
dominant carrier frequency of 13 kHz and a pulse rate of 71.4 per second
at 25°C. This species is unusual in that it switches the position of the tegmina
during stridulation, so that first one, then the other, is uppermost. This causes
variation in intensity and frequency of pulses (Spooner 1973). G. K. Morris
and Gwynne (1979) found that, in the calling songs of C. monstrosa, tegminal
switching does not occur; this apparently is normal only in ‘‘courtship’’ songs.
Stridulation normally occurs in the evening and continues past midnight.
Nearly all acoustic behavior by males of this species occurs in trees, often
5 m, or more, about ground level (G. K. Morris and Gwynne 1979).

Life history. It seems that this species passes the winter in concealment
as a nymph and emerges early in summer, becoming adult and remaining
active until the onset of cold weather.

Economic importance. Turley (1901) records extensive damage to fruit
trees, which was attributed to this species in Idaho around the turn of the
century.
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Cyphoderris buckelli Hebard

Figs. 186, 187; Map 41

Cyphoderris buckelli Hebard, 1934b:371.
Cyphoderris buckelli; Helfer 1963:304; G. K. Morris and Gwynne
1979:147, 152-154.

Diagnosis. Process of male subgenital plate not directed ventrally.
Female lacking ridged patches (Ander’s organs) on first abdominal tergum.

Description. Male subgenital plate not directed ventrally at angle
greater than 90°, bulbous, with paired short incurved styles dorsolaterally
(Figs. 187a, 187bh). Cerci not flattened.

Range. British Columbia to Montana, south to Oregon.

Behavior and habitats. Typically C. buckelli occurs in dry forest that
is characterized by ponderosa pine (Pinus ponderosa Dougl. ex P. Laws. &
C. Laws.) and, at higher elevations, by Douglas fir (Pseudotsuga menziesii
(Mirb.) Franco). According to G. K. Morris and Gwynne (1979), it feeds
during the spring upon blossoms of understory plants such as serviceberry
(Amelanchier), arrow-leaf balsamroot (Balsamorhiza), and tall Oregon grape
(Berberis). These authors state that they did not find C. monstrosa and
C. buckelli together, although Buckell (1924) had stated that both species
had been seen at Nicola, B.C., feeding on Amelanchier in May.
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Stridulation occurs on the ground or on low shrubs or on tree trunks
less than a metre from the ground. Unlike C. monstrosa, change of terminal
overlap is infrequent in C. buckelli (less than 3%, according to G. K. Morris
and Gwynne (1979)). The dominant carrier frequency is near 13.3 kHz, with
a lesser harmonic peak from 28 to 30 kHz. Each pulse increases rapidly in
amplitude, then decreases gradually to the end of the pulse. Stridulation of
C. buckelli is apparently similar to that of C. strepitans Morris & Gwynne,
but the geographical distributions of the two species do not overlap, the latter
occurring only in the mountains of Wyoming and Colorado. This is fortunate,
as there is, as yet, no known anatomical character to distinguish between
females of the two species.

Life history. Presumably similar to that of C. monstrosa.

Superfamily Tettigonioidea

This is the principal superfamily of the infraorder Tettigoniidea and it
includes the various insects known by such vernacular names as bush-crickets
(not bush crickets), katydids, long-horned grasshoppers, leaf-crickets, and
weed-insects. In French, the word ‘‘sauterelles’” applies strictly to them,
although it is often used as ambiguously as the English word “‘grasshopper’’
to include short-horned grasshoppers (the Acridoidea of the Orthoptera,
sensu stricto, which are, strictly, ‘““criquets’ in French).

Now do the katydids, leaf-crickets and weed-insects of the dusk,
that stridulate the Jong night through,
celebrate their Erotidia, or festivals of love,
Or are they elves disguised, insect-like, in long close coats of green
and gray. . . .

(Cawein 1906)

All living Tettigoniidea, except for the four species of Hagloidea, belong
to the Tettigonioidea.

Many of the 11 families that we recognize are unrepresented in Canada
and adjacent regions. Only the Phaneropteridae, Pseudophyllidae, Tettigonii-
dae, sensu stricto, and Conocephalidae concern us here.

Key to families of Tettigonioidea

1. Head rounded, short, with fastigium not produced or pointed, and with
face not flattened or slanting. Prothoracic spiracles small, not covered
by pronotum; prosternum without pair of spines. Tegmina well-

developed, usually rather broad, leaflike ..................... 2
NOt as above ... . 3
2(1). Antennal insertions (‘‘scrobes’’) weakly margined. Anterior tibia rather

flattened dorsally and somewhat quadrate distally in cross-section; tarsi
with first and second segments cylindrical, not grooved laterally.
Tegmina lacking expanded area with prominent parallel crossveins.
Ovipositor rather short, sickle-shaped, typically rather blunt, apically
denticulate. .......................... Phaneropteridae (p. 167)
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3(1).

2(1).

3(1).

166

Antennal scrobes strongly margined. Anterior tibia more or less round or
oval in cross-section throughout; tarsi with first and second segments
grooved laterally. Tegmina (particularly of male) with expanded area
having prominent, parallel crossveins. Ovipositor moderately long,
gradually curved upward .............. Pseudophyllidae (p. 186)

Head subconical to strongly pointed. Prosternum sometimes lacking spines.
Anterior tibiae without terminal dorsal spines; tibiae and femora with-
out ventral rows of strong spines. Wings sometimes short. Ovipositor
long, typically rather slender, straight or only slightly curved ... ..
..................................... Conocephalidae (p. 189)

Head short, not conical, with fastigium forming a short narrow rounded
or truncated rostrum. Prosternum with pair of spines. Anterior tibiae
with apicodorsal spine, or tibiae and femora with ventral rows of strong
spines. Wings often strongly reduced. Ovipositor rather stout, swordlike
or daggerlike, usually somewhat curved upward, sometimes fairly
straight . ... ... . o Tettigoniidae (p. 221)

Clé des familles de Tettigonioidea

Téte ronde, courte, a fastigium ni convexe ni pointu, a face ni aplatie ni
inclinée. Stigmates du prothorax petits, non recouverts par le prono-
tum; prosternum dépourvu d’épines. Tegmina bien développés, habi-
tuellement larges, ayant ’apparence d’une feuille .............. 2

Combinaison de caractéres différente de celle décrite ci-dessus ...... 3

Points d’insertion des antennes (scrobes) faiblement délimités. Tibias anté-
rieurs plutdt aplatis dorsalement et quelque peu quadrangulaires en
coupe transversale, a ’extrémité distale; premier et deuxieme segments
des tarses cylindriques, dépourvus d’un sillon latéral. Tegmina dépour-
vus d’une zone étendue a nervures paralleles proéminentes. Oviposi-
teur plutdt court, en forme de faucille, d’habitude plutét obtu, denticulé
a extrémité apicale ............... ... Phaneropteridae (p. 167)

Scrobes clairement délimités. Tibias antérieurs en coupe transversale plus
ou moins ronde ou ovale sur toute leur longueur; premier et deuxiéme
segments des tarses munis d’un sillon latéral. Tegmina (surtout chez
les males) développés et munis de nervures paralléles proéminentes.
Ovipositeur .modérément long et recourbé vers le haut ...........
..................................... Pseudophyllidae (p. 186)

Téte de forme subconique a trés pointue. Prosternum parfois dépourvu
d’épines. Tibias antérieurs sans épines dorsales terminales; tibias et
fémurs dépourvus de rangées ventrales d’épines fortes. Ailes parfois
courtes. Ovipositeur long, habituellement plutdét mince, droit ou
légérement incurvé .................... Conocephalidae (p. 189)

Téte courte, non conique, a fastigium formant un rostre court, étroit, arrondi
ou tronqué. Prosternum muni d’une paire d’épines. Tibias antérieurs
munis d’une épine dorsale terminale, ou tibias et fémurs munis de
rangées ventrales de fortes épines. Ailes souvent tres réduites. Oviposi-
teur plutét fort, en forme de sabre ou de poignard, habituellement
quelque peu incurvé vers le haut, parfois plutdt rectiligne ........
........................................ Tettigoniidae (p. 221)



Family Phaneropteridae

Members of the family Phaneropteridae are the leaf-crickets, leaf-
katydids, and lyre bush-crickets. They constitute the largest family of
Tettigonioidea and are recognizable among other members of the superfamily
by the following combination of characters: head rounded, short, with face
not flattened or slanted. Antennae longer than body, inserted between
eyes (which are typically small and round), their insertions (‘‘scrobes’”) only
weakly margined. Prothoracic spiracies small, not concealed by pronotum;
prosternum without spines. Anterior tibiae flattened dorsally, distally rather
square in cross-section, with auditory tympana generally covered; hind tibiae
with apical spine on each side; tarsi with first and second segments subcylin-
drical, not laterally grooved. Wings often reduced (but not completely absent);
although typically tegmina characteristically leaflike, occasionally resembling
insect or fungal damage to plants, with basal stridulatory organ well-
developed even when tegmina reduced; hind wings in fully alate species (all
but one introduced species in region here covered) much longer than tegmina,
projecting well beyond them at rest. Ovipositor rather short, sickle-shaped,
flat, usually with apex rather obtusely pointed and often distinctly crenulated
or serrated.

There are about 2000 species of Phaneropteridae, and probably more
than 300 genera, distributed unevenly between two subfamilies: the Odon-
turinae (virtually confined to western Palaearctic region), and the Phanerop-
terinae, sensu stricto, which are nearly all fully winged and generally with
spines on the front coxae (worldwide except for colder regions, predominantly
tropical).

Phaneropterinae species are almost exclusively phytophagous and mainly
nocturnal, most of them living in trees or on bushes, in the foliage or twigs
of which they lay their eggs and among which they are extraordinarily well
camouflaged. A number of species, in the immature stages, mimic ants,
cicindeline ground-beetles, and even certain spiders. The Odonturinae species,
although protectively colored, are not generally striking mimics; they are
largely ground-living, often most active during the day. Some may occasion-
ally eat small insects, and most lay their eggs in compact masses in the soil.
Some species of this subfamily are prone to become gregarious and to form
marching bands. Sporadically they may cause serious injury to crop plants.
Most Phaneropteridae, however, are not of much economic significance,
particularly among the Phaneropterinae, which are the only native members
of the family represented in the region here covered.

Subfamily Phaneropterinae

Key to genera of Phaneropterinae
1. Tegmina elongate, not distinctly broadened in middle (Figs. 190, 191).

Fastigium little, if any, wider than basal antennal segment (Fig. 192)
........................................... Scudderia (p. 168)
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Tegmina ovate to ovate-lanceolate, distinctly broadened in middle
(Figs. 210, 217). Fastigium much wider than basal antennal segment
(Fig. 210) oo 2

2(1). Hind femur long (Fig. 210). Fore and middle tibiae flat or sulcate above
with raised margins. Tegmina oblong-elliptic or ovate (Fig. 210).
Ovipositor long, curved upward, strongly serrate on both edges
(Fig. 216) ... ... ... . .. ... .. . ... ... Amblycorypha (p. 179)

Hind femur rather short (Fig. 217). Fore and middle tibiae smooth,
rounded, without angular margins. Tegmina ovate-lanceolate (Fig. 217).
Ovipositor short, bent abruptly upward, finely crenulate, with apex
obtuse (Fig. 219) ............ ... .. ...... Microcentrum (p. 184)

Clé des genres de Phaneropterinae

1. Tegmina longs, sans élargissement distinct au milieu (fig. 190 et 191).
Fastigium parfois absent, sinon petit, plus large que le segment basilaire

de PPantenne (fig. 192) ... ... ... ........... Scudderia (p. 168)

Tegmina de forme ovée ou ovée-lancéolée, clairement élargis & mi-longueur

(fig. 210 et 217). Fastigium beaucoup plus large que le segment basilaire

de Pantenne (fig. 211) .. ... .. . . . . . . . . 2

2(1). Fémurs postérieurs longs (fig. 210). Tibias antérieurs et médians aplatis ou
en forme de gouttiére a bords relevés vers le haut. Tegmina oblongs,

elliptiques ou ovés (fig. 210). Ovipositeur long, recourbé vers le haut,

fortement denticulé des deux cotés (fig. 216) ...................
...................................... Amblycorypha (p. 179)

Fémurs postérieurs plutdt courts (fig. 217). Tibias antérieurs et médians lisses,
arrondis, sans bord angulaire. Tegmina ovés-lancéolés (fig. 217).

Ovipositeur court, recourbé brusquement vers le haut, finement crénelé

et a apex obtu (fig. 219) ................. Microcentrum (p. 184)

Genus Scudderia Stal

Description. Body size medium (15-28 mm long), having general form
indicated in Fig. 191. Fastigium horizontal or bent slightly downward, not
wider than basal antennal segment (Fig. 192). Pronotum flattened dorsally,
with sides parallel or only slightly divergent posteriad (Fig. 193). Eyes
rounded. Tegmina long,”with margins subparallel but slightly widened toward
apex. Male subgenital plate usually long, upcurved, with apical U- or
V-shaped notch; male supra-anal plate greatly prolonged, decurved, forked,
or notched to receive apical part of subgenital plate as in Figs. 201-204 (except
in S. septentrionalis—Fig. 200). Ovipositor short, broad, curved sharply
upward (Figs. 205-209), finely crenulate apically on both edges. Chromo-
some number, 2n male = 31 (except S. pistillata, which has 2n male = 29
(Beaudry 1973)).

Key to species of Scudderia
1. Male. Stridulatory apparatus present on tegmina. Subgenital and supra-anal
plates elongate and/or elaborate (Figs. 195-204) .............. 2

Female. Stridulatory apparatus absent. Ovipositor broad, curved (Figs. 205-
200) 7
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2(1).

3(2).

43).

5(3).

6(5).

7(1).

8(7).

9(8).

10(9).

Supra-anal plate nearly triangular, without elongate curved process
(Figs. 195, 200); subgenital plate not compressed toward apex. Cercus
long, tapered (Fig. 195) .. ... ... .. i
....................... septentrionalis (Audinet-Serville) (p. 170)

Supra-anal plate with elongate curved median process, notched or forked
at apex (Figs. 196-199, 201-204); subgenital plate narrowed and
compressed toward apex. Cercus short, strongly incurved (Figs. 196-
100) 3

Apex of supra-anal plate distinctly and deeply forked, usually enclosing tip
of subgenital plate (Fig. 203) ......... ... .. .. . ... . ... .. 4

Apex of supra-anal plate not deeply forked, but with broad shallow notch
(Figs. 201, 202, 204) ... .. i e 5

Tegmina with blackish streaks, one on dorsal (inner) margin from base of
wing to apex and another on the costal vein ....................
................................ fasciata Beutenmiiller (p. 172)

Tegmina without blackish streaks .......... .. ... ... ... ... .. ou..
................ furcata furcata Brunner von Wattenwyl (p. 173)

Notch of supra-anal plate broad, with median tooth (Fig. 204) .......
............................ texensis Saussure & Pictet (p. 174)

Notch of supra-anal plate narrower than subgenital plate (Figs. 201, 202),
without median tooth ........ ... .. .. ... ... .. .. .. . ... 6

Tegmina broad, not more than four times as long as broad. Terminal lobes
of supra-anal plate, in dorsal view, slightly tapering (Fig. 201) .. ..
...................... pistillata Brunner von Wattenwyl (p. 176)

Tegmina narrower and longer, nearly five times as long as broad. Terminal
lobes of supra-anal plate, in dorsal view, subtruncate (Fig. 202) ..
................................ curvicauda (De Geer) (p. 177)

Tegmina broad, dull, with swollen veins. Ovipositor large, with both margins
smoothly curved, not bent (Fig. 205), more than 1.5 times as long as
pronotum ............. septentrionalis (Audinet-Serville) (p. 170)

Tegmina narrow to moderately broad, with veins not swollen. Ovipositor
shorter, rather abruptly bent upward (Figs. 206-209), distinctly shorter
than 1.5 times as long as pronotum ......................... 8

Tegmina long, narrow. Ovipositor abruptly and strongly bent upward,
broader at base than at middle (Fig. 209) ......................
............................ texensis Saussure & Pictet (p. 174)

Tegmina shorter, broader. Ovipositor less abruptly bent upward, not broader
at base than at middle (Figs. 206-208) ................ R 9

Disc of pronotum with sides nearly parallel ........................

............... furcata furcata Brunner von Wattenwyl (p. 173)

Disc of pronotum with sides distinctly diverging posteriad (Fig. 193)..... 10

Tegmina more than 8 mm wide, with ratio of width to length 1:3 .. ...

..................... pistillata Brunner von Wattenwyl (p. 176)

Tegmina less than 8 mm wide, with ratio of width to length 1:4.5 ....

................................ curvicauda (De Geer) (p. 177)

Clé des espéces et des sous-espéces de Scudderia

Males: organe stridulant présent sur les tegmina. Plaques sous-génitale et

supra-anale de forme allongée ou élaborée (fig. 195 a 204) .. ... 2
Femelles. Organe stridulant absent. Ovipositeur large, courbé (fig. 205 a
200 e 7



2(1).

3(2).

43).

5(3).

6(5).

7(1).

8(7).

9(8).

10(9).

Plaque supra-anale presque triangulaire, sans prolongement long et incurvé
(fig. 195 et 200); plaque sous-génitale non aplatie a ’apex. Cerques longs
et pointus (fig. 195) .... septentrionalis (Audinet-Serville) (p. 170)
Plaque supra-anale munie d’un prolongement médian allongé et incurvé,
encochée ou fourchue a 'apex (fig. 196 4 199 et 201 a 204); plaque sous-
génitale rétrécie et aplatie vers I"apex. Cerques courts, trés incurvés
(fig. 196 a 199) . ... .. e 3
Apex de la plaque supra-anale clairement fourchu, dissimulant habituelle-
ment extrémité de la plaque sous-génitale (fig. 203) ........... 4
Apex de la plaque supra-anale ne formant pas une fourche, mais muni d’une
encoche large et peu profonde (fig. 201, 202 et 204) ........... S
Tegmina portant des rayures noirétres, ’une sur le bord dorsal (intérieur),
de la base de I'aile a I’apex, et ["autre sur la nervure costale ......
................................ fasciata Beutenmiiller (p. 172)
Tegmina sans rayures NOIratres . .............couiiniiiinnaann ..
................ furcata furcata Brunner von Wattenwyl (p. 173)
Encoche de la plaque supra-anale large, munie d’une dent médiane
(fig. 204) .................... texensis Saussure & Pictet (p. 174)
Encoche de la plaque supra-anale plus étroite que la plaque sous-génitale
(fig. 201 et 202) et dépourvue d’une dent médiane .......... ... 6
Tegmina larges, pas plus de 4 fois plus longs que larges. Vus du dessus,
bords des lobes terminaux de la plaque supra-anale légérement conver-
gents (fig. 201) ........ pistillata Brunner von Wattenwyl (p. 176)
Tegmina plus étroits et plus longs, prés de 5 fois plus longs que larges. Vus
du dessus, lobes terminaux de la plaque supra-anale subtronqués
(fig. 202) .. ... ... .. curvicauda (De Geer) (p. 177)
Tegmina larges, mats et 4 nervures proéminentes. Qvipositeur grand, aux
bords décrivant une courbe réguliére, non repliés (fig. 205) et plus de
1,5 fois plus long que le pronotum ................ ...,
....................... septentrionalis (Audinet-Serville) (p. 170)
Tegmina étroits 4 modérément larg:s, & nervures non proéminentes.
Ovipositeur plus court, fortemen. incurvé vers le haut (fig. 206 4 209)
et de longueur clairement inférieure « 1,5 fois celle du pronotum . ... 8
Tegmina longs et étroits. Ovipositeur fortement incurvé vers le haut et plus
large a la base qu’a mi-longueur (fig. 209) .....................
............................ texensis Saussure & Pictet (p. 174)
Tegmina plus courts et plus larges. Ovipositeur a courbure vers le haut moins
prononcée et pas plus large a la base qu’a mi-longueur (fig. 206
a208) ..... T e 9
Disque du pronotum a cotés presque paralleles .....................
................ Sfurcata furcata Brunner von Wattenwyl (p. 173)
Disque du pronotum a c6tés clairement divergents vers I’arriére (fig. 193). .10
Tegmina de largeur supérieure a 8 mm, rapport largeur/longueur de 1:3
...................... pistillata Brunner von Wattenwyl (p. 176)
Tegmina de largeur inférieure 4 8§ mm, rapport largeur/longueur de 1:4,5
................................ curvicauda (De Geer) (p. 177)

Scudderia septentrionalis (Audinet-Serville)

Figs. 195, 200, 205; Map 42

Phaneroptera septentrionalis Audinet-Serville, 1838:416.
Scudderia truncata Beutenmiiller, 18945:252.
Scudderia septentrionalis; Scudder 1898b:285; Cantrall 1943:124; Helfer

1963:228; Vickery et al. 1974:72.
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Map 42. Collection localities for Leptophyes punciatissima (») and Scudderia
septentrionalis (A).

Diagnosis. Male supra-anal plate without elongate median process.
Ovipositor directed more posteriorly than upward.

Description. Body small (pronotal length, male 4.7, female 5.0 mm),
slender. Pronotal disc feebly divergent posteriorly, with lateral carinae only
on posterior half. Tegmina short, broad, reticulate, rather coarse in texture.
Supra-anal plate of male somewhat triangular, without median process
(Fig. 200); subgenital plate not compressed at apex. Ovipositor with both
margins smoothly curved, not abruptly bent, about 1.5 times as long as prono-
tum (Fig. 205). Color pale green tinged with yellow, with tegmina, posterior
half of pronotum, posterior femora, and all tibiae dark green; antennae
brownish on apical half.

Range. Minnesota to Québec, south to Tennessee and South Carolina.

Behavior and habitats. S. septentrionalis has been regarded as a rare
species. Cantrall (1943) stated that this was due to ignorance of its behavior
and habitat and the difficulty of capturing specimens. He found it to be
common on the E. S. George Reserve, Livingston County, MI, where it was
found characteristically in shady oak-hickory woodland. The only other
plants on which it was observed were elm and dogwood, and these were
regarded as incidental records. Beaudry (1952), although he did not say so
in print, found the species in Québec in association with white pine, but the
present authors have not been able to find it in any white pine stand in
Québec. A few specimens, like that from St. Laurent, Qué., have been taken
at light.
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The stridulation is complex, a series of ticks followed by a series of clear
brisk notes described by Cantrall (1943) as ‘‘dee-dee-dee-dee-dee,’’ usually
6-8 in succession, the entire sequence lasting about 3 seconds. Each sequence
increases in volume, producing a crescendo that ends abruptly.

Life history. Univoltine, presumably with wintering in the egg stage.
Cantrall (1943) found adults from 8 July onward, and specimens in other
areas have been taken in August. Vickery and Kerr (1975) mentioned that
adults are found earlier than those of other species of Scudderia, and that
they do not persist later than the end of August.

Scudderia fasciata Beutenmuiller

Map 43

Scudderia fasciata Beutenmiiller, 18945:251.
Scudderia fasciata; Beutenmiller 1894¢:276; R. D. Alexander et al.
1972:35, 43, 50.

Diagnosis. Tegmina with blackish longitudinal stripe.

Description. Tegmen with blackish stripe along upper edge, sometimes
also with blackish to purplish elsewhere on wings and body, and rarely with
““vivid red front femora’ (Urquhart 1942). Male supra-anal plate slender.

Range. Michigan to Maine, south to Tennessee and North Carolina.
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Map 43. Collection localities for Scudderia fasciata.
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Behavior and habitats. The types were collected on pine trees and
Urquhart (1942) found it on white pine (Pinus strobus L.). Hebard (1945)
reported a female from the ‘‘edge of a sphagnum patch in the deciduous
forest’”” in North Carolina. R. D. Alexander et al. (1972) also reported
S. fasciata as an inhabitant of pines in Ohio, Michigan, and Ontario, but
not on other vegetation. Stridulation of S. fasciata consists of rather soft
lisps, repeated slowly, by day or at night, very much like that of its sibling
partner, S. furcata. S. fasciata, however, occurs only in pine or hemlock trees
(and possibly other conifers), whereas S. furcata sings in bushes or woods.

Life history. Probably univoltine, with wintering in the egg stage.
Adults have been found in August and September.

Scudderia furcata furcata Brunner von Wattenwyl

Figs. 191, 198, 203, 208; Map 44

Scudderia furcata Brunner von Wattenwyl, 1878:239.

Scudderia furcata; Scudder 1898b:284, Helfer 1963:277; R. D. Alexander
et al. 1972:43-50.

Scudderia furcata furcata; J. A. G. Rehn and Hebard 19145:297;
Cantrall 1943:129; Vickery et al. 1974:74.

Phaneroptera furcata furcata; Hebard 1925a:127.

Common name. Forktailed bush katydid.

Map 44. Collection localities for Scudderia furcata furcata.
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Diagnosis. Process of male supra-anal plate deeply forked. Disc of
pronotum with lateral margins nearly parallel.

Description. Body small (males 14-18, females 18-22 mm, pronotal
length, males and females, 4.6-5.0 mm). Tegmina narrow, with width to
length ratio about 1:4.5-1:4.7. Pronotal disc with sides nearly parallel. Process
of supra-anal plate of male deeply forked, with apical notch deep and
U-shaped and with lateral processes decidedly swollen (Figs. 191, 198).
Ovipositor as in Fig. 203. Color dark leaf green, occasionally somewhat
suffused with brownish; head and pronotum paler; lateral margins of pronotal
disc not outlined with paler color; hind tibiae and ovipositors of some
specimens suffused with brownish purple or red.

Range. British Columbia to Nova Scotia, south to Mexico.

Behavior and habitats. Cantrall (1943) found S. furcata furcata in
permanent marshes, but more numerous in or near semipermanent marsh
habitats, and usually within no more than 50 m of them. E. M. Walker
(1904b) stated that S. furcata occurred in trees and bushes at the edges of
woods and thickets on both dry and marshy ground but most often near
marshes.

Males stridulate in trees and bushes, often high off the ground, by day
and at night. The song consists of rather soft lisps produced very slowly,
a few seconds apart, in series of three or four. A lisp is defined as a pulse
containing a large number of tooth strikes and has a consistent length that
is typical for the species. Intervals between songs is erratic, from 1 to
30 minutes (Spooner 1968b). S. furcata may also produce a second sound,
a short-pulsed phrase repeated at intervals of 4 or 5 seconds for up to
1 minute. Spooner (1968b) also observed that reports of increased diurnal
stridulation could be the result of inhibition owing to low night tempera-
tures. Males also produce ‘‘ticks’’ in the presence of responsive females.
Spooner (1968a) timed ticks produced by females of several species in response
to male stridulation. He found the mean time interval following male song
to female response in S. furcata to be 1.37 seconds at 25°C. Nickle (1976)
found the dominant carrier frequency of S. furcata stridulation to be
14.6-1.5 kHz.

Life history. Pair formation and mating occur 14-40 (with a mean of
20) days after molting to the adult stage. In the southeastern United States,
S. furcata has two generations each year (Spooner 1968b), but in the north
it is univoltine, wintering in the egg stage. Cantrall (1943) stated that it matures
later than other species of the genus in southern Michigan, adults occurring
from 20 July to 30 September. In Québec, adults have been collected from
13 August to 1 September (Larochelle 1978), although there is little doubt
that it appears earlier and disappears later than these dates.

Scudderia texensis Saussure & Pictet

Figs. 199, 204, 209; Map 45

Scudderia texensis Saussure and Pictet, 1897:328.
Scudderia texensis; Scudder 1898b:277; Cantrall 1943:128; Helfer
1963:279; R. D. Alexander et al. 1972:44, 50; Vickery et al. 1974:75.
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Map 45. Collection localities for Scudderia rexensis.

Diagnosis. Male supra-anal process broad apically, emarginate with
median tooth. Tegmina long, 5-5.5 times longer than broad.

Description. Body large (males 21-25, females 24-28 mm long).
Pronotum much longer than broad (5.5-6.5 mm in both sexes), with margins
of disc diverging posteriorly. Hind femur long, slender, with 3 or 4 minute
spines on inner ventral carina. Tegmina long, narrow, more than five times
as long as broad. Male supra-anal process broad apically, shallowly emar-
ginate with small median tooth (Figs. 199, 204). Ovipositor suddenly and
strongly bent upward, distinctly broader at base than at middie (Fig. 209).
Color generally grass green with body and face tinged with yellow.

Range. Montana to Maine, south to Texas and Florida.

Behavior and habitats. J. A. G. Rehn and Hebard (1914b) observed
S. texensis in salt marshes on the New Jersey coast where it was abundant.
Males stridulated in the afternoon in taller vegetation. These authors state
that it is “‘almost invariably found in or near marsh swamp or bog.’’ Cantrall
(1943) recorded it as ‘‘a characteristic species of the semipermanent marsh
habitat’’ in Michigan. Spooner (1964) stated that S. texensis ‘‘frequents almost
any open area where weeds and grasses abound such as in abandoned fields
and along highway and railway embankments.”’ It probably is not so restricted
in habitat type as was indicated by J. A. G. Rehn and Hebard (19145) and
by Cantrall (1943). We have collected it in wasteland and in abandoned areas
that were fairly extensively covered with regrowth scrub-brush vegetation.
Eggs are laid in the edges of leaves between the upper and lower epidermis
and, at first, are so thin that they are not noticeable (Blatchley 1920).
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Stridulation is louder, and more harsh, and is produced more slowly
than that of other species of Scudderia. Cantrall (1943) described the day
song as ‘‘skee-deeck,”’ the complete song lasting about 0.75 second, produced
at irregular intervals. The nocturnal song is amplified and sounds like ‘‘skee-
dee-dee-dee-deeck,”” with brief pauses, the entire song lasting about
1.25 seconds, emitted at irregular intervals. Spooner (1964) discovered that
S. texensis males produce four sounds, three in solitary situations. Females
produce lisping sounds in response to one of the male signals. In the after-
noon, a fast-pulsed song is produced, consisting of ‘‘long series of irregu-
larly spaced, short, lispy phrases.”” At twilight, males produce soft ticks,
which are audible only a few metres away. After dark a slow-pulsed song
is produced, composed of two phrases that are longer and are given more
slowly than the fast-pulsed phrases. Then alternation of fast-pulsed and slow-
pulsed song occurs. When males are situated close together, the stridulation
of one produces intense ticks by the other. If the contact is very close, an
erratic ticking, which Spooner calls “‘crackling,” is elicited. These sounds
serve to maintain territorial spacing of males. The slow-pulsed song is
answered by the females 1.16 seconds later with 1-3 lisps (Spooner 1968q).

Life history. In the northern part of its range, S. fexensis is univol-
tine, a single generation overwintering in the egg stage. In Georgia and
Florida, there are two generations each year, adults appearing in June and
September. In the region here considered, adults appear in July and persist
until late September. Vickery and Kerr (1975) recorded adults in southern
Ontario from 29 July to 17 September.

Economic importance. J. A. G. Rehn and Hebard (1914b) reported
damage to cranberry crops by S. texensis in the eastern United States.

Scudderia pistillata Brunner von Wattenwyl

Figs. 192-194, 196, 201, 206; Map 46

Scudderia pistillata Brunner von Wattenwyl, 1878:240.
Scudderia pistillata; Piers 1896:211; Cantrall 1943:126; Helfer 1963:280;
R. D. Alexander et al. 1972:44-50; Vickery et al. 1974:73.

Diagnosis. Tegmina broad, only three times as long as wide.

Description. Size medium (pronotal length, male and female 4.7-
5.7 mm). Disc of pronotum distinctly broader posteriorly. Process of male
supra-anal plate forked, with apical notch acute, shallow, narrower than
upcurved subanal process (Figs. 196, 201). Ovipositor as in Fig. 206. Color
pale apple green above, whitish green beneath; antennae brownish except
greenish basally; vertex of head and dorsolateral angles of pronotum creamy
white; abdomen green with annular stripes of brighter or darker green on
posterior margins of segments; ventral surface of abdomen with 2 longitudinal
raised white lines.

Range. British Columbia to Nova Scotia, south to Indiana and
New York.
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Map 46. Collection localities for Scudderia pistillata.

Behavior and habitats. S. pistillata seems to prefer damp locations and
is usually found on bushes. It is slow-moving and not very active. Males strid-
ulate rarely in daylight, but readily at dusk. The song is a harsh ““tsick,”
consisting of 5-8 rapid pulses, increasing in loudness at the end. Intervals
between songs vary from 2 minutes to more than 1 hour. Cantrall (1943)
reported a frequency of about 20 minutes with favorable weather conditions.
Males usually perch on the top of vegetation when stridulating. Flight is slow
and clumsy.

Life history. Univoltine, with wintering in the egg stage. Vickery (1961)
reported adults in Nova Scotia from 14 July to 21 October.

Scudderia curvicauda (De Geer)
Figs. 197, 202, 207; Map 47

Locusta curvicauda De Geer, 1773:446.

Phaneroptera angustifolia T. W. Harris, 1841:129.

Scudderia curvicauda; Scudder 1898b:278; Helfer 1963:279; R. D.
Alexander et al. 1972:44-50; Vickery et al. 1974:73.

Scudderia curvicauda curvicauda; J. A. G. Rehn and Hebard 19145:293;
Cantrall 1943:127.

Scudderia curvicauda borealis; J. A. G. Rehn and Hebard 19145:281.

Diagnosis. Tegmina long, narrow, 4.5 times as long as broad.
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Map 47. Collection localities for Scudderia curvicauda.

Description. Body small (pronotal length, male and female, 5.0-
6.0 mm). Tegmina narrow (width to length 1:4.5). Eyes large. Hind femora
long; male tympanum small. Branches of fork of process of male supra-anal
plate subequal in width (Fig. 202). Ovipositor as in Fig. 207. Color generally
uniformly green with lateral pronotal angles weakly outlined in brownish
white; some specimens reddish to purple on dorsal surfaces of hind tibiae,
between spines; ovipositor sometimes brownish purple. In Québec, dorsal
side of hind tibia often reddish purple and ovipositor often brownish purple.

Range. Manitoba to Nova Scotia, south to Texas and Florida.

Behavior and habitats. E. M. Walker (1904b) stated that all the speci-
mens found by him near Toronto were from trees and bushes in more or
less open, partly wooded country. J. A. G. Rehn and Hebard (19145) found
S. curvicauda to be common in undergrowth of woods in the New Jersey
pine barrens. Specimens have been found in similar habitats in Nova Scotia
and Québec. Cantrall (1943) found it in heavy marsh vegetation in southern
Michigan. He also recorded that S. curvicauda is an inactive species, spend-
ing daylight hours in concealment. Eggs are laid in the stems or branches
of plants.

Males of this species stridulate by day and also at night. The diurnal
song is a single phrase sounding like ‘‘tsick,’’ given at long intervals. At night,
the phrase is similar but is repeated several times about 5 seconds apart. The
phrases consist of 1-3 slow pulses (rate of two to three per second). An
individual often begins with one phrase, followed by several two- and three-
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pulse phrases (Alexander et al. 1972). Spooner (1968b) reported the song as
a series of phrases with each succeeding phrase having one more pulse than
the previous phrase, usually 2-5, but occasionally with seven-pulsed phrases.
Pulse rates at 25°C were 4.5-5.8 per second. Spooner (1968a) pointed out
that the females of Scudderia answer the males with soft noises (0.84 second
after the termination of male stridulation in the case of S. curvicauda), which
produce variations in the male song, and also that the males then go to the
females, rather than the reverse as in most singing Grylloptera.

Life history. Univoltine, with wintering in the egg stage. Vickery (1961)
recorded adults from 15 August to 12 October in Nova Scotia. Cantrall (1943)
reported adult activity from 13 July to 21 September in southern Michigan.

Genus Amblycorypha Stél

Description. Size medium to large (20-27 mm in body length).
Fastigium rounded, strongly bent downward, more than twice as broad as
basal antennal segment (Fig. 211). Eyes oval. Pronotum flattened dorsally,
narrower in front, with hind margin broadly rounded. Tegmina broad, widest
at middle. Male subgenital plate broad, slightly tapered, carinate beneath,
with apex deeply notched and with paired short cylindrical lateral styles. Male
cerci long, tapered, incurved, usually crossed. Female ovipositor broad,
gradually curved upward, with apex rounded, serrate on both edges of apical
half (Fig. 216).

Key to species and subspecies of Amblycorypha

1. Tegmina oblong-elliptic, 3.25-3.50 times as long as broad .......... 3
Tegmina broadly ovate, 2.25-2.75 times as long as wide .............
.................................. rotundifolia (Scudder) ... 2

2(1). Hind wings extending beyond tegmina when wings folded (eastern sub-
species) ............. rotundifolia rotundifolia (Scudder) (p. 180)

Hind wings not extending beyond tegmina when wings folded (Minnesota,

South Dakota) ............... rotundifolia iselyi Caudell (p. 181)

3(1). Stridulatory area of male small, not much larger than pronotal disc. Ratio

of hind femur length to ovipositor length 2.16-2.25 .............
............................. carinata Rehn & Hebard (p. 181)
Stridulatory area of male much larger than pronotal disc. Ratio of hind femur
length to ovipositor length 2.38-2.61 ........... ... .. ... . ...
............................... oblongifolia (De Geer) (p. 182)

Clé des espéces et des sous-espéces d’Amblycorypha

1. Tegmina oblongs ou elliptiques, de 3,25 a 3,50 fois plus longs que
larges .o e 3

Tegmina clairement ovés, de 2,25 a 2,75 fois plus longs que larges . ...
.................................. rotundifolia (Scudder) ... 2

2(1). Alles postérieures dépassant les tegmina en position repliée (sous-espece de
Pest) ...t rotundifolia rotundifolia (Scudder) (p. 180)
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Ailes postérieures ne dépassant pas les tegmina en position repliée (Minnesota

et Dakota sud) .............. rotundifolia iselyi Caudell (p. 181)

3(1). Organe stridulant du méle petit, pas beaucoup plus grand que le disque du
pronotum. Fémurs postérieurs de 2,16 a 2,25 fois plus longs que

Povipositeur .................. carinata Rehn & Hebard (p. 181)

Organe stridulant du méle beaucoup plus grand que le disque du pronotum.

Fémurs postérieurs de 2,38 a 2,61 fois plus longs que ’ovipositeur
............................... oblongifolia (De Geer) (p. 182)

Amblycorypha rotundifolia (Scudder)

Phylloptera rotundifolia Scudder, 1863q:445.

There is some confusion regarding the exact limits of this species, but
there is a general consensus that there are three subspecies, two of which
occur in the region here covered.

Amblycorypha rotundifolia rotundifolia (Scudder)

Fig. 214; Plate IVA; Map 48

Phylloptera rotundifolia Scudder, 1863a:445.

Amblycorypha rotundifolia rotundifolia; J. A. G. Rehn and Hebard
1914c¢:335.

Amblycorypha rotundifolia; Pettit and McDaniel 1918:38; Cantrall
1943:130; R. D. Alexander et al. 1972:42, 50.

A. rotundifolia iselyi (O).
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Diagnosis. Tegmina distinctly ovate; hind wings projecting beyond
them.

Description. Tegmina ovate; wings slightly longer than tegmina.
Metasternal lobe on each side broader than long with posterior margin sub-
truncate; humeral sinus of lateral pronotal lobe obsolete. Hind femur with
4 or 5 minute teeth on ventral carina. Ovipositor strongly curved, strongly
serrate. Color bright green with abdomen and femora yellowish brown to
brownish, occasionally pink.

Range. Iowa to Massachusetts, south to Arkansas and Georgia.

Behavior and habitats. A. rotundifolia is a common inhabitant of
unimproved rough pastureland, on such plants as Vaccinium, Kalmia, and
Spiraea (Allard 1911). Cantrall (1943) found it mainly in shady oak-hickory
woods in southern Michigan. The species is inactive, has never been seen
to fly, and jumps only slowly and feebly, or as Cantrall (1943) describes it,
““more of a slow shove than a quick springing movement.”’ The ‘‘leap’’ carries
the insect only 5-8 cm. That author has given a detailed account of the
cleaning and grooming activity of this species.

The song consists of notes that are dull and lisping, groups of rattling
buzzes or phrases, 5-15 per group, with a long (5-second) phrase before
termination of the song. Stridulation is nocturnal on vegetation about 1.5 m
above the ground (R. D. Alexander et al. 1972).

Life history. Univoltine, with wintering in the egg stage. Cantrall (1943)
recorded adults in southern Michigan from 18 July to 15 September, with
a peak of adult population during the 2nd week of August. It appears to
be susceptible to frost and does not survive beyond September.

Amblycorypha rotundifolia iselyi Caudell

Map 48

Amblycorypha iselyi Caudell, 1905a:50.

Amblycorypha rotundifolia; Lugger 1898:312.

Amblycorypha rotundifolia iselyi; J. A. G. Rehn and Hebard 1914¢:340;
Hebard 19324:42; Helfer 1963:274.

Diagnosis and description. As for A. rotundifolia, but hind wings not
projecting beyond tegmina when at rest.
Range. South Dakota and Minnesota, south to Missouri.

Behavior, habitats, and life history. Presumably as for A. rotundifolia
rotundifolia.

Amblycorypha carinata Rehn & Hebard

Map 49
Amblycorypha floridana carinata J. A. G. Rehn and Hebard, 1914c¢:323.

Diagnosis. Male stridulatory area about same size as pronotal disc.

Description. Male stridulatory area small, about size of pronotal disc.
Ovipositor unevenly curved, long in proportion to hind femur (ratio
2.06-2.25), heavy.
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Map 49. Collection localities for Amblycorypha carinata.

Range. Pennsylvania to Massachusetts, south to Georgia.

Behavior and habitats. H. Fox (1917) stated that A. carinata is
frequently found in tidewater areas in Virginia. Little else is known about
the species.

Life history. Presumably univoltine, with wintering in the egg stage.
The type specimen was collected 16 July.

Amblycorypha oblongifolia (De Geer)

Figs. 1, 210-213, 215, 216; Map 50

Locusta oblongifolia De Geer, 1773:445.

Amblyconypha [sic] oblongifolia; Caulfield 1886:212.

Amblycorypha scudderae Bruner, 18914:73.

Amblycorypha oblongifolia; Lugger 1898:312; Cantrall 1943:130; Helfer
1963:274; R. D. Alexander et al. 1972:44, 50; Vickery et al. 1974:76.

Diagnosis. Male green with stridulatory area brown, larger than prono-
tal disc. Female entirely green, with ovipositor longer than hind femur.

Description. Body large, robust (length, male 21-23, female 22-
25 mmy; general form as in Figs. 1, 210. Fastigium rounded, more than twice
as broad as basal antennal segment (Fig. 211). Pronotal disc flat, narrowed
in front, broadly rounded behind (length, male 6-6.5, female 7 mm), with
sides distinctly divergent on posterior two-thirds; lateral carinae of pronotum
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Map 50.

less distinct on anterior third; humeral sinus distinct. Tegmina elongate-
elliptic, about 3.3 times longer than broad; stridulatory field of male large,
much larger than pronotal disc; wings exceeding tegmina in length by about
6 mm. Posterior femur slender, not reaching tips of tegmina (shorter in
female), with inner posterior carina possessing 6-12 strong teeth. Ovipositor
evenly and strongly curved, strongly serrate, with ratio of hind femur length
to ovipositor length 2.38-2.61. Color typically bright pea green, with abdo-
men and femora usually brown or yellowish brown (rarely pink); male
stridulatory area brown with green crossvein; female usually entirely green
(rarely pink), but some individuals with black marginal pronotal markings.
Chromosome number, 2z male = 31 (Beaudry 1973).

Range. North Dakota to Québec, south to Texas and Florida.

Behavior and habitats. Cantrall (1943) found A. oblongifolia mainly
in permanent and semipermanent marsh habitats. E. M. Walker (1904b)
found it common on tall weeds and shrubs in western Ontario. We have found
it in similar locations in southwestern Québec where it is not necessarily
associated with marshes, but is usually found on vegetation where soil is moist
or at least near bodies of water. It is annually present on bushes in both
of the authors’ gardens. Doyon (1962) recorded it feeding on milkweed
(Asclepias syriaca L.) in Québec, but milkweed is not regarded as a primary
food plant. Individuals are relatively inactive. They walk slowly and gener-
ally remain perched on top of a bush unless disturbed. Flight is leisurely and
generally of short duration (Cantrall 1943). Eggs are deposited in moist soil.
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The female, after locating a suitable spot, bends her abdomen forward under
her body and grasps her ovipositor with her mandibles, then forces the
ovipositor into the soil and deposits the eggs (Hancock 1916).

Stridulation is loud, sounding like ‘‘z-z-z-z-itzick,’’ repeated every few
seconds with some regularity. The phrase is not uniform, beginning with the
long pulse and speeding up toward the end (R. D. Alexander et al. 1972).
Females respond by ticking. The time interval between male stridulation and
female response is very short. At 25°C, Spooner (1968a) found an attrac-
tion to artificial ‘‘ticks’’ of one-tenth of a second after the male song ceased.
The same author (Spooner 1968b) recorded female response at 280 milli-
seconds, following the cessation of stridulation by the male. The male then
(in every case) moved directly to the female. Males respond to other males
by increased rate of stridulation, the two males producing sound alternately
in rapid succession (Vickery, unpublished, 1980).

Life history. Although there is only a single generation each year, the
cycle is somewhat complex. Eggs in the soil may pass through two or three
winters before they hatch. Adults and nymphs do not hibernate. Adults have
been taken in Québec and Ontario from 12 July to 10 September and have
been heard in some years until the 1st week of October, but most have been
found during August.

Genus Microcentrum Scudder

Description. Body large (male 25-28, female 28-30 mm; pronotal
length, male and female 6.0-7.0 mm). Occiput of head convex, with fastigium
obtuse, about as broad as basal antennal segment, slightly sulcate. Eyes
prominent, broadly oval. Pronotal disc flat, with margins nearly parallel;
posterior margin with lateral carinae distinct; lateral lobes deeper than broad;
humeral sinus distinct. Tegmina ovate, lanceolate, broadest at middle, taper-
ing to narrow rounded apices; hind wings projecting beyond tegmina. Femora
with several small spines beneath; posterior spines short, slender. Male cerci
long, slender, nearly cylindrical, with apices usually incurved. Male subgen-
ital plate bilobate, with long cylindrical styles. Ovipositor short, bent upward,
with apex obtuse and finely toothed (Fig. 219). Female subgenital plate
triangular, compressed, obtuse.

Microcentrum rhombifolium (Saussure)

Figs. 217-219; Map 51

Phylioptera rhombifolia Saussure, 1859:204.

Microcentrum affiliatum Scudder, 1863a:447.

Microcentrum rhombifolium; J. A. G. Rehn and Hebard 19165:256;
Helfer 1963:274; R. D. Alexander et al. 1972:43, 50.

Common name. Broadwinged katydid.

Diagnosis. Fore and middle tibiae smooth. Tegmina ovate-lanceolate.

Description. As for genus. Anterior margin of pronotum sinuate with
small median tubercle (Figs. 217, 218). Eyes subglobose. Male stridulatory
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Map 51. Collection localities for Microcentrum rhombifolium.

field elongate-triangular, opaque, coarsely punctate. Female stridulatory area
with 7 transverse veins bearing pointed spines. Hind femora short (22.5-
25 mm), not reaching beyond apical third of tegmina. Ovipositor bent
abruptly upward, with apex rounded-truncate, finely toothed (Fig. 219).
Color rich deep green.

Range. Minnesota to New York; British Columbia (adventive).

Behavior and habitats. M. rhombifolium frequents bushes, shrubbery,
and often crowns of deciduous trees (Cantrall 1968). Johnstone (1971)
reported it from bushes growing in sandy soil at Point Pelee, Ont. Blatchley
(1920) stated that it was found on low bushes and shrubbery and that it is
attracted to light at night. Eggs are glued in double rows on the sides of slender
twigs. A female first chews the area, thus roughening it, then deposits the
eggs so that, in each row, they overlap for about one-quarter of their length.

Male stridulation was described by Spooner (1968b) as two distinct
sounds, lisps and ticks, which are produced at any time of the day or night,
although more often at night. The lisps and ticks are not usually given in
sequence but this may occur after a male has had a prolonged silent period.
Females are attracted to the lisp sequence at an intensity of 55 decibels, but
not at higher intensitjes. Lisps may also produce reactions in other males
and may serve to maintain territorial spacing. Females tick in response to
a series of male ticks after a very short interval (0.16 second), according to
Spooner (1968a), and, in such cases, males move to the responding females.
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Life history. Univoltine, with wintering in the egg stage in the northern
part of the range, but bivoltine in central and southern Florida. Specimens
were collected at Point Pelee, Ont., on 23 August. Cantrall (1968) recorded
20 September to 2 November as the period of adult activity. Blatchley (1920)
stated that, in central Indiana, nymphs were present from May until
mid-August,

Family Pseudophyllidae

The family Pseudophyllidae includes the true katydids, ‘‘singing leaves,”’
and bark-crickets, although only the first of these are native to Canada and
the adjacent United States. The family, as a whole, is a large one, but it is
poorly represented in North America. It is distinguishable from other
members of the superfamily Tettigonioidea by the following combination
of characters: size moderately large to large. Head usually short, rounded,
with face not slanting or flattened. Antennae longer than body, inserted
between eyes (which are typically small and round), the insertions (‘‘scrobes’’)
with characteristic, strongly raised margins, particularly mediodorsally. Pro-
thoracic spiracles small, but not hidden by pronotum; prosternum often with
pair of spines. Tibiae without apical spines, the front pair more or less cylin-
drical or oval throughout in cross-section and with tympanal auditory organs
normally covered; tarsi with first and second segments grooved laterally.
Wings seldom reduced, the tegmina strongly modified to resemble foliage,
fruit, bark, and lichen; male tegmina with well-developed stridulatory organs
and with crossveins often modified to form expanded resonating area; hind
wings at rest not, or but slightly, projecting beyond tegmina. Ovipositor
usually of moderate length, distinctly curved upward.

There are about 1000 species of Pseudophyllidae and nearly 250 genera.
The number of subfamilies that should be recognized is uncertain, although
there are about 20 recognizable tribes. We may regard the majority, which
are American, as constituting the subfamily Cyrtophyllinae (= Pterophyl-
linae). Most of the rest, from the Old World tropics, are placed in the
Pseudophyllinae, sensu stricto.

The Pseudophyllidae includes some large insects, with wings sometimes
spanning more than 20 cm. Resemblance to broad leaves, often to decaying
ones with transparent ‘‘holes’ or irregular margins apparently bitten by
insects, or with fungi or lichens growing on them, is often extraordinary (even
more so than in the Phaneropteridae). So, too, is the procryptic form and
coloration of species that rest on tree trunks or branches. Some species can
be extraordinarily noisy at night in tropical forests, where most of them live.
Both sexes may produce sounds and more than one mechanism may be used
in sound production. Few species occur in temperate countries, species of
Pterophylia, the katydids of eastern North America, being among the excep-
tions. Most, if not all, are phytophagous and most seem to oviposit in stems,
although the biology of few is known. Very few species are known to have
any economic significance. The family has been monographed and cataloged
by Beier (1960, 1962, 1963).
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Genus Pterophylla W. Kirby

Description. Body large (length 25-34 mm). Head broad, with
fastigium short, triangular, acute, sulcate above. Eyes small, subglobose,
widely separated. Pronotum saddle-shaped, with disc having faint lateral
carinae; anterior margin truncate; posterior margin broadly rounded;
prosternum with paired slender tapering spines. Tegmina broad, leaflike,
strongly convex, entirely enclosing abdomen; wings shorter than tegmina.
Femora sulcate, spined beneath; fore tibiae without apical spines; hind tibia
quadrangular in section, with all margins bearing spines. Male cerci broad
at base, widely forked, with apices of forks divergent, incurved. Male sub-
genital plate produced into long acute appendage, sulcate above. Ovipositor
more than twice as long as pronotum, sickle-shaped, with apex acute, finely
serrate on apical third of lower margin.

Pterophylla camellifolia {Fabricius)

Fig. 220; Map 52

Locusta camellifolia Fabricius, 1775:283.

Locusta perspicillata Fabricius, 1775:283 (male).

Platyphyllum concavum T. W. Harris, 1831:42.

Platyphyllus zimmermanni Saussure, 1859:206.

Cyrtophyllus elongatus Caudell, 1906:40.

Pterophylla camellifolia; Blatchley 1920:496; Helfer 1963:264; R. D.
Alexander et al. 1972:33, 43, 49.

Pterophylla camellifolia camellifolia; Hebard 1941:205.
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Map 52. Collection loéalities for Pterophylla camellifolia.
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Diagnosis. Tegmina strongly convex, entirely enclosing abdomen.

Description. As for genus Pferophylla. Body large, robust, green
(Fig. 220). Male cercus with lower branch of fork about one-quarter shorter
than upper branch and with apices of both branches strongly incurved, partly
clasping sides of elongate subgenital plate; upper branches crossing each other,
each terminating in tiny black spine.

Range. Jowa to Ontario and Massachusetts, south to Texas and
Florida.

Behavior and habitats. P. camellifolia, the “‘true’’ katydid, is more
commonly heard than seen, as it often remains in dense foliage in high trees.
Blatchley (1920) indicated that it prefers trees in the open rather than in
forests, but this was disputed by Hebard (1941), who found it to be much
more numerous in extensive areas of deciduous forests (Pennsylvania,
New Jersey to Virginia), particularly where numerous high oak trees occurred.
He was able to collect many specimens in oak scrub in New Jersey. Although
it possesses tegmina and hind wings, P. camellifolia does not fly. It may glide
from a high perch to a lower one, but, in regaining the former, it crawls
up the trunk of a tree. Eggs are deposited in soft stems of woody plants and
in tree bark (Caudell 1906).

The stridulation of the males is the loudest of any North American
tettigonioid. R. D. Alexander et al. (1972) describe the song as ‘‘a very loud,
harsh, 2-to-3-pulse phrase delivered steadily at about one phrase per second
at night from trees.”” Hebard (1941), rather than describing the song as
““harsh,’” found it to be ‘‘exceptionally pleasing.’’ Cantrall (1968) called the
species ‘‘a noisy inhabitant of the crowns of deciduous trees.”

R. D. Alexander (1960) discovered that a male of this species in captivity
would stridulate in response to an artificial stimulus and would alter speed
of pulse production in response to such a stimulus. In this case, a typewriter
nearby stimulated stridulation during the day (the species normally sings only
at night) and would increase or decrease the rate of pulse production as the
rate of typing was increased or decreased. In the field, males respond by
stridulation to the calls of other males. Alternation of stridulation is
apparently usual in this species if more than one male is present in a loca-
tion. Shaw (1968, 1975) observed similar behavior. He also found that young
males (1 to 2 weeks after sexual maturity) produce longer and more variable
songs than older individuals. Stabilization of song length is probably a result
of interaction with other males. Female stridulation is well known in this
species (Caudell 1906). In response to the call of a male, a female produces
a sharp scraping note that is audible to the human ear several metres away.

Life history. Univoltine, wintering in the egg stage. Adults are found
from 10 July to 27 October in Indiana (Blatchley 1920). In Ontario and
Michigan the active period is reduced, Cantrall (1968) giving the dates as
30 July to 10 October. At the end of the active season, adult females are
sometimes found on the ground under trees or on tree trunks following frosty
nights (Hebard 1941).
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Family Conocephalidae

Members of this family include the cone-head bush-crickets, meadow
katydids, and weed-insects. For the most part, they are easily recognized,
particularly if only the present region is considered, although, when a world
view is taken, they can be of rather diverse appearance. They are distinguish-
able from other members of the superfamily Tettigonioidea by the follow-
ing combination of characters: body generally elongate, and size moderate
to small. Coloration generally green or brownish, sometimes with darker
stripes, particularly on pronotum. Head typically subconical to strongly
pointed, with antennae longer than body, inserted between the eyes, the
insertions (‘‘scrobes’’) at most weakly margined. Prothoracic spiracle large,
elongate, nearly covered by pronotum; prosternum generally with pair of
spines. Anterior tibiae without terminal dorsal spines. Auditory organ usually
covered. Hind tibiae with at least 1, and usually 2, terminal dorsal spines;
first and second tarsal segments laterally grooved. Wings fully developed or
reduced, but rarely, if ever, entirely lacking; tegmina, when developed, usually
long and narrow, often resembling grass blades or stems or narrow leaves.
Males with well-developed, but not exaggerated, basal stridulatory organs.
Ovipositor long (sometimes longer than rest of body), straight or slightly
curved upward.

There are probably about 1000 world species in perhaps 140 genera, the
great majority placed in the subfamily Conocephalinae as here understood.

The males of Conocephalidae, like those of many Tettigoniidae, and
unlike those of most Phaneropteridae, frequently stridulate by day, particu-
larly in early evening. In general, the Conocephalini are more diurnal than
the Copiphorini, which do not usually begin to stridulate much before sunset.
The songs of these insects are typically in the form of a prolonged whine,
which gives the Chinese name fan-shib-liang or lo-shib-liang, meaning
“‘spinning-girl,”” to members of the genus FEuconocephalus, particularly
E. pallidus Redtenbacher (Copiphorini). This insect is often referred to in
Chinese literature.

The Conocephalini and Copiphorini are mainly found in rank humid
low vegetation such as grasses and reeds. Conocephalidae generally appear
to favor a mixed diet of insects, seeds, or herbage, varying from species to
species. Oviposition by most species, where known, seems to occur mainly
in plant tissues (sometimes in galls). The family has little direct economic
significance.

Key to tribes of Conocephalidae

1. Body large (length, without ovipositor, more than 24 mm). Vertex of head
extending beyond basal antennal segment, produced to form tapering

cone between antennal bases, notched beneath (Figs. 277, 278, 281).

Fore and middle tibiae with spines beneath. Insect mainly nocturnal

or crepuscular ......... ... . ... Copiphorini (p. 190)

Body smaller (length, without ovipositor, 11-23 mm). Vertex of head not
extending beyond basal antennal segment, produced to form rounded

tubercle with concave sides, not notched beneath (Figs. 289, 309, 310).

Fore and middle tibiae without spines beneath. Insect mainly diurnal

and crepuscular ............ .. ... ... ... Conocephalini (p. 196)
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Clé des tribus de Conocephalidae

1. Corps grand (plus de 24 mm de long, ovipositeur exclu). Vertex s’étendant
au-dela des segments basilaires des antennes, formant un céne effilé
entre ces derniéres et muni d’une encoche en dessous (fig. 277, 278 et
281). Tibias antérieurs et médians armés d’épines du coté ventral.
Insectes plutdt nocturnes ou crépusculaires .....................
......................................... Copiphorini (p. 190)

Corps petit (longueur de 11 a 23 mm, ovipositeur exclu). Vertex ne dépas-
sant pas les segments basilaires des antennes, formant un tubercule rond
aux cOtés concaves, sans encoche dessous (fig. 289, 309 et 310). Tibias
antérieurs et médians dépourvus d’épines du c6té ventral. Insectes plutot
diurnes ou crépusculaires ................ Conocephalini (p. 196)

Tribe Copiphorini

This tribe is easily recognized by the comparatively large size of the
species and by the elongate fastigium of the vertex, which has a notch beneath
it. One genus is represented in the region here covered.

Genus Neoconocephalus Karny

Description. Body large, elongate, moderately robust, characterized
as indicated for the tribe Copiphorini, and, within it, by the conelike projec-
tion of the fastigium of the vertex (Figs. 278, 280) not being roughened above
nor its apex being terminated in a strong sharp downwardly directed hook.
Tegmina long, narrow, projecting beyond the well-developed hind wings when
at rest. Male cerci of the general form shown in Fig. 279. Ovipositor long,
straight (cf. Fig. 281).

Key to species of Neoconocephalus

l. Fastigium almost as wide as or wider than long, with apex broadly and evenly
rounded, its ventral surface with narrow subterminal transverse arcuate

black band (Figs. 286, 287) ........... retusus (Scudder) (p. 191)

Fastigium distinctly longer than wide, with apex subacute or parabolic, not

broadly and evenly rounded, its ventral surface either extensively or

without black ......... .. .. . e 2

2(1). Fastigium greatly elongate, slightly curved downward apically (Fig. 281)
................................. exiliscanorus (Davis) (p. 192)

Fastigium less elongate, not downwardly curved apically (Fig. 278) .. 3

3(2). Underside of fastigium without black markings ................... 4
Underside of fastigium partly or entirely black .................... 5

4(3). Large robust species. Shape of fastigium as in Fig. 284 ..............
................................... robustus (Scudder) (p. 193)

Smaller more slender species. Shape of fastigium as in Fig. 285 .......
.................................. palustris (Blatchley) (p. 194)

5(3). Underside of fastigium almost entirely black (Fig. 283). Hind femur armed
with spines on both margins ... Iyristes (Rehn & Hebard) (p. 194)

Underside of fastigium black only at tip and at sides (Fig. 282). Hind femur

usually armed with spines only on inner lower carina ............
...................................... ensiger (Harris) (p. 195)
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Clé des especes de Neoconocephalus

1. Fastigium presque aussi large ou plus large que long, a apex trés réguliére-
ment arrondi et marqué, du coté ventral, d’une étroite bande noire,

arquée, subterminale (fig. 286 et 287) .. retusus (Scudder) (p. 191)

Fastigium clairement plus long que large, a apex subaigu ou parabolique,

ni trés arrondi, ni réguliérement arrondi, a surface ventrale soit presque

enti¢rement noire, soit dépourvue de noir .................... 2

2(1). Fastigium tres allongé et 1égérement incurvé vers le bas a I’extrémité apicale
(fig. 281) ... .. ... .. exiliscanorus (Davis) (p. 192)

Fastigium moins allongé et non incurvé vers le bas a I’extrémité apicale

(Fig. 278) 3

3(2). Dessous du fastigium dépourvu de noir .......... .. ... ... iin.. 4
Dessous du fastigium partiellement ou entiérement noir ............ S

4(3). Espece grande et robuste. Fastigium de la forme illustrée a la figure 284
................................... robustus (Scudder) (p. 193)

Espéce plus petite et plus gréle. Fastigium de la forme illustrée a la

figure 285 .. ... ... ... palustris (Blatchley) (p. 194)

5(3). Dessous du fastigium presque entiérement noir (fig. 283). Fémurs postérieurs
armés d’épines sur les deux ¢Otés ....... ... ... ... it
............................. lyristes (Rehn & Hebard) (p. 194)

Dessous du fastigium noir a I’extrémité et sur les c6tés (fig. 282). Fémurs
postérieurs ne portant habituellement des épines qu’au bas du coté

intérieur ....... ... .. ... . . ensiger (Harris) (p. 195)

Neoconocephalus retusus {Scudder)

Fig. 286; Map 53

Conocephalus retusus Scudder, 1879¢:93.

Conocephalus atlanticus Bruner, 1899:38.

Conocephalus (Neoconocephalus) retusus; Karny 1907¢:28.
Conocephalus (Neoconocephalus) atlanticus; Karny 1907c¢:29.
Neoconocephalus retesus [sic]; Helfer 1963:271.

Diagnosis. Rather small slender species. Fastigium about as wide as
long; underside with subapical black band.

Description. Body small (pronotal length, male and female, 5.3-8 but
usually less than 7 mm). Fastigium more or less as wide as long, broadly
rounded apically and with narrow black subapical transverse band below
(Fig. 286). Tegmina rather narrow, with male stridulatory area relatively
small. Ovipositor much longer than hind femur. Color generally either green
or brownish, the former usually more common.

Range. Indiana and Missouri to Connecticut, south to Mississippi and
Florida.

Behavior and habitats. Walden (1911), referring to the species as
Conocephalus triops, reported that he found it ““in tall grass along a ditch
which contained water only in very wet seasons.”” J. A. G. Rehn and Hebard
(1915a) say that it is an inhabitant of grasses in ‘‘waste’’ fields and in
marshland along the drier margins, where many are usually found together.
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Map 53. Collecnon localmes for Neoconocephalus retusus (Q), N. exiliscanorus (»),
N. palustris (a), and N. lyristes (®).

Stridulation is described as being ‘‘of the exact pitch of that of N. [yristes
but weaker . . . a continuous zeeeceeeeee.”’

Life history. J. A. G. Rehn and Hebard (1915«) say that this species
is the last of its genus to appear, in the season, and that in New Jersey it
reaches the adult stage toward the end of August. It undoubtedly overwinters
in the egg stage and has but one generation each year.

Neoconocephalus exiliscanorus (Davis)

Fig. 280; Map 53

Conocephalus exiliscanorus W. T. Davis, 1887:57.

Conocephalus bruneri Blatchley, 1903:267, fig. 90.

Neoconocephalus exiliscanorus; J. A. G. Rehn and Hebard 1915a:369,
371, 372, fig. 1A, pl. XV, figs. 1B-E; Helfer 1963:268.

Diagnosis. Fastigium greatly elongate, almost entirely black below.

Description. Body moderately short and robust (pronotal length, male
7.6-9.1, female 7.7-9.6 mm). Fastigium long, slender, acuminate, several
times as long as wide, with apex slightly curved downward (Fig. 281), and
with lower face in front of ventral notch almost entirely black. Tegmina of
moderate length and width. Ovipositor about as long as tegmina, straight,
pointed, similar to Fig. 280. Color green or brown, but, if former, then usually
with yellow stripes along lateral margins of pronotal disc; if brown, often
with minute black points scattered over tegmina.
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Range. Indiana to Connecticut, south to Texas and Georgia.

Behavior and habitats. On the Atlantic seaboard the species occurs
among tall reeds and cattails (7ypha) in tidal marshes and, in inland localities,
in thickets and cornfields. J. A. G. Rehn and Hebard (19154) describe the
stridulation as a rather loud vibrant rattling ‘‘ziit-ziit-ziit-ziit,”> about three
to the second, rising and falling in intensity, often ceasing ‘‘as if from exhaus-
tion.”” The song does not begin before sunset and is much more vigorous
after dark.

Life history. Eggs are reported as being laid in grass blades (J. A. G.
Rehn and Hebard 1915a). There is presumably only a single generation each
year, at least in northern latitudes. Overwintering probably occurs in the egg
stage. Adults occur most commonly in August, but they have been found
from July until October.

Neoconocephalus robustus {Scudder)

Fig. 284; Map 54

Conocephalus robustus Scudder, 18634:449.

Conocephalus crepitans Scudder, 1863a:450.

Neoconocephalus robustus; Karny 1912b:32; Helfer 1963:269.

Neoconocephalus robustus robustus; J. A. G. Rehn and Hebard
1915a:387.

Neoconocephalus robustus crepitans; J. A. G. Rehn and Hebard
1915a:391.
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Map 54. Collection localities for Neoconocephalus robustus.
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Diagnosis. Fastigium blunt, not marked with black beneath.

Description. Size large (pronotal length, male 8.2-10.8, female 7.3-
9.3 mm). Fastigium with blunt apex and without black marking beneath
(Fig. 284). Lateral carinae of pronotum distinctly divergent posteriorly;
stridulatory area of male wide, greater than 4.9 mm (measured from median
of yellow ridge to edge of left tegmen). Ovipositor long (16-37 mm) but less
than 1.2 times length of hind femur. Color usually green, sometimes brown,
greenish yellow beneath and on legs.

Range. South Dakota to southern Ontario and Massachusetts, south
to Texas and Florida; California.

Behavior and habitats. Individuals are found generally in dry areas,
often where ground is sandy. Johnstone (1971) reported specimens from Point
Pelee, Ont., on grasses and bushes growing in sandy soil. Males are usually
found in tall rank vegetation. When disturbed, these insects will dive
downward. They may either run or remain motionless with the fastigial cone
embedded in the soil. Males, when disturbed, may fly some distance.

Stridulation has been described as a continuous ear-splitting buzzing
(Johnstone 1971). R. D. Alexander (1956) called this species a ‘‘whiner,”’
because of the whining component of the stridulation, which is detectable
to the human ear. T. J. Walker et al. (1973) described a new species,
N. bivocatus, which is similar in anatomy to robustus but which differs some-
what in stridulation. In N. robustus, the pulse intervals are approximately
of the same duration, whereas in N. bivocatus, consecutive intervals between
pulses are unequal and alternate ones are equal; thus pulses are produced
in pairs. The songs of N. robustus are usually intense and ‘‘whiney,”” but
some individuals may sound ‘‘buzzy’’ and be confused with N. bivocatus.
The latter species does not occur in the region covered here. The wing stroke
rate of N. robustus at 30°C is 224 per second, the highest rate known for
the Tettigonioidea (T. J. Walker 1975b).

Life history. Univoltine, with wintering in the egg stage. Adults occur
mainly in August and September, but they have been reported from 16 June
to 12 October in the United States (T. J. Walker et al. 1973).

Neoconocephalus palustris (Blatchley)

Fig. 285; Map 53

Conocephalus palustris Blatchley, 1893¢:89.
Neoconocephalus palustris; Karny 1912b:32; Helfer 1963:269.

This species is somewhat similar to N. robustus but is smaller, more
slender, and with a relatively less prominent fastigium (Fig. 285). It is known
from Pennsylvania to Louisiana and North Carolina.

Neoconocephalus lyristes (Rehn & Hebard)

Fig. 283; Map 53

Conocephalus lyristes J. A. G. Rehn and Hebard, 1905:45.
Neoconocephalus lyristes; Karny 1912b:30.

Diagnosis. Fastigium jet black beneath.
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Description. Size (pronotal length, male 7.6-8, female 7.2-8 mm),
slender. Fastigium long, jet black beneath (Fig. 283). Male cercus stout, with
internal tooth robust. Ovipositor long (23.3-32.5 mm), slender, slightly
upcurved. General coloration either bright grassy green or yellowish tan to
dark brown, with narrow yellowish lines on lateral carinae of pronotum.

Range. Nebraska to Ontario, and along Atlantic coast from New York
to Virginia.

Behavior and habitats. J. A. G. Rehn and Hebard (1915a) reported
N. lyristes as an inhabitant of freshwater and saltwater marshes and bogs,
on Scirpus and other high marsh plants. E. M. Walker (1904b) recorded it
from a large stretch of open grassy marshland. Stridulation is a high-pitched,
continuous buzzing. R. D. Alexander (1956) recorded 130 pulses/second with
dominant frequency of 7.5 kHz at 23°C from a specimen in Ohio.

Life history. Records of captures indicate a single generation each year,

with adults occurring during late summer. The specimens reported by E. M.
Walker (1904b) were taken 12 August.

Neoconocephalus ensiger (Harris)

Figs. 277-279, 281, 282; Map 55

Conocephalus ensiger T. W. Harris, 1841:131.

Conocephalus attenuatus Scudder, 1872:249.

Neoconocephalus ensiger; Karny 1907¢:38; 19125:32; Cantrall 1943:134;
Helfer 1963:269; Vickery et al. 1974:63.

Map 55. Collection localities for Neoconocephalu

=

ensiger.
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Diagnosis. Margins and tip of lower face of fastigium black.

Description. Body elongate, slender (pronotal length, male and female,
7-7.5 mm). Fastigium narrow, slightly constricted in front of eyes, with
margins convergent from middle forward and with tooth projecting ventrally
from front of base (Fig. 278); margins and tip of lower face of fastigium
black (Fig. 282), remainder green (or pale brown). Tegmina narrow, longer
than body. Male cerci as in Fig. 279. Ovipositor long, straight, pointed
(Fig. 281). Color generally grass green, occasionally pale brown.

Range. Colorado to Nova Scotia, south to New Mexico and North
Carolina.

Behavior and habitats. N. ensiger is usually found in tall grasses bor-
dering ditches, fields, or roadsides, often but by no means exclusively in damp
locations. Sexually receptive conspecific females are attracted by male strid-
ulation and move toward the source of the sound. Copulation occurs with
the male positioned head downward on a plant stem. The female approaches
the male and begins antennal contact. Both insects use the fore and middle
legs to grasp the tegmina of the other. The female invariably faces upward.
Following copulation, which lasts 27-68 minutes, there is no external evidence
of a spermatophore on the female genitalia. After separation, the male grooms
his genitalia. Females of N. ensiger have never been observed to do likewise,
although this is common in some other species of Neoconocephalus.

Males stridulate in August and September, generally during evenings,
often after dark, but also occasionally by daylight, usually above the sur-
face of the ground on grasses, tall weeds, or even in trees. The stridulation
sounds like a rapid succession of pulses, ‘‘tsip, tsip, tsip, tsip,”” at about 10 per
second. T. J. Walker (1975b) and Gwynne (1977) have studied the stridula-
tion and found it to consist of a wide band of frequencies with the most
intense lying between 8 and 17 kHz. Opening of the tegmina is silent, but
closure produces a train of rapid decay pulses ending with an intense
prolonged pulse.

Life history. Wainter is passed in the egg stage. Nymphs hatch in May
and June and reach maturity in summer. Gwynne (1977) reported immature
stages in Ontario during June and July. Adults are found during August and
September. There is a single generation each year.

Tribe Conocephalini

Members of this tribe are small to medium-sized (11-23 mm long).
Fastigium projected forward and upward as blunt rounded tubercle, concave
at sides adjacent to antennal bases, never distinctly cone-shaped. Eyes rela-
tively large, globose. Antennace slender, long. Pronotum with no more than
one transverse sulcus; prosternum with spines long and slender or reduced
to toothlike projections. Tegmina and hind wings well-developed, somewhat
shortened or reduced to lateral pads (some species dimorphic in this respect).
Color usually predominantly green, occasionally pale brown.
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Key to genera of Conocephalini

1. Prosternal spines long, cylindrical, slender. Tegmina well-developed, longer
than abdomen. Ovipositor stout, usually curved upward. Body robust,
with length (excluding ovipositor) more than 18 mm (except
O. delicatum) . ... ... .. ... Orchelimum (p. 197)

Prosternal spines short. Tegmina not surpassing abdomen, although varia-
ble even within species, Ovipositor slender, nearly straight. Body small,
slender, with length (excluding ovipositor) less than 17 mm .. ....
....................................... Conocephalus (p. 210}

Clé des genres de Conocephalini

1. Epines du prosternum longues, cylindriques et minces. Tegmina bien déve-
loppés, plus longs que abdomen. Ovipositeur fort, habituellement
incurvé vers le haut. Corps robuste, mesurant plus de 18 mm de long

) (ovipositeur exclu) (sauf O. delicatumy . ... .. Orchelimum (p. 197)
Epines du prosternum courtes. Tegmina ne dépassant pas 'abdomen, ce
caractére étant toutefois variable méme a Uintérieur d’une méme espece.
Ovipositeur mince, presque rectiligne. Corps petit, mince, mesurant
moins de 17 mm de long (ovipositeur exchu) ....... ... ... ......

Genus Orchelimum Audinet-Serville

Description, Size large (most species more than 18 mm long). Face
short, moderately slanted; fastigial tubercle with ventral projection meeting
dorsal part of frons. Pronotum short, smooth, somewhat saddle-shaped, with
posterior margin broadly rounded; lateral pronotal lobes bulging posteroven-
trally to form convex callosity (Figs. 290-294); prosternal spines long, slender.
Tegmina narrow, tapering; hind wings usually longer than tegmina. Male
subgenital plate V- or U-emarginate. Male cercus stout, armed on inner face
with tooth (Figs. 295-301). Ovipositor stout, rather broad, distinctly curved
upward (Figs. 302-308). Pronotum with conspicuous brown stripe on dorsal
midline.

Key to species of Orchelimum

1. Male (without ovipositor) ... ... .. 2
Female (with ovipositor) ... ... ... . . 9

2(1).  Cercus not elongate, with part beyond tooth not longer than basal part
(Figs. 295-297) . .0 e e e e 3

Cercus elongate, with part beyond tooth as long as or distinctly longer than

basal part (Figs. 298-301} .. ... . .. .. . 6

3(2). Hind tibia blackish .......... ... ... ... .. nigripes Scudder (p. 199)
Hind tibia not blackish ... ... ... .. ... . . . . . 4

4(3).  Humeral sinus of lateral pronotal lobes distinct (Fig. 290) ............
....................................... vulgare Harris (p. 201)
Humeral sinus of lateral pronotal lobes scarcely evident {(Fig. 291} .. 5
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5(4).

6(2).

7(6).

8(7).

9(1).

10(9).

11(10).

12(11).

13(10).

14(13).

15(9).

16(15).

2(1).

3(2).

4(3).

5(4).

198

Tooth of cercus as long as apical part of shaft. Hind femora not spinose

lateroventrally ....................... gladiator Bruner (p. 203)
Tooth of cercus longer than apical part of shaft. Hind femora with 3 or
4 spines lateroventrally .............. silvaticum McNeill (p. 204)

Apical part of cercus distinctly tapering to subacute apex (Fig. 301) .
................................... volantum McNeill (p. 205)
Apical part of cercus not tapering to acute or subacute apex .......
Larger species (17 mm, or more, in length) .................... ... 8
Smaller species (not greater than 16 mm in length) ..................
.................................... delicatum Bruner (p. 206)

Face with median brown stripe .......... concinnum Scudder (p. 207)
Face without median stripe ............. campestre Blatchley (p. 208)
Ovipositor longer than one-half length of hind femur (ratio 0.5, or
BICALET) . ot 10
Ovipositor less than one-half length of hind femur (ratio less than
0.8) s 15
Ovipositor greater than two-thirds length of hind femur (ratio greater than
0.66) ... delicatum Bruner (p. 206)
Ovipositor greater than one-half but less than two-thirds length of hind femur
(ratio 0.50-0.65) ... o i 11
Ovipositor with dorsal margin nearly straight .................... 12
Ovipositor with dorsal (and ventral) margin curved ............... 13
Robust species. Ovipositor long (ratio of ovipositor length to hind femur
length 0.58-0.64) ..................... gladiator Bruner (p. 203)
Slender species. Ovipositor shorter (ratio of ovipositor length to hind femur
length 0.53-0.55) .................... volantum McNeill (p. 205)
Tibiae blackish ........ ... ... ... ......... nigripes Scudder (p. 199)
Tibiae green or brown . ...... ... . . ... 14
Lateral sinus of pronotum well-developed . .... vulgare Harris (p. 201)

Lateral sinus of pronotum scarcely evident .........................
................................... silvaticum McNeill (p. 204)
Ovipositor strongly curved. Pronotum long (5.4-6.5 mm) ............
....................................... vulgare Harris (p. 201)
Ovipositor gradually arcuate, not strongly curved. Pronotum shorter

(4.0-5.0 MM) ... s 16
Face without dark median stripe ........ campestre Blatchley (p. 208)
Face with red brown median stripe ...... concinnum Scudder (p. 207)

Clé des espéces d'Orchelimum

Mailes (dépourvus d’OVIPOSItEUT) .. ...ttt i e 2
Femelles (pourvues d’ovipositeur) ...........ccvvuienienn... 9
Cerques non allongés, portion située au-dela de la dent pas plus longue que
la portion proximale (fig. 295 a297) ....... ... ... . ... ... 3
Cerques allongés, portion située au-dela de la dent aussi longue ou claire-
ment plus longue que la portion proximale (fig. 298 a 301) ..... 6
Tibias postérieurs noiratres ................ nigripes Scudder (p. 199)
Tibias postérieurs nON NOITALIES . .. ..ottt i 4

Sinus huméral des lobes latéraux du pronotum visible (fig. 290) ......
....................................... vulgare Harris (p. 201)
Sinus humeéral des lobes latéraux du pronotum a peine visible (fig. 291) ... 5
Dent des cerques aussi longue que la portion apicale de ces derniers (fig. 296).
Fémurs postérieurs dépourvus d’épine latéro-ventrale ............
..................................... gladiator Bruner (p. 203)



6(2).
7(6).
8(7).

9(1).

10(9).

11(10).

12(11).

13(10.

14(13).

15(9).

16(15).

Dent des cerques plus longue que la portion apicale de ces derniers. Fémurs
postérieurs armés de 3 ou 4 épines latéro-ventrales ..............
................................... silvaticum McNeill (p. 204)

Portion apicale du cerque allant s’amenuisant pour donner un apex subaigu

(fig. 301) . ... volantum McNeill (p. 205)
Portion apicale du cerque ne se terminant pas en apex aigu ni subaigu ... 7
Espéces plus grosses (17 mm ou plus de longueur) ................. 8

Especes plus petites (de longueur ne dépassant pas 16 mm) ...........
.................................... delicatum Bruner (p. 206)
Face marquée d’une bande brune médiane . .. concinnum Scudder (p. 207)

Face dépourvue d’une bande médiane .... campestre Blatchley (p. 208)
Longueur de P'ovipositeur égale a plus de la moitié de celle du fémur
postérieur (rapport de 0,5 ou plus) ........... . ... ... . ... .. 10
Longueur de ’ovipositeur inférieure a la moitié de celle du fémur postérieur
(rapport inférieur 2 0,5) .. ... .. .. . . e 15
Longueur de l'ovipositeur supérieure aux deux tiers de celle du fémur
postérieur (rapport supérieur a 0,66) ... delicatum Bruner (p. 206)

Longueur de "ovipositeur supérieure & la moiti¢ mais inférieure aux deux
tiers de la longueur du fémur postérieur (rapport de 0,50 2 0,65) ... 11
Ovipositeur a bord dorsal presque rectiligne ..................... 12
Ovipositeur a bords dorsal et ventral incurvés .................... 13
Espéce robuste. Ovipositeur long (rapport de la longueur de ’ovipositeur
a celle du fémur postérieur variant de 0,58 a4 0,64) ..............
..................................... gladiator Bruner (p. 203)
Espece plus gréle. Ovipositeur plus court (rapport de la longueur de
I’ovipositeur a celle du fémur postérieur variant de 0,53 a 0,55) ..
................................... volantum McNeill (p. 205)

Tibias noirdtres .......................... nigripes Scudder (p. 199)
Tibias vert ou brun ....... ... ... . . e 14
Sinus latéral du pronotum bien développé .. ... vulgare Harris (p. 201)

Sinus latéral du pronotum a peine visible .............. ... .. .. ...,
................................... silvaticum McNeill (p. 204)
Ovipositeur fortement incurvé. Pronotum long (5,4 4 6,5 mm) ........
....................................... vulgare Harris (p. 201)
Ovipositeur arqué, mais pas fortement incurvé. Pronotum plus court (4,0
A 5,0mMm) L. 16
Face sans bande médiane foncée ........ campestre Blatchley (p. 208)
Face marquée d’une bande médiane brun rougedtre .................
.................................. concinnum Scudder (p. 207)

Orchelimum nigripes Scudder

Figs. 292, 297, 304; Plate 11D; Map 56

Orchelimum nigripes Scudder, 18754:459.

Xiphidium (Orchelimum) robustum Redtenbacher, 1891:494, 499,

Orchelimum nigripes; Lugger 1898:326; Cantrall 1943:139; R. D.
Alexander et al. 1972:33; G. K. Morris and Walker 1976:785.

Diagnosis. Tibiae blackish. Male cercus with carina obtuse, sinuate.

Description. Body small, robust (pronotal length, male and female,
4.3-5.0 mm). Lateral lobes of pronotum as in Fig. 292. Stridulatory vein
of male tegmen large, prominent. Male cercus slender, broadest at middle,
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Map 56. Collection localities for Orchelimum nigripes.

tapering, concave on inner face, with apex obtuse; tooth long, acute, directed
toward base (Fig. 297). Ovipositor slightly more than half as long as hind
femur, strongly curved, broadest at middle, tapering to acute tip (Fig. 304).
Males usually green, females usually reddish brown; antennae, all tarsi, and
apical third of hind femur black or dark brown. Stridulatory file of *“Type II"’
of G. K. Morris and Walker (1976), with basal teeth not separated by interval
as wide as a tooth.

Range. Wyoming to southernmost Ontario, south to Texas and
Alabama.

Behavior and habitats. This is mainly a lowland or hygrophilous
species, found among sedges or reeds along roadside ditches, lake margins,
or near ponds or marshes (Blatchley 1920). E. M. Walker (1905a) collected
it by following the sound of stridulation to specimens that were on tall weeds
and vines, and also to specimens that were up to 3-5 m above the ground
in trees. Froeschner (1954) reported O. nigripes in lowa from cornfields,
where it was observed feeding upon pollen that had fallen from the tassels
to the leaves or to the ground.

G. K. Morris and Walker (1976) described the song of O. nigripes. It
produces both ‘‘buzz’’ and “‘tick’’ phonatomes (all the sound produced during
one cycle of wing movement is described by them as a ‘‘phonatome’’). During
wing closure, the scraper apparently lodges behind the steep face of a tooth,
creating a silent interval while the tegmina are held open. This causes energy
storage, because force is being exerted without displacing the scraper,
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ultimately producing a major pulse train (grouping of two or more pulses
preceded and followed by silent periods that are longer than the intervals
between pulses).

Life history. Univoltine, with overwintering in the egg stage. Adulis
were collected in Towa between 24 July and 18 October (Froeschner 1954).

Orchelimum vulgare Harris

Figs. 289-290, 295, 302; Plate [IA4; Map 57

Orchelimum vulgare T. W, Harris, 1841:130.

Orchelimum vulgare, Caulfield 1888:70; Cantrall 1943:137; Helfer
1963:265; R. D. Alexander et al. 1972:33; G. K. Morris and Walker 1976:785,
792, 798.

Orchelimum glaberrimum Burmeister, 1838:707. Name suppressed.

Orchelimum cuticulare Audinet-Serville, 1838:523. Name suppressed.

Diagnosis. Humeral sinus well-defined. Male cercus with tooth short.
Upper margin of ovipositor curved.

Description. Body size medium (pronotal length, male 5-6, female
5.4-6.5 mm}, rather robust. Pronotum long; lateral lobes nearly as long as
deep; posteroventral angle obtusely rounded; convex callosity prominent, with
humeral sinus broad and well-defined (Fig. 290). Tegmina usually extending
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Map 57. Collection localities for Orchelimum vulgare.
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to or slightly beyond apex of hind femur. Male cercus with tooth shorter
than distal part, and with apex bluntly rounded (Fig. 295). Ovipositor usually
less than half length of hind femur, with upper margin curved (Fig. 302).
General color green to pale reddish brown; occiput and pronotal disc with
reddish longitudinal band. Male with 2 short black marks on each tegmen;
legs and tarsi buff.

Range. Saskatchewan to Maine, south to Texas and northern Georgia.

Behavior and habitats. According to E. M. Walker (19034}, O. vul-
gare, in Ontario, is found “‘in upland fields as well as low meadows and is
fond of perching in clumps of tall grass.”” Blatchley (1920) reported it from
“upland localities, along fence rows and in clover and timothy meadows.”
Cantrall (1968) found it in drier marshes and meadows and in mixed
herbaceous upland habitats.

G. K. Morris and Walker (1976) reported the type of stridulation of
Orchelimum. O. vulgare has a “Type '” stridulatory file, with widely spaced
teeth in the basal half of the file elevated on a greatly swollen vein. Teeth
are separated by spaces nearly as wide as a tooth. Their profile is asymmetri-
cal, strongly buttressed basally. When the tegmina are opened, the scraper
strikes a much steeper face. The most intense sounds are generated on
tegminal closure, since the momentary trapping of the scraper ridge in the
space between the teeth increases the energy stored in the bent scraper lobe.
Pulses are of short duration. T. J. Walker (1975b) reported a wing-stroke
rate of 68 per second at 25°C. He also demonstrated the effect of tempera-
ture on wing-stroke rate, i.e., that rate is a linear function of temperature.
The low temperature base of Q. vulgare is 10.5°C. Stridulation by males
attracts conspecific females. G. K. Morris (1971, 1972) has shown that strid-
ulation by O. vulgare also results in aggressive behavior between conspecific
males. Males as well as females are att-acted to singing males and the
approach of male to male often produces rgressive behavior on the part
of both males, presumably due to competition for females.

Blatchley (1920) reported O. vuligare to be carnivorous as well as
phytophagous because he had seen it feeding upon moths and a beetle. It
may also be cannibalistic in the field, since cannibalism has been noted in
captivity. Eggs are deposited singly in the stems of plants, usually plants with
pithy stems.

Life history. Univoltine, with wintering in the egg stage. Nymphs hatch
in May or June. Adults appear in late July and August. Oviposition may
continue through September into October, or until the insects are killed by
frost.

Economic importance. Metcalf and Colby (1930) reported severe dam-
age by this species to raspberry crops in Illinois. Sugar beets and leguminous
plants have also been reported damaged by O. vulgare. Damage is caused
by oviposition in the stems, the stems eventually breaking at an oviposition
scar. Nymphs feed upon plant foliage but seldom cause noticeable injury.
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Orchelimum gladiator Bruner

Figs. 291, 296, 303; Plate I1B; Map 58

Orchelimum gladiator Bruner, 18914:71.

Ochelimum gladiator; E. M. Walker 1905a:38; Cantrall 1943:137; Helfer
1963:266; Vickery et al. 1974:65; G. K. Morris and Walker 1976:785.

Orchelimum manitobense E. M. Walker, 1910:351.

Diagnosis. Humeral sinus scarcely evident. Upper margin of ovipositor
nearly straight.

Description. Body rather robust (pronotal length, male 4.3-5, female
4.7-5.2 mm). Fastigium short, obtuse, shallowly sulcate at apex. Pronotum
long; lateral lobes deep, with posteroventral angle nearly right-angled;
humeral sinus scarcely evident; convex callosity poorly developed (Fig. 291).
Tegmina usually slightly surpassing apex of hind femur in females, distinctly
longer in males. Male cercus with tooth as long as apex beyond tooth; apex
subacute (Fig. 296). Ovipositor about two-thirds length of hind femur, with
upper margin nearly straight (Fig. 303). Color pale grass green with mark-
ings on occiput, and with 2 diverging narrow lines on pronotal disc; antennae,
tarsi, and tip of ovipositor dark brown to reddish. Stridulatory file of male
“Type II”’ of G. K. Morris and Walker (1976), with teeth on basal half close
together, separated by an interval much narrower than width of a tooth; vein
not greatly swollen.

Range. Washington and Alberta to Québec and Maine, south to
California and Tennessee.

Map 58. Collection localities for Orchel:mum glaa’lator
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Behavior and habitats. G. K. Morris (1972) found this species ‘‘in
typical meadow habitats of waist-length sedge and grass.”’ Blatchley (1920)
reported it common in northern counties of Indiana in damp prairies,
meadows, and marshes.

Stridulation does not occur when the temperature falls below 17°C. The
song, a series of ‘‘buzzes’’ interspersed with ‘‘ticks,”’ is similar to that of
O. vulgare (E. S. Thomas and Alexander 1962; G. K. Morris 1971). Unlike
O. vulgare, which produces double-pulse ticks, O. gladiator lacks the minor
pulse train and produces single-pulse ticks. This species may increase the num-
ber of ticks in the tick phase of its song if closely approached by human
observers (Cantrall 1943). The difference between single- and double-pulse
ticks is not readily distinguishable by the human ear but is efficient in prevent-
ing attempted mismating where the two species occur together.

G. K. Morris et al. (1975b) conducted experiments with O. gladiator
to determine female phonotaxis. Females developed responsiveness to play-
back of recorded conspecific male song 5 or 6 days after becoming adult.
Responsiveness continued until mating, then was rapidly extinguished. Parasi-
tized females were not mated; this indicated that a parasitized female may
not be able to accomplish some step in the response chain, or that males can
discriminate against parasitized females and thus avoid wasting reproduc-
tive potential. G. K. Morris (1971) showed that stridulating males spaced
themselves regularly within the habitat.

Life history. Univoltine, with wintering in the egg stage. Adults are
present in the field from mid-July to early September.

Orchelimum silvaticum McNeill

Map 59

Orchelimum silvaticum McNeill, 1891:.6.
Orchelimum sylvaticum [sic]; Blatchley 18934:136; G. K. Morris and
Walker 1976:791, 792.

Diagnosis. Lateroventral margin of hind femur with 3 or 4 spines.

Description. Pronotum with humeral sinus scarcely evident (Fig. 291),
with metazona two-thirds as long as prozona, upturned at posterior margin.
Lateroventral margin of hind femur spinose in both sexes, bearing 3 or
4 spines. Tegmina long, reaching or exceeding apices of hind femora. Male
cercus with apical part beyond tooth not longer than basal part (cf. Fig. 296);
tooth longer than apical part. Ovipositor regularly and decidedly curved
upward (cf. Fig. 302). Color pale green, usually with dark stripe on vertex
and pronotum.

Range. South Dakota to Ontario, south to Ohio.

Behavior and habitats. McNeill (1891) found the species on corn, and
later in open places in woods. He described the stridulation as “‘zip-zip-zip”’
repeated rapidly many times, followed by a ‘‘zee-e-e-¢’” phrase lasting about
8 seconds.

Life history. Presumably similar to that of other species of
Orchelimum.
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Orchelimum volantum McNeill

Figs. 294, 301, 308; Plate IIH; Map 59

Orchelimum volantum McNeill, 1891:26.

Orchelimum volantum; McNeill 190056:80, 83; R. D. Alexander et al.
1972:33; G. K. Morris and Walker 1976:785.

Orchelimum bruneri Blatchley, 1893¢:92.

Diagnosis. Hind femur short, with 1-4 spines beneath.

Description. Pronotum short (male 3.7-4.5; female 4-5.0 mm); lateral
lobes as long as deep (Fig. 294). Hind femur short, stout, armed beneath
with 1-4 short spines. Male cercus with apical part distinctly and strongly
tapering to subacute apex; tooth with base broad and flat (Fig. 301). Ovi-
positor (Fig. 308) about two-thirds as long as hind femur, with upper margin
nearly straight. Color pale translucent brownish green, with lower halves of
lateral pronotal lobes brighter green; occiput and prozona usually with
2 feebly divergent dark stripes; ovipositor and hind tibiae brown. Male
stridulatory file ‘“Type I’” of G. K. Morris and Walker (1976); basal teeth
widely spaced, the interval between teeth as wide or nearly as wide as a tooth.

Range. Kansas and Iowa to southern Michigan and Ohio.

Behavior and habitats. The type specimens were found by McNeill
(1891) in a clump of rank-growing Sagitfaria variabilis Engelm. E. M. Walker
(1905q) found O. volantum in rushes and Sagittaria in open marshes bordering
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streams in southern Ontario. McNeill (190056) says that this species ‘‘makes
more use of its remarkably long wings than any other species of the genus”’
known to him. Blatchley (1920) found the species on stems and leaves of
a tall broad-leaved knotweed, Polygonum amphibium L., growing in shallow
water on margins of ponds and lakes.

The stridulation was reported by McNeill (1891) as “‘zip-zip, kr-ze-e-e,
kr-ze-ee,”” the ‘‘ze-c-¢’’ component lasting no more than 0.75 second.
R. D. Alexander et al. (1972) described stridulation as buzzes preceded by
ticks, 2-6 every 5 seconds, with each buzz slowing toward the end.

Life history. This species is univoltine, wintering in the egg stage.
Blatchley (1920) reported O. volantum in the adult stage in August and
September. E. M. Walker (19054) collected this species during the same period
in Kent and Essex counties, southern Ontario.

Orchelimum delicatum Bruner

Figs. 299, 306; Plate 11F; Map 60

Orchelimum gracile Bruner, 18914:70 (homonym).

Orchelimum delicatum Bruner, 1892:264 (replacement name for gracile);
R. D. Alexander et al. 1972:33; G. K. Morris and Walker 1976:785.

Orchelimum concinnum delicatum; Blatchley 1920:556-557.

Diagnosis. Face green, lacking red stripe, occasionally with red flecks,
and rarely with brown central area.

Map 60. Collection localities for Orchelimum delicatum.
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Description. Lateral pronotal lobe much as in Fig. 293. Male stridulat-
ing mechanism nearly identical with that of O. concinnum; male cercus with
tooth large, long (Fig. 299). Ovipositor (Fig. 306) with upper edge straight
on apical two-thirds, more than half as long as hind femur.

Range. Montana to New York, south to California and Louisiana.

Behavior and habitats. *‘O. delicatum is largely restricted to swales
adjacent to sand dunes or sand beaches, where it is often associated with
blue joint grass, Calamagrostis canadensis’’ (E. S. Thomas and Alexander
1962).

Stridulation is hardly distinguishable to the human ear from that of
O. concinnum, even though the wing-stroke rate is one-third faster at any
given temperature. Like that species the song of O. delicatum consists of
ticks and buzzes, but the ticks are stronger and are usually audibly double.
The main frequencies lie between 7 and 16 kHz.

Life history. Univoltine, with wintering in the egg stage. Adults occur
during late summer and early fall.

Orchelimum concinnum Scudder

Figs. 293, 298, 305; Plate 1IE; Map 61

Orchelimum concinnum Scudder, 1863a:452.

Orchelimum longipennis [sic, for longipenne] Scudder, 18634:453.

Xliphidium} (Orchelimum) inerme Redtenbacher, 1891:495, 501.

Orchelimum indianense Blatchley, 1893¢:90; E. M. Walker 1902c¢:85.

Orchelimum concinnum; Blatchley 1920:554; R. D. Alexander et al.
1972:36, 45, 51; G. K. Morris and Walker 1976:788-790, 792, 794, 795.

Orchelimum concinnum concinnum; Hebard 19315:199.

Diagnosis. Face with median red to reddish brown stripe.

Description. Lateral pronotal lobe as in Fig. 293. Male cercus with
apical part beyond tooth distinctly longer than basal part; tooth short, acute
(Fig. 298). Ovipositor (Fig. 305) slender, with upper margin little curved in
apical two-thirds, no longer than and usually less than one-half length of
hind femur. Color usually green (glaucous in living specimens), with brown
mid-dorsal stripe extending on supra-anal plate; cerci brown; specimens in
Huron County, MI, suffused with purplish red over much of body, including
tegmina and ovipositor. Male stridulatory file of ““Type II’’ of G. K. Morris
and Walker (1976, figs. 4F, SE, 5F), with basal teeth separated by much less
than the width of a tooth.

Range. Minnesota to southern Ontario and Ohio; Atlantic coast from
Maine to Florida and Gulf Coast states; Bermudas.

Behavior and habitats. E. S. Thomas and Alexander (1962) found
O. concinnum “‘in a wide variety of marshy areas, including brackish loca-
tions.”” They reported limited distribution and association with wetland
plants, dominated by the sedge Eleocharis rostellata, or rushes, Scirpus spp.
Cantrall (1968) reports it as ‘‘characteristic of alkaline situations such as
northern relict marl bogs.”
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Map 61. Collection localities for Orchelimum concinnum.

Males stridulate at a height of about 0.6 m above the substrate. The
song consists of 2-4 ticks, which can be distinguished, and of buzzes of less
than 2 seconds duration, and complete phrases that are repeated, lasting
slightly more than 2 seconds (R. D. Alexander et al. 1972).

Life history. Univoltine, with wintering in the egg stage. Adults are
found in Ontario in August and September.

Orchelimum campestre Blatchley

Figs. 300, 307; Plate [1G; Map 62

Orchelimum campestre Blatchley, 1893¢:91.

Orchelimum campestre; Lugger 1898:326; R. D. Alexander et al.
1972:45, 51; G. K. Morris and Walker 1976:789, 791.

Orchelimum concinnum campestre; Blatchley 1920:556.

Orchelimum concinnum concinnum; Cantrall 1943:140.

Diagnosis. Face uniformly dull amber or suffused with red.

Description. Color generally green. Lateral pronotal lobe as in Fig. 293.
Male cercus with dorsal and ventral carinae weakly developed, with deep oval
to subquadrate depression on inner face at base of tooth (Fig. 301). Ovipositor
(Fig. 307) upwardly curved from middle to apex, shorter than half length
of the hind femur, little acute at apex. Male stridulatory file of ““Type 11"
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Map 62. Collection localities for Orchelimum campestre.

of G. K. Morris and Walker (1976), with about 66 teeth; about 1.67 mm
in length, based on a single specimen (E. S. Thomas and Alexander 1962).

Range. Nebraska to southern Ontario, south to Louisiana and
Tennessee.

Behavior and habitats. O. campestre is found generally in marshes.
In Michigan and Ohio, it was found to be plentiful in vegetation over stand-
ing water, often in rice cutgrass (Leersia oryzoides), a common marsh grass
of the area (E. S. Thomas and Alexander 1962).

Stridulation is a combination of ticks and buzzes, but differs from those
of delicatum and concinnum in that it is not a ‘‘programmed’’ series of
2-4 ticks followed by a buzzing sequence. The stridulation of O. campestre
may consist of as many as 150 ticks without buzzes, or continuous buzzing
sequences for up to 3 minutes, without intervening ticks. Both single and
double ticks are produced and pulses in buzzes are paired (E. S. Thomas
and Alexander 1962). Stridulating males are often found on vertical stems
usually more than 1.5 m above the substrate.

Life history. Univoltine, with wintering as eggs. Females probably
oviposit in the stems of vegetation upon which they are found. It is probable
that the stems are submerged or partly submerged in water for part of the
time before the eggs hatch in spring. Adult specimens have been noted in
the field during August in Ontario (Vickery and Kerr 1975).
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Genus Conocephalus Thunberg

Description. Similar to Orchelimum but smaller (averaging less than

16 mm long) and more slender (Fig. 309). Prosternal spines short or lacking.
Ovipositor usually straight or nearly so, occasionally slightly curved. Tegmina
and hind wings fully developed or not; dimorphism for tegminal and hind
wing length common in some species.

2(1).

3(2).

42).

5(4).

6(5).
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Key to species of Conocephalus

Hind tibia with 3 pairs of spurs apically (Fig. 311). Prosternum with paired
spines. Tegmina distinctly longer than pronotum (except female of
strictus). Male cercus with ventral tooth before or at middle (Figs. 313-
318 e 2

Hind tibia with 1 pair of spurs apically (Fig. 312). Prosternum spineless.
Tegmina padlike, hardly longer than pronotum. Male cercus with long
inner spine situated well beyond middle (Fig. 319) ..............
.................................... saltans (Scudder) (p. 212)

Male cerci neither narrow and acuminate nor swollen about middle, armed
on inner margin, near or before middle, with stout tooth plainly visi-
ble from above (Figs. 313, 314). Small slender species (females less than
14 mm long, excluding ovipositor) ............ ... .. .. . ... 3

Male cerci either long and acuminate (Fig. 315), or swollen about the middle,
flattened at the apex and with a subventral tooth not fully visible from
above (Figs. 316-318). Larger species (females more than 15 mm long,
excluding ovipoSitor) . ... ... i 4

Tegmina as long as or longer than abdomen. Male cercus slender, depressed
at tip but not strongly flattened on inner face (Fig. 313). Ovipositor
straight to slightly curved (Fig. 320). Slender species ............
.................................. Sfasciatus (De Geer) (p.213)

Tegmina usually shorter than abdomen (macropterous specimens rare). Male
cercus robust, strongly flattened on inner face (Fig. 314). Ovipositor
usually straight (Fig. 321) or bent slightly at basal fifth. Robust species
................................ brevipennis (Scudder) (p. 215)

Male cercus narrow, tapered, not swollen at middle nor flattened apically,
with apex acute and with strong inner tooth (Fig. 315). Head, sides of
body, and femora green .............. strictus (Scudder) (p. 216)

Male cercus swollen at middle, flattened apically, with a subventral tooth
(Figs. 316-318). Body not colored as above ................... 5

Abdomen of male pale brown, with apical half pale orange. Male cercus
with tooth small, situated about one-fourth distance from base
(Fig. 318). Ovipositor short (less than 12 mm), slightly curved
(Fig. 325) ... spartinae (Fox) (p. 217)

Abdomen of male pale brown or black, but not pale orange apically. Male
cercus with tooth large or small, situated about one-third distance from
base. Ovipositor longer than 16 mm, more or less straight (Figs. 323,
324 6

Sides of abdomen shining black. Male cercus slightly pointed, with strong
tooth (Fig. 316). Ovipositor moderately long (Fig. 323) ..........
............................... nigropleurum (Bruner) (p. 218)

Sides of abdomen brownish to reddish brown. Male cercus blunter, with
weaker tooth (Fig. 317). Ovipositor longer (Fig. 324) ............
................................. attenuatus (Scudder) (p. 220)



2(1).

3(2).

4(2).

5(4).

6(5).

Clé des espéces de Conocephalus

Tibias postérieurs armés de trois paires d’épines apicales (fig. 311).
Prosternum armé d’une paire d’épines. Tegmina clairement plus longs
que le pronotum (sauf chez la femelle de strictus). Cerques des males
munis d’une dent ventrale en position proximale ou médiane (fig. 313
A 3I8) L e 2

Tibias postérieurs armés d’une paire d’épines apicales (fig. 312). Proster-
num inerme. Tegmina en forme de tampon, a peine plus longs que le
pronotum. Cerques des males armés d’une longue épine intérieure en
position distale (fig. 319) ............. saltans (Scudder) (p. 212)

Cerques des males ni étroits, ni aigus, ni renflés a mi-longueur; armés, sur
le bord intérieur, en position proximale ou médiane, d’une forte dent
clairement visible du dessus (fig. 313 et 314). Espéces petites et gréles
(femelles de longueur inférieure a4 14 mm, ovipositeur exclu) .... 3

Cerques des males longs et pointus (fig. 315) ou renflés & mi-longueur, aplatis
a Papex et armés d’une dent subventrale non entiérement visible du
dessus (fig. 316 a 318). Especes plus grandes (femelles de longueur supé-
rieure a 15 mm, ovipositeur exclu) ....... ... ... .. il 4

Tegmina aussi longs ou plus longs que ’abdomen. Cerques des méles minces,
aplatis a 'extrémité, mais & face interne non fortement aplatie (fig. 313).
Ovipositeur rectiligne ou légérement incurvé (fig. 320). Espece gréle
.................................. Jfasciatus (De Geer) (p. 213)

Tegmina habituellement plus courts que I’abdomen (spécimens macropteres
rares). Cerques des méles robustes, a face interne fortement aplatie
(fig. 314). Ovipositeur en général rectiligne (fig. 321) ou légérement
incurvé au cinquiéme proximal. Espece robuste .................
................................ brevipennis (Scudder) (p. 215)

Cerques des méles minces, allant s’amenuisant, non renflés a mi-longueur
ni aplatis a I’apex; apex aigu; forte dent dirigée vers I’intérieur (fig. 315).
Téte, cotés du corps et fémurs verts . ... strictus Scudder) (p. 216)

Cerques des males renflés a mi-longueur, aplatis a I’apex et armés d’une
dent subventrale (fig. 316 a 318). Coloration du corps différente de celle
décrite Cl-dessUS ... .. i e 5

Abdomen du maéle brun péle et & moitié apicale orangé pale. Cerques armés
d’une petite dent, au quart de leur longueur a partir de la base (fig. 318).
Ovipositeur court (moins de 12 mm) et légérement incurvé (fig. 325)
...................................... spartinae (Fox) (p. 217)

Abdomen du male brun péle ou noir, mais sans coloration orangé pile sur
la moitié apicale. Cerques des méles munis d’une dent grande ou petite,
située au tiers proximal de leur base. Ovipositeur de longueur supérieure
a 16 mm, plus ou moins rectiligne (fig. 323 et 324) ............ 6

Cotés de ’abdomen noir luisant. Cerques des méles plus ou moins pointus,
armés d’une forte dent (fig. 316). Ovipositeur modérément long
(fig. 323) .. ... nigropleurum (Bruner) (p. 218)

Cotés de 'abdomen brunitre a brun rougeitre. Cerques des maéles obtus,
armés d’une dent plus faible (fig. 317). Ovipositeur plus long (fig. 324)
................................. attenuatus (Scudder) (p. 220)
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Conocephalus saltans (Scudder)

Figs. 312, 319, 326; Map 63

Xiphidium saltans Scudder, 1872:249.

Xiphidium modestum Bruner, 1891a:56.

Xiphidium taeniatum Redtenbacher, 1891:498, 520.

Conocephalus saltans; J. A. G. Rehn and Hebard 19105:9; R. D.
Alexander et al. 1972:45, 52.

Conocephalus viridifrons Blatchley, 1920:583.

Diagnosis. Hind tibia with single pair of apical spurs (Fig. 312).

Description. Body small (pronotal length, male and female, 3-3.5 mm).
Prosternum lacking spines; lateral pronotal lobes with anteroventral angle
obsolete and with posteroventral angle obtusely rounded; lateral sinus evident
but shallow; convex callosity prominent. Tegmina normally short, covering
about one-quarter of abdomen, with tips rounded (rarely macropterous,
slightly surpassing apices of hind femora; hind wings extending about 5 mm
beyond apices of tegmina). Hind tibia with single pair of apical spurs. Male
cercus with apical part longer than basal part, distinctly twisted, incurved,
with inner face flattened near apex and with tooth long, sharp, bent inward
and downward, inserted beyond middle (Fig. 319). Ovipositor (Fig. 326)
longer than hind femur, straight, tapering abruptly in apical quarter. Color
generally dull reddish brown; dorsal stripe dark brown bordered by pale
yellow; sides of abdomen with narrow yellow stripes.
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Range. Alberta to southern Ontario, south to New Mexico and Florida.

Behavior and habitats. C. saltans is often found near marshy areas
but also in open grassy uplands on sandy soils. Specimens have been taken
in tall prairie grasses and various other types of vegetation. E. M. Walker
(1904b) found C. saltans to be numerous in open grassy uplands, on sandy
soil at High Park, Toronto. Blatchley (1920) states that it appears to be
xerophilous, occurring ‘‘mainly on dry upland prairies and sandy barrens.”’
No information is available on stridulation.

Life history. Univoltine, with wintering in the egg stage. Adults are
present from late July to early October.

Conocephalus fasciatus (De Geer)

Figs. 310, 311, 313, 320; Map 64

Locusta fasciata De Geer, 1773:458, pl. 40, fig. 4.

Orchelimum gracile T. W. Harris, 1841:131.

Xiphidium vicinum Morse, 1901:203.

Conocephalus fasciatus; J. A. G. Rehn and Hebard 191054:9; Cantrall
1943:141; Helfer 1963:266; R. D. Alexander et al. 1972:33; Vickery et al.
1974:67.

Conocephalus fasciatus fasciatus; J. A. G. Rehn and Hebard 1915¢:170-
177; Cantrall 1943:141.

Conocephalus fasciatus vicinus; J. A. G. Rehn and Hebard 1915¢:177,
180; Helfer 1963:267.

Map 64. Collection localities for Conocephalus fasciatus.
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Diagnosis. Tegmina fully developed. Male cercus with stout tooth on
inner face near base. Ovipositor long, straight.

Description. Body small, slender (pronotal length, male 3.0-3.5, female
2.8-3.2 mm). Lateral lobes of pronotum deeper than long; posterior margin
strongly oblique, with humeral sinus not evident and with convex callosity
low and narrow. Tegmina extending beyond hind femur; wings 2-3 mm
longer than tegmina. Male cercus (Fig. 313) with stout tooth on inner face,
slightly nearer base than apex; apex somewhat depressed, rounded. Ovipositor
(Fig. 320) straight, about two-thirds length of hind femur. Occiput, prono-
tal disc, and dorsum of abdomen brown; face, pronotum laterally, legs, and
basal third of ovipositor green; tegmina and apical two-thirds of ovipositor
reddish brown.

No brachypterous specimen of C. fasciatus is known. The ovipositors
of western specimens are proportionally longer than in those from the east.
This is a clinal geographic effect, as shown by Stainer (1975), but was the
basis for the subspecific name vicinus Morse, which persisted in the literature
for many years.

Range. British Columbia to Nova Scotia, south to Mexico; Bermudas.

Behavior and habitats. Often abundant in dry upland fields as well
as in damp locations near bodies of water, C. fasciatus is found in a wide
variety of habitats; it shows, however, much less hygroscopic affinity than
species of Orchelimum. It will also eat the flowers of Graminaceae, and
Whitcomb (1967) reported predation by C. fasciatus on second-instar cotton
bollworm larvae in Arkansas.

R. D. Alexander et al. (1972) described the calling song of C. fasciatus
as ‘‘soft sound, noticeable only a few feet away. . .10 to 30 second buzzes,
with 10 to 25 ticks between them.”” Allard (1911) used the term ‘‘staccato
lisps’’ in referring to the ticks, which are very faint.

Briand and Rivard (1964) reported parasitism of this species in Québec
by a mermithid nematode parasite, presumably Agamermis decaudata Cobb.
Evans and Kurczewski (1966) reported that a sphecid wasp, Tachytes crassus
Patton, captured large numbers of this and other species of Conocephalus
and Orchelimum, as larval food. A female wasp straddled a grasshopper,
which was held head forward and dorsum uppermost, grasped the bases of
the antennae with her mandibles, then, in flight, grasped the body of the
prey with all her legs.

Life history. Vickery (1961) reported adults from 18 July to
22 September in Nova Scotia. Vickery et al. (1974) found adults in Québec
from mid-July until the insects were killed by frost. In the northern part of
the range, C. fasciatus is univoltine, passing the winter in the egg stage.

Economic importance. A. Gibson (1918) reported injury to field corn
by this species in 1917 near Norway Bay, Qué. The male flowers were favored.
It cannot, however, be regarded as more than a sporadic and very minor pest.
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Conocephalus brevipennis (Scudder)
Figs. 314, 321; Map 65

Xiphidium brevipenne Scudder, 1862:285.

Xiphidium ensifer Scudder, 1863a:451.

Xiphidium ensiferum F. Walker, 18695:270.

Xiphidium gossypii Scudder, 1875a:462.

Xiphidium fasciatum var. brevipennis; Caulfield 1888:64, 70.

Conocephalus brevipennis; J. A. G. Rehn and Hebard 1915¢:182;
Cantrall 1943:142; R. D. Alexander et al. 1972:45, 52; Vickery et al. 1974:68.

Diagnosis. Tegmina short. Male cercus short, with tooth prominent,
depressed on inner side. Ovipositor straight to slightly curved.

Description. Body size medium, rather robust. Fastigium scarcely
ascending, with sides feebly divergent; apex narrower than basal antennal
segment. Lateral pronotal lobes as deep as long, with lower margin oblique;
posteroventral angle broadly rounded; humeral sinus nearly obsolete. Teg-
mina short, in male usually reaching bases of cerci, in female covering about
two-thirds of abdomen. Male cercus rather short, with tooth prominent
(Fig. 314). Ovipositor (Fig. 321) straight or slightly curved upward. Color
pale reddish brown, with face and sides of pronotum usually green; occiput
and pronotal disc with dark brown stripe having yellow margins; tegmina
and wings pale reddish brown; ovipositor same but darker at apex.
Macropterous specimens rare.
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Range. North Dakota to Québec and Maine, south to Texas and
Florida.

Behavior and habitats. Species of Conocephalus usually oviposit in
stems of grasses. C. brevipennis, in addition to laying eggs in grass stems,
often oviposits in willow galls, which have been formed by the plants as a
result of oviposition by dipterous flies of the family Cecidomyiidae. The eggs
are pushed between the scales on the surface of the galls (Blatchley 1920).
Other species of the genus in Europe also oviposit in galls. E. M. Walker
(1904b) found C. brevipennis in Algonquin Park, Ont., in rank herbs and
bushes in more or less shady spots. The authors have found it to be common
in similar habitats in the Morgan Arboretum, Macdonald College, Sainte-
Anne-de-Bellevue, Qué. The species seems to inhabit locations of higher
humidity, such as swamps and river margins, much more than does
C. fasciatus.

The calling song of C. brevipennis consists of 2-4 ticks and buzz pulses,
3-5 complete phrases in 5 seconds; it is very faint. Males usually stridulate
on vegetation about 0.25 m above the ground (R. D. Alexander et al. 1972).

Certain sphecid wasps provision their nests with C. brevipennis. Tachytes
validus Cresson was reported to take large numbers in Kansas (Kurczewski
and Ginsburg 1971). They found more males captured than females, so that
the predators might have been using male stridulation to locate their prey.

Life history. Univoltine, with wintering in the egg stage. Adults are
found from July to October. In Québec, Larochelle (1978) reported adults
from 6 July to 14 October.

Conocephalus strictus (Scudder)

Figs. 315, 322; Map 66

Xiphidium strictum Scudder, 18754:460.
Conocephalus strictus; J. A. G. Rehn and Hebard 1915¢:193; Cantrall
1943:143; Helfer 1963:266; R. D. Alexander et al. 1972:33.

Diagnosis. Tegmina short. Apical part of male cercus long, tapered
(Fig. 315). Ovipositor (Fig. 322) slender, long (more than 14 mm). Hind
femur lacking spines.

Description. Body large (pronotal length, male 3.5-4, female
4-4.5 mm). Lateral pronotal lobes deeper than long, with anterior and lower
margins straight; humeral sinus shallow but evident. Tegmina normally short,
in male covering about half of abdomen, in female padlike, covering about
one-third of abdomen. Male cercus with apical part elongate (1.5 times to
twice as long as tooth), slender, tapered, subacute, somewhat flattened
(Fig. 315). Ovipositor (Fig. 322) slender, straight, (more than 14 mm long).
General coloration green with dorsal longitudinal reddish brown stripe having
narrow whitish border on occiput; tegmina reddish brown; cerci and
ovipositor dark brown. Macropterous form rare, constituting less than 2%
of a population.

Range. Montana to southern Ontario, south to Arizona and Georgia.
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Map 66. Collection localities for Conocephalus strictus.

Behavior and habitats. E. M. Walker and Urquhart (1940) found
C. strictus inhabiting rather dry sandy pastures but not low-lying humid local-
ities. It occurs in grassy and weedy areas, even in open pine woods.

R. D. Alexander et al. (1972) described the stridulation of C. strictus
as ‘‘soft seedy [sic], continuous buzzes audible only a few feet away,”” lack-
ing ticks, with the buzz changing speed, alternately slowing and speeding up
about every 15-30 seconds. The main carrier frequency of the stridulation
is about 40 kHz. The tympanic organs are capable of receiving ultrasonic
sounds. Weever and Vernon (1959) found that the tympanic nerves of
C. strictus respond to signals up to 80-120 kHz with maximum sensitivity
at 10-40 kHz.

Life history. Univoltine, with wintering in the egg stage. Adults have
been collected in Ontario from 24 July to 25 September.

Conocephalus spartinae (Fox)

Figs. 318, 325; Map 67

Xiphidium spartinae H. Fox, 1912a:111.
Conocephalus spartinae; J. A. G. Rehn and Hebard 1915¢:212.

Diagnosis. Male cercus blunt, flattened apically, with tooth basal,
small. Ovipositor about length of hind femur on tidal flats and salt-marsh
grasses.
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Map 67. Collection localities for Conocephalus spartinae.

Description. Body small, slender (pronotal length, male 2.3-3, female
2.5-3 mm). Lateral pronotal lobes with anterior margin rounded to lower
margin; posterior angle broadly rounded; humeral sinus absent. Tegmina
of male reaching apical abdominal tergum, of female covering about three-
quarters of abdomen; tips narrowly rounded (occasional specimens macrop-
terous). Hind femur with 1-4 spines beneath. Male cercus (Fig. 318) slender,
swollen in middle, flattened in apical half, incurved, with tooth small, ventral,
near base. Ovipositor (Fig. 325) as long as hind femur or slightly shorter
(7.1-9.9 mm), broad, slightly curved upward. Color generally grass green
to pale brown; tegmina brown, tinged with green near apices; dorsal stripe
dark brown; lateral pronotal lobes brown, bordered by yellow.

Range. Maine along the coast to Florida and Texas; Bermudas.

Behavior and habitats. C. spartinae is often found on or near tidal
flats in coastal areas. Many are found on Spartina, a salt-marsh grass.

Life history. Univoltine, with wintering only in the egg stage, so far
as is known. In northern localities, adults have been found from 23 August
to 9 September in Maine (Morse 1921).

Conocephalus nigropleurum (Bruner)

Figs. 316, 323; Map 68

Xiphidium nigropleurum Bruner, 1891a:58.
Conaccephalus nigropleurum; Hebard 1925a:136; Cantrall 1943:144;
R. D. Alexander et al. 1972:45, 52; Vickery et al. 1974:70.
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Diagnosis. Sides of head and abdomen black.

Description. Body size medium (pronotal length, male 3.0-3.5, female
3.2-3.6 mm). Lateral pronotal lobes with anterior edge broadly rounded to
ventral edge and with humeral sinus obsolete. Tegmina normally short, in
male covering four-fifths, in females two-thirds, of abdomen. Male cercus
swollen at middle, with slender ventral tooth; apical part flattened (Fig. 316).
Ovipositor (Fig. 323) straight, rather broad, slightly longer than hind femur.
Color dimorphic; either tegmina, legs, margins of lateral pronotal lobes and
metazona bright grass green, or these parts brownish yellow; dorsal brownish
stripe clearly defined in green form, faint in brown form; abdomen shining
black laterally. Macropterous specimens rare (in such specimens, tegmina
surpassing apices of hind femora by about 1.5 mm, and hind wings extend-
ing about 3.5 mm beyond tegmina).

Range. South Dakota and Kansas to Québec and Pennsylvania.

Behavior and habitats. The characteristic habitat includes wet, perma-
nent, and semipermanent marshes, and areas near streams, ponds, and lakes.
Specimens have been collected in tall rank grasses and sedges in southwestern
Québec. Cantrall (1943) reports occurrence in similar situations, but also
higher up on bushes and shrubbery. That author recorded 75% of specimens
to be of the green, and 25% of the brown phase in southern Michigan; all
females were green.

The stridulation lacks the tick phase; the buzz sequence is steady and
even, not varying in speed, and may last up to 12 minutes. The intense carrier
frequency lies between 28 and 60 kHz. This varies slightly (about 5 kHz)
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during the prolonged sequence (Pipher and Morris 1974), but this is not
noticeable to the human ear. G. K. Morris (1971) described aggressive
interactions between males.

The sphecid wasp Tachytes validus Cresson has been found to be
predaceous on C. nigropleurum near Aubrun, NY, using this species
extensively to stock its nests (Kurczewski and Ginsberg 1971).

Life history. Univoltine, with overwintering in the egg stage. Like
C. brevipennis, C. nigropleurum females often oviposit in galls of willow
(Salix sp.). Pipher and Morris (1974) found that, in Schuyler County, NY,
most of the galls containing eggs, contained eggs of C. nigropleurum rather
than of C. brevipennis. Adults have been collected from 1 July to 24 October
in Indiana (Blatchley 1920). In Québec, specimens have been taken from
8 to 26 August, but there is no doubt that adults are present in the field much
longer than this.

Conocephalus attenuatus (Scudder)

Figs. 317, 324; Map 69

Xiphidium attenuatum Scudder, 1869¢:305.

Xiphidium scudderi Blatchley, 18924:26.

Conocephalus attenuatus; J. A. G. Rehn and Hebard 1915¢:207;
R. D. Alexander et al. 1972:45, 52; Vickery et al. 1974:69.

Map 69. ollection localities for Conocephalus attenuatus.
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Diagnosis. Male cercus broad, with tooth basal, tiny. Ovipositor nearly
twice length of body. Hind femur with spines beneath.

Description. Ovipositor long (1.5 times to nearly twice as long as entire
body). Body moderately large, slender (pronotal length, male 2.6-3.0, female
2.9-3.2 mm). Lateral pronotal lobes with posteroventral angle sharply
rounded and with margins strongly upcurved; humeral sinus obsolete.
Tegmina and hind wings commonly dimorphic, with tegmina in brachyp-
terous form in male covering entire abdomen, in female three-quarters of
abdomen, in macropterous forms extending twice length of abdomen, about
4 mm shorter than hind wings. Hind femur long, slender, with 1-5 spines
on outer lower carina. Male cercus broad, with apical third curved outward,
with tooth basal, tiny, slender (Fig. 317). Ovipositor (Fig. 324) long, slender,
nearly straight. Color dull yellowish brown, in some specimens tinged with
green; dorsal stripe reddish brown; abdomen of male pale brown, of female
reddish brown.

Range. South Dakota and Nebraska to Québec and Maryland.

Behavior and habitats. C. atfentuatus lives among rank grasses, sedges,
and rushes growing in shallow water along river banks, lake shores, and
marshes (Cantrall 1968). In Québec, most of the specimens at hand were
collected by boat, as it was difficult to approach the habitat from land. Eggs
are laid between stems and leaves of the tall plants where the insect lives
(Blatchley 1920).

The stridulation is very much like that of C. nigropleurum, that is, soft
“‘seedy’’ continuous buzzes continued uniformly for indefinite periods. The
song, as well as the habitat, is similar to that of nigropleurum, but, in Québec,
the two species have not been found together.

Life history. Univoltine, with overwintering in the egg stage. The adult
stage is present from 28 July to 26 September in Michigan (Cantrall 1968).
All specimens known from Québec were collected in August.

Family Tettigoniidae

This family includes the true tettigoniids, or ‘‘great green’’ grasshoppers
of Europe, the false ‘‘cigales’’ and the true ‘‘sauterelles’” in French, the wart-
biters and other ‘‘decticids,’’ shield-back katydids, and the ‘‘kirigirisu’’ of
Japan. Members of the family are of diverse form. They are, however,
distinguishable from other members of the superfamily by means of the
following combination of characters: head generally short, with narrower
vertex forming short, truncated, or rounded rostrum. Antennae usually longer
than body, inserted between the eyes, their insertions (‘‘scrobes’’) but weakly
marginated. Prothoracic spiracle large, elongate, largely concealed by
pronotum; prosternum with pair of spines. Anterior tibiae usually with
apicodorsal spine; basal auditory organ covered; hind tibiae with apical spines
on either side (unless front and middle legs heavily spined below); tarsi with
first and second segments laterally grooved. Wings fully developed or reduced
(rarely entirely lacking and then only in females); tegmina, when fully
developed, often narrowly and elongately leaflike. Ovipositor usually stout,
swordlike or daggerlike, straight or somewhat upwardly curved.
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Approximately 80 genera and 375 species are known, the great majority
falling into the subfamily Tettigoniinae, sensu /ato. Most of these belong
to the tribe Decticini, the members of which generally have a somewhat wider
rostrum, are brownish or variegated, rather than more uniform green, in
coloration, and, more often than not, are brachypterous. Tettigoniinae species
in general are predominantly Palaearctic. A second subfamily, Onconotinae,
comprises two flightless species in a single genus from southeastern Europe
and southwestern Siberia. Members of the third subfamily, Saginae (recog-
nizable by the raptorial front and middle legs), consisting of about 12, mainly
flightless, genera and about 40 species (some with completely wingless
females), are known mainly from the eastern Mediterranean and southwestern
Asia, although a few are known from other parts of the Palaearctic region
and in eastern and southern Africa; one genus each is recorded for Australia
and Chile (the last is particularly in need of confirmation); one European
species became established in Michigan and is further referred to in the present
work.

Members of the Tettigoniidae are mainly ground-living, except for those
belonging to the tribe Tettigoniini and the subfamily Onconotinae, which
live chiefly on shrubs and bushes. The great majority lay their eggs in the
soil, even if they are not ground-dwellers. Some Saginae are parthenogenetic.
Most, if not all species are, to a greater or lesser extent, carnivorous, the
Saginae being exclusively voracious predators of fairly large insects. Many
other Tettigoniidae species do, however, consume some vegetable matter,
and a few, such as the Mormon cricket, Anabrus simplex Haldeman, and
the coulee cricket, Peranabrus scabricollis (Thomas), of western North
America, are prone to become excessively abundant, when they may form
“‘armies’” and become pests of great, if sporadic, importance. However,
species of Tettigonia are among the favorite singing insects of Europe, where
they may be caged for their song. Species of the decticine genus Gampsocleis,
notably G. buergersi (Haan), are similarly a favorite singer in the Orient.
This last is called ‘‘kirigirisu’’ in Japan.

Key to subfamilies of Tettigoniidae

1. Front and middle tibiae and femora strongly spined below; tibiae without
apicodorsal spines ............. .. ..., Saginae (p. 223)

Tibiae and femora not strongly spined below; tibiae with 1 or 2 apicodorsal

SPINES ..ttt e Tettigoniinae (p. 224)

Clé des sous-familles de Tettigoniidae

1. Tibias et fémurs antérieurs et médians & face ventrale pourvue de nombreuses
épines; tibias dépourvus d’épines apico-dorsales .................
............................................. Saginae (p. 223)

Tibias et fémurs a face ventrale ne portant pas beaucoup d’épines, tibias
armés d’une ou deux épines apico-dorsales .............. ... ...
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Subfamily Saginae

The characteristics of this subfamily are briefly indicated under the family
Tettigoniidae and in the key to subfamilies. A single introduced species
concerns us here.

Genus Saga Charpentier
Saga pedo (Pallas)

Fig. 276; Map 70

Gryllus (Tettigonia) pedo Pallas, 1771:467.

Gryllus (Tettigonia) giganteus Villiers, 1789:451, pl. 3, fig. 7.
Locusta serrata Fabricius, 1793:43.

Saga pedo; Yakobson and Bianki 1903:388.

Saga pedo was reported as an introduction from Europe into Jackson
County, MI, in 1970 (Cantrall 1972); Cantrall hypothesized that eggs were
introduced on poorly decontaminated plowshares that had been used in
Europe in plowing contests. Only six specimens were found from 1970 to
1972, in August and September, and none has been seen since. It is probable
that the species did not survive much longer in Michigan and that it is now
extinct in North America (I. J. Cantrall, pers. com. 1977).

Saga pedo is parthenogenetic; no male is known. It is not phytophagous,
and is well known to be a voracious predator. Cantrall (1972) reported that
a captive Michigan specimen fed avidly on grasshoppers.
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Map 70. Collection localities for Apote robusta (®), Pediodectes stevensonii (a),
and Sago pedo (m).
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Subfamily Tettigoniinae

Key to genera of Tettigoniinae, tribe Decticini

1. Prosternum armed with pair of spines ............ ... ... ... ..., 2
Prosternum without spines ............ .. . .. i 5

2(1). Lateral carinae of pronotum absent or obscure ................... 3
Lateral carinae of pronotum sharp, distinct ....................... 4

3(2). Hind femur short, not or but little surpassing abdomen. Ovipositor decurved
(Fig. 245) .o Apote (p. 225)

Hind femur long, considerably surpassing abdomen. Ovipositor curved

slightly upward . ........ ... ... ... ... .. ... Pediodectes (p. 226)

4(2). Hind tibia armed beneath with 4 apical spines (Fig. 248). Ovipositor straight.
Found in eastern United States and southern Ontario ............
.......................................... Atlanticus (p. 226)

Hind tibia armed beneath with 2 apical spines (Fig. 240). Ovipositor curved

upward. Found in Pacific region ............... Neduba (p. 231)

5(1). Pronotum without lateral carinae on anterior half, or these indicated only
DY COlOr e 6

Pronotum with lateral carinag obvious .............. .. ... ... ... 7

6(4). Pronotal disc smooth. Fore tibia armed above on both margins. Male cercus
apically furcate, with lower branch long, acute .. ... Anabrus (p. 233)

Pronotal disc rough, scabrous. Fore tibia armed above on outer margin only.

Male cercus apically not furcate, with lower branch short ........
......................................... Peranabrus (p. 239)

7(5). Lateral carinae of pronotum bowed inward on anterior half, divergent
posteriorly (Figs. 264, 266); pronotal disc strongly divergent posteriorly.

Median carina scarcely evident .............. ... ... .. .. ... .. 8

Lateral carinae of pronotum parallel or nearly so; pronotal disc little, if

at all, divergent posteriorly. Median carina distinct, continuous ...
........................................... Steiroxys (p. 241)

8(6). Pronotum distinctly saddle-shaped (Fig. 264), twice as broad posteriorly as
anteriorly, with lateral lobes bent downward at sharp angle. Ovipositor

regularly curved at base, tapered gradually (Fig. 271). Found in northern

boggy areas ........... i Sphagniana (p. 242)

Pronotum not saddle-shaped (Fig. 266), not twice as broad posteriorly as
anteriorly, with lateral lobes not sharply bent downward. Ovipositor

bent upward at base, more sharply tapered to apex (Fig. 275). Found

in southeastern open grassy fields .......... Metrioptera (p. 244)

Clé des genres de Tettigoniinae, tribu des Decticini

1. Prosternum armé d’une paire d’épines ............ .. ..., 2
Prosternum dépourvu d’épines ......... ... .. .. 5
2(1). Carénes latérales du pronotum absentes ou peu visibles ............ 3
Carenes latérales du pronotum aigués et distinetes ................. 4
3(2). Fémurs postérieurs courts, ne dépassant pas I’abdomen ou ne le dépassant

qu’a peine. Ovipositeur incurvé vers le bas (fig. 245) ............
.............................................. Apote (p. 225)
Fémurs postérieurs longs, dépassant de beaucoup ’abdomen. Ovipositeur
incurvé légérement vers le haut ............. Pediodectes (p. 226)
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4(2). Tibias postérieurs armés, en face ventrale, de 4 épines apicales (fig. 248).
Ovipositeur rectiligne. Espéces de 1’est des Etats-Unis et du sud de

PONLArio .. ..o Atlanticus (p. 226)

Tibias postérieurs armés, en face ventrale, de 2 épines apicales (fig. 240).
Ovipositeur incurvé vers le haut. Espeéces de la ¢6te du Pacifique . .. .
............................................ Neduba (p. 231)

5(1). Pronotum dépourvu de carénes latérales sur sa portion antérieure, ces carénes
étant remplacées par des lignes de couleur différente ........... 6

Pronotum pourvu de carenes latérales distinctes ................... 7

6(4). Disque du pronotum lisse. Tibias antérieurs armés des deux cotés de leur
face dorsale. Cerques des males fourchus, la branche inférieure étant

fongue et aigué .............. .. ... .. .. .. ..... Anabrus (p. 233)

Disque du pronotum rugueux. Tibias antérieurs armeés du cdté extérieur de

la face dorsale seulement. Cerques des méales non fourchus, a branche

inférieure courte ....... ... ... ..o Peranabrus (p. 239)

7(5). Careénes latérales du pronotum inclinées vers 'intérieur sur la portion anté-
rieure, divergeant postérieurement (fig. 264 et 266); disque du prono-

tum divergeant fortement vers l’arriere. Caréne médiane a peine

visible L. e 8

Carenes latérales du pronotum paralleles ou presque; disque du pronotum
divergeant a peine postérieurement. Caréne médiane visible, continue
........................................... Steiroxys (p. 241)

8(6). Pronotum en forme de selle (fig. 264), deux fois plus large a ’arriére qu’a
I’avant et a lobes latéraux fortement incurvés vers le bas. L’oviposi-

teur suit une courbure réguliére et va s’amenuisant vers 1’extrémité

(fig. 271). Espéces des régions nordiques marécageuses ...........
......................................... Sphagniana (p. 242)

Pronotum non en forme de selle ({ig. 266), pas deux fois plus large en arriére

qu’en avant et aux lobes latéraux non fortement incurvés vers le bas.
L’ovipositeur est incurvé vers le haut a la base et va s’amenuisant

rapidement vers l’apex (fig. 275). Espéces des champs herbeux du

SU-ESt ..o Metrioptera (p. 244)

Genus Apote Scudder

Description. General appearance as in Fig. 245. Lateral and median
carinae of pronotum present only on posterior part; lateral carinae parallel,
blunt; median carina low, sharp. Hind femur not longer than twice pronotal
length. Tegmina short, developed in both sexes, convex, overlapping, project-
ing beyond pronotum by less than length of pronotum, with veins dark and
conspicuous. Male subgenital plate triangularly emarginate apically, with a
pair of short blunt styles. Female subgenital plate without styles. Male cercus
cylindrical with acute subapical tooth on inner face (Fig. 246). Ovipositor
more than twice as long as pronotum, rather strongly curved downward
(Fig. 247).

Apote robusta Caudell

Figs. 246, 247; Map 70

Apote notabilis var. robusta Caudell, 19075:330.
Apote notabilis robusta; Gurney 1939:8, pl. (4), fig. 13.
Apote robusta; Rentz and Birchim 1968:98.
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Diagnosis. Pronotum elongate, narrow; disc with V-shaped depression.

Description. As for genus. Pronotal length, male 13.5, female 13 mm.
Pronotum elongate, narrow; disc rounded, with transverse sulcus at posterior
quarter; marked anterior to sulcus with V-shaped depression; apex of V nearly
touching sulcus. Male cercus with point of inner tooth about half the dis-
tance from base (Fig. 246). Ovipositor (Fig. 247) at most only slightly longer
than hind femur. Color generally brown, marked with ash gray; lateral lobes
of pronotum showing general pale posteroventral patch, but without pale
ventral margin or this poorly developed; legs yellowish, with infuscations
on hind femur; ovipositor yellow with black V at tip.

Range. British Columbia to Oregon.

Behavior and habitats. Virtually nothing is known for this species. It
probably inhabits bushes. Rentz and Lightfoot (1976) reported great diffi-
culty in capturing A. notabilis on sagebrush in Oregon. Male stridulation
was reported for that species as a loud rapid ‘tsit-tsit-tsit’” of about 4 seconds’
duration at 2-3 minute intervals. Singing continued both at night and in
daylight.

Life history. Unknown. Adults have been collected from June until
August.

Genus Pediodectes Rehn & Hebard

The taxonomy of the species included in this genus is very confusing.
Until a revision is undertaken, it is not possible to define the species with
accuracy. One species, P. stevensonii (C. Thomas 1870), has been reported
by Hebard (19254) from Huntley and Park City, MT (Map 70).

P. stevensonii is said to be characterized as follows (Caudell 19075): size
small; pronotum 5-8 mm long, with prozona slightly flattened posteriorly
and with posterior margin truncate. Hind femur short, with inner carina
possessing few tiny spines. Male cercus with tooth situated much beyond
middle, the tooth approximately as long as apical part of cercus, with apex
rounded. Another species of the genus is illustrated, by way of example, in
Fig. 248.

Genus Atlanticus Scudder

Description. Tegmina rudimentary, concealed beneath pronotum.
Pronotum large, produced posteriorly, with lateral carinae sharp and dis-
tinct (Figs. 226, 249), and with median carina absent or indicated only on
posterior part of pronotal disc; prosternum with pair of sharp spines. Hind
tibia armed beneath with 4 apical spines (Fig. 250). Male cerci simple, cylin-
drical, tapered, with small tooth on inner side (Figs. 251-253). Female cerci
cylindrical, tapered. Ovipositor more or less straight (Figs. 257, 259), distinctly
curved only in A. monticola (Fig. 258).
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2(1).

2(1).

Key to species of Atlanticus

Subgenital plate notched in both sexes, but not deeply and narrowly cleft,
with lobes on either side of notch not sublanceolately produced
(Figs. 254, 255). Male cerci rather short, robust, with tooth distinctly
beyond middle (Figs. 251, 252) ....... ... ... ... .. ... . ... 2

Subgenital plate of both sexes deeply and narrowly cleft, with lobes on either
side of cleft of female sublanceolately produced distad (Fig. 256). Male
cerci rather elongate, substyliform, acuminate, with tooth a little nearer
middle (Fig. 253) ................ americanus (Saussure) (p. 228)

Length of exposed part of male tegmen more than half length of prono-
tum. Hind femur less than twice length of pronotum. Notch of female
subgenital plate small, shallow, narrowly V-shaped, with lobes on either
side of notch short and truncated to broadly rounded (Fig. 254).
Ovipositor straight, with apex tapering only on dorsal side and with
apex ventral (Fig. 257) .............. testaceus (Scudder) (p. 229)

Length of exposed part of male tegmen about one-quarter length of prono-
tum. Hind femur twice as long as pronotum. Notch of female subgenital
plate deeper, usually more U-shaped, sometimes rather broadly
V-shaped, with lobes on either side of notch obtusely pointed (Fig. 255).
Ovipositor usually distinctly curved, with apex tapering both dorsally
and ventrally and with apex not ventral (Fig. 258) ..............
..................................... monticola Davis (p. 230)

Clé des espéces d'Atlanticus

Plaque sous-génitale encochée chez les deux sexes, mais I’encoche n’est ni
profonde ni étroite; lobes de part et d’autre de cette encoche non
sublancéolés (fig. 254 et 255). Cerques des méles plutét courts,
robustes et pourvus d’une dent sur leur portion proximale (fig. 251
Bt 25 L 2

Plaque sous-génitale des deux sexes marquée d’une encoche profonde et
¢troite; lobes de part et d’autre de cette encoche sublancéolés chez les
femelles vers les extrémités (fig. 256). Cerques des mailes plut6t longs,
substyliformes, pointus et pourvus d’une dent plus prés du milieu
(fig. 253) ... . americanus (Saussure) (p. 228)

Longueur de la partie exposée du tegmen du maéle égale & plus de la moitié
de la longueur du pronotum. Fémurs postéricurs de longueur égale a
moins du double de celle du pronotum. Encoche de la plaque sous-
génitale des femelles petite, peu profonde, en forme de V étroit; lobes
situés de part et d’autre de cette encoche courts et tronqués ou trés arron-
dis (fig. 254). Ovipositeur rectiligne et ne s’amenuisant que du co6té
dorsal pour donner un apex ventral (fig. 257) ..................
................................... testaceus (Scudder) (p. 229)

Longueur de la partie exposée du tegmen du méle égale au quart environ
de la longueur du pronotum. Fémurs postérieurs deux fois plus longs
que le pronotum. Encoche de la plaque sous-génitale des femelles plus
profonde, habituellement en forme de U, parfois en forme de V large;
lobes de part et d’autre de cette encoche obtus (fig. 255). L’ovipositeur
est en général clairement incurvé et va s’amenuisant & la fois dorsale-
ment et ventralement; apex non ventral (fig. 258) ...............
..................................... monticola Davis (p. 230)
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Atlanticus americanus {Saussure)

Map 71

Orchesticus americanus Saussure, 1859:201.

Decticus derrogatus F. Walker, 18695:260.

Atlanticus americanus; J. A. G. Rehn and Hebard 1916a:72, pl. VI, figs.
13, 14, 21, pl. VII, figs. 5, 14, 23, pl. VIII, figs. 7, 15; Helfer 1963:294.

Diagnosis. Exposed tegmen of male about one-quarter length of prono-
tum. Subgenital plate in both sexes deeply cleft rather than notched. Male
cerci fairly slender. Ovipositor tapered on dorsal edge only.

Description. Body medium-sized to moderately large (pronotal length
of male 9.4-11 mm, of female 10-11.3 mm). Pronotum and tegmina similar
to those of A. monticola, with disc sometimes subcarinate beyond middle.
Male cercus rather long, slender, acuminate apically, with tooth short, sharp,
located just beyond middle (Fig. 253). Male subgenital plate deeply and
narrowly cleft, of female similar, with lobes on either side of cleft sublan-
ceolately produced apically (Fig. 256). Ovipositor 24-28.3 mm long, as long
as or slightly longer than hind femur, more or less straight, with only dorsal
edge tapered apically and with point ventral (Fig. 259). Color brownish yellow
to dark reddish brown, with lateral lobes of pronotum often partly darker;
hind femora and abdomen occasionally with some small dark patches.

Range. Massachusetts, south to Mississippi and Florida.
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Behavior and habitats. J. A. G. Rehn and Hebard (1916¢«) state that
this species ‘‘is a frequenter of the areas of dead leaves and low undergrowth
in pine and deciduous forest, occasionally . . . more numerous along the edges
of the timber than in the depth of the woods. Its presence is often signaled
by the patter on the leaves as it jumps away from the disturbing footsteps.
The insects are so thoroughly protected by their coloration that it is often
difficult to see them, even when moving, much less when stationary. Their
activities are chiefly nocturnal. . . .”> Davis (1911) reports several specimens
as prey of the burrowing wasp Sphex ichneumoneus (Linnaeus) (as Chlorion
ichneumonea Linnacus). He also states that the species can be readily taken
in pitfall traps baited with molasses (W. T. Davis 1915a).

Life history. The species presumably passes the winter in the egg stage,
nymphs appearing in spring. J. A. G. Rehn and Hebard (1916a) state that
the earliest date for a mature adult in Pennsylvania is 15 July, although it
matures a little earlier farther south. In New Jersey, adults have been collected
as late as 10 October.

Atlanticus testaceus (Scudder)

Figs. 251, 254, 257; Map 72

Engoniaspis testacea Scudder, 1900a:97.
Atlanticus testaceus; J. A. G. Rehn and Hebard 19164:48; Cantrall
1943:144; Helfer 1963:293.
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Map 72. Collection localities for Atlanticus testaceus.
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Diagnosis. Exposed tegmen of male half as long as pronotum. Sub-
genital plate notched. Ovipositor tapering only on dorsal edge, with apex
ventral.

Description. Body size medium (pronotal length, male 9.0-10.8, female
9.2-10.4 mm). Hind femur short (male 14.6-16.5, female 16.2~18.7 mm).
Pronotal disc large, about two-thirds as long as wide, with lateral carinae
sharp, converging from anterior end on basal fifth then diverging to posterior
end. Tegmina of male long, projecting beyond pronotum for a distance equal
to or greater than posterior pronotal width, broadly rounded at apices;
tegmina of female reaching posterior edge of pronotum but not protruding.
Male cercus stout, nearly cylindrical, tapered with short blunt tooth at about
two-thirds of its length (Fig. 251). Apex of male subgenital plate broadly
and shallowly emarginate, with styles short (but variable) and blunt; female
subgenital plate with small shallow V-shaped notch, the lobes on either side
subtruncated or broadly rounded apically (Fig. 254). Ovipositor straight, with
upper valve tapering apically, appearing almost downturned (Fig. 257). Color
generally grayish to blackish brown (usually suffused with grayish dorsally),
darker laterally.

Range. Minnesota to Massachusetts, south to Georgia.

Behavior and habitats. E. M. Walker (19056) found the species at
Arner, Ont., in ‘“‘more open parts of a dry upland wood consisting chiefly
of oak. Most of them were found on short grass which was growing on the
slopes of a ravine in the wood.”” Gangwere (1966, 1967) described the feeding
behavior.

W. T. Davis (1893) reported stridulation to be similar to that of Orche-
limum vulgare, a continuous z-e-e-e. Allard (1911) reported the song as
sh-sh-sh-sh-sh, brief pulses repeated rapidly, followed by irregular periods
of silence. An investigation of stridulation in Atlanticus is needed.

Life history. Blatchley (1920) recorded A. testaceus in Indiana from
6 June until frost. E. M. Walker (190554) found it at Arner on 9 August.
Apparently the winter is passed in the egg stage.

Atlanticus monticola Davis

Figs. 226, 249, 250, 252, 255, 258; Map 71

Atlanticus monticola W. T. Davis, 19154:104.

Atlanticus monticola; J. A. G. Rehn and Hebard 19164:67.

Atlanticus davisi J. A. G. Rehn and Hebard, 19164:58, pl. VI,
figs. 7-9, pl. VII, figs. 3, 12, 21, pl. VIII, figs. 3-5, 13.

Diagnosis. Exposed tegmen of male about one-quarter length of prono-
tum. Subgenital plates notched only. Ovipositor tapering on both edges.

Description. Body size medium (pronotal length of male 7.7-9.0 mm,
of female 7.8-9.9 mm). Lateral carinae of pronotum converging at anterior
third, diverging thereafter, with posterior margin subtruncate, broadly
rounded laterally. Male tegmina short, projecting beyond pronotum for a
distance equal to about half posterior width of pronotum (Fig. 249); female
tegmina vestigial and concealed. Male cercus short, feebly curved, stout at
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base, with apical third tapered to acute apex and with tooth short, at about
three-fifths of length, inwardly curved (Fig. 252). Male subgenital plate with
broadly triangular notch; female subgenital plate with narrow U-shaped or
broadly V-shaped notch and with lobes on either side of notch obtusely
pointed (Fig. 255). Ovipositor 17.6-21.7 mm long, straight or, more typi-
cally, slightly curved upward in apical half, with both valves narrowing to
point (Fig. 258). Color brownish, flecked or streaked with gray, darker
laterally, with hind femur often marked with black.

Range. Michigan to Ontario and Vermont, south to Georgia.

Behavior and habitats. The species occurs among dead leaves and
scattered undergrowth of deciduous woods in dry locations.

Life history. Unknown. Probably overwinters in the egg stage, with
nymphs hatching in spring, maturing in late spring or early summer, and
persisting until frost. Adult specimens have been taken from early June until
early October.

Genus Neduba F. Walker

Description. Vertex prominent, narrow. Prosternum with 2 long sharp
spines; pronotum large, nearly flat dorsally (Fig. 227), with lateral carinae
distinct, and with median carina complete and more or less distinct; prono-
tal disc narrowest at anterior fourth, increasing in breadth anteriorly and
to nearly twice anterior breadth posteriorly (Fig. 241); posterior margin semi-
circular. Tegmina and hind wings developed only in males, these concealed
by pronotum. Males with pseudocerci (‘“‘infracercal plates’” of Caudell 19075),
which are simple elongate platelike structures. Ovipositor short, gently curved
upward, with apical teeth above and below and with 12, or more, sharp
elongate teeth on dorsal valve, fewer on ventral valve.

Neduba steindachneri {Hermann)

Figs. 225, 240-244; Map 73

Arytropteris steindachneri Hermann, 1874:204, pl. VI, figs. 98-102.
Tropizaspis picturata Scudder, 1899¢:83, 85.

Neduba carinata var. picturata Caudell, 19075:299, fig. 8.

Neduba carinata var. convexa Caudell, 19075:300, fig. 9.

Neduba steindachneri; Rentz and Birchim 1968:42.

Diagnosis. Pronotum large, nearly flat dorsally, with lateral carinae
distinct.

Description. Pronotum elongate (Figs. 225, 241), nearly half length
of head and body combined (Fig. 240); lateral carinae converging posteriorly
on anterior fifth, then diverging, twice as wide posteriorly as anteriorly
(Fig. 241). Tegmina concealed. Prosternal spines usually present. Legs long,
with hind femur more than twice as long as pronotum; hind tibia with 2 api-
cal spurs (Fig. 242). Cerci of both sexes simple, rounded, tapering to apex
(Fig. 243). Ovipositor short, less than two-thirds as long as hind femur, gently
curved upward, armed at apex with 12, or more, sharp teeth on dorsal valve,
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Map 73. Collection localities for Neduba steindachneri.

fewer on ventral valve (Fig. 244). Color light brown with darker mottlings
or uniformly yellowish; lateral lobes of pronotum usually showing infusca-
tion; fore and mid femora and tibiae usually with broad black bands; hind
femur infuscate, mottled on outer face; abdomen nearly always with paired
broad dark subdorsal stripes on basal half, covering sides of abdomen toward
apex.

Range. British Columbia and Washington.

Behavior and habitats. Buckell (1930) states that N. steindachneri (as
N. carinata) seemed to be confined to oak-Arbutus habitats on the south
and east coasts of Vancouver Island and on the mainland only inland as far
as Boston Bar in the Fraser River canyon. Specimens are difficult to locate
during the day. They are well camouflaged and extremely hard to see. Fulton
(1928) used the common name ‘‘camouflage cricket’ for another species of
Neduba in Oregon.

Stridulation, which occurs only at night, begins about 20:00 hours and
continues until about 02:00 hours. The song consists of two sharp metallic
clicks, followed by three or four ‘‘rather drawn-out sleepy-sounding notes;
tick-tick-zeer-zeer-zeer’” (Buckell 1930). The song is feeble and is not audible
for more than a few metres. The insect jumps to the ground when disturbed,
but it is not disturbed by a flashlight as close as 30 cm.

Life history. Unknown. Small nymphs have been found early in the
spring, and adults have been collected in August.
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Genus Anabrus Haldeman

Description. Body rather large, bulky. Head large, prominent. Prono-
tum produced posteriorly; pronotal disc smooth, evenly rounded, with lateral
carinae evident only on posterior half, obscure, or blunt, with transverse
sulcus on anterior half inconspicuous and marked near middle with conspic-
uous V-shaped depression. Abdomen appearing somewhat swollen. Legs
short, stout; hind femur with 1-several small spines on each ventral carina;
fore tibia with spines dorsally (usually 1 or 2) and ventrally (usually 4 or 5).
Male cerci furcate, forming 2 sharp incurved claws (Figs. 227, 229, 231, 232).
Female subgenital plate with apical hooklike projections. Ovipositor straight
to slightly curved.

Key to species of Anabrus

1. Male cercus with inner tooth greatly developed and always at right angles
to main shaft of cercus (Fig. 231) ....... cerciata Caudell (p. 234)

Male cercus with inner tooth less exaggerated, not produced at right angles

to main shaft of cercus (Figs. 227, 229, 232) .................. 2

2(1). Hind femur short, less than twice pronotal length. Male cercus with inner

tooth stout and with tip of tooth at least half the length of cercus from

the base (Fig. 227). Lateral carinae of pronotum feebly indicated, with
lateral lobes rounding into disc ....... simplex Haldeman (p. 233)
Hind femur twice, or more, pronotal length. Male cercus with inner tooth
not robust, varying in position. Lateral carinae of pronotum variable,
weakly indicated to well-developed .......................... 3
3(2). Lateral and median carinae of pronotum weakly indicated. Male cercus with
long sweeping curve at apex and with inner tooth usually rather small,
located near base (Fig. 229). Found in Oregon to British Columbia
..................................... longipes Caudell (p. 237)
Lateral and median carinae well-indicated. Male cercus without sweeping
curve at apex and with inner tooth prominent, not close to base
(Fig. 232). Found in western Montana, northern Idaho, and probably
southern British Columbia ...... spokan Rehn & Hebard (p. 239)

Clé des espéces d'Anabrus

1. Cerques des males pourvus d’une dent interne trés développée et formant
toujours un angle droit avec ces derniers (fig. 231) ..............
..................................... cerciata Caudell (p. 234)

Cerques du male pourvus d’une dent interne moins grande et ne formant
pas un angle droit avec ces derniers (fig. 227, 229 et 232) ... ... 2

2(1). Fémurs postérieurs courts et de longueur inférieure au double de celle du
pronotum. Cerques du male pourvus d’une dent interne forte et, avec
le bout de la dent, d’une longueur au moins égale a la moitié de celle
du cerque (fig. 227). Carénes latérales du pronotum peu visibles; lobes
latéraux formant un disque .......... simplex Haldeman (p. 235)

Fémurs postérieurs de longueur au moins égale au double de celle du
pronotum. Cerques du male pourvus d’une dent interne peu robuste,
de position variable. Carénes latérales du pronotum variant de peu
visibles a trés développées ... ... .. ... 3



3(2). Carénes latérales et médiane du pronotum peu visibles. Cerques du méle
décrivant une longue courbe 4 I’apex et pourvus d’une dent interne en
général plutot petite, située prés de la base (fig. 229). Espéce vivant
de I'Oregon jusqu’en Colombie-Britannique ....................
..................................... longipes Caudell (p. 237)

Carenes latérales et médiane bien développées. Cerques du méle ne décri-
vant pas une courbe & l'apex et pourvus d’une dent interne proémi-
nente et plus éloignée de la base (fig. 232). Espéce vivant dans 1’ouest
du Montana, le nord de I’Idaho et probablement dans le sud de la
Colombie-Britannique .......... spokan Rehn & Hebard (p. 239)

Anabrus cerciata Caudell

Fig. 231; Map 74

Anabrus cerciata Caudell, 1907b:361, fig. 48.
Anabrus cerciata; Gurney 1939:4, pl. (3), fig. 7, pl. (4), fig. 9; Helfer
1963:300.

Diagnosis. Inner tooth of male cercus long and robust, at right angles
to main shaft.

Description. Body large (pronotal length 15-18 mm). Lateral carinae
of pronotum rounded; median carina nearly obsolete; posterior margin of
disc evenly rounded. Fore tibia with 5 spines on outer carina and 2 or 3 on
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Map 74. Collection localities for Anabrus cerciata (o) and A. spokan (®).
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inner carina. Inner tooth of male cercus long and robust, set downward at
right angles to shaft of cercus (Fig. 231); female cercus long, swollen at base,
attenuate, sharply pointed. Ovipositor as long as hind femur, slightly curved
upward.

Range. British Columbia to Oregon.

Behavior, habitats, and life history. Not known, presumably similar
to A. longipes.

Anabrus simplex Haldeman

Figs. 222, 223, 227, 228, 233, 235, 261(1); Map 75

Anabrus simplex Haldeman, 1852:372, pl. 10, fig. 4.

Anabrus purpurascens Uhler, 1864:550.

Acheta nigra Lord, 1866:248, 265.

Anabrus simplex; Glover 1872b; pl. 1X, fig. 1; C. Thomas 1872:438;
Helfer 1963:299.

Anabrus similis Scudder, 1872:249.

Anabrus coloradus C. Thomas, 1872:440.

Anabrus simplex var. nigra Caudell, 1907b:355.

Anabrus simplex var. maculatus Caudell, 1907b:356.

Anabrus simplex var. coloradus Caudell 1907h:356.

Common name. Mormon cricket.
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Diagnosis. Body bulky. Male cercus with stout inner tooth not at right
angles to shaft of cercus. Hind femur short. Tegmina and wings short.

Description.  As for genus. Pronotal length, male 7-14.5, female 9~
15 mm. Tegmina and hind wings short, those of female broad but concealed
by posterior extension of pronotum, those of male overlapping, strongly
convex and projecting slightly behind the pronotum. Legs short, with hind
femur never quite twice as long as pronotum. Male cerci with branches nearly
parallel, both strongly curved inward, with lower branch acute and consider-
ably the longer and with upper branch blunt to nearly pointed (Fig. 227).
Ovipositor (Fig. 235) variable in length, usually curved upward, occasion-
ally nearly straight. Color variable, from light yellow to shining black, or
grass green; body sometimes uniform in color but more usually mottled. The
chromosome system is described by Ueshima and Rentz (1979).

Range. British Columbia to Manitoba, south to California.

Behavior and habitats. General accounts are given by Cowan (1929)
and by Wakeland (1959). A. simplex breeds mainly in hilly places where vege-
tation is scarce. It prefers clay soils, and females deposit eggs in surface cracks
(Caudell 1907bh). Adult males stridulate in the morning, ceasing about
10:00 hours. When disturbed, males produce a sharp warning signal that
causes nearby individuals to hop away; normally their form of locomotion
is by walking. At night all activity ceases and the insects rest beneath or on
bushes.

A. simplex is omnivorous. Caudell (1907b) reported that it eats sage-
brush but prefers moister food, often attacking garden crops, grain, and
grasses as well as succulent weed plants. The species also has cannibalistic
tendencies, often attacking injured companions or females that have been
weakened by oviposition. It will also eat other wounded or dead insects, dead
snakes, and any kind of dead flesh, raw or *ooked. The insects are also fond
of fresh manure. A. simplex itself may be pa-t of the diet of other animals,
including bears, wolves, hogs, and birds of prey. Some Indian tribes are
reported to have utilized them extensively as part of their diet (see Wakeland
(1959) for references).

During copulation, the male lies curled under the female or on his back
beneath her with genitalia attached. The female does not necessarily remain
stationary, but may walk about dragging the male beneath her. Gillette (1905)
reported females to be carrying spermatophores (‘‘mass of white jelly-like
material,”” “‘white sacs’® or ‘‘blubber’’) as early in the day as 08:00 hours.
This continued until 12:00 hours. Mating and egg-laying continued from early
July until 10 September 1903, in Colorado.

Male stridulation is tegminal, although the tegmina are very short,
extending but little beyond the posterior edge of the pronotum. During stri-
dulation the pronotum is raised, exposing the wings. The sound produced
was described by Gillette (1905) as a ‘‘squeaking noise’”; Caudell (1907b)
reported chirping in the morning hours but also during the middle of the day.

Life history. Eggs are laid in soil on dry hills, sometimes at a density
of 18 000 to 30 000 per square metre. Each female probably produces 100,
or more, eggs. Nymphs begin hatching early in the spring and are able to
withstand very cold temperatures. Newly hatched nymphs are pale tan with
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black eyes, but they soon become entirely blackish, except for a broad pale
dorsal stripe with two narrow longitudinal dark lines near the middle of the
stripe. Adult coloration is more variable. The posterior margin of the prono-
tum is pale yellow in all stages (Gillette 1905).

Economic importance. Mormon crickets occasionally occur in outbreak
numbers, ‘‘vast hordes . . . laying waste large areas of cultivated fields”’
(Caudell 1907b). Millions of them march slowly by walking and may advance
0.75 km/day. When on the march, masses may extend over an area of nearly
2 km?. In such numbers, they consume everything edible in their path. Early
Mormon settlers in Utah apparently suffered considerably from their ravages,
hence the common name for the insect. There is a statue and plaque in Salt
Lake City commemorating the timely appearance of great flocks of gulls that
ate the insects and, legend has it, terminated the first attack on the settlers’
crops. Gulls occurring in the area of the Great Salt Lake have, on several
occasions, decimated (if not exterminated) armies of A. simplex (Glover
1872a). In modern times the species has not caused such severe depredations
as in the past. Control with chemical insecticides has been effective (Wakeland
and Shull 1936; Wakeland 1959). Beirne (1972) reported on an infestation
in Saskatchewan in 1962 that “‘damaged truck crops.”

Anabrus longipes Caudell

Figs. 229, 230, 234, 236; Map 76

Anabrus longipes Caudell, 19075:361, 362, fig. 49.
Anabrus longipes; Fletcher and Gibson 1908:131; Helfer 1963:300.

Diagnosis. Male cercus greatly developed in long sweeping curve, with
tooth small, near base.

Description. Body small (pronotal length 10-12 mm). Head not
broader than pronotum and inserted into its anterior part; vertex prominent,
convex. Pronotum smooth, shiny, with disc marked at middle by 2 short
posteriorly convergent sulci that sometimes unite to form U-shaped sulcus;
hind margin of pronotal disc broadly rounded. Legs long, with hind femur
at least twice as long as pronotum, armed below with short stout spines; fore
femur with both margins spinose; outer carina with 4 or 5 spines and inner
carina with 1-3 spines. Tegmina and hind wings strongly convex, concealed
or extending slightly behind pronotum. Male cerci with inner tooth only
moderately developed, near base with outer part possessing a long sweeping
curve at the apex (Fig. 229). Female subgenital plate broadly concave apically,
with side angles sharp, elongate, bent inward (Fig. 234). Ovipositor slightly
curved upward, about as long as hind femur (Fig. 236). Color dark brown,
with at least posterior half of dorsum of pronotum yellowish; hind femora
usually yellowish near apex. N. Criddle (19264) described the nymphal stages.

Range. British Columbia to Montana, south to Oregon.

Behavior and habitats. N. Criddle (1926a) reported Androsace occiden-
talis (Primulaceae) as a favored host plant. A. longipes also readily eats plants
of the Crucifereae. Later instars and adults will feed upon leaves of grain
or grasses, but early instars will not accept these as food. Like A. simplex,

237



Map 76. Collection localities for Anabrus longipes.

A. longipes species are somewhat cannibalistic and will attack members of
their own species, especially when these are injured or vulnerable during
molting.

Criddle (1926a) also gave some account of mating activity. Males attract
females by stridulating. When a female comes near, the male approaches
and follows, stroking her with his antennae while stridulating continuously.
After antennal contact, the female mounts the male, bends her ovipositor
down into a groove between the male cerci, and forces genitalic contact. A
spermatophore is passed to the female and the pair separates after about
2 minutes. The female carries the spermatophore for several hours and then
devours it. Mating takes place three or four times during a pre-oviposition
period of several days and is resumed following deposition of each batch
of eggs. Females lay 100-200 eggs individually in the soil, each time stabbing
the ovipositor several times into the soil.

Life history. N. Criddle (19264) studied reared specimens of A. lon-
gipes and described each of the seven instars. Maturity is reached in about
43 days. Nymphs are active in cold weather; eggs hatch early in the spring
and adults are active from July to September.

Economic importance. Many published reports refer to Mormon
crickets in the collective sense. A. longipes is probably much less important
than A. simplex, although an outbreak of the former in British Columbia
occurred in 1911 causing damage to onions and range grasses (Beirne 1972).

Range. Washington and Idaho.
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Anabrus spokan Rehn & Hebard

Fig. 232; Map 74

Anabrus spokan J. A. G. Rehn and Hebard, 1920:248-251.
Anabrus spokan; Gurney 1939:5, pl. (5), fig. 21.

Diagnosis. Weak median carina present on pronotum.

Description. Disc demarcated by lateral carinae, these rounded but
apparent and well-defined posteriorly. Male cercus (Fig. 232) with arm of
main shaft beyond internal tooth to point of inward curvature more than
twice as long as internal tooth. Color chestnut brown, slightly mottled, dark
brown on produced part of lateral pronotal lobes; hind femur with blotches
of blackish brown at bases of ventral spines; green phase also known.

Range. Washington and Idaho.

Behavior and habitats. Little is known about this species. The types
were taken in a low tangle of raspberry canes and thistles overgrowing charred
logs and stumps. All were crawling on the ground and were much less active
than A. simplex.

Stridulation was faint, only a weak buzzing sound, much like that of
Conocephalus fasciatus (De Geer) (J. A. G. Rehn and Hebard 1920).

Life history. Unknown. Adults reported by J. A. G. Rehn and Hebard
(1920) were taken in late July or early August.

Genus Peranabrus Scudder

Description. Pronotum distinctive due to rough pebbly appearance
(Figs. 224, 237); lateral carinae well-developed to anterior margin, straight,
but diverging posteriorly; median pronotal carinae low, rounded, evident for
entire pronotal length. Fore tibia with 4 or 5 spines on ventral margins,
unarmed in front. Tegmina of males overlapping, convex, black with yellow
margins; tegmina of females not overlapping, reduced to lateral pads.

Peranabrus scabricollis {Thomas)

Figs. 224, 237-239; Map 77
Thamnotrizon scabricollis C. Thomas, 1872:441.
Peranabrus scabricollis; Scudder 18945:181; Helfer 1963:298.
Common name. Coulee cricket.
Diagnosis. Pronotum rough, pebbly.

Description. As for genus. Body medium large (pronotal length, male
7.9-9.5, female 7.5-10.5 mm). Male cerci stout, depressed at tip, broadened
so that inner angle bears a short sharp incurved spine (Fig. 238). Ovipositor
much longer than hind femur, curved on basal third, with apical two-thirds
straight; specimens reported by Buckell (1925) from British Columbia were
bright apple green.

Range. British Columbia to Montana, south to Oregon.
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Map 77. Collectiion localities for Peranabrus scabricollis.

Behavior and habitats. Melander and Yothers (1917) reported the
occurrence of P. scabricollis in desert areas, where it feeds mainly on sage-
brush (Artemisia frigida, which grows only on poor soil, not A. tridentata,
which grows on fertile soil). They describe also the migratory habit of this
species. Migrations occur when late-instar nymphs, approaching maturity,
search for food. This occurs mainly in April, May, and June in Washington
State. P. scabricollis is omnivorous and cannibalistic, especially in late
nymphal instars and as adults. Young nymphs are often found in great
numbers under sagebrush, which protects them from frost.

Snodgrass (1905) described mating behavior. The male attracts females
by stridulating. The ‘“‘song’’ is produced as pulses in slow succession (Snod-
grass 1905). When ready to mate, the male pushes his abdomen beneath that
of a female and seizes her with his cerci. A bilobed spermatheca is passed
to the female within a few minutes. Mating occurs in the morning, seldom
at any other time of day. Eggs are laid singly in the bases of grass-stools
and near these.

Life history. Melander and Yothers (1917) reported oviposition in late
May. Females deposit approximately 40-60 eggs. In Washington, hatching
has been observed as early as early March in sheltered southern exposures.
Maturity is reached in May and migrations are common throughout May
and June. Few specimens survive until mid-July.

Economic importance. P. scabricollis can become a serious pest when
its migrations lead through cropland. When migrating, it will attack almost
any plant in its path. It will feed readily on alfalfa, wheat, and most field
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and vegetable crops, and on tree foliage, but apparently not on peas, mustard,
parsley, lilac, maple, pine, or willow. Beirne (1972) stated that it was suspected
of causing harm to grasslands in southern British Columbia. Melander and
Yothers (1917) reported that thousands of dollars had been spent on control
in Washington between 1910 and 1920.

Genus Steiroxys Hermann

Description. General form as indicated in Fig. 260. Head small, not
prominent, deeply inserted into pronotum, with vertex broad. Eyes small.
Pronotum moderately produced posteriorly, with lateral lobes nearly as deep
as long and somewhat sinuate on posterior margins; lateral and median cari-
nae distinct, with lateral carinae diverging slightly posteriorly; disc flat, with-
out noticeable sulci, sometimes with V-shaped sulcus near center. Prosternum
without spines. Male tegmina broad, overlapping, projecting beyond prono-
tum about one-half length of pronotum; female tegmina small, with rounded
lateral pads, nearly concealed by pronotum. Male cercus cylindrical, with
pointed apex sharp, toothlike, bent inward, with sharp tooth on inner side.
Ovipositor slightly curved upward.

The taxonomy of Steiroxys is in a confused state. Two species have been
recorded for Canada (British Columbia and Alberta), namely, the type-
species, S. trilineatus (Thomas), and S. borealis Scudder. The former is a
valid species and the latter probably is, but neither seems to be Canadian.
The latter was described from northern California (Scudder 18945:182), and
S. trilineatus possibly reaches Montana, although this is unlikely.

A revision of the genus, begun by D. C. Rentz and being continued by
D. Lightfoot, Department of Entomology, Oregon State University,
Corvallis, OR, has shown that “‘over 30 undescribed species are involved . . .
Specimens. . . from Canada represent 2 or 3 species which are undescribed’’
(D. Lightfoot, pers. com. 1979).

Mr. Lightfoot has supplied the following information: ‘‘Steiroxys occurs
primarily in open grassy areas, both in sage brush-steppe and mountainous
areas. They prefer low herbaceous growth and dry, sparse, grasses growing
on loose soils. The preferred elevational range appears to be from 2000-
7000 feet. Steiroxys is not found abundantly over its entire range, but rather
as localized populations where individual numbers are often quite high.
Steiroxys is a diurnal genus and best collected during the daytime. Two general
color forms are found, green and gray-brown, the latter being most common.
Both color forms are usually found in the same species from a given popula-
tion.”” Ueshima and Rentz (1979) describe the chromosome patterns of
S. strepens Fulton,

Known populations of Steiroxys species in Canada are indicated together
in Map 78.

Steiroxys strepens Fulton

Fig. 260

Steiroxys strepens Fulton, 1930:627, fig. 2.
Steiroxys strepens; Helfer 1963:298.
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This seems to be a distinctive species that is unlikely to be found much
beyond the bounds of the state of Oregon. It is noted here as being one
species, at least, that can be recognized without much difficulty, for which
reason it is used to illustrate the genus.

Steiroxys trilineatus (Thomas)

Fig. 261(2)(?)

Thamnotrizon trilineatus C. Thomas, 1870:76.
Steiroxys trilineata; Hermann 1874:207, pl. V, figs. 64-69.

This species may reach as far north as southern Montana, and Hebard
(1928) so records it, as well as from Fort MacLeod, Alta. Hebard (1931a)
was ‘‘satisfied that only a single species, frilineatus, occurs on the eastern
slopes of the Rocky Mountains.”’

Genus Sphagniana Zeuner

Description. Pronotum broad, enlarged posteriorly, with lateral lobes
bent sharply downward (Figs. 263, 264). Legs short. Male supra-anal plate
narrowly emarginate, with lobes covering cerci (Fig. 268). Male cercus cone-
shaped, with sharp black curved tooth near base (Fig. 269). Female subgenital
plate as in Fig. 270. Ovipositor strongly upcurved (Fig. 271).
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Sphagniana sphagnorum (F. Walker)

Figs. 262-265, 268-271; Map 79

Decticus sphagnorum ¥F. Walker, 1869b:258.

Idionotus brevipes Caudell, 19075:397.

Platycleis fletcheri Caudell, 19075:404.

Metrioptera sphagnorum; Hebard 1931a:401; Helfer 1963:291, fig. 458.

Sphagniana sphagnorum; Zeuner 1941:43.

Metrioptera (Sphagniana) sphagnorum; Kevan et al. 1962:71; Vickery
et al. 1974:62.

Diagnosis. Pronotum large, broad, extended posteriorly, with lateral
lobes bent sharply downward.

Description. As for genus and in key. Body small to medium-sized
(pronotal length, male and female, 5.2-5.5 mm). Tegmina dimorphic, in
brachypterous form covering one-quarter of abdomen in female and about
one-half in male, in macropterous form (known only in males) extending
past the apices of the hind femora. Color pale red brown; lateral pronotal
lobes blackish fuscous with margins and lower third pale yellow (Figs. 263,
264); abdomen with row of black spots laterally; hind femur with black lines
(Fig. 265); female black on sides of vertex and on hind tarsi.

Range. Western Northwest Territories to western Quebec.
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Map 79. Collection localities for Sphaghiana sphagnorum (B) and Metrioptera
roeselii (®).
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Behavior and habitats. E. M. Walker (1911) gave a good account of
S. sphagnorum at Fort William, Ont. He found it in open grassy places and
along paths and roads in swampy areas where black spruce was the predom-
inant tree. Specimens were located on shrubs near the ground but also high
in trees.

All male specimens were traced by E. M. Walker (1911) through stridu-
lation, which he described as ‘‘a soft trill of little volume.”” G. K. Morris
(1970) described the stridulation as a prolonged trill alternating regularly
between two intensities. G. K. Morris and Pipher (1972) analyzed stridula-
tion and found a complex pulse train pattern, with two different pulse types
produced at different regions of the stridulatory file.

Life history. Unknown. Presumably overwinters in egg stage. Adults
have been taken from mid-July to September.

Genus Metrioptera Wesmael

Description. Body size medium. Tegmina normally covering one-half
to two-thirds of abdomen, with apices broad; in macropterous form, extend-
ing beyond femoral apices in both sexes. Male subgenital plate broad and
long. Male cercus prominent, with tooth on apical third (Fig. 273). Female
subgenital plate large, deeply bilobate, not touching ovipositor (Fig. 274).
Ovipositor short, strongly curved (Fig. 275). Coloration green or brown, with
margins of lateral pronotal lobes bright yellow or yellowish green.

Metrioptera roeselii (Hagenbach)

Figs. 266, 267, 272-275; Map 79

Locusta roeselii Hagenbach, 1822:39, fig. 24.

Locusta brevipennis Charpentier, 1825:114.

Locusta diluta Charpentier, 1825:116 (macropterous).

Decticus sinuatus Fischer von Waldheim, 18465:170, pl. XXIX, fig. 6.

Metrioptera roeselii; Chopard 1922:84; Helfer 1963:292; Vickery et al.
1974:61.

Metrioptera roeseli; Chopard 1951:145, 151,

Metrioptera roeseli f. diluta; Kevan 19615:605-607 (macropterous).

Diagnosis. Pronotum short, with borders of lateral lobes conspicuously
pale.

Description. Body size medium (pronotal length, male 3.7-5.0, female
4.1-5.5 mm), robust in appearance. Legs long and slender (Fig. 272). Tegmina
and hind wings dimorphic, in brachypterous form, reduced to short lobes
and hing wings vestigial; in macropterous form (Fig. 272), both tegmina and
hind wings extending well beyond apex of abdomen. Male cercus with tooth
nearer apex than base (Fig. 273). Male subgenital plate with pair of styles.
Ovipositor short, upwardly curved, acute at apex (Fig. 275). Color generally
brown or green with yellow markings laterally, with borders of lateral
pronotal lobes conspicuously pale, yellow to yellow green; mesothorax and
metathorax with distinct pale patches.
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Beaudry (1973) reported the chromosome complement of M. roeselii in
Québec as 2n male = 15. The X chromosome is longer than the autosomes
and is positively heteropycnotic at the beginning of the diplotene stage. At
metaphase, 15-18 chiasmata were observed.

Range. Ontario to Maine, south to New York and Massachusetts.

Behavior and habitats. M. roeselii prefers microhabitats with high
humidity, feeding actively during the cooler times of the day and remaining
near plant bases during the heat of midday. It feed upon weeds and grasses.
It appears to be especially fond of cultivated and wild timothy grass (Phleum
pratense L.). It also eats other plants including succulent weeds, and will
consume small caterpillars (Kevan et al. 1962). When disturbed, it jumps down
in dense grass where it is difficult to capture. It can be collected by hand
(“‘quick grab’’ method) more successfully than by sweeping vegetation (Kevan
et al. 1962). Copulation usually occurs on twigs or in grass, usually lasting
from 30-50 minutes. Both sexes may mate more than once and macropter-
ous and brachypterous forms mate indiscriminately. Females consume the
spermatophore sac, beginning immediately following copulation, but only
a small piece is bitten off at one time (Kevan et al. 1962).

M. roeselii in Québec is heavily attacked by parasites. Kevan et al. (1962)
found 80% of adults parasitized by larval mermithid nematodes.

Males stridulate, and females are attracted. The carrier frequency varies
between 13.5 and 40 kHz with a peak of 25 kHz (Sales and Pye 1974). The
song is somewhat monotonous, often continuous for several minutes, with
short interruptions.

Life history. Similar to that recorded in southern England (Ragge
1965). Adults are found from early July to October. Eggs are deposited in
softer parts of plants. The female first bites at the stem, then inserts her ovi-
positor and deposits in a single row. These hatch (in Québec) in late May.
There are at least six nymphal instars.

Kevan (196154) reported the presence of the macropterous form ‘‘diluta.”
Vickery (1965) reported 83% macropterous forms at Sainte-Anne-de-Bellevue,
Qué., and suggested that this represented a dispersal phase. Subsequent
observations indicate that macropterism is indeed a dispersal mechanism.
Populations in new areas revert to a mainly brachypterous condition until
the population becomes dense, then produce generations that are mainly
macropterous, these dispersing to new areas. In areas with well established
populations, the macropterous form is uncommon (see also Ede 1974).

Economic importance. Although it is capable of causing considerable
loss in grass in undisturbed areas, M. roeselii appears in the field in late
nymphal instars only shortly before hay-cutting operations begin, so that
damage to cultivated hay crops is never serious (Vickery 1965).

Suborder Gryllodea

Members of the Gryllodea are the true crickets, the mole crickets, and,
as understood here, also the splay-footed crickets, or Schizodactylidea. They
may be characterized by the following combination of characters: body
moderately large (maximum about 6 ¢m) to small (although adults rarely less
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than 1.5 mm without appendages). Color black, brown, yellowish, or gray,
but not commonly green. Head usually short, round, with 3 ocelli (not in
Gryllotalpoidea, with 2, or Oecanthidae, with none). Antennae nearly always
much longer than body (except in Gryllotalpoidea, in which they are very
short). Pronotum generally quadrate or even transverse (again with the excep-
tion of the Gryllotalpoidea), not usually much longer than wide, with the
posterior margin more or less truncated, not usually produced backward.
Legs with 3-segmented (rarely 4-segmented) tarsi, sometimes strongly modi-
fied for digging or in other ways; anterior tibiae typically with distinct audi-
tory tympanic organs; hind legs only occasionally short and not adapted for
leaping (Gryllotalpoidea). Tegmina and hind wings usually present, even if
greatly reduced, but sometimes totally lacking; tegmina typically held flat
across dorsum with anterior fields bent downward at angle along sides of
abdomen, and in males of most (but not all) species, with greater part of
dorsal surface, from base outward, forming stridulatory organ, even in
brachypterous and strongly micropterous forms; left and right tegmina with
more or less similar venation (although stridulation is virtually always with
right tegmen over left); females without such stridulatory organs; hind wings
at rest typically projecting in spike beyond front pair, often reduced
(frequently dimorphic or polymorphic within a species). Abdominal stri-
dulatory mechanisms not developed. Cerci long, flexible, unsegmented (occa-
sionally annulated), beset with long sensory hairs (Hartman et al. 1979). Ninth
abdominal sternum (subgenital plate) of males without styli even in imma-
ture stages. Ovipositor typically needlelike, sometimes rather swordlike,
reduced, or absent (last notably in Gryllotalpoidea), with inner valves always
vestigial except in immature stages.

The Gryllodea comprise about 333 world genera and more than
2400 species. The great majority of Gryllodea are tropical, although many
occur in temperate regions throughout the world. They do not, however, reach
very high latitudes or altitudes. They occur in virtually all terrestrial environ-
ments from deserts and savannahs to bogs and swamps, some even being
subaquatic (including a few species that skate on the surface of water and
others that are intertidal, although not in the region here considered), and
from subterranean burrows and caves to treetops; ground-dwelling species
are, however, probably the most familiar. Some species are commensals,
living in the habitations of other animals (including ants, termites, rodents,
and man). However, this is seldom obligatory except in the case of the
ant-loving crickets (Myrmecophilidae). Eggs are usually desposited singly,
typically in the ground, but many species lay their eggs in, or on, plant tissues.
Crickets are characteristically omnivorous, but some are more inclined to
a plant or insect diet.

A number of species are crop pests and, under certain circumstances,
‘‘population explosions’’ sporadically occur with devastating results. In such
cases, the crickets may invade human habitations in large numbers and cause
considerable consternation, as much by their interminable chirping and
omnipresence as by any material damage done (the latter can occasionally
be severe, not only to foodstuffs but also to furnishings). In addition to such
infrequent invasions, one or two species in different parts of the world take
up residence in human habitations, where they may be welcomed or abhorred
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according to local culture or individual taste. There is a great deal of folk-
lore relating to crickets, particularly to the widely distributed house cricket
Acheta domesticus (Linnaeus), ‘‘the cricket on the hearth.”’

In many parts of the world, and since ancient times, various kinds of
crickets have been kept in cages for their songs (some are particularly musi-
cal). The cult of fighting crickets is particularly, but not exclusively, Chinese.

Key to superfamilies of Gryllodea

1. Body molelike, heavy, usually covered with velvety pubescence. Head small
in relation to thorax, somewhat conical, with only 2 (instead of 3) ocelli.

Antennae short. Pronotum forming convex shield, considerably longer

than wide, curving downward and ventrad almost to coxae. Legs modi-

fied for digging, the front pair with bladelike apophyses on trochanters

and femora, and tibial spines modified to form elongate bladelike

““dactylar processes’’; hind legs short, not modified for jumping.

Tegmina (when present) with male stridulatory organ not forming a

“mirror.”” Ovipositor virtually lacking ... Gryllotalpoidea (p. 247)

Characters not as above ........................ Grylloidea (p. 251)

Clé des superfamilles de Gryllodea

1. Corps rappelant celui d’une taupe, fort, en général recouvert d’une pubes-
cence veloutée. Téte petite par rapport au thorax, quelque peu coni-
que, ne comptant que 2 ocelles (au lieu de 3). Antennes courtes.
Pronotum formant un bouclier convexe, beaucoup plus long que large,
incurvé vers le bas et ventralement presque jusqu’aux coxas. Pattes adap-
tées pour creuser, les pattes antérieures étant munies d’apophyses en
forme de lame sur les trochanters et les fémurs et les épines tibiales étant
modifiées pour former de longs appendices en forme de lame; pattes
postérieures courtes, non adaptées au saut. Chez les maéles, tegmina
(lorsque présents) & organe stridulant ne formant pas un «miroir».
Ovipositeur presque inexistant .......... Gryllotalpoidea (p. 247)

Combinaison de caractéres différente de celle donnée ci-dessus .......
.......................................... Grylloidea (p. 251)

Superfamily Gryllotalpoidea
Family Gryliotalpidae

These are the mole crickets, ‘‘churr-worms,” ‘‘eve-churrs,”” or
‘‘changas,”’ characterized as follows: body large, heavy, usually densely
covered with short pubescent hairs, tawny or brownish. Head small, some-
what conical, much narrower than pronotum. Antennae short. Ocelli 2 only.
Pronotum much longer than wide, forming strongly convex dorsal shield,
which curves downward and ventrad to coxae. Legs modified for burrowing,
with enlarged trochanter and femur bearing ventral bladelike apophyses, and
with tibial and tarsal spines modified to form flattened or elongate-conical
bladelike ‘‘dactylar’’ digging processes; hind legs short, not modified for
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jumping. Wings fully developed, or (the hind pair particularly) somewhat
reduced, rarely lacking; tegmina of males with stridulatory organs, lacking
“mirror’’; main part of tegmen having large triangular cell, and having apical
part reduced; female tegminal venation somewhat similar to that of male
but not forming stridulatory organ. Ovipositor lacking or reduced to minute
vestige.

Mole crickets spend most of their lives tunneling in soil, emerging and
dispersing at night. Eggs are laid in the tunnels, sometimes in special cham-
bers, where they may be brooded. Most species feed both on underground
parts of plants and on soil invertebrates. A few may become serious crop
pests.

Key to genera of Gryllotalpidae

1. Hind tibiae armed dorsally on distal half of inner (posterior) margin with
4 spines (Fig. 329) ....... ... ... ... ... Gryllotalpa (p. 248)
Hind tibiae not so armed (Fig. 327) ............. Neocurtilla (p. 249)

Clé des genres de Gryllotalpidae

1. Tibias postérieurs armés dorsalement, sur la portion distale de leur bord
intérieur (postérieur), de 4 épines (fig. 329) ... Gryllotalpa (p. 248)
Tibias postérieurs non armés de la sorte (fig. 327) ...................

Genus Gryllotalpa Latreille

Description. As in key to genera,

Gryillotalpa gryllotalpa (Linnaeus)

Fig. 329; Map 80
Gryllus Acheta Gryllotalpa Linnaeus, 1758:428 (partim).

gryllotalpa [sic] vulgaris Latreille, 1804:122.
Gryllotalpa gryllotalpa; Burr 1897:1V, 67, pl. V, fig. 7; Helfer 1963:324.

Diagnosis. As in key to genera.

Description. Body large (35-40 mm long). Trochanter of fore leg with
long process (Fig. 32954); distal half of hind femur with four strong spines
(Fig. 329a).

Range. Massachusetts and New Jersey; Europe.

Behavior, habitats, and life history. Much the same as for Neocurtilla
(q.v.), but with larger brood chamber. G. gryllotalpa has a 2-year life cycle;
for details, see Ragge (1965). Stridulation, courtship, and mating behavior
are noted by him. Information may also be obtained from Harz (1969).

Economic importance. G. gryllotalpa may sometimes be a serious
horticultural pest in Europe, and is occasionally troublesome in New Jersey
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by shearing through the roots of plants or by otherwise upsetting them as
is noted under Neocurtilla. The first documented account of important
economic loss in North America as a result of attacks by this species is given
by Weiss and Dickerson (1918).

Genus Neocurtilla Kirby

Description. As for family. Body pubescent, elongate. Pronotum
strongly convex. Fore legs short, with tibiae strongly modified for digging;
hind femora much shorter than abdomen, not adapted for leaping; hind tibiae
not spined above on inner side, with 8 apical spines.

Neocurtilla hexadactyla (Perty)

Figs. 327, 328; Plate 1114; Map 80

Gryllotalpa hexadactyla Perty, 1832:119, pl. 23.

Gryllotalpa borealis Burmeister, 1838:740.

Gryllotalpa brevipennis Audinet-Serville, 1838:308.

Gryllotalpa longipennis (nec Haan, 1842) Scudder, 1863a:426.

Gryllotalpa Columbia Scudder, 18695:26 (nomen novum for longipennis
Scudder, preoccupied).

Gryllotalpa hexadactyla; Lugger 1898:347; Helfer 1963:174.
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Neocurtilla hexadactyla; R. D. Alexander and Otte 1967:29; R. D.
Alexander et al. 1972:47; Vickery et al. 1974:60.

Common name, Northern mole cricket.
Diagnosis. As for genus.

Description. As for genus (Figs. 327, 328). Process of anterior
trochanter short; apical spines of hind tibia arranged in two groups, with
4 long spines on inner face and 4 shorter ones externally. Tegmina usually
covering one-half to three-quarters of abdomen; hind wings slightly to much
longer than tegmina; stridulatory file with about 25 teeth (Plate I11A4). Cerci
nearly 1.5 times as long as pronotum.

Range. Wyoming to Ontario and Maine, possibly south to South
America.

Behavior and habitats. Individuals of N. hexadactyla are nocturnal,
soil dwelling, usually difficult to find in the field, but attracted to ultraviolet
light traps (Beck and Skinner 1967). Since they stridulate during the hours
of darkness, they may be located by listening for sequences of chirps produced
by males after sunset and during early evening in areas where the earth is
moist, along streams or ponds, in crop fields, or in plant nursery areas.
Individuals tunnel extensively underground, their working sometimes being
visible as slight ridges on the soil surface. Eggs are laid in special subterranean
broad chambers.

Baumgartner (1910) reported that an anal (defensive?) secretion was
produced by this species, but its function against enemies is unknown. Such
a secretion had been reported previously by McNeill (1891) who stated, in
error and somewhat fancifully, that the “‘grayish viscid substance’” was ejected
from the cerci. He stated further that no bad odor was detected and that,
if the substance was used to repel enemies, it was probably by covering the
eyes or entangling the legs of these enemies!

The calling song is reported by R. D. Alexander (1960) to have a low
carrier frequency, 2.0 kHz and 75 pulses per second. Males remain seden-
tary in burrows and attract females by stridulating. Some females fly readily
and have no difficulty in recognizing males of their own species; the frequency
and sound pulse rate are specific. When a female lands near a calling male
it enters the male’s burrow, and an elaborate premating courtship ritual takes
place (R. D. Alexander and Otte 1967).

Life history. R. D. Alexander (1968) reported a 2-year life cycle in
North America, with diapause in a nymphal stage, followed the next winter
by diapause as an adult. Fulton (1951) had previously suggested a 2-year life
cycle in North Carolina: eggs laid in spring or early summer; nymphs maturing
the following summer; adults mating in the late summer and fall; males dying
and females diapausing during winter, then depositing their eggs the following
spring. There appears to be littie difference in the life cycle of G. gryllotalpa
and the present species, at least in the northern part of the range -of the latter.

Economic importance. Mole crickets, including the present species,
frequently cause significant crop damage. Such damage was reported in
Canada as early as the 1890s by Fletcher (1892) who gave an excellent account
of the structure and behavior of a captive specimen from Leamington, Ont.
N. hexada:*yla (or N. borealis) is more or less omnivorous, but it can cause
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serious damage to crops where it occurs in dense populations, because it feeds
upon the roots and occasionally the stems of a wide variety of plants. It also
feeds upon roots of trees but generally prefers the softer roots of herbaceous
plants. It also uproots plants or causes the roots to dry out by burrowing
in the soil beneath them. Ulagaraj (1975) working with southern mole crickets,
Scapteriscus species, has shown that the crops of flying females are empty.
He suggested that these hungry mole crickets, arriving at a new site, could
cause severe damage by feeding on nearby plants. Although this has not been
investigated for the present species, the latter may well behave similarly.

Superfamily Grylloidea

The insects in this superfamily are the true crickets. They may be charac-
terized as follows: antennae filiform, longer than body. Tegmina, when pres-
ent, flat above abdomen, bent abruptly downward laterally. Hind femora
stout, with tarsi 3-segmented (occasionally appearing to be 4-segmented).
Ovipositor straight or upwardly curved, needlelike, rarely awllike or
daggerlike, with tip sometimes slightly enlarged. Stridulating organ of males
large, extending across proximal part of each tegmen; hind wings reduced
and nonfunctional in many species. Male stridulation by the rubbing of a
file on the underside of one tegmen against a scraper on the edge of the other.
Tegmina are virtually identical, with the right one almost invariably overlying
the left (the relative positions being fixed for a given individual), which is
contrary to the arrangement adopted by katydids and other tettigonioids.

The songs of most species are distinctive and are useful in identifica-
tion. Most species produce eggs in the summer and autumn, and these hatch
in the following spring, but one of our species hibernates in the late nymphal
stages. Food preferences are variable; some species are omnivorous, whereas
others are mainly phytophagous. ‘“Tree crickets’” (Oecanthidae) are at least
partially predaceous, feeding upon aphids.

The superfamily Grylloidea includes about 325 world genera and more
than 2300 known species.

Key to families of Grylloidea

l. Body small (adult 1.5-4 mm long). Eyes present but with few facets. Hind
femora stout; tarsi with second segment minute, compressed. Wings
lacking. Ovipositor rather short, with splayed daggerlike valves.
Commensal with ants ............. ... Myrmecophilidae (p. 252)

NOt @s @above . ... e 2

2(1). Body larger (adult 1-1.5 cm long). Ocelli absent. Hind femora long, not
stout; tarsi appearing 4-segmented. Wings present. Ovipositor needle-
like, strongly denticulate apically. Not commensal ...............
........................................ Oecanthidae (p. 254)

NOt as above ... ... e e 3

3(2). Body small (seldom more than 1 cm long). Head generally wider than
anterior margin of pronotum. Eyes prominent. Hind legs rather long
and slender; hind tibiae with 3 pairs of spines and 5 apical spurs. Hind
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wings normally projecting well beyond tegmina when at rest. Oviposi-
tor laterally compressed, usually curved upward, with apex acute and
usually denticulate, not enlarged .......... Trigonidiidae (p. 273)
Body small to large (usually 1-2.5 cm long). Head not usually wider than
anterior margin of pronotum. Eyes not prominent. Hind legs gener-
ally rather stout; hind tibiae with more than three pairs of strong spines.
Hind wings, when present, often reduced. Ovipositor needlelike,
more or less straight, with apex usually somewhat enlarged but with
denticulation weak ......... ... .. .. ... Gryllidae (p. 275)

Clé des familles de Grylloidea

1. Corps petit (de 1,5 & 4 mm de longueur chez les adultes). Yeux présents mais
petits avec quelques facettes. Fémurs postérieurs forts; deuxieme
segment des tarses minuscule et comprimé. Ailes absentes. Ovipositeur
plutdt court, en forme de poignard. Insectes commensaux des fourmis
.................................... Myrmecophilidae (p. 252)

Combinaison de caractéres différente de celle décrite ci-dessus ...... 2

2(1). Corps plus grand (de 1 & 1,5 cm de longueur chez les adultes). Les ocelles
absents. Fémurs postérieurs longs, pas particulierement forts; tarses a
quatre segments visibles. Ailes présentes. Ovipositeur en forme
d’aiguille, fortement denticulé a {’apex. Insectes non commensaux
........................................ Oecanthidae (p. 254)

Combinaison de caractéres différente de celle décrite ci-dessus ...... 3

3(2). Corps petit (rarement plus de 1 ¢cm de longueur). Téte en général plus large
que le bord antérieur du pronotum. Yeux proéminents. Pattes posté-
rieures plutdt longues et minces; tibias postérieurs portant 3 paires
d’épines et 5 éperons apicaux. Ailes postérieures dépassant normalement
de beaucoup les tegmina en position de repos. Ovipositeur aplati
latéralement, en général incurvé vers le haut, & apex aigu et d’habitude
denticulé, mais pas agrandi ............... Trigonidiidae (p. 273)

Corps de taille variable (en général de 1 & 2,5 cm de longueur). Téte d’habi-
tude pas plus large que le bord antérieur du pronotum. Yeux non pro-
éminents. Pattes postérieures généralement plutdt fortes; tibias
postérieurs portant plus de 3 paires de fortes épines. Ailes postérieures,
lorsque présentes, souvent de taille réduite. Ovipositeur en forme
d’aiguille, plus ou moins rectiligne, & apex en général quelque peu
agrandi, mais faiblement denticulé ............ Gryllidae (p. 275)

Family Myrmecophilidae

These minute insects are the ant-loving crickets, or ant crickets. They
constitute a small distinct group of Grylloidea that is probably fairly closely
related to the subfamily Bothryophylacinae of the family Mogoplistidae. It
is possible that these insects do not deserve independent family status, owing
their peculiarities to their specialized mode of life. They are, however, easily
recognizable from all other crickets by the following combination of charac-
ters: appearance rather uniform. Size minute (the smallest of all orthop-
teroids), with body seldom as much as 2 mm, sometimes less than 1.5 mm,
long, broadly oval. Head round, small in relation to pronotum. Eyes small,
with few f-cets. Antennae not much longer than body. Tarsi with second
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segments minute, compressed; hind femora short and enormously enlarged;
hind tibia with few fairly long movable spines in distal parts. Wings absent.
Cerci comparatively short, annulated, appearing almost segmented. Ovipos-
itor rather short, with somewhat splayed daggerlike valves.

Five genera and some 45 species have been described within the single
included subfamily. They occur throughout most of the world, particularly
in temperate and subtropical parts, but they are apparently lacking from the
rain forests of the Neotropical and Ethiopian regions. They are always
associated either with ants (in the ‘“nests’’ or hopping along with them) or,
occasionally, with termites; they seem unable to live independently for long;
some species have a wide range of ant hosts, others are associated with only
one species. Some, at least, appear to be habitually, if not exclusively,
parthenogenetic. Eggs are relatively large, and (at least in some species) post-
embryonic development is of long duration (more than a year). The only
comprehensive work on North American species remains that of Hebard
(1920a). The classic study, including morphology, is that of Schimmer (1909).

Genus Myrmecophilus Berthold

Description. As for family Myrmecophilidae.

Myrmecophilus oregonensis Bruner

Fig. 369; Map 81

Myrmecophila oregonensis Bruner, 1884a:43.
Myrmecophila oregonensis; Scudder 1899¢:426; Helfer 1963:327.
Myrmecophila formicarum Scudder, 1899¢:426.

Diagnosis. Body small (1.5-3.7 mm), broadly oval. Associated with
ants.

Description. Body size 1.5-3.7 mm (northern specimens averaging
larger than those from southern part of range). Hind tibia with 1 external
and 3 or 4 internal spines dorsally, and with 3 pairs of distal spurs, the ventral
pair often small but equal in length; external dorsal spine of hind tibia as
long as or longer than one-half length of tarsal segments; hind tarsal spurs
slightly longer than distal tarsal segment.

Range. British Columbia to California.

Behavior and habitats. There is some indication that size variation may
be more a response to the size of the host ants than to any other single factor.
In this genus, most species associate with certain species of ants. M. orego-
nensis is no exception. Both adults and juveniles are found in nests of vari-
ous ant species of the subfamilies Formicinae and Myrmecinae, particularly
those which live in rotten stumps and logs under stones in damp locations,
namely Camponotus maccooki Forel, C. vicinus Mayr, C. pennsylvanicus
modoc Wheeler, Formica fusca Linnaeus, F. pilicornis Emery, F. neoru-
Jibarbis Emery, F. subpolita camponoticeps Wheeler, F. rufibarbis occidua
Wheeler, Manica bradleyi (Wheeler), Pheidole hyatti hyatti Emery, Prenolep-
sis imparis californica Wheeler, Pogonomyrmex californicus californicus
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(0).

(Buckley), Tapinoma sessile (Say), and Veramessor andrei andrei (Mayr).
M. oregonensis has been taken from nests of Formica subpolita campono-
ticeps Wheeler at Wawawai, WA, the type locality of that ant subspecies,
which is also the type locality of Myrmecophilus manni Schimmer. M. manni
is distinguished from M. oregonensis by being more pubescent (Schimmer
1911).

M. oregonensis is probably an unwelcome guest in ant nests. It does
not cause injury to the hosts but is entirely dependent upon them for food,
which appears to consist partly of the secretions that lubricate the bodies
of the ants and are found on walls of passageways.

Family Oecanthidae

Members of the family Oecanthidae are collectively the so-called tree
crickets. The family is recognizable from other crickets by the following
combination of characters: body small (about 1.0-1.5 ¢cm long), delicate,
usually greenish white, and of rather uniform appearance. Head horizontal,
with mouthparts projecting distinctly forward (prognathous). Ocelli absent.
Pronotum distinctly longer than wide; metanotum of male thorax with large
glandular sex-attractant pits. Legs slender; metatarsi tending to be subdivided
so that tarsi may superficially appear to be 4-segmented; true second tarsal
segments small, compressed; hind femora long, little expanded basally, not
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well-adapted for leaping; hind tibiae serrulate throughout, with or without
spines. Wings well-developed; tegmina semitransparent, in females rather
narrow, in males greatly widened and occupied almost entirely by large strid-
ulatory apparatus, which has a relatively enormous ‘‘mirror’’ divided by a
main vein and 3 or 4 oblique veins. Ovipositor needlelike, strongly denticulate
apically. Sex chromosomes rod-shaped.

The family is worldwide in distribution (except for the cooler zones),
but it is particularly abundant in the Ethiopian and Neotropical regions. There
are, however, only three genera. Although these insects are called tree crickets,
many do not occur on trees but rather on bushes, shrubs, and rank herbage.
Eggs in all species (so far as known) are deposited in bark, twigs, or stems.
Although oecanthids seem to be largely predaceous on small insects such as
aphids, one or two species are locally important as crop pests (e.g., of soft
fruits) because of the damage caused by oviposition punctures and/or the
transmission of plant diseases (Parrott and Fulton 1914; Gloyer and Fulton
1916; L. M. Smith 1930; Elliott and Dhanvantari 1973). Males are regarded
in many human societies as melodious, and captive specimens are sometimes
kept for their song.

There are poems in several languages that refer to species of the genus
Oecanthus; for example, the following excerpt from W. B. Carman’s
The Pipes of Pan:

Pale tree-cricket with his bell
Ringing ceaselessly and well,
Sounding silver to the bass
Of his cousin in the grass.
(Carman 1902)

There is one subfamily of Oecanthidae. Two of its three genera occur
in the region considered here. For an account of Canadian and United States
species, see T. J. Walker (1962, 1963).

Key to genera of Oecanthidae

1. Hind tibia armed with apical spurs only (Fig. 372). Basal antennal segment
(scape) with small prominent tubercle on outer side (Fig. 371); first
antennal segment (scape), and second (pedicel) not marked ventrally
with black ........ ... .. ... ... .. ... ... .. .... Neoxabea (p. 256)

Hind tibia armed distally with several long spurs and many short spines
(Fig. 373). Basal antennal segment (scape) without prominent tubercle
on outer edge (Figs. 375-386); first antennal segment (scape), and some-
times second (pedicel) with or without black ventral markings .. ..
.......................................... Oecanthus (p. 257)

Clé des genres d’'Oecanthidae

1. Tibias postérieurs armés seulement d’éperons apicaux (fig. 372). Segment
basilaire de ’antenne (scape) muni d’un petit tubercule du c¢6té extérieur
(fig. 371); cbté ventral du premier (scape) et du deuxiéme (pédicelle)
segments de I’antenne non marqué de noir .... Neoxabea (p. 256)
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Tibias postérieurs armés, en position distale, de plusieurs longs éperons et
de plusieurs courtes épines (fig. 373). Segment basilaire de I’antenne
(scape) sans tubercule proéminent du c6té extérieur (fig. 375 a 386);
cOté ventral du premier (scape) et parfois du deuxieme (pédicelle)
segments de I’antenne avec ou sans marques de couleur noire . ...
.......................................... Oecanthus (p. 257)

Genus Neoxabea W. F. Kirby

Description. Basal antennal segments without ventral black markings;
basal segment (scape) with small prominent tubercle on outer side (Fig. 371).
Hind tibia with apical spurs only, lacking long and short spines toward distal
end (Fig. 372).

Neoxabea bipunctata (De Geer)

Figs. 370-372; Map 82

Gryllus bipunctatus De Geer, 1773:523, pl. 43, fig. 7.

Gryllus (Acheta) binotatus Gmelin, 1789:2062.

Neoxabea bipunctata; W. F. Kirby 1906:76; T. J. Walker 1962:306;
Helfer 1963:337.

Diagnosis. Tegmina of female each with pair of elongate transverse
blackish spots.

T B e S T R

Map 82. Collection localifies for Neoxabea bipunctata.



Description. Basal segment of antenna with lateral toothlike projec-
tion (Fig. 371). Head depressed between eyes. Pronotum long, with sides
nearly parallel but with posterior fifth expanded. Hind wings long, extend-
ing well beyond tip of abdomen. General color brownish with slight pinkish
cast in fresh specimens; antennae pale yellow; legs pale; tegmina of female
each with pair of elongate transverse black spots, one at middle and one near
base (Fig. 371).

Range. Minnesota to Massachusetts, south to Mexico and Central
America.

Behavior and habitats. N, bipunctata occurs on a wide variety of decid-
uous trees and shrubs, such as apple, wild cherry, ash, elm, oak, sugar maple,
willow, hackberry, and sassafras, and on tangled undergrowth and vines of
wild grape, from August to the onset of frost in northern regions.

T. J. Walker (1962) recorded the calling song. He called it a broken
trill—‘‘a pulse sequence of uniform pulse rate is discontinued and begun at
irregular intervals of from one to several seconds.”’ Single sequences may
last up to 10 seconds before being interrupted. At a temperature of 24°C,
about 105 pulses per second are produced; at 18°C, this is reduced to about
70 pulses per second. This species, like most singing Grylloidea and many
Tettigonioidea, exhibits a definite response to temperature in its stridulation.

Life history. As far as is known, there is but a single annual genera-
tion. Winter is passed in the egg stage.

Genus Oecanthus Audinet-Serville

Description. Basal antennal segment without prominent tubercle on
outer edge. Hind tibja armed distally with several long and many short spines
in addition to apical spurs (Fig. 373). Posterior fifth of pronotum not
expanded. Hind wings little, if any, longer than tegmina.

Key to species of Oecanthus

(Adapted from T. J. Walker (1962, 1963))

1. Inner edge of ventral face of basal antennal segment with pale swelling
marked with black. Stridulatory file of male with fewer than 30 teeth
per millimetre. Calling song a broken trill or series of regular
G DS 2

Inner edge of ventral face of basal antennal segment without pale swelling.
Stridulatory file of male usually with more than 30 teeth per millimetre.
Calling song a continuous trill ........ ... ... .. .. ... ... ... 5

2(1).  Black mark on basal antennal segment (scape) round or oval; second seg-
ment (pedicel) with similar mark. Male tegmina broad, with dorsal field
more than two-fifths as wide as long. Stridulatory file with more than
35 teeth. Calling song a regular chirp .......... ... ... ... ..., 3

Black mark on basal antennal segment (scape) neither round nor oval; second
segment (pedicel) with elongate black mark. Male tegmina narrower,
with dorsal field usually less than two-fifths as wide as long. Stridulatory
file with less than 35 teeth. Calling song a trill .................
......................................... (niveus group) ... 4
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7(5).
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Dark mark on second antennal segment (pedicel) usually reduced (length
less than half that of segment) or absent, with center of mark near distal
border of segment (Fig. 378). Occurring in British Columbia and
Washington to California. Calling song at 21°C about 90 chirps per
MINULE .. .ot e rileyi Baker (p. 261)

Dark mark on second antennal segment (pedicel) usually at least half as long
as segment, with center of mark near midpoint of segment (Fig. 377).
Widespread, Québec and New England to west coast. Calling song at
21°C at least 120 chirps per minute (in western United States, at least
150 chirps per minute) ............. Sfultoni T. J. Walker (p. 262)

Mark on first antennal segment (scape) straight, rarely slightly curved
(Fig. 376). Vertex without prominent orange marking. Tegmina of
male 12-15 mm long. Stridulatory file with 19.0-23.4 teeth per
millimetre ....... ... ... ... ... exclamationis Davis (p. 264)

Mark on first antennal segment (scape) strongly curved toward inner side
or J-shaped (Fig. 375). Vertex yellow or orange in fresh specimens (fades
on drying). Tegmina of male 9.8-12.2 mm long. Stridulatory file with
23.7-29.7 teeth per millimetre ......... niveus (De Geer) (p. 265)

First antennal segment (scape) not marked ventrally with black (sometimes
with narrow line along inner edge); frons and basal antennal segments
usually tinged with red. Male tegmina broad, with width of dorsal field
about half its length. Subgenital plate of female with broad posterior
notch that is one-fourth to one-half as broad as widest part of
Dlate . 6

First antennal segment (scape) usually marked with more than one black
line; frons and basal antennal segments not tinged with red. Male teg-
mina narrower, with width of dorsal field rarely more than two-fifths
its length. Subgenital plate of female with narrow posterior notch that
is no wider than one-fifth greatest width of plate .............. 7

Third antennal segment usually much darker than second segment; first and
second segments reddish brown, frequently with distinct dark lines on
inner edges (Figs. 379, 380). Stridulatory file with 40-58 teeth. Occur-
ring in western United States and British Columbia .............
................................. californicus Saussure (p. 266)

Third antennal segment seldom darker than second segment; antennae pink,
dark red, or purple basally, fading rapidly distally, without distinct dark
line on first and second segments. Stridulatory file with 36-47 teeth.
Occurring in eastern half of North America . . . latipennis Riley (p. 267)

Pronotum black or with 1-3 black or dark longitudinal stripes; underside
and distal parts of legs and antennae black .................. ...
........................ nigricornis F. Walker (in part) (p. 268)

Pronotum neither black nor with dark longitudinal stripes (O. laricis may
have brown stripes with lateral ones somewhat dusky); underside and
distal parts of legs and antennae sometimes dusky or brown, but not
black . 8

Head, pronotum, and legs largely brown; tegmina contrasting green or dusky
green in fresh specimens (green fades to pale brown in dried specimens);
black marks on basal antennal segments usually weak and not extensive
(Fig. 386). Found only in (rarely beneath) coniferous trees .. ... 9

Head, pronotum, and legs without brown pigment and not contrasting in
color with tegmina; black marks on basal antennal segments strong
(Figs. 381-385). Seldom found in coniferous trees ............ 10



98).

10(8).

11(10).

2(1).

3(2).

Tegmina exceeding 12 mm. Brown areas light and slightly reddish. Found
in pines (Pinus) and balsam fir (Abies) ........................
.................................... pini Beutenmiiller (p. 269)

Tegmina shorter than 12 mm. Brown areas dark, occasionally dusky. Found
in tamarack (Larix) and hemlock (Tsuga) ............ ... ... ...
.................................. laricis T. J. Walker (p. 271)

Black marks on second antennal segment confluent, contiguous, or sepa-
rated by less than one-third width of inside mark (Fig. 385) ......
.................................. argentinus Saussure (p. 271)

Black marks on second antennal segment distinctly separated by more than
one-third width of inside mark (Figs. 381-384) ............... 11

Outside marks on first and second antennal segments less heavily pigmented
than inner marks; outside mark on first segment often round (Fig. 384).
Hind tibia and apex of hind femur not conspicuously darkened. Stridula-
tory file with 50-67 teeth .. quadripunctatus Beutenmiiller (p. 272)

Outside marks on first and second antennal segments pigmented as heavily as
inner marks; outside mark on first segment never round (Figs. 381-383).
Hind tibia and apex of posterior femur conspicuously darkened; stridu-
latory file with 35-51 teeth . ... nigricornis F. Walker (in part) (p. 268)

Clé des espéces d'Oecanthus
(adaptée de T.J. Walker, 1962, 1963)

Bord intérieur de la face ventrale du segment basilaire de I’antenne portant
un renflement pale marqué de noir. Organe stridulant du méle portant
moins de 30 dents par millimétre. Stridulation émise par saccades ou
faite d’une série d’appels réguliers ..... ... .. ... ... .. ... ... 2

Bord interne de la face ventrale du segment basilaire de ’antenne dépourvu
d’un renflement pile. Organe stridulant du méale portant d’habitude
plus de 30 dents par millimeétre. Stridulation continue .......... 5

Marque noire sur le segment basilaire de ’antenne (scape) ronde ou ovale;
deuxie¢me segment (pédicelle) portant une marque semblable. Tegmina
des males larges; largeur de la région dorsale égale a plus des 2/5 de
sa longueur. Organe stridulant comptant plus de 35 dents. Stridula-
tion faite d’une série d’appels réguliers ....................... 3

Marque noire du segment basilaire de I’antenne (scape) ni ronde ni ovale;
deuxieme segment (pédicelle) portant une marque noire allongée.
Tegmina des méles plus étroits; largeur de la région dorsale en général
inférieure aux 2/5 de sa longueur. Organe stridulant comptant moins
de 35 dents. Stridulation continue .. .... (groupe des niveus) ... 4

Marque noire du deuxiéme segment de I’antenne (pédicelle) habituellement
réduite (moins de la moitié de la longueur du segment) ou absente, son
centre étant situé prés du bord distal du segment (fig. 378). Espéce vivant
en Colombie-Britannique et de "'Etat de Washington jusqu’en Califor-
nie. A 21°C la stridulation compte environ 90 appels par minute . . ..
......................................... rileyi Baker (p. 261)

Marque noire du pédicelle de longueur habituellement au moins égale a la
moitié¢ de celle de ce segment; centre de cette marque situé pres du milieu
du segment (fig. 377). Espéce répandue du Québec et de la Nouvelle-
Angleterre jusqu’a la cote Quest. A 21°C, stridulation comptant au
moins 120 appels par minute (dans ’ouest des Etats-Unis, au moins
150 appels par minute) ............. Sfultoni T.J. Walker (p. 262)
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Marque du scape rectiligne, parfois légérement incurvée (fig..376). Vertex
sans marque orangée proéminente. Tegmina des males de 124 15 mm
de longueur. Organe stridulant comptant de 19,0 a 23,4 dents par
millimeétre .. ... ... . . exclamationis Davis (p. 264)

Marque du scape fortement incurvée vers le ¢6té interne ou en forme de
J (fig. 375). Vertex jaune ou orangé chez les spécimens frais (la couleur
s’atténue en séchant). Tegmina des méales de 9,8 4 12,2 mm de longueur.
Organe stridulant comptant de 23,7 a 29,7 dents par millimetre ...
.................................... niveus (De Geer) (p. 265)

Scape de ’antenne sans marque noire du cdté ventral (parfois marqué d’une
ligne étroite le long du bord interne); front et segments basilaires de
I’antenne en général teintés de rouge. Tegmina des méles larges; largeur
de la région dorsale égale a la moitié environ de sa longueur. Plaque
sous-génitale des femelles marquées d’une encoche dont la largeur varie
du quart a la moitié de la largeur maximale de la plaque ....... 6

Scape de I’antenne habituellement marqué de plus d’une ligne noire; front
et segments basilaires de I’antenne non teintés de rouge. Tegmina des
maéles plus étroits; largeur de la région dorsale rarement égale a plus
des 2/5 de sa longueur. Plaque sous-génitale des femelles portant une
encoche postérieure dont la largeur ne dépasse pas le cinquiéme de la
largeur maximale de la plaque .......... .. ... .. ... .. .. ..., 7

Troisieme segment de ’antenne habituellement beaucoup plus foncé que
le deuxieme; premier et deuxieme segments brun rougeatre, souvent
marqués, du cdté interne, de lignes noires distinctes (fig. 379 et 380).
Organe stridulant comptant de 40 a 58 dents. Espéce vivant dans ’ouest
des Etats-Unis et en Colombie-Britannique .....................
................................. californicus Saussure (p. 266)

Troisieme segment de [’antenne rarement plus foncé que le deuxieme;
antennes rose, rouge foncé ou pourpre a la base, la coloration
s’atténuant rapidement vers la partie distale; pas de ligne noire distincte
sur les premier et deuxiéme segments. Organe stridulant comptant de
36 a 47 dents. Espéce vivant dans la partie est de I’Amérique du Nord
...................................... latipennis Riley (p. 267)

Pronotum noir ou marqué d’une a trois bandes longitudinales noires ou
foncées; dessous et région distale des pattes et des antennes noires
....................... nigricornis F. Walker (en partie) (p. 268)

Pronotum ni noir ni marqué de bandes longitudinales foncées (O. laricis
peut porter une série de bandes brunes dont les plus latérales sont assez
foncées); dessous et portion distale des pattes et des antennes parfois
sombres ou bruns, mais jamais noirs . .................c...... 8

Téte, pronotum et pattes de couleur principalement brune; tegmina vert ou
vert foncé, contrastant chez les spécimens frais (avec le séchage, le vert
disparait et les spécimens deviennent brun péle); marques noires des
segments basilaires des antennes habituellement pas trés grosses
(fig. 386). Insectes n’habitant que dans les peuplements de coniféeres
(rarement plus au sud) ....... .. .. 9

Téte, pronotum et pattes sans pigmentation brune, & coloration semblable
a celle des tegmina; marques noires des segments basilaires des antennes
trés développées (fig. 381 a 385). Espéces vivant rarement dans les
peuplements de coniféres ...... ... ... .. i 10

Tegmina de longueur dépassant 12 mm. Régions a coloration brun péle et
légérement rougeitre. Espéce vivant dans les peuplements de pins (Pirnus)
et de sapins baumiers (Abies) ......... pini Beutenmiiller (p. 269)



10(8).

11(10).

Tegmina de longueur inférieure a 12 mm. Régions a coloration brun foncé,
parfois obscurci. Espéce vivant dans les peuplements de mélezes (Larix)
et de pruches (Tsuga) ............... laricis T.J. Walker (p. 271)
Marques noires du deuxiéme segment des antennes confluentes, contigués
ou séparées par une distance inférieure au tiers de la largeur de la marque
interne (fig. 385y .......... ... .. .. argentinus Saussure (p. 271)
Marques noires du deuxieme segment des antennes distinctement séparées
par une distance supérieure au tiers de la largeur de la marque interne
(fig. 381 @ 384) .. .. . 11
Marques externes des premier et deuxiéme segments antennaires moins pig-
mentées que les marques internes; marque externe du premier segment
souvent arrondie (fig. 384). Tibias postérieurs et apex des fémurs
postérieurs pas particuliérement foncés. Organe stridulant comptant
de S0 a 67 dents .......... quadripunctatus Beutenmiiller (p. 272)
Marques externes des premier et deuxieéme segments antennaires aussi foncées
que les marques internes; marque externe du premier segment jamais
arrondie (fig. 381 a 383). Tibias postérieurs et apex des fémurs posté-
rieurs foncés; organe stridulant comptant de 35 a 51 dents .......
....................... nigricornis F. Walker (en partie) (p. 268)

Oecanthus rileyi Baker

Fig. 378; Map 83

Oecanthus Rileyi Baker, 1905:81.
Oecanthus rileyi; T. J. Walker 1962:309.
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Map 83.

Collection localities for Oecanthus rileyi.
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Diagnosis. Black marks on basal antennal segments small. Cricket west-
ern in range.

Description. Black marks on undersides of basal antennal segments
usually small (compare Figs. 377, 378), in some specimens reduced to mere
dots; mark on basal segments confined to basal half of segment. Stridula-
tory file 1.59-1.84, mean 1.75 mm long; number of teeth 38-46, mean 42.6;
number of teeth per millimetre 22.8-25.8, mean 24.3.

Range. British Columbia to California.

Behavior and habitats. These are practically the same as for O. fultoni.
The habitat was reported in eastern Oregon by Fulton (1925) as bushes,
including loganberry, raspberry, and wild rose, and with cliff-bracken and
other plants in burned over areas. He found O. fultoni in the same region
associated with prune, apple, oak, and ash. Host records apparently help
in distinguishing between the two species where they are sympatric, but
T. J. Walker (1962) found inconsistencies in California.

Stridulation in O. rileyi is slower than in O. fultoni, about 90 chirps
per minute at 21°C. Chirps usually consist of 11 pulses; 8-13 pulses per chirp
have been noted. As later mentioned, O. fultoni usually has an eight-pulse
chirp.

Life history. O. rileyi has only one generation each year.

Economic importance. L. M. Smith (1930) reported this species as
causing economic damage to cultivated raspberries in California.

Oecanthus fultoni T. J. Walker

Fig. 377; Plate VD; Map 84

Oecanthus fultoni T. J. Walker, 1962:309.
Oecanthus fultoni; Vickery et al. 1974:59.

Common name. Snowy tree cricket.

Diagnosis. Vertex yellow; basal antennal segment with circular black
spot.

Description. Body length, male 12.3, female 9.2 mm; ovipositor
4.0 mm. Vertex of head orange yellow; basal antennal segment yellow except
for white prominent swelling on inner ventral face, this marked with a black,
nearly circular, spot; second segment with ovate to quadrate black spot
occupying most of middle of segment (Fig. 377). Length of male stridulatory
file 1.49-1.77, mean 1.64 mm; number of teeth 38-45, mean 41.3; number
of teeth per millimetre 21.8-25.3, mean 23.0 (T. J. Walker 1962). Plate VD
shows the shape and spacing of the stridulatory teeth.

Range. British Columbia to Maine, south to California and Texas.

Behavior and habitats. In the northeastern United States, O. fultoni
is common in vines and shrubbery, sometimes numerous on blackberry
(T. J. Walker 1962). In Québec and Ontario, it has been taken on Rubus
odoratus Linnaeus and other Rubus species.

The stridulations of O. fultoni and O. rileyi are similar, but the chirp
rate of the latter species is somewhat slower (T. J. Walker 1962). O. fultoni
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Map 84. Collection localities for Oecanthus fultoni.

males produce a regular series of chirps of approximately equal duration with
approximately uniform intervals. Each chirp consists of 2-11 pulses, most
often 8. T. J. Walker (1969) reported that O. fultoni males, singing in prox-
imity to one another, synchronize their songs. Thus, the crickets in a given
habitat usually produce a chorus by synchronizing their chirps (but not their
pulses).

R. D. Alexander (1975) discussed the evolutionary significance of
choruses in acoustical insects. Synchrony of stridulation is ‘‘restricted to
species in which the normal calling song contains a precise or highly uniform
chirp or phrase rate within the range of two to five per second.”’” It is possible
that synchrony may tend to improve ability to attract females from greater
distances. Aggregation of males might also be brought about by selection
of habitats that offer some protection from predators, or by selection of abun-
dance of plants suitable for oviposition by females. Females of chorusing
species may be more responsive in the presence of numerous males. Such
an aggregation may also be advantageous to individuals that can not produce
strong signals in competition. Also, some males do not sing, but can inter-
cept females moving toward the singers. In general, synchronous stridulation
is not yet well understood; answers to the questions raised by these possibilities
remain to be found. It is known that, in nonchorusing species, where males
are singing in close proximity, one male may move away, may try to drive
the other male away, or may stay and try to outperform the other male.
Sometimes, males near other males sing only during the intervals when the
latter are silent.
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O. fulroni is sometimes called the ‘‘thermometer cricket,”’ because of
the ease with which its chirp rate can be correlated with temperature.
T. J. Walker (1962) stated that a reasonable approximation of temperature
in degrees Fahrenheit can be obtained by counting the number of chirps in
13 seconds and adding 40.! At 64°F, O. fultfoni (in the east) chirps about
24 times in 13 seconds: 24 chirps plus 40° = 64°F. A more complex calcula-
tion is necessary to determine degrees Celsius.

Life history. O. fultoni has one generation each year throughout its
range. At the most northern points of the range, adults appear late in July
and some individuals persist until they are killed by frost.

Oecanthus exclamationis Davis

Fig. 376; Map 85

Oecanthus exclamationis W. T. Davis, 1907:173.
Oecanthus exclamationis; Fulton 1915:30; T. J. Walker 1962:309; Helfer
1963:335.
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Map 85. Collection localities for Oecanthus exclamationis (o) and O. argen-
tinus (M).

A

This was not Walker’s original discovery. It has been attributed to the astronomer Harlow
Shapley of Harvard, who used a base line of 14 (not 13) seconds for his ‘‘recent” calcula-
tions, predicting 75% success to within 1°F. Allard (1930), who reviewed the whole history
of the “‘thermometer cricket” as far back as 1881, refers neither to Shapley nor to this particular
formula.

264



Diagnosis. Black mark on basal antennal segment elongate but not
curved (Fig. 376).

Description. Body length 12 mm; ovipositor S mm. Antenna with black
mark on basal segment; vertex not orange or yellow, occasionally darker
than dorsum of prothorax, which is pale greenish white. Stridulatory file
0.86-1.08 mm, mean 0.97 mm long; number of teeth 17-23, mean 21.1.

Range. Illinois to Connecticut, south to Arizona and Florida.

Behavior and habitats. T. J. Walker (1962) states that this species is
strictly arboreal, even more so than O. niveus, and has been collected from
apple, oak, elm, wild cherry, maple, hackberry, and catalpa, usually high
in the crowns.

The stridulation is a broken trill, which is difficult to distinguish by ear
from that of related species such as O. niveus, although the pulse rate is
slightly faster.

Life history. Cantrall (1968) reported it to be active in Michigan from
2 August to 17 September.

Oecanthus niveus (De Geer)

Fig. 375; Map 86

Gryllus niveus De Geer, 1773:522, pl. 43, fig. 6.

Oecanthus angustipennis Fitch, 1856:413; Cantrall 1943:168; Helfer
1963:335,

Oecanthus niveus; T. J. Walker and Gurney 1960:10; T. J. Walker
1962:307, 308.
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Map 86. Collection localities for Oecanthus niveus.
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Diagnosis. Black mark on basal antennal segment J-shaped.

Description. Antenna with black marks ventrally on 2 basal segments,
that on basal segment J-shaped, distinctly curved toward inner side, that on
second segment irregularly ovate (Fig. 375); in fresh specimens, vertex often
yellowish to orange, this fading in stored specimens. Male stridulatory file
0.88-1.13 mm, mean 1.00 mm long; number of teeth 22-30, mean 26; number
of teeth per millimetre 23.7-29.7, mean 25.8.

Range. Illinois to Ontario and Massachusetts, south to Texas and
Florida.

Behavior and habitats. O. niveus lives in deciduous trees, often too
high for easy capture, but occasionally it is found on low rank vegetation
such as blackberry, goldenrod, or ironweed.

Life history. There is a single annual generation in the northern part
of the range, the adult stage occurring from early August to October. In
Florida, there are two generations each year (T. J. Walker 1962).

Oecanthus californicus Saussure

Figs. 379, 380; Map 87

Oecanthus californicus Saussure, 1874:462.

Oecanthus californicus; Hebard 1923¢:340; Helfer 1963:335; T. J.
Walker 1962:317.

Oecanthus californicus pictipennis Hebard, 19356:78; T. J. Walker
1962:317.

266



Oecanthus californicus californicus; Hebard 1935d:315.

Diagnosis. Third segment of antenna usually much darker than second.

Description. Depression in distal part of terminal segment of maxil-
lary palp usually more than one-half length of segment. Male tegmen less
than 14 mm long. Basal two antennal segments often with black line on inner
edge of ventral surface (Fig. 379); third segment darker than second segment.
Stridulatory file 1.20-1.85 mm, me¢an 1.44 mm long; number of teeth 40-58,
mean 47.5; number of teeth per millimetre 29.5-37.4, mean 33.0.

Range. British Columbia to Wyoming, south to California and
Mississippi.

Behavior and habitats. O. californicus has been taken from scrub oak,
and from low shrubby plants such as rose bushes, in the northern part of
its range.

Stridulation is a continuous trill, differing little from that of O. lati-
pennis, except that at any given pulse rate the frequency of O. californicus
songs is higher. The geographic ranges of the two species, however, are
distinctly separated.

Oecanthus latipennis Riley

Map 88

Oecanthus latipennis Riley, 1881:61.
Oecanthus latipennis; Beutenmiiller 1894¢:272; Helfer 1963:335;
T. J. Walker 1962:318.
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Map 88. Collection localities for ‘Oecanthus /aripenni§ (m) and O. laricis (a).
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Diagnosis. Basal antennal segments unmarked.

Description. Depression of distal part of terminal segment of maxil-
lary palp less than two-fifths length of segment. Male tegmen more than
14 mm long. Basal antennal segments not marked ventrally with black; third
antennal segment usually not darker than second segment. Stridulatory file
1.32-1.68 mm, mean 1.48 mm long; number of teeth 36-47, mean 42.1;
number of teeth per millimetre 27.3-30.5, mean 28.4

Range. South Dakota to New York, south to southeastern United
States.

Behavior and habitats. The species is found on shrubs and low trees,
particularly scrubby oaks in dry open woods. It may be abundant in thickets
of vines and among coarse weeds on woodland edges and fencerows, or on
plants such as goldenrod, blackberry, and horseweed in abandoned fields.

Stridulation is a continuous trill with a relatively low pulse rate, about
45 pulses per second at 21°C and 60 pulses per second at 27°C.

Life history. There is one generation each year, adults appearing during
late August.

Oecanthus nigricornis F. Walker

Figs. 373, 374, 381-383; Plate VA; Map 89

Oecanthus nigricornis F. Walker, 18694:93.

Oecanthus nigricornis; Beutenmiiller 18945:250; Helfer 1963:336;
T. J. Walker 1963:772; R. D. Alexander et al. 1972:47.

Oecanthus nigricornis nigricornis; Hebard 1928:305; Cantrall 1943:169.

Common name. Blackhorned tree cricket.

Diagnosis. In the present region, the only species of Oecanthus with
black legs.

Description. Ventral side of 2 basal antennal segments with paired
black marks (Figs. 382, 383); in very dark specimens, markings on basal
segment sometimes obscured by general black color (Fig. 381); eastern speci-
mens normally conspicuously blackened on legs, head, and pronotum, but
some specimens, particularly from western part of range, lacking dark color,
although distal end of hind femur and hind tibia almost always somewhat
darkened. Male stridulatory file (Plate VA) with 37-51 teeth, mean 45.8
(O. forbesi, 35-45 teeth, mean 38.6); length of file 1.06-1.39 mm, mean
1.28 mm (O. forbesi, 1.03-1.35 mm, mean 1.16 mm); teeth per millimetre
32.8-39.8, mean 35.9 (O. forbesi, 29.4-35.5, mean 33.15) (T. J. Walker 1963).

Range. British Columbia to Maine, south to West Virginia.

Behavior and habitats. O. nigricornis is found on coarse-stemmed
weeds, brambles, and small trees such as willow and sumac, usually in fertile
areas and near water. In Québec, the species is commonly associated with
goldenrod (Solidago spp.) and blackberry (Rubus). Oviposition occurs in the
stems of coarse herbaceous and woody plants. Elliott and Dhanvantari (1973)
reported that eggs are inserted into the pith of plants, closely spaced in rows,
resulting in splits in the bark and elongate areas of dead sapwood. Eggs are
usually deposited on the upper sides of horizontal or inclined twigs; they are
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Map 89. Collection localities for Oecanthus nigricornis.

deposited in any position on vertical stems or twigs. Bell (1980) describes
some abnormal sexual behavior.

The stridulation of O. nigricornis has a carrier frequency of 3.7-3.9 kHz.

Life history. O. nigricornis has one generation each year. Eggs are laid
in September and the winter is passed in the egg stage. Nymphs appear in
late June and July and adults through most of August and September, some
persisting into October if not killed by frost before then. Bell (1979) discusses
laboratory rearing.,

Economic importance. Damage to cultivated plants has been reported
for many years, particularly in Ontario (Fletcher 1896). Such plants as
tobacco, raspberry, blackberry, gooseberry, and, to some extent, twigs of
apple, plum, and peach (Elliott and Dhanvantari 1973) have been reported
as being damaged by oviposition. Many of these reports list O. niveus or
O. angustipennis as causing the injury, but all of them from Ontario undoubt-
edly refer to O. nigricornis. Oviposition punctures weaken the stems and
twigs, so that they eventually break at the injured spots. Fungus diseases are
also allowed to penetrate the tissues (Parrott and Fulton 1914) (Gloyer and
Fulton 1916).

Oecanthus pini Beutenmdiller

Fig. 386; Map 90
Oecanthus pini Beutenmiller, 18944:56.
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Map 90. Collection localities for Oecanthus pini.

Oecanthus pini; Beutenmiller 1894c:271, fig. 6; Helfer 1963:337;
T. J. Walker 1963:774; R. D. Alexander et al. 1972:35.

Diagnosis. Tegmina green; legs and pronotum brown. Found on pine
trees.

Description. Tegmina longer than 12 mm. Basal segments of antennae
without distinct black markings ventrally, these obscured by brown pigment
(Fig. 386); head, pronotum, and legs brown, with tegmina contrasting green
(fading in preserved specimens to light brown). Stridulatory file length 1.48-
1.74 mm, mean 1.59 mm; number of teeth 45-56, mean 49.4; number of teeth
per millimetre 28.2-34.8, mean 31.1.

Range. Michigan to Maine, south to Texas and Florida.

Behavior and habitats. O. pini is usually found on pine (Pinus),
although specimens have been taken on balsam fir (Abies) in New York State.
It usually remains in the crowns of trees and for this reason is difficult to
collect. It is never found on low herbaceous plants and never in company
with other species of the genus.

The song of C. pini is a trill with pulse rate approximately 44 pulses
per second at 25°C.

Life history. T. J. Walker (1963) reported that O. pini appears to be
univoltine throughout its range. Adults should appear early in August in the
north and persist until killed by frost.

Economic importance. There is no indication that O. pini is a pest
species, as no damage to the hosts has been reported.
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Oecanthus laricis T. J. Walker

Map 88

Oecanthus laricis T. J. Walker, 1963:773.
Oecanthus pini; Cantrall 1943:171.
Oecanthus laricis; T. J. Walker 1966:271.

Diagnosis. Tegmina dusky green; head and pronotum brown. Found
on larch (Larix) trees.

Description. Tegmina shorter than 12 mm. Head, pronotum, and legs
dark brown, sometimes slightly fuscous; tegmina dusky green (in fresh speci-
mens). Stridulatory file length 1.19-1.33 mm, mean 1.27 mm; number of
teeth 43-49, mean 46.4; number of teeth per millimetre 35.3-37.6, mean 36.4.

Range. Ohio and Michigan.

Behavior and habitats. O. laricis is found on tamarack (or larch) (Larix)
and occasionally on hemlock (7suga) trees, sometimes high up in the
branches.

The song is a trill with approximately 39 pulses per second at 27°C,
similar to the song of O. quadripunctatus.

Life history. According to T. J. Walker (1963), O. laricis is univol-
tine. Adults have been found only during the period 24 July to 4 September.

Oecanthus argentinus Saussure

Fig. 385; Plate VC;, Map 85

Oecanthus argentinus Saussure, 1874:460.

Oecanthus argentinus; Caudell 1903¢:166; T. J. Walker 1963:773.
Oecanthus rehnii Baker, 1905:82.

Oecanthus nigricornis argentinus; Fulton 1926:13; Helfer 1963:336.

Diagnosis. Black markings on 2 basal antennal segments broad,
confluent or nearly so.

Description. ‘Ventral surface of 2 basal antennal segments with black
markings broad, on second segment usually confluent, rarely separated, on
first segment confluent or separated by no more than one-third width of inner
mark (Fig. 385). Stridulatory file (Plate VC) with length 1.09-1.45 mm, mean
1.26 mm; number of teeth 42-53, mean 47.6; number of teeth per millimetre
32.8-43.7, mean 37.9.

Range. British Columbia to Manitoba and Connecticut, south to
Mexico; Central and South America.

Behavior and habitats. O. argentinus is known to occur mainly on low
herbaceous plants, although males are sometimes heard singing in low trees.
Oviposition is in fine plant stems, much less woody than those in which O.
nigricornis oviposits. T. J. Walker (1963) reports collecting O. argentinus
on the following plants: ragweed, wild carrot, daisy fleabane, goldenrod,
Joe-Pye weed, alfalfa, and others. O. quadripunctatus is found on many of
these same plant species.
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The song of O. argentinus is a trill, resembling those of O. nigricornis
and O. quadripunctatus, but the pulse rate is somewhat different, approxi-
mately 50 pulses per second at 25°C. This is similar to O. forbesi, greater
than O. quadripunctatus, and less than O. nigricornis.

Life history. T. J. Walker (1963) records this species as having two
generations each year in Ohio, adults appearing in July and again in mid-
September to October. It is apparent that this species will be able to move
northward only to a limited extent; the prevalence of frosty periods in late
September in Ontario, would not allow late-maturing individuals to repro-
duce, unless only a single annual generation were produced in northern areas.
There is, however, evidence of this in the northwestern United States, as adults
have been found there only later than late July. There is probably only a
single generation in Western Canada.

Oecanthus quadripunctatus Beutenmuilier

Fig. 384; Plate VB; Map 91

Oecanthus 4-punctatus Beutenmiiller, 18945:250.

Oecanthus quadripunctatus; E. M. Walker 1904¢:225; T. J. Walker
1963:773; Vickery et al. 1974:58.

Oecanthus nigricornis quadripunctatus; E. M. Walker in Faull, ed.
1913:302; Cantrall 1943:170; Helfer 1963:337.

Map 91. Collection localities for Oecanthus quadripunctatus.
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Common name. Fourspotted tree cricket.

Diagnosis. Inner marks on 2 basal antennal segments less distinct than
outer marks. Tibiae and tarsi lacking black markings.

Description. First and second basal antennal segments with blackish
markings, with outer markings not as heavily pigmented as inner markings;
outer mark on basal segment often round (Fig. 384). Pronotum pale. Male
stridulatory file (Plate VB) with length 1.16-1.78 mm, mean 1.47 mm; num-
ber of teeth 50-67, mean 56.7; number of teeth per millimetre 34.8-44.8,
mean 38.7.

Range. British Columbia to Québec, south to California and Florida.

Behavior and habitats. O. gquadripunctatus usually inhabits low-
growing weeds and other herbaceous plants, and has been found on alfalfa
at several localities in Québec and Ontario. It is not known if eggs are
deposited in alfalfa. Oviposition is known in small twigs of Rubus and Rosa
species.

The song is a long continued trill, somewhat lower in pitch than that
of nigricornis or forbesi, with approximately 40 pulses per second at 25°C.
T. J. Walker (1963) showed that the differential in pulse rates of quadripunc-
tatus and nigricornis is consistent geographically.

Life history. O. quadripunctatus has a single annual generation in
northern areas; adults are present from early to mid-August until frost.
Farther south, it has two generations each year (T. J. Walker 1963).

Economic importance. Elliott and Dhanvantari (1973) reported this
species in southern Ontario as causing damage to twigs of peach trees by
oviposition.

Family Trigonidiidae

These insects are known as sword-tailed crickets and, sometimes, together
with the Eneopteridae, are called bush crickets, although this is a term that
may be confused with bush-crickets for Tettigonioidea. They constitute a
family of small Grylioidea distinguishable from other members of the super-
family by the following combination of characters: size small (body seldom
more than 1 cm long). Head generally wider than anterior margin of prono-
tum. Eyes prominent. Legs moderately long, slender; tarsi with second seg-
ment depressed, heart-shaped in dorsal view; hind tibia long, without denticles
or serrulation, armed with 3 pairs of long movable dorsal spines and 5 api-
cal spurs {only 2 internal ones). Wings usually fully developed, with hind
wings typically much longer than tegmina, although hind wings often short;
tegmina, in male, usually with well-developed stridulatory organs; ‘‘mirror,”’
when present, large, undivided, with 1 oblique vein. Ovipositor laterally
compressed, usually curved upward, with apex acute and usually denticu-
late, not enlarged.

There are some 25 known world genera and about 275 species (with
doubtless many more awaiting discovery). In these, the pronotum is trans-
verse to slightly longer than wide (Fig. 365), and the body is neither very
hairy nor metallic.
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Trigonidiidae species are found mainly in humid habitats, living on rank
herbage, shrubs, bushes, and trees, often near water (including mangrove
swamps, where these occur). Some exotic species (with greatly enlarged hind
tibial spines) skate on the surface of the water. So far as is known all deposit
their eggs in plant tissues. Only one genus is found in Canada and the adjacent
United States.

Genus Anaxipha Saussure

Description. Small dusky to brown crickets of general form indicated
in Fig. 365. Head vertical, with front oblique, forming protuberance between
antennae. Ocelli small, arranged in triangle. Apical segment of maxillary palps
longer than preapical segment, dilated, truncate at apex. Dorsal field of male
tegmina broad, of female tegmina narrow and closely appressed to sides of
abdomen. Legs long, pubescent; hind tibia with spines long; hind tarsus with
long inner apical spine on first segment (metatarsus), and with brushlike
adhesive pad on ventral surface of second segment (Fig. 366).

Anaxipha exigua (Say)

Figs. 365, 366; Plate I[ILE Map 92

Acheta exigua Say, 1825a:309.
Anaxipha exigua; W. T. Davis 1888:1148; Cantrall 1943:172; R. D.
Alexander et al. 1972:48.

Diagnosis. Body yellowish brown to clay yellow; hind femur with dark
stripe on lower half of outer face.

Description. Size small, male (Fig. 365) 5-6, female 6-7 mm. Antennae
long, about five times body length. Wings macropterous or brachypterous,
although only brachypterous forms are known from northern areas; tegmina
of males slightly surpassing, those of females not quite reaching tip of abdo-
men. Ovipositor about one-half length of hind femur. Male stridulatory file
as in Plate II1E. Coloration dull yellowish brown to clay yellow; hind femur
in both sexes usually with dark stripe on lower half of outer face; head and
pronotum in fresh specimens dark reddish brown; face usually with 3 stripes,
and dots and dashes, of reddish brown; tegmina and legs pale brown.

Range. South Dakota to southern Ontario, south to Texas and Florida.

Behavior and habitats. A. exigua is found on shrubs on margins of
lakes, rivers, and marshes, and among Sphagnum mosses in dense larch
(Larix) swamps (Blatchley 1920). In coastal areas in Connecticut and Virginia,
the species is found on bushes and grasses in tidal marshes.

Fulton (1951, 1956) reported on acoustical behavior. Adults sing day
and night, except during the hottest part of the day. Fulton also reported
on three different types of song and indicated that any one individual
produced only one kind of song. Furthermore, the stridulatory peg counts
of individuals producing each type of song differed significantly from one
another. T. J. Walker (1964) indicated geographical differences as well, and

274



i T~

Map 92. Collection localities for Anaxipha exigua.

concluded that each of the three types belongs to a distinct species, but he
did not name them. The northern form, which he called a “‘triller,”” has an
average of 121 teeth in the stridulatory file and produces a trill of 39 pulses
per second at 24°C., It is not certain that the name A. exigua truly applies
to this taxon, but Walker states that the ‘‘triller’’ occurs farther north and
west than the other two forms. It is probable, therefore, that the name exigua
is properly applicable to the species here treated, the type locality of the species
so named being in Kansas. Critical examination of material from that state
will, however, be necessary before this can be stated with certainty.

Life history. In all parts of its range, adults of A. exigua, sensu lato,
are found late in the season, in August and throughout September, or until
first frost in northerly regions. There is only one generation each year. Over-
wintering is in the egg stage.

Family Gryllidae

Members of the family Gryllidae, sensu stricto, include the field, house,
ground, and short-tailed crickets. They constitute the principal family of the
Grylloidea, distinguishable from other members of the superfamily by the
following combination of characters: size variable, from rather small to
medium (4.5-24 mm). Coloration generally blackish, brownish, or tawny.
Head generally globular. Antennae inserted above middle of face. Hind tibiae
strongly spined, without sawlike denticles between spines; tarsi with second
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segment compressed. Wings usually moderately developed, often reduced;
male tegmina rather broad, with well-developed basal stridulatory appara-
tus. Ovipositor needlelike, with apex slightly enlarged, without obvious
denticles.

Nearly 800 world species and a little over 100 genera are known.

Most Gryllidae species are ground-inhabiting, often (except Nemobiinae)
living in burrows for at least part of their lives, and some species (particu-
larly of Brachytrupinae) making extensive galleries. Some of these last-named
species may sometimes be serious crop pests, destroying plant roots and
shoots. Some Gryllinae species may also be occasional crop pests or may
be generally obnoxious in other ways.

Key to subfamilies of Gryllidae

1. Body small (less than 15 mm), rather bristly. Hind tibiae with articulated
spines in addition to apical spurs. Males with well-developed sex glands
at bases of tegmina, or with specialized ‘‘bleeding’’ spines on hind
tibiae. Ovipositor with apex of dorsal valve crenulate or denticulate
(Figs. 358-364) ... ... ... ... ... .. Nemobiinae (p. 276)

Body larger, not noticeably bristly. Hind tibiae with fixed spines. Males with-
out or with less well-developed sex glands at bases of tegmina, lacking
““bleeding’’ spines on hind tibiae. Ovipositor with apex of dorsal valve
smooth (Fig. 334) ........................... Gryllinae (p. 289)

Clé des sous-familles de Gryllidae

1. Corps petit (moins de 15 mm) et plutdt poilu. Tibias postérieurs armés
d’épines articulées en plus des éperons apicaux. Miles pourvus de
glandes sexuelles bien développées a la base des tegmina ou a tibias
postérieurs armés d’épines spécialisées « saignantes ». Valve dorsale
de P'ovipositeur crénelée ou denticulée (fig. 358 2 364) ...........
......................................... Nemobiinae (p.276)

Corps plus gros et pas trés poilu. Tibias postérieurs armés d’épines fixes.
Chez les males, glandes sexuelles de la base des tegmina réduites ou
absentes, et tibias postérieurs dépourvus d’épines spécialisées. Valve
dorsale de ’ovipositeur a apex uni (fig. 334) ..... Gryllinae (p. 289)

Subfamily Nemobiinae

The subfamily Nemobiinae includes the ground crickets and wood
crickets, of which there are about 24 genera and over 200 species, even more
widely distributed than the Gryllinae. They are generally rather small, dis-
tinguishable particularly by the long movable spines on the hind tibiae. For
general remarks on the Nemobiinae, see Vickery and Johnstone (1973).

Key to genera of Nemobiinae

1. Distoventral spurs of posterior tibiae equal or nearly equal in length
(Fig. 349); dorsal spines of posterior tibiae without serrulations beneath.
Ovipositor with dentations on ventral valve (Fig. 364) ...........
........................................ Eunemobius (p. 277)
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Distoventral spurs of posterior tibiae distinctly unequal in length (Figs. 347,

348); dorsal spines of posterior tibiae concave beneath with margins

minutely serrulate. Ovipositor with underside of ventral valve

SMOOth .. . e 2

2(1). Length nearly always greater than 6 mm. Face and/or occiput nearly always
with distinct markings. Ovipositor straight (Figs. 358-362), nearly as

long as to longer than posterior femur .... Allonemobius (p. 279)

Length, rarely more than 6 mm, never more than 7 mm. Face and occiput

nearly always immaculate. Ovipositor gently curved (Fig. 363), not more

than two-thirds as long as posterior femur . ... .. Neonemobius (p. 288)

Clé des genres de Nemobiinae

1. Eperons disto-ventraux des tibias postérieurs de longueur égale ou presque
égale (fig. 349); épines dorsales des tibias postérieurs non serriferes.

Valve ventrale de I’ovipositeur denticulée (fig. 364) ..............
........................................ Eunemobius (p. 277)

Eperons disto-ventraux des tibias postérieurs de longueur clairement iné-

gale (fig. 347 et 348); épines dorsales des tibias postérieurs & dessous

concave et a bords finement serriféres. Valve ventrale de I’ovipositeur

A deSSOUS UMD .o\ttt e e e e e 2

2(1). Longueur presque toujours supérieure & 6 mm. Face ou occiput portant
presque toujours des marques distinctes. Ovipositeur rectiligne (fig. 358

a 362) et presque aussi long cu plus long que les fémurs postérieurs
....................................... Allonemobius (p. 279)

Longueur rarement supérieure 4 6 mm, jamais supérieure a 7 mm. Face et

occiput presque toujours immaculés. Ovipositeur légérement incurvé

(Fig. 363) et de longueur ne dépassant pas les deux tiers de celle des

fémurs postérieurs ............ ... ... Neonemobius (p. 288)

Genus Eunemobius Hebard

Description. Body size, males 5.2-9.8, females 5.8-9.9 mm. Distoven-
tral spurs of hind tibiae nearly equal in length (Fig. 349); other spines of
hind tibiae in both sexes concave beneath with margins of sulcations smooth,
not serrulate; internal dorsal and median spurs with prominent and regular
fringes of hairs; distointernal spur of male somewhat swollen at base and
shaft bent (Fig. 349); proximointernal spine specialized. Ovipositor short
(Figs. 342, 343, 346), nearly always less than two-thirds length of hind femur,
gently curved, with apex of dorsal margin armed with heavy teeth; ventral
margin with minute widely spaced serrulations (Fig. 364). Ventral segments
of abdomen in male widened, making abdomen appear unusually broad.

Eunemobius carolinus (Scudder)

Nemobius carolinus Scudder, 1877a:36.

For synonymy and so forth, see unider the nominate subspecies below.

Eunemobius carolinus carolinus (Scudder)

Figs. 339, 342, 343, 346, 349, 357, 364; Plate IVF; Map 93
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Map 93. Collection localities for Eunomobius carolinus carolinus (®) and
E. carolinus brevicaudus (O).

Nemobius carolinus Scudder, 1877q:36.

Nemobius (Anaxipha) septentrionalis Provancher, 1877:292, 299.

Nemobius affinis Beutenmiiller, 18945:249.

Nemobius angusticollis E. M. Walker, 1904a:186.

Nemobius carolinus; E. M. Walker in Faull, ed. 1913:302.

Nemobius (Eunemobius) carolinus carolinus; Hebard 1913:473,

Nemobius carolinus carolinus; Hebard 19254:149; Cantrall 1943:166.

Nemobius macdunnoughi Urquhart, 1938:101.

Eunemobius carolinus carolinus; Vickery and Johnstone 1970:1746;
1973:642; Vickery et al. 1974:56.

Neonemobius [sic] carolinus; R. D. Alexander et al. 1972:48.

Diagnosis. Body small, shining. Ovipositor (3-3.2 mm), with coarse
teeth dorsally and serrulations ventrally.

Description. Body medium (males 7.5-8.5, females 6.5-8.5 mm long).
Head prominent, as wide as pronotum. Mouthparts large, strongly devel-
oped, with mandibles large and strong, and with laciniae of maxillae long,
curved, acute, often protruding below labrum (Fig. 357). Fastigium in lateral
aspect angulate. Pronotum one-third wider than long, slightly narrower
anteriorly than posteriorly. Tegmina glossy, covering three-quarters of
abdomen in males (Fig. 339) and about two-thirds in females (Figs. 342, 346)
(macropterous specimens, particularly females (Fig. 343), in which hind wings
are much longer than the abdomen, are not rare). Tibial spurs (Fig. 349) and
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ovipositor (Fig. 364) as described for genus (the coarse teeth on the dorsal
ovipositor valve and serrulations on the ventral valve make females of this
species easy to identify). Male stridulatory vein (Plate IVE) with 58-69 teeth,
mean 62. Color generally dark brownish, shining, sometimes with yellowish
tinge on head, pronotum, and femora; maxillary palpi whitish or pale yellow,
at least on apical segments; dorsal surface of abdomen black or dark brown,
in females with small pale spots on exposed part, paler on ventral surface.
Chromosome number, 2n male = 7, with submetacentric X chromosome
and 3 pairs of metacentric autosomes.

Range. Utah to Nova Scotia, south to California and Florida.

Behavior and habitats. E. carolinus carolinus is found in many types
of damp habitats, such as dense grassy areas, near lakes and streams, under
stones and debris, around foundations of houses, and in Sphagnum moss
(but not in open Sphagnum bogs).

Male stridulation takes the form of a wavering continuous trill made
up of two types of pulse sequence, smooth and even, together with periodic
de-emphasized faster pulses; during even sequences there are 83 wing strokes
per second at a frequency of 5.3-6.6 kHz, median at 6.0 kHz, at 27°C and
80% RH.

Life history. In Canada, specimens occur in the adult stage from early
August until September or early October. Cantrall (1968) reported adults
in Michigan from 19 July until 6 November. Winter is passed in the egg stage
in the soil.

Eunemobius carolinus brevicaudus {Bruner)

Map 93

Nemobius brevicaudus Bruner, 1904a:57.
Nemobius carolinus brevicaudus; Hebard 1925a:150.

Diagnosis and description. Similar to E. carolinus carolinus but larger
and paler, with shorter ovipositor (2.3-2.5 instead of 3-3.2 mm). This form
has not been sufficiently studied to reveal its status.

Range. Montana to Minnesota, south to Colorado and Kansas.

Behavior, habitats, and life history. Insufficient is known to make com-
ment here, other than to suggest a general similarity to E. carolinus carolinus
but with an adaptation to drier environments.

Genus Allonemobius Hebard

Description. Length in males 6.5-11.0, in females 7.5-12.0 mm. Hind
tibiae with distoventral spurs unequal in length, and with inner spurs much
longer (Fig. 347); dorsal spines concave beneath, with sulcated margins
minutely serrulate in both sexes; males with specialized proximointernal
glandular spines. Tegmina variable in length, with relatively dull surface.
Ovipositor nearly straight, as long as or longer than hind femur, with margins
of dorsal valves more or less obliquely subtruncate and armed with teeth or
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denticles; margins of ventral valves smooth (Figs. 358-362). Male genitalic
characters as described and illustrated by Vickery and Johnstone (1973).
Chromosomes as described by Lim (1971).

2(1).

3(2).

4(3).

s

Key to species and subspecies of Allonemobius

Tegmina brachypterous; hind wings absent. Ovipositor not exceeding length

of hind femur ................... maculatus (Blatchley) (p. 281)
Tegmina sometimes macropterous; hind wings usually present. Ovipositor
longer than hind femur ...... ... ... .. ... ... . . . .. 1

Body grayish to grayish black (dark brown in western specimens; face below
antennae uniform dark piceous in eastern specimens); lateral margins
of dorsal field of male tegmen usually narrowly whitish to pale yellow.
Ovipositor broad, with tip of dorsal valve bent downward (Fig. 360)
........................ griseus griseus (E. M. Walker) (p. 282)

Body generally brownish to black, usually with dorsal longitudinal stripes
on vertex of head; face below antennae not contrasting with area
ADOVE L 2

Vertex of head with distinct dorsal longitudinal dark and lighter stripes. Head
wide (often more than 2.8 mm), well-rounded. Pronotum barrel-shaped,
with head and anterior edge of pronotum as broad as posterior
edge of pronotum. Stridulatory vein of right tegmen of male with
100-150 teeth; part of vein mesad of ulnar vein 0.65-0.80 mm in length.
Stridulation a steady repetition of short buzzing chirps ..........
.................................. Sfasciatus (De Geer) (p. 284)

Vertex of head with indistinct dorsal stripes. Head narrow, retracted, not
greater than 2.8 mm in width. Pronotum narrower in front so that head
and anterior edge of pronotum are narrower than posterior edge of
pronotum. Stridulatory file of right tegmen of male with more than
160 teeth; part of vein mesad of ulnar vein 0.85-1.10 mm in length.
Stridulation a slow trill with occasional breaks or a slow continuous
tinkling trill ... ... . 4

General color pale, reddish, especially on top of head. Song a slow,
continuous tinkling trill. Insect found in woodlands and leaf litter
.................................... tinnulus (Fulton) (p. 285)

General color dark, red brown to black. Song a slow trill with occasional
breaks, not tinkling. Insect found in grasslands .................
......................... allardi (Alexander & Thomas) (p. 286)

Clé des espeéces et des sous-espéces d’Allonemobius

2(1).

280

Tegmina brachyptéres; ailes postérieures absentes. Longueur de I’oviposi-
teur inférieure a celle des fémurs postérieurs ....................
................................ maculatus (Blatchley) (p. 281)

Tegmina parfois macropteéres; ailes postérieures habituellement présentes.
Ovipositeur plus long que les fémurs postérieurs .............. 2

Corps variant de grisatre a noir grisatre (brun foncé chez les espéces de
I’ouest; portion de la face située sous les antennes de teinte trés noire
et uniforme chez les espéces de I’est); bords latéraux de la région dorsale
des tegmina des méles variant habituellement d’a peine blanchéatre a
jaune péle. Ovipositeur large; valve dorsale a extrémité incurvée vers
le bas (fig. 360) .......... griseus griseus (E.M. Walker) (p. 282)



Corps en général brunitre a noir; vertex marqué habituellement d’une bande
longitudinale dorsale; portion de la face située sous les antennes de
couleur semblable au reste . ....... ... .. 3

3(2). Vertex marqué de bandes dorsales longitudinales noires et plus pales. Téte
large (souvent plus de 2,8 mm), arrondie. Pronotum en forme de baril,
la téte et le bord antérieur du pronotum aussi larges que le bord posté-
rieur de ce dernier. Nervure stridulante du tegmen de droite des males
portant de 100 & 150 dents; partie de cette nervure située pres de la
portion médiane de la nervure ulnaire mesurant de 0,65 a 0,80 mm de
longueur. Chant fait d’une répétition ininterrompue de courts appels
bourdonnants ..................... Sfasciatus (De Geer) (p. 284)

Vertex marqué de bandes dorsales floues. Téte étroite, retirée, de largeur
ne dépassant pas 2,8 mm. Pronotum plus étroit en avant; téte et bord
antérieur du pronotum plus étroits que le bord postérieur de ce der-
nier. Nervure stridulante du tegmen droit du méle comptant plus de
160 dents; portion de cette nervure située pres de la portion médiane
de la nervure ulnaire mesurant 0,85 a 1,10 mm de longueur. Le chant
est une stridulation lente, interrompue a I’occasion, ou rappelle un
tintement de clochettes ininterrompu ...............couviun... 4

4(3). Couleur généralement pale, rougeatre, surtout sur le dessus de la téte. Le
chant rappelle un tintement ininterrompu de clochettes. Insecte vivant
en forét, surlesol ................... tinnulus (Fulton) (p. 285)

Couleur généralement foncée, de brun rougeitre a noir. Le chant est une
stridulation lente, interrompue a I’occasion, mais ne rappelle pas un
tintement de clochettes. Insecte vivant dans les prairies ..........
......................... allardi (Alexander & Thomas) (p. 286)

Allonemobius maculatus (Blatchley)

Figs. 355, 362; Plate IVD; Map 94

Nemobius maculatus Blatchley, 1900:52.
Allonemobius maculatus; Vickery and Johnstone 1970:1746; 1973:632;
R. D. Alexander et al. 1972:48.

Diagnosis. Tegmina apically nearly truncate. Body pale brown,
mottled.

Description. Body medium (males 6.5-8.4, females 7.6-9.1 mm long).
Head as broad as pronotum. Tegmina of both sexes nearly truncate, those
of male covering two-thirds, those of female covering only one-third of abdo-
men; hind wings lacking. Ovipositor (Fig. 362) straight, robust, with apex
slender, tapering, acute; teeth of dorsal valve minutely needlelike, evenly
spaced, with tips directed slightly posteriorly. Male with 114 stridulatory pegs
(Plate IVD). Coloration generally pale brown; entire face from labrum to
vertex mottled (Fig. 355), or buff with few markings (never with striped
pattern); head with pale yellow occipital stripe extending to vertex, and with
yellowish ring around each compound eye; pronotum brown with numerous
darker brown spots and a broad piceous lateral stripe; hind femur mottled
brown and buff; abdomen with distinctive ebony brown markings on buff
to light brown base.

Range. South Dakota to southern Ontario, south to Georgia.
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Map 94. Collection localities for Allonemobius maculatus.

Behavior and habitats. The species frequents low dry open woodlands
and thickets, and has been found among dead leaves and beneath logs
(Blatchley 1920).

Stridulation is described by R. D. Alexander (1957a) as ‘‘a jerky trill
in which the catches occur regularly at about 3-8 per second (depending on
temperature).’’

Life history. As for other species of Allonemobius. Cantrall (1968)
reported it as being adult in Michigan from 9 August to 23 September.

Allonemobius griseus griseus {(E. M. Walker)

Figs. 336, 354, 360, 361; Plate IVC; Map 95

Nemobius griseus E. M. Walker, 1904a:182.

Nemobius fasciatus abortivus Caudell, 1904¢:248; R. D. Alexander
et al. 1972:48.

Nemobius griseus griseus; Hebard 1932¢:52; Cantrall 1943:164.

Pteronemobius griseus abortivus; Chopard 1967:175.

Allonemobius griseus griseus; Vickery and Johnstone 1970:1746;
1973:629; Vickery et al. 1974:54,

Diagnosis. Body small, slender. Head as broad as pronotum. Color
grayish, with lower half of face usually shining black.

Description. Size small, slender (males 6.8-8.0, females 7.6-8.6 mm
long). Hed as broad as anterior margin of pronotum. Pronotum slightly
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Map 95. Collection localities for Allonemobius griseus griseus.

broader posteriorly. Insect usually micropterous and virtually without hind
wings; tegmina of female dull, dusty, covering about one-half of abdomen;
male tegmina covering about three-quarters of abdomen (occasional macrop-
terous individuals have hind wings considerably exceeding tegmina in length
and extending well beyond apices of hind femora). Ovipositor long (7.2-
8.9 mm), robust, usually straight, with apex short, slightly swollen, and with
upper edges of apices of dorsal valves slightly convex, often distinctly slop-
ing to subacute tip; teeth fine, conical, acute, becoming more widely spaced
toward apices (Figs. 360, 361); robust in western populations, with upper
edges of apices of dorsal valves more convex (Fig. 361). Stridulatory file of
male (Plate IVC) with 93-116 teeth, mean 104. Coloration generally rather
dull grayish black, with lower half of face usually shining black, contrasting
with part above antennal sockets (Fig. 354).

Range. Alberta to Québec, south to Indiana and Massachusetts.

Behavior and habitats. Unlike most other Nemobiinae found in the
present region, A. griseus griseus shows a decided preference for dry sandy
areas rather than for damp localities. It sometimes becomes numerous in the
prairies (MacNay 19614a), and it is frequently found together with A. allardi
in sandy habitats where grass clumps occur sparsely on otherwise uncovered
soil.

Stridulation takes the form of a trill, unlike that of most other Nemobi-
inae in that it consists of paired pulses, the first shorter than the second,
probably representing two cycles of wing movement. The calling song has
34 double-wing strokes per second at a mean frequency of 7.5 kHz at 27°C.
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The courtship song is 2 much slower trill with only 4 double-wing strokes
per second, about 7.0 kHz at 27°C.

Life history. Univoltine, with overwintering in the egg stage. Cantrall
(1968) reported adults from 26 July to 7 October in Michigan.

Allonemobius fasciatus (De Geer)

Figs. 347, 350, 352, 358; Plate IVA; Map 96

Gryllus fasciatus De Geer, 1773:522.

Nemobius vittatus Scudder, 1863a:430.

Nemobius socius Scudder, 1877a:37.

Nemobius fasciatus; Provancher 1876:61; 1877:299; Cantrall 1943:159;
Helfer 1963:328.

Nemobius fasciatus vittatus; Piers 1896:210.

Nemobius fasciatus fasciatus; Morse 19190:29; Cantrall 1943:160.

Nemobius fasciatus socius; Urquhart 1941a:116.

Allonemobius fasciatus; Vickery and Johnstone 1970:1746; 1973:626;
R. D. Alexander et al. 1972:49; Vickery et al. 1974:52,

Diagnosis. Occiput of head swollen; head with 5 brown to fuscous
longitudinal stripes.

Description. Size medium (males 7.0-10.0, females 8.0-11.0 mm long).
Male head in frontal view broadly ovate (Fig. 352); female head generally
more oblong-oval; occiput somewhat tumid; head in dorsal aspect broad,
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Map 96. .’ollection localities for Allonemobius fasci
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rounded; pronotum barrel-shaped so that, in brachypterous specimens, the
head and anterior margin of the pronotum are as broad as the posterior edge
of the pronotum (posterior margin of pronotum broader in macropterous
form). In brachypterous form (much the more common), tegmina of females
(cf. Fig. 340) covering about half, and those of males (cf. Fig. 337) about
two-thirds of abdomen; macropterous females with wings extending to tip
of ovipositor; hind wings of males correspondingly long. Ovipositor of
females 5.9-10.0 mm long (longer than 7.5 mm only in specimens with head
width behind the eyes greater than 2.6 mm), nearly straight, often with slight
upward curve before apical third; apex of dorsal valve not swollen but slender
and tapering, with denticles or teeth evenly spaced and relatively short
(Fig. 358). Stridulatory file of males (Plate IVA) with 106-128 teeth, mean
114. Color generally brownish; head with 5 distinct dark brown to fuscous
stripes dorsally from vertex to occiput (Fig. 350); face (Fig. 352) without
distinct color pattern; body nearly black in some northern localities.

Range. British Columbia to Newfoundland, south to New Mexico and
Georgia.

Behavior and habitats.  A. fasciatus and A. allardi are frequently found
together in moist areas or in microhabitats that tend to remain humid.
A. fasciatus appears to be confined to such habitats and is even found in
Sphagnum bogs with Neonemobius palustris, whereas A. allardi is frequently
found in much drier places. A. fasciatus is omnivorous, feeding equally
readily upon vegetable and animal matter, although it appears that individuals
require both in their diets. Nielsson and Bass (1967) give a general account
of the biology.

In its stridulation, the calling song of A. fasciatus consists of short buzz-
ing chirps, 3 per second, with 10 wing strokes per chirp, about a mean of
7.4 kHz at 27°C and 80% RH.

Life history. Like all Nemobiinae in Canada, A. fasciatus overwinters
as a diapausing egg. It hatches in June, begins to mature in mid-July to early
August, and is present until late September, usually disappearing before the
first frost. Macropterous individuals occasionally are taken at night, at light.

Economic importance. A. fasciatus has been recorded as destroying
clover seedlings (Nielsson and Bass 1967).

Allonemobius tinnulus (Fulton)

Map 97

Nemobius fasciatus tinnulus Fulton, 1931:210-216.
Nemobius fasciatus tinnulus; Cantrall 1943:164.
Allonemobius tinnulus; Vickery and Johnstone 1970:1746.

Diagnosis. Head and dorsum of pronotum orange brown, tending to
reddish on top of head; head not striped.

Description. Body length, male 9.15, female 9.60 mm. Male tegmen
rectangular, with ratio of width (2.9 mm) to length (5.4 mm) large; hind wings
reduced (flightless species). Ovipositor equal in length to hind femur, about
7.5 mm. Male stridulatory file 1.5 mm long, with 187-239 teeth. Color as
indicated in diagnosis; male tegmina infuscate basally.
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Map 97. Collection localities for Allonemobius tinnulus.

Range. Iowa to New York, south to Alabama and North Carolina.

Behavior and habitats. A. tinnulus is confined to dry woodlands and
woodland borders in ground litter, dry leaves, or pine needles in sunny or
lightly shaded oak-pine, oak-hickory, or oak-hickory-chestnut woods.
Mating behavior is described by Fulton (1931) and by R. D. Alexander and
Thomas (1959).

Male stridulation consists of a slow uninterrupted ‘‘tink-tink-tink,”’ 2-3
per second at 10°C, 9-10 per second at 32°C (R. D. Alexander and Thomas
1959).

Life history. Similar to that of other species of the genus, with over-
wintering in the egg stage in the soil.

Allonemobius allardi (Alexander & Thomas)

Figs. 337, 340, 344, 351, 353, 359; Plate [VB; Map 98

Nemobius allardi R. D. Alexander and Thomas, 1959:592.
Allonemobius allardi; Vickery and Johnstone 1970:1746; 1973:628;
R. D. Alexander et al. 1972:49; Vickery et al. 1974:53-54.

Diagnosis. Occiput of head narrow, retracted into pronotum. Dorsal
stripes on head indistinct.

Description.  Size medium (males 7.2-11.1, females 7.6-12.0 mm long).
Face as in Fig. 353. Head from dorsal aspect narrow, retracted. Pronotum
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Map 98. Collection localities for Allonemobius allardi.

narrow anteriorly so that, in either brachypterous or macropterous speci-
mens, the head and anterior edge of the pronotum are narrower than the
posterior edge of the pronotum (Figs. 337, 340). Wings mainly brachypter-
ous but occasionally macropterous; ovipositor (Fig. 359) long in proportion
to head width behind eyes (Fig. 340); apex of dorsal valve somewhat varia-
ble in shape, generally tapering and sublanceolate, with small evenly spaced
teeth (Fig. 359), grading to slightly convex, oblique. Stridulatory file of male
(Plate IVB) with 163-228 teeth, mean 194. General color fuscous to black,
without distinctive markings; frontal aspect of head dark (Fig. 353), and
dorsal head stripes not distinct.

Range. British Columbia to Nova Scotia, south to southern United
States.

Behavior and habitats. A. allardi frequents a wider range of micro-
habitats than does A. fasciatus, ranging from damp stream banks to dry sandy
areas. Like that species, it also is an omnivorous feeder.

The stridulation of males is a trill, the calling song having 18 wing strokes
per second, about a mean of 8.3 kHz at 27°C and 80% RH; the courtship
song is much slower, with 7 wing strokes per second at about 8.0 kHz.

Life history. 1In Eastern Canada, A. allardi reaches the adult stage
7-10 days earlier than does A. fasciatus, that is, in early July to the end of
that month. It can usually be heard stridulating until the first severe frost.
Eggs and egg diapause were studied by Rakshpal (19625, 19645b).
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Genus Neconemobius Hebard

Description. Size range smaller than in Allonemobius (males 5.2-8.5,
females 5.9-9.4 mm long). Distoventral spurs of hind tibiae (Fig. 348) dis-
tinctly unequal. Ovipositor shorter than hind femur and usually distinctly
curved upward (Fig. 363), its apex with margins of dorsal valves armed with
distinct teeth or with minute serrulations (N. palustris); margins of ventral
valves unarmed. Concealed male genitalia as described by Vickery and
Johnstone (1973).

Neonemobius palustris (Blatchley)

Figs. 338, 341, 345, 348, 356, 363; Plate IVE; Map 99

Nemobius palustris Blatchley, 1900:53.

Nemobius palustris aurantius J. A. G. Rehn and Hebard, 1911a:597.

Nemobius cubensis palustris, Urquhart 19414:80-81; Cantrall 1943:166.

Neonemobius palustris; Vickery and Johnstone 1970:1746; 1973:637;
R. D. Alexander et al. 1972:48; Vickery et al. 1974:55.

Diagnosis. Body small. Head unicolorous. Ovipositor curved, shorter
than hind femur.

Description. Body small (males 5.2-6.5, females 5.9-6.8 mm long).
Mouthparts small, narrower than head (Fig. 356). Ovipositor (Fig. 363)
shorter than hind femur, curved upward, with apex possessing very fine
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Map 99. Collection localities for Neonemobius palustris.
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denticulations on upper valve. Male stridulatory file as in Plate IVE, with
101-143 teeth, mean 119. Color of head nearly uniform; general color
variable, from pale to brightly colored, golden buff to cinnamon, brownish
or black. Chromosome number, 27 male = 19, karyotype with V-shaped
X chromosome and 3 large pairs, 4 medium pairs, and 2 small pairs of
acrocentric autosomes; male testes usually rhomboid but elongate-oval in
some individuals.

Range. Manitoba to Nova Scotia, south to Florida.

Behavior and habitats. N. palustris is confined to Sphagnum bogs. It
feeds upon Sphagnum mosses and is peculiar in that it deposits its eggs in
the foliage of this genus of plants (Vickery 19694:23, fig. 1). It occurs in
scattered colonies, each isolated from the others. This isolation, because it
is due to habitat type, is undoubtedly of long standing. Genetic divergence
is certainly taking place in the colonies, which would explain the wide color
variation. The karyotype previously mentioned applies to a colony at
Lac Carré, Qué.; other colonies may differ somewhat.

Stridulation involves a calling song consisting of a continuous high-
pitched trill with 44 wing strokes per second at a frequency of 8.0-8.8 kHz
at 27°C and 80% RH.

Life history. Similar to that of other Nemobiinae; univoltine, with over-
wintering in the egg stage. Cantrall (1968) reported adults from 12 July to
4 QOctober in Michigan.

Subfamily Gryllinae

Members of this subfamily include insects such as the field crickets and
house crickets, of which there are some 70 genera and about 500 species dis-
tributed throughout most of the world, except in the coolest regions. They
differ from the Nemobiinae as previously indicated and may be character-
ized as follows: robust crickets of small to fairly large size. Head relatively
large. Eyes prominent; 3 ocelli arranged in triangle. Pronotum broader than
long. Hind tibiae argned above on each side with 5-8 stout fixed spines and
with 3 pairs of apical spurs. Ovipositor as long as or longer than hind femora,
with dorsal valves having apices smooth, not denticulate or crenulate
(Fig. 334).

Randell (1964) gives the most recent general classification of the Grylli-
nae of the world. Only three representatives of the subfamily are established
in the present region, two species of field cricket and the house cricket.

Key to genera of Gryllinae

1. Field specimen. General color, particularly on head, typically dark, usually
blackish ....... .. ... ... ... .. . Gryllus (p. 290)
Synanthropic specimen. General color, including head, paler .........
............................................. Acheta (p. 294)
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Clé des genres de Gryllinae

1. Spécimen capturé en nature. Couleur générale, notamment celle de la téte,
typiquement foncée et habituellement noirétre .... Gryllus (p. 290)

Spécimen synanthrope. Couleur générale, y compris la téte, plus péle . . ..
............................................. Acheta (p. 294)

Genus Gryllus Linnaeus

Description. Body size medium to fairly large, generally rather robust.
Color black or blackish brown (Figs. 331, 333). Bases of antennae widely
spaced, with interval between them more than twice width of antennal scape.
Tegmina and hind wings fully developed to rather abbreviate, often
dimorphic.

Key to species of Gryllus

1. Adults from mid-May to late July; nymphal stages from mid-August onward,
overwintering in late instar ................iiiiiiiiiii
......................... veletis (Alexander & Bigelow) (p. 290)

Adults from early August until frost; nymphal stages from late May to
August, OVEIWINEETING AS €8S .« . vttt vttt ie e

Clé des espéces de Gryllus

1. Stade adulte de la mi-mai a la fin de juillet; nymphes apparaissant a partir
de la mi-aofit; hiverne a un stade nymphal avancé ..............
......................... veletis (Alexander & Bigelow) (p. 290)

Stade adulte du début d’aoit jusqu’aux premiers gels; nymphes trouvées
de la fin mai au mois d’aolt; passe ’hiver a ’état d’oeufs .......
............................ pennsylvanicus Burmeister (p. 292)

Gryllus veletis (Alexander & Bigelow)

Fig. 333; Plate I11C; Map 100

Acheta veletis R. D. Alexander and Bigelow, 1960:335.

Acheta veletis; Bigelow 19605:973-988.

Gryllus veletis; Bigelow 1962:396-406; R. D. Alexander et al. 1972:49;
Vickery et al. 1974:51.

Diagnosis. Large black species, adult in spring. G. veletis (Fig. 333)
is virtually indistinguishable from G. pennsylvanicus in size, structure, and
appearance, and in male stridulation.

Description. As for G. pennsylvanicus, which follows.

Range. British Columbia to Maine, south to Mexico.

Behavior and habitats. G. veletis is never as numerous as G. pennsyl-
vanicus and tends to be a much more solitary, sedentary, aggressive, burrow-
inhabiting species. It is often found in debris or rock piles, and is much more
difficult to capture than is the other species.

R. D. Alexander and Bigelow (1960) suggested a mode of speciation
which they called allochronic (in this case, seasonal), based upon G. veletis

290



Map 100. Collection localities for Gryllus veletis.

and G. pennsylvanicus. Mayr (1963) criticized this suggestion, and rebuttals
followed by R. D. Alexander (1963, 1968). Zoologists now recognize the
allochronic speciation model as a reasonable hypothesis (Bush 1976). The
primary impediment to acceptance of the theory is lack of experimental evi-
dence that environmental factors can produce genetic changes resulting in
asynchrony in the seasonal reproductive cycle of crickets. R. G. Harrison
(1977) studied enzyme variation in sympatric and allopatric populations of
the two species and found that sympatric populations of both species had
similar mean frequencies of particular electrophoretic variants, which also
exhibited a common pattern of geographic variation. He expressed the view
that ‘‘parallel selection’” provides the only satisfactory explanation for this.
Another, earlier, impediment to acceptance of the theory of allochronic speci-
ation, at least in the present situation, was that Randell (1964), on morpho-
logical grounds, placed G. pennsylvanicus and G. veletis in different groups
of the genus. If the theory of allochronic speciation applied, this would not
be done. If Randell is correct, then the theory is difficult to support!

Life history. Mature in spring and early summer; eggs give rise to
nymphs, which reach the penultimate or final instar in autumn; these hiber-
nate in burrows, then emerge early in the following spring, when they soon
molt to the adult stage.

Economic importance. There seems to be no authentic report of injury
to crops or property by G. veletis. Indeed, such is not to be anticipated, as
the species is a more or less solitary cricket, unlike the more gregarious
G. pennsylvanicus.
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Gryllus pennsylvanicus Burmeister

Figs. 331, 332; Plate 111B; Map 101

Gryllus pennsylvanicus Burmeister, 1838:734.

Gryllus luctuosus Audinet-Serville, 1838:335.

Gryllus abbreviatus Audinet-Serville, 1838:336.

Acheta nigra T. W. Harris, 1841:123,

Gryllus angustus Scudder, 1863a:427.

Gryllus neglectus Scudder, 1863a:428.

Gryllus pennsylvanicus; Lugger 1898:354; R. D. Alexander et al. 1972:49;
Vickery et al. 1974:49.

Gryllus arenaceus Blatchley, 1903:434.

Gryllus assimilis pennsylvanicus; Blatchley 1920:701 (partim).

Gryllus assimilis luctuosus; Blatchley 1920:701.

Gryllulus assimilis; Cantrall 1943:150 (partim).

Acheta assimilis; Gurney 19505:412 (partim); Helfer 1963:331 (partim).

Diagnosis. Large black species, adult in fall.

Description. General appearance as in Fig. 331. Body large (Iength,
male 15-21 mm; female 14.5-24 mm), broad, with width of abdomen about
one-third body length. Head nearly as broad as pronotum. Pronotal width
1.5 times pronotal length, with front margin slightly concave, and with hind
margin slightly convex. Tegmina of female usually covering three-fifths to
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four-fifths of abdomen, never longer than abdomen, of male usually nearly
covering abdomen, rarely slightly longer; inner edges of tegmina overlap-
ping for entire length in males, somewhat separated posteriorly in females.
Color black with fine gray pubescence on pronotum and femora; head shining
black; tegmina shining black with pale line at edge of dorsal field; ovipositor
brownish; femora with brownish or reddish brown areas on inner and outer
faces; specimens in some localities piceous brown.

Range. British Columbia to Nova Scotia, south to Mexico; adventive
in Newfoundland and Labrador.

Behavior and habitats. This species matures in late July and August,
producing eggs that overwinter in the soil and hatch in May and June. It
prefers grassy areas and seldom is found in forests. It is probable that the
southern edge of the northern forests marks the general northern limit of
the range, although it does occur in some grassy areas in more or less isolated
pockets north of the forest margin. It is not known whether these are relict
populations or modern intrusions that were transported or encouraged by
human activity.

The stridulation of G. pennsylvanicus is a slow ‘‘chirp, chirp, chirp,”’
which may be heard on sunny days and also on warm summer evenings.
R. D. Alexander (1957b) listed the pulse rate, at 29°C, as having a mean
of 25 pulses per second and 150-240 chirps per minute. The frequency is
approximately 5 kHz. Although the data are probably based upon both
G. pennsylvanicus and G. veletis (which was not described until 3 years later)
the conclusions are valid, because there is little if any detectable difference
in the stridulation of the two species. Over most of the range of these, seasonal
isolation prevents any attempt at interbreeding. If such matings were to occur,
no hybrids would result, since the species are intersterile (Bigelow 1958, 19604,
1960h; R. D. Alexander and Bigelow 1960; Vickery, unpublished, 1980).

G. pennsylvanicus is reported to be an intermediate host for a nema-
tode, Physaloptera maxillaris Molin, which infests a species of skunk,
Mephitis mephitis Schreber. The parasite does not cause noticeable differ-
ences in the appearance or longevity of the crickets. Mermithid nematodes,
probably Agamermis decaudata Cobb, Steiner & Christie and/or Mermis
nigrescens Dujardin, frequently infest G. pennsylvanicus, with fatal results.
On account of their dark color, there is little doubt that the ‘‘eels’’ described
long ago from Montréal as emerging from crickets (J. Hale 1829) refer, not
to a nematode, but to a gordiid (‘‘horsehair’’) worm [Nematomorpha].

Life history. The species matures in late July and August and produces
eggs that pass the winter in the soil and hatch the following May or June.

Economic importance. Beirne (1972) has outlined the economic impor-
tance of G. pennsylvanicus, stating that it ‘“‘may be blamed for more dam-
age than it really does.”” It has been reported at various times as damaging
ripening tomatoes (Goble 1966), especially cracked fruit; clipping flax bolls,
but apparently eating seeds only in bolls injured by other insects; damaging
clover and alfalfa by leaf feeding and by clipping heads and seed pods. Occa-
sional damage to wheat and oats and to beans, corn, and other vegetable
crops has been reported. It does feed upon eggs of grasshoppers and pupae
of Lepidoptera or Diptera in the soil, and it is known, on occasion, to rob
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spiders of their prey (Corbett in Vickery et al. 1974). It is likely that the spe-
cies is more beneficial than harmful, as it does not seem to multiply to the
extent of producing really severe ‘‘plagues,”” as occasionally occurs elsewhere
with other species of field crickets. Nevertheless, Kelleher (1979) notes that,
in 1978, ‘‘Field crickets . . . invaded many homes, particularly in southern
and western areas of Saskatchewan.” This is not a rare occurrence in the
West. Perhaps its economically most important trait in Canada was in the
Prairie Provinces, where it made a practice of chewing through the twine
used to bind wheat sheaves, causing them to fall apart. Synthetic twine and
changing agricultural practices have now largely eliminated the problem.

This cricket has featured in North American poetry. The earliest exam-
ple that has come to our notice is by Andrew John Ramsay (alias J. R.) of
Montréal. The following lines are from stanza 4 of his November—A Dirge:

The little cricket singing
Sounds lonely in the crisp yellow leaves,
Like by-gone tones of tenderness up-bringing
A thought that grieves:
A bell upon a ruined turret ringing
On Sabbath eves.
(Ramsay 1859)

In more cheerful vein, the Nova Scotia poet, Richard Huntington, in
Sunrise on the Tusket (I, stanza 3), written in the 1870s, says:

No zephyr’s wing the leaf hath stirred,
No sound to break the calm is heard
Save cricket’s chirp or trill of bird.
(Huntington 1874)

Toward the end of the nineteenth century, four Canadian poets, in
particular, Charles George Douglas Roberts, Archibald Lampman, Duncan
Campbell Scott, and William Bliss Carman, contributed a great deal of
“‘nature’’ verse, often referring to crickets, meaning, for the most part Gryllus
pennsylvanicus.

Genus Acheta Fabricius

Description. Domiciliary or at least synanthropic. Color yellowish
brown to stramineous, with head possessing distinct dark brown to blackish
transverse bars (Fig. 334). Bases of antennae widely separated, with basal
segments (scapes) projecting slightly beyond front of head. Tegmina and hind
wings well-developed.

Acheta domesticus (Linnaeus)

Fig. 334; Plate I11D; Map 102

Gryllus (Acheta) domesticus Linnaeus, 1758:428.

Acheta domesticus; Stephens 18295:303; Helfer 1963:331; Vickery et al.
1974:47.

Gryllus transversalis F. Walker, 1871:6.
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Map 102. Collection localities for Acheta domesticus.

Common name. House cricket.

Diagnosis. Body pale yellowish brown; head with four reddish brown
transverse bars.

Description. Body size medium (length, males 14.4-19.5, mean 15.9;
females 14.0-17.7, mean 15.7 mm), rather slender. Tegmina nearly reach-
ing end of abdomen; hind wings either short and covered by tegmina or
extending considerably beyond them. Posterior femur short, slender. Male
stridulatory file as in Plate II1D. Ovipositor slightly longer than posterior
femur. General color pale yellowish brown; head with 4 dark reddish brown
transverse bars, one on occiput, one dorsally between eyes, one between anten-
nal bases, and one across labrum; pronotum with several irregular dark
reddish brown spots dorsally and with narrow stripe of same color laterally;
tegmina sometimes with reddish spot on anterior third; ovipositor pale brown,
darker at tip.

Range. British Columbia to Newfoundland, south to Mexico; Europe,
Asia, North Africa.

Behavior and habitats. In the most northerly part of its range, A.
domesticus is essentially domiciliary. Vickery et al. (1974) reported well-
established colonies living out-of-doors near buildings in Québec, but none
of these was known to survive the winter. A single specimen was taken by
a survey team from the Biosystematics Research Institute, Agriculture
Canada, Ottawa, on Thwartway Island, St. Lawrence Islands National Park
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(9 September 1976), where there are no buildings. It is possible that this speci-
men was a member of a colony that survived winter there, but more likely
it was transported to the island in equipment by the survey team and then
captured. Survival out-of-doors in these northern latitudes is thought to be
possible only in very favorable locations such as close to foundations of heated
buildings or in city refuse dumps where spontaneous combustion keeps them
warm. E. A, Back (1936) and Caesar and Dustan (1939) record A. domesticus
from such situations in the northern United States and in Ontario (Oshawa),
respectively. A detailed study of the association between A. domesticus and
rubbish dumps in England was made by Bate (1969). Wild colonies are known
to survive throughout the year in California (Weissman and Rentz 1977),
and it seems that such feral colonies also persist in many parts of the southern
United States, particularly in the neighborhood of “‘cricket farms,”” where
they are extensively reared for such purposes as fish bait and pet food.

Life history. Ghouri and McFarlane (19584) (‘‘Canadian race’’) and
Bate (1971) summarized the life cycle under laboratory conditions. These
conditions are probably optimum or nearly so; feral colonies would have
longer cycles, dependent upon the outside conditions where they occur (Bate
1969), since temperature changes cause significant alteration of the life cycle
(Bate 1972).

Economic importance. A. domesticus may cause economic damage
(Caesar 1941). It is known to injure fabrics and especially to chew upon wet
clothing; indeed the first reports for Canada (Kalm 17565, 1761) record their
destructiveness to cloth. Most often the insects are treated as merely a nuisance
inside dwellings, their nocturnal chirping disturbing the peace of mind of
the occupants. However, this is entirely dependent upon the likes and dis-
likes of individual householders. Even in North America, a few people keep
crickets (including A. domesticus) in cages and enjoy the cheery chirping.
Sometimes, however, the insects invade premises in large numbers from city
rubbish dumps (E. A. Back 1936; Caesar 1941). A massive invasion of houses
at Oshawa, Ont., is reported by Caesar and Dustan (1939). Rearing house
crickets (“‘gray crickets’’) for fish bait and pet food is a large industry in
some parts of the United States, and the species is used extensively in
experimental laboratory studies of insect physiology.

Order Orthoptera—locusts and grasshoppers

To this order belong the true, or short-horned, grasshoppers, the true
locusts, and their relatives. These are still generally regarded as a suborder
(Cacelifera) of Orthoptera, sensu lato, but, although they share some features
with the Grylloptera, the differences between the two groups are numerous
and many of them fundamental. True orthopteran (i.e., caeliferan) charac-
ters include the following: antennae typically comparatively thick, not
whiskerlike, rarely, if ever, with more than 30 segments, usually cylindrical
and simple (although often flattened or triangular in section, particularly
basally), occasionally serrated, clubbed, or expanded (rarely pectinate or
lamellate) apically, seldom as long as body. Mandibles of chewing type, some-
what asymmetrical, with rather heavy molar teeth, never greatly enlarged.
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Thoracic pleura not largely concealed by lateral pronotal lobes, with visible
parts extensive; prothoracic spiracles and associated tracheal system not
enlarged or having auditory function. Tarsi typically with 3 segments, some-
times less, never 4; front tibiae never with tympanic (‘‘auditory’’) organs;
hind femur often with longitudinal stridulatory ridge (with or without single
row of denticles) on inner face. Tegmina rarely resembling broad-leaved
(dicotyledonous) foliage but commonly resembling grass blades and stems;
if modified for stridulation, such modification does not involve tegminal base;
stridulation (when it occurs) achieved by striking the tegmen with ridge on
inside of hind femur, never by rubbing tegmina together; hind wing with
‘“fan’’ confined to the anal region (i.¢., apical margin normally discontinu-
ously rounded, unequally biarcuate, the division coming behind the cubital
veins). Base of abdomen generally with lateral tympanal (‘‘auditory’’) organs;
abdominal stridulatory ridges occasionally present. Cerci neither long nor
flexible. Ovipositor of female short, usually stout, with inner valves reduced
so that it is composed of 4 main valves, which are independent and not
“‘tongued and grooved”’ together to form a single unit, rarely reduced or
absent. Male subgenital plate (ninth abdominal sternum) devoid of styles;
phallic structures including an intromittant aedeagus (rarely reduced). Salivary
glands and proventriculus (‘‘gizzard’’) not well-developed, former lacking
reservoirs, latter with, at most, minute teeth; gastric caeca typically comprising
3 pairs; intestine straight. Malpighian tubules entering gut separately but
closely together. Male ejaculatory duct without prostate glands. Accessory
glands of female reproductive system tubular, arising from anterior end of
each lateral oviduct.

Orthoptera, sensu stricto, also differ from Grylloptera in certain impor-
tant features of their embryology, and in the method of water-uptake by the
eggs (unlike Grylloptera, these have a distinct hydropyle at the posterior pole).
The number of chromosomes, although variable, is, compared with the Gryl-
loptera, fairly constant—at 12 or 10 pairs (diploid female). It is sometimes
lower than this (as in Tetrigodea and most Tridactylodea, in which it is
seven pairs), but (so far as known) there are never more than 13 pairs.

There are an estimated 11 000 described species, involving at least
2000 genera, distributed among 4 suborders.

Members of the Orthoptera, sensu stricto, are largely, but not exclu-
sively, diurnal, being particularly active in bright sunshine. Males of many
species (particularly in north temperate regions) stridulate (females seldom
do so, at least not audibly to the human ear), either typically as indicated
previously or by various other mechanisms (Kevan 1955). It is probable that
the majority of species do not stridulate (except perhaps in Europe), despite
a popular impression to the contrary.

Although the majority are tropical, they are better represented in
temperate regions and extend farther into higher altitudes and latitudes than
do the Grylloptera. Even though most are generally known collectively as
“‘grasshoppers,”” this is often a misnomer, for, although Orthoptera are
prominent in grasslands, a great many species prefer other vegetation to live
in and feed upon. Arbusticolous and thamnicolous species are numerous
except in temperate countries, and arboreal species form an appreciable
minority in some tropical regions. There are even a few tree dwellers in
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temperate countries. Very few species descend into soil crevices or bury them-
selves shallowly under sand or dust. None lives in caves. Subaquatic forms
frequently swim (their hind tibiae may sometimes be adapted for this), and
a few species may actually spend most of their lives in water; however, this
does not apply to the region here covered. Practically all species are exclu-
sively phytophagous, although some animal matter may sometimes be
ingested, and some cannibalism may occur at high population densities. None
is commensal with other animals. Aposematic (warning) coloration and/or
the discharge of irritant and/or otherwise unpleasant secretions are fairly
common (not, however, in the region here considered). The ‘‘drooling’’ of
a dark, regurgitated fluid (not a secretion), widespread among orthopteroids,
is an almost universal defensive reaction in the largest family, Acrididae.
When Orthoptera, sensu stricto, copulate, the males (unlike those of most
Grylloptera) cling to the backs of the females. The spermatophores are greatly
elongated and fully taken into the female genital tract; the sacs are not
devoured. Eggs are normally laid in “‘pods’” held together by a foamy secre-
tion and buried in the ground. They are rarely laid in living plant material,
but a few species lay their eggs in rotten wood.

Gregarious behavior and sustained migration, both on the ground
(mainly immature stages) and in flight, are common and may be spectacular,
for instance locust swarms; individual migration is also frequent. Migratory
flights not infrequently continue at night if the upper air remains warm. True
locusts belong to Orthoptera, sensu stricto, and to a single family (Acridi-
dae), but a number of other species, representing several families, may be
injurious to crops to differing degrees, with or without gregarious behavior
in the immature stages. Species of this order are not considered indoor
pests—except those individuals that enter houses in large numbers in the
course of migration, as graphically described by the prophet Joel (Joel 2:9—
see Kevan 1978b). A few species are pois nous if eaten. Only one species
has been seriously used (and another considesed) in an attempt at biological
control (of water weeds (Salvinia) and water hyacinth, Eichhornia,
respectively).

There is a considerable amount of folklore associated with grasshoppers
generally, in respect of both injurious and innocuous species, and of ‘‘musi-
cians’’ in particular. That relating to the last, however, frequently has its
origins outside the order Orthoptera, sensu stricto, and may stem from
tettigonioid and/or cicada lore.

For a general scientific account of Orthoptera, sensu stricto, (mainly
Acridodea), the reader is referred to the comprehensive works of Uvarov
(19664, 1977). A compilation of natural enemies is given by Rees (1973).

Key to suborders of Orthoptera

1. Size small (can be less than 5 mm long). Legs modified for digging; tarsi
with less than 3 segments. Ovipositor often lacking .............
....................................... Tridactylodea (p. 299)

Size variable, but mostly moderate. Legs not or little modified for digging;
tarsi typically 3-segmented, sometimes (Tetrigodea) with fore and middie
tarsi 2-segmented. OviposSitor present .............c..oe.enon.n 2

298



2(1). Size generally rather small (maximum about 2 ¢m, usually much less). Prono-
tum greatly extended backward, almost always nearly to or beyond end
of abdomen, typically drawn out into point, rarely blunt. Fore and
middle tarsi 2-segmented; hind tarsi 3-segmented (second segment very
small), without arolia between claws. Tegmina, if present, reduced to
small oval lateral lobes even when hind wings well-developed (these,
at rest, largely covered by extension of pronotum). Ovipositor valves
slender, usually strongly denticulate .......... Tetrigodea (p. 304)

Not as above ...t Acridodea (p. 321)

Clé des sous-ordres d'Orthoptera

1. Petite taille (la longueur peut étre inférieure & S mm). Pattes adaptées pour
creuser; tarses comptant moins de trois segments. Ovipositeur souvent

absent ... ... Tridactylodea (p. 299)

Taille variable, le plus souvent moyenne. Pattes peu ou pas modifiées pour

creuser; tarses a trois segments, les tarses antérieurs et médians n’en

comptant parfois que deux (Tetrigodea). Ovipositeur présent ... 2

2(1). Taille généralement assez petite (maximum d’environ 2 ¢cm, mais habituel-
lement beaucoup moins). Pronotum tres développé vers I’arriere, rejoi-

gnant presque ou dépassant presque toujours ’extrémité de ’abdomen,

se terminant typiquement en pointe, rarement obtus. Tarses antérieurs

et médians a deux segments; tarses postérieurs a trois segments (le

deuxiéme étant trés petit) et sans arolium entre les griffes. Tegmina,

lorsque présents, limités 4 de petits lobes latéraux méme lorsque les ailes

postérieures sont bien développées (ces derniéres, en position de repos,

sont en grande partie recouvertes par le pronotum). Valves de

I’ovipositeur minces et en général fortement denticulées ..........
.......................................... Tetrigodea (p. 304)
Combinaison de caractéres différente de celle donnée ci-dessus .......
.......................................... Acridodea (p. 321)

Suborder Tridactylodea

Members of this suborder (now comprising 3 families, 9 genera, and
just over 140 species) were at one time thought by most authors to be related
to the mole crickets (now order Grylloptera, superfamily Gryllotalpoidea).
Various workers since E. M. Walker (1919q), in Canada, and Crampton
(1919), in the United States, and in agreement with an earlier diagram pub-
lished by Handlirsch (1908), however, have regarded at least the principal
included group (now superfamily Tridactyloidea) as closer to Acridodea, and
this is now generally accepted.

Superfamily Tridactyloidea

These are small insects varying in size from less than 4 mm (among the
smallest of all orthopteroids except for the Myrmecophilidae) to 1.5 cm in
length: color variegated black and whitish, grayish, or yellowish. Head
rounded. Eyes well-developed. Antennae 9- to 12-segmented, often some-
what beaded (‘‘moniliform”’). Ocelli 3. Pronotum rounded, with posterior
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margin convex; prosternum moderately broad; mesosterna and metasterna
wide. Front legs with tibiae expanded apically, typically spined and modified
for digging; tarsi (like those of less specialized middle tibiae) 2-segmented;
hind legs well-adapted for jumping, their femora stout, compressed; hind
tibiae normally terminating in elongate paired movable flattened spurs (or
calcaria), often preceded by series of paired narrow leaflike labellae; hind
tarsal segments reduced to 1, sometimes vestigial and appearing to be absent.
Wings always present in adults; anterior pair (tegmina) normally much shorter
than hind pair (these sometimes abbreviated), leathery and lobelike or flaplike,
sometimes possessing, in males, an apical row of teeth, these interacting with
others on subcostal vein at base of hind wing to form a stridulatory mecha-
nism; hind wing with narrow anterior part (remigium) and wide posterior
part (vannus); vannus with single series of crossveins linking longitudinal
veins; fourth abdominal tergum sometimes with vertical stridulatory ridges
that interact with teeth on tegmina. Cerci with 2 segments. Terminalia of
abdomen also bearing pair of cercuslike ¢‘paraproctal’’ plates. Ovipositor
absent.

There are about 135 species in 7 genera, divided between 2 families:
Tridactylidae, which is more or less worldwide in occurrence, and Ripip-
terygidae, which is Neotropical. Most species are apparently associated with
damp or wet mud or sand beside water. Most, if not all, tend to be gregari-
ous and burrow, some, at least on occasion, deeply, where they make ‘“nests”’
or, in temperate countries, hibernate. Many species can move on the surface
of water and some are also active swimmers. They are mainly nocturnal and
apparently feed upon small particles of vegetable matter, probably including
algae, retrieved from mud and sand.

Of the two included families, Tridactylidae, which was given separate
ordinal status by Dirsh (1973, 1975), is represented in southern Canada.

Family Tridactylidae

Members of this family are the true pygmy hoppers. They are charac-
terized by their generally minute size (seldom reaching 1 c¢cm in length, and
not reaching 1 ¢m in length in the region here considered) and by the general
features indicated for the superfamily above. They are less slender, of shinier
appearance, and have a more variegated black-and-white or gray coloration
than the Ripipterygidae. They have 11-segmented, moniliform antennae. They
also differ from the Ripipterygidae by the following characters: smaller eyes,
more forwardly directed mouthparts, posteriorly rounded but scarcely
produced posterior margin of the pronotum, shorter legs, which are more
strongly modified for digging, males possessing a tegmino-alary (Figs. 822,
824), and sometimes an abdomino-tegminal, stridulatory mechanism,
2-segmented cerci, lack of an ovipositor in females, and reduced phallic
structures.

There are 3 American and 2 Old World genera and probably more than
70 species, 38 of them known from the Americas. Most are tropical or sub-
tropical, but some penetrate temperate latitudes (including the southern
Palaearctic and southernmost Canada). Urquhart (1937, 1940b) gives an
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account of their biology (for one of the Canadian species). Food seems to
consist of minute particles (e.g., algae) ingested with quantities of mud or
silt. The family has no economic significance. Two species, now placed in
different genera, occur in Canada and the neighboring United States.

Key to genera of Tridactylidae

1. Prosternum with median conical process (Fig. 818). Tarsus of hind leg large,
nearly as long as subapical spurs (calcaria) of hind tibia; apical spurs
of hind tibia about one-third as long as hind tibia (Fig. 819) ... ..
....................................... Neotridactylus (p. 301)

Prosternum without median conical process. Tarsus of hind leg vestigial,
scarcely visible, much shorter than subapical spurs of hind tibia; apical
spurs of hind tibia almost half as long as hind tibia (Fig. 820) .. ..
............................................. Ellipes (p. 303)

Clé des genres de Tridactylidae

1. Prosternum prolongé en un cdne médian (fig. 818). Tarses des pattes posté-
rieures grands, presque aussi longs que les éperons subapicaux des tibias
postéricurs (calcars); longueur des calcars égale au tiers environ de celle
des tibias postérieurs (fig. 819) ........... Neotridactylus (p. 301)

Prosternum dépourvu de cdne médian. Tarses des pattes postérieures rudi-
mentaires, a peine visibles, beaucoup plus courts que les calcars des
tibias postérieurs; calcars des tibias postérieurs atteignant presque la
moitié de la longueur de ces derniers (fig. 820) ... Ellipes (p. 303)

Genus Neotridactylus Guinther

Description. Small insects, 5.5-9.5 mm long. Pronotal disc constricted
in anterior quarter, with faint transverse groove near anterior margin; proster-
num with median conical process (Fig. 818). Apices of tegmina broadly
rounded. Hind tarsus almost as long as apical spurs {(calcaria) of hind tibia
(Fig. 819). Color mainly black or dark brown.

Neotridactylus apicialis (Say)

Figs. 817-819; Map 103

Tridactylus apicialis Say, 1825a:310.

Tridactylus tibialis Guérin-Méneville, 1844:336, 337.

Xya mixa Haldeman, 1853:364.

Tridactylus illinoiensis C. Thomas, 1862:104.

Tridactylus terminalis Scudder, 1863a:425.

Tridactylus fissipes Saussure, 1874:352.

Tridactylus incertus Saussure, 1896:206.

Tridactylus apicalis; E. M. Walker 19044:143; Helfer 1963:325.

Neotridactylus apicialis; K. K. Giinther 1975:308, fig. 4; 309, fig. 6; 331,
332, fig. 33; 333, figs. 34, 35; 334, fig. 36.

Diagnosis. Prosternum with median conical process. Hind tarsus nearly
as large as spurs of hind tibia.
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Map 103. Collection localities for Neotridactylus apicialis.

'

Description.  As for genus Neotridactylus (Fig. 817). Head and prono-
tum with pale markings; tegmina with yellow dorsal area and yellow spot
on apical half; legs dull yellow; hind femur with upper half either brown
or with 3 dark cross-bars.

Range. Manitoba to Massachusetts, south to Mexico; South America.

Behavior and habitats., N. apicialis occurs mainly on damp sand bars
or in sandy or silty areas with sparse vegetation near water, including the
edges of ditches. Small pits are excavated in the sand or silt and the insects
often remain in these for considerable periods with only their heads and
pronota protruding. The pits lead into tunnels 2-3 cm below the surface.
At the ends of these, females excavate brood chambers in which they deposit
batches of 8-18 eggs. There is some evidence of maternal care of eggs and
young and of differential development rates. If disturbed, the insects retreat
into their burrows. When not in these, they leap vigorously, as much as 1.5 m
high and 3 m horizontally. To avoid capture they may leap into water and
then swim back to shore or to an exposed bar, whence they will leap again.
The biology of N. apicialis is discussed by Urquhart (1937, 1940b), who exam-
ined the gut contents and found these to be composed largely of fine “‘sand’’
particles, from which he deduced that they fed by ingesting quantities of such
matter, digesting the minute fragments of organic matter and possibly
microscopic algae that they contained.

Life history. Urquhart (1937) found adults throughout the year near
Toronto; they were commonest in late summer. In winter, the insects hiber-
nate, mainly as nymphs, some 4.5-6.0 cm below the surface. Disturbed hiber-
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nating nymphs were very active, but adults taken at the same time ‘‘only
showed signs of life when taken indoors.”” Eggs seem to be laid mainly in
early summer and midsummer (Urquhart 19405). There is probably only one
rather protracted generation each year. In Michigan, Cantrall (1968) records
adults as occurring most commonly from early May to early October.

Genus Ellipes Scudder

Description. Size small (often less than 5 mm long). Pronotum short,
not constricted anteriorly; prosternum without median conical process. Hind
tarsus vestigial, always shorter than smaller subapical spurs (calcaria) of hind
tibia; larger apical calcaria of hind tibia long, finely fringed dorsally with
hairs (Fig. 820).

Ellipes minutus minutus {Scudder)

Figs. 820-824; Map 104

Tridactylus minutus Scudder, 1863¢:425.

Tridactylus (Heteropus) histrio Saussure, 1896:207, 208.

? Tridactylus (Heteropus) histrionicus Saussure, 1896:207.
Ellipes minuta; Scudder 1902:309, 310.

Diagnosis. Hind tarsus vestigial, shorter than smaller spur of hind tibia.
Fore and middle tibiae with pale cross-bars.
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Description. As for genus Ellipes (Fig. 821). Body length 4-5 mm.
Black or dark brown; head and pronotum with paler markings; margins of
lateral pronotal lobes pale; femora and middle tibiae with pale cross-bars.
Tegmina short, covering only half of abdomen. Hind wings usually longer
than tegmina (rarely up to twice as long).

Range. Minnesota to southern Ontario, south to Mexico; South
America.

Behavior and habitats. Unknown.

Life history. Cantrall (1968) recorded adults in Michigan from 8 May
to 8 September. In southern Ontario, the period of major activity seems to
be about the same.

Suborder Tetrigodea

Members of this suborder are known as groundhoppers or pygmy grass-
hoppers; in North America, they are known as grouse locusts or grouse grass-
hoppers. They may be distinguished by the following combination of
characters: size small, seldom exceeding 2 c¢m in length, usually much shorter.
Coloration usually grayish or brownish, sometimes blackish or variegated,
but never green. Head generally small. Eyes prominent, often protruding.
Antennae filiform. Mouthparts enveloped by anterior margin of prosternum.
Pronotum characteristic, greatly extended backward (Figs. 796-798) to apex
of abdomen and typically drawn out into attenuated point, sometimes blunt,
with lateral lobes small. Legs usually rather short, with anterior and middle
tarsi 2-segmented; posterior tarsi 3-segmented (the middle segment very small);
all tarsi lacking arolia; hind femora stout. Wings typically present, some-
times absent; anterior pair, when present, represented merely by abbreviate
oval lateral lobes with reduced venation; hind pair, when present, largely
concealed when at rest by backward extension of pronotum, frequently
extending considerably beyond this, often shorter, some species being poly-
morphic for this character (short hind wings normally associated with a
shorter pronotal process, ‘‘brachypronotal’’; longer hind wings with a longer
pronotal process, ‘‘macropronotal’’); specialized stridulatory mechanism
absent (although there have been reports of sound production in some
species). Auditory tympana lacking. Male subgenital plate large and divided
by transverse groove, the apical part subconical and movable; phallic struc-
tures without epiphallus. Ovipositor similar to that of Acridodea, but valves
proportionately longer, more slender, usually strongly denticulate. Chromo-
some number, generally 2n male = 13.

There are about 185 genera and nearly 1000 species distributed through-
out the world, a few even at high latitudes. They are, however, predominantly
tropical, especially in the Indomalayan-Papuan region. Most species belong
to the family Tetrigidae, sensu stricto. The great majority live on the ground,
particularly in damp muddy situations. Some, particularly among the Oriental
tetrigine tribe Scelimenini, are semiaquatic or aquatic, swimming vigorously
(even under water) by means of their expanded hind tibiae. Most species are
cryptically colored; some closely mimic dead vegetation or lichens. Tetrigodea
species feed on small fragments of vegetation and probably mainly on
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microscopic algae. So far as known, eggs are for the most part laid in soil
or mud; they are peculiar in that they have a terminal filament, directed
upward, when laid. The economic importance of the group is negligible
although there have been reports of some damage being done to rice crops
in the Far East.

The North American species of Tetrigodea are treated by J. A. G. Rehn
and Grant (1961). A list of Nearctic genera and species is given by Steinmann
(1971).

Key to families of Tetrigodea

1. Antennae with less than 15 segments. Anterior femora keeled above. Prono-
tum (except in immature individuals) usually not distinctly tectiform,
with keel not usually pronounced and not projecting forward over head
beyond middle of eyes in dorsal view ......... Tetrigidae (p. 305)

Antennae with at least 16 and normally 20-22 segments. Anterior femora
grooved above. Pronotum more or less tectiform, with keel pronounced
and projecting forward over head beyond middle of eyes in dorsal
VIBW o e Batrachideidae (p. 318)

Clé des familles de Tetrigodea

1. Antennes comptant moins de 15 segments. Fémurs antérieurs carénés
dorsalement. Pronotum (sauf chez les spécimens immatures) habi-
tuellement non tectiforme, a caréne d’habitude non prononcée et ne
se prolongeant pas au-dessus de la téte au-dela du milieu des yeux lorsque
vu du dessus ... Tetrigidae (p. 305)

Antennes comptant au moins 16 et habituellement 20 a 22 segments. Fémurs
antérieurs pourvus d’un sillon dorsal. Pronotum plus ou moins tecti-
forme, caréné, se prolongeant au-dessus de la téte, au-deld du milieu
des yeux lorsque vu du dessus ........... Batrachideidae (p. 318)

Family Tetrigidae

The Tetrigidae species constitute the great majority of the members of
the superfamily. They have the general characters already indicated under
Tetrigodea. They are of variable form but may be distinguished from the
Batrachideidae as noted in the key to families.

There are about 170 genera and more than 850 species.

The general remarks under suborder Tetrigodea are fully applicable to
the Tetrigidae. Only the widely distributed Tetriginae species occur in Canada
and adjacent territories, all of them in the relatively unspecialized tribe
Tetrigini.

Key to genera of Tetrigidae
1. Antenna 12- or 13-segmented. Pronotum with median carina arched in lateral

view; upper sinus of lateral lobe about half as deep as lower sinus
(Fig. 797) o e e Nomotettix (p. 306)
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Antenna 14-segmented. Pronotum (except in immature forms) with median

carina low, rather flat in lateral view; upper sinus of lateral lobe almost

as deep as lower sinus (Fig. 798) ...... ... ... . it 2

2(1). Fastigium of vertex produced in front of eyes (Figs. 806-809), as seen in
dorsal view much wider than width of an eye (Figs. 800-803) ....
.............................................. Tertrix (p. 308)

Fastigium of vertex not produced in front of eyes (Fig. 810), as seen in dorsal

view not wider than width of an eye (Fig. 804) .................

Clé des genres de Tetrigidae

1. Antennes a 12 ou 13 segments. Pronotum a caréne médiane arquée en vue
latérale; sinus supérieur des lobes latéraux de profondeur approxima-
tivement égale a la moitié de celle du sinus inférieur (fig. 797) ....
......................................... Nomotettix (p. 306)

Antennes a 14 segments. Pronotum (sauf chez les formes immatures) a caréne
médiane basse et plutot aplatie en vue latérale; sinus supérieur des iobes
latéraux presque aussi profond que le sinus inférieur (fig. 798) .... 2

2(1). Fastigium du vertex développé en avant des yeux (fig. 806 a 809); vu du
dessus, beaucoup plus large que 1’ceil (fig. 800 & 803) ...........
............................. eiiieiiaiiana... Tetrix (p. 308)

Fastigium du vertex non développé en avant des yeux (fig. 810); vu du dessus,
pas plus large que ’ceil (fig. 804) ............ Paratettix (p. 316)

Genus Nomotettix Morse

Description. Antennae short, filiform, with 12 or 13 segments.
Fastigium of vertex produced in front of eyes, rounded to slightly angulate,
wider than an eye; occiput usually with pair of minute tubercles behind middle
of eyes. Pronotum with median carina strongly tectiform or subcristate,
arched longitudinally, with anterior margin produced over posterior part of
head; tegminal (upper) sinus of lateral lobe about half as deep as lower sinus;
posterior process usually short, reaching to about apices of hind femora
(rarely much longer in macropronotal form). Tegmina elongate-ovate. Hind
wings not usually reaching beyond apex of pronotal process, rarely slightly
longer.

Key to species and subspecies of Nomotettix

1. Fastigium projecting in front of eyes for a distance of less than half width
of an eye (Figs. 799, 805). Pronotum distinctly arcuate in lateral view,
with highest point above middle of lateral lobes (Fig. 797). Found in
Eastern Canada and United States ................ccieivuno...
........................... cristatus cristatus (Scudder) (p. 307)

Fastigium projecting in front of eyes for a distance equal to width of an
eye. Pronotum relatively flatter in dorsal view, never strongly and
convexly arcuate. Found in southeastern Minnesota .............
....................................... parvus Morse (p. 308)
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Clé des espéces et des sous-espéces de Nomotettix

1. Fastigium développé en avant des yeux sur une distance inférieure a la moitié
de la largeur d’un oeil (fig. 799 et 805). Pronotum clairement arqué
en vue latérale, son point le plus élevé situé au-dessus du milieu des
lobes latéraux (fig. 797). Espéce vivant dans Pest du Canada et des Etats-
Unis ...................... cristatus cristatus (Scudder) (p. 307)

Fastigium développé en avant des yeux sur une distance égale a la largeur
d’un ceil. Pronotum relativement plus aplati en vue dorsale; jamais
fortement convexe. Espéce vivant dans le sud-est du Minnesota . ..

parvus Morse (p. 308)

Nomotettix cristatus cristatus (Scudder)

Figs. 796, 797, 799, 805; Map 105

B(atrachidea) cristata Scudder, 1863a:478.

B(atrachidea) carinata Scudder, 1863a:479.

Nomotettix sinuifrons Hancock, 18995:279; Helfer 1963:87 (partim).

N(omotettix) cristatus carinatus; Hancock 1906:62.

Nomotettix borealis E. M. Walker, 1909:173.

Nomotettix cristatus cristatus; J. A. G. Rehn and Hebard 19165:128;
J. A. G. Rehn and Grant 1961:36; Vickery et al. 1974:81.

Nomotettix cristatus sinuifrons; Hebard 1925a:44.
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Map 105. Collection localities for Nomotettix cristatus cristatus (0) and
N. parvus (®).
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Diagnosis. Median carina of pronotum strongly tectiform, arched;
tegminal sinus of lateral pronotal lobe about half as deep as lower sinus.
Fastigium projecting ahead of eyes by less than half length of eye.

Description. As for genus (Fig. 796). Pronotal length, males 7.6-8.4,
females 8.7-10.3 mm (macropronotal and brachypronotal forms known).
Color usually dull gray to sooty black, with velvety black patches on lateral
areas of pronotal disc.

Range. Minnesota to Nova Scotia, south to northern Georgia.

Behavior and habitats. N. cristatus cristatus tolerates drier locations
than most tetrigids and consequently is found in a wide variety of habitats.
It occurs in old fields, at the edges of woodland clearings, and along road-
sides, in pastures, and even on newly burned barren lands. It prefers arecas
near deciduous woods, with Vaccinium and other undergrowth plants. It is
somewhat lethargic and can usually be collected by hand without difficulty.

Life history. Univoltine, with overwintering as adults and, in most
areas, also as late-instar nymphs. Adults are common in April and persist
to July; adults of the succeeding generation appear in numbers in September.

Nomotettix parvus Morse

Map 105

Nomotettix parvus Morse, 1895:14.
Nomotettix acuminatus Hancock, 1899¢:8; 1902:56, pl. II, figs. 2, 2a.
Nomotettix parvus; Hancock 1902:55, pl. 11, figs. 4, 4a; Helfer 1963:67.

Diagnosis. Fastigium projecting ahead of eyes by length of an eye.

Description. Pronotal length, males 5.5-6.3, females 6.5-7.6 mm; only
brachypronotal form known.

Range. Minnesota, Iowa, Illinois, and Kansas.

Behavior and habitats. N. parvus seems to be a prairie species, as it
is known only from actual prairie or from relict prairie areas. It is relatively
uncommon and little has been recorded concerning it.

Life history. Presumably similar to N. cristatus. Adults have been found
from April to September.

Genus Tetrix Latreille

Description. Body robust to slender. Dorsal surface of head and prono-
tum finely granulate to rugose. Antennae filiform, 14-segmented. Eyes not
distinctly globose and protruding. Fastigium of vertex carinate, produced
in front of eyes to a variable degree (Figs. 806-809), anteriorly arcuate, angu-
late, or transversely truncate in dorsal aspect, much wider than width of an
eye (Figs. 800-803); facial outline in lateral aspect usually sinuate, moder-
ately convex between antennal bases and concave between paired ocelli
(Figs. 806-809). Pronotum of variable length (macropronotal or
brachypronotal), but often long, nearly flat to strongly tectate dorsally, occa-
sionally subcristate (immature forms), usually with paired triangular impres-
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sions behind humeral area; median carina usually evident; lateral lobe with
hind margin bisinuate; tegminal (upper) sinus almost as deep as lower sinus.
Tegmina ovate. Hind wings fully developed, usually distinctly exceeding apex
of pronotal process.

2(1).

3(D).

4(3).

2(1).

Key to species and subspecies of Tetrix

Anterior margin of fastigium rectangulate to acute-angulate (dorsal aspect);

median carina not projecting (Figs. 800, 801) ................. 2
Anterior margin of fastigium truncate to convex (dorsal aspect); median
carina distinctly projecting beyond sides (Figs. 802, 803) ....... 3

Body slender. Angle of fastigium with vertex nearly rectangulate; facial out-
line weakly emarginate at region of paired ocelli (Fig. 806). Middle femur
slender, about 3.8-4.7 times as long as broad ..................
.................................. subulata (Linnaeus) (p. 310)

Body more robust. Angle of fastigium with vertex acute-angulate; facial
outline decidedly emarginate at region of paired ocelli (Fig. 807). Middle
femur broad, about 3.0-3.4 times as long as broad ..............
................................... brunnerii (Bolivar) (p. 311)

Anterior margin of fastigium truncate in outline (dorsal aspect, Fig. 802).
Pronotum relatively flat in cross-section, with median carina slightly
elevated anteriorly, weakly concave in outline posteriorly ........

........................... arenosa angusta (Hancock) (p. 313)

Anterior margin of fastigium arcuate to subarcuate in outline (dorsal aspect,
Fig. 803). Pronotum distinctly tectate in cross-section, somewhat arcuate
in outline (ornata, sensu lato) ...... ... ... . ... .. ... . ... ... 4

Anterior margin of fastigium, particularly in males, projecting laterally
anterior to eyes (dorsal aspect); fastigio-frontal angle projecting (lateral
aspect). Found in southern British Columbia, western Montana . ..
......................... ornata occidua Rehn & Grant (p. 314)

Anterior margin of fastigium projecting laterally very little anterior to eyes
(dorsal aspect, Fig. 803); fastigio-frontal angle less produced (lateral
aspect). Found over much of North America ...................
.................................. ornata ornata (Say) (p. 314)

Clé des espéces et des sous-espéces de Tetrix

Bord antérieur du fastigium de forme variant de rectangulaire a aigué ou
angulaire (vu du dessus); caréne médiane non protubérante (fig. 800
E BOL) L. e e 2
Bord antérieur du fastigium de forme variant de tronquée a convexe (vu
du dessus); caréne médiane clairement protubérante (fig. 802
et 803) L 3
Corps mince. Angle ménagé entre le fastigium et le vertex presque droit;
profil de la face trés légérement émarginé au niveau de la paire d’ocelles
(fig. 806). Fémurs médians minces, de 3,8 4 4,7 fois plus longs que larges
ENVITON ... ... i subulata (Linnaeus) (p. 310)
Corps plus robuste. Angle ménagé entre le fastigium et le vertex aigu ou
angulaire; profil de la face clairement émarginé au niveau de la paire
d’ocelles (fig. 807). Fémurs médians larges, environ de 3,0 a 3,4 fois
plus longs que larges ................ brunnerii (Bolivar) (p. 311)
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3(1). Bord antérieur du fastigium tronqué (vu du dessus, fig. 802). Pronotum de
section relativement plane, a caréne médiane légérement plus élevée vers

[’avant et légérement concave vers ’arrieére .....................
........................... arenosa angusta (Hancock) (p. 313)

Bord antérieur du fastigium arqué ou subarqué (vu du dessus, fig. 803).

Section du pronotum clairement tectiforme; pronotum quelque peu

arqué (ornata, sensu 1ar0) ......... ... 4

4(3). Bord antérieur du fastigium, en particulier chez les méles, développé laté-
ralement en avant des yeux (vu du dessus); angle fastigio-frontal porté

en avant (vu de c6té). Espéce vivant dans le sud de la Colombie-

Britannique et ouest du Montana ......................c.....
......................... ornata occidua Rehn & Grant (p. 314)

Bord antérieur du fastigium peu développé latéralement au-dela des yeux

(vu du dessus, fig. 803); angle fastigio-frontal moins porté vers I’avant

(vu de co6té). Espéce vivant presque partout en Amérique du Nord
.................................. ornata ornata (Say) (p. 314)

Tetrix subulata (Linnaeus)

Figs. 800, 806, 811; Map 106

Gryllus subulatus Linnaeus, 1761:236.

Acrydium granulatum W. Kirby, 1837:251.

Acrydium granulatum; A. White 1851:360; Cantrall 1943:77.

Tettix incurvatus Hancock, 1895:761.

Tettix luggeri Hancock in Lugger, 1898:199.

Tettix morsei Hancock, 18995:280.

Tettix granulalus variegatus (var.) Hancock, 1902:38, 66.

Acrydium granulatum granulatum; Morse 19195:38.

Acrydium granulatum incurvatum; Morse 19195:38.

Acrydium subulatum; Hebard 1936a:27.

Acrydium subulatum granulatum; Procter 1946:40.

Tetrix subulata; J. A. G. Rehn and Grant 1955a:145; 1961:52; Brooks
1958:62; Helfer 1963:89; Vickery et al. 1974:83.

Diagnosis. Fastigium obtuse-angulate (dorsal aspect). Middle femur
slender, not more than 3.8 times as long as broad.

Description. Body slender (Fig. 811). Pronotal length, males 10.0-
10.5, females 11.9-12.5 mm. Fastigio-frontal angle nearly rectangulate in
profile, weakly emarginate at paired ocelli (Fig. 806); lateral carinae of frontal
costa evenly divergent or subparallel, not concave at antennal fossae;
fastigium definitely obtuse-angulate in dorsal aspect (Fig. 800). Pronotum
long (macropronotal, with about 6% of individuals brachypronotal;
proportion varying in different areas, apparently greater in northern and
western locations). Middle femur slender, 3.8-4.7 times as long as broad.
Color variable, grayish to reddish brown, sometimes darker, often with
median longitudinal whitish band on pronotum.

Range. Alaskato Newfoundland, south to Mexico; Europe and Asia.

Behavior and habitats. 7. subulata prefers moist locations on sandy
soils and occasionally is found in drier, cultivated or forested areas. Cantrall
(1943) indicated that individuals migrate to new territory when water levels
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Map 106. Collection localities for Tetrix subulata.

fall, so that it might be found 100 m distant from standing water. Flight is
rapid and the insect flies readily when disturbed. Following flight, a speci-
men may drop hidden into vegetation or it may make several leaps in differ-
ent directions in attempting to avoid capture. It is more frequently attracted
to light than are other North American species of Tetrix. Details of biology,
postembryonic development, and spermatophore formation and transfer for
a British population are given by Farrow (1963, 1964a, 1964b).

Life history. Adults have been taken from 5 April to 4 October in Nova
Scotia (Vickery 1961). The earliest record in Québec is 22 March. There is
one generation each year, which overwinters in the adult stage in the north-
ern part of the range. Farther south, some late-instar nymphs have been found
in the spring, so that they must have overwintered in that stage. Adult popu-
lation levels become low in midsummer as the winter survivors die, and peak
again in late August and September as adults of the succeeding generation
mature. In the far north, owing to the abbreviated summer season, adults
appear later in spring, in June or even July, and the next generation seeks
winter quarters during August; nymphal growth is accelerated (J. A. G. Rehn
and Grant 1955b).

Tetrix brunnerii (Bolivar)

Figs. 801, 807; Map 107

T(ettix) brunnerii Bolivar, 1887:259, 266.
Tettix tentatus Morse, 1899:200.
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Tettix brunneri f. caudata Hancock, 1906:59.

Tetrix brunneri; E. M. Walker 1909:174; Helfer 1963:89.

Acrydium acadicum brunneri; Hebard 1925a:47.

? Clinotettix ussuriensis Bei-Bienko, 1933:327, fig. 9, 328, fig. 10, 329.

Tetrix brunnerii; J. A. G. Rehn and Grant 1961:46; Vickery and Kevan
1967:42; Vickery et al. 1974:83.

Diagnosis. Fastigium angulate in dorsal aspect. Middle femur robust,
3.0-3.4 times longer than broad.

Description. Pronotal length, males 8.3-11.8, females 9.5-13.5 mm.
Fastigio-frontal angle angular, never rectangulate; frontal profile definitely
emarginate at region of median ocellus (Fig. 807); fastigium angulate in dorsal
aspect (Fig. 801); lateral carinae of frontal costa slightly concave at antennal
fossae. Pronotum with low but distinct hump on median carina (about 80%
of known specimens brachypronotal, this proportion decreasing in eastern
localities). Middle femur robust, 3-3.4 times as long as broad. Color vary-
ing from blackish to buffy gray to yellowish, often with pale dorsal longitu-
dinal stripe and usually with paired triangular or irregular dark blotches on
humeral area of pronotum.

Range. Alaska to Labrador, south to northern United States; possibly
Asia.

Behavior and habitats. 7. brunnerii is found in meadow or bog
habitats, often in forested regions. Buckell (1922) reported it “‘among fallen
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leaves and mosses under birch and willow around an upland spring’’ and
“in spruce swamps and along streams’’ in British Columbia.

Life history. Similar to that of 7. subulata, with overwintering in the
adult stage. Adults appear in spring, disappear in midsummer, and are
succeeded by adults of the next generation in late summer and autumn.

Tetrix arenosa angusta (Hancock)

Figs. 798, 802, 808; Map 108

T(ettix) angustus Hancock, 1896:238.

T(ettix) inflatus Hancock, 1896:238.

T(ettix) obscurus Hancock, 1896:239.

T(ettix) gibbosus Hancock, 1896:239.

T(ettix) fluctuosus Hancock, 1896:240.

T(ettix) decoratus Hancock, 1896:240.

Tettix a(renosus) var. costatus; Hancock 1902:38, 68.

Acrydium arenosum angustum; Gooderham 1918:35; Cantrall 1943:81.

Acrydium arenosum obscurum; Blatchley 1920:169.

Tetrix arenosus angustus; Froeschner 1954:199.

Tetrix arenosa angusta; J. A. G. Rehn and Grant 1956¢:121; 1961:65;
Vickery et al. 1974:85.

Diagnosis. Anterior margin of vertex nearly truncate; pronotum with
prehumeral hump, then flat to concave posteriorly.

S S =
,gé@? QU// 5
3%

E@ S, o

4 :;Mf% e, A

e ( e

Map 108. Collection localities for Tetrix arenosa angusta.
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Description. Body small to average (pronotal length, male 8.4-10.7,
female 10.1-12.3 mm). Anterior margin of vertex nearly truncate in outline
from dorsal aspect (Fig. 802); frontal profile sinuous, deeply emarginate at
region of paired ocelli and protruding arcuately between antennal fossae
(Fig. 808). Pronotum with pronounced prehumeral hump; carina posterior
to this not raised, and dorsum flat to slightly concave (Fig. 798). Color gener-
ally light brown, somewhat darker on pronotal disc, occasionally with other
pronotal markings.

Range. Manitoba to Nova Scotia, south to the Gulf Coast states and
northern Georgia.

Behavior and habitats. Although T. arenosa angusta appears to prefer
moist situations, such as stream banks, it has been found in numbers in fallen
leaves in dry open woodland areas (Vickery et al. 1974). Other authors (see
J. A. G. Rehn and Grant 1956¢) have also reported finding this insect in
a wide variety of habitat types. It is apparently tolerant and adaptable in
this respect. Moisture is not a limiting factor.

Life history. Univoltine throughout the northern part of range, with
overwintering as adults (J. A. G. Rehn and Grant 1956c¢). Adults appear in
April in the north, and may be found nearly every month until September,
although they are scarce during midsummer.

Tetrix ornata occidua Rehn & Grant

Map 109

Tetrix ornata occidua J. A. G. Rehn and Grant, 1956c¢:45.
Tetrix ornata occidua; J. A. G. Rehn and Grant 1961:60.

Diagnosis. Anterior margin of fastigium projecting laterally in front
of eyes.

Description. Anterior margin of fastigium, in dorsal aspect, project-
ing laterally for distance appreciably in front of eyes, especially in males.
Festigio-frontal angle, in lateral aspect, produced. Frontal profile retreat-
ing. Middle femur of male not inflated.

Range. Interior British Columbia, Washington, and Idaho.

Behavior and habitats. 7. ornata occidua is similar in these aspects
to 7. ornata ornata. The specimen reported by Vickery and Nagy (1973) from
Naramata Mountain was found, along with 7. subulata (Linnaeus), in a local-
ized damp depression of an otherwise dry area in a large disturbed clearing,
in ponderosa pine forest at 1300 m elevation.

Life history. Presumably the same as for 7. ornata ornata, i.e., univol-
tine, with overwintering as adults. Adult specimens have been collected from
May to August.

Tetrix ornata ornata (Say)

Figs. 803, 809, 812; Map 109
Acrydium ornatum Say, 1824a:(27), pl. 5, left fig.
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Map 109. Collection localities for Tetrix ornata occidua (O) and T. ornata
ornata (®).

Tetrix ornata; T. W. Harris 1835:577; Brooks 1958:62; Helfer 1963:80
(partim); Vickery et al. 1974:84.

Tetrix dorsalis T. W. Harris, 1841:151.

Tetrix quadrimaculata T. W. Harris, 1841:151.

Tetrix bilineata T. W. Harris, 1841:151.

Tettix triangularis Scudder, 1863a:475.

Tettigidea acadica Scudder, 1875b:345.

Tettix hancocki Morse, 1899:200.

Tettix hancocki abbreviatus; Hancock 1902:38, 83.

Tettix ornatus triangularis; E. M. Walker 19025:253.

Acrydium ornatum ornatum; Morse 19195:38.

Acrydium ornatum hancocki; Morse 19195:39.

Acrydium ornatum; Blatchley 1920:165; Cantrall 1943:79; Brooks
1958:62.

Acrydium acadicum acadicum; Hebard 1928:222; Cantrall 1943:78;
Brooks 1958:62.

Tetrix ornata ornata; J. A. G. Rehn and Grant 1956¢:123; 1961:55.

Diagnosis. Vertex arcuate to subarcuate in outline (dorsal aspect).
Pronotum distinctly tectate in cross-section and arcuate in outline.

Deseription. (a) Typical form ornata (Fig. 812): Pronotal length, males
7.6-8.2, females 8.7-9.8 mm. Eyes large, prominent in both dorsal and lateral
aspects (Figs. 803, 809). Frontal costa with margins narrowly separated,
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regularly diverging from fork between antennal fossae; costa with median
sulcation narrow, incised, not V-shaped in section. Middle femur of male
narrow, not inflated. (b) Form hancocki: Pronotal length, males 8.1-10.0,
females 9.9-10.4 mm. Eyes smaller, not prominent. Frontal costa with
margins more widely separated than in typical ornata, sharply diverging from
fork to ocelli, then subparallel to point between antennal fossae; costa with
median sulcation broad, V-shaped in section. Middle femur of male apprecia-
bly inflated.

Range. Yukon Territory to New Brunswick, south to Arizona and
South Carolina.

Behavior and habitats. 7. ornata ornata, in all its forms, is found in
a wide variety of habitats. In general, grassy places seem to be preferred,
especially if they are somewhat damp. Nevertheless, the insects also occur
in rather dry areas, such as along the edges of open woods or on sandy hills.

Life history. Univoltine throughout the range, with overwintering as
adults. Adults are active from early spring (usually late March and April in
most of the northern areas) to the fall, with peaks of abundance in spring
and fall. Immature individuals are most common during the period late spring
to midsummer.

Genus Paratettix Bolivar

Description. Body slender. Antennae filiform, 14-segmented. Eyes
prominent, globose. Fastigium short, not extending anteriorly in front of
eyes (Fig. 810), narrow, not wider than width of an eye, with anterior mar-
gin truncate; disc concave on both sides of median carina (Fig. 804); frontal
costa feebly sinuate between eyes and prominent between antennal bases
(Fig. 810). Pronotum usually rather long (either macropronotal or
brachypronotal), flattened, convex in humeral area; anterior margin trun-
cate, enclosing back of head; median carina low; lateral lobe much as in
Tetrix. Tegmina oval to elongate-oval, punctate. Hind wings fully developed.
Hind tibia with apical third gradually enlarged, spined. Chromosome number,
2n male = 13 (where known).

Paratettix cucullatus (Burmeister)

Figs. 804, 810, 813; Map 110

T(etrix) cucullata Burmeister, 1838:658.

T(etrix) oxycephala Burmeister, 1838:659.

Paratettix cucullatus; E. M. Walker 18985:123; J. A. G. Rehn and Grant
1961:82.

Paratettix texanus Hancock, 1902:39, 109, 113.

Paratettix texanus nanus Hancock, 1902:39, 109, 113.

Paratettix cucullatus cucullatus; Cantrall 1943:82.

Paratettix cuculatus [sic]; Helfer 1963:85.

Diagnosis. Fastigium short, not extending past eyes, narrow, not wider
than width of an eye. Eyes prominent, globose.
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Map 110. Collection localities for Paratettix cucullatus.

Description. Body rather robust (pronotal length, male 9.2-10.7,
female 11.1-12.7 mm) (Fig. 813). Fastigium of vertex slightly narrower than
width of an eye (Fig. 804); median carinula faint, not projecting anteriorly
(Figs. 804, 810). Pronotum smoothly and evenly granulate, with dorsum
nearly flat; median carina indistinct anteriorly, low posteriorly. Tegmina elon-
gate, narrow, with apices somewhat pointed. Hind wings extending about
2 mm beyond apex of pronotum. Middle femur sinuate on dorsal margin,
straight to undulate beneath. Hind femur stout, finely granulate with numer-
ous indistinct oblique ridges on outer face. Color variable, usually grayish
brown or blackish with small black markings, sometimes with dark patches
above tegmina; dorsum of head and pronotum often lighter than rest of body.

Range. Minnesota to southern Ontario and New Hampshire;
Washington to New Mexico.

Behavior and habitats. P. cucullatus is found near margins of streams,
ponds, and lakes. It usually remains in moist sandy areas or where there is
enough standing water to produce growths of algae, which make up at least
a large part of its food supply. Occasional specimens are found in grasses
or wet leaves in swampy meadows. They often rest on stones projecting above
water level in ponds or streams. Nabours (1947) found that females mate
repeatedly and that the sperm of the last male tended to father a predomi-
nant proportion of the offspring.

Life history. Univoltine in northern areas, with overwintering as adults,
which usually become active in April. These are more common in May, after
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which adult populations decline in midsummer, become more numerous again
in August, and move to winter quarters in September before killing frosts
occur.

Family Batrachideidae

Members of this family may be called ‘‘frog groundhoppers.’” They are
usually regarded as a subfamily of Tetrigidae, but they differ significantly
by having longer, always filiform antennae with more numerous (usually 20~
22) segments, and the anterior femora grooved, not keeled, above. The prono-
tum, also, is always more or less tectiform, with a pronounced keel, and
projects forward over the head.

There are 16 described genera with about 90 known species. Except for
one genus and three species, all are American and mainly tropical (subfam-
ily Batrachideinae). Little is known of the biology of this family.

Genus Tettigidea Scudder

Description. Body robust, with males distinctly more slender than
females. Head large in proportion to body. Antennae with 20-22 segments.
Eyes large, protuberant, subtriangulate in lateral aspect (Fig. 814). Prono-
tum either macropronotal or brachypronotal, moderately tectate, arcuate
anteriorly (Fig. 816). Tegmina and hind wings typically well-developed, with
tegmina elongate, rather narrow. Hind femora robust. Chromosome number,
2n male = 13 (where known).

Key to species of Tettigidea

1. Anterior margin of pronotal disc with distinct acute median point or
PrOCESS . vttt et ettt ee e armata Morse (p. 318)

Anterior margin of pronotal disc arcuate or obtuse-angulate (Fig. 814), never

with acute median process ............... lateralis (Say) (p. 319)

Clé des espéces de Tettigidea

1. Bord antérieur du disque du pronotum muni d’une pointe médiane aigué
distincte ......... .. armata Morse (p. 318)

Bord antérieur du disque du pronotum arqué ou obtus et angulaire (fig. 814),

ne formant jamais de pointe aigué médiane . . . . lateralis (Say) (p. 319)

Tettigidea armata Morse

Map 111

Tettigidea armata Morse, 1895:107.

Tettigidea armata depressa Morse, 1895:107.

Tettigidea armata; Hancock 1902:40, 142; Cantrall 1943:88; J. A. G.
Rehn and Grant 1961:109; Helfer 1963:91.

Tettigidea davisi Morse, 1908:25.
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Map 111. Collection localities for Tettigidea armata.

Diagnosis. Anterior margin of pronotum produced as sharp process.

Description. As for genus Tettigidea. Body small (pronotal length, in
northern region, males 9.3-10.0, females 11.4-14.7 mm). Anterior margin
of pronotum produced medially between eyes into acute process; pronotum
granulate and with branching longitudinal rugae on disc; both brachypronotal
(60%) and macropronotal forms (40%) occur in northern regions. Tegmina
and hind wings well-developed. Color blackish or grayish to light brown or
fuscous dorsally, darker laterally, with hind femur sometimes irregularly
barred.

Range. Michigan to New York, south to Texas and Florida.

Behavior and habitats. 7. grmata shows a distinct preference for wet
mud, generally in shade, often in timbered swamps (J. A. G. Rehn and Grant
1958).

Life history. Bivoltine in the southern United States and possibly in
the north as well. Not enough evidence is available to clarify this point.
Cantrall (1968) reports T. armata as ‘‘adult the year around.”

Tettigidea lateralis (Say)

Figs. 814-816; Map 112

Acrydium laterale Say, 1824a:(28), pl. 5, upper and right figs.
T(etrix) polymorpha Burmeister, 1838:659.
Tetrix parvipennis T. W. Harris, 1841:152.
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Map 112. Collection localities for Tertigidea lateralis.

Tettigidea lateralis; Scudder 1863a:477; Helfer 1963:92, 93; Vickery
et al. 1974:86.

Tettigidea parvipennis Morse, 1895:108, 109.

Tettigidea parvipennis pennata Morse, 1895:109.

Tettigidea medialis Hancock, 1902:40, 140, 152, 165.

Tettigidea lateralis parvipennis; Morse 1919b:39; Cantrall 1943:83;
Brooks 1958:62.

Tettigidea lateralis lateralis; J. A. G. Rehn and Grant 1958:25; 1961:103.

Diagnosis. Anterior margin of pronotum angulate, not produced.

Description. As for genus Tettigidea. Body robust (pronotal length,
in northern region, males 7.2-11.3, females 9.5-14.2 mm). Median carina
of head higher than eyes in lateral aspect (Fig. 815). Anterior margin of prono-
tum angulate, not forming median acute process between eyes (Fig. 814);
pronotum granulate with distinct longitudinal branching rugae; brachyprono-
tal form predominating (53-75%) in northern regions. Tegmina and hind
wings well-developed; former rather elongate, with apices obliquely rounded.
Color varying from blackish or grayish to brown, tan, or creamy dorsally,
often much darker laterally; hind femur often with pale spot. Chromosome
number, 27 male = 13 (Fontana and Vickery 1973, 1975).

Range. Manitoba to Nova Scotia, south to Arizona and Florida.

Behavior and habitats. 7. lateralis, sensu lato, occupies a wide vari-
ety of habitats in both dry and moist areas. It has often been collected in
dry open woods as well as in damp places near bodies of water. J. A. G.
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Rehn and Grant (1961) also record its occurrence on dry boulder-strewn slopes
and sand dunes. It is apparent that soil moisture is not a limiting factor in
survival of this species.

Life history. Univoltine, with overwintering as adults in the north. In
southern areas T. lateralis is bivoltine, adults remaining active throughout
the year. Cantrall (1968) reported adults taken in all but the coldest months
in Michigan. In Québec, specimens have been taken from 2 April to
12 September but mainly in May and June (Larochelle 1978).

Suborder Acridodea

The suborder Acridodea includes true grasshoppers, locusts, bush-
hoppers, and related Orthoptera. It is distinguished from other suborders
by the characters given in the key to families of Acridodea.

Key to families of Acridodea

1. Hind femur with dorsal and ventral proximal lobes subequal in length; hind
tibia with apical fixed dorsal spine before movable spur on each side
(i.e., both inner and outer series of tibial spines reach distal end of tibia).
Male stridulatory apparatus, if present, consisting of unique arrange-
ment of denticles on arched transverse veinlets of narrowed anterior
area of fan of hind wing, which rubs against sharp vein on underside
of tegmen ..... ... . ... . ... . ... ... Romaleidae (p. 322)

Hind femur with dorsal proximal lobe projecting forward beyond ventral
proximal lobe; hind tibia usually lacking external apical dorsal spine
before movable spurs. Male stridulatory apparatus, if present, not as
AbOVE L. Acrididae (p. 324)

Clé des familles d’Acridodea

1. Fémurs postérieurs a lobes proximaux dorsal et ventral de longueur prati-
quement égale; tibias postérieurs armés, a Pextrémité apicale, d’une
épine dorsale fixe avant I’éperon mobile, de chaque c6té (les séries
internes et externes d’épines des tibias rejoignent ’extrémité distale).
Organe stridulant des méles, lorsque présent, fait d’un seul groupe de
denticules sur les petites nervures transverses arquées de la région
antérieure rétrécie des ailes postérieures, qui frottent contre I’aréte aigué
d’une nervure du dessous du tegmen ........ Romaleidae (p. 322)

Fémurs postérieurs a lobe proximal dorsal faisant saillie au-dela du lobe
ventral proximal; tibias postérieurs habituellement dépourvus d’une
¢épine dorsale apicale externe avant les éperons mobiles. Organe stridu-
lant du méle, lorsque présent, différent de celui décrit ci-dessus ...
........................................... Acrididae (p. 324)
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Family Romaleidae

Members of this family are variously known by such names as lubber
grasshoppers, giant “‘locusts,”’ and American tree ‘‘locusts.”” Until recently
they were regarded as a subfamily of Acrididae. They may be characterized
in general by the following combination of characters: size moderate to large.
Body form variable, usually rather robust. Coloration (especially of hind
wings) frequently striking. Integument smooth or rugose, usually without
prominent tubercles or spinelike adornments. Head variable, generally short
and rounded, but sometimes subconical or elongate-conical, with frons
usually concave in profile and with fastigium strongly produced or not, its
apex typically somewhat angular, although lacking a longitudinal furrow and
either dorsal or lateral impressions or ‘‘foveolae.”” Antennae filiform, some-
times a little flattened or somewhat ensiform. Pronotum variously shaped,
often dorsally tectiform, strongly keeled, or crested; prosternum with median
conical process. Hind femora varying from short and stout to long and slen-
der, but with lower basal lobe usually projecting as far forward as upper
one; hind tibia with external apical spine generally present. Wings abbreviated,
occasionally lacking; tegmina usually with dense reticulation; hind wings often
brightly colored, characteristically possessing (even when reduced) a unique
stridulatory mechanism formed by numerous fine denticles on arched
transverse veinlets of narrowed anterior area of fan; associated longitudinal
veins may also be serrated, with denticles of hind wing rubbed against sharp
vein on underside of tegmen to produce sound. Base of abdomen with pair
of tympanic organs, except in apterous species. Cerci conical in both sexes,
or occasionally lobed in male. Phallic structures basically similar to those
of Acrididae, sensu stricto, but valves of cingulum reduced or absent, and
flexure between basal and apical aedeagal valves stronger and thicker.
Ejaculatory sac not opening directly into genital chamber. Spermatophore
sac ventral. Epiphallus bridgelike, robust, with fairly large associated lateral
““‘oval’ sclerites.

This family is now regarded as comprising nearly 80 genera and at least
200 described species in 3 subfamilies. The great majority are South and
Central American, but a few extend well into North America (one species
just reaching our region) and there are some scattered Old World forms.

Romaleids occur in many different habitats from desert to tropical rain
forest. Some live on the ground, closely imitating their background, others
on shrubs, bushes, or trees. Some show aposematic (warning) coloration.
In addition to stridulating with their wings, a few species may, when alarmed,
make hissing sounds by forcing air and watery bubbles from the thoracic
spiracles. In view of the wide diversity of habitat, the food plants of Roma-
leidae are clearly diverse, but there do not appear to be many graminivorous
species. Occasionally, some species are unusually abundant and become
serious, if sporadic, crop pests. This has even happened with the largest of
all “*grasshoppers’’ (species of Tropidacris and Titanacris), which have been
known to defoliate plantation trees, earning themselves the appellation ‘‘giant
locusts,”” although they do not actually form proper swarms. The nymphal
stages of some species of Chromacris, however, are often dark colored and
occur in dense aggregations, which disperse later.
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A general, but incomplete, account of the Romaleidae is given by
J. A. G. Rehn and Grant (1959). J. A. G. Rehn and Grant (1961) give a full
account of those species occurring in North America north of Mexico, includ-
ing Brachystola magna, which belongs to the subfamily Romaleinae.

Genus Brachystola Scudder

Description. Body robust. Occiput of head broad, smooth, convex;
fastigium short, broad, slightly sulcate. Pronotum with median and lateral
carinae about equally distinct; prosternum lacking tubercle. Tegmina and
hind wings rudimentary, with tegmina lobate, meeting in males, but distinctly
separated in females. Legs robust.

Brachystola magna (Girard)

Fig. 390; Map 113
Brachypeplus magnus Girard, 1853:260, pl. 15, figs. 1-4.
Brachystola magna; Scudder 1876a:267; J. A. G. Rehn and Grant
1961:251; Helfer 1963:99.
Brachystola ponderosa Bruner, 19064:193, 194.
Brachystola intermedia Bruner, 1906a:193, 194.

Common name. Lubber grasshopper.

I T~ b - ) ) N
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Map 113. Collection localities for Brachystola magna.
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Diagnosis. Body and legs robust. Lateral carinae of pronotum dark
green, often contrasting with rest of body.

Description.  As for genus Brachystola. Dimorphic for color with both
green and brown phases, with green phase apparently predominating; prono-
tum with darker green markings; lateral carinae dark green, bordered mesally
by pinkish line; tegmina tawny with distinct dark brown to black spots; venter
pale.

Range. Montana to Minnesota, south to Mexico; adventive in
Newfoundland (R. F. Morris 1981).

Behavior and habitats. J. A. G. Rehn and Hebard (1906) report mem-
bers of this species as being awkward insects that ‘‘seemed to have almost
no control over their movements.”” The color apparently serves as good
protection. They are usually found in prairie regions, where they are rare
in the north. In the south they may be abundant at times. A general account
of the habitats occupied throughout the range of the species is given by
J. A. G. Rehn and Grant (1961). The eggs are described by Tuck and Smith
(1940) and by Onsager and Mulkern (1963).

Life history. J. A. G. Rehn and Grant (1961), referring to B. magna
throughout its range in the United States, say that adults and immatures are
found in Texas from June to November, the latter mainly from June to
August; adults alone have been found as early as March and as late as
December, although these dates are unusual. ““The date of appearance of
adults is clearly correlated with climate and latitude.”” No adult is known
from northern regions before the 2nd week of September. Overwintering is
in the egg stage. Late-maturing adults in the north are probably killed by
frost before they can mate, but clearly a few manage to survive long enough
to reproduce their kind, even within a short distance of the Canadian border.

Economic importance. B. magrna, in the south, occasionally becomes
extremely abundant, damaging rangeland and attacking various crops (Parker
et al. 1932). In northern latitudes, however, the species is a rarity and not
likely to be at all injurious, although, even in lowa, damage to gardens was
recorded long ago by Bessey (1877). Its main economic significance is
probably as an article of commerce, large numbers being sold to educational
institutions in the United States and Canada.

Family Acrididae

This is the largest family of Orthoptera, and, indeed, of all the orthop-
teroids. It includes all the true locusts and grasshoppers and formerly was
considered to encompass virtually the whole of the superfamily Acridoidea.
It has recently been split again by Dirsh (1975) into three families. There
are, however, insufficient differences between these to merit such treatment
(Kevan 1976a). As here understood, the Acrididae may be distinguished from
other Acridoidea by the following combination of characters: size small to
large, varying from short and stout to long, slender, and stemlike, from
depressed to cylindrical or compressed, not usually strongly rugose or tuber-
culate. Coloration often partly or almost wholly green or stramineous. Head
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short to long, round to elongate-conical, with or without pronounced
fastigium, the apex of which is without an apical furrow or dorsal areola
(although it may be ‘‘dished’’ behind a callous anterior margin), sometimes
with subapical lateral or dorsolateral foveolae, which are not found in other
Acridoidea; frontal profile variable but most often moderately receding.
Antennae generally filiform. Pronotum not usually wider than long, vary-
ing from subeylindrical to saddle-shaped or tectiform, occasionally crested;
prosternum with or without median tubercle or process (which is typically
conical but which may be long and backwardly curved or of other form).
Hind femora short and stout to slender and greatly elongate, with upper
anterior basal lobe almost always at least as long as ventral one and usually
projecting forward beyond it; hind tibia with external apical spine before
the movable spur generally absent or vestigal. Tegmina and hind wings fully
developed, brachypterous, micropterous, or totally lacking; tegmina often
with intercalate vein (which may be denticulate) used in stridulation by being
struck by a longitudinal ridge (which may be denticulate if the vein is not
so0) on inner face of the hind femur; either tegmen or hind wing often with
an expanded ‘‘speculum’’ or resonating area (other types of stridulatory
mechanism—but not of the precise forms found in other families—may be
developed, or, in perhaps the majority, no such mechanism is apparent). Base
of abdomen usually with pair of lateral tympanal organs. Abdominal
terminalia variable, usually unspecialized, but cerci often specialized in male;
membranous, with strongly sclerotized cingulum, its ‘‘arches’ well-
differentiated; aedeagal valves divided into apical and basal parts, either
separate or joined by weak flexure; ejaculatory sac not opening directly into
genital chamber; spermatophore sac ventral; epiphallus of variable shape,
normally bridgelike with pair of anterior and pair of posterior processes
associated lateral ‘‘oval’’ sclerites present or absent.

Nymphs of a few eastern species have been described by Vickery et al.
(1981).

Acrididae species occur throughout the world, wherever Orthoptera
members are found. Although many groups have restricted geographic
distributions and the majority of species are tropical, the family is well
represented in temperate climates and reaches ‘‘frigid’’ latitudes and aiti-
tudes. There are probably nearly 1100 described genera and about 7000 known
species. These are distributed unevenly amongst numerous subfamilies, which,
on a world basis, can scarcely total less than 30 (despite the impression gained
from general textbooks that there are but a few). Even without those sub-
families, formerly included, which are now assigned to other families, and
without a critical consideration of certain Australian elements, 40 subfami-
lies of Acrididae have been recognized by various authors (most of them by
Dirsh 1975). Thirty-three are recognized by us.

With such a vast and diverse assemblage of species, it would be profit-
less to attempt a generalized account of acridid biology, beyond what has
already been indicated under the Orthoptera, sensu stricto, and the reader
is referred to the texts of Uvarov (1966a, 1977), which deal primarily with
Acrididae. Members of the family occur in all manner of habitats (including
sand burrows, treetops, or even, as in certain species of the South American
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leptismine genera Stenopola and Cornops, in water). The term ‘‘grasshop-
per”’ is customarily retained, although it is appropriate only to a minority
of species. It should perhaps be stressed that the majority of economically
important, saltatorial orthopteroids, and all true locusts belong to this family,
in particular to the subfamilies Calopteninae, Cyrtacanthacridinae, sensu
stricto, Melanoplinae, Locustinae (= Oedipodinae), and Gomphocerinae,
the first of which is unrepresented in the Americas and the last two of which
do not include American true locusts.

201).

3(1).

4(3).
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Key to subfamilies of Acrididae

Prosternum with median tubercle or spine. Hind femur without stridula-

tory ridge on internal face ........ .. . ... 2
Prosternum usually lacking median tubercle or spine. Hind femur usually
with stridulatory ridge (at least in males) ..................... 3

Lateral lobes of mesosternum approximately rectangular, longer than wide,
with straight inner margins. Insect large, fully winged. Male subgenital
plate notched apically .............. Cyrtacanthacridinae (p. 327)

Lateral lobes of mesosternum at least as wide as long and with rounded
or obtuse angles and curved inner margins. Insect small to medium,
with wings often reduced. Male subgenital plate not notched apically
....................................... Melanoplinae (p. 333)

Body compressed, rather elongate. Antennae ensiform. Head strongly conical
but not greatly elongate, lacking lateral foveolae below fastigium.
Prosternal tubercle absent. Male hind wings with resonant speculum
In anterior cubital area ................ Hyalopteryginae (p. 437)

Body of various forms, but, if sometimes in general agreement with the
above, and antennae ensiform, then with lateral foveolae below
fastigium. Prosternal tubercle occasionally present. Male hind wings
without speculum .. ... ... L 4

Frontal profile usually nearly vertical (angle measured from occiput to
fastigium to clypeus approximately a right angle), sometimes more
oblique. Tegmen with intercalary vein present in median (discal) cell,
stronger and serrated in male. Hind femur on inner face (of male) with
stridulatory ridge lacking pegs, teeth, serration, or any distinct indica-
tion thereof. Tegmina and hind wings almost always fully developed;
hind wings commonly colored or dark, or with dark bands or apices,
or a combination of these, less commonly hyaline ...............
.......................... Locustinae (= QOedipodinae) (p. 439)

Frontal profile almost always at least slightly oblique (angle measured from
occiput to fastigium to clypeus less than a right angle). Tegmen with-
out intercalary vein in median (discal) cell. Hind femur on inner face
(at least of male) with stridulatory ridge bearing articulated pegs or teeth
in males, or setalike indications of same in females. Tegmina and
hind wings frequently reduced; hind wings generally hyaline, only
occasionally slightly colored, infumated, or banded with dark
pigmentation. ............... ... ...... Gomphocerinae (p. 530)



2(1).

3(1).

43).

Clé des sous-familles d’Acrididae

Prosternum muni d’une épine ou d’un tubercule médian. Fémurs postérieurs
dépourvus d’une créte stridulante sur la face interne ........... 2
Prosternum habituellement dépourvu d’une épine ou d’un tubercule médian.
Fémurs postérieurs en général munis d’une aréte stridulante (au moins
chez les MAles) ... ... . 3
Lobes latéraux du mésosternum a peu pres rectangulaires, plus longs que
larges et a bords internes rectilignes. Insectes de grande taille et ailés.
Plaque sous-génitale des males munie d’une encoche apicale ......
.................................. Cyrtacanthacridinae (p. 327)
Lobes latéraux du mésosternum au moins aussi larges que longs, a angles
arrondis ou obtus et a bords internes incurvés. Insectes de taille petite
a moyenne et a ailes souvent réduites. Plaque sous-génitale des males
dépourvue d’une encoche apicale .......... Melanoplinae (p. 333)
Corps aplati et plut6t allongé. Antennes ensiformes. Téte trés conique mais
pas trés allongée, dépourvue de fovéoles latérales sous le fastigium. Pros-
ternum sans tubercule. Ailes postérieures des méles munies d’une plaque
sonore (speculum) dans la région cubitale antérieure .............
..................................... Hyalopteryginae (p. 437)
Corps de formes diverses, mais s’il est aplati et si les antennes sont ensi-
formes, des fovéoles sont présentes sous le fastigium. Tubercule
parfois présent sur le prosternum. Ailes postéricures des males sans
SpeCUlUIM ... . e 4
Profil du front habituellement presque vertical (angle mesuré de ’occiput
au fastigium et au clypéus approximativement droit) et parfois plus
oblique. Tegmen muni, dans la région médiane, d’une nervure interca-
laire plus forte et denticulée chez les males. Fémurs postérieurs munis,
sur leur face interne (chez les males), d’une créte stridulante dépour-
vue de toute forme de denticulation. Tegmina des ailes postérieures pres-
que toujours entierement développés; ailes postérieures habituellement
colorées ou foncées ou marquées de bandes ou d’apex foncés ou d’une
combinaison des deux; moins communément hyalines ............
.......................... Locustinae (= Oedipodinae) (p. 439)
Profil du front presque toujours au moins légérement oblique (angle mesuré
de ’occiput au fastigium et au clypéus inférieur a 90°). Région médiane
du tegmen dépourvue de nervures intercalaires. Fémurs postérieurs por-
tant, sur leur face interne (au moins chez les males), une créte stridu-
lante munie de chevillettes ou de dents articulées chez les males, le tout
remplacé chez les femelles par une rangée de soies. Tegmina et ailes
postérieures fréquemment réduites; ailes postérieures généralement
hyalines, ou légérement colorées ou enfumées ou marquées de bandes
pigmentées a ’occasion ................ Gomphocerinae (p. 530)

Subfamily Cyrtacanthacridinae

The subfamily name Cyrtacanthacr(id)inaec has for long been used,

particularly among North American authors, to embrace virtually all acridid
grasshoppers possessing a prosternal spine or tubercle. In recent times, the
limits of the Cyrtacanthacridinae have been severely restricted, so that the
name is now applied only to a relatively small independent subfamily.
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Members of this subfamily have been called ‘‘bird-locusts’ on account of
their generally large size and strong flight. Their diagnostic features are
noticed in the foregoing key to subfamilies. The largest included genus is
Schistocerca, which is predominantly American, although nearly all of the
35 genera are from the Old World tropics. There are probably about
120 species, which include the notorious desert locust of the Old World,
Schistocerca gregaria gregaria (Forskal), at least two other species of the same
genus, the South American locust, S. cancellata (Audinet-Serville), and the
Central American locust, S. vicaria (Walker), the African red locust,
Nomadacris septemfasciata (Audinet-Serville), and a number of other
important pest species such as the so-called Bombay locust, Patanga succincta
(Pallas). The occurrence of the subfamily in the region here covered, however,
is infrequent and, especially in Canada, largely restricted to immigrants.

Genus Schistocerca Stél

Description. Body medium to large (males 26.0-48.7, females 35.0-
68.7 mm; pronotal length, males 6.0-10.6, females 7.8-13.7 mm), with
surface finely rugose and pitted. Pronotum slightly tectiform to weakly
saddle-shaped, with median carina obtuse, elevated, or linear, sometimes
indistinct on prozona; metazona longer than prozona, its posterior margin
acute-angled to rounded. Prosternal tubercle c¢ylindrical, spinelike, straight
or curved backward. Tegmina and hind wings fully developed, at least as
long as and usually surpassing abdomen. Hind femur moderately slender.
Male cercus broad, compressed, with apex truncate, angular, or slightly
emarginate. Male subgenital plate notched or emarginate at apex. Female
subgenital plate truncate, obtuse-angulate, or widely rounded apically, with
egg-guide long, tongue-shaped; ovipositor valves short, robust to rather long
and slender, with curved tips; lower valve with lateral projection on outer
margin.

Key to species of Schistocerca

1. Antennae slightly shorter (females) to slightly longer (males) than combined
length of head and pronotum ........ americana (Drury) (p. 329)

Antennae at least as long as (females) to much longer (males) than combined

length of head and pronotum ............. .. .. ... ... 2

2(1). Fastigium narrow, strongly projecting anteriorly (Fig. 395). Pronotum sub-

parallel in prozona, divergent, flaring abruptly in metazona. Male cercus
large, subquadrate, with apical margin more or less distinctly truncate-
emarginate (Fig. 400). Ovipositor slender, elongate, with scoop of dorsal
valve evenly curved (Fig. 410) ......... alutacea (Harris) (p. 331)
Fastigium broader, less projecting anteriorly (Figs. 393, 397). Pronotum with
sides more parallel, less expanded posteriorly, not flaring. Male cercus
smaller, tapering or nearly subquadrate, with apical margin moderately
to deeply notched (Figs. 405-408). Ovipositor short, with dorsal valve
deeply scooped (Fig. 412) ......... emarginata (Scudder) (p. 332)
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2(1).

Clé des espéces de Schistocerca

Antennes égérement plus courtes (femelles) ou légérement plus longues
{maéles} que la longueur combinée de la téte et du pronotum ... ..
................................... americang (Drury) (p. 329)

Antennes au moins aussi longues {femelles) ou beaucoup plus longues (males)
que la longueur combinée de la téte et du pronotum ........... 2

Fastigium étroit et saillant (fig. 395). Pronotum & c0tés presque paralleles
dans la zone antérieure, puis divergeant de fagon trés marguée dans
la zone médiane. Cerques des miles grands, subquadrangulaires, a extré-
mité apicale plus ou moins tronquée ou concave (fig. 400). Oviposi-
teur étroit ¢t long; dessus de la valve dorsale décrivant une courbe
réguliere (fig. 410y .. ........ ... ... . ... alutaceq (Harris) (p. 331

Fastigium plus large et moins saillant (fig. 393 et 397). Cotés du pronotum
plus paralléles, moins divergents postérieurement. Cerques des méles
plus petits, & cbtés convergents ou presque subguadrangulaires et
portant, a Uapex, une encoche plus ou moins profonde (fig. 405
& 408). Ovipositeur court; dessus de la valve dorsale fortement incurvé
(g, 412y ... ... ... . emarginata {Scudder) (p. 332)

Schistocerca americana (Drury)

Figs. 392a, 392b, 394, 398, 399, 409; Map 114

Americanus . . . Libelllula—error for Gryllus) Drury, 1773:Index to

Vol. 1:(i1), and Grylli Locustae (americana). .

L.

\ [Tt 1 S ) LA

Map 114. Collection localities for Schistocerca americana.
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Schistocerca americana; Scudder 18994:447; Helfer 1963:186; Vickery
and Kevan 19645:1555; Vickery et al. 1974:88.

Schistocerca americana americana; Froeschner 1954:246; 319; Dirsh
1974:45.

Common name. American grasshopper.

Diagnosis. Antennae about same length as head and pronotum. Size
large.

Description. Body large (males 27-47, females 39-94 mm long).
Antennae slightly shorter to slightly longer than combined length of head
and pronotum, Male cercus narrowed toward apex (Figs. 398, 399}, Ovipos-
itor slender, narrow, with dorsal valve regularly curved (Fig. 409). Color dark
brown, vellow brown to reddish; head and pronotum with median dorsal
longitudinal buffy stripe; lateral pronotal lobe with large brown patch inter-
rupted by narrow longitudinal whitish stripe; tegmina covered with well-
defined brown spots; hind femur with upper carina black, this sometimes
interrupted to form smaller stripes or dots; hind tibia red to buff.

Although Dirsh (1974) included Palaearctic, Nearctic, and Neotropical
taxa as subspecies of 8. americana, this has been shown by Jago et al. (1979)
to be incorrect. Interbreeding experiments clearly indicated separate specific
status for S. americana.

Range. South Dakota to Québec and New England (as migrants);
southeastern United States to South America.

Behavior and habitats.  S. americana, in the northern part of its range,
is usually found in damp localities in tall grasses and sedges, near marshes
or lakes (Blatchley 1920). Farther south, it occurs mainly in dry upland local-
ities, roadsides, old fields, and weedy areas. It is a strong flier and often
migrates for long distances, carried by prevailing winds. Vickery and Kevan
(1967) provided records of migrants from a ~umber of localities in southern
Ontario, and Cantrall (1968) listed localities in Michigan. Migrants were
reported from Massachusetts by Morse (19195, 1920). Adventive specimens,
brought in on imported produce, were reported from Sainte-Anne-de-
Bellevue, Qué. (Vickery and Kevan 1964b; Vickery et al. 1974), and Ottawa,
Ont. (Vickery and Kevan 1967).

Life history. In its breeding area in the southern United States,
S. americana appears to have two generations each year. In Florida, adults
are found throughout the year, but nymphs are scarce in the winter (Blatchley
19203.

Economic impertance. S, americang is virtually of no importance in
the north, since only a few migrants occur. Should a large flight of migrant
S. americana arrive at a locality, it could cause serious crop damage.
Considerable damage has been reported to citrus trees in Florida, where young
trees have been defoliated and terminal buds and twigs on larger trees have
been destroyed. The species feeds upon many crop plants as well as weeds,
but it avoids certain others. Potatoes are not attacked, nor are solanaceous
weeds or knotweed (Polygonum).
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Schistocerca alutacea (Harris)

Figs. 395, 400, 410; Map 115

Acrydium alutaceum T. W, Harris, 1841:139.

Schistocerca alutacea; Lugger 1898:262; Cantrall 1943:108; Helfer
1963:191.

Schistocerca alutacea alutacea; Dirsh 1974:194.

Diagnosis. Male antennae long, considerably longer than combined
length of head and pronotum. Both sexes with bright yellow dorsal stripe.

Description. Antennae of male considerably longer than combined
length of head and pronotum. Fastigium narrow, strongly projecting anter-
iorly (Fig. 395). Pronotum with prozonal margins subparallel and with
metazonal margins divergent posteriorly, flaring. Male cercus large, subqua-
drate, with apical margin truncate-emarginate (Fig. 400). Ovipositor slen-
der, elongate, with scoop of dorsal valve evenly curved (Fig. 410). Color dark
brown to olivaceous on head and thorax; tegmina dark brown, sometimes
purplish brown, usually unspotted in males; in females, unspotted or with
poorly defined spots or blotches, these sometimes joined; dorsum of both
sexes with strongly contrasting bright yellow longitudinal stripe, this often
tinged with green, sometimes orange yellow.

Range. Minnesota to Massachusetts, south to Oklahoma and Florida.
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Behavior and habitats. Hubbell (1960) listed ‘‘marshes, bogs, shrubby
swamps, thickets of bushes and weeds in wet or moist environments, mar-
ginal thickets of mesic forest’’ as normal habitats for this species. He also
stated that it generally occurred on sandy soils. Cantrall (1943) had reported
it in dry locations in grass-herbaceous habitats in southern Michigan.
S. alutacea is a strong flier and may fly for more than 100 m when flushed,
often into trees where it is difficult to capture. It does not seem to migrate
for such great distances as does S. americana.

Life history. Adults are present in southern Michigan from 30 June
to 7 October, with peak abundance during August (Cantrall 1968). There
is one generation each year.

Economic importance. Morse (1920) reported destruction of growing
cranberries by this species in New England, the grasshoppers biting open the
berries and consuming the seeds.

Schistocerca emarginata {Scudder)

Figs. 393, 397, 405-408, 412; Map 116

Acridium emarginatum Scudder, 1872:250.

Schistocerca emarginata; Lugger 1898:263.

Schistocerca lineara Scudder, 18994:465; Brooks 1958:31; Helfer
1963:190.

Schistocerca alutacea; Lugger 1898:262; Cantrall 1943:108.

Schistocerca scudderi Bruner, 1906b:676.

Schistocerca alutacea lineata; Dirsh 1974:204.

Diagnosis. Dorsal stripe present or absent; pronotum usually with
yellow spot at junction of median carina and principal sulcus.

Description. General appearance as in Fig. 393. Head broad. Eyes
prominent (Fig. 397). Fore and middle femora of males inflated; hind femur
stout. Male cercus tapering or nearly subquadrate, with apical margin moder-
ately to deeply notched (Figs. 405-408), variable. Ovipositor (Fig. 412) short,
with dorsal valve deeply scooped. Coloration extremely variable; base color
yellowish brown, reddish brown, dark brown, olivaceous brown, olive green,
or even yellowish green; dorsal longitudinal stripe either present or absent
(usually present, broader in western populations), (when present, often
bordered by blackish on pronotum and tegmina, especially in western
populations; when absent, pronotum usually with small yellow spot at
junction of median carina and principal sulcus); tegmina immaculate to
distinctly spotted; hind femur unmarked above or with carinae black or with
dark cross-bars; general coloration duller in eastern populations and brighter
in western populations. For descriptions of the egg and nymphal stages, see
N. Criddle (1932), Tuck and Smith (1940), and Onsager and Mulkern (1963).

Range. Alberta to Ontario, south to New Mexico and North Carolina.

Behavior and habitats. S. emarginata has been found in a variety of
habitats: dry grassland to open dry forested areas, weedy thickets, and tall-
grass prairie. It appears to prefer dry areas and often occurs in areas with
sandy soils, such as grassland, oak scrub, dunes, and old fields. It may, how-
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Map 116. Collection localities for Schistocerca emarginata (B) and Dactylotum
bicolor pictum (a).

ever, also occur in damp areas, such as along stream margins and in irrigated
locations. Wild liquorice (Glycyrrhiza lepidota) is a favorite food plant.
S. emarginata also eats vetch, wild peas, beans, sweet clover, alfalfa, dan-
delion, and wild rose. It does not appear to feed extensively upon grasses
(N. Criddle 1932; Gangwere 1961).

Reproductive behavior was discussed by Otte (1970). He described
“‘courtship’’ and also aggressive behavior of males. Males locate females by
sighting their movements, then stalking them until close enough to mount.
Females sometimes struggle and may dislodge males.

Life history. N. Criddle (1932) reared this species to maturity in
Manitoba, from eggs collected in Alberta, and gave excellent descriptions
of egg and nymphal stages. The species is univoltine, wintering in the egg
stage. Egg masses are laid in the soil, each pod containing 35-64 eggs. Each
female produces about 200 eggs. Nymphs hatch in spring and maturity is
reached in late June or early July. Cantrall (1968) reported adults in Michigan
from 13 July to 15 October, with a peak in mid-August.

Subfamily Melanoplinae

Members of Melanoplinae constitute one of the most characteristic and
also one of the largest subfamilies of New World Acrididae. Until recently
they tended to be lumped with the Catantopinae by European authors, or
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they were treated simply as a tribe of Cyrtacanthacridinae by American
writers. Amedegnato (1974) and Cohn and Cantrall (1974) established
independence at the subfamily level. They are the principal nonstridulating
“‘grasshoppers’’ of North America. There are over 150 known genera and
a very large, but undetermined, number of species. They are divisible into
two tribes: Podismini (about 33 genera and 90 species; Holarctic) and
Melanoplini (including Dactylotina; about 120 genera and a large number
of species; the great majority North and South American). Fontana and Vick-
ery (1976) and Vickery (1978) show how members of the two tribes can be
separated.

Key to genera of Melanoplinae

1. Light green, occasionally pale gray, species with variable markings .. 2
Brownish, brownish gray, or blackish species ..................... 4

2(1).  Median carina present as a ridge for entire length of pronotum (Fig. 416),
cut only by principal sulcus. Prosternal tubercle short, acute. Tegmina

short (rarely long in females) .............. Hypochlora (p. 337)

Median carina of pronotum absent, or present as a ridge only behind prin-

cipal sulcus. Prosternal tubercle larger or rounded at apex. Tegmina

nearly reaching end of abdomen ............ ... ... ... ... ... 3

3(2). Body rather short and squat. Hind femora stout; anterior and middle femora
strongly enlarged, and anterior and middle tibiae curved in male. Median

carina of pronotum present as ridge behind principal transverse sulcus.

Color greenish to greenish brown, with variable degrees of darker

greenish brown markings; posterior femur with conspicuous bands on

outer face (Fig. 417) ...................... Aeoloplides (p. 338)

Body neither short nor squat. Hind femora not stout; anterior and middle

femora and tibiae of male not noticeably enlarged or curved. Median

carina of pronotum only feebly developed, marked only by whitish line

(Fig. 415). Color bright green with pinkish suffusions on legs and

thorax; posterior femur not banded ....... Hesperotettix (p. 340)

4(1). Body brightly colored, banded with black and pale yellow, the yellow with
orange or pink markings (Fig. 413) ......... Dactylotum (p. 343)

Not colored as above .......... ... . 5

S(4). ADLEIOUS ..ottt 6
Tegmina present, variable in length ......... ... .. .. ............ 8

6(5). Eastern (not west of Ontario or eastern Minnesota) .................
.......................................... Booneacris (p. 345)

Western (southwestern Alberta, western Montana, southern British
Columbia, and northern Washington) ........................ 7

7(6).  Body robust, toadlike. Width of head across genae markedly greater than
width across eyes. Posterior margin of pronotum with central emargi-

nation. Furculae of male ninth abdominal tergum not developed ..
......................................... Bradynotes (p. 349)

Body less robust. Width of head across genae not much greater than width

across eyes. Posterior margin of pronotum not centrally emarginate.

Furculae of male ninth abdominal tergum distinctly developed .. ..
......................................... Buckellacris (p. 352)

8(5).  Tegmina separated at their bases by distance greater than their length . . ... ..
.......................................... Asemoplus (p. 356)

Tegmina separated at their bases by not more than half their length . ... .. 9
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9(8).

10(9).

11(10).

12(11).

13(11).

14(10).

15(14).

16(15).

1.

2(1).

Head large, appearing swollen in relation to thorax (Figs. 418, 424). Face
noticeably slanting, especially below. Sides of pronotum appearing to

converge posteriorly .......... ... ... Phoetaliotes (part) (p. 358)
Head smaller, not appearing swollen in relation to thorax (Fig. 426). Face

less slanting. Sides of pronotum diverging posteriorly ......... 10
Tegmina short, not extending beyond fourth abdominal segment ... 11
Tegmina lOnger . .......... . i e 14
Eastern species (New York, Michigan, and Ontario) .............. 12
Western species (southern Montana) ............................ 13

Male cercus short, sublamellate, twisted apically (Fig. 620). Female sub-
genital plate with distal margin produced obtusely rectangulate ...
................................... Dendrotettix (part) (p. 359)

Male cercus simple, tapering to acute apex (Fig. 621). Female subgenital
plate with distal margin produced acutely (Fig. 622) .............
......................................... Appalachia (p. 362)

Body slightly depressed. Vertex of head broad, blunt. Eyes small, much
shorter than genae. Pronotum with disc rounding into lateral lobes and
with posterior margin broadly obtuse-angulate (Fig. 631) ........
........................................... Argiacris (p. 363)

Body feebly depressed. Vertex of head narrower, with fastigium rounding
into frontal costa. Pronotum with lateral lobes nearly vertical, with
posterior margin truncate or rounded .. Melanoplus (part) (p. 364)

Tegmina covering only about two-thirds of abdomen ................
............................................ Paroxya (p. 434)

Tegmina longer, nearly reaching or exceeding apex of abdomen .... 15

Head large, appearing swollen in relation to thorax (Figs. 418, 425). Face
noticeably slanting, especially below. Pronotum slender, with sides
appearing convergent posteriorly. Body slender, with bluish to dull
greenish posterior tibiae ............. Phoetaliotes (part) (p. 358)

Head smaller, not appearing swollen in relation to thorax. Face vertical or
nearly so. Pronotum thicker, with sides diverging posteriorly .. 16

Interspace between mesosternal lobes much wider than long, as broad as
or broader than lobes. Tegmina long, exceeding apex of abdomen. Color
yellowish or greenish yellow with darker markings; head usually with
median dorsal black stripe; tegmina dull brownish yellow; posterior
tibiae greenish yellow with brighter yellow basal annulus .........
................................... Dendrotettix (part) (p. 359)

Interspace between mesosternal lobes distinctly longer than broad in males,
usually quadrate in females, always much narrower than lobes. Tegmina
variable in shape and size. Color dark; head without median dorsal black
stripe; tegmina transparent to dark, immaculate, speckled, or mottled,
usually shining; posterior tibiae variable but without yellow basal
annulus .......... ... Melanoplus (part) (p. 364)

Clé des genres de Melanoplinae

Insectes vert pale, parfois gris pale, portant divers types de marques . .. .. 2
Insectes brundtres, gris bruntre ou noirdtres ..................... 4
Pronotum muni, sur toute sa longueur, d’une créte médiane (fig. 416), coupé
seulement par le sulcus principal. Tubercule du prosternum court et
aigu. Tegmina courts (dans de rares exceptions, longs chez les
femelles) ........ oo i i Hypochlora (p. 337)
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3(2).

41).

5(4).

6(5).

7(6).

8(5).

9(8).

10(9).
11(10).

12(11).

336

Créte médiane du pronotum absente ou visible seulement derriére le sulcus
principal. Tubercule du prosternum plus gros ou arrondi a I’apex.
Tegmina rejoignant presque I'extrémité de ’abdomen .......... 3

Corps plutét court et trapu. Fémurs postérieurs forts; fémurs antérieurs et
médians trés gros et tibias antérieurs et médians incurvés chez les méles.
Créte médiane présente sur le pronotum, en arriere du sulcus princi-
pal. Coloration variant de verdatre a brun verdétre, avec diverses
marques brun verdatre plus foncées; fémurs postérieurs marqués de
bandes sur la face externe (fig. 417) ......... Aeoloplides (p. 338)

Corps ni court ni trapu. Fémurs postérieurs pas particulierement forts;
fémurs antérieurs et médians et tibias chez les méales ni particuliérement
grands ni incurvés. Créte médiane du pronotum trés peu développées,
marquée seulement par une ligne blanchatre (fig. 415). Coloration vert
clair parsemée de marques rositres sur les pattes et le thorax; fémurs
postérieurs non marqués de bandes ........ Hesperotettix (p. 340)

Corps aux couleurs voyantes, marqué de bandes noires et jaune péle, le jaune
étant parsemé d’orangé et de rose (fig. 413) ... ... .. ... ...

Coloration différente de celle décrite ci-dessus .................... 5
ESpeces apleres .. ... .. 6
Tegmina présents, de longueur variable .............. ... ... ..... 8

Especes de I’est (pas dans ’ouest de I’Ontario ni dans I’est du Minnesota)
.......................................... Booneacris (p. 345)
Especes de I'ouest (sud-ouest de 1I’Alberta, ouest du Montana, sud de la
Colombie-Britannique et nord de I’Etat de Washington) ........ 7

Corps robuste, de forme rappelant celle d’un crapaud. Téte beaucoup plus
large au niveau des génes qu’au niveau des yeux. Bord postérieur du
pronotum concave. Furcula du neuvieme tergite de I’'abdomen des méles
non développée ........ ... ... .. ... ..., Bradynotes (p. 349)

Corps moins robuste. Téte pas beaucoup plus large au niveau des génes qu’au
niveau des yeux. Bord postérieur du pronotum sans concavité. Furcula
du neuvieme tergite de 'abdomen des maéles clairement développée
......................................... Buckellacris (p.352)

Tegmina séparés a leur base par une distance supérieure a leur longueur
.......................................... Asemoplus (p. 356)

Tegmina séparés a leur base par une distance au plus égale a la moitié de
leur longueur .. ... . . .. 9

Téte large, d’apparence renflée par rapport au thorax (fig. 418 et 424). Face
clairement oblique, surtout en bas. C6tés du pronotum semblant con-

verger vers 'arriére ............. Phoetaliotes (en partie) (p. 358)
Téte plus petite, pas renflée par rapport au thorax (fig. 426). Face moins

oblique. Cdtés du pronotum divergeant vers Parriére ......... 10
Tegmina courts, ne dépassant pas le quatrieme segment abdominal . . . .. 11
Tegmina plus Iongs ... .. .t e 14
Espéces de I’est (New York, Michigan et Ontario) ................ 12
Especes de "ouest (sud du Montana) ........................... 13

Cerques des males courts, sublamellés, tordus a I’extrémité (fig. 620). Plaque
sous-génitale des femelles a bord distal formant un rectangle aux coins
obtus ... Dendrotettix (en partie) (p. 359)

Cerques des males simples, plus ou moins aigus a I’apex (fig. 621). Plaque
sous-génitale des femelles a bord distal effilé¢ (fig. 622) ..........
......................................... Appalachia (p.362)



13(11). Corps légerement aplati. Vertex large et émoussé. Yeux petits, beaucoup
plus courts que les génes. Pronotum a disque formant deux lobes
latéraux et a bord postérieur formant un angle obtus (fig. 631) ...
........................................... Argiacris (p. 363)

Corps trés légérement aplati. Vertex plus étroit, a fastigium arrondi pour
former une costa frontale. Pronotum a lobes latéraux presque verti-
caux et a bord postérieur tronqué ou arrondi ...................
............................... Melanoplus (en partie) (p. 364)

14(10). Tegmina ne recouvrant que les deux tiers environ de I’abdomen ......
............................................ Paroxya (p. 434)

Tegmina plus longs, rejoignant presque ou dépassant I’apex de ’abdomen
......................................................... 15

15(14). Téte grosse, d’apparence renflée par rapport au thorax (fig. 418 et 425).
Face clairement oblique, surtout en-dessous. Pronotum étroit, aux cotés
semblant converger vers I'arri¢re. Corps mince, a tibias postérieurs
bleuatres ou verditre mat ....... Phoetaliotes (en partie) (p. 358)

Téte plus petite, ne semblant pas renflée par rapport au thorax. Face verti-
cale ou presque. Pronotum plus épais dont les cOtés divergent vers
Darmi€re ... e 16

16(15). Espace séparant les lobes mésosternaux beaucoup plus large que long, aussi
large ou plus large que les lobes. Tegmina longs, dépassant ’apex de
I’abdomen. Coloration jaunitre ou jaune verdatre avec des marques
vert plus foncé; téte habituellement marquée d’une bande dorsale
médiane noire; tegmina d’un jaune brunitre mat; tibias postérieurs jaune
verdatre avec un anneau basal jaune plus clair ..................
.............................. Dendrotettix (en partie) (p. 359)

Espace séparant les lobes mésosternaux clairement plus long que large chez
les males, habituellement aussi long que large chez les femelles, toujours
beauccup plus étroit que les lobes. Tegmina de forme et de taille
variables. Coloration foncée; téte sans bande médiane dorsale noire;
tegmina transparents a foncés, immaculés, mouchetés, en général lui-
sants; tibias postérieurs variables, mais dépourvus d’un anneau basal
jaune ... Melanoplus (en partie) (p. 364)

Genus Hypochlora Brunner von Wattenwyl

Description. Body small (15-20 mm), rather slender (Fig. 424).
Tegmina short (rarely long in females only), pointed. Median carina entire,
sharply ridged. Prosternal tubercle short, acute.

Hypochlora alba (Dodge)

Figs. 416, 424; Map 117

Pezotettix alba Dodge, 1876:10.
Hypochlora alba; Brunner von Wattenwyl 1893:145; Brooks 1958:19;
Helfer 1963:206.

Diagnosis. Greenish yellow to grayish. Found on Artemisia
ludoviciana.

Description. As for genus Hypochiora. Male subgenital plate with
tubercle at apex. Male cercus slender, except at base. Furculae of ninth
abdominal tergum of male short, slender. Color greenish yellow to grayish.
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Map 117. Collection localities for Hypochlora alba.

Range. Alberta to Manitoba, south to Colorado and Texas.

Behavior and habitats. H. alba feeds almost exclusively on Artemisia
ludoviciana, with some limited feeding on other Artemisia species and on
alfalfa (Mulkern et al. 1969).

Life history. Univoltine, with overwintering in the egg stage. Adults
have been found in August and September.

Genus Aeoloplides Caudell

Description. Body rather deep through metathorax so that head and
pronotum appear disproportionately small in lateral view (Fig. 423). Median
carina of pronotum present as ridge behind principal transverse sulcus.
Prosternal tubercle rounded at apex. Hind femur short, stout. Males with
anterior and middle femora strongly enlarged and anterior and middle tibiae
curved. Male cercus broad at base, with apex narrowly rounded or pointed.
Color generally brownish green, usually with dark striped pattern dorsally;
outer face of hind femur conspicuously banded (Fig. 417).

Aeoloplides turnbulli turnbulli {Thomas)

Figs. 417, 420, 423; Map 118
Claloptenus] turnbulli C. Thomas, 1872:452.
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Map 118. Collection localities for Aeoloplides turnbulli turnbulli.

Pezotettix plagosus Scudder, 1876c:504.

Aeoloplus plagosus; Scudder 1897a:205.

Aeoloplus turnbulli turnbulli; Hebard 19254:97; Brooks 1958:17.
Aeoloplides turnbulli turnbulli; Wallace 1955:477.

Diagnosis. Tegmina short, rounded. Body brown with greenish
markings.

Description. General appearance as in Fig. 417, small (males 11-19,
females 16-21 mm long). Tegmina not reaching apex of abdomen, gradu-
ally converging to small rounded apices. Male cercus long, tapering (Fig. 420).
Color largely brown to blackish brown (Wallace 1955); hind femur banded
(Fig. 417).

Brooks (19358) described ‘““major’’ and ‘‘minor” forms of A. turnbulli
turnbulli: minor form with body length 14-17 mm, tegmina short, color
greenish yellow with green or olive green markings; major form with body
length 16-22 mm, tegmina nearly reaching apices of hind femora, color
brownish with brown or brownish green markings. He found many inter-
mediates between these forms.

Range. Alberta to North Dakota, south to New Mexico.

Behavior and habitats. A. turnbulli turnbulli is largely confined to alka-
line areas and localities where host plants grow. Mulkern et al. (1969) found
that it feeds mainly on a few closely related plants of the family Chenopo-
diaceae. In the absence of preferred plants, others might be eaten. A distinct
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preference was exhibited for Kochia scoparia, Atriplex species, and Sarcoba-
tus vermiculatus (greasewood). The species does not migrate and develops
as local populations, each with its distinguishing characteristics. The ‘‘major”’
form discussed by Brooks (1958) tends toward A. turnbulli bruneri, which
does not occur north of South Dakota or Wyoming (Wallace 1955), although
Hebard (1936a) had recorded bruneri from southwestern North Dakota.

Life history. Univoltine, with overwintering in the egg stage. Adults
have been collected from early July until the end of September.

Genus Hesperotettix Scudder

Description.  Size small to medium (15-34 mm) with sexes nearly equal
in size, resembling Aeoloplides, but pronotum with median carina only feebly
developed and lateral carinae absent; prozona 1.5 times as long as metazona
(Fig. 415). Fore and middle tibiae not short or noticeably curved. Tegmina
variable in length but usually not exceeding apex of abdomen. Hind femur
slender, long, exceeding apex of abdomen. Furculae of ninth abdominal
tergum of male present, distinct; male subgenital plate with small subapical
tubercle. Ovipositor strongly exserted. Chromosome number, 27 male = 22
or 23.

Key to species and subspecies of Hesperotettix

1. Prozona of pronotum smooth; metazona punctate; pronotal disc slightly
tectiform. Tegmina twice as long as pronotum ................ 2

Prozona and metazona of pronotum finely rugose; pronotal disc distinctly
tectiform. Tegmina elongate, 3-5 times as long as broad .........
.................................. speciosus (Scudder) (p. 341)

2(1). Posterior margin of metazona obtuse-angulate. Prosternal spine long,
slender, subcylindrical, with tip rounded. Tegmina and hind wings long,

usually reaching or surpassing tip of abdomen. Found in Minnesota

and Manitoba, west to Montana and British Columbia ..........
.............................. viridis pratensis Scudder (p. 342)

Posterior margin of metazona broadly rounded. Prosternal spine short,

conical. Tegmina and hind wings shorter, covering about two-thirds

of abdomen. Found in Massachusetts ..........................
.......................... viridis brevipennis (Thomas) (p. 342)

Clé des espéces et des sous-espéces d'Hesperotettix

1. Zone antérieure du pronotum lisse; zone médiane ponctuée; disque du
pronotum légérement tectiforme. Tegmina deux fois plus longs que le
o) 00 10 120« ¢ 2

Zones antérieure et médiane du pronotum marquées d’une fine rugosité;

disque du pronotum clairement tectiforme. Tegmina longs, de 3 a 5

fois plus longs que larges ........... speciosus (Scudder) (p. 341)

2(1). Bord postérieur de la zone médiane angulaire et obtus. Epine du prosternum
longue, mince, subcylindrique et a extrémité arrondie. Ailes postérieures

et tegmina longs, rejoignant habituellement ou dépassant I’extrémité

340



de ’abdomen. Espéce vivant au Minnesota et au Manitoba et vers
I’ouest, jusqu’au Montana et en Colombie-Britannique ..........
.............................. viridis pratensis Scudder (p. 342)
Bord postérieur de la zone médiane arrondi. Epine du prosternum courte
et conique. Ailes postérieures et tegmina plus courts, recouvrant envi-
ron les deux tiers de ’abdomen. Espéce vivant au Massachusetts ..
.......................... viridis brevipennis (Thomas) (p. 342)

Hesperotettix speciosus (Scudder)

Map 119

Pezotettix speciosa Scudder, 1872:250.
Acridium frontalis C. Thomas, 1872:448.
Hesperotettix speciosus; Scudder 1897a:205.

Diagnosis. Pronotum tectiform; median carina purplish.

Description. Dorsum of head rugulose, with vertex impressed. Prozona
and metazona finely rugose; pronotal disc. distinctly tectiform, obtuse-
angulate posteriorly. Tegmina elongate, covering two-thirds to three-quarters
of abdomen. Body green, with median carina of pronotum purplish; femora
usually marked with purple. Chromosome number, 2n male = 22.

Range. Montana to Minnesota, south to New Mexico and Texas.

; “ B ; ., 1‘ \= .
i et SN % e e N

Map 119. Collection localities for Hesperotettix speciosus (®), H. viridis pratensis
(m), and H. viridis brevipennis (a).
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Behavior and habitats. The usual habitat for this species is among
sparse weeds on dry soils (Froeschner 1954). Blatchley (1920) stated that
H. speciosus feeds on Compositae. It does not feed upon crop plants and
has no economic significance. Mulkern et al. (1969) reported that, at North
Platte, Nebraska, its numbers appeared to fluctuate in direct proportion to
the abundance of Helianthus annuus and Iva xanthifolia.

Hesperotettix viridis pratensis Scudder

Figs. 414, 415, 419; Map 119

Hesperotettix pratensis Scudder, 1897d:64.

Hesperotettix viridis; Somes 1914:70.

Hesperotettix brevipennis pratensis; Hebard 1925a:98.

Hesperotettix viridis pratensis; Hebard 1931a:392; Brooks 1958:18;
Helfer 1963:210.

Diagnosis. Pronotum green with yellow median stripe; tegmina green
with pinkish or purplish stripes at base.

Description. Pronotum with prozona smooth; metazona punctate, with
posterior margin obtuse-angulate (Fig. 415). Tegmina twice as long as prono-
tum, usually reaching or surpassing tip of abdomen. Male cercus triangular,
with apex rounded (Fig. 419). Pronotum green with pale yellow median
longitudinal stripe, sometimes with pink suffusion on either side of stripe;
tegmina green with short narrow poorly defined pinkish or purplish stripes
near base; hind femur green with pink pre-apical band. McClung (1905, 1914,
1917) gives the chromosome number as 2n male = 22.

Range. British Columbia to Michigan, south to Oklahoma.

Behavior and habitats. H. viridis pratensis is primarily a forb feeder.
Mulkern et al. (1969) found that it fed predominantly on Ambrosia, Solidago,
and Artemisia species, and only rarely on grasses. Brooks (1958) reported
feeding on Solidago, Helianthus, Gutierrezia, Grindelia, and Aster. Hubbell
(1922a) reported it as fairly common, but not abundant, in dry grassy fields
and pastures, and in sparse vegetation on barren clay and sandy soils in North
Dakota. An account of the biology is given by Connin (1964). Eggs are
described by Tuck and Smith (1940) and by Onsager and Mulkern (1963).

Life history. Univoltine, with overwintering in the egg stage. Eggs are
deposited in soil. Cantrall (1968) reported adults from 11 July to 16 September
in Michigan.

Hesperotettix viridis brevipennis {Thomas)

Map 119

Ommatolampis brevipennis C. Thomas, 1874:67.
Hesperotettix brevipennis; Scudder 1897a:205.
Hesperotettix brevipennis brevipennis; Morse 1919b:36.
(Hesperotettix viridis) brevipennis, Hebard 1931a:393.

Diagnosis. Body bright pea green, with median carina of pronotum
and tegminal stripe purplish red.
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Description. Body small (15-24 mm). Prosternal spine short, conical;
posterior margin of metazona broadly rounded. Tegmina and wings short,
covering about two-thirds of abdomen. Color mainly bright pea green;
median carina of pronotum and narrow stripe on tegmina purplish red; femur
and apical third of hind tibia purplish red; antennae reddish; spot on vertex,
stripe beneath eye, and broad area on upper third of lateral pronotal lobes
fuscous. McClung (1917) gives the chromosome number as 27 male = 23.

Range. Kansas to Massachusetts, south to Alabama and Georgia.

Behavior and habitats. H. viridis brevipennis is usually found in associ-
ation with wild grasses (Andropogon scoparius Michx.) on gravelly soils.

Life history. Not recorded but undoubtedly univoltine, with over-
wintering in the egg stage. Morse (1920) reported adults from 10 July to
30 August in Massachusetts.

Genus Dactylotum Charpentier

Description. Size moderate (18-36 mm), with males distinctly smaller
than females. Head with weakly developed fastigium; interocular space broad.
Pronotum rounded dorsally in transverse section, without longitudinal carinae
but with transverse sulci distinct and rather deep; posterior margin of disc
convexly arcuate. Tegmina and hind wings strongly abbreviated; tegmina
coarsely reticulate, not meeting dorsally over base of abdomen. Male with
furculae weakly developed; supra-anal plate small, simple. Cerci slender,
rodlike. Coloration strikingly contrasting darker (blackish, purplish, bluish,
or dark olive) and lighter (crimson, red, orange, yellow, or whitish).
Chromosome number, 2n male = 17.

Dactylotum bicolor pictum {Thomas)

Fig. 413; Map 116

Pezotettix picta C. Thomas, 1870:78.

Pezotertix flavoannulatus La Munyon, 1877:1 [sep.].

Dactylotum pictum; Scudder 1900a:67.

Dactylotum bicolor pictum; H. R. Roberts 1947:220, pl. 6, fig. 25;
Helfer 1963:198; Mulkern in Mulkern et al. 1969:16.

Diagnosis. Tegmina lobelike, ovate-lanceolate. Coloration brightly
contrasting blackish and yellow to red.

Description.  As for genus Dactylotum (Fig. 413). Body length of males
20-24, of females 29-35 mm. Tegmina ovate-lanceolate, short (males 4-5,
females 5-6 mm), widely separated dorsally (in subspecies D. bicolor varie-
gatum (Scudder), the tegmina are broader, rounder, and less widely sepa-
rated dorsally). Coloration strikingly marked blackish and yellow, the latter
usually ornamented with orange and/or pink (in subspecies D. bicolor
variegatum the coloration is even more brilliant, the blackish being replaced
by blue, and the red, white, and yellow markings highly contrasting, with
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white in addition); markings on abdominal segments giving abdomen annu-
lated appearance. (In dried or fluid-preserved material, the reds in particu-
lar lose much of their brilliance, but there is never any difficulty in recognizing
the species and subspecies by pattern.) Chromosome number, 27 male =
17 (Helwig 1942), although McClung (1914) indicated it as being 23 for a
member of the genus.

Range. Montana and North Dakota, south to New Mexico and Texas.

Behavior and habitats. Gillette (1904) notes that, in Colorado, D. pic-
tum is fairly common on the plains in the eastern part of the state, where
it occurs in dry exposed areas extending a short distance into the eastern
foothills of the Rocky Mountains. Farther north it becomes less common.
Gillette (1904) also quotes from other sources that indicate Aster multifiora
to be the principal food plant, but that it also feeds commonly upon American
laurel (Kalmia glauca) and possibly on Senecio douglasi. Gillette himself
occasionally found it on alfalfa. There seem to be differences in food prefer-
ences between regions. Isely (19384), in Texas, found it to be “‘a selective
feeder. In field checking it was only found as an occasional specimen unless
definitely associated with its primary host-plant Baccharis texana (T. & G.)
Gray.”” He also lists Aster as a host plant, but most other plants investigated
in cage tests were apparently unattractive or rejected. However, Mulkern (in
Mulkern et al. 1969) says that ‘‘a variety of forbs, including Sphaeraicea
coccinea, Petalostemum purpureum and Psoralea argophylla, plus a few
grasses were identified in the crops of specimens from sparse hillsides in
western North Dakota.”” The favored host plant genus, Baccharis, does not
extend its range nearly so far north (H. R. Roberts 1947). It is also said by
D. Van Horn of Colorado Springs (pers. com. 1979) to be attracted to pink-
flowered Malvaceae. The subspecies D. bicolor variegatum may be found
in even more arid places than is D. bicolor pictum. Ball et al. (1942) say that
“D. variegatun?’’ is ‘“‘omnivorous,”’’ occasionally abundant in alfalfa fields
in Arizona, ‘‘but more common on plants like Baccharis sarothroides,
Grindellia, and Haplopappus, usually on rocky or gravelly soil sparsely
covered with grass and other plants.”” Keasey (1974) says that D. bicolor varie-
gatum is only found in desert grasslands, where it feeds on desert broom
and low-growing sunflowers. It is one of our few aposematic (warning) species
of orthopteroids, and D. bicolor pictum has been demonstrated to be dis-
tasteful to birds (Isely 1938a). Despite its striking coloration, however,
D. bicolor is usually difficult to detect against its natural backgrounds because
of the ‘““fragmented’’ nature of the pattern. The eggs are described by Tuck
and Smith (1940) and by Onsager and Mulkern (1963).

Life history. Univoltine, with overwintering in the egg stage in the
ground. In the southern part of its range, nymphs appear about June and
adults from about the end of July until October (Gillette 1904), although
Keasey (1974) says that adults of D. bicolor variegatum disappear soon after
they are first seen. In the northern part of its range, D. bicolor pictum adults
are probably similarly short-lived. Adults in Montana and North Dakota have
been found in early August.

Economic importance. Although both Gillette (1904) and Ball et al.
(1942) reported that D. bicolor was frequently found in alfalfa fields, there
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is no suggestion that the species could be regarded as a pest, although the
potential is clearly there. Mulkern et al. (1969) say that it feeds ‘‘mainly on
low value forbs and [is] of little economic importance to grasslands.”’ In the
region covered by the present work, it is unlikely to have any economic
significance.

Genus Booneacris Rehn & Randell

Description. Of the general form indicated in Fig. 639, apterous. Size
medium to small, subcylindrical. Head slightly broader than prozona;
fastigium narrow, feebly declivent; face nearly vertical; frontal costa narrow;
eyes large, prominent. Pronotum with prozona long, smooth; median carina
of pronotum low, nearly obsolete on prozona; lateral carinae obsolete.
Prosternal spine short, conical. Interspace between mesosternal lobes broader
than long, as broad (female) or nearly as broad (male) as a lobe (Fig. 640).

Key to species and subspecies of Booneacris

1. Antennae of male longer than hind femur by nearly one-quarter. Anterodor-
sal margin of pronotum truncate. Hind femur distinctly bifasciate
fuscous above and on outer face. Male cercus slender, strongly narrowed
at middle (Fig. 644). Ovipositor with dorsal valves apically deep in
profile (Fig. 648). .................. variegata (Scudder) (p. 346)

Antennae of male no longer than hind femur. Anterodorsal margin of
pronotum slightly but obviously rounded, feebly emarginate at mid-
dle. Hind femur nearly uniform green or with faint banding above. Male
cercus somewhat to distinctly stouter, slightly narrowed at middle
(Figs. 641-643). Ovipositor with dorsal valves apically shallow in profile
(Figs. 645-647) ...........c .. glacialis, sensu lato ... 2

2(1). Antennae of male distinctly shorter than hind femur, of female only about
three-quarters as long. Hind femur usually without darker banding
above. Male cercus stout, scarcely narrower at middle than at apex
(Fig. 641). Ovipositor valves rather short (Fig. 645). Found in eastern
Québec and in montane areas of New Brunswick, New England, and
New York .................. glacialis glacialis (Scudder) (p. 347)

Antennae of male about as long as hind femur, of female about five-sixths
as long. Hind femur usually transversely marked. Male cercus long,
attenuated, slightly narrower at middle than at base or apex (Fig. 643).
Ovipositor valves moderately long (Fig. 647). Found in western Québec,
Ontario, Michigan, Wisconsin, and Minnesota ..................
.................... glacialis canadensis (E. M. Walker) (p. 349)

Cié des espéces et des sous-espéces de Booneacris

1. Antennes des males d’une longueur atteignant presque une fois et quart la
longueur des fémurs. Bord antérodorsal du pronotum tronqué. Fémurs
postérieurs en deux couleurs distinctes; brun foncé mat en haut et sur
la face externe. Cerques des méles fins, fortement étranglés au milieu
(fig. 644). Valves dorsales de I’ovipositeur hautes a ’apex (vues de c6té)
(fig. 648) ......... ... ... ... ...... variegata (Scudder) (p. 346)
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Antennes des miles pas plus longues que les fémurs postérieurs. Bord anté-
rodorsal du pronotum légérement quoique clairement arrondi, légére-
ment concave au milieu. Fémurs postérieurs d’un vert pratiquement
uniforme ou marqués d’une bande peu visible au-dessus. Cerques des
males plus ou moins forts, légérement rétrécis au milieu (fig. 641 a 643).
Valves dorsales de 1’ovipositeur pas trés hautes a ’apex (vues de c6té)
(fig. 645a647) ....... .. .. ... ..... glacialis, sensu lato ... 2

2(1). Antennes des males clairement plus courtes que les fémurs postérieurs;
antennes des femelles n’atteignant que les trois quarts environ de la
longueur des fémurs. Fémurs postérieurs habituellement sans bande fon-
cée au-dessus. Cerques des males forts, a peine plus étroits au milieu
qu’a Papex (fig. 641). Valves de Povipositeur plutot courtes (fig. 645).
Espéce vivant dans I’est du Québec et dans les régions montagneuses
du Nouveau-Brunswick, de la Nouvelle-Angleterre et de I’Etat de
New York .................. glacialis glacialis (Scudder) (p. 347)

Antennes des méales a peu prés aussi longues que les fémurs postérieurs;
antennes des femelles d’une longueur atteignant les 5/6 environ de celle
des fémurs postérieurs. Fémurs postérieurs habituellement marqués de
bandes transversales. Cerques des males longs, minces et légérement
étranglés au milieu (fig. 643). Valves de 'ovipositeur modérément
longues (fig. 647). Espéce vivant dans ’ouest du Québec, en Ontario,
au Michigan, au Wisconsin et au Minnesota ....................
..................... glacialis canadensis (E.M. Walker) (p. 349)

Booneacris variegata (Scudder)

Figs. 644, 648; Map 120

Podisma variegata Scudder, 1897d:97, 101, pl. VII, fig. 4.

Podisma glacialis variegata; E. M. Walker 1903a:300, pl. 6, figs. 32-52,
57-60, 64, 65.

Boonacris variegata; J. A. G. Rehn and Randell 1962:162, pl. V, figs. 9,
10, 17, 23, 35, 36, 48, 54, 60, 70, 71 and pl. VI, figs. 9, 10; pl. VIII, figs. 21,
22,

Diagnosis. Brownish. Male cercus attenuate, narrowest at middle,
expanded apically.

Description. Apterous. Body size medium to small (length, male 15-
21, female 20-28 mm). Eyes prominent, round-ovate. Male furculae short;
male cercus attenuate, clavate, narrowest at middle, slightly expanded
apically, distinctly bowed inward apically (Fig. 644); male subgenital plate
with dorsolateral margins straight. Dorsal ovipositor valves apically rather
deep in profile (Fig. 648). Color generally chocolate brown with olivaceous
or greenish tinge; males with broad pale median pronotal stripe extending
to apex of abdomen, strongly contrasting with brown lateral color; females
without contrasting dorsal stripe; face with cheeks (genae) and lower halves
of lateral pronotal lobes pale, cream-colored to yellowish; ventral face of
hind femur yellowish to carmine red; outer face of hind femur usually with
two distinct pale to creamy cross-bars and pale subapical annulus.

Rang=, Ontario and Michigan, south to Tennessee and Virginia.
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Map 120. Collection localities for Booneacris variegata.

Behavior and habitats. E. M. Walker (1903q) found B. variegata in
Ontario on bushes such as raspberry, but also on arborvitae, sometimes
2-3 m aboveground. Other authors (J. A. G. Rehn and Randell 1962)
mentioned records from hemlock, huckleberry, aspen, wild cherry, and golden
rod. B. variegata is a secretive sluggish species, difficult to find because it
hides and, when in the open, tends to remain immobile.

Life history. Univoltine, with overwintering in the egg stage. Adults
are active from mid-August to late September. In the southern part of the
range, adults have been found both earlier and later than in the north.

Booneacris glacialis glacialis (Scudder)

Figs. 641, 645; Map 121
Pezotettix glacialis Scudder, 18635:630, pl. 14, figs. 9, 10.
Booneacris glacialis glacialis; J. A. G. Rehn and Randell 1962:122, 135,
137, 139; Vickery et al. 1974:104.
Booneacris glacialis; Vickery et al. 1981:43.
Zubovskya glacialis; Helfer 1963:192 (partim).

Diagnosis. Apterous. Dark green above. Hind femur coral red beneath
and on inner face. Male cercus stout, feebly tapering on apicale two-thirds.

Description. Apterous. Body size medium (length, male 16.5-20,
female 20-27.5 mm). Pronotum smooth, without lateral carinae, with low
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Map 121. Collection localities for Booneacris glacialis glacialis (R), B. glacialis
canadensis (@), and intermediates (a).

median carina (in male, cut by 3 sulci, in female by 1); prozona nearly twice
length of metazona. Abdomen of male subcylindrical, upwardly curved
apically. Male supra-anal plate long, triangular, with sides sinuous and with
apex acute; furculae slender, subparallel; male cercus stout, erect, feebly
tapering beyond broad basal third, with apex oblique (Fig. 641). Abdomen
of female compressed, carinate dorsally; ovipositor valves rather short
(Fig. 645). Color dark greenish above, greenish yellow beneath; lateral stripe
from eye to abdomen shining black, fainter on metazona and abdomen; lower
and inner faces of hind femur coral red; hind tibia bluish green with
black-tipped spines.

Range. Québec, south to southern New York.

Behavior and habitats. A large number of specimens typical of this
subspecies were taken on Rubus sp. near the summit of Mont Albert, Gaspésie
Park, Qué., in 1971. E. M. Walker (1915b) recorded the subspecies from
a “‘black spruce swamp’’ on Prince Edward Island. It has also been reported
“‘resting on rocks,’’ and Scudder’s type series was found on branches of dwarf
birch (Betula nana) in New Hampshire (Scudder 1863b). It has frequently
been found in association with Vaccinium and other ericaceous plants. Morse
(1919b) reported B. glacialis glacialis as ‘‘a strictly boreal species locally
common from sea-level in eastern Maine to subalpine thickets on the highest
mountains of New England. It is found in shrubby thickets in cold bogs,
moist woodlands, and at timber-line on mountains.”” The same author (Morse
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1920) again noted that it was a ‘‘thicket-lover,”’ characteristic of the subal-
pine regions of the higher mountains of New England, but equally common
at low levels in similar conditions. He called it a sluggish insect that often
escapes notice because of its inconspicuous green color. It tends to hide on
dull days but emerges when the sun is shining.

Life history. Univoltine, with overwintering in the egg stage. Adults
have been found from 23 July (E. M. Walker 1915b) in Québec to
9 October—collected by one of us (V. R. V.)—at Barnum Pond, northern
New York state (J. A. G. Rehn and Randell 1962).

Booneacris glacialis canadensis (E. M. Walker)

Figs. 639, 640, 643, 647; Map 121

Podisma glacialis; Scudder 1896¢:63.

P(odisma) glacialis canadensis E. M. Walker, 1903a:300, pl. 6,
figs. 10-31, 50, 54-56, 62, 63.

Podisma glacialis canadensis; E. M. Walker 1906b:66.

Booneacris glacialis canadensis; J. A. G. Rehn and Randell 1962:122,
145; Vickery et al. 1974:106.

Diagnosis. Hind femora often trifasciate with buff. Male cercus
slender, tapered.

Description. Male cercus attenuate, slender, evenly tapered, with apex
weakly spatulate (Fig. 643). Female cercus long, apically attenuate; dorsal
ovipositor valves slender, acute (Fig. 647).

Range. Minnesota to western Québec.

Behavior and habitats. E. M. Walker (1903a) collected the type speci-
mens from ‘‘open woods on bushes, chiefly the common beaked hazel
(Corylus rostrata) and the red raspberry.’’ Specimens at hand (both atypical
specimens from Québec and typical specimens from the type locality) were
collected mainly on Rubus species. B. glacialis canadensis has been found
in dry open woods and also in bogs on Vaccinium species and other erica-
ceous plants. Males are agile and leap downward when disturbed. In boggy
areas they may dig into layers of Sphagnum moss when pursued. Females
are less agile but their green colors make detection difficult.

Life history. Adults are known from 9 July to 18 September in
Michigan. In Canada, specimens have been collected in August and
September.

Genus Bradynotes Scudder

Description.  Apterous, robust, especially females (Fig. 632). Fastigio-
facial profile broadly rounded. Eyes broad, ovate, flattened anteriorly in
lateral aspect, more prominent in males than in females. Pronotum broad,
with lateral margins diverging posteriorly, and with lateral carinae present
but usually nearly obsolete on metazona, cut by three transverse sulci; prozona
twice as long as metazona, with posterior margin truncate to shallowly
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concave. Prosternal spine represented by low tubercle. Interspace between
mesosternal lobes strongly transverse in females, subquadrate in males. Fore
and middle femora short, inflated in males; hind femur moderately robust.
Tympanum on first abdominal tergum of both sexes well-developed,
prominent.

Key to subspecies of Bradynotes obesa

1. Hind femur greenish on outer face .......... obesa (Thomas) (p. 350)
Hind femur either entirely fuscous or with faint oblique bars on outer face
...................................... caurus Scudder (p. 351)

Clé des sous-espéces de Bradynotes obesa

1. Fémurs postérieurs a face externe verdatre ... obesa (Thomas) (p. 350)
Fémurs postérieurs soit entiérement gris brunitre, soit marqués de bandes
obliques peu visibles sur la face extérieure caurus Scudder (p. 351)

Bradynotes obesa obesa (Thomas)

Fig. 632; Map 122

Plezotettix] obesa [sic] C. Thomas, 1872:454, pl. 11, figs. 13, 14.

Bradynotes obesa; Scudder 1880:76.

Bradynotes obesa obesa; J. A. G. Rehn 1964:146, figs. 1, 12, 18, 24,
30, 35, 36, 38, pl. 4, figs. 1, 2, pl. 6, figs. 13, 14.

Diagnosis. Apterous, robust. Eyes prominent. Hind femur greenish
on outer face, trifasciate dorsally and on inner face. Note: All specimens
from Canada are intermediate between this and the following subspecies.

Description. As for genus Bradynotes (Fig. 632). Body robust. Head
of both sexes in frontal aspect inflated, subglobose. Median carina of
pronotum obvious only on metazona. Male supra-anal plate elongate, trian-
gular, slightly concave laterally, with apex narrowly rounded (cf. Fig. 633).
Male cercus long, tapering from broad base to slender apical part, with
margins concave and with apex rounded (cf. Fig. 634); male subgenital plate
short, broad at base, with dorsal margins straight in lateral aspect, and with
apex angulate. Color dull brownish above, buffy beneath, sometimes with
buffy dorsal median abdominal stripe; hind femur greenish on outer face,
trifasciate dorsally and on inner face; ventral sulcus orange red with narrow
median longitudinal black bar; hind tibia blackish basally to coral red apically.

Range. Southwestern Montana, northwestern Wyoming, and eastern
Idaho.

Behavior and habitats. B. obesa obesa is usually found on mountain-
sides at altitudes from 1300 to 2400 m (J. A. G. Rehn 1964). Little is known
about habitats except for notes by J. A. G. Rehn and Hebard (1906) on speci-
mens taken on ‘‘gravelly tops of foothills where vegetation was almost
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Map 122. Collectlon localities for Bradynotes obesa obesa (M), B. obesa caurus (®), '
and intermediates (a).

absent’ at Mammoth Hot Springs, Yellowstone National Park, WY, and
by Hebard (1928) of specimens from Garrison, MT, on “‘rolling hills above
bluffs, covered with grass but rather bare in spots.”

Life history. Virtually unknown. Adults have been found from 17 June
to 16 September in Montana (J. A. G. Rehn 1964).

Bradynotes obesa caurus Scudder

Map 122

Bradynotes caurus Scudder, 1897d:81, 83, pl. VI, fig. 6.

Bradynotes expleta Scudder, 1897d:81, 84, pl. VI, fig. 7.

Bradynotes obesa caurus; J. A. G. Rehn 1964:165, figs. 4, 5, 14, 20,
26, 39, 40, pl. 4, figs. 5, 6, pl. 6, figs. 17, 18.

Diagnosis. As for B. obesa obesa, but hind femur either entirely
fuscous or with faint oblique bars on outer face.

Description. Slender. Head narrow. Pronotum long in proportion to
width. Male subgenital plate moderately produced apically. Color generally
dark; hind femur with outer face either solid fuscous or crossed diagonally
by poorly defined bars; hind tibia usually entirely pinkish red.

Range. Yakima, Kittitas, and Klickitat counties, WA.

Behavior, habitats, and life history. See B. obesa obesa.
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Genus Buckellacris Rehn & Rehn

Description. Size small (15-22 mm). Apterous. Pronotum with sides
nearly parallel, diverging slightly posteriorly, rounding broadly into lateral
lobes, with lateral carinae indicated, if at all, only by color pattern; trans-
verse sulci deep in male, less so in females; prozona twice as long as meta-
zona. Fore and middle femora moderately inflated; hind femur slender, with
apex reaching or slightly exceeding apex of abdomen. Male supra-anal plate
slightly longer than broad, with apex obtuse-angulate; furculae ranging from
minute rounded projections to well-developed triangulate lobes; male cercus
styliform, tapering; male subgenital plate scooplike. Ovipositor valves short,
stout; female cercus short, stout, conical; female subgenital plate with apical
margin produced.

Key to species and subspecies of Buckellacris
(Adapted from J. A. G. Rehn and J. W. H. Rehn 1945)

1. Body robust. Hind legs stout, robust. Fastigio-frontal angle broadly rounded
in lateral aspect (Fig. 626). Pronotum with transverse sulci shallow,
poorly marked (Fig. 626). Coloration usually dull, poorly contrasting.
Male cercus narrow at base, broadening, then tapering to rounded-
acute apex, with upper and lower edges not distinctly concave (Fig. 630);
male furculae large, forming triangular widely separated projections
(Fig. 628). Females with interspace between eyes at vertex about equal
to transverse width of a single eye from dorsal aspect ...........
....................... chilcotinae chilcotinae (Hebard) (p. 353)

Body more slender. Hind legs slender, elongate. Fastigio-frontal angle more
pronounced, less broadly rounded in lateral aspect (Fig. 625). Pronotum
with transverse sulci strongly marked and well-impressed (Fig. 625).
Coloration with distinct contrast. Male cercus broad at base, tapering
to apex, with one or both edges distinctly concave (Fig. 629). Females
with interspace between eyes at vertex distinctly narrower than trans-
verse width of a single eye from dorsal aspect ................ 3

2(1). Male furculae minute; supra-anal plate with continuity of margins appear-
ing broken due to pronounced median shoulder (cf. Fig. 628). Prosternal
spine in both sexes sharp at apex, acute, produced. Fastigio-frontal angle
in both sexes obtuse-angulate in lateral aspect. Found in British
Columbia and northern Washington .... hispida (Bruner) (p. 354)

Male furculae forming well-developed trigonal plates (Fig. 627); supra-anal
plate with margins regularly continuous (Fig. 627). Prosternal spine in
both sexes blunt at apex, much less acute. Fastigio-frontal angle broadly
rounded in lateral aspect. Found in British Columbia, Washington,
Idaho, Montana, and Alberta ............. ... ... it

Clé des espéces et des sous-espéces de Buckellacris
(adaptée de J.A.G. Rehn et J.W.H. Rehn, 1945)

1. Corps robuste. Pattes postéricures grosses et robustes. Angle fastigio-frontal
trés arrondi en vue latérale (fig. 626). Pronotum & sulcus transverses
peu profonds et peu visibles (fig. 626). Coloration habituellement mate
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et peu contrastante. Cerques des méles étroits a la base, devenant plus
gros, puis allant s’amenuisant jusqu’a donner un apex aigu mais arrondi,

ni le bord supérieur ni le bord inférieur ne présentant de concavité
distincte (fig. 630); furcula des méles grande, formant deux prolonge-
ments triangulaires largement séparés 'un de 'autre (fig. 628). Chez

les femelles, espace séparant les yeux au niveau du vertex environ égal

a la largeur transversale d’un de ces yeux vu du dessus ..........
....................... chilcotinae chilcotinae (Hebard) (p. 353)
Corps plus mince. Pattes postérieures plus minces et plus longues. Angle
fastigio-frontal plus prononcé, moins arrondi en vue latérale (fig. 625).
Pronotum a sulcus transverses trés visibles et profonds (fig. 625).
Coloration contrastante. Cerques des méles larges a la base et allant
s’amenuisant vers ’apex, un des bords ou les deux étant clairement
concaves (fig. 629). Chez les femelles, ’espace séparant les yeux au
niveau du vertex est clairement plus étroit que la largeur transversale
d’un des yeux vu du dessus ... 3
2(1). Furcula des males minuscule; plaque supra-anale a bords brisés par un
renflement médian prononcé (fig. 628). Epine du prosternum aigué et
proéminente chez les deux sexes. Angle fastigio-frontal angulaire et
obtus chez les deux sexes, en vue latérale. Espéce vivant en Colombie-
Britannique et au nord de I'Etat de Washington ................
..................................... hispida (Bruner) (p. 354)
Furcula des méles formant des plaques de forme triangulaire bien dévelop-
pées (fig. 627); plaque supra-anale & bords continus (fig. 627). Epine

du prosternum émoussée a I’apex et beaucoup moins aigué chez les deux
sexes. Angle fastigio-frontal trés arrondi en vue latérale. Espéce vivant

en Colombie-Britannique, dans PEtat de Washington, en Idaho, au
Montana et en Alberta ....... nuda nuda (E.M. Walker) (p. 355)

Buckellacris chilcotinae chilcotinae (Hebard)

Figs. 624, 626, 628, 630; Map 123

Bradynotes chilcotinae Hebard, 1922a:58, pl. 3, figs. 6-8.

Bradynotes chilcotinae; Buckell 1922:29.

Buckellacris chilcotinae chilcotinae; J. A. G. Rehn and J. W. H. Rehn
1945:15.

Diagnosis. Body dull, with color poorly contrasting. Sulci of pronotum
shallow, poorly marked. Female broad between eyes.

Description. Body size large (length 16.8-25.0 mm; mean 19.9 mm).
Apterous (Fig. 624). Fastigio-frontal angle gradually and broadly rounded
in lateral aspect (Fig. 626). Females with interspace between eyes about equal
to width of a single eye from dorsal aspect. Transverse sulci of pronotum
shallow, poorly marked (Fig. 626). Male furculae consisting of fairly large
triangular widely separated projections (Fig. 628); supra-anal plate broad,
as long as basal width, with lateral margins weakly convergent and weakly
and irregularly convex to apex (Fig. 628); male cercus short, narrow at base,
broadening, then tapering to slender rounded-acute apex (Fig. 630); male
subgenital plate conical, with lateral margins weakly convex to blunt apex.

Range. British Columbia and Washington.
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B. hispida (®)

Behavior and habitats. The species is adaptable, being found in
meadows as well as in montane fir forests and in sagebrush areas. Buckell
inJ. A. G. Rehnand J. W. H. Rehn (1945) stated that ‘it is a very common
species on almost any warm bushy slope in the dry interior of the Province
[British Columbia].’’ Buckell (1922) reported both adults and nymphs feed-
ing upon balsamroot (Balsamorhiza sagittata (Pursh) Nutt.). Males are active
and agile, but females are heavy and do not move much. Nagy in Vickery
and Nagy (1973) found it in bushy mixed vegetation, mainly snowbrush and
juniper, on the south side of Mount Acland, near Summerland, B.C.

Ants and ground spiders prey upon young nymphs. Treherne and Buckell
(1924) found dipterous parasitic larvae in adult specimens.

Life history. Adults have been taken from 30 May to 29 August, and
are most numerous from mid-June to late July. Oviposition occurs in July.
Nymphs hatch early in May of the following year.

Economic importance. Treherne and Buckell (1924) reported damage
to vegetation under poplar trees on the fringes of open rangeland. No other
reports of damage are known, so that B. chilcotinae chilcotinae must be
regarded as of negligible economic importance.

Buckellacris hispida (Bruner)

Map 123
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Pezotettix hispidus Bruner, 18855:12.
Buckellacris hispida; J. A. G. Rehn and J. W. H. Rehn 1945:28,
figs. 9-12, 17, pl. 1, figs. 24, 27, pl. 11, figs. 30, 33.

Diagnosis. Like previous species but with male furculae reduced.
Fastigio-frontal angle obtuse.

Description. Fastigio-frontal angle in both sexes obtuse-angulate in
lateral aspect. Prosternal spine in both sexes produced to acute apex. Male
supra-anal plate with continuity of margins appearing broken due to
pronounced median shoulder (cf. Fig. 628); male furculae reduced to small
widely separated lobes; aedeagal valves distinctive (see J. A. G. Rehn and
J. W. H. Rehn 1945:15, fig. 17).

Range. British Columbia and Washington.

Behavior and habitats. Little is known about this species. E. M. Walker
(1898¢) reported taking it (as Asemoplus nudus) ‘‘on the grassy path of
snowslide’’ at Sandon, B.C.

Life history. Unknown. The known adult specimens, 3 males,
3 females, were collected from 17 August to 16 September.

Buckellacris nuda nuda (E. M. Walker)

Figs. 625, 627, 629; Map 124

Asemoplus nudus E. M. Walker, 1898¢:197 (partim), pl. 6, figs. A-D.

Asemoplus nudus; Caudell 1907a:134.

Asemoplus somesi Hebard, 19195:271.

Buckellacris nuda nuda; J. A. G. Rehn and J. W. H. Rehn 1945:35;
Brooks 1958:18.

Diagnosis. Prosternal spine blunt. Fastigio-frontal angle broadly
rounded. Male furculae trigonal, lobelike.

Description. Both sexes apterous. Fastigio-frontal angle pronounced,
rather abruptly rounded in lateral aspect (Fig. 625). Females with interspace
between eyes narrower than width of eye in dorsal aspect. Transverse sulci
of pronotum strongly marked and well-impressed (Fig. 625). Prosternal spine
in both sexes blunt, not produced to acute apex. Male furculae in form of
well-developed trigonal plates (Fig. 627); male supra-anal plate with continuity
of margins appearing regularly continuous (not appearing broken due to
median shoulder) (Fig. 627); male cercus broad at base, tapering to acute
apex, with one or both margins distinctly concave (Fig. 629); acdeagal valves
distinctive (see J. A. G. Rehn and J. W. H. Rehn 1945:15, fig. 19). Color
pattern of males with distinct dorsal paired longitudinal pale lines laterally,
extending from eyes to genitalia in males, obvious only anteriorly in females;
hind femur usually with definite dark bars dorsally in males, these less
apparent to nearly obsolete in females; hind tibia yellowish.

Range. Interior British Columbia, Washington, Alberta, Idaho, and
Montana.

Behavior and habitats. B. nuda nuda usually occurs in coarse herbage
and alpine grasses among rocks in mountains. The species has been recorded
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Map 124. Collection localities for Buckellacris nuda nuda.

at elevations from 800 to 2750 m, sometimes well above timberline. It occurs
in discrete and disjunct populations, and there is a tendency for these to
exhibit variations in characteristics that are relatively constant within
populations.

Life history. Adults have been taken from 5 July to 19 September.
Last-instar nymphs have been reported as late as 9 August in northwestern
Montana. It appears that the life cycle is univoltine, with overwintering in
the egg stage. The early appearance of adults together with prolonged presence
of nymphs, however, indicate that there may, at least sometimes, be a 2-
year life cycle.

Genus Asemoplus Scudder

Description. Body slender. Pronotum short, flaring on metazona, with
lateral carinae absent (Fig. 635); median carina feeble, on metazona only,
with anterior margin truncate and with posterior margin shallowly emar-
ginate. Tegmina linear, separated, lateral in position, shorter than pronotum.

Asemoplus montanus (Bruner)

Figs. 635-638; Map 125

Bradynotes montanus Bruner, 1885b:16.
Asemoplus montanus; Scudder 1897a:206; Brooks 1958:17; Helfer
1963:199.
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Map 125. Collection localities for Asemoplus montanus.

Diagnosis. Pronotum short, flaring posteriorly. Tegmina linear, lateral
in position, shorter than pronotum.

Description. Body small (length 15-19 mm), robust (Fig. 638). Vertex
and frontal costa broad; vertex weakly convex. Mesosternal lobes transverse,
at least as wide as long, with inner margins rounded. Tegmina present as
short linear scales separated at bases by distance greater than their length
(Fig. 635). Male furculae absent (Fig. 636); male cercus conical, tapering,
with acute apex directed backward and downward (Fig. 637); male subgenital
plate pointed to rounded apically. Female cercus short, triangular. Color dark
reddish brown with darker and paler markings; both sexes with single median
longitudinal pale dorsal stripe; lateral lobes of pronotum with oblique pale
streak, this sometimes interrupted; hind femur pale on outer face, darker
above; hind tibia yellow with black-tipped spines.

Range. Southwestern Alberta, southeastern British Columbia,
Washington, and northern Montana.

Behavior and habitats. E. M. Walker (1906a) collected A. montanus
in “‘a small low wood of poplar, Douglas fir, etc., surrounded by dry barren
hills’’ near Vernon, B.C. Bruner (188554) originally collected it near Helena,
Montana, ‘‘among the trailing junipers on north mountain slopes at moder-
ate elevations.”’

Life history. Adults have been collected from 16 June to 30 August,
but they probably persist for a few weeks later than this. The life cycle is
probably univoltine.
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Genus Phoetaliotes Scudder

Description. Body clongate, slender, weakly compressed. Head large,
prominent, long, 1.5 times as deep as prozona is long (Figs. 418, 425); vertex
prominent. Pronotum enlarged anteriorly, with posterior margin broadly
obtuse-angled and with median carina sharp, entire. Tegmina dimorphic,
usually brachypterous, little longer than pronotum, broadly lanceolate, often
well-separated, sometimes touching, or else long, extending beyond apices
of hind femora in either sex.

Phoetaliotes nebrascensis {Thomas)

Figs. 418, 421, 425; Map 126

Pezotettix nebrascensis C. Thomas, 1872:455.

Pegotettix [sic] autumnalis G. M. Dodge, 1876:10.

Caloptenus volucris G. M. Dodge, 1877:112,

Phoetaliotes nebrascensis nebrascensis; Scudder 1897d:377.

Phoetaliotes nebrascensis volucris; Scudder 1897d:378.

Melanoplus phoetaliotiformis Scudder, 1898¢:179.

Melanoplus harrisii Morse, 1909:12.

Phoetaliotes nebrascensis; Somes 1914:95; Cantrall 1943:122; Brooks
1958:31; Helfer 1963:196.

Diagnosis. Head large. Pronotum narrowing posteriorly.
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Map 126. Collection localities fof Phoetaliotes nebra\sceniis.
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Description. Head exceptionally large as compared with thorax, broad
and deep, with face noticeably slanted (Figs. 418, 425). Pronotum slender,
with lateral margins appearing to converge posteriorly. Tegmina dimorphic,
usually short, extending only to second or third abdominal segment, pointed;
occasional specimens with tegmina long, extending well beyond apices of hind
femora. Median carina of pronotum entire. Furculae of ninth abdominal
tergum of male small; male subgenital plate pointed or subtubercular at apex;
male cercus symmetrical, slender apically (Fig. 421). Color generally
brownish, with dorsum of head and pronotum pale; hind tibiae blue to purple.

Range. British Columbia to Massachusetts, south to Arizona and
Texas.

Behavior and habitats. P. nebrascensis has been found in a wide vari-
ety of habitats on various types of soils. Presence of food plants seems to
be the main factor determining where it occurs. It has a wide range of accept-
able food plants, both grasses and forbs. Mulkern et al. (1969) found it feed-
ing upon 17 species of grasses and 27 species of forbs in Kansas, Nebraska,
and North Dakota. N. Criddle (1935) classed it as a general grass feeder in
Manitoba, and Anderson and Wright (1952) found it to feed mainly on grasses
in Montana. Males are active jumpers, but females are sluggish and inactive.
Only the macropterous form has flight ability; therefore increase in range
is very slow.

Life history. Univoltine, with overwintering in the egg stage.

Economic importance. Mulkern et al. (1969) state that the species has
the potential to be destructive ‘‘to grassland and some cultivated crops.”’

Genus Dendrotettix Packard

Description. Body medium (length, males 24-27, females 28-32 mm),
robust. Head large, broad. Eyes small, widely separated. Fastigium wide,
distinctly concave between eyes. Face distinctly, but not strongly, oblique.
Pronotum rugose, short, with anterior third flaring to receive head; metazona
much shorter but broader than prozona, strongly rugoso-punctate, with
posterior margin truncate to broadly rounded. Tegmina and wings variable
in development, brachypterous or macropterous. Hind femur slender, not
reaching apex of abdomen (or extending only slightly beyond it); hind tibia
strongly spined.

Dendrotettix quercus Packard

Figs. 619, 620; Map 127
Dendrotettix quercus Packard, 1890:214.
Dendrotettix quercus; Bruner 18935:28; Helfer 1963:207.
Diagnosis. Tegmina usually no longer than pronotum (but can also
be macropterous). Pronotum flaring on anterior third to receive large head.

Description. As for genus. Tegmina usually strongly brachypterous,
no longer than pronotum, with apices rounded, occasionally nearly as long
as abdomen or fully macropterous (Fig. 619) in either sex, extending beyond
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Map 127. Collection localities for Dendrotettix quercus.

abdominal apex, broad in apical half. Male supra-anal plate long, triangular;
furculae in form of small triangular projections. Male cercus subquadrate,
with apical half twisted, depressed, and with apices truncate (Fig. 620); male
subgenital plate scoop-shaped with bluntly rounded apex. Ovipositor valves
short, broad, not compressed. Color yellow to greenish yellow with darker
markings; occiput usually with black median stripe; postocular black stripe
extending across lateral pronotal lobes, covering upper half; tegmina brownish
yellow; abdomen laterally and subgenital plate black; hind femur dull greenish
yellow with two broad fuscous cross-bars; hind tibia greenish yellow with
bright yellow basal annulus.

Cytology. Fontana and Vickery (1976) reported on the cytogenetic
system of this species. The chromosome complement is 27 male = 23 and
2n female = 24, with XO, XX sex determination. The X chromosome is
the third largest. Autosomes include two large, six medium, and three small
pairs. A mean of 14.47 cell chiasma frequency was found in a Michigan popu-
lation. Two males were found with supernumerary chromosomes, one with
a single B, the other with two B’s. In both specimens these were small and
highly stable. They were found to divide reductionally at first meiotic division
and to move randomly to either pole with respect to the X chromosome at
Anaphase 1.

Range. Nebraska to southern Ontario, south to Texas and Tennessee.

Behavior and habitats. D. quercus lives among and feeds upon oaks.
Cantrall (1943) stated that, in Michigan, it seemed to be ‘‘partial to Quercus
ellipsoidalis, the northern pin oak.”’ It is also found on other species of
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Quercus (Cantrall 1968; Valek and Coppel 1972a, 1972b; Fontana and
Vickery 1976)—the “‘red’’ oaks being preferred to the “‘white’” oaks (Valek
and Coppel 19724). It is also found on other vegetation (J. A. G. Rehn and
J. W. H. Rehn 1938) including hazel (Corylus americana Marsh.) (Valek and
Coppel 1972a). Red maple (Acer rubrum L.) does not seem to be favored
(Valek and Coppel 19724a). Adults are active and will run or leap readily when
disturbed. Macropterous forms make relatively long flights when flushed,
but Valek and Coppel (19720) state that the species appears to have no migra-
tory tendency. According to Bruner (1893a), egg pods, in Texas, are laid in
the ground under host trees or are scattered on the surface among decaying
leaves. Valek and Coppel (19724, 1972b), who described the eggs and nym-
phal stages, confirmed the general findings regarding oviposition sites in Wis-
consin. They note that these are normally located at the edges of oak woods.
D. quercus has long been known to increase its numbers irregularly and sud-
denly to ‘“‘cutbreak’” proportions, as discussed by J. A. G. Rehn and J. W.
H. Rehn (1938). Its numbers decline with equal suddenness, sometimes
assisted by heavy rains and frosts to which late final-instar nymphs seem par-
ticularly susceptible.

Several species of parasites have been reported to attack D. quercus.
During an outbreak in New Jersey, J. A. G. Rehn and J. W. H. Rehn (1938),
reported a heavy infestation by maggots of Sarcophaga atlanis (Aldrich)
(Diptera: Sarcophagidae). Valek and Coppel (1972a) report two other species
of sarcophagid parasites and an 18% infestation of adult Dendrotettix by
a species of Agamermis (Nematoda: Mermithidae). This caused a consider-
able reduction in fecundity and longevity of the parasitized grasshoppers.

Life history. Eggs hatch, in Wisconsin, in May or early June (Valek
and Coppel 1972a) and the young nymphs, after the first molt, climb into
the host trees (or young saplings) and begin feeding. J. A. G. Rehn and
J. W. H. Rehn (1938) expressed surprise that mating, but no oviposition,
occurred in August in New Jersey, but, according to Valek and Coppel (19724,
1972b), eggs are laid in Wisconsin in mid-July. These authors give a fairly
detailed account of the life history of D. quercus. They observe that the species
has a biennial life cycle, the eggs usually passing two winters before hatch-
ing. There is, however, a lack of synchrony, so that some nymphs and adults
are present every season, but they are much more abundant every other year.
They report adults in Wisconsin from mid-July until September, with a few
lingering until early October. In Michigan, Cantrall (1968) recorded adults
from 10 July to 8 September. The specimens found in 1940 by Urquhart
(1942) at Turkey Point, Ont., were collected on 25 August.

Economic importance. When D. quercus populations become large and
reach ‘“‘outbreak’ proportions, the insects can defoliate young oak trees.
Various authors have referred to the damage (e.g., Bruner 1893a; Packard
1890; J. A. G. Rehn and J. W. H. Rehn 1938; Cantrall 1968; Fontana and
Vickery 1976). Nevertheless, because the outbreaks seem to decline as
suddenly as they arise and do not apparently persist for more than one season,
at least in the northern part of the species’ range, it is improbable that lasting
harm is done, except to very young seedlings and saplings. A comprehensive
account of an outbreak in New Jersey is given by J. A. G. Rehn and
J. W. H. Rehn (1938).
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Genus Appalachia Rehn & Rehn

Description. Body surface, particularly legs, covered with numerous
erect short hairs. Pronotum in lateral aspect arcuate with shallow median
emargination; median carina evident throughout but more marked on meta-
zona; transverse sulcus continuous and deep in male, less so in female.
Tegmina lobate, lateral in position; hind wings almost lacking, represented
by short vestiges. Abdomen with fine median longitudinal carina. Fore femur
inflated in both sexes; hind femur slender.

Appalachia arcana Hubbell & Cantrall

Figs. 621-623; Map 128

Appalachia arcana Hubbell and Cantrall, 1938:1-22, pl. I.
Appalachia arcana; J. A. G. Rehn and J. W. H. Rehn 1939:95; Helfer
1963:205.

Diagnosis. Found in Michigan only. Tegmina lobate, lateral. Abdomen
with conspicuous broad pale stripe dorsally.

Description. As for genus Appalachia (Fig. 623). Body size small to
medium (length, male 17.2-19.1, female 24.4-29.5 mm), robust. Male supra-
anal plate with lateral margins elevated, usually arcuate; cercus straight,
conical, acute (Fig. 621); subgenital plate weakly compressed, bluntly conical.

\
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Map 128. Collection localities for Appalachia arcana (®) and Argiacris rehni ().
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Ovipositor valves slender (Fig. 622), with dorsal valves having sharp angle,
and with apices weakly upcurved; female subgenital plate tapering to acute
point (Fig. 622). Color brownish gray dorsally; laterally with strongly
contrasting black stripes from head nearly to abdominal apex; abdomen with
conspicuous broad median pale stripe; legs greenish suffused with brown;
hind femur red beneath and on inner face; hind tibia yellowish green on
ventral face, bluish green apically, yellow green on sides and dorsal face,
and with pale annulus basally.

Range. Lower peninsula of Michigan.

Behavior and habitats. This grasshopper is secretive and difficult to
find except when abundant; also, it tends to remain immobile and its cryptic
coloration makes it difficult to see. It is found in bogs where leatherleaf
(Chamaedaphne calyculata) and Labrador-tea (Ledum groenlandicum) occur
in heavy stands. Jack pine (Pinus banksiana) and tamarack (Larix sp.) occur
in and near such bogs, and specimens may be found on trunks and foliage
of these trees. It has also been taken on eastern bracken (Pteridium aquili-
num var. latiusculum), sweet fern (Myrica asplenifolia), and in open groves
of aspen and pines. It probably feeds upon a variety of plants. Males often
climb shrubbery and sun themselves near the tips of branches. When they
move, their movements are jerky and ‘‘nervous.”” When disturbed the insects
may become immobile. If they attempt to escape, they leap two or three times
in rapid succession in zigzag fashion, moving downward, and may burrow
into moss or debris, thus escaping capture. Females generally remain at lower
levels and are usually hidden from view. It is often necessary to trample bushes
in order to find them (Hubbell and Cantrall 1938). Mating behavior was
observed and described by Hubbell and Cantrall (1938). Females oviposit
on twigs, not in the soil, leaving frothy material that hardens into brown
globose masses 8-12 mm in diameter.

Life history. Univoltine, with overwintering in the egg stage. Adults
have been taken from 1 July to 18 September (Cantrall 1968).

Genus Argiacris Hebard

Description. Body stout, slightly depressed. Interocular space wide,
with fastigium of vertex blunt. Eyes small, with diameter much shorter than
cheeks. Pronotum with disc rounding rather broadly into lateral lobes, with
posterior margin obtuse-angulate. Tegmina short, broad, meeting dorsally
at base in male, slightly separated in female. Male genitalia with small
furculae. Ovipositor valves fully exposed.

Argiacris rehni Hebard

Fig. 631; Map 128

Argiacris rehni Hebard, 1918:167, pl. VIII, fig. 18.
Argiacris rehni; Helfer 1963:212.

Diagnosis. Fairly large, robust, strongly brachypterous. Pronotal disc
obtuse-angulate behind. Coloration obscure except for brilliant pink ventral
interior faces of hind femora and pink hind tibiae.

363



Description. Body rather large, robust (male 16.9-22.3, female 27.9-
29.4 mm long) (Fig. 631). Interocular space one-half (male) or two-thirds
(female) as wide as greatest diameter of an eye; eye three-quarters (male)
or three-fifths (female) as long as cheek. Pronotal spine short, heavy (par-
ticularly in female), acutely conical, with apex slightly rounded in female.
Space between mesosternal lobes longer than least width in male, about one-
third wider than long in female. Tegmina broadly lanceolate (less so in
female), barely (male) or not (female) surpassing base of hind femur,
considerably shorter than pronotum. Furculae of male represented by
2 minute rectangular projections with angles rounded, separated by space
slightly wider than a projection; supra-anal plate simple, triangularly shield-
shaped, with apex rather acute; male cercus simple, about 2.5 times as long
as its basal width, tapering, slightly curved dorsad, slightly narrowed about
middle, with apex broadly rounded; male subgenital plate with acute conical
dorsomedian projection. Color generally brownish, paler on face and
ventrally, darker dorsally; hind femur with 2 broad transverse blackish bands
running obliquely and rather obscurely across dorsal half of outer surface;
ventral surface bright red; hind tibia similarly bright red.

Range. Southern Montana.

Behavior and habitats. Hebard (1918) stated that the type series was
collected “‘on the ridge of a slope of a bare hog-back showing numerous cherty
exposures. The ground there showed rather scant vegetation with tufts of
a peculiar woolly plant all about.”” It would seem that the species occurs in
very localized colonies.

Life history. Nothing is known.

Genus Melanorius Stél

Description. Body moderately robust. Head not prominent, about as
long as prozona of pronotum; face nearly vertical; interocular space little
if any wider than frontal costa; fastigium declivent, merging into frontal costa,
which is usually sulcate below median ocellus. Lateral carinae of pronotum
obsolete. Tegmina present, variable in shape and size, often reduced. Furculae
of ninth abdominal tergum of male present, variable in degree of develop-
ment. Male cerci simple, conical to elaborately expanded. Ovipositor usually
strongly exserted.

Key to species and subspecies of Melanoplus

1. Tegmina somewhat reduced, not reaching tip of abdomen (Fig. 427), or
abbreviate .. ... 2

Tegmina exceeding tip of abdomen (Figs. 428-430) ............... 23

2(1).  Hind tibiae green. Eastern species . ..., 3
Hind tibiae not green, or if so, not eastern Species ................ 5

3(2). Hind femur without dark markings; hind tibia green, but darker at base.
Male cercus extending downward at apex ......................
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4(2).

5(2).

6(5).

7(5).

8(7).

9(8).

10(8).

11(7).

12(11).

13(12).

14(13).

Hind femur heavily marked with brown; hind tibia not darkened at base.
Male cercus tapered, with rounded apex (Figs. 478, 479) (viridipes, sensu
lat0) e 4

Male cercus triangular, tapered, with rounded apex (Fig. 479). Found in
Vermont (and probably southern Québec), Massachusetts, and
Pennsylvanial .............. viridipes eurycercus Hebard (p. 379)

Male cercus longer, less tapered, slightly convex subapically above, slightly
concave below (Fig. 478). Found in southern Ontario,! Michigan,
Ilinois, Indiana, and southward! . ... ... ... . ... ... ... ... ...
............................ viridipes viridipes Scudder (p. 380)

Hind tibiae pink ......... ... . . 6

Hind tibiae red, buff, blue, or slightly greenish ................ ... 7

Tegmina in form of ovate pads, not exceeding second abdominal segment.
Male cercus triangular, short (cf. Fig. 479) .............. ... . ...
............................. scudderi scudderi (Uhler) (p. 380)

Tegmina longer, reaching at least fourth abdominal segment. Male cercus

spatulate (cf. Fig. 482) ................. walshii Scudder (p. 381)
Hind tibiae buff to blue .. ... ... . .. 82
Hind tibiae red ....... ... . .. . . . e 11

Male cercus not broadened distally, narrowing to broad rounded apex, not
or scarcely spatulate (cf. Figs. 495, 505) (indigens, sensu lato) .. 9
Male cercus somewhat broadened distally, with distal part distinctly but not
strongly spatulate (cf. Figs. 480, 481) (oregonensis, sensu lato) . ... 10
Ventral surface of hind femur bright orange to deep red. Male cercus short,
not spatulate (cf. Fig. 495, but a little longer). Found in northern
Montana (Missoula) ......... indigens missoulae Hebard (p. 383)
Ventral surface of hind femur dull yellowish buff, tinged with orange. Male
cercus longer, slightly spatulate (cf. Fig. 505). Found in Rocky Mountain
Divide and southern Montana ...............c.coivenainann...
............................. indigens indigens Scudder (p. 383)
Male supra-anal plate distinctly longer than broad, with apex broadly
rounded; furculae large (Fig. 444). Male cerci long in relation to width
(Fig. 480). Found in southern Montana, southern Idaho, and southern-
most Alberta ......... oregonensis oregonensis (Thomas) (p. 384)
Male supra-anal plate triangularly shield-shaped, only slightly longer than
broad; furculae smaller (Fig. 445). Male cerci shorter (Fig. 481). Found
in northwestern Montana, northern Idaho, southwestern Alberta, and
southeastern British Columbia .......... ... ... ... ... ... . ...
....................... oregonensis triangularis Hebard (p. 385)
Tegmina represented by short pads, not extending past fourth abdominal
segment (rarely longer in M. dawsoni, but if so, abdominal terga

banded) . ... . 12
Tegmina longer, not exceeding abdomen (abdominal terga not banded,
except IN dawsSOoni) ... ... . 16

Abdomen banded, each segment black anteriorly and yellow posteriorly.
Prosternal tubercle blunt. Male cercus curved to broadly rounded apex
(Fig. 490) .......... .. ... ... . ... dawsoni (Scudder) (p. 385)

Abdomen not banded. Prosternal tubercle pointed ............... 13

Eastern species (Maine to eastern Manitoba) ..................... 14

Western species (southwestern Alberta and Montana to Washington and
British Columbia) (montanus-group) ...............ccvvuon.. 15

Lateral carinae of pronotum nearly obsolete. Tegmina (particularly of
females) with tips broadly and evenly rounded. Male cercus elongate,
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15(13).

16(11).

17(16).

18(17).

19(18).

20(19).

21(19).

2221).

23(1).

24(23).

25(24).

26(25).
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broad at base, tapering from middle to apex (Fig. 482). Male furculae
moderately long, subcylindrical (Fig. 446) ......................
...................................... mancus (Smith) (p. 386)
Lateral carinae of pronotum distinct. Tegmina (particularly of females) with
tips narrowly rounded or subangulate. Male cercus short, strongly
tapered, concave on upper apical fourth (Fig. 483). Male furculae short,

flat, oblong (Fig. 447) .............. islandicus Blatchley (p. 388)
Male cercus somewhat subspatulate (Fig. 484). Aedeagal valves not bent
outward at apical third ............ montanus (Thomas) (p. 389)

Male cercus not subspatulate, with apex truncate (Fig. 485). Aedeagal valves
suddenly divergent at dorsal third, tapered to acute apices .......
............................... washingtonius (Bruner) (p.390)

Tegmina extending to third or fourth abdominal segment, tapered to rounded

APICES .+t dodgei (Thomas) (p. 391)
..................................... huroni Blatchley (p. 392)
Tegmina longer, extending beyond sixth abdominal segment ....... 17
Abdominal segments banded ............. dawsoni (Scudder) (p. 385)
Abdominal segments not banded ............. ... .. .. ... .. ..... 18

Large dark olive green species with narrow yellow lines from eyes to tips
of tegmina; hind femur with narrow black longitudinal stripes on outer
face and on upper inner edge of flange .. bivittatus (Say) (p. 393)

Dorsal stripes absent, or restricted to head and thorax only; hind femur

usually crossbanded at least dorsally ........................ 19
Hind femur banded on outer face .......... ... .. ... .. ... .. ... 21
Hind femur not banded on outer face .......................... 20

Large species. Found in Magdalen Islands, Qué. ....................
......................... madeleineae Vickery & Kevan (p. 395)
Smaller species. Widely distributed ............. ... ... ... .........
............................. borealis borealis (Fieber) (p. 397)
.............................. borealis palaceus Fulton (p. 398)
Hind femur dark with 2 pale oblique streaks (Fig. 440). Found on Mont
Albert, Gaspé Peninsula, Qué. ...... gaspesiensis Vickery (p. 399)
Hind femur with definite crossbands. Range broad ............... 22
Male cercus straplike, recurved at apex (Fig. 505). Hind femur mainly dark
with paler complete crossbands. Robust species. Range broad . ...
................................. fasciatus (F. Walker) (p. 399)
Male cercus broad at base, narrowing to blunt apex (Fig. 506). Hind femur
mainly pale with darker crossbands. Range in extreme north (northern
Alaska, northern Yukon Territory, and northern Mackenzie District)
.......................... frigidus frigidus (Boheman)3 (p. 401)

Males (without ovIpOSItOT) ... ... e 24
Females (with ovipositor) ....... . ... . ... . ... .. .. ... .. 47
Cercus with apex divided ....... ... ... . ... ... .. . ... .. ... ... 25
Cercus with apex not divided . ... ... .. ... ... . .. . ... ... ... 28
Dorsal arm of cercus broad, large, with rounded apex, longer than ventral

ATTIL Lottt e 26
Dorsal arm of cercus thumblike, much shorter than ventral arm ... 27

Ventral arm of cercus thumblike (Fig. 507). Hind femur with longitudinal
dark stripe; hind tibia dark red with basal black band or spot ....
............................... keeleri luridus (Dodge) (p. 402)

Ventral arm of cercus triangular, projecting (Fig. 492). Hind femur without
black stripe; hind tibia red to yellowish or greenish blue .........

confusus Scudder (p. 403)



27(25).

28(24).

29(28).

30(29).

31(28).

32(31).

33(32).

34(33).

35(32).

36(35).

37(35).

Ventral arm of cercus nearly straight (Fig. 500). Apex of subgenital plate
notched (Fig. 536) ................... infantilis Scudder (p. 405)
Ventral arm of cercus strongly curved (Fig. 501). Apex of subgenital plate
not notched, instead truncate and dished behind (Fig. 537) .......
..................................... alpinus Scudder (p. 406)
Cercus spatulate and broader distally than at base ................ 29
Cercus as broad as or broader at base than distally ............... 31
Large species (male 28-34, female 34-44 mm). Cercus with rounded ventral
projection (Fig. 489). ............ differentialis (Thomas) (p. 407)
Medium-sized species (male 18-25, female 26-30 mm). Cercus with apex
greatly expanded (Fig. 487). Hind tibia dull reddish to gray, with black
spines (punctulatus, sensu lato) ...... ... . ... ... .. ....... 30
Eyes prominent (anterior view). Pronotum distinctly flared outward
anteroventrally (dorsal view). Male cercus with dorsal lobe nearly as
deep as depth of remainder of cercus and with dorsal margin broadly
and more evenly rounded. Found in Michigan,4 Minnesota, and
Wisconsin ................ punctulatus griseus (Thomas) (p. 409)
Eyes less prominent (anterior view). Pronotum less flared outward anteroven-
trally (dorsal view). Male cercus with dorsal lobe distinctly shallower
than depth of remainder of cercus and with dorsal margin bluntly
angular (Fig. 487). Found in New England, New York, Québec, Ontario,
and Michigan4 ........ punctulatus punctulatus (Scudder) (p. 410)
Cercus broad, straplike, with sides nearly parallel (Fig. 491). Hind femur
with lower flange absent from basal third (Fig. 438). Tegmina conspic-
uously mottled ............. ... ...... gladstoni Scudder (p. 411)
Cercus tapered, subquadrate, or spatulate but distinctly broader at base.
Hind femur with lower flange complete. Tegmina not noticeably mottled
......................................................... 32

Cercus asymmetrical, broadest at base, tapered, curved dorsally, lobelike
or subquadrate . ..... ... 38
Apex of subgenital plate notched .......... ... ... ... .. . L
................... angustipennis angustipennis (Dodge) (p. 412)
Apex of subgenital plate broadly rounded or acute ............... 34
Apex of subgenital plate acute (Fig. 551). Cercus small (Fig. 514) .....
............................. cinereus cinereus Scudder (p. 414)
Apex of subgenital plate broadly rounded (Figs. 456, 457). Cercus larger

(Fig. 510) oo 35
Aedeagus with anterior and posterior processes projecting to same level
(Figs. 554, 555)5 (packardii, sensu lato) ..................... 36
Aedeagus with anterior process much shorter and projecting less than
posterior process (Figs. 552, 553)5 ... . .. . . ... ..., 37

Length 27-32 mm. Hind femur with bands at top of upper ridge and on
inner face; hind tibia blue, purple, or pink; general color bluish gray.
Found in grasslands and parklands ............................
........................... packardii packardii Scudder (p. 413)

Length 23-31 mm. Hind femur with bands extending on both sides of upper
ridge; hind tibia dark red; general color dark brownish black. Found
in Jack pine forests (Saskatchewan, Alberta, and British Columbia) . . . .
............................ packardii brooksi Vickery (p. 417)

Hind tibiae dark red; pronotal stripes indistinct; tegmina with row of spots
basally; hind femora usually with conspicuous oblique crossbands on
upper half of outer face ................... stonei Rehn (p. 417)
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38(32).

39(38).

40(39).

41(38).

42(41).

43(41).

44(43).

45(44).

46(45).

4723).

48(47).

49(48).

50(49).
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Hind tibiae blue or purple; pronotal stripes either conspicuous or absent;
tegmina usually without spots, or spotted only on central line toward
base; outer face of hind femora without crossbands below upper flange,
but usually with longitudinal discoloration .....................
............................... foedus foedus Scudder (p. 418)

Cercus strongly tapered in apical half (Figs. 493, 512, 513) ........ 39

Cercus not tapered in apical half, often broad, earlike, or quadrate . ... 41

Subgenital plate bulbous, with apex concave (Fig. 456) ..............
.................. femurrubrum femurrubrum (De Geer) (p. 420)

Subgenital plate normal, with apex rounded, pointed, cleft, or trilobate .. 40

Hind femur with crossbands above. Tegmina not finely speckled. Color
blended black and brown. Aedeagus as in Figs. 556, 557 .........
..................................... Sflavidus Scudder (p. 421)

Hind femur without crossbands. Tegmina finely speckled. Color gray to
bluish gray. Aedeagus as in Figs. 558, 559 ... .................
.............................. bowditchi canus Hebard (p. 423)

Cercus earlike or quadrate (Figs. 503, 504) ......... .. ... ... .... 42

Cercus broad, not carlike (Figs. 494, 498, 499, 502) .............. 43

Cercus large, earlike (Fig. 503), converging above supra-anal plate. Tegmina
extending to or slightly beyond apices of hind femora ...........
..................... occidentalis occidentalis (Thomas) (p. 424)

Cercus large, broad, with apex quadrate (Fig. 504). Tegmina variable, slightly
surpassing apex of abdomen to much exceeding apices of hind femora
..................................... rugglesi Gurney (p. 425)

Cercus large, rectangular with rounded apex bent dorsally (Fig. 502). Apex
of subgenital plate truncate or rounded-acute ..................
........................ kennicottii kennicottii Scudder (p. 427)

Cercus smaller, flat or nearly so (Figs. 494, 498, 499). Apex of subgenital
plate notched or trilobate ........ ... ... ... ... . .. ... ... 44

Apex of subgenital plate trilobate, with outer lobes projecting and obliguely
truncate (Fig. 530) ...... .. ... .. ... .. gordonae Vickery (p. 427)

Apex of subgenital plate notched (Figs. 534, 535) ................ 45

Subgenital plate long, produced upward posteriorly (Fig. 535). Furculae
large, long, nearly parallel (Fig. 463) .... bruneri Scudder (p. 428)

Subgenital plate shorter, broader than long (Fig. 534). Furculae smaller,
distinctly diverging ........... . .. . . 46

Tegmina relative to hind femora short (Fig. 430). Hind tibia red, pink, buff,
or blue. Cercus nearly equally broad throughout, rounded at end, with
length not greater than twice middle breadth (Fig. 498) ..........
.................... sanguinipes sanguinipes (Fabricius) (p. 430)

Tegmina relative to hind femora longer (Fig. 610). Hind tibia dark red.
Cercus shorter, broader, more pointed ... spretus (Walsh) (p. 432)

Dorsal angle of dorsal ovipositor valve right-angled or nearly so (90-105°)

(Figs. 573, 589-592) ... .. . . . 48
Dorsal angle or curve of dorsal ovipositor valve greater than 105° (Figs. 560-
572, 574-588, 595) .. e 56
Notches on either side of eighth sternum conspicuous, deep, with angle about
90° (Figs. 589-501) .. o i 49
Notch of eighth sternum shallower, with angle wider (125-150°) ... 53
Hind tibiae red. Forest species ........ ... ... 50

Hind tibiae blue, purple, or pink. Grassland and parkland species .. 51
Pronotal stripes distinct; hind femur yellow below, banded above, these
extending below upper ridge on both inner and outer faces. Found in



51(49).

52(51).

53(48).

54(53).

55(54).

56(47).
57(56).

58(57).

59(57).

60(59).

61(59).

62(61).

forested (Jack pine) areas of Saskatchewan and Alberta .........
............................ packardii brooksi Vickery (p. 417)
Pronotal stripes indistinct or absent; hind femur conspicuously banded on
upper half. Found in forested areas of Manitoba to Québec ......
......................................... stonei Rehn (p. 417)
Hind femur reddish or orange beneath; pronotal stripes indistinct or absent
............................... foedus foedus Scudder (p. 413)
Hind femur yellow beneath; pronotal stripes distinct .............. 52
Hind femur banded above, but not on outer face; general coloration bluish
gray, grading to yellowish in southern areas ....................
........................... packardii packardii Scudder (p. 415)
Hind femur banded above, but not below upper flanges, usually with
longitudinal discoloration on outer face; general coloration brownish
yellow or greenish gray .......... foedus foedus Scudder (p. 418)
Cercus convex on both edges (cf. Fig. 579) ......... ... ... ... ... ..

Cercus not convex on both sides ......... ... ... ... .. ... ... 54
Cercus slightly concave above, convex below (cf. Fig. 576a) ..........
................... angustipennis angustipennis (Dodge) (p. 412)
Cercus with both edges conspicuously concave (cf. Fig. 574a), sometimes
rather flask-shaped ...... .. ... ... . . . . .. . . i 55
Hind femur with faint crossbands above; tegmina without spots or fine
speckling; general coloration blended brown and black ..........
.................................. Sflavidus Scudder (p. 421)

Hind femur without crossbands; tegmina finely speckled .............
.............................. bowditchi canus Hebard (p. 423)

Hind femur reddish below ...... ... ... .. . . . .. . . . . . . 57
Hind femur yellow or pink below ..... ... ... ... ... ... ... 63
Hind femur banded ....... ... ... .. . . . . . 59
Hind femur not banded on outer face ............. ... ... .... 58

Size small (males 16-20, females 20-24d mm) ............. ... ... ....
............................. borealis borealis (Fieber) (p. 397)
Size larger (males 19-21, females 20-30 mm) ............... ... . ...
.............................. borealis palaceus Fulton (p. 398)

Banding on hind femur confined to upper half; hind tibia blue .... 60
Banding on hind femur complete; hind tibia usually red, sometimes
BraAYISh e 61

Hind femur bright red below and on inner face .....................
..................... occidentalis occidentalis (Thomas) (p. 424)
Hind femur no more than dull pinkish below and on inner face ......
..................................... rugglesi Gurney (p. 425)
Lower ovipositor valve with lateral tooth (Fig. 586). Tegmina nearly uniform
in color. Woodland areas but not arboreal .....................
................................. fasciatus (F. Walker) (p. 399)
Lower ovipositor valve without lateral tooth (Fig. 568). Tegmina with round
fuscous spots. Associated with pine, arboreal (punctulatus, sensu lato)
......................................................... 62
Eyes prominent in anterior view. Pronotum flaring outward anteroventrally
in dorsal aspect. Found in Michigan,® Minnesota, and Wisconsin .
......................... punctulatus griseus (Thomas) (p. 409)
Eyes less prominent in anterior view. Pronotum less flaring outward
anteroventrally in dorsal aspect. Found in New England, New York,
western Québec, Ontario, and Michigan® ......................



63(56).

64(63).

65(64).

66(65).

67(65).

68(67).

69(68).

70(67).

71(70).

72(70).

73(72).

..................... punctulatus punctulatus (Scudder) (p. 410)
Hind femur flattened below near base (Fig. 438) ....................
.................................... gladstoni Scudder (p. 411)
Hind femur not flattened below ...... . ... ... ................. 64
Large species (34-44 mm). Hind femur usually with distinct ‘‘herringbone’’
pattern (Fig. 427) ... differentialis differentialis (Thomas) (p. 407)

Smaller species (less than 34 mm). Hind femur not as above ....... 65
Hind femur with bands at least on upper half, or with longitudinal

discoloration ......... ... ... .. ... 67
Hind femur not banded on outer face .......................... 66

Cercus concave on both edges. Distribution general .................
.................. SJemurrubrum femurrubrum (De Geer) (p. 420)
Cercus convex on both edges. Found in Alaska .....................
.................................... gordonae Vickery (p. 427)

Cercus convex on both edges ............ ... .. coiiiiiiin. 70
Cercus concave or straight on both edges ....................... 68
Small species (not more than 25 mm). Lateral black markings at least on
first two abdominal segments ............ .. ... . ... 69
Larger species (up to 29 mm). Dull-colored, without contrasting markings
on abdominal segments ....... cinereus cinereus Scudder (p. 414)
Small species (16-19 mm). Abdominal terga with prominent black markings
laterally. Found in grasslands ......... infantilis Scudder (p. 405)
Larger (18-25 mm). Abdomen with black markings on first two or three
terga only. Confined to foothills ........ alpinus Scudder (p. 406)
Tegmina not exceeding apex of hind femur ...................... 71
Tegmina exceeding apex of hind femur ......................... 72
External face of hind femur banded on upper half only; hind tibia blue or
yellow .................. kennicottii kennicottii Scudder (p. 427)

External face of hind femur with longitudinal blackish stripe; hind tibia red
............................... keeleri luridus (Dodge) (p. 366)
Hind femur entirely yellowish below. Upper edge of cercus straight ...
..................................... bruneri Scudder (p. 428)
Hind femur with pink or reddish longitudinal stripe on outer surface of lower
flange. Both edges of cercus convex ........................ 73
Tegmina tapered toward apex and with few spots, or narrow throughout
their length and speckled. Species widespread ...................
.................... sanguinipes sanguinipes (Fabricius) (p. 430)
Tegmina broad to apex even when folded, conspicuously speckled. Species
western (apparently extinct) ............. spretus (Walsh) (p. 432)

! Intermediates are found in Michigan and Wisconsin; the only specimens found to date in Canada
(Turkey Point, Ont.) are also intermediates.

2 There is no reliable character for separating females of the subspecies of M. oregonensis and
M. indigens. Females should be associated with males from the same locality.

3 This species is now placed in Bohemanella Ramme.

4 Michigan specimens are intermediate between the two subspecies.
There is, unfortunately, no easy method of distinguishing between the species involved here;
examining the concealed genitalia is necessary.

6 Michigan specimens are intermediate between the two subspecies.
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Clé des espéces et des sous-espéces de Melanoplus

2(1).

3(2).

4(2).

5(2).

6(5).

7(5).

8(7).

9(8).

10¢8).

Tegmina quelque peu réduits, ne rejoignant pas I’extrémité de I’abdomen

(fig. 427) 0U €COUTLES .. ..\ttt e 2
Tegmina dépassant I’extrémité de I’abdomen (fig. 428 a 430) ...... 23
Tibias postérieurs verts. Espéces de I’est ....... ...t 3
Tibias postérieurs non verts, ou dans le cas contraire, espeéces ne vivant pas

dans Pest . ..o e 5

Fémurs postérieurs sans marques foncées; tibias postérieurs verts, mais plus
foncés a la base. Cerques des méles incurvés vers le bas a 'apex ..
..................................... gracilis (Bruner) (p. 378)

Fémurs postérieurs fortement marqués de brun; tibias postérieurs non foncés
a la base. Cerques des miles allant s’amenuisant pour donner un apex
arrondi (fig. 478 et 479) (viridipes, sensu lato) ................ 4

Cerques des males triangulaires, allant s’amenuisant pour donner un apex
arrondi (fig. 479). Espéce vivant au Vermont (et probablement dans
le sud du Québec), au Massachusetts et en Pennsylvaniel ........
........................... viridipes eurycercus Hebard (p. 379)

Cerques des males plus longs, aux ¢6tés formant un angle moins prononcé,
légérement convexes au-dessus vers ’apex et légérement concaves
en-dessous (fig. 478). Espeéce vivant dans le sud de 1’Ontariol, au
Michigan, en Illinois, en Indiana et plus ausud2 ... .............
............................ viridipes viridipes Scudder (p. 380)

Tibias POSLErIEULS TOSES . . vt v vt e e e et ie e 6

Tibias postérieurs rouges, jaune clair, bleus ou légérement verdatres . . ... 7

Tegmina de forme ovale, ne dépassant pas le deuxiéme segment abdominal.
Cerques des males triangulaires et courts (fig. 479) ..............
............................. scudderi scudderi (Uhler) (p. 380)

Tegmina plus longs, rejoignant au moins le quatriéme segment abdominal.

Cerques des males spatulés (fig. 482) .... walshii Scudder (p. 381)
Tibias postérieurs jaune clair @ bleus ............ ... .. cieen... 82
Tibias POSIEriEUrs TOUZES ..o vvv ittt ettt ittt ie e iaaans 11

Cerques des males non élargis distalement, allant s’amenuisant pour donner
un apex arrondi, & peine spatulé ou pas du tout (fig. 495 et 505)

(indigens, sensu lato) ......... . . . ... . . .. e 9
Cerques des miles quelque peu élargis distalement, a partie distale distincte,
mais pas trés spatulée (fig. 480 et 481) (oregonensis, sensu lato) . ... 10

Surface ventral des fémurs postérieurs variant d’orange brillant a rouge
foncé. Cerques des males courts et non spatulés (cf. fig. 495, mais un
peu plus long que dans la figure). Espéce vivant dans le nord du
Montana (Missoula) ......... indigens missoulae Hebard (p. 383)

Surface ventral des fémurs postérieurs d’un jaune clair mat et teinté d’orange.
Cerques des males plus longs et 1égérement spatulés (fig. 505). Espéce
vivant a la ligne de partage des eaux des Rocheuses et dans le sud du
Montana .................... indigens indigens Scudder (p. 383)

Plaque supra-anale des méles clairement plus longue que large et a apex
tres arrondi; furcula grande (fig. 444). Cerques des males longs par rap-
port & leur largeur (fig. 480). Espéce vivant dans le sud du Montana,
le sud de I’Idaho et ’extréme sud de 'Alberta ..................
..................... oregonensis oregonensis (Thomas) (p. 384)

Plaque supra-anale des males de forme triangulaire et a peine plus longue
que large; furcula plus petite (fig. 445). Cerques des maéles plus courts
(fig. 481). Espéce vivant au nord-ouest du Montana, au nord de ’Idaho,
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11(7).

12(11).

13(12).

14(13).

15(13).

16(11).

17(16).

18(17).

19(18).

20(19).

21(19).
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au sud-ouest de I’Alberta et au sud-est de la Colombie-Britannique

....................... oregonensis triangularis Hebard (p. 385)
Tegmina courts, ne dépassant pas le quatriéme segment abdominal (rarement

plus longs chez le M. dawsoni, mais dans ce cas, tergites de ’abdomen

marqués de bandes) ... ... 12
Tegmina plus longs, mais ne dépassant pas I'extrémité de I’abdomen (pas de
bandes sur les tergites de I’abdomen sauf chez le M. dawsoni) .. .. .. 16

Abdomen marqué de bandes transversales, chaque segment a portion anté-
rieure noire et a portion postérieure jaune. Tubercule du prosternum
émoussé. Cerques des males incurvés et a apex trés arrondi (fig. 490)
................................... dawsoni (Scudder) (p. 385)

Abdomen non rayé transversalement. Tubercule du prosternum pointu . .. 13

Especes vivant dans I’est (du Maine a P’est du Manitoba) .......... 14
Espéces vivant dans I’ouest (du sud-ouest de I’ Alberta et du Montana a ’Etat
de Washington et &4 la Colombie-Britannique) (groupe montanus) . .. 15

Crétes latérales du pronotum presque invisibles. Tegmina (surtout chez les
femelles) a extrémités larges et arrondies également. Cerques des méles
longs, larges a la base et allant s’amenuisant du milieu a I’extrémité
(fig. 482). Furcula des méiles modérément longue et subcylindrique
(fig. 446) .. .. mancus (Smith) (p. 386)

Crétes latérales du pronotum distinctes. Tegmina (surtout chez les femel-
les) a extrémités étroites et arrondies ou subangulaires. Cerques des
males courts, a cOtés trés convergents, concaves sur le dessus, au niveau
du quart apical (fig. 483). Furcula des méiles courte, plate, oblongue
(fig. 447) ... ... .. . islandicus Blatchley (p. 388)

Cerques des méles quelque peu subspatulés (fig. 484). Valves de ’édéage
non recourbées vers ’extérieur au tiers apical ...................
.................................. montanus (Thomas) (p. 389)

Cerques des males non subspatulés et & apex tronqué (fig. 485). Valves de
I’édéage soudainement divergentes au tiers dorsal et  apex plus ou moins
aigu ... washingronius (Bruner) (p. 390)

Tegmina rejoignant le troisieme ou le quatriéme segment abdominal et allant
s’amenuisant pour se terminer par des apex arrondis. ............
.............. dodgei (Thomas) (p. 391) huroni Blatchley (p. 392)

Tegmina plus longs, dépassant le sixieéme segment abdominal ...... 17
Segments abdominaux rayés .............. dawsoni (Scudder) (p. 385)
Segments abdominaux non rayés ............c..iiiiiniiniin.n 18

Grosse espéce d’un vert olive foncé marqué de fines lignes jaunes des yeux
a lextrémité des tegmina; fémurs postérieurs marqués d’étroites bandes
noires longitudinales sur la face externe et sur le c6té interne du rebord
SUPETIEUL ..o\t ti e e ie s bivittatus (Say) (p. 393)

Bandes dorsales absentes ou limitées a la téte et au thorax; fémurs postérieurs
habituellement rayés transversalement au moins sur le dessus . .. ... 19

Fémurs postérieurs rayés sur le coté extérieur .................... 21

Fémurs postérieurs non rayés sur le ¢6té extérieur ................ 20

Espéce de grande taille, vivant aux Iles-de-la-Madeleine (Québec) .. ...
......................... madeleineae Vickery & Kevan (p. 395)
Espéce plus petite et trés répandue ......... ... i,
............................. borealis borealis (Fieber) (p. 397)
.............................. borealis palaceus Fulton (p. 398)
Fémurs postérieurs foncés et marqués de deux rayures obliques péles
(fig. 440). Espéce vivant au mont Albert, en Gaspésie (Québec) . ..
.................................. gaspesiensis Vickery (p.399)



22(21).

23(1).
24(23).

25(24).

26(25).

27(25).

28(24).

29(28).

30(29).

31(28).

Fémurs postérieurs clairement marqués de bandes transversales. Espece tres
TEPANAUE . ..ot 22
Cerques des males aux cOtés presque paralleles, incurvés a 'apex (fig. 505).
Fémurs postérieurs principalement foncés et marqués de bandes trans-
versales pales complétes. Espece robuste et trés répandue ........
................................. fasciatus (F. Walker) (p. 399)
Cerques des miles larges a la base et allant s’amenuisant pour donner un
apex émoussé (fig. 506). Fémurs postérieurs principalement péles et a
bandes transversales plus foncées. Espéce du Grand Nord (nord de
I’Alaska, nord des Territoires du Yukon et nord du district de

Mackenzie) ............... frigidus frigidus (Boheman)3 (p. 401)
Males (Sans OVIPOSILEUT) . ... vtt it et 24
Femelles (avec ovipositeur) ..........c. i, 47
Cerques a apex divisé .. ...t 25
Cerques a apex non divisé . ... .. .. .. i 28
Bras dorsal des cerques large, grand, & apex arrondi, plus long que le bras

VENtral ... 26
Bras dorsal des cerques en forme de pouce et beaucoup plus court que le

bras ventral .. .. ... ... . 27

Bras ventral des cerques en forme de pouce (fig. 507). Fémurs postérieurs
a bandes foncées longitudinales; tibias postérieurs rouge foncé a bandes
ou a taches noires alabase ........... .. .. it
............................... keeleri luridus (Dodge) (p. 402)

Bras ventral des cerques de forme triangulaire (fig. 492). Fémurs postérieurs
sans bandes noires; tibias postérieurs rouge a bleu jaunitre ou

verdatre ....... . ... confusus Scudder (p. 403)
Bras ventral des cerques presque rectiligne (fig. 500). Apex de la plaque sous-
génitale encoché (fig. 536) ............ infantilis Scudder (p. 405)

Bras ventral des cerques fortement incurvé (fig. 501). Apex de la plaque
sous-génitale non encoché, mais tronqué et concave postérieurement

(fig. 537) ..o alpinus Scudder (p. 406)
Cerques spatulés et plus larges a I’extrémité qu’a la base .......... 29
Cerques aussi larges ou plus larges a la base qu’a lextrémité ...... 31

Espéce de grande taille (méles de 28 a 34 mm, femelles de 34 a 44 mm).
Cerques munis d’une protubérance ventrale arrondie (fig. 489) ...
............................... differentialis (Thomas) (p. 407)

Espéce de taille moyenne (méles de 18 a 25 mm, femelles de 26 & 30 mm).
Cerques a apex trés développé (fig. 487). Tibias postérieurs de couleur
mate, rougedtre a grise, armés d’épines noires (punctulatus, sensu
lat0) o e 30

Yeux proéminents (vus du devant). Pronotum a bords divergents antéro-
ventralement (vu du dessus). Cerques des miles a lobe dorsal presque
aussi profond que le reste du cerque et a bord dorsal décrivant une large
courbe uniforme. Espéce vivant au Michigan, au Minnesota et au
Wisconsin ................ punctulatus griseus (Thomas) (p. 409)

Yeux moins proéminents (vus du devant). Pronotum & bords moins diver-
gents antéroventralement (vu du dessus). Cerques des males a lobe dorsal
clairement moins profond que le reste du cerque et a bord dorsal formant
un angle aigu (fig. 487). Espéce vivant en Nouvelle-Angleterre, dans
I’Etat de New York, au Québec, en Ontario et au Michigan4 ... ..
..................... punctulatus punctulatus (Scudder) (p. 410)

Cerques larges, & bords presque paralleles (fig. 491). Fémurs postérieurs a
rebord inférieur absent du tiers proximal (fig. 438). Tegmina claire-
ment mouchetés ..................... gladstoni Scudder (p. 411)
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32(31).

33(32).

34(33).

35(32).

36(35).

37(39).

38(32).

39(38).

40(39).
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Cerques allant s’amenuisant vers I’extrémité, subquadrangulaires ou spatulés,
mais clairement plus larges & la base. Fémurs postérieurs a rebord

inférieur complet. Tegmina pratiquement non mouchetés ...... 32
Cerques symétriques, spatulés ou Iégérement lobés en-dessous, plus étroits
au milieu . ... 33

Cerques asymétriques, plus larges a la base, allant s’amenuisant vers
Pextrémité, a bord dorsal décrivant une courbe, en forme de lobe ou
subquadrangulaires ......... ... ... 38

Apex de la plaque sous-génitale encoché ............ ... ... ... . ...
................... angustipennis angustipennis (Dodge) (p. 412)

Apex de la plaque sous-génitale décrivant une large courbe ou un angle
ALBU oo 34

Apex de la plaque sous-génitale aigu (fig. 551). Cerques petits (fig. 514)
............................. cinereus cinereus Scudder (p.414)

Apex de la plaque sous-génitale décrivant une large courbe (fig. 456 et 457).
Cerques plus grands (fig. 510) ........ .. ... . o i, 35

Lobes antérieur et postérieur de I’édéage a extrémités situées sur le méme
plan (fig. 554 et 555)5 (packardii, sensu lato) ................ 36

Edéage a lobe antérieur beaucoup plus court que le lobe postérieur et ne
rejoignant pas ce dernier (fig. 552 et 553)5 ...... ... ......... 37

Longueur de 27 & 32 mm. Fémurs postérieurs marqués de bandes sur le dessus
du rebord supérieur et sur la face interne; tibias postérieurs bleus, pour-
pres ou roses; coloration générale gris bleuatre. Sous-espéce vivant dans
les prairies et les PrairieS-Parcs . .........viriieiiieinenn..
........................... packardii packardii Scudder (p. 415)

Longueur de 23 a 31 mm. Fémurs postérieurs marqués de bandes s’éten-
dant de part et d’autre du rebord supérieur; tibias postérieurs rouge
foncé; coloration générale noir brunétre foncé. Sous-espéce vivant dans
les peuplements de pin gris (Saskatchewan, Alberta et Colombie-
Britannique) ................. packardii brooksi Vickery (p. 417)

Tibias postérieurs rouge foncé; bandes du pronotum indistinctes; tegmina
marqués d’une rangée de taches basales; fémurs postérieurs habi-
tuellement marqués de bandes obliques claires sur la moitié supérieure
de la face externe ......................... stonei Rehn (p. 417)

Tibias postérieurs bleus ou pourpres; bandes du pronotum trés claires ou
absentes; tegmina ne portant habituellement pas de tache ou n’en
portant que sur la ligne médiane, vers la base; face externe des fémurs
postérieurs sans bande transversale sous le rebord postérieur, mais
marquée en général d’une décoloration longitudinale ............
............................... foedus foedus Scudder (p. 418)

Cerques a bords tres convergents dans la moitié apicale (fig. 493, 512 et

B 1 39
Cerques a bords non convergents dans la moitié apicale, souvent larges, en
forme d’oreille ou quadrangulaires ......................... 41

Plaque sous-génitale bulbeuse, & apex concave (fig. 456) .............
.................. femurrubrum femurrubrum (De Geer) (p. 420)
Plaque sous-génitale normale, 4 apex arrondi, pointu, bilobé ou trilobé . .. 40
Fémurs postérieurs marqués de bandes transversales sur le dessus. Tegmina
non finement mouchetés. Coloration faite d’un mélange de noir et de
brun. Edéage comme dans les figures 556 et 557 ...........c.. ..
..................................... flavidus Scudder (p. 421)
Fémurs postérieurs dépourvus de bandes transversales. Tegmina finement
mouchetés. Coloration grise ou grise bleuatre. Edéage comme dans les
figures 558 et 559 ............. bowditchi canus Hebard (p. 423)



41(38).

42(41).

43(41).

44(43).

45(44).

46(45).

47(23).

48(47).

49(48).

50(49).

51(49).

Cerques en forme d’oreille ou quadrangulaires (fig. 503 et 504) .... 42
Cerques larges, non en forme d’oreille (fig. 494, 498, 499 et 502) .... 43
Cerques grands, en forme d’oreille (fig. 503) et a cOtés convergents au-dessus
de la plaque supra-anale. Tegmina rejoignant ou dépassant légérement
les apex des fémurs pOSLETIEUIS . ...... .t niinneinennn.
..................... occidentalis occidentalis (Thomas) (p. 424)
Cerques grands, larges, & apex quadrangulaire (fig. 504). Tegmina de
longueur variable, pouvant dépasser légérement I’extrémité de I’abdo-
men et aller jusqu’a dépasser de beaucoup I’extrémité des fémurs . . ..
..................................... rugglesi Gurney (p. 425)
Cerques grands, rectangulaires, ayant un apex arrondi et incurvé vers le haut
(fig. 502). Apex de la plaque sous-génitale tronqué ou a angle aigu et
arrondi ................. kennicottii kennicottii Scudder (p. 427)
Cerques plus petits, aplatis ou presque (fig. 494, 498 et 499). Apex de la
plague sous-génitale bilobé ou trilobé .......... ... ... ... ... 44
Apex de la plaque sous-génitale trilobé, les lobes externes étant saillants et
tronqués obliquement (fig. 530) ....... gordonae Vickery (p. 427)
Apex de la plaque sous-génitale encoché (fig. 534 et 535) .......... 45

Plaque sous-génitale longue, incurvée postérieurement vers le haut (fig. 535).
Furcula grande, longue et a bords presque paralleles (fig. 463) ... .
..................................... bruneri Scudder (p. 428)

Plaque sous-génitale plus courte, plus large que longue (fig. 534). Furcula
plus petite et & cOtés divergents ...............vivireienann 46

Tegmina courts comparativement aux fémurs postérieurs (fig. 430). Tibias
postérieurs rouges, roses, jaune clair ou bleus. Cerques de largeur
presque égale sur toute leur longueur, arrondis a I'extrémité et de
longueur ne dépassant pas le double de leur diametre (fig. 498) ...
.................... sanguinipes sanguinipes (Fabricius) (p. 430)

Tegmina plus longs comparativement aux fémurs postérieurs (fig. 610).
Tibias postérieurs rouge foncé. Cerques plus courts, plus larges et moins

pointus (apparemment éteints) .......... spretus (Walsh) (p. 432)
Angle dorsal de la valve dorsale de I’ovipositeur a angle droit ou presque
(de 90 a 105°) (fig. 573, 5892 592) ....... .o iiiriiinen. 48
Angle dorsal ou courbe de la valve dorsale de I’ovipositeur plus grand que
105° (fig. 560 & 572, 574 a 588 et 595) ... ... i 56
Encoches, situées de part et d’autre du huitiéeme sternite, trés visibles,
profondes et formant un angle d’environ 90° (fig. 589 et 591) ...... 49
Encoches du huitiéme sternite moins profondes, formant un angle plus grand
(de 125 & 150°) oottt e e e e 53
Tibias postérieurs rouges. Espéces vivant en forét ................ 50
Tibias postérieurs bleus, pourpres ou roses. Espéces vivant dans les prairies
et les prairies-parcs . ..............iiiiii i 51

Pronotum marqué de bandes distinctes; fémurs postérieurs jaunes en
dessous, rayés au-dessus, ces rayures se prolongeant sous le rebord supé-
rieur du c6té interne et du coté externe. Insecte vivant dans les foréts
(pin gris) de la Saskatchewan et de PAlberta ...................
............................ packardii brooksi Vickery (p. 417)

Bandes du pronotum peu visibles ou absentes; fémurs postérieurs claire-
ment rayés sur la moitié supérieure. Insecte vivant dans les foréts, du
Manitoba au Québec ........... ... ... ... stonei Rehn (p. 417)

Fémurs postérieurs rougetres ou orangés en dessous; bandes du pronotum
peu visibles ou absentes ......... Sfoedus foedus Scudder (p. 418)
Fémurs postérieurs jaunes en dessous; bandes du pronotum visibles . .. .. 52
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52(51).

53(48).

54(53).

55(54).

56(47).

57(56).

58(57).

59(57).

60(59).

61(59).

62(61).

63(56).

64(63).
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Fémurs postérieurs rayés sur le dessus, mais non du c¢6té extérieur; colora-
tion générale d’un gris bleudtre, tournant au jaunatre dans les régions
dusud ........ ... ...l packardii packardii Scudder (p. 415)

Fémurs postérieurs rayés sur le dessus, mais non en dessous du rebord
supérieur, habituellement marqués d’une décoloration longitudinale du
¢6té extérieur; coloration générale d’un jaune brunitre ou d’un gris

verdatre ............ . ... foedus foedus Scudder (p. 418)
Cerques convexes des deux cotés (fig. 579q) . ... confusus Scudder (p. 403)
Cerques non convexes des deux ¢8t€s .............. .. 54

Cerques légerement concaves au-dessus, convexes en dessous (fig. 576a)
................... angustipennis angustipennis (Dodge) (p. 412)
Cerques aux deux cotés clairement concaves (fig. 574a), parfois en forme
de flacon ... . 55
Fémurs postérieurs marqués au-dessus de bandes transversales floues;
tegmina sans tache ni moucheture fine; coloration générale d’un brun
mélé de noir ....... ... Sflavidus Scudder (p. 421)
Fémurs postérieurs sans bandes transversales; tegmina finement mouchetés
.............................. bowditchi canus Hebard (p. 423)

Fémurs postérieurs a dessous rougeétre .................c.. ... 57
Fémurs postérieurs a dessous jaune ou rosSe .................oo.... 63
Fémurs postérieurs rayés ....... ... i 59
Fémurs postérieurs non rayés sur la face externe ................. 58

Insecte de petite taille (méles de 16 & 20 mm, femelles de 20 a 24 mm)
............................. borealis borealis (Fieber) (p. 397)
Insecte de plus grande taille (méles de 19 a 21 mm, femelles de 20 4 30 mm)
.............................. borealis palaceus Fulton (p. 398)
Rayures des fémurs postérieurs limitées a la portion supérieure; tibias

postérieurs bleus ....... ... ... 60
Fémurs postérieurs complétement rayés; tibias postérieurs habituellement
rouges, parfois grisatres .. ...t 61

Fémurs postérieurs rouge clair en dessous et sur la face interne .......
..................... occidentalis occidentalis (Thomas) (p. 424)
Fémur postérieurs pas plus foncé que rosatre mat en dessous et sur la face
INEETNIE . oot rugglesi Gurney (p. 425)
Valve inférieure de I’ovipositeur armée d’une dent latérale (fig. 586). Tegmina
de couleur presque uniforme. Insecte vivant dans les régions boisées,
mais non arboricole .............. Sfasciatus (F. Walker) (p. 399)
Valve inférieure de 'ovipositeur dépourvue de dents latérales (fig. 568).
Tegmina marqués de taches gris brundtre. Insecte arboricole, vivant
en association avec le pin ........... (punctulatus, sensu lato) 62
Yeux proéminents vus du devant. Pronotum a c6tés divergents antéroven-
tralement, en vue dorsale. Espéce vivant au Michigan®, au Minnesota
et au Wisconsin ........... punctulatus griseus (Thomas) (p. 409)
Yeux moins proéminents vus du devant. Cétés du pronotum moins diver-
gents antéroventralement, en vue dorsale. Espéce vivant en Nouvelle-
Angleterre, dans I’Etat de New York, dans I’ouest du Québec, en
Ontario et au Michigan® ............. ... ... .. ... .......... ...
..................... punctulatus punctulatus (Scudder) (p. 410)
Fémurs postérieurs aplatis en dessous, preés de la base (fig. 438) ......
.................................... gladstoni Seudder (p. 411)
Fémurs postérieurs non aplatis en dessous ....................... 64
Espece de grande taille (de 34 4 44 mm). Fémurs postérieurs habituellement
ornés d’un dessin rappelant des arétes de poisson (fig. 427) ......
................... differentialis differentialis (Thomas) (p. 407)



Espéces de plus petite taille (moins de 34 mm). Fémurs postérieurs différents

de la description donnée ci-dessus .......... ... i 65

65(64). Fémurs postérieurs marqués de bandes au moins sur la portion supérieure
ou marqués d’une décoloration longitudinale ................ 67

Fémurs postérieurs non rayés sur leur surface extérieure ........... 66

66(65). Cerques concaves des deux cdtés. Espéce trés répandue ..............
................. femurrubrum fermurrubrum (De Geer) (p. 420)

Cerques convexes des deux cOtés. Insecte vivant en Alaska ...........
gordonae Vickery (p. 427)

67(65). Cerques convexes des deux cOtés ....... ... ... ... 70
Cerques concaves ou rectilignes des deux cotés ................... 68

68(67). Especes de petite taille (pas plus de 25 mm). Marques latérales noires au
moins sur les deux premiers segments de I’abdomen .......... 69

Espece de taille plus grande (jusqu’a 29 mm). De coloration mate, sans
marque contrastante sur les segments de ’abdomen .............
............................. cinereus cinereus Scudder (p. 414)

69(68). Espéce de petite taille (de 16 a 19 mm). Tergites de ’abdomen marqués de
taches noires évidentes sur les c6tés. Insecte vivant dans les Prairies
.................................... infantilis Scudder (p. 405)

Espece plus grande (de 18 & 25 mm). Abdomen ne portant des marques noires

que sur les deux ou trois premiers tergites. Espéce confinée aux contre-

forts des Rocheuses ................... alpinus Scudder (p. 406)
70(67). Tegmina ne dépassant pas ’apex des fémurs postérieurs ........... 71
Tegmina dépassant I'apex des fémurs postérieurs ................. 72

71(70). Face externe des fémurs postérieurs rayée sur la portion supérieure seulement;
tibias postérieurs bleus ou jaunes ............. .. ... .. ...
........................ kennicottii kennicottii Scudder (p. 427)

Face externe des fémurs postérieurs marquée d’une bande noirétre longitu-
dinale; tibias pOStErieUrs rOUZES .. ....vvivivieir it iennann
............................... keeleri luridus (Dodge) (p. 366)

72(70). Fémurs postérieurs entierement jaunitres en dessous. Bord supérieur des

cerques rectiligne ..................... bruneri Scudder (p. 428)
Fémurs postérieurs & bande longitudinale rose ou rougeétre sur la surface
extérieure du rebord inférieur. Les deux cOtés des cerques convexes . . .73

73(72). Tegmina allant s’amenuisant vers I’apex et marqués de quelques taches, ou
étroits sur toute leur longueur et mouchetés. Espece trés répandue
.................... sanguinipes sanguinipes (Fabricius) (p. 430)

Tegmina larges a I’apex, méme en position repliée, clairement mouchetés.
Espéce vivant dans ’ouest (apparemment éteinte) ...............
...................................... spretus (Walsh) (p. 432)

1 On trouve des formes intermédiaires au Michigan et au Wisconsin; les seuls spécimens trouveés
jusqu’a maintenant au Canada (Turkey Point, Ont.) appartiennent a cette catégorie.

2 I nexiste pas de caractere fiable pour distinguer les femelles des sous-espéces de M. oregonensis
et M. indigens. L’identification doit porter sur les maéles recueillis au méme endroit.

3 Cette espéce est maintenant dans le genre Bohemanella Ramme.

4 Les spécimens provenant du Michigan représentent une forme intermédiaire entre les deux
sous-espéces.

511 n’y a malheureusement pas de moyen facile de distinguer ’'une de ’autre les especes dont
il est question ici. Il faut en effet pour cela examiner les génitalia dissimulés.

6 Les spécimens provenant du Michigan constituent une forme intermédiaire entre les deux sous-
especes.
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Melanoplus gracilis (Bruner)

Map 129

Pezorettix gracilis Bruner, 1876:124.
Pezotettix minutipennis C. Thomas, 1876b:66.
Melanoplus gracilis; Scudder 1897d:327; Helfer 1963:247.

Diagnosis. Tegmina narrow, oblong, widely separated. Hind femur
bright green; hind tibia green with black spines.

Description. Body slender, small (length, male 14-16, female 18.5-
20 mm; pronotal length, male 4.5, female 5.0-5.5 mm), subcylindrical,
compressed. Frontal costa prominent, slightly broader than interocular space,
sulcate beneath ocellus. Pronotum nearly cylindrical, slightly expanded on
metazona, with median carina low, distinct; prozona twice as long as meta-
zona; posterior margin of metazona with shallow median notch. Tegmina
narrowly oblong, widely separated, with apices pointed in male but narrowly
rounded in female. Hind femur slender, long, exceeding abdomen in both
sexes. Male cercus long, narrow, with middle third half as wide as base, and
with apical third expanded and feebly curved downward. Furculae of male
minute, oblong, lobelike. General color dull ashy brown dorsally, greenish
yellow beneath; laterally with shining blackish bar from eye to metazona,
hind femur bright green, with lower margin yellowish and with geniculae
black; hind tibia green with black spines.
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Map 129. Colleciion localities fof Melanoplus gracilis.
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Range. Minnesota to Michigan, south to Mississippi and Tennessee.

Behavior and habitats. M. gracilis is found in old fields, grasses along
roadsides, blue-grass pastures, tall weeds and grasses along edges of marshes,
and open wooded areas. Blatchley (1920) reported that it was found frequently
on ironweed (Vernonia spp.) and also occurred on jewelweed (Impatiens spp.)
and giant ragweed Ambrosia trifida. It does not seem to feed upon crop plants
to any extent.

Life history. Univoltine in the north, overwintering in the egg stage.
In the southern part of the range, there may be two generations each year.
Adults occur in Michigan from 13 July to 9 September (Cantrall 1968), but
they are present from early June to November in the south.

Melanoplus viridipes eurycercus Hebard

Figs. 479, 516, 560; Map 130
Melanoplus viridipes eurycercus Hebard, 19205:392.

Diagnosis. Male cercus short, triangular. Hind femur distinctly banded.

Description. Male cercus heavy, short (about twice as long as broad),
triangular, strongly tapered throughout from base to bluntly rounded apex
(Fig. 479). Bands on hind femora distinct and often fused ventrally.

Map 130. Collection localities for Melanoplus viridipes eurycercus (), M. viridipes
viridipes (®), and intermediates (a).
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Range. Michigan to Vermont, south to North Carolina.
Behavior, habitats, and life history. As for M. viridipes viridipes.

Melanoplus viridipes viridipes Scudder

Figs. 443, 478, 515; Map 130

Melanoplus viridipes Scudder, 1897d:255, pl. XVII, fig. 4.
Melanoplus juvencus Scudder, 1897d:266.
Melanoplus viridipes viridipes; Hebard 19205:393.

Diagnosis. Tegmina padlike. Fore and middle coxae and all tibiae
greenish. Male cercus long.

Description. Body small (length, male 17.5-18.5, female 21.5-
25.5 mm; pronotal length, male 3.8-4.2, female 4.8-5.2 mm). Male cercus
elongate, 2.3-3 times as long as broad, conspicuously tapering, somewhat
concave in apical half (Fig. 478). Male subgenital plate (Fig. 515) with small
median tubercle. Hind femur pale, with narrow fuscous bands, these never
fused ventrally. Tegmina reduced to small pads, in females about as long
as pronotum, in males slightly longer. Color generally brownish above,
yellowish beneath; black stripe extending from eye across pronotum and
abdomen; fore and middle femora and all tibiae greenish; hind femur
conspicuously fuscous.

Range. Minnesota, Wisconsin, Illinois, Iowa, and Indiana.

Behavior and habitats. M. viridipes viridipes is usually found in low
flat open woods and clearings, sometimes in fairly populous colonies but
usually scarce. Males jump well, but females are much more sluggish.

Life history. Univoltine, with overwintering in the egg stage. The
species matures rapidly in spring and adults are present early in June, usually
disappearing by mid-August.

Melanoplius scudderi scudderi (Uhler)

Map 131

Pezotettix scudderi Uhler, 1864:555.

Pezotettix unicolor C. Thomas, 1873:51.

Melanoplus scudderi; Scudder 1897d:212; Helfer 1963:249 (partim).
Melanoplus scudderi scudderi; J. A. G. Rehn and Hebard 19165:230.

Diagnosis. Tegmina as long as pronotum. Hind tibia bright red.

Description. Body small (length, male 16.2-18.5, female 22.0-
24.0 mm). Pronotal disc broadly concave, with metazona densely punctate;
anterior margin of pronotum truncate to faintly medially notched, with
posterior margin obtuse-angulate. Tegmina about as long as pronotum,
elongate-ovate in males, with edges slightly overlapping, in females broadly
ovate and separated. Male cercus broad at base, with ventral margin convex,
and with upper margin concave, tapering to rounded apex (cf. Fig. 479). Male
subgenital plate small, conical. Ovipositor exserted, with valves long, acute.
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Map 131. Collection localities for Melanoplus scudderi scudderi (R), M. indigens

missoulae (a), and M. indigens indigens (®).

Coloration dull, light to dark brown above, paler on abdomen, yellowish
beneath; lateral longitudinal dark stripe found on male prozona only, lack-
ing in female; hind femur without spots or showing traces of bands; hind
tibia bright red, occasionally paler basally but without dark or pale ring at
base.

Range. Minnesota to Massachusetts, south to Texas and Florida.

Behavior and habitats. M. scudderi scudderi is found in open places
along edges of woodlands, in bushy pastures, and on rocky slopes of hills.
Blatchley (1920) reports this species as a dry-area species that often sits on
logs or stones in sunny places. Mulkern et al. (1969) reported it as mainly
a forb feeder. Gangwere (1961) reported its feeding upon Aster, Achillea,
and Solidago in Michigan.

Life history. Univoltine, with overwintering in the egg stage. Adults
are found late in the season. Cantrall (1968) recorded these from 22 August
to 6 November in Michigan.

Melanoplus walshii Scudder

Map 132

Melanoplus walshii Scudder, 1897d:235, pl. XV, fig. 10.
Pezotettix occidentalis (nec C. Thomas, 1872), Bruner 1876:124.
Melanoplus amplectens Scudder, 1897d:280.
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Map 132. Collection localities for Melanoplus walshii.

Melanoplus blatchieyi Scudder, 1897d:322.
Melanoplus walshii; Blatchley 1920:403.

Diagnosis. Tegmina short, sublanceolate. Male fore and middle femora
swollen. Hind tibia red, with pale basal ring.

Description. Body size medium (length, male 19-25, female 23-
29 mm), robust. Pronotal disc flat, with lateral margins feebly diverging
posteriorly; posterior margin broadly obtuse-angulate. Tegmina sublanceo-
late, acute apically, longer than pronotum by about one-quarter, with inner
edges overlapping slightly. Fore and middle femora swollen in male; hind
femur extending slightly beyond abdomen in male, to ovipositor in female.
Abdomen of male strongly recurved apically. Male cercus slightly spatulate,
curved abruptly upward, concave apically, with apex broadly rounded
(cf. Fig. 482). General color dark grayish brown dorsally, yellowish beneath;
postocular dark stripe narrow, often indistinct or obsolete in females; lower
half of lateral lobes grayish brown with dark flecks; tegmina pale brown
dorsally; hind femur reddish to yellowish brown, with two crossbars on upper
and outer faces; hind tibia red with pale ring near base; spines black.

Range. Minnesota and South Dakota to Michigan, south to Georgia.

Behavior and habitats. Cantrall (1968) reports M. walshii as having
a spotty distribution in Michigan, among ‘‘thickets of herbs, low shrubs,
seedlings, vines and brambles in or near deciduous woodland.’’ Blatchley
(1920) reported it as more arboreal than many other species, often being found
in shrubbery well above the ground.

382




Life history. Cantrall (1968) recorded adults from 16 July to
4 September in Michigan. The species is undoubtedly univoltine, over-
wintering in the egg stage.

Melanoplus indigens missoulae Hebard

Map 131
Melanoplus indigens missoulae Hebard, 19365:175.

Diagnosis. Hind femur red or orange beneath.

Description. Hind femur rich orange to deep red beneath. Furculae
of male less than one-third as long as supra-anal plate. Male cercus scarcely
spatulate (cf. Fig. 495). Aedeagus with projecting parts of dorsal lobes small,
short, rounded (see Hebard 19365, pl. XIII, figs. 1, 2).

Range. Known only from Missoula, Montana.
Behavior and habitats. Not known.
Life history. Adults were collected in August.

Melanoplus indigens indigens Scudder

Map 131

Melanoplus indigens Scudder, 1897d:211, pl. XIV, fig. 4.
Melanoplus indigens indigens; Hebard 1936b:177.
Melanoplus indigens; Helfer 1963:256 (partim).

Diagnosis. Tegmina elongate-ovate, shorter than pronotum. Male
cercus broad, spatulate. Note: For accurate determination of this species it
is necessary to examine the concealed male genitalia, as this is the only
way by which the different taxa of the indigens-group (M. oregonensis,
M. marshalli, M. indigens, and their subspecies) can be identified with
certainty (see Hebard 193654 for figures). Females are more difficult to deter-
mine and should be associated with males with which they are collected.

Description. Body size medium (length, male 18.0-19.3, female 22.0-
23.7 mm; pronotal length, male 4.7-4.9, female 5.0-5.6 mm). Pronotal disc
with weak carina on metazona, absent on prozona in males, rarely weakly
indicated in females. Tegmina elongate-ovate, shorter than pronotum, sepa-
rated, with apices broadly to sharply rounded. Male cercus broad, straight,
slightly spatulate apically and broader than at middle, with ventral margin
rounding more sharply to apex than dorsal margin (cf. Fig. 510). Male sub-
genital plate produced to broad blunt rounded apex; aedeagus with dorsal
lobes broad, erect, with lateral surfaces flattened, and with dorsal outline
rounded-angulate in lateral aspect; apices not meeting above parameres.

Range. Washington, Oregon, Idaho, and Montana.

Behavior and habitats. M. indigens indigens is found in areas with
grass, wild strawberry, and sagebrush, and in thickets of wild rose. It occurs
only in small colonies, usually at altitudes above 1800 m.

Life history. Not studied, but probably similar to that of other alpine
species of Melanoplus. Adults have been found in August and September.
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Melanoplus oregonensis oregonensis (Thomas)

Figs. 444, 480, 517, 561; Map 133

Pezotettix oregonensis C. Thomas, 1875:888.
Melanoplus oregonensis oregonensis; Hebard 1928:268, pl. 25, fig. 4;
Brooks 1958:29, fig. 7.

Diagnosis. Tegmina short, Hind femur yellow beneath, not banded;
hind tibia buff to blue.

Description. Body small (Iength 18-23 mm). Tegmina short, reaching
only to second abdominal segment. Male supra-anal plate (Fig. 444) distinctly
longer than broad, with apex broadly rounded, and with furculae long. Male
cercus nearly equally broad throughout, with apex broadly rounded, slightly
spatulate (Fig. 480). Antennal crescent of female (cf. Fig. 431) complete.
Ovipositor (Fig. 561) with dorsal angle 135°; lateral notch of female eighth
abdominal sternum 110°. Color dark brown to grayish brown; hind femur
yellow beneath, not conspicuously banded on outer face; hind tibia buff to
blue.

Range. British Columbia, Alberta, Idaho, and Montana.

Behavior and habitats. M. oregonensis oregonensis usually occurs
above 1500 m in “‘tall grass and in weedy places’’ (Hebard 1928). The authors
have collected it at an altitude of 2560 m in southwestern Montana.

Life history. Adults have been found from mid-June to mid-August.
The insects are probably univoltine, with overwintering in the egg stage.
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Map 133.  Collection localities for Melanoplus oregonensis oregonensis (R) and
M. oregonensis triangularis (a).
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Melanoplus oregonensis triangularis Hebard

Figs. 445, 481, 562; Map 133

Melanoplus oregonensis triangularis Hebard, 1928:269.

Melanoplus oregonensis triangularis, Hebard 1936b:174; Brooks
1958:29.

Diagnosis. Male supra-anal plate triangular, shield-shaped. Females
are indistinguishable from those of M. oregonensis oregonensis.

Description. Male supra-anal plate (Fig. 445) triangularly shield-
shaped. Male cercus short, heavy, distinctly spatulate (Fig. 481).

Range. British Columbia, Alberta, and Montana.

Behavior and habitats. M. oregonensis triangularis occurs only at high
clevations on mountain slopes.

Life history. Probably univoltine; adults have been collected in late
August.

Melanoplus dawsoni (Scudder)

Figs. 453, 490, 526, 571; Map 134

Pezotettix dawsoni Scudder, 1875b:343.
Pezotettix tellustris Scudder, 1876¢:502.
Pezotettix abditum Dodge, 1877:113.
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Map 134. Collection localities for Mela

noplus dawsoni.
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Melanoplus dawsoni; Scudder 1896c¢:64; Brooks 1958:24; Helfer
1963:221; Vickery et al. 1974:96.

Melanoplus dawsoni completus Scudder, 1897d:227.

Melanoplus acutus Scudder, 1898¢:171.

Diagnosis. Easily recognized by abdominal color pattern: anterior half
of each tergum black, and posterior half yellow.

Description. Body medium-small (length, male 14-17, female 19-
22 mm). Antennal crescent (cf. Fig. 431) divided. Pronotum short, with disc
convex; prozona slightly longer than broad; posterior margin of metazona
obtuse-angulate. Tegmina usually brachypterous, ovate-lanceolate, slightly
longer than pronotum (occasionally macropterous, with tegmina extending
beyond apices of hind femora). Male supra-anal plate triangular, somewhat
flared toward apex (Fig. 453). Male cercus short, with apical third less than
half basal width, feebly concave, with apex rounded (Fig. 490). Male sub-
genital plate small, longer than broad, tapering to compressed, with truncate
to slightly notched apex (Fig. 526). Ovipositor narrow, with angle of dorsal
valve about 150° (Fig. 571); eighth abdominal sternum of female with shal-
low lateral notch (Fig. 571). Color generally brown to grayish brown, bright
yellow beneath; abdominal terga conspicuously banded; hind femur green-
ish ventrally, banded dorsally; hind tibia red. Nymphs are described by
N. Criddle (19260) and by Handford (1946).

Range. British Columbia to Québec, south to Utah and Pennsylvania.

Behavior and habitats. Shrubby bushy areas along woodland margins,
clearings, and grassy pastures in the eastern part of the range (Vickery et
al. 1974) are favored. Brooks (1958) stated that it preferred ‘‘grassy pastures
where short shrubs are growing” in Western Canada.

Life history. Adults are found in the field from midsummer to late
summer, 10 July to 18 October in Michigan (Cantrall 1968). There is one
generation each year, with overwintering in the egg stage in soil. In the labora-
tory the elapsed time between hatching of the eggs and molting to the adult
stage was about 50 days.

Melanoplus mancus {Smith)

Figs. 446, 482, 518, 563; Map 135

Pezotettix manca S. 1. Smith, 1868:149,
Melanoplus mancus; Scudder 1896¢:66; Helfer 1963:254; Vickery et al.
1974:92.

Diagnosis. Tegmina ovate, separated. Hind femur reddish brown, with
basal narrow black streak.

Description. Body small, short (length, male 14-17.5, female
18-25 mm). Interocular space as wide as frontal costa between antennae;
fastigium strongly declivent. Posterior margin of pronotum subtruncate
(sometimes emarginate) to broadly rounded. Tegmina ovate, two-thirds length
of pronotum, separated by half their width and broadly, evenly rounded in
female, separated by less than one-quarter their length in male. Male cercus
long, with apical two-thirds narrow; sides nearly parallel, then rounded
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Map 135. Collection localities for Melanoplus inancus.

apically, slightly concave on outer apical face (Fig. 482). Male subgenital
plate (Fig. 446) narrowed to prolonged conical apex; male furculae in form
of cylindrical parallel projections about twice as long as width of 10th abdom-
inal tergum (Fig. 446). Ovipositor valves (Fig. 563) narrow, with angle of
dorsal valve obtuse (about 155°); lateral notch of eighth sternum of female
shallow (about 150°); female cercus elongate-triangular with sides concave.
Color dark brown above, yellowish beneath; abdomen reddish brown with
broad paler stripe dorsally; hind femur reddish brown, often with proximal
narrow black streak; hind tibia red with black spines.

Range. Ontario, Québec, and Maine, south to Virginia.

Behavior and habitats. M. mancus is rare almost throughout its range,
occurring as small scattered colonies in open areas. Morse (1920) recorded
it from exposed rocky mountain slopes usually in association with Vaccinium
[angustifolium and myrtilloides]. Specimens are often, but not always, found
at higher elevations in the eastern mountains, 600-1000 m above sea level.
They may feed on Vaccinium or on plants that are commonly found with
it. Morse (1920) also found them to be agile; they frequently leap suddenly
for some distance and often make several leaps in succession. We have also
noted its agility, particularly of males.

Life history. Adults have been taken from late July to mid-September,
indicating a univoltine life cycle, with overwintering in the egg stage. In the
southern part of the range (Virginia), adults have been found as early as
10 July (Hebard 1937a), but the adult stage is attained later in the north.
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Melanoplus islandicus Blatchley

Figs. 447, 483, 519, 564; Map 136

Melanoplus islandicus Blatchley, 1898b:196.

Melanoplus abortivus E. M. Walker, 18984:90-92.

Melanoplus islandicus; Scudder 1898¢:177; Cantrall 1943:110; Brooks
1958:28; Vickery et al. 1974:93.

Melanoplus mancus islandicus; Hebard 1932a:34.

Diagnosis. Hind femur lacking conspicuous crossbands; hind tibia red.
Male furculae short. Male cercus broad at base, strongly tapering.

Description. Body small (length, male 14.5-17, female 19-24 mm);
males slender and females moderately robust. Male cercus broad at base,
strongly tapering (Fig. 483). Male subgenital plate (Fig. 447) conical, with
sides compressed and with apex acute; male furculae short, flat, oblong
(Fig. 447). Ovipositor (Fig. 564) slender, with dorsal valve at angle of about
156°; eighth sternum of female with shallow lateral notch (135°); female
cercus triangular, with sides nearly straight. Color generally dark brown above
and greenish yellow beneath; abdomen with broad paler dorsal line; hind
femur not conspicuously crossbanded on outer face; hind tibia red, some-
what darkened proximally. Nymphs are described by Handford (1946).

Range. Manitoba to Québec, south to Virginia.

Map 136. Collection localities for Melanoplus islandicus.
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Behavior and habitats. M. islandicus is primarily a forest-dwelling
species, often being found in shady woods near clearings and pathways. The
series recorded by Blatchley (18984) was found near a clearing and pathway
through dense spruce, birch, and hemlock woods. E. M. Walker (1898a)
found the species in similar locations at De Grassi Point, Lake Simcoe, Ont.
Colonies are usually small in numbers and rather scattered. The species may
be much more common than collections indicate.

Life history. Univoltine, with overwintering in the egg stage. Cantrall
(1968) recorded adults from 8 July to 8 September in Michigan.

Melanoplus montanus (Thomas)

Figs. 484, 520, 565; Map 137

Pllatyphyma)l montana C. Thomas, 1873:155,
Melanoplus montanus; Scudder 1896¢:66; Brooks 1958:29; Helfer
1963:261.

Diagnosis. Tegmina small, oval, padlike. Hind femur conspicuously
banded; hind tibia red.

Description. Body small (17-25 mm long). Antennal crescent (cf.
Fig. 432) divided. Tegmina in form of small oval pads extending only to sec-
ond abdominal tergum. Male cercus narrow, straplike, tapered, with round
apex (Fig. 484). Male subgenital plate rounded-acute apically. Furculae of
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Map 137. Collection localities for Melanoplus montanus.
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male small. Female cercus triangular, with sides slightly convex. Upper
ovipositor valve robust, with dorsal angle about 136° (Fig. 565); lateral notch
of eighth abdominal sternum of female shallow, about 140° (Fig. 565). Color
generally dark brown to blackish; hind femur conspicuously banded, mottled
beneath; hind tibia red with black spot near base.

Range. British Columbia and Alberta, south to Wyoming.

Behavior and habitats. M. montanus is confined to slopes of moun-
tains, and is often found on bare western exposures with only occasional
bushes. Occurrence is discontinuous. The species is regarded as rare. Speci-
mens are difficult to capture, because they usually move rapidly down slopes
by powerful leaps until they find a tangle in which they hide (Hebard 1928).

Life history. Hebard (1928) recorded adults from 29 July to 27 August.
In Alberta, specimens have been found from 19 July to 30 August. There
is probably one generation each year, with overwintering in the egg stage.

Melanoplus washingtonius (Bruner)

Figs. 448, 485, 521, 566; Map 138

Pezotettix washingtonius Bruner, 1885bh:14.
Melanoplus validus; E. M. Walker 1910:337.
Melanoplus washingtonius; Buckell 1924:12.
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Map 138. Collection localities for Melanoplus washingtonius.
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Diagnosis. Pronotum with lateral markings nearly parallel in males,
diverging posteriorly in females.

Description. Body size medium (length, male 18.5-20, female
22-24 mm). Eyes large, prominent. Pronotum with lateral markings nearly
parallel in males, diverging posteriorly in females, with median carina distinct
on metazona, obsolete on prozona in females, and only at anterior margin
in males; lateral carinae sharp, with anterior margin of pronotum truncate,
and with posterior margin obtusely rounded. Tegmina about two-fifths length
of pronotum, acute apically. Male cercus (Fig. 485) long, three times as long
as broad, directed inward posteriorly, with apex rounded. Color brownish
fuscous above, yellowish beneath; hind femur yellowish brown with 2 fuscous
crossbars; hind tibia pale reddish. Note: For accurate determination of this
species it is necessary to examine the concealed male genitalia (see Hebard
1935a:pl. XXVI, fig. 9).

Range. British Columbia, Alberta, Washington, and Idaho.

Behavior and habitats. Not reported. Found on mountain slopes.

Life history. Probably univoltine, with overwintering in the egg stage.
Adults have been found in July and August.

Melanoplus dodgei (Thomas)

Map 139
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Map 139. Collection localities for Melanoplus dodgei.
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Caloptenus dodgei C. Thomas, 1871bh:168.

Pezotettix aspirans Scudder, 18795:85.

Melanoplus dodgei dodgei; Hebard 19295:376.

Melanoplus dodgei; Newton and Gurney 1956:1092, map 66; Helfer
1963:246.

Diagnosis. Hind femur yellowish beneath, black apically and basally.
Differing from M. huroni in range.

Description. Hind femur usually yellowish beneath, conspicuously
marked with black basally and apically, with 2 intermediate moderately broad
transverse dark bands; hind tibia pale red, marked with fuscous basally. Male
supra-anal plate, cercus, and subgenital plate, and female ovipositor as in
Figs. 449, 486, 522, and 567.

Range. Idaho and Montana, south to Colorado.

Behavior and habitats. M. dodgei is alpine, found on mountain slopes
and valleys at altitudes of 1800-4000 m (D. Van Horn 1965).

Life history. Probably univoltine, like that of others in this group of
species. It is possible that more than one year may be required to complete
development, as was reported for some other high-altitude species of
Melanoplus by Kreasky (1960).

Melanoplus huroni Blatchley

Figs. 449, 486, 522, 567; Map 140

Melanoplus huroni Blatchley, 1898h:195.

Melanoplus huroni; Scudder 1898¢:182; Brooks 1958:27; Helfer
1963:247.

Melanoplus dodgei huroni; Blatchley 1920:407.

Diagnosis. Tegmina extending to third or fourth abdominal segment,
conspicuously spotted dorsally. Note: Accurate differentiation of M. huroni
and M. dodgei (Thomas) requires examination of the concealed male genitalia
(Hebard 1935a). No illustration of the genitalia of either of these two species
has yet been published. At present, geographical information is probably
the most reliable method of distinguishing them.

Description. Body size medium (length, male 19-21, female 28-
32 mm), robust. Pronotum with prozona slightly longer than metazona; meta-
zona coarsely and densely punctate, with posterior margin obtuse-angulate;
lateral carinae evident but rounded in cross-section. Tegmina 1.3-1.5 times
as long as pronotum, extending only to third or fourth abdominal segment
(rarely macropterous, with tegmina extending to or beyond apices of hind
femora}, conspicuously spotted dorsally. Male cercus broad at base, slender
apically (Fig. 486). Male subgenital plate (Fig. 522) with pointed apical
tubercle. Male furculae (Fig. 449) small, blunt. Ovipositor (Fig. 567) with
upper valve heavy but narrow, with dorsal angle about 150°; eighth abdomi-
nal sternum of female without lateral notches. Color generally dark gray to
blackish; hind femur red ventrally and on inner face, with narrow dark
crossbands on outer face; hind tibia dark red.
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Map 140. Collection localities for Melanoplus huroni.

Range. British Columbia to Québec, south to Nebraska and Michigan.

Behavior and habitats. M. Auroni occurs in undergrowth of woodlands,
often near clearings and open paths where sunlight penetrates, in conifer-
ous, deciduous, and mixed forests. Brooks (1958) recorded it from parklands
near Saskatoon, Sask., far removed from evergreen trees, as well as from
along roadsides in spruce and Jack pine forests. He also stated that it was
known from a ‘‘few localities in northern Alberta,”” but apparently it has
not been found in southern Alberta. These grasshoppers are clumsy and
inactive, often remaining motionless even when approached. They are well
camouflaged when on either open ground or forest litter.

Life history. Univoltine, with overwintering in the egg stage. In
Michigan, adults are known from 14 July to 17 August (Cantrall 1968).

Melanoplus bivittatus (Say)

Figs. 4, 433, 434, 451, 488, 524, 569; Map 141

Gryllus bivittatus Say, 1825a:308.

Caloptenus femoratus Burmeister, 1838:638.

Acrydium flavo-vittatum T. W. Harris, 1841:140.

Melanoplus bivittatus, Scudder 1874:376; Cantrall 1943:111; Brooks
1958:21; Helfer 1963:220; Vickery et al. 1974:95.

Melanoplus bivittatus femoratus; Morse 1894b:106.
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Map 141. Collection localities for Melanoplus bivittatus.

Common name. Twostriped grasshopper.

Diagnosis. Body apple green with pale lateral lines. Male cercus
boot-spaced.

Description. Body large (length, male 26.5-28, female 31-35 mm),
robust. Tegmina of male reaching or surpassing apices of hind femora, of
female usually not quite reaching apex of abdomen. Male furculae short,
swollen, triangular (Fig. 451). Male cercus with apical half expanded, boot-
shaped (Fig. 488). Angle of dorsal ovipositor valve obtuse, about 156°
(Fig. 569); lateral notch of female eighth abdominal steriium conspicuous,
about 90° (Fig. 569). Color generally bright apple green above, yellowish
beneath, occasionally pale greenish vellow (Fig. 4), with distinct pale testa-
ceous to yellowish lines extending from upper region of eyes along lateral
pronotal margins and along anal area of tegmina; hind femur greenish black
on upper half of outer face, darker at base; hind tibia either poppy red with
black spines or greenish buff to bluish, usually darker basally. Nymphs are
described by N. Criddle (1924, 1926b) and by Handford (1946).

Range. British Columbia to Newfoundland, south to California and
Georgia.

Behavior and habitats. M. bivitiatus prefers locations that are rela-
tively moist and is seldom found abundantly in dry areas. It is to some extent
omnivorous but feeds mainly upon plants. It is said to be mainly a forb feeder
(Brooks 1958), but it also eats grasses in areas where forbs occur. It prefers
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forbs, including many broad-leaved weeds, or cultivated plants such as
rhubarb, and is seldom found where only grasses are available. Females are
rather clumsy and heavy-bodied, and, having short wings and tegmina, they
do not fly to any extent. They may, however, become airborne in strong winds
and be carried for long distances. Males fly well when disturbed but, unless
assisted by wind, do not fly far. As reported by Vickery et al. (1974) this
species was well represented in the ““‘invasions’ of the city of Montréal in
1948, 1960, and 1971. Although males were much more numerous, females
were also represented and the flights had come distances of 8-25 km. General
biology is given by N. Criddle (1924), and eggs are described by N. Criddle
(1918, 1924, 1935) and by Onsager and Mulkern (1963) and others.

Life history. Over most of the North American continent, adults are
found from late June until September or October, when they are killed by
frost. In most parts of Canada, and presumably also in most lowland areas
in the northern United States, there is one generation each year, with over-
wintering in the egg stage. In British Columbia, at altitudes above 900 m,
the life cycle takes 2 years, whereas below that level, the species is univol-
tine, and it is probable that a 2-year cycle also occurs in other mountainous
areas (Putnam and Handford 1958b). Higher population levels appear in
alternate years where the 2-year life cycle occurs, with few individuals seen
in the intervening years (Beirne 1972).

Many natural enemies attack M. bivittatus. Adults and nymphs are
affected by at least 12 species of parasitic insects, two nematode species, para-
sitic mites, and also bacterial pathogens (Beirne 1972). Birds may destroy
a large proportion of a population when the grasshopper density is high.
Dry conditions reduce egg-hatching. The eggs appear to be susceptible to
desiccation, and this probably prevents permanent establishment in dry
locations.

Economic importance. Although this species is classed as highly impor-
tant economically, the damage caused by its feeding is usually confined to
broad-leaved crops. Occasionally it will cause damage to grain crops, but,
if other vegetation is available, the crop damage is minimal and usually
peripheral. Alfalfa seed crops, tobacco, corn, and strawberry may be severely
damaged by M. bivittatus, especially when grown under irrigation.

Melanoplus madeleineae Vickery & Kevan

Figs. 460, 497, 533, 578; Map 142

Melanoplus madeleineae Vickery and Kevan, 1978:188-192, figs. 1-5, 7.
Melanoplus madeleineae; Kevan and Vickery 1978:202.

Diagnosis. Hind femur crimson beneath. Found on Magdalen Islands
only.

Description. Body medium-large (length, male 21.0-25.5, female
24.0-29.0 mm). Lower edge of hind femur of striking crimson color, this
extending above lower carinae on both inner and outer faces; tibial spines
robust, black. Male furculae and supra-anal plate as in Fig. 460. Male cercus
as in Fig. 497. Male subgenital plate as in Fig. 533; apices of aedeagal valves
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Map 142. Collection localities for Melanoplus madeleineae (®) and M. gaspesiensis
(m).

large, broad, with apices of dorsal valves broadly rounded (Vickery and Kevan
1978:190, fig. 7); epiphallus large, heavily sclerotized (Vickery and Kevan
op. cit., fig. 5). Ovipositor with distinct denticulation on dorsal valves
(Fig. 578); notch of eighth abdominal st'rnum of female about 139°
(Fig. 578).

Range. Magdalen Islands, Québec.

Behavior and habitats. Specimens were collected mainly in damp areas
where grasses and sedges grow. M. madeleineae is not a strong flier, and
apparently is not as agile as M. borealis borealis.

Life history. Adults have been taken from 26 July to 11 September.
They probably persist until near the end of September. The life cycle is almost
certainly univoltine, as no immatures were found late in the season. Like
others of the group, M. madeleineae presumably overwinters in the egg stage
in the soil.

Comments. Prest (in Howden 1969) indicated that the Magdalen
Islands had formed an unglaciated nunatak during the entire Wisconsin glacia-
tion period. The presence of M. madeleineae on these islands, and nowhere
else, supports this contention, as does evidence published later by Prest et
al. (1976). The species is undoubtedly derived from M. borealis (which is
not found [now] in these islands) and has undergone significant changes. The
male genitalia have come to differ from those of M. borealis to the extent
that breeding between that species and M. madeleineae is probably not
possible, even if the insects were given the opportunity.
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Melanoplus borealis borealis (Fieber)

Figs. 436, 437, 439, 458, 495, 531, 576, 576a, 596-599; Map 143

Caloptenus borealis Fieber, 1853:120.
Pezotettix septentrionalis Saussure, 1861:159.
Caloptenus extremus F. Walker, 1870:681.
Pezotettix junius G. M. Dodge, 1876:9.
Caloptenus parvus Provancher, 1876:110.
Melanoplus borealis; Caulfield 1888:71.
Melanoplus monticola Scudder, 1897¢:24, 34,
Melanoplus extremus scandens Scudder, 1897d:289.
Melanoplus borealis monticola; Buckell 1920:31.
Melanoplus borealis junius; Hubbell 19224:40.
Melanoplus borealis borealis; Buckell 1929:13; Brooks 1958:22; Vickery
et al. 1974:98.

Diagnosis. Tegmina slightly shorter than abdomen. Outer face of hind
femur dull yellow to brown, not barred.

Description. Body medium-small (length, male 16-20, female
20-24 mm). Tegmina not reaching apices of posterior femora, generally
reaching apex of abdomen in males, covering about three-quarters of
abdomen in females (some macropterous specimens occur, and in these the
tegmina are much longer than the abdomen). Male furculae large, parallel,

Map 143. Collection localities for Melanoplus borealis borealis (W) and M. borealis
palaceus (a).
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tapering, about half as long as supra-anal plate (Fig. 458). Male cercus short,
broad, with apical half distinctly more than half as broad as base, gently
curved, rounded at apex (Fig. 495). Male subgenital plate rounded, not
bulbous, not notched apically (Fig. 530). Ovipositor with angle of dorsal valve
about 145° (Fig. 576); female cercus triangular, short, with upper edge
concave (Fig. 576a). General color dark green with yellowish tinge; hind femur
with outer face dull yellow, tinged with brown, never barred with black, with
lower face light orange; hind tibia reddish to yellowish, with black spines.
Nymphs are described by Handford (1946).

Range. Alaska to Newfoundland, south to Colorado and
Massachusetts.

Behavior and habitats. M. borealis borealis is indeed boreal, occur-
ring north of the tree line and also at elevations above the timberline. It is
often found in cool damp situations, bogs, moist open pastures, and stream
margins, and near ponds. Cantrall (1943) reported its ‘‘secretive’” nature and
the great agility with which it avoided capture. In southern Québec it is often
found in swampy or marshy areas, near lakes or streams, usually where grass
growth is luxuriant but also where it is sparse. W. J. Brown collected it on
“‘gently rolling, treeless, Arctic tundra that consisted of damp cold sphagnum
which thawed only from 11 to 19 inches during summer’’ (Gurney and Brooks
1959). It feeds primarily on grasses but will also feed on forbs (Mulkern ¢t
al. 1969). Dr. S. C. Palmer (in J. A. G. Rehn 1931) notes that on the
inhospitable northern coast of Labrador, specimens were found on ‘‘warmer
open gently sloping hillsides’’ (Nain) and in ‘‘grassy meadows as they neared
the sea’ (Cape Mugford), but not elsewhere. Eggs are described by Onsager
and Mulkern (1963).

Life history. Adults appear in Québec about mid-June and persist to
mid-August. Nymphs are present during the last week of April. For Michigan,
Cantrall (1968) recorded adults from 18 June to 27 September, but none has
been seen so late in Québec. It has been suggested that a 2-year life cycle
occurs in elevated parts of British Columbia (Gurney and Brooks 1959). This
has not been verified. That a 2-year life cycle occurs throughout the north-
ern part of the range of the subspecies is not an unreasonable supposition.

Melanoplus borealis palaceus Fulton

Map 143
Melanoplus borealis palaceus Fulton, 1930:619, fig. 1:F, G, H.

Diagnosis. Tegmina of male extending to apices of hind femora, those
of female slightly shorter.

Description. Body length, male 19-21, female 26-30 mm; pronotal
length, male 4.2-4.8, female 4.9-5.9 mm. Usually fully alate, with male
tegmina reaching apices of hind femora, those of female slightly shorter,
rarely surpassing hind knees. Male abdomen strongly turned upward and
recurved in apical third. Male cercus variable, with apical margin sinuate
in some specimens. Male subgenital plate produced dorsally.

Range. Washington to Montana, south to California and Utah.
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Behavior and habitats. The type specimens were collected at the edge
of a large meadow, near pine woods. Most specimens have been found in
swampy areas, some of these at relatively high altitudes (up to 3500 m). Speci-
mens from Montana were taken in ‘‘wiregrass’’ and ‘‘bluegrass’ swales
(Gurney and Brooks 1959).

Life history. Adult specimens have been taken from 23 June to
31 August. The life cycle probably is univoltine at low altitudes, but may
require 2 years at high elevations.

Melanoplus gaspesiensis Vickery

Figs. 427, 440, 459, 496, 532, 577; Map 142

Melanoplus gaspesiensis Vickery, 1970:7-13, figs. 1-9, 12, 14, 15.
Melanoplus gaspesiensis;, Johnstone 1973:41; Vickery et al. 1974:99.

Diagnosis. Vertex higher than prothorax. Hind femur dark, with
2 narrow oblique pale bands. Found on Mont Albert, Gaspé Peninsula, only.

Description. General aspect as in Fig. 427. Large, robust (body length,
male 19.5-24, female 24-28.5 mm; pronotal length, male 4.1-4.8, female
4.8-5.6 mm). Vertex of head elevated above prothorax. Metazonal area of
pronotum deeper than broad. Tegmina short, in males nearly reaching apex
of abdomen, in females covering two-thirds to three-quarters of abdomen.
Male furculae short (Fig. 459). Male cercus broad at base, tapered to round-
ed apex (Fig. 496). Male subgenital plate reflexed narrowly at apex (Fig. 532);
aedeagal valves as illustrated by Vickery (1970:11, figs. 19, 20). Ovipositor
valves thick, with angle of dorsal valve about 155° (Fig. 577). Female cercus
triangular, concave on dorsal side. Color generally brownish to fuscous,
brown on underside; hind femur with 2 narrow oblique pale bands on black
(Fig. 440); about 10% of individuals exhibiting bright yellowish white areas
on genae, on ventral half of lateral pronotal lobe, and on basal half of dorsum
of hind femur.

Range. Confined to higher parts of Mont Albert, Gaspé Peninsula,
Qué.

Behavior and habitats. M. gaspesiensis is found in grassy areas near
small ponds. The preferred food may be grasses but could also be some
ericaceous plants, such as Vaccinium. This has not been investigated.

Comments. This species is undoubtedly derived from Melanoplus
borealis but must be of long standing. It probably evolved from a popula-
tion segment of that species which became isolated for a long period of time.
The area has again been occupied by M. borealis borealis and, although both
this and M. gaspesiensis now occur together on the mountain, apparently
no interbreeding occurs. No specimen that could be called intermediate has
been found, and laboratory rearing has produced no hybrid individuals.

Melanoplus fasciatus (F. Walker)

Figs. 441, 469, 505, 541, 586, 611-617; Map 144
Caloptenus fasciatus F. Walker, 1870:680.
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Map 144. Collection localities for Melanoplus fasciatus.

Melanoplus rectus Scudder, 18784q:284.

Melanoplus curtus Scudder, 1879a:70.

Melanoplus fasciatus; Caulfield 1888:71; Cantrall 1943:119; Brooks
1958:24; Vickery et al. 1974:100.

Melanoplus fasciatus curtus; Scudder 1897d:268, 270.

Melanoplus fasciatus volaticus Scudder, 1897d:268, 270.

Diagnosis. Tegmina not reaching apex of abdomen. Hind femur red
beneath, banded. Male cercus broad, downturned at apex.

Description. Body medium-small (length, male 17-20, female
20-25.5 mm), robust. Tegmina covering about three-quarters of abdomen
in males and about two-thirds in females (macropterous individuals occur,
in which both tegmina and wings are longer than the abdomen in both sexes).
Male furculae small, blunt, widely separated (Fig. 469). Male cercus broad,
straplike, with broadly rounded slightly downturned apex (Fig. 505). Male
subgenital plate (Fig. 541) longer than broad, with apical margin rounded,
feebly elevated at middle. Ovipositor with angle of dorsal valve about 142°
(Fig. 586). Female cercus long, triangular, with concave sides. Color gener-
ally dark brown above and clay yellow below; hind femur usually red below
and on inner surface, dull yellowish brown with conspicuous broad black
bars on outer face (Fig. 441); hind tibiae typically dull red, lighter near base,
with spines black. An unusual, variegated (neotenic) color morph has been
described by Johnstone (1973)—see Fig. 617.

Range. Alaska to Newfoundland, south to Washington, Colorado, and
New Jersey.
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Behavior and habitats. M. fasciatus occurs in association with heath
plants. Vickery (1961) reported the presence of Vaccinium species wherever
M. fasciatus was found in Nova Scotia. Brooks (1958) reported finding it
under spruce or pine or on ground-cedar or bearberry. Cantrall (1943) stated
that this species preferred blueberry or huckleberry shrubs in open areas of
woodlands. It is a sedentary species, preferring to hide or remain immobile.
At most, it makes only one or two short leaps when disturbed. At night,
it climbs to the tops of shrubs and remains there until warmed by the sun
the following day.

Life history. Univoltine, at least in the southern parts of its range. The
life cycle may require 2 years, or more, in the north and at high elevations.
Adults were recorded from 24 June to 1 September in Michigan (Cantrall
1968), from 9 August to 27 October in Nova Scotia (Vickery 1961), and as
early as 16 July in northern British Columbia (R. M. White and Rock 1945).

Melanoplus frigidus frigidus (Boheman)!

Figs. 470, 506, 542, 587, 618; Map 145

Gryllus frigidus Boheman, 1846:80.
Plezotettix] (Melanoplus) frigidus; Stal 1873b:79.
Podisma baicalensis Uvarov, 1914:171.

i —a \ \
Map 145. Collection localities for Bohemanella frigida frigida.

1 This species is now placed in the genus Bohemanella Ramme, in the tribe Podismini (Vickery
1984).
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Melanoplus frigidus; Hebard 19195:259.
Melanoplus frigidus frigidus; Mishchenko 1951:233, figs. 510-512.

Diagnosis. Brachypterous. Hind femur banded; hind tibia red with
black basal annulus; arctic and subarctic only.

Description. Body small-medium (length, male 18-21, female
22-27 mm). Tegmina short, reaching only to middle of hind femora
(Fig. 618), rarely to near apices. Supra-anal plate triangular (Fig. 470). Male
cercus slightly curved upward apically (Fig. 506). Male subgenital plate
conical, with apex distinctly produced (Fig. 542). Male aedeagal valves, see
Gurney (1941) and Vickery (1967a:258, fig. 8). Female abdominal terminalia
as in Fig. 587. Color blackish brown or greenish brown; hind femur banded;
hind tibia red with black basal annulus, with black spines. Some data on
nymphal stages are given by Bei-Bienko (1928), Rubtsov (1932), and Ander
(1950).

Range. Alaska to Northwest Territories; Scandinavia, northern Asia.

Behavior and habitats. The behavior and habitats are practically
unknown in North America, except that the species is found on the tundra.

Life history. Adults have been taken in northern North America in
July and August, as early as 5 July in Yukon Territory. Ander (1950) out-
fines seasonal occurrence in Lapland (where conditions closely approach those
in which the species occurs in North America). Eggs are laid there in the
autumn, hatch the following June or July, and mature in about 4 weeks.
The reported time from hatching to maturity seems to be very short and has
been questioned by Uvarov (1977), but it may be accounted for by the
extremely long northern day-length in summer, which would prolong the
diurnal period of feeding activity.

Melanoplus keeleri luridus (Dodge)

Figs. 442, 471, 507, 543, 588; Map 146

Caloptenus luridus G. M. Dodge, 1876:11.

Melanoplus collinus Scudder, 1878a:285.

Melanoplus luridus; Scudder 1896¢:66.

Melanoplus keeleri; Scudder 1897d:341.

Melanoplus luridus keeleri; . A. G. Rehn and Hebard 19165:242.

Melanoplus keeleri luridus; Blatchley 1920:437; Cantrall 1943:121;
Brooks 1958:24; Helfer 1963:228; Vickery et al. 1974:103.

Diagnosis. Male cercus forked; dorsal arm broad, with rounded apex,
ventral arm slender, acute. Color brownish fuscous to rusty brown.

Description. Body size medium (length, male 17-20, female
19-27 mm). Tegmina reaching or slightly surpassing apices of hind femora,
narrow and gently tapering. Male supra-anal plate and furculae as in Fig. 471.
Male cercus distinctly forked, with dorsal arm large, broad, with rounded
apex, ventral arm slender and pointed (Fig. 507). Male subgenital plate
truncate at apex. Male furculae in form of minute triangular lobes (Fig. 543).
Ovipositor with angle of dorsal valve about 137° (Fig. 588). Female cercus
short, triangular, with dorsal edge concave. Color generally brownish fuscous
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Map 146. Collection localities for Melanoplus keeleri luridus.

and rusty brown; hind femur (Fig. 442) with outer face yellowish brown;
dorsal area blackish fuscous broken by 3 yellowish spots that suffuse the
whole inner face, lower part yellow to bright orange; hind tibia coral red
with narrow fuscous basal annulus, with spines black apically.

Range. Alberta to Nova Scotia, south to Utah and Colorado.

Behavior and habitats. This species is found mainly on grassy
wastelands, often near forests, usually on sandy or gravelly soils. It is much
more sluggish than most species of Melanoplus. E. M. Walker (1899) reported
it as plentiful in late summer on sandy or gravelly uplands and open rocky
unsettled Laurentian areas of Ontario. Mulkern et al. (1969) found that it
feeds on many species of forbs and to a lesser extent upon grasses. It has
been reported as feeding upon alfalfa.

Life history. Adults appear rather late in the season. They have been
reported in Canada from 9 July to 27 October. Cantrall (1968) recorded adults
from 10 July to 7 November in Michigan. There is one generation each year,
with overwintering in the egg stage. In the authors’ laboratory, nymphs
progressed from hatching to maturity in 48 days at 26.5 + 1.5°C, with a
15-hour photophase.

Melanoplus confusus Scudder

Figs. 455, 492, 528, 573; Map 147

Melanoplus confusus Scudder, 1897d:339, pl. XXII, fig. 10.
Caloptenus minor Scudder, 1875d:478 (homonym).
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Map 147. Collection localities for Melanoplus confusus.

Melanoplus mutatus Caudell, 1915:30.
Melanoplus confusus, Morse 19195:37; Cantrall 1943:117; Brooks
1958:24; Helfer 1963:225; Vickery et al. 1974:96.

Diagnosis. Hind femur yellow beneath, not banded. Male cercus with
ventral tooth, and with broad dorsal arm.

Description. Antennal crescent (cf. Fig. 431) broad, entire. Pronotum
short, with lateral margins diverging on metazona; posterior margin broadly
obtuse-angulate. Tegmina long, of male extending well beyond, and of female
reaching apices of hind femora. Male supra-anal plate triangular; furculae
moderately long, pointed (Fig. 455). Male cercus with broad prominent
triangular ventral tooth and with broadly rounded dorsal arm (Fig. 492). Male
subgenital plate short, with apex low, rounded-truncate (Fig. 528). Dorsal
valve of ovipositor with angle of 90° (Fig. 573); lateral notch of female eighth -
abdominal sternum moderate, about 130° (Fig. 573). Female cercus convex
above and below (cf. Fig. 579a). Color grayish brown; hind femur yellow
beneath, lacking conspicuous banding on outer face; hind tibia red to
yellowish or greenish blue, usually pinkish apically. Note: Freshly captured
nymphs may have eyes heavily spotted with white and have two irregular
whitish bars across middle.

Range. British Columbia to Québec, south to Oklahoma and Virginia.

Behavior and habitats. Brooks (1958) called this species a mixed feeder,
preferring forbs but also feeding readily on sedges. It is found in dry sandy
wastelands, on hillsides, or in sandy clearings in forests. Morse (1920) found
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it common in well-drained grassy areas, particularly in bushy old pastures
in New England.

Life history. Like most species of the genus, M. confusus has a univol-
tine life cycle, with overwintering in the egg stage. Eggs are usually deposited
in sandy soil. It matures rapidly in the spring. Cantrall (1968) recorded adults
from 30 May to 6 September in Michigan. Adults are most common in June
and early July.

Melanoplus infantilis Scudder

Figs. 464, 500, 536, 581; Map 148

Melanoplus infantilis Scudder, 18794:65.
Melanoplus infantilis; Caulfield 1888:71; Brooks 1958:17; Helfer
1963:227.

Diagnosis. Abdominal terga dark laterally at bases. Male cercus with
small thumblike dorsal projection and straight tapered ventral arm. Hind
tibia blue.

Description. Body small (length 14-19 mm). Antennal crescent
(cf. Fig. 431) divided. Width of fastigium slightly greater than width between
eyes. Tegmina of male extending well beyond, of female reaching apices of
hind femora. Male supra-anal plate triangular with deep median groove;
furculae small (Fig. 464). Male cercus with small thumblike dorsal projection
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Map 148. Collection localities for Melanoplus infantilis.
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and straight tapered ventral arm (Fig. 500). Male subgenital plate slightly
produced to notched apex (Fig. 536). Ovipositor with dorsal valve angle about
130° (Fig. 581); eighth abdominal sternum of female with moderately deep
lateral notch, about 138° (Fig. 581). Female cercus slender with concave
margins. General color pale grayish; abdominal terga dark laterally at bases;
hind femur yellow beneath, obliquely crossbanded on outer face; hind tibia
pale blue.
Range. British Columbia to Manitoba, south to New Mexico.

Behavior and habitats. Brooks (1958) calls this species a mixed feeder,
preferring grasses. It is found throughout the prairie region and extends into
forests and parklands in dry grassy areas. Mulkern et al. (1969) found it to
feed almost entirely on grasses. Buckell (1922) reported it as common in 1920
and 1921 throughout the Chilcotin District of British Columbia on open
rangeland. M. infantilis is usually associated with short-grass prairie on
treeless sandy or gravelly soils. It exhibits flight migration and often flies
into cities and towns.

Life history. Univoltine, with overwintering in the egg stage.

Economic importance. Hubbell (19224) stated that it is often unnoticed
among the larger species of grasshoppers, but ‘‘is probably responsible for
a considerable amount of damage to crops in the central and western parts
of the state [North Dakota].”” Hardman and Smoliak (1980) indicate potential
damage to rangeland in Alberta.

Melanoplus alpinus Scudder

Figs. 465, 501, 537, 582; Map 149

Melanoplus alpinus Scudder, 18974:333, pl. XXII, fig. 7.

Melanoplus pilatus Scudder, 1898¢:192.

Melanoplus alpinus; Scudder 1901a:172; Brooks 1958:19; Helfer
1963:227.

Diagnosis. Tegmina long. Male cercus with dorsal thumblike projec-
tion, and with long slender curved ventral arm.

Description. Body small (length 18-25 mm). Antennal crescent (cf.
Fig. 432) divided. Tegmina long, extending beyond apices of hind femora.
Male supra-anal plate long, triangular, with median longitudinal groove;
furculae small (Fig. 465). Male cercus medium-large, long, with apical part
divided into dorsal thumblike projection and long slender strongly curved
ventral projection (Fig. 501). Male subgenital plate truncate at apex, concave
behind (Fig. 537). Ovipositor with dorsal valve angle about 120° (Fig. 582);
lateral notch of eighth abdominal sternum of female moderately prominent,
about 123° (Fig. 582). Female cercus long, slender, concave on both margins.
General color gray with prominent black markings laterally;- hind femur
yellow beneath without conspicuous crossbands; hind tibia blue, rarely pink.

Range. British Columbia and Alberta, south to northern California
and Colorado.

Behavior and habitats. M. alpinus is a grass feeder, found in foothills,
grasslands, and montane parklands.
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Map 149. Collection localities for Melanoplus alpinus.

Life history. Not reported but probably requiring at least 2 years to
complete the life cycle. Kreasky (1960) reared this species in the Big Horn
Mountains in Montana and suggested that a 3-year developmental period
was required, eggs hatching after two winters in the soil, and adults maturing,
mating, and depositing eggs during the same season.

Melanoplus differentialis differentialis (Thomas)

Figs. 428, 452, 489, 525, 570; Map 150

Acridium differentiale C. Thomas, 1865:450.

Cyrtacanthacris diversifera F. Walker, 1870:611.

Melanoplus differentialis; Scudder 1897d:349; Helfer 1963:219 (partim).

Melanoplus differentialis differentialis; H. R. Roberts 1942:154, pl. X,
fig. 2, pl. XI, figs. 8-11.

Common name. Differential grasshepper.

Diagnosis. Brownish green; hind femur yellowish with distinct
“herringbone’’ pattern (Fig. 428).

Description. Body robust, large (body length, male 28-34, female
34-44 mm). Pronotal disc nearly flat, with median carina visible but not
distinct on anterior half of prozona, distinct and sharp on metazona; prozona
nearly quadrate, slightly longer than metazona; metazona finely rugose.
Tegmina long, extending beyond apices of hind femora in both sexes. Male
cercus boot-shaped, with apical part as long as basal part, and with “‘toe”’
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Map 150. Collection localities for Melanoplus differentialis differentialis (R) and
M. differentialis nigricans ().

of boot relatively narrow, rounding into ‘‘heel’” (Fig. 489). Male subgenital
plate short, with middle of apical margin thickened and produced slightly
upward (Fig. 525). Male aedeagus with dorsal processes produced, slender,
with cavity obsolete and with channel shallow (see H. R. Roberts 1942:154,
pl. X, figs. 2¢, 2d; or Froeschner 1954:349, fig. 59). Ovipositor dorsal valve
short, stout, strongly upcurved apically, with outer margins usually crenulate
(Fig. 570). Color usually nearly uniform brownish green to olive brown
dorsally, dull or bright yellow beneath; transverse sulci of pronotum black;
tegmina olive brown, unspotted; basal abdominal segments black laterally;
hind femur yellowish with distinct black ‘‘herringbone’ pattern; hind tibia
yellow with narrow black basal ring. Handford (1946) described the nymphs.

Range. South Dakota to Michigan and New Jersey, south to Mississippi
and West Virginia.

Behavior and habitats. M. differentialis differentialis is classed as a
forb feeder. Blatchley (1920) reports it as especially fond of giant ragweed,
Ambrosia trifida L. and also smartweeds (Polygonum spp.) in or near water.
Specimens become progressively darker in color as the season advances. At
night, individuals climb tall weeds or shrubs and shelter in the leaves until
warmed by the sun the following morning. Eggs are laid in loose or compacted
soil, old roads, deserted fields, weedy areas, and well-grazed areas. Females
deposit 1-3 egg masses, each containing about 175 eggs.

Blatchley (1920) reported extensive feeding upon this grasshopper by
the loggerhead shrike, Lanius ludovicianus L. The bird impales the insects
on thorns or on the barbs of barbed wire fences.
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Life history. Univoltine, with overwintering in the egg stage. Adults
occur in Michigan from 25 July to 25 September (Cantrall 1968).

Economic importance. This subspecies has the potential to cause severe
crop losses. Corn, alfalfa, fruit trees, grape vines, poplar trees, and ornamen-
tal plants have suffered moderate to severe damage from its feeding. Culti-
vation of soils has caused it to become much more numerous, presumably
because it can oviposit more readily in soil that has been loosened.

Melanoplus differentialis nigricans Cockerell

Map 150

[Melanoplus differentialis] var. nigricans Cockerell, 1917:247.

Melanoplus differentialis; Hebard 19254:101.

Melanoplus differentialis nigricans; H. R. Roberts 1942:154, pl. X,
fig. 3, pl. XI, figs. 12-15; Helfer 1963:220.

Diagnosis. Pale brown to buff (or black). Male cercus broad.

Description. Essentially as for M. differentialis differentialis. Male
cercus broad at base and ‘‘toe”’; aedeagus with dorsal valves short, broad,
with cavity deep and channel conspicuous (see H. R. Roberts 1942:154, pl.
X, figs. 3¢, 3d; Froeschner 1954:349, fig. 60). Color as for the nominate
subspecies, but usually paler with yellow tending more to buff; a melanic
form is known to appear occasionally in many populations; nymphs as well
as adults entirely black above, yellowish beneath; antennae reddish, fore and
middle legs paler; hind femur yellowish with shining black basal, premedian,
and apical areas; hind tibia dark with yellow basal ring. This form has been
shown to be recessive and non-sexlinked, not appearing in F; generations,
but in a 1:3 ratio in F, generations (King 1933, 1942).

Range. Montana and North Dakota, south to Mexico.

Behavior and habitats. M. differentialis nigricans is similar to if not
identical in behavior and habitat with the nominate subspecies.

Life history. As for M. differentialis differentialis.

Economic importance. As for M. differentialis differentialis.

Melanoplus punctulatus griseus {Thomas)

Map 151

Claloptenus) griseus C. Thomas, 1872:454.
Caloptenus helluo Scudder, 1875d:476.
Melanoplus punctulatus griseus; J. A. G. Rehn 19464:257.

Diagnosis. Pronotum flaring anteriorly. Male cercus boot-shaped, with
dorsal margin broadly rounded.

Description. Male cercus boot-shaped but with dorsal margin broadly
rounded (see J. A. G. Rehn 19464:247, fig. 9). Eyes prominent in anterior
aspect. Pronotum flaring anteriorly to receive head. Male aedeagus with
dorsal lobes inwardly curved apically, rounded, acute (see J. A. G. Rehn
1946a:247, fig. 10). Females with eyes prominent in dorsal aspect, usually
determinable by association with males from same population.
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Map 151. Collection localities for Melanoplus punctulatus griseus (a) and M. punc-
tulatus punctulatus (®).

Range. North Dakota to Pennsylvania, south to Texas.

Behavior and habitats. M. punctulatus griseus is often found on tama-
rack (Larix), although in Indiana, Minnesota, and Nebraska it has been
recorded mainly from willow, oak, beech, and maple.

Life history. As for M. punctulatus punctulatus. Cantrall (1968)
recorded adults from 19 July to 14 September in Michigan.

Melanoplus punctulatus punctulatus (Scudder)

Figs. 3, 450, 487, 523, 568; Map 151

Caloptenus punctulatus Scudder, 1863a:465.

Melanoplus punctulatus; Scudder 1874:376; Helfer 1963:236 (partim).

Melanoplus punctulatus punctulatus; J. A. G. Rehn and Hebard
1916b:246; Cantrall 1943:113; Vickery et al. 1974:94.

Diagnosis. Occiput swollen. Male cercus large, boot-shaped. Ventral
ovipositor valve lacking lateral tooth. Arboreal on pines.

Description. Body size medium (length, male 19-24, female
27-29 mm), with less size differential between sexes than for most species
of the genus. Occiput swollen, elevated above pronotum; frontal costa convex,
prominent, with sides parallel, slightly sulcate below ocellus; eyes large,
prominent in male. Pronotal disc scarcely widening posteriorly, with posterior
margin br »adly obtuse-angulate. Tegmina extending beyond posterior femora
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in both sexes, tapered and rounded at apices. Male furculae virtually absent
(Fig. 450). Male cercus large, broad, somewhat boot-shaped (Fig. 487). Male
subgenital plate (Fig. 523) abruptly elevated at apex as conical tubercle.
Aedeagus with dorsal lobes obliquely truncate apically, not strongly incurved
(see J. A. G. Rehn 19464: 247, fig. 3). Ovipositor with ventral valve almost
straight, lacking lateral tooth, with upper valve possessing obtuse dorsal angle,
about 170° (Fig. 568); lateral notch of eighth abdominal sternum ventral in
position and acute-angled, about 60° (Fig. 568); female cercus subquadrate,
rounded-truncate, tuberculate at tip. Color generally dark grayish brown,
mottled with fuscous above, lighter beneath (Fig. 3); pronotal disc with sides
of metazona and tegmina sprinkled with numerous rounded to quadrate
fuscous spots; posterior femur barred with reddish brown and bright to dull
yellowish on upper and outer faces; hind tibiae dull reddish to grayish, with
black spines. The chromosome number was reported by Beaudry (1973) to
be 2n male = 23.

Range. Michigan to Québec, south to northern Georgia.

Behavior and habitats. M. punctulatus punctulatus is not common any-
where. It occurs in isolated scattered colonies in forested areas in associa-
tion with pine and other coniferous trees. Specimens are seldom found on
the ground but usually rest upon the trunks of trees, a metre or more above
the ground. Occasionally they are seen on the foliage, and several specimens
have been seen in Québec on mature fruit of staghorn sumac. A colony in
the Morgan Arboretum, Macdonald College, Sainte-Anne-de-Bellevue, Qué.,
is confined to white pine (Pinus strobus). E. M. Walker (1901) found females
ovipositing in dead stumps and logs in southern Ontario. The female does
not excavate holes in the wood but inserts her eggs in cracks, or in holes
bored by beetles, either in sound or in partly decayed wood. M. punctulatus
punctulatus is stluggish. When disturbed, individuals may leap to the ground,
make one or two more short leaps, and then remain motionless, at which
point they become difficult to observe because of their cryptic coloration.

Life history. Univoltine, with overwintering in the egg stage.

Melanoplus gladstoni Scudder

Figs. 438, 454, 491, 527, 572; Map 152

Melanoplus gladstoni Scudder, 1897d:229, pl. I, fig. 6, pl. XV, fig. 6.
Melanoplus corpulentis Scudder, 1897d:313.

Melanoplus conspersus Scudder, 1897d:315.

Melanoplus compactus Scudder, 1897d:316.

Melanoplus gladstoni; Lugger 1898:284; Helfer 1963:221.
Melanoplus bicoloratus Scudder in Scudder and Cockerell, 1902:48.

Diagnosis. Hind femur flattened ventrally near base (Fig. 438). This
character distinguishes this species from all others in the genus.

Description. Antennal crescent (cf. Fig. 432) divided. Pronotal disc
nearly flat, with lateral carinae rounded; median carina distinct on meta-
zona, less distinct, blunt, on prozona. Tegmina long, extending at least to
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Map 152. Collection localities for Melanoplus gladstoni.

apices of hind femora, usually beyond. Hind femur flattened ventrally near
base, with lower flange or carina obsolete on basal third (Fig. 438). Male
supra-anal plate broad, with conspicuous but shallow depressions (Fig. 454);
furculae small (Fig. 454). Male cercus broad, straplike, with sides nearly
parallel (Fig. 491). Male subgenital plate broad, scarcely produced apically
(Fig. 527). Ovipositor with dorsal valve angle about 136° (Fig. 572). Eighth
abdominal sternum of female with conspicuous lateral notch, about 122°
(Fig. 572). Color generally mottled brownish gray; pronotum pale, or with
pale lines at lateral carinae; hind femur yellow below, banded on upper half
of outer face; hind tibia usually red.
Range. Alberta to Manitoba, south to Arizona and New Mexico.

Behavior and habitats. M. gladstoni inhabits dry uplands and grassy
areas, usually on sandy to gravelly soils. It is never associated with trees or
forested areas. It feeds extensively upon grasses and also on forbs. It will
feed almost entirely on alfalfa if this plant is available.

Life history. Univoltine, with overwintering in the egg stage. This is
a late-maturing species. Adults are found from mid-August to late October.

Melanoplus angustipennis angustipennis (Dodge)

Figs. 474, 511, 548, 592; Map 153

Caloptenus angustipennis G. M. Dodge, 1877:111.
Caloptenus angustipennis; Bruner 1877:145.
Melanoplus comptus Scudder, 1897d:302.
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Map 153. Collection localities for Melanoplus angustipennis angustipennis.

Melanoplus angustipennis; Scudder 1897d:305; Cantrall 1943:122; Helfer
1963:231.

Melanoplus angustipennis coccineipes; E. M. Walker in Fletcher and
Gibson 1909:114.

Melanoplus angustipennis angustipennis; Froeschner 1954:262; Brooks
1958:20.

Diagnosis. Body brownish gray; hind femur yellow with indistinct
banding. Male cercus small, spatulate.

Description. Body size medium (length, male 19-22, female
21-22 mm), slender. Tegmina slender, tapering, reaching or extending slightly
beyond apices of hind femora. Antennal crescent (cf. Fig. 432) divided or
narrow. Pronotum with sides parallel in male, slightly diverging posteriorly
in female, with metazona closely punctate. Male supra-anal plate narrow,
pointed in apical third; furculae moderately large, with apices divergent
(Fig. 473); male cercus small, symmetrical, nearly spatulate, narrowest at
middle, with apex rounded (Fig. 511); apex of male subgenital plate usually
notched (Fig. 548). Dorsal angle of ovipositor about 90° (Fig. 592); eighth
abdominal sternum of female with prominent lateral notch, about 127°
(Fig. 592); female cercus slightly concave above, convex below (cf. Fig. 576a).
Color generally brownish gray; hind femur pale yellow, with banding on
dorsal part of outer face indicated but obscure; hind tibia red to blue.

M. angustipennis angustipennis bears a superficial resemblance to
M. sanguinipes sanguinipes, but it is easy to separate by the characters given
in the key to species and in the relevant descriptions.
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Range. Alberta to Ontario, south to Colorado.

Behavior and habitats. Cantrall (1943) found this species in mixed
grass-herbaceous habitats but never in heavy stands of upland vegetation.
Hubbell (19225) found it to be common in sandy fields and dune areas.
Although it had been reported as a mixed feeder preferring grasses by
N. Criddle (1935), Mulkern et al. (1969) found that it feeds mainly upon forbs
such as species of Ambrosia, Artemisia, Helianthus, and Solidago. Many
adults were found to feed upon floral parts of Helianthus petiolaris. Maw
(1976) collected this species by sweeping Cirsium arvense, Centaurea diffusa,
and Verbascum thapsus.

R. W. Smith (1958) reported on parasites, which included several species
of Diptera (Sarcophagidae, Tachinidae, and Muscidae).

Life history. Univoltine, with overwintering in the egg stage. Adults
have been found from 13 June to 28 September in Michigan (Cantrall 1968).

Economic importance. Minor; of little economic significance in
grasslands (Mulkern et al. 1969).

Melanoplus cinereus cinereus Scudder

Figs. 477, 514, 551, 595; Map 154

Melanoplus cinereus Scudder, 18785:288.
Melanoplus cinereus; Scudder 1881:(24), pl. XVII, figs. 1, 4, 5.
Melanoplus cinereus cinereus; Hebard 1928:289.

Diagnosis. Pale gray with head and pronotum rusty; tegmina speckled.
Male cercus narrow, tapered, twisted.

Description. Body medium-small (length 23-26 mm). Tegmina long,
usually considerably exceeding hind femora. Supra-anal plate elongate-
triangular; furculae broad, long, tapered (Fig. 477). Male cercus narrow,
tapering, twisted, bent inward at middle and upward at tip, broadened
apically, with apex rounded-truncate (Fig. 514). Subgenital plate longer than
broad, somewhat flared and feebly elevated at apex (Fig. 551). Ovipositor
as in Fig. 595. Color pale gray, usually with reddish black on head and
pronotum, often rusty dorsally; tegmina finely speckled with reddish brown;
hind femur rusty with darker bars on outer face; hind tibia pale blue with
spines pale at bases and black at tips.

Range. British Columbia, south to California, east to Idaho and
Montana.

Behavior and habitats. Buckell (1922) stated that this insect ‘‘makes
its home among the Sage-brush and Rabbit-brush in the warmest sections
of British Columbia.’’ It remains on sagebrush during the day and is diffi-
cult to capture. At night, it climbs to the tops of the plants and remains on
the uppermost twigs until warmed by the sun the following day. Hebard (1928)
reported it as usually being associated with sagebrush.

Life history. Probably univoltine, with overwintering in the egg stage.
Adults have been found from late July through August, but they probably
persist through most of September also.
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Map 154. Collection localities for Melanoplus cinereus cinereus.

Melanoplus packardii packardii Scudder

Figs. 473, 510, 546, 554, 555, 591; Map 155

Caloptenus fasciatus Scudder, 1875d:477 (homonym).

Melanoplus packardii Scudder, 1878b:287 (replacing Caloptenus
fasciatus); Bruner 18855:18; Brooks 1958:30; Helfer 1963:240.

Melanoplus packardi packardi; Hebard 1928:286.

Melanoplus packardii packardii; Brooks 1958:30.

Common name. Packard grasshopper.

Diagnosis. Blue gray to yellowish brown, usually with distinct lateral
pronotal stripes; hind femur with bands dorsally only, these not distinct.
Grasslands inhabitant. The aedeagal valves distinguish males of this species
from those of M. foedus; females of these species not distinguishable.

Description. Body size medium to medium-large (length 27-32 mm).
Tegmina extending slightly beyond apices of hind femora, those of male
narrow. Male supra-anal plate with apical third depressed, and with apex
acute (Fig. 473). Male cercus subspatulate, narrowest at middle of apex,
broadly rounded, with outer face concave on apical third (Fig. 510). Male
subgenital plate broadly rounded, with small median tubercle projecting
posteriorly (Fig. 546); aedeagal valves about equal in length (Figs. 554, 555).
Ovipositor with angle of dorsal valve about 105° (Fig. 591); lateral notch
of eighth abdominal sternum of female about 90° (Fig. 591). Color gener-
ally bluish gray to yellowish brown (usually more yellowish in southern part
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Map 155. Collection localities for Melanoplus packardu packardii (®) and
M. packardii brooksi (a).

of range); usually with distinct lateral pronotal stripes; hind femur banded
only at top of inner ridge and on inner face, with upper edge of outer face
often possessing narrow longitudinal fuscous stripe; hind tibia usually
yellowish, but varying from blue to purple, pink, or reddish.

Range. British Columbia to Manitoba, south to California and Texas.

Behavior and habitats. M. packardii packardii is found almost exclu-
sively in grasslands, especially on light, sandy, gravelly, or drift soils (Brooks
1958). Mulkern et al. (1969) found it to be primarily a forb feeder, but also
that ‘‘grasses were ingested in proportion to their abundance.”” In Nebraska,
preference was shown for legumes. The insect is known to feed on alfalfa.

Life history. Univoltine, with overwintering in the egg stage. Adults
are active in the field during July and August and probably are present from
late June to mid-September.

Economic importance. N. Criddle (1935) stated that M. packardii
packardii had the potential to become a serious pest. Mitchener (1954a, 1954b)
reported that it was ‘‘destructive locally,”” but not on a widespread basis like
other pest species. Mulkern et al. (1969) stated that ‘it is frequently a pest
of cultivated crops (in North Dakota) but is probably of little importance
in grasslands.”’ Beirne (1972) described it as ‘‘being on occasion the second
most important species of grasshopper in Alberta and the third most impor-
tant in Saskatchewan.”” He also reported considerable damage to fall rye and
winter wheat. Hardman and Smoliak (1980) indicate potential damage to
rangeland in Alberta.
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Melanoplus packardii brooksi Vickery

Fig. 547; Map 155
Melanoplus packardii brooksi Vickery, 1979:699.
Diagnosis. Hind femur heavily banded dorsally. Inhabitant of forests
and parklands in Saskatchewan and Alberta.

Description. Body small (Iength 23-31 mm). Male subgenital plate as
in Fig. 547. Pronotal stripes not distinct; dark banding on outer face of hind
femur distinct, extending on to upper half of outer face, giving femur
distinctly banded appearance; hind tibia dark red.

Range. Alberta, Saskatchewan, and British Columbia.
Behavior and habitats. Occurs in Jack pine forests and parklands.

Life history. Presumably similar to that of M. packardii packardii.
Adults have been collected from 27 July to 3 September.

Melanoplus stonei Rehn

Figs. 472, 509, 545, 590; Map 156

Melanoplus stonei J. A. G. Rehn, 19044a:85.
Melanoplus stonei; Blatchley 1920:432; Vickery et al. 1974:103.

Diagnosis. Tegmina with row of dark spots on basal half. Northern
forest species.

e U B oA LB

Map 156. Collection localities for Melanoplus stonei.‘

417



Description. Body size medium (length, male 22-23.5, female
26-28 mm). Occiput swollen, elevated above pronotum. Frontal costa broad,
sulcate below ocellus. Tegmina slightly exceeding posterior femora. Male
furculae widely separated, divergent, flat basally, scarcely tapering apically
(Fig. 472). Male cercus subspatulate, with ventral margin straight and with
dorsal margin broadly concave, incurved, and concave apically on outer
surface (Fig. 509). Male subgenital plate scoop-shaped, quadrate, with apical
margin not elevated, with small apical tubercle (Fig. 545); aedeagus much
as in M. foedus (cf. Figs. 552, 553). Ovipositor broad, with angle of dorsal
valve about 105° (Fig. 590); lateral notch of eighth abdominal sternum of
female about 90° (Fig. 590). Color dark fuscous brown above, dull reddish
to clay yellow beneath; tegmina with row of dark spots on basal half; hind
femur dull yellow with 2 conspicuous broad black bands, sometimes fused
to form dark streak on upper half of outer face; hind tibia dark red,
sometimes with dark basal annulus.

Range. Manitoba to New Brunswick, south to Michigan.

Behavior and habitats. Cantrall (1968) reported M. stonei to be
associated with Jack pine barrens in northern Michigan. Vickery et al. (1974)
regarded it as a forest species found mainly in or near pine trees on well-
drained sandy soils.

Life history. Undoubtedly univoltine, with overwintering in the egg
stage. In Michigan, Cantrall (1968) recorded adults from 20 June to
13 September. Other available records from elsewhere fall between these
dates.

Melanoplus foedus foedus Scudder

Figs. 508, 544, 552, 553, 589; Map 157

Melanoplus foedus Scudder, 1879q:69.

Melanoplus foedus; Scudder 1897d:311, pl. XX, fig. 9; Brooks 1958:26;
Helfer 1963:240.

Melanoplus fluviatilis Bruner, 1897:136.

Melanoplus foedus foedus; Hebard 1932a:39; Brooks 1958:26.

Melanoplus foedus fluviatilis; Hebard 1932a:39; Brooks 1958:26.

Diagnosis. Resembles M. packardii. Requires examination of male
genitalia for positive identification (Figs. 552, 553) (cf. Figs. 554, 555).

Description. Body size medium (length 22-32 mm). Male slender,
female more robust. Tegmina of male narrow, tapering from base to rounded
apex, of female broader with rounded apex, in both sexes surpassing apices
of hind femora. Male supra-anal plate depressed on apical third, narrowed
gradually apically; furculae short, widely divergent, well-separated. Male
cercus symmetrical, spatulate, or apically slightly lobed beneath, narrowest
at center (Fig. 508). Male subgenital plate extended, well-rounded at apex
(Fig. 544); aedeagus with anterior process short, much less projected than
posterior process (Figs. 552, 553). Dorsal ovipositor valve with dorsal angle
about 90° (Fig. 589); lateral notch of eighth abdominal sternum of female
prominent, deep, about 90° (Fig. 589). Color variable, pale to dark greenish
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Map 157. Collection localities for Melanoplus foedus foedus.

brown or greenish gray; lateral pronotal stripes present or absent; tegmina
without spots or with spots only on center near base; hind femur greenish
to yellow beneath or with a reddish streak on outer face of ventral flange,
and with outer face not usually banded, but with longitudinal discoloration
on upper half; hind tibia blue to purple. Handford (1946) described the
nymphs.

Range. British Columbia to Manitoba, south to Colorado and
Oklahoma.

Behavior and habitats, M. foedus foedus usually inhabits sandy areas
or lighter soils, particularly along rivers, streams, and lakes. N. Criddle (1935)
found it on ‘“‘soft’’ soils in southern Manitoba, such as mounds made by
pocket-gophers, or in cultivated grain or stubble fields. Mulkern et al. (1969)
reported it as mainly forbivorous in North Dakota, although this species also
used small quantities of several types of grasses as food. The eggs are
described by Onsager and Mulkern (1963).

Life history. Univoltine, with overwintering in the egg stage. Adults
have been reported from July to September.

Economic importance. M. foedus foedus is not generally regarded as
being of much economic significance. J. E. Mitchell and Pfadt (1974) found
that it consumed only about half a gram of food grasses per gram of insect
per day in short-grass prairie. Nevertheless, like many other species of the
genus, it destroys more than it eats by cutting and dropping grasses.
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Melanoplus femurrubrum femurrubrum (De Geer)

Figs. 429, 431, 435, 456, 493, 529, 574, 574a: Map 158

Acrydium (femur rubrum) De Geer, 1773:498, pl. 42, fig. 5.

Melanoplus femur-rubrum; Scudder 1874:375.

Caloptenus devorator Scudder, 1875d:474.

Caloptenus sanguinolentus Provancher, 1876:109.

Melanoplus interior Scudder, 1879a:71.

Melanoplus femur-rubrum femur-rubrum; Cantrall 1943:117; Brooks
1958:17.

Melanoplus femurrubrum femurrubrum; Vickery et al. 1974:97; Meloche
et al. 1980:86.

Common name. Redlegged grasshopper.

Diagnosis. Hind femur black above, pale beneath on outer face; hind
tibia bright red. Male cercus long, tapered on upper side.

Description. Body medium-large (length, male 16-23, female
18-28 mm). Tegmina longer than abdomen. Prosternal tubercle nearly cylin-
drical, with tip bluntly rounded. Male cercus at least three times as long as
middle breadth, with apical half less than half as broad as base (Fig. 493).
Male subgenital plate rounded, bulbous, not notched at dorsal apex
(Fig. 529). Ovipositor with angle of dorsal valve about 133° (Fig. 574); notch
of eighth abdominal sternum shallow (Fig. 574). Female cercus triangular,
with both sides concave (Fig. 574a). Color brownish above, grayish white
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Map 158. Collection localities for Melanoplus femurrubrum femurrubrum.
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to yellow beneath; outer face of hind femur black above, with lower edge
yellowish; hind tibia bright red with black spines.

Range. Western Northwest Territories to Nova Scotia, south to
California and Texas.

Behavior and habitats. M. femurrubrum femurrubrum is one of the
most numerous grasshoppers in North America. It has wide ecological diver-
sity and great adaptability. It is mainly a forb feeder and will feed exten-
sively upon alfalfa if available. Mulkern et al. (1969) recorded Poa pratensis
as the main grass utilized as food, although other grasses were fed upon to
a lesser extent. It feeds mainly during morning hours. Although it is found
on nearly all soil types, it is most abundant in damper areas.

M. femurrubrum femurrubrum is attacked by a range of natural enemies,
including parasitic flies, nematodes, and a mite. Numerous specimens parasi-
tized by an externally feeding mite have been seen in southwestern Québec,
and occasional counts of nematode parasitism in the same area have been
as high as 35%. The nematode species in this instance was Mermis nigrescens
Dujardin.

Life history. Univoltine, with overwintering in the egg stage. Cantrall
(1968) recorded adults from 12 July to 18 November in Michigan. In Québec,
specimens of this species have often been active in late October and early
November, following several severe frosts.

Economic importance. Occasional outbreaks have caused moderate
crop damage. Beirne (1972) reported 20-25% crop damage to oats in East-
ern Canada. Other crops, such as bean, potato, turnip, corn, buckwheat,
rye, and grass have been damaged by this species, usually at field margins.
Clover and alfalfa are damaged by high population levels of this insect.
Meloche et al. (1980) report damage to tobacco crops in Québec. It is proba-
ble, however, that some reports of damage by M. fermurrubrum femurrubrum
should be referred to other species. It is much less important in grasslands
than the other major “‘pest’” species.

Melanoplus flavidus Scudder

Figs. 475, 512, 549, 556, 557, 593; Map 159

Melanoplus flavidus Scudder, 1879q¢:74.

Melanoplus flavidus, Scudder 1897d:158; Brooks 1958:25; Helfer
1963:235.

Melanoplus incisus Scudder, 1898¢:163.

Melanoplus flavidus flavidus; Hebard 1925a:118.

Diagnosis. Male cercus broad at base, with slender rounded apex.
Dorsal angle of ovipositor 90°. Dark species, with hind femur yellow beneath.
Male genitalia distinguish it from M. bowditchi canus Hebard.

Description. Body size medium (length, male 21-26, female
25-32 mm), slender. Antennal crescent (cf. Fig. 432) divided. Pronotal disc
slightly convex, with sides parallel, rounded into lateral lobes; metazona
nearly flat, with sides feebly divergent posteriorly; posterior margin obtuse~
angulate, with median carina distinct on metazona, indistinct on prozona.
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Map 159. Collection localities for Melanoplus flavidus.

Tegmina narrow, surpassing apex of abdomen in males, reaching ovipositor
base in females. Male supra-anal plate broad, concave with apex acute;
furculae broad, long, flat, with apices truncate (Fig. 475). Male cercus broad
at base, slender distally to rounded apex (Fig. 512). Male subgenital plate
obtusely pointed apically (Fig. 549); aedeagus as in Figs. 556, 557. Dorsal
angle of ovipositor valve about 90° (Fig. 593); eighth abdominal sternum
of female with shallow lateral notch, about 148° (Fig. 593); female cercus
long, slender, with sides concave. Color generally brown and black, with
lateral pronotal stripe black, broad, continuous; tegmina not speckled; hind
femur yellow beneath, with crossbands present dorsally on outer face; hind
tibia blue or purple. In parts of the United States, the general coloration
is much paler; Froeschner (1954) reported it as being ‘‘olive to yellowish-
brown.”’

Range. Alberta to Michigan, south to Colorado and Kansas.

Behavior and habitats. M. flavidus usually occurs in open sandy areas
with sparse vegetation in grasslands or parklands. Mulkern et al. (1969) found
it to be entirely a forb feeder, stating also that the mandibles were distinctly
of the forbivorous type. Like M. angustipennis angustipennis, it was found
to feed upon Helianthus and to eat the floral parts of H. petiolaris. N. Criddle
(1935) and R. M. White and Rock (1945) had previously reported it as prefer-
ring grasses in Manitoba and Alberta, respectively. It is probable that it feeds
on grasses only when forbs are scarce.

Life history. Univoltine, with overwintering in the egg stage. Adults
were reported from 25 July to 13 September in southwestern Michigan by
Cantrall (1968).
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Melanoplus bowditchi canus Hebard

Figs. 476, 513, 550, 558, 559, 594; Map 160

Melanoplus bowditchi canus Hebard, 1925¢:120, figs. 1, 2.
Melanoplus bowditchi canus; Hebard 1928:288; Brooks 1958:23.
Melanoplus bowditchi; Mills and Pepper 1938:21.

Diagnosis. Tegmina speckled. Male genitalia distinguish it from
M. flavidus Scudder.

Description. Body small (Ilength, male 19-23.5, female 22.5-25.5 mm),
slender. Tegmina extending well beyond apices of hind femora. Antennal
crescent (cf. Fig. 432) divided. Median carina of pronotum prominent on
metazona, only faintly indicated on prozona. Male supra-anal plate broad,
short, concave; furculae large, flat, with apices truncate (Fig. 476). Male
cercus broad at base, slender on apical half, with apex rounded (Fig. 513).
Male subgenital plate with apex obtusely pointed (Fig. 550); aedeagus as in
Figs. 558, 559. Angle of dorsal ovipositor valve about 90° (Fig. 594); lateral
notch of eighth abdominal sternum of female about 148° (Fig. 594); female
cercus long, slender, with sides concave. Color generally gray and bluish gray;
lateral pronotal stripe not continuous; tegmina finely speckled with darker
spots; hind femur pale beneath, not banded on outer face; hind tibia blue.

Range. Alberta and Saskatchewan, south to western Colorado.

Behavior and habitats. M. bowditchi canus occurs in “‘soft’’ soils,
particularly at the bases of steeply eroded banks. Brooks (1958) reported that
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Map 160. Collection localities for Melanoplus bowditchi Eanus.
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it was seldom found more than a few metres away from this type of habitat,
even though the host plant, sagebrush (Artemisia cana Pursh) was generally
distributed in the area. Mulkern et al. (1969) found it to feed almost entirely
on Artemisia filifolia in Nebraska, although 4. cana was the main food plant
in western North Dakota, with minor feeding on A. frigida.

Life history. Univoltine, with overwintering in the egg stage. Adults
are known to be active from 20 July to 5 September.

Melanoplus occidentalis occidentalis {Thomas)

Figs. 467, 503, 539, 584; Map 161

Caloptenus occidentalis C. Thomas, 1872:453.

Melanoplus variolosus Scudder, 18794:67.

Melanoplus flabellifer Scudder, 1879a:69.

Melanoplus cuneatus Scudder, 1897d:147.

Melanoplus occidentalis; Scudder 1896¢:66; Helfer 1963:239.

Melanoplus occidentalis occidentalis; Hebard 19254¢:109; Brooks
1958:29.

Diagnosis. Hind femur red beneath and on inner face; hind tibia bright
blue. Male cercus earlike.

Description. Body medium-small (length 18-22 mm). Antennal
crescent (cf. Fig. 432) divided. Tegmina extending to or slightly beyond apices
of hind femora. Male supra-anal plate subquadrate; furculae short, blunt

Map 161. Collection localities for Melanoplus occidentalis occidentalis.
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(Fig. 467). Male cercus large, earlike, bent inward above supra-anal plate
(Fig. 503). Male subgenital plate produced, rounded-acute apically (Fig. 539).
Angle of dorsal ovipositor valve about 132° (Fig. 584); eighth abdominal
sternum of female not notched (Fig. 584); female cercus short, broad, flat.
Color generally dark gray; hind femur bright red beneath and on inner face,
conspicuously banded on outer face; hind tibia bright blue.

Range. British Columbia to Saskatchewan and Minnesota, south to
Arizona and Texas.

Behavior and habitats, M. occidentalis occidentalis is said to be a grass
feeder, preferring Agropyron smithii Rydb. (N. Criddle 1935). Buckell (1922)
reported it (as M. flabellifer) in considerable numbers in a sagebrush flat
in the Chilcotin River Valley of British Columbia. Although it is common
on short-grass plains, Mulkern et al. (1969) found it to feed primarily on
forbs. It appears to be variable in this respect, able to survive on whatever
food is available. As well as having a plains distribution, it has also been
taken in open grassy areas in the mountains above the timberline at 3890 m
in the southern part of its range (Hebard 1928).

Life history. Adults were recorded between 26 June and 5 October in
Montana by Hebard (1928). The life cycle is probably completed in 1 year.

Economic importance. This species has not been reported as being of
any economic significance, but, like many others, it could compete with
livestock for grazing or browsing under drought conditions.

Melanoplus rugglesi Gurney

Figs. 468, 504, 540, 585; Map 162

Melanoplus rugglesi Gurney, 1949:267-272.
Melanoplus rugglesi; Gurney 1953¢:306; Helfer 1963:238.

Common name. Nevada sage grasshopper.

Diagnosis. Tegmina long. Hind femur banded; hind tibia purplish.
Closely resembling M. occidentalis occidentalis (Thomas).

Description. Migratory phase: tegmina long, extending beyond apex
of abdomen. Pronotum with anterior margin broadly and weakly emarginate,
flaring on metazona, with posterior margin obtuse-angulate. Male cercus
broad, with apex quadrate (Fig. 504). Aedeagus with fleshy cuplike rim enclos-
ing three pairs of vertical structures (see Gurney and Buxton 1965: pl. 3,
fig. 14). Color generally reddish brown with contrasting blackish and pale
areas; hind tibia purplish; hind femur banded.

Solitary phase: somewhat smaller. Tegmina shorter, of male usually
extending to apex of abdomen, of female usually shorter than abdomen, in
some British Columbia specimens not reaching apices of hind femora. Color
usually more grayish, with yellow and reddish tinges on pronotum and on
hind femur much iess developed.

Range. British Columbia to California, inland to Montana and Utah.

Behavior and habitats. M. rugglesi is mainly a shrub feeder but will
also feed upon forbs and grasses. Sagebrush (Artemisia) appears to be the
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Map 162. Collection localities for Melanopius rugglesi.

usual food plant. Cowan (1971) reported that grasses were fed upon much
less than either shrubs or forbs and the amount of grass eaten was negligible.
The migratory swarming phase sometimes travels as much as 120 km in a
season. Migration flights appear to be somewhat aimless, except that
temperature, sunlight, and especially wind .. luence the direction in which
swarms will travel. Moderate to strong winds cause them to come to the
ground. Gallaway (1948) recorded that swarms move only when the temper-
ature is above 27°C and when the wind is light. Flight direction is said usually
to be upwind but occasionally across the wind. The true flight direction in
relation to air currents, however, is difficult to judge from the ground, just
as it is with other migratory locusts.

Life history. M. rugglesi is an early season species. It overwinters in
the egg stage, hatching early in May. Adults occur from early June and usually
disappear by early September.

Economic importance. This species, when it is abundant in the migra-
tory swarming phase, can be destructive, and Gallaway (1948) reviewed this
aspect in the late 1940s (as M. occidentalis (Thomas)). S