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PREFACE

This thesis grew out of a suggestion by Professor F. A. Fenton concern-
ing the need for information on certain members of the Orthopteran genus

Schistocerca. As the work progressed, it became more and more evident

that a thorough understanding of the genus can come only through a close

examination of the biology of each species. Schistocerca obscura Fabr.

was selected for study since it was the most abundant species at hand. It
is hoped that further work may be done both with this species and with the
other species of the genus,

The research for the following thesis was done at the Oklahoma
Agricultural and Mechenical collégo, Stillwater, Oklahoma, extending from
June, 1938, until July, 1939. Except for those cases mentioned, the
rearing was carried out in a greenhouse.

Much of the library work was done at Iowa State College, Ames, Iowa,
during the winter gquarter }:r 1939, at which time the author was enrolled
in that school.

Thanks are due to Professor F. A. Fenton, head of the Entomology
Department of Oklahoma Agricultural and Mechaniecal College, for his care-
ful consideration and help with the problem as well as for furnishing
ideal conditions for study. I wish also to thank Dr. T. H. Hubbell of the
Department of Biology of the University of Florida for his valuable sug-

gestions and help in determining the species of Schistocerca. I wish also

to express my appreciation to the students of the department for supplying
specimens and particulerly to my wife, Marie Duck, and Mr. Charles Hovey

for their help in the work.
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REVIEW OF LITERATURE

A study of the literature relating direectly to Schistocerca obscura

shows that practically no work has been done with the insect. Its spor-
adie occurence as an economic species is probebly responsible for this
lack of interest, although Uvarov (1928) states that all North American
species of Acrididae are in need of life history study.

Morgan (1901) did some work with this species incidental to his more

thorough study of Melanoplus differentialis Thom. He found that in Miss-

issippi the eggs were deposited the first of November, and that hatching
occurred the last of May. With this work the molts were found to be on
an average of ten days apart. With the exception of this brief notice,

no other mention of the biology of Schistocerca obscura was found in lit-

erature.

Gable (1926) mentions an outbreak of Schistocerca obscura at

Pleasanton, Texas, in which much damage to crops resulted. It is interest-
ing to note that a modified cattle dip was used as a control spray. Due
to the hourly migrations of the swarms, they weres easily sprayed at early
morning while "roosting" in the near-by trees.

Since the above represents the literature concerning this species
other than systematic descriptions, references to particular phases of the
subject are discussed in the part of the thesis with which that particular

topic is being considered.



PART I
THE BIOLOGY OF SCHISTOCERCA OBSCURA FABR.

Introduction

Part I of this thesis deals with the life history of Schistocerca

obscura Fabr. A description of the nymphs is included as well as notes
on the biology of the species under both greenhouse and field conditions.

Schistogerca obscura represents one of the more stable species of

the genus and is therefore a valuable subjeect for study since accurate
determinations are possible in the adult stage. A certain plasticity in
form and color does occur in the nymphal stages, however, and in such a
manner as to suggest a possible relationship to those species exhibiting
the phase phenomenon, which is discussed in the paragraphs immedistely
following. As will be seen later, this species also shows definite char-
acteristies, both in the adult and nymphal stages, of typical non-migrating
grasshoppers.

Uvarov (1928) has suggested that the terms "grasshopper™ and "locust™
be used as follows: all Acrididae, which at some time in their history,
form swarms and migrate, will be known as "locusts". Those Acrididae
which live in a solitary condition and dp‘ not swarm or migrate will be
known as "grasshoppers". In general, these terms have not been strictly
adhered to, although some attempt has been made by various workers to
distinguish between the Acrididase in this menner.

The periodiec swarming and migration of locusts haa_ long been a subject
for much conjecture among people. | Numerous attempts have been made to ex-
plain the mass outbreaks of these insects, which often swept across the
country devouring every bit of vegetation in their paths. It was not until

1921, when Uvarov (1921) first tentatively advenced his theory of the



phases of locusts, that any thing like a satisfactory explanstion had been
offered. This theory was at first looked on as being fantastic, but ex-
perimentation has substantiated Uvarov's ideas until today the theory of
the phases of locusts is generslly looked on as being a fact.

To quote Uvarov (1928), "The main starting-point on the theory
is that all gregarious Acrididse, or true locusts, belong to a
polymorphic species, that is, such as are not constant in all their
characters, but are capable of producing a series of forms, differ-
ing from each other not only morphologiecally, but also biologically.
This series is continuous, i.e., the extremes are connected by the
intermediate ones, but these extreme forms are often so strikingly
distinct that they have been taken for different species. These
extreme forms I propose to call the phases of locusts, one of them
being, by its habits a typical locust, while the other is an equally
typical solitary grasshopper. ... The phases are therefore the
temporary condition of a polymorphiec species....

The swarming phases generally speaking, is characterized by
the following principal features: the eggs develop with a diapause;
the hoppers are colored orange, or yellow, with well defined black
markings, and are inclined to form bands and wander; the adults are
constant in their morphological and color characters (the latter,
howsver, undergoing changes in connection with sexual maturation),
form dense swarms, and to not develop the sexual products without a
migretory flight, owing to an imaginal diapause.

The solitary phase may be characterized as follows: the eggs
can develop without a diapause; the hoppers are variable in color,
and as a rule their color corresponds to that of their surroundings;
they do not form bands and do not wander in masses; the adults are
variable in their morphological and color characters (but do not
chenge color in connection with the maturation of the genital pro-
duets), do not form swarms, and develop sexually without a diapause or

migratory flight."

Practically nothing has been done, physiologically, to explain the
cause of such morphological and color changes &s mey occur in either the
solitary or gregarious forms, although workers have been able to produce
the changes experimentally by controlled temperature conditions (Hamilton
1926), controlled earbon dioxide concentration (Husain 1936), and by

erowding the individuals (Uvarov and Hamilton 1936, Johnston 1932, Faure

1932-33, Husain 1936, Plotnikov 1924, Rubtzov 1935). Since Schistocerca
obscura shows characters suggesting both a typical gregarious and a

typical solitary species, and being closely related phylogenetically to



at least one species which is definitely proven to exist as a gregarious
species, it is thought that it would prove valuable to make a study of its
habits and characteristics. As shown later, this species is remarkable in
that, considering its variations typical of a solitary species, the varia-
tions do not coincide with Robtzov's (1935) interpretation of the applica-
tion of Vavilov's (1921) Law of Homologous Series in Variation to non-
swarming grasshoppers. Rather, the nymphal forms themselves strongly
suggest a swarming condition.

In thinking of Sohg.sto'oorea obscura as a swarming species, we first

see that it does occasionally form large swarms and migrate to some ex-
tent. References to this condition are very few in literature. Gable
(1926) mentions such en outbreak near Saen Antonio, Texas. In this re-

port he states that Schistocerca obscura is closely related to a greg-

arious species in Mexico, but fails to give the name of the species, On
October 16, 1938, the author investigated an outbreak near Gotebo, Okla-

homa, and found the species involved to be Schistocerca obscura. The

insects were present in large numbers along the edge of a wheat field,
which was margined with a heavy growth of elm. The elm, as it is in this
region, was located along the bank of & stream bed. Femsles were ovi-
positing around the bases of the small elm scrubs, and both males and fe-
males showed strong flight tendencies. Smell groups would leave the
ground, partislly circle the field, and set off in a definite direction
and eventually pass out of sight. Most of the individuals, however, re-
mained within a comparatively short distance of the flushing place.
Probably the most direct evidence in favor of a gregarious condition
is in the coloration of the nymphs. As described later, two distinct
types exist. A dark type which is constant in its characteristics, and

a green type which shows much variation. This condition is one on which



most emphasis has been placed by workers in determining the phases.

The large difference in size, between the sexes, further indicates
that the species 1s present in this region as a solitary phase of & greg-
arious species. If this is so, one would expect some variation toward a
swarming phase at some place in its distribution.

That the percentage of nymphs of Schistocerca obscura showing the

dark phase fluctuates from to year and from one locality to another is
shown by comparing the work of Morgan (1L901) with the preseat work. Morgan
states that fully one half of _the nymphs bred at Boliver, Mississippi,
showed the dark coloration. With my work at Stillwater, Oklashoma, in

1938, less than one per esnt of the numphs were of the dark color. Morgan
fails to say under what conditions his rearing was done.

Uvarov (1928) states that the presence of colored stripes in the eyes
of the numphs is an indication of the gregarious condition. Later work
(Uchide 1934) hes shown that this characteristic is not peculiar to the
gregarious nymphs alone, but that it may ceccur in those species existing

only as typical solitary species. These stripes are present in the eyes

of Schistocerca obscura nymphs, but occur more clearly in the eyes of

the dark colored forms.



History and Synonomy

The genus Schistocerca belongs to the Acridii, the typical group of

the sub-family Cyrtacanthacrinae. In this genus the fastigium is deflexed
and passes insensibly into the frontal costa, lateral carina are wanting
on the pronotum,the mesosternal lobes are longer than broad and usually
produced and strongly acutangulate posteriorly on the inner sides, the
hind tibiae have smooth sides with numerous spines on the outer mergin

and the second tarsal joint is only half as long as the first.

There are two genera in the group, Acridium and Schistocereca, which

were separated by Stal in 1873, because of the broader anal cerei and

apigal fissate subgenital plate of the males of Schistocerca.

Schistocerea obscura, or the greater obscure locust, as it is known

in literature, was first described by Fabriecius in 1798, as Gryllus
obscurus. The description of Fabricius is as follows:
obscurus

33-4.G.0bscurus linea dorsali flava.
Hebitat in America boreali Dom.v.Rohr.
Statura et magnitudo G. neruobi. Caput obscurum antennis
ferrugineis punctague verticalli flava, postice spinis
flavis apiea nigris. ;

Burmeister, in 1838, renamed the species Acridium obscurum. In 1839

Serville described and named the species as new under the name of Criquet

Olivatre (Acridium olivaceum).

In 1899, Scudder revised the genus and included the previously un-
recognized North American forms. Kirby has followed this work with his
Synoptie Catalog of the Orthoptera, in which he has failed to recognize
the synonyms as established by Scudder.

Blatchley in 1920 brought together the descriptions and the keys to
the members of the North American species as they were recognized at that

time. Since then the findings of Uvarov (1921), Faure (1932-33), and



others have suggested that a revision of the genus is highly desirable.

; Hebard (unpublished) says, "Nowhere in the present litera-
ture have these insects boen satisfactorily discussed. ... In the
case with obscura, however, a valid and very distinct species is
represented."”



Geographic Distribution

The genus Schistocerca is peculiar in its geographic distribution in

that it is typically a new world group. With the exception of one species,

(Schistocerca gregaria Forsk. eand its phases), the genus is represented

only in the Americas and adjacent islan'da, (Fig. 1). Scudder (1893) states
that the home of the genus is in Mexico and Central America, from which
varioug species have gradually moved into southern and northern aresas.
Scudder lists Mexico as having 23 species, North America north of Mexico

as having 11, South America as having 20, and the West Indies as having 6
species of the genus. Kirby (1910) recognizes 73 species, a number of
which are known synonyms. The recent additions of Bruner (1900), Rehn

and Hebard (1938), and Hubbell and Walker (1938) do: inerease the total
number of species, but it is thought that a thorough revision would elim-
inate many of the earlier descriptions.

Schistocerca obscura has a wide range of distribution, (Table 1).

According to Blatchley (1920) it extends from Baltimore, Maryland, on the
Atlantie Coast southward into Texas and Mexico, and as far north as Iowa
and Nebraska. Scudder (1899) extends this somewhat by giving record from
southeastern Colorado.. New Mexico, Mexico, and Central America. TFrom the
suthor's records, based on correspondence and actual specimens; the species
may be expected to be collected from as far north as Maryland and as far
west ‘as the Rocky Montains. Southward, there are records through all of
the area to the tip of Florida and southern Mexico. All of the actual
collection record is brought together and presented in Table 1. A map

showing the area known to be inhabited by Schistocerca obscura is presented

as Figure 2.

The earliest record in the literature concerning Schistocerea obscura

in Oklahoma is that of Caudell in 1902. Morse (1907) mentions taking the



species again five years later, from near Caddo. In 1927 Hubbell and
Ortenburger again give this record in their list of the species of Orthop-

tera for the state., The latest reference to Schistocerce obscura is that

of Hebard (19328), in which he lists records from Tulsa, Okmulgee, and
Weatherford.

Although the species has not been teken fram all the counties in
Oklahoma, it may be expected to inhabit the entire state, in view of its
wide distribution. The available records are widely distributed and serve
as a good indication of its presence throughout the state with the ex-
ception of the northeast corner, and here a record from Missouri leads us
to assume that it may be taken there. The map (Fig. 3) shows the area
from which the species has been taken, and Table 2 gives the dates during
whiech collections have been made.

Southwestern Oklahoms seems to offer more toward an optimum environ-
ment for the species in so far as Oklahoma is concerned. The largest
population encountered during the course of the work was in Kiowa County,

where considerable damage to wheat was done in October, 1938.



Teble 1. Distribution Records of Schistocerca Obscura.

Country State Loecality Date Source

United States Arkansas Washington Co. 8-15-38 Author's collection
United States Colorado Pueblo 7-30-31  Scudder (1899)
United States Colorado Manitou " Scudder (1899)
United States Florida Biscayne Bay Scudder (1899)
United States Florida Green Cove Springs Scudder (1899)
United States Florida Cedar Keys Sept. 20 Scudder (1899)
United States Georgia Morris Island Scudder (1899)
United States Iowa Scudder (1899)
United States Mississippi 8-1915 Author's collection
United States Mississippi 10-1915 Author's collection
United States Mississippl Cat Island 9-8-20 Author's collection
United States IHississippi Starkville 9-21-14 Author's collection
United States Nebraska Scudder (1899)
United States North Car. Wilmington 8-20-28 Author's collection
United States North Car. Raleigh 10-9-28 Author's collection
United States North Car, Raleigh 10-17-29 Author's collection
United States North Car, Car. Beach 8-14-32 Author's collection
United States North Car. Dingo Bluff 11-1915 Author's collection
United States New Mexico Tularosa Scudder (1899)
United States New Mexico Dona Ana Co. Aug. 25 Scudder (1899)
United States South Car. Scudder (1899)
United States Texas Dallas Scudder (1899)
United States Texas Basque Co. Scudder (1899)
United States Texas Eagle Pass Scudder (1899)
United States Texas Corrizo Springs Aug. 25 Scudder (1899)
Mexico Coahuila Matamoras Scudder (1899)
Mexico Sonora Scudder (1899)
Mexico Tepic Scudder (1899)
Mexico Vera Cruz Scudder (1899)
Mexico Durango Scudder (1899)




Table 2. Collection Records of Schistocerea Obscura for Oklahoma.
Loeation Date Collector Source Hotes
Caddo 1907 Morse Morse (1907)

Tulsa 7-22-37 Standish and Kaiser Okla. A. & M.

Okmulgee 7-18-37 Standish and EKaiser Okla. A. & M.

Custer Co. 8-18-37 Standish and Kaiser Okla. A. & M.

Hugo 7-10-37 L. G. Duck Collection 1st-3rd Instar
Alva 7-10-38 Marie Duck Collection 3-5 Instars Adults
Idabel 7-10-38 L. G. Duck Collection 1st-3rd Instar
Welestka 7-11-38 L. G. Duck Collection

Hughes Co. 7-11-38 L. G. Duck Collection

Commanche 7-10-38 Oswalt Collection Adults
Stillwater 7-29-38 L. G. Duck Collection Adults
Lincoln Co. 9-4-38 L. G. Duck Collection Adults

Kiowa Co. 10-16-38 L. G. Duck Collection Ovipositing
Woodward Co. 11-2-38 L. G. Duck Collection

Noble Co. 7-8-32 L. G. Duck A. & M. Record Adults

Kay Co. 7-11-31 L. G. Duck A. & M. Record Adults

Osage Co. 6-21-31 L. G. Duck A. & M. Record Adults

Harper Co. 8-20-31 L. G. Duck A, & M. Record Adults
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Biology and Life History

Pairing and Copulation. Very little mention is made in literature

concerning the actual activities of grasshoppers as related to pairing and

copulation. With Schistocerca obscura there seems to be a definite period

which might be termed the pairing period. By this, it is meant there
appears to be a time at which the individuals are susceptible to sexual
stimulation but not to the extent of actual copulation.

With this species, the males seem to be susceptible to sexual stimu-
lation at a much earlier time after the last molt than do the females,
That this may have a very important funetion in the biology of the spacies
will be seen in the discussion of oviposition. Several times males were
seén attempting to copulate within a short time after the last molt. This
was noticed to be particularly true when freshly molted males and females
were placed in the same cages. In accord with the work of Pospelov (1934),
it is thought that females, under caged conditions, reached sexual maturity
sooner than did those females living under natursl conditions, where
crowding did not occur. With the caged femmles, reared under laboratory
conditions, the average length of time from the date of the last molt to

the first copulation was 18 days, (Table 3).

Table 3. The Pre-~Copulation Period of Schistocerca obscura females.

No. of days from

Date of last molt to
Cage No. Date of First Molt TFirst Copulation first copulation
3 July 24 sug. 8 16
6 July 23 Aug. 12 21
9 July 23 Aug. 4 13
7 July 23 Aug. 4 13
10 July 19 Aug. 16 29
15 July 21 Aug. 5 16

Average No. of Days 18
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Under laboratory conditions, males showing & tendency to mate first
indicate such by going through stridulatory actions. No sound is audible
to the human ear, so what effect, if any, this action has on the females
is unknown. It has often been suggested that the stridulatory action
serves as an attraction to the female, but in no case has this been shown
to be true. Very often, within a cage, while 2 pair were in copula, sev-
eral males would group themselves around the pair and go through the
stridulatory motions, which consisted of pericds of spasmodie twiteching
of the hind legs, alternate with a slow lowering and raising of the hind
legs. Sometimes the entire body was seen to twitch in the same manner as
the legs. This motion was also observed in the males while in copula, and
in very rare cases, in the femeles while copulating or while near a cop-
ulating pair.

Very often males fight over a particular female, but these fights are
never of long duration nor of serious consequence. The females, however,
frequently attempt to dislodge the males from their backs after copulation
has begun, by seratching with their hind legs.

Due to the great difference in size between the sexes, the males often
experience great difficulty in adjusting themselves to the females. In
at least one case under observation, this size difference seemed responsible
for the failure of the process. Blatchley (1920) gives the average size
of the adults as follows: females 50-60 and the males 34-40 m.m. in length.

The actual copulation is much like that deseribed by other authors,
(Uvarov 1928, and Snodgrass 1935), and which may be summarized as follows:
The male places himself well forward on the back of the female. With his
forelegs he clasps the pronotum of the female, the claws holding at the
notch in the enterior swrgin of the prothorax between the pronotum and the

small exposed part of the episternum; the middle legs clasp the middle of
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the femnle’s body; the hind legs are held in various positions and seem to
play very littie part in the act of copulation. The male lowers his ab-
domen along the side of the female abdomen, with the genitslia being much
depressed and with the phallic organs exerted, thevdorsal lobe of the
aedeagus being turned upward and forward. In order to eprse the sperm-
athecel aperture of the female, whiech receives the end of the msle organ
in copulation, the male depresses the subgenitsl plate of the female with
the hooks of the pseudosternite. The penis is then introduced between and
beneath the ventral valves of the ovipositor and is inserted into the
spermathecal canal.

Oviposition. Oviposifion under natural conditions near Stilliwater
occurred in somewhat restricted situations. (Plate 1, Figs. 1 =z2nd 2).
These areas where oviposition tekes place represent a distinect type reguire-~
ment in the environment of the species. This ides i8 subsiantiated by the
fact that at late fall and early summer the insects congregate here in
swarms, composed of gravid females end meles. The bypical habitat for
oviposition consists usually of a creek bordered by elm trees or low,
scrubby elm growth, with a sandy soil and an enclosed field of smell grain
or cotton. The eggs, as a rule, were found to be deposited in the soil
around the basss of the elm scrubs, especielly where they were on the slope

of the creek bhank. Norgen (1901) states that the egg pods of Schistocerca

obscura are usuelly associated with those of llelanoplus differentialis

Thom., although ovipocsition tazkes place much later in the season with

Schistocerca obscura than with lelanoplus differentialis. There i3 no

difficulty in distinguishing between the pods of the two species, since

the egzs of Schistocerea obscura are much larger and of a brick red color.

Observations were made on femnles ovipositing in special cages in the
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laboratory and greenhouse. The temperatures for this period are given in
Figs. 4. Cages firgt used were 12 inches square, and contained 3 inches of
maisﬁ gead. These were later changed by adding un to from 5 to 6 inches
of sand. Oviposition for the regular life history study was mede in the
pot type of cage. (Plate II, Fig. 1 and 8).

Time did not permit for a physiologiesl study of oviposition, but in
general +this speeles geems to bear out the observations made by Poépelov
{1934} on the migratory locust in Russis. In this work Pospelov found that
the femules did not develop eggs in the ovaries unless copulation first
took place. THe states that fertilization is in itself a factor which per-
nmits the maturstion of the eggs in the ovaries.

In following out Slifer's (193%6) plan for securing egee from un-

fertilized females, the suthor isolated five female adult Schistocerca

obscure wirieh had freshly molted. These were kept caged without meles

for a period of approximately two months, st which tinme dissections showed
that three of the igdividuals hed not developed eggs in their ovaries.

The remaining ones showed no external sigus of egg development. Cne of
the fepmnles wos then placed with @ mele to replace & Temale that had died.

né evenbually one egg pod was secursd.

£y

Uopuletion immediately took place,
O the death of this female about ten days alter oviposition of the first
egg pod, dissection showed another batch of eggs well developed. These
results are rmch the sume as those secured by Pospelov {1934) in his work.
Actwal oviposition was observed in two cases iu the laboratory, with
the aid of speeizlly prepared oviposition jars. Glass jars were filled
with sand, the surfaoees of which was covered with c¢ardboard, with the ex-
ceptlion of a narrow margin around the edge. A female, ovinositiag, could

easily be observed through the side of the glass jar. A femmle ready to

853

oviposit becomes restless and may dig several holes before the eggs are
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finally deposited in a suitable olace. The time required for oviposition
~averages about 30 minutes. The bottom of the egg mass may be inserted to
a depth of ten cenbtimoters in the so0il and capped with a mass of froth
witleh extsands to just below the surface of the grouad. There is no egg
pod nroper in this specied, but due to tho fact that the sggs are glued
together with the muellaginous secretion of the femnle, particles of soil
adhera o the outer surfaces, forming a somewhat stable covering for the
eaa9.

The ovipositing process differs little from that described for other
species, except Tor some mlnor details. The fomale first penetrates fhe
soll with ths tip of her ovipositor, the valves being closed, and by
alternately opening and closing the valves o hole is formed. Often she
may enlarge the hole hy bwisting the asbdoren around. In no esse was a
female obserwed standing against the side of the cage as desceribed by
Ballard {1931} for the desert locust. In osges where the sand was of suf-
figient depth, the egg mass was deposited almost perpindiecular to the
surface of the grouni. In cages conhaining less sand, the pod was hent on
itself at a plaes depending on the amount of sand. 0nl§ one egg is re-
leased at = tine, and with e=oh passage & release of the mueilsginous
secration of the female followed, until when the process was completed the
entire mass was bathed in the fluid. ‘Vhen the last egg is released, the
rest of the hole is filled wibth the Trothy materisl whieh later dries. A
female baving finished oviposition may be recognized for some time due to
the frothy meterial ecovering the tip of the abdomen.

A femels containing sround 120 eggs may oviposiit spproximsiely one
half of them at one time and a few days later deposit the remsining eggs.
Qecasionally a femele will deposit 211 the meturs eggs she containg in one

mass, and some females show records for three and four sgg masses.
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Two females oviposited eerly, within a few deys after the last molt.
These egns were laid on the surface of the ground in irfegular masses and
covered with the frothy secretion. Nons of them developed embryos.

The average number of eggs per femsle in‘this study was found to be
75.4 for the first pod, 42 for the second, and 31 for the third pod. In
some cases the fourth pod was secured, but counts are not availabvle for
these. It is thought, however, that a femsle is eapable of prbducing around
200 eggs under favorable conditions.

At wvarious times, females collected from the field were diasected to
dotermine the number of eggs to be found matured at any time in ovarieé.
Over this period, extending from July 25 until October 16, 1938, 13 femoles
were examined. It is not known whether these females had previously ovi-
posited or not, but it may be assumed that in most cases they had. The
following table gives the results of this study,

Table 4. Number of Bggs Found in Ovaries of Echistocerea
obscura Females Collected from the Field.

Date of Collection Number of Eggs
Sent. 30 110
Aug. 20 120
fug. 20 116
Aug. 28 &7
Oet. 16 167
July 26 i1e
Aug. 8 70
July 28 109
July 28 114
Aug. 2L 116
Aug. 21 119
Qes. 156 101
July 25 93

Lyerage Number of Hggs 108.4

k

It is difficult to say at what time such zctivities as oviposition,

hatching, and copulation occur in the field under natural conditions,
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gincs these are so clossly controllsd by various elimstic factors, and 30
vary from ysar to year. This is shows by the fact that eggs deposited in
Soptember and kept at room temperature hatched as early as $he last of
Decembor. Other eggs from ithe same pods but stored ai soil tewperatures
did not hateh until the last of Aprll and the first of ¥May. The earliest
record ia my nodes of an adult specimen being taken is for July 6, 1933,
fron Woods founty. Nymphs of the fifth instar were abundant at that tims.

The pre-oviposition, or the period from the last molt until the time
of oviposition, has been determined in this work to be 44.1 days. {Table
5). This averoge was taken from ovipositions of females reared in the
greenhouse £t the temperatures given in Fig. 4. This average approximatses
that given by Ballard {1932) for the desert locust of the solitary phase
in Egyot. The inter-ovipositlon periods are given for the time between
the first and second, zad gecond and third successive pods. (Tsbles 6 and
7)., The limited number of eases makes the latter rescords of much less
value.

Teble 5. Pre-oviposition Perlod for Schistocerea obscura at
Stillwater, Oklahoma. 1938.

Taration of pre-

Cage No. Date of Date of First oviposition Period
Iost Uolt Gag Pod (Days)
53 July 24 Sept. 1 40
326 July 23 Sept. 3 43
58 July 19 Sept. 7 51
39 July 23 Sept. 11 51
852 July 24 Sept. 6 45
s1 Aug. 9 Sept. 1 32
37 July 23 Sept. 1 41
S10 July 19 Sept. B 49
514 July 22 Bept, 13 5%
515 July 21 Sept. 1 43
524 July 28 Sept. 6 40
8256 July 28 Sept. 5 40

Aversge no. of Guys 44.1
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Table 6. First Inter-oviposition Period for Schistocerca
obscura Reared at Stillwater, Oklashoma. 1938.

Duration of First

Date of Date of Inter-oviposition

Cage No. TFirst Egg Pod Second Egg Pod Period

(Days)
26 Sept. 3 Sept. 7 5
38 Sept. 7 Sept. 15 9
S1 Sept. 1 Sept. 11 11
815 Sept. 1 Sept. 7 7
Average no. of days 8

Table 7. Second Inter-oviposition period for Schistocerca
obscura reared at Stillwater, Oklahoma. 1938.

Duration of Second

Inter-oviposition
Date of Date of Period
Cage No. Second Hgg Pod Third Egg Pod (Days)
Sé Sept. 7 Sept. 23 21
S15 Sept. 7 Sept. 15 9
Average no. of days 15
Hatching. The eggs of this species, being laid in late summer and

fall, normally remain inactive over the winter mnths and hateh in the
spring. With some species of insects this overwintering at low tempera-
tures sesems to be a necessary factor in starting the development of the

embryo. In the case of Schistocerca obscura there is no evidence to

prove that this is so. Rather, there is much to indicate that the
development of the embryo may be continuous if a suffieiently high
temperature is meintained. Egg pods deposited in September were broken
and the halves were stored at both room and soil temperatures. The eggs
stored at room temperature started hatching in December and continued to

do so0 up until the last of February. On examination, the eggs at soil
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temperature showed very little development on April 6, 1939. These eggs,
however, started hatehing in May. It is interesting to note, however,
that much difference exists in the total percentage of eggs hatched, end
between the meterial at the two different 1oéations. Tables 8, 9, 10, and
11 show the relationships beitween the amctivities under the two temperature

conditions. The daily record of hatching for each pod is shown in Table

i2.
Teble 8. Incubation Period for Eggs of Schistocerecz obscura
at Soil Temperature. Stillwater, Oklshoms, 1938-33.
Date of Date of Durstion of
Cage Wo. Pod Number Oviposition Flrst Hatch. Period
(pays)
S3 First Sept. 1, 1938 ay 30, 1939 272
S24 First Sept., 5, 1938 iay 31, 1839 268
S8 First Sept. 6, 1938 May 25, 1939 261
a8 First Sept. 7, 1938
825 First Zept, 5, 1938 Vay. 25, 1939 262
210 First Sept., 7, 1938 May 30, 1839 265
81 First Sept. 1, 1938 May 4, 1939 246
215 First Sept. 1, 1938 May 3, 1939 245
38-2 Second - Sept. 7, 1938 June 2, 1939 275
g7 First Sept. 1, 1938 May 27, 1939 269
S56=1, First 3ept, 3, 1938 May 21, 1939 260

Average v 262.3
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Table 9. Incubation Period of Schistocerca obscura for Eggs
Stored at Room Temperature. Stillwater, Oklahoma, 1938-39.

Date of Date of Incubation

Cage No. Pod Number Oviposition First Hatch Period

(Days)
83 First Sept. 1, 1938 Jan. 8, 1939 99
524 First Sept. 5, 1938 Jan. 7, 1939 93
s2 First Sept. 6, 1938 Jan. 11,1939 106
s8 *  TFirat Sept., 7, 1938 Jan. 8, 1939 92
825 First Sept. 5, 1938 Dec. 10,1938 65
Sl First Sept. 1, 1938 Dec. 5, 1938 65
S16 First Sept. 1, 1938 © Dec. 15,1938 75

S?7 First Sept. 1, 1938 No Hatech

S6-1 First Sept. 3, 1938 Dec. 7, 1938 64
S6-2 Second Sept. 7, 1938 Jan. 3, 1939 89

Average 83.1

Tsble 10. Aversge Hatch for Schistocerca obscura Eggs Stored
at Soil Temperatures. Stillwater, Oklahoma, 1938-39.

Number Number of Percentage of
Cage No. of Eggs Hatched Eggs Eggs Hatched
S3 15 6 40.0
S24 45 5 11.11
82-1 ° 52 10 19.23
S25 137 44 32.11
810 28 22 78.57
S56-2 54 41 75.92
s7 45 38 B84.44
S6-1 129 76 58.91

50.3

g
E
E



Table 11. Average Hatch for Schistocerca obscura Eggs Stored
at Room Temperatures, Stillwater, Oklahoma. 1938-39.

Number Number of Percentage of
Cage No. of Eggs Hatched Eggs Eggs Hatched

S3 256 3 12.00
S24 7 3 17.64
s2 18 4 22.22
s8 22 2 9.09
525 21 e 19.04
S10 29 3 10.34
S1 14 i ! 7.10
S15 31 1 3.20
86-1 23 2 8.69
s7 21 1 4.76
S6-2 22 1 4.54¢

Total Average 10.87

In order that the hatching process might be easily observed, a num-
ber of eggs were placed on moist sand in a tin container and allowed to
stand in the sunlight until hatching activity was seen to have begun.

Time records were kept in a few cases, but it soon became evident that
temperature (within a constant humidity condition) was an important

factor in regulating the speed of activity. In general, those individuals
hatching after four o'clock in the afternoon remained in the intermediate
stage until around eight o‘'clock the next morning. It was noticed, too,
that removing the tin eontainers from the direct sunlight to the shade in
mid-day was sufficient to decrease the speed of activity considerably.

The average hatching time was 16 minutes, as observed from ten cases
at mid-day. For these same records the average length of the intermediate
stage was 5 minutes. The time of hatching was considered to be from the
first evidence of a rupture of the egg until the embryo was free. The
intermediate stage or period of time for shedding the intermediate skin

was considered as being the same, since the normal individual commences
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this zetivity imwediately after leaving the egeg.

On freeing itselfl from the egs, the embryc makes use of the pulsatile
organ {cervicle amouls} which it plainly svident at this time, being located
just back of the hezd. By slternste contractions and expansions of this
orgen the egg shell i3 burst and the nympb mekes its way frou the egg in 2
worm-like manner. According to Uvarov (1928} thes movement to the surface
nf the ground is accorplished in much the same way. The movements of the
cervicle arpula foree the soil particles to one side, and on coatiraction
the young grasshopper moves upward through the space left by the disvlaced
soil perticies.

On reaching the surfaee, the young nymphs preseant an appearance of
helplessa2ss, sincee thoir movements are greatly hampered by the enveloping
membrane. The movement i3 eantirely by worm-like comtractions and expansions
of the body. In our observation &ll the nympis moved while on their backs,
reminding one mich of the loecomotion aetivity of some of the Scarabid
lervae.

Immediatsly on reaching the surface, the nvmph begins the process of
shadding the interwmediate nymphal zkin. That this skiﬁ ié truly & aymphal
skin and not the amnion or an embryonic membrane is e¢learly shown by
Carothers (1938). The gervicle ampula seems'té play the same part in this
activity as in hatching and ia the passage to the surface of ithe ground.
By the alternate exponsions and contrsetions the skin is ruptured and the
nymph emerges as the first instar.

Uvarov {1928) states that light is a necessary factor in the inter-
wediate molt and that the young grasshoppers will not hateh, move to the
gurfece, or molt in the absence of light. With this species it was found
that the young would hatch, move to the surface of the ground and complete

the intermediate stage in entire absence of light. In some cases, consid-



erable development toward the seeond instar was accompliéhed before death
occurred. This indicated that starvation wes responsible for ths death of
the hoppers rather then the absence of light. In this experiment, the eggs
at the time of oviposition were confined to tin boxes with tight Titting
1ids. The boxes wére not opened until after the insects had reached the
various stages of development as stated above. Twenty-five young were

hatehed in this manner, of which 22 completed the intermediate roli.



Table 12. Daily Hatching Record for Schistocerea Obscura Eggs Stored
at Soil Temperature. Stillwater, Oklahoma. 1939.

Date Box Number Daily
Totals
118]3] 4] 5§ 6] 7] 81 9110111 2z s
- 126 1 1
i B
28
" 30
1 1[5 &
2 5 5
3 3] 5 8
1 4 1] 4 5
5
L6
7
8
9
10
p & 1
12
13
| 14
15
& 16
17
# 15
19
20
21 1 1 2
22 1 1
23 31 31
24 10 10
[ 25 3 10 13
| 26 1 il 12
27 4 12 20| 1 37
28 5 5 16 26
29 5 1L 16
30 2 21 1 5 10
31 5| 4 2 ) 11
1 1 4 1 6
2 4 2
3 2 ] 24
4 3] 2 7
5 5 4] 1 4 3
 ~ & 8] 1 -] 12
7
8 10 10
9 1 1
A 10 2 2
Total iggs
Per Box 7| 5| 10f O] O] 44| 22| 13| 13| 41 | 38| 76 269




Food Habits
With the exception of some specific experiments in food-plant pref-

erence, the prineipal food used in the rearing cuges was American elm.

Ash and other common plants were used, but it soon became evident that

Schistocerca obscura had some decided preferences concerning food plants.

It was then planned %o study these plants on a basis of preference and
availability.

Since the experiment was carried out in the greenhouse, where the
rate of evaporation was very high, it seems likely that the food consumption
was not normal. Some later rearing was done under conditions of extreme
dryness, and it was noticed that the more succulent food was more readily
taken than some of the foods of higher rating under greenhouse conditions
where the humidity was kept fairly high by wetting down the soil around
the cages.

Four different species of plants, at a time, were placed in a cage

containing, usuvally, five individuals of each sex of Schistocerez obscura

adults. These plants were left in the eage during the entire day, to be
replaced in the morning with a new series of four more plants., At the end
of a day each plant was rated on a basis of from 1 to 4 for preference. The
4 indiecated the most desirable plant for food. When the entire group of
22 plants was run, the like numbers were re-run and the experiment repeated.
This resulted in some of the plants being shifted to what seemwed to be
their more natural rating. For example, if cotton, elm, ash, persimmon,
end wheat were given a rating of 4 on different days, they were &ll col-
lected and offered to the insects at the same time. This usually resulted
in some of the plants being shifted to a different rating.

The availability of the food wes determined in a purely arbitrary

manner. By taking the habits of the habits of the grasshoppers into consid-



eration, the plants wers rated on & basis of amount of leafage, number of
plents, and extent of the areas having the particular plant growth. In the

areas having the largest populations of Schistocerea obscura, it is notice-

able that elm is & dominent plant. In the principal area studied, elm
furnished an excessive amount of leafage, a large number of plants were
available, and the low shrubs mede it possible for the young nymphs to feed
exclusively on this plaent. This same condition is true in regard to the
native grasses, but in no case were the nymphs or adults observed to feed
on them. The availability ratings of the two species of plants is the same,
but much difference exists in the preference. With the cotton, the degree
of preference seems to be as high as with elm, but the cotton is nowhere
as abundant as elm as a food plant. The difference here is one of avail=-
ability and not preference. The food preference and svailability relation-
ships are given in Table 13.

Some interesting facts were brought to light in this experiment. For
instance, with corn it seems that the degree of maturity of the corn deter-
mines whether it will be eaten or not. The insects readily ate the mature
and almost mature corn, but would not eat the young corn, even under
stervation conditions. Castor-bean, z plant of supposedly poisonous nature,
was tried, and the grasshoppers took it readily, even in the presence of
some other of the foods. Those eating this plent epparently suffered no
ill results.

In the field, = more or less seasonal cyecle of food plant preference
was noticed. Thies cyele, 23 described below, represents the feeding habits
es taking place in a typical habitat of the species. The places supporting

the larger Schistocerca obscura populations were of this nature.

The nymphs hatching in the spring feed on the leaves of the low scrubby

elm growth until reaching maturity. This type of habitat produces much



more than just food, as readily observed when one is trying to colleet
specinmens of the nymphs. The young grasshoppers closely resemble the elm
leaves in color and in the course texture. When disturbed, they usually
drop through the leaves and are lost from sight.

On reaching the adult stage the individuals move to other foods,
although elm still oceupies en important plece in their environment.

In loealities where corn and cotton fields were bordered with elm
growth, it was found that the adults first moved to the corn to feed, it
having almost reached maturity by this time. Later, when the corn is fully
mature and commencing to dry out, the grasshoppers move to the cotton, where
they may do considerable damage by feeding on the leaves. Always, however,
there is almost constant movement between corn, cotton, and the elm trees.

A somewhat similar eycle oeccurs during the day. The grasshoppers, in
the main, spend the night "roosting" in the larger elm trees along the
sides of the fields and in the tall corn. BEarly in the morning there is a
movement from the teller plants to the cotton, where feeding occurs, and
then in the hot part of the day the insects return to the corn and elm
again. Some feeding takes place ir the evening before the grasshoppers
return to the elm for the night.

In the late fall young wheat may suffer, if the field is so situated
a8 to be near a locality suitable for oviposition. Sinee this species
congregates at these places late in the fall for oviposition, the damage to

wheat may sometimes be of considerable extent.
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Table 13. Food Plant Study of Schistocerca Obscura.
Relative Avail-
Common Name Latin Name Family Preference ability
Al falfa Medicaga sativa Leguminosae 2 2
American elm Ulmus americanua Urticaceae 4 4
Apple Pyrus malus Rosaceae 2 2
Ash Fraxinus spp. Oleaceae 1 3
Black jack oak Quercus marilandica TFagaceae 2 3
Black locust Robinia pseudoacacia Leguminosae 1 3
Black walnut Juglans nigra Juglandaceae o} 2
Corn (mature) Zea mays Gramineae 3 3
Corn (young) Zea mays Gramineae 0 3
Cotton Gossypium Malvaceas 4 3
Cotton wood Populus deltoides Salicaceae 0 3
Hackberry Celtis occidentalis Urticaceae 2 3
Mulberry Morus spp. Urticaceae 0 :
Peach Prunus persica Rosaceae h 1
Pecan Carya illinoensis Juglandaceae 0 3
Persimmon Diospyros virginiana Eoenaceae 3 3
Red bud Cercis canadensis Leguminosae 1l 2
Soy bean Saja max Leguminosae 0 3
Sumac Rhus spp. Anacardiaceae 2 3
Virginia creeper Parthenocissus Vitaceae 2 X
quinquifolia
Wheat Triticum vulgarum Graminaceae 3 4
Grasses Graminaceae 0 &




PART 11

TECHIICAL DESCRIPTIONS

The Egg ané §§§hPod

The epg when deposited has an elongate-cylindricel neck, slightly

narrower than the fiiled portion. The entire length averages 47 mm. The
egzs ere arraaged with much less order then is the case with most of the
other local species.

The egg when freshly deposited is elongate-cylindrieal, slightly bent
in the middle and tspering toward the ends. The posterior cap is brosdly
rounded at the end and the ring is not plainly evident. The surface of
the chorion is sculpitured with & definite pattern of slighily reised lines.
The color is brick-red, but this becomes darker with agse. |

The freshly deposited eggs, on drying, are 30 tightly bound btogether
with the secretion of the female that they may be separated only by tear-
ing the choriocan. Loater, however, when the time of hatching approaches,
they shatter out so that it is with difficulty that an entire pod mey be
eollected.

It is interesting to note that, as the time of hatehing approscies,
the froth extending to the surface deteriorates ané leaves z partislly
open passage through the soil from the top of the egg mass. Considering
the depth to0 which the emgs are deposited and the hardness of the s30il in
some places, this mmst be of great importances ic the nymph cn emergence
from the egg to the surfaee of the ground.

The eggs average 6.37 mm. in length at the dime of oviposition. As
‘the embryo matures the egs enlarges, end at the time of habdching reaches

the average size of 6.78 nm.



The Intermediate Nymphal Stege

On reaching the surface of the ground after hatching, the nymph pre-
sents a worm-like appearance. The body is enclosed in a transparent,
membranous sac which has extended pouches for the appendages. The head is
bent downward and with the antennse lying close to the frontal region. The
mouth parts hang continuous with their attachments with the cranium, not
being bent inward as in the later stages. 'rho cervicle ampula is evident
as a dorsal swelling just posterior to the cranial capsule. The two wing-
bearing segments are to be distinguished by their lower posterior mergins
being rounded and slightly expanded. The genital appendages are but little
developed, ike cerci appearing as conical lateral extensions of the segment,
and in the male specimens the ninth abdominal segment is slightly notched
on the posterior margin of its sternite. The following are the average

measurements of this stage:

Total Length 8.0 mm.
Length of Hind Femur—--—-- 2,6 mm.
Depth of Head 2.0 mm.
Length of Antennag~=—----- 1,5 mm.
Humber of Antennal

Segments-————- - 11-13

The First Stage Nymph

The cuticle of the active young is green and rugose, closely resembling
the elm leaves on which they are usually to be found. Small black dots
ringed with white are regularly distributed over the body and are par-
ticularly numerous on the legs and dorsal region. This speckled appearance
adds to their resemblance to the surface of the leaves. HEAD: A%t the
beginning of the first instar the head is large in proportion to the rest
of the body, but the abdomen begins to increase in size appreciably. The
head is rounded above, moderately obligue in front with the vertex wide,

shallow, and broadly diamond shaped. THORAX: The continuity of the median
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keel on the well developed pronotum is interrupted by two transverse furrows
back of the middle. The posterior margin is slightly inecised in the middle
line and is wider than the anterior margin. GENITAL APPENDAGES: With the
female of the first instar, the genitel plates of both genital segments
show much differentiation. The ninth sternite is much narrower than the
eighth. Rudiments of the first valvulae appear as a pair of flattened
lobes at the termination of the eighth sternite. No sign of the second
valvulae are visible at this stage. The third valvulae have already formed
conical processes, srising from the posterior part of the ninth stermite.
The male genitalia is recognized by the expanded sub-genital plate with

its notched posterior margin and somewhat flattened cerci. The following

are the measurements of this stage:

Totel Length 6.5 mm.
Length of Hind Femur----------- 5.2 mm.
Length of Pronotum- 1.5 mm.
Depth of Head 3.0 mm.
Length of Antennae- 2.5 mnm,
Number ef Autennal SegmentsS---- 1

The Second Stage Nymph

This stage is very similar to the previous stage in general appear-
ence. COLOR: General color green, freqguently suffused, especially on
the dorsal area of the abdomen, with brown shades. Eyes are yellowish
romm with a dark brown apiecal spot or bloteh. m§ head and prothorax
are colored with a net-like pattern, with the meshes on the latter con-
taining & central dark spot. Meso- and metanotum and abdomen are rather
closely marked above with light and dark spots, the posterior portion of
each abdominal segment widely ringed with an unspotted area. The hind
lege have a median and marginal row of black spots. The ventral surface

of the body is a dull greenish white. In some specimens a dorsal median
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k line i3 present, exbonding from the anterior parg, by he_pronotum to ..
" : . BYO. l L0,

the genital segments. MEAD: The hesd is smaller in propor

of the boly as compared with the previous stoge, snd the '?19
tex is s little less prominent. THORAX: The pronotum is & little flattened
and very definitely divided three times, once in front and twice in bsck

of the middle., The pesozotum is nearly covered by the pronotum, leaving

the elybrz perily exposed from under the pronotum. The wing segments sre
vefy slightly veine&. GINITAL SECMENTS: In the femsles, the division of

the lobes o the genitsl

s

letes forming the‘lcbes of the ovipositor is
further dcvalo?ad. The fifst valvulee are seen to be plainly separated
from the eighth abdomincl sternite. They heve increased in length to such
an extent &5 to rsach the cnterior margin of the ninth sternite. Small
second valvuiae have gppesred between the lobes of the bases of the third
valvulae. The third valvulae show some sclerotization on the outer map-
gins of their lobes. 'ith the meles, the sub-genital plate has become

more expanded>and the cerei more flattened. The following are the measure-

ments of this stage:

Total Lengbh—em—mememcmm e 10.8 .
Length of Prothorag---—-e=—--=ee 2.5 nm.
Length of Iinéd Femup--e-m-meo—e- 6.0 mm.
Length of Antennsg-wscesicrrenmen 4.0 mm.

Jurber of Artennal Segmenti-s—w= L7

Females:

Total Length-~-mmmceemcomcmanee 11.0
Length of ProthoraX~——e—e—mmecmee 35,0 mm
Length of Hind Femur-----~===-== 6.8

° <

Length of Antennsem————wew—- R T o
Yumber of Antennal Segments-=----18> - ° ° .



The Third Ztage Wymphs

COLOR: Typiceally gresn, with the Jdorsum snd sides heavily marked with
small, round black dots. Hssd ahove and cheeks much blotched, with light
yallow. Eyes, ysllow with light brown suffusions. Antennae with hassl
sagment dark and gradualiy neler to the tin. Ying pnds immmculates., HEAD:
Head as before, disk of vertex a little loss nrominent, frontal costa
atraight and sliphtly excavate. THORAX: TWing nads bent abruptly back so
that thelr ventral margins are alwost horizontal and with the tegminal
rudiments cleariy differenti&ted from the rest of the prothorax so that only
the tip of the tegminae are oxposed. TProthorax distinctly cut three times.

Venation pleinly visible in the wing pads. CGENITaL SEQMEITS: The rodiments

ot

of the ovipositor further developed, the Pirst valvulae nearly overiapping
the second. Tirst wvalvulae tapering abruptly from the niddle fo the
tips. IRAle genitslia clesrly distinguished by the swollen sub-genital

nlate, deeply notched zt the end, and the Tlattened cerei. The following

are the measurepments of this stage:

Hele:

Total Length-—-mmecm e e 15.0 mm.
Length of Hind Femur--e—- e o 2.0 mm.
Langtli of Pronotum-—smweecme - 4,0 mm.
Length of Antennog-wewwee- et - 2.0 mo.
Tepth of Hegde——vmwmmeram e 4,5 rm.
Turber of Antennsl Jegrentg——-m-- 18-20

Female:
Total Length-—weew- e e e 18.5 .
Length of Find Ferure-—-—w——- ———— 9.0 wmm,
Length of Pronotum—-——ceeemm—o——— 4,0 mm.
Length of Antennne-—wme—emamaeecea— 5.0 mm.
Depth of Head--mmrmemeercmemean—— - 5.0 m.
Number of Antennel SegmentS-—w--- 20

The Tourth Stage Hymph

Considerable difference in size between the sexes is notlced 2t this



stage, the fermles belng much the larger and generally more robust in their
proportions. GULOG: Yueh as before, the proactum with an irregular aneb-
Like pattern. ¥ind femur with black blotches om the upper rlanges. ing

e
5

rudiments with black gpots usuelly following the venation. HBkD: Disk of

the vertex broudly or trangversely diamond shaped. ‘TIORAA:

fedian cerina

divided os before but more Gistinetly at posterior and anterior divisions

iess so betwsen. ling pads upturast and upproximiing near the tips and

d 17T

covering the rudirents of ths elytra. GENIUAL SHLEMITE: Bimilar 1o the

adult stage but with lsss gclercotization, snd the sub-genital plate of the

mele not 80 upbturined or expandaed as in thes adwlt male. The following ave
.~ )

the measurements for this stage:
¥emmle:

Total Length--mmecmmmmes e eeas 35,0 maE.
Leagth of Pronotume-———m—mwewee 7.0 mm.
vepth of Head-—w-—emomme e §.0 nm,
Length of Antenn@e~ve—ec—c-——— 3.5 nm.
Length of Hind Tepur--m——wwe—==14,2 mm.
HWunber of Antennal Segments-—- B3

iale:

Total Lengtheveacmmcmomeramaea2] .0 mm.
Length of Pronotupi~-—-—=——==—== §,0 .
Lepth of Head---sm-memcwmcwmea 5,3 mm.
Lengtih of Antenpage——w—eawe-=- 8,0 mm.
Length of Hind Ferur---—--- ——e-18.6 .
Surber of Antennal Segmentg--~ Z2-83

The Fifth Stage Wyaph
Given below are the detailed deseriptions of the pgreen ané black
color pheses taker during the Fifth imstar of typicel females for the par-

tiewlar coloration.

Trpical green nywmon fifth instar.

¥ead rounded, rather narrow, disk of vertex broadly diamond phaped,

sligintly depressed in middle; antennne with 26 scgments, the color
nez green nnd slightly darker at distal end; disk of proenoctum &
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little arched in front, the median carina cut once in middle and
twice in front of middle; surface of pronotum foveolate with
irregular sized and shaped network, the rasised portion usuelly
being yellow and usually surrounding a slightly raised black dot;
eyes dark brown with five lighter longitudinal lighter bands,
black triangular Streak extending from the eye to the mouth parts,
bordered in front of eye with psle ysllow streak, back margin of
eye bordered with a pale yellow distinct baund; wing pads light
green with radisting lines of derker dois, thicker above; legs
light green; outer surface of femur with three longitudinal raised
lines equally spotted with slightly raised dark dots, each dot
bearing a slender hair, dorsal two of the three raised lines darker
green than more ventrally siivated one; abdomen pale green, & med-
ian longitudinal area of dark dots becoming more thickly situated
dorsslward, &t posterior mergin of each abdeminal segwont on upper
half are six dark spots egqually spaced beginning on either side of
dorsal median line and extending ventrally, each dark spot inter-
spaced with a light yellow blotch or indistinect line, lower mar-
gin of eaeh upper segment bordered with light yellowish green band
extending the full length of abdomen.

' The following measurements were averaged from specimens which were collected

from the field:

Female:
Total Length 38.5 mm.
Length of Fronotum 10.5 mm.
Length of Hind Femur 22.0 mm.
Length of Auntennas 13.7 mm.
Depth of Heed 9.8 mm,
Number of Antennal Segments----- 2

Male:

Total Length ~=-26.0 mm.
Length of Pronotum 7.0 mm.
Length of Hind Femur-----———=-=-= 14.0 uun.
Length of Antennae 10.0 mm.
Depth of Head ~== 7.0 mm.
Number of Antennal Segments----- 26-26

The Adult Stage

The following desecription is taken from Blatehley (13220).

Females very large, robust; males much smeller, more compressed.
* General color dark olive-green, usually with a narrow dorsal pale
stripe as in alutacea; tegmina in fresh spscimens, a handscme
purplish-brown, often fading to dull brown when dried, those of the
unstriped femele usually with vague indistinet fuscous spots.
Antennae yellowish, dusky toward tips; hind femora often with shortg,
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obligue fuscous cross-bars on upper outer face; hind tibiae purplish-
black, their spines yellow, tipped with blaek. Valves of the ovi-
positor, sides of hind knees and a short of stripe on the mesopleura
usually yellow. Structural characters much the same as in alutacea.
Pronotum with median carina more sharply defined and slightly higher,
especially on metazona, the hind margin more angulate. Cereci of
msle slightly narrowsr, their outer apical third concave and tips
fruncate. Notch of subgenital plate deep, V-shaped. Length of body,
male, 34-40, female, 50-6l; of antennas, male and female, 17-18.5;
of pronotum, mele, 7.5-8.7, female, 11-13; of tegmina, male, 31-36,
fewmle, 44-48; of hind femur, male, 20.5-32, female, 28-31 mm.



PART III
STUDIES ON THE NYMPHAL VARIATION OF SCHISTOCERCA OBSCURA

Introduction

In collecting nymphs for the work deseribed in the first part of this
thesis it was noticed that oceesionally individuals of extremely dark color-
ation appeared. These, on molting to the adult stage, produced the typ-

ical Schistoecerca obscura, which could not be distinguished from those

adults reared from the green nymphs. In the field, no gradations were
noticed by which this dark colored form could be connected with the typ-
ical green form.

In rearing the typieal green specimens it was noticed that those
individuels reared in the greenhouse graduaslly developed a dark coloration
in the pattern. The nymphs in the field did not develop this intermediate
darker form, but remained as solid green nymphs. The specimens reared in
the greenhouse never reached a stage of dark coloration s2 complete as the
few extreme cases represented in Plate III Fig. 1. A complete gradation
from the extreme dark phase to the solid green phase was not found in the
work of 1938. As mentioned before, the green nymphs within themselves
showed considerable variastion towerd a darker form, but the dark purple
phase seemed to be very constant.

Since the greenhouse temperatures were below those recorded for the
outside, the tendency of the nymphs to change color suggested that temp-
erature was & factor determining their color. It also seemed possible that
the apparently two distinet types found might be regarded 2s the results of
two separate physiological functions. It was decided to run experiments on
freshly hatched nymphs at different temperatures the following summer to see

if an explanation was available as to the relationship of the nymphal
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variations,

That temperature is an important factor in color variation has long
been known, and Uvarov's theory of the phases of locusts has stimulated
these researches in more recent times, sinece color is one of the characters
by which the different phases of locusts are distinguished. In spite of
the mass of literature published, there still remsins much doubt as to the
cause of color variation within a species. There is much evidence that the
conditions affecting color density ere different for different species of
inseets. Too, individual inheritance may enter in, and often in such a
way as to mask the color tendencies of the phases.

There have been several theories advanced to explain the different
types of color forms in a species of inseect. Hudson (1913) regarded the
development of dark pigmentation as a matier of adaptation to surroundings.
Knight (1924) first regarded the white and colored forms of Perillus
bioculatus as independent forms, but was foreed to disecard this idea since
he was not able to establish pure lines after extensive breeding experi-
ments. He mentions that increased metabolism produces the light colored
forms. EKnight further states that the metabolism of this species is in-
creased by rearing them at 85 degrees F., or higher, at which temperatures
the white bugs appear. He also found that the females were influenced in
this manner at lower temperatures than were the malea, and he believes that
since females have to mature the eggs, metabolism goes on at a higher rate
than with the males. He says that decreased metabolism or less exercise
produces dark colored forms.

Faure (1932) proposes the theory of locustine production as an
explanation of the dark forms. He says that as a result of high metabolism

locustine, or black pigment, is produced, which leads to the blaek color-
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ation in laensﬁs. According to his theory, increased metabolism as & result
of greater muscular sctivity at higher tempseretures must produce large
amounts of locustine and consequently darker pigmented forms.

Fusein and ~hped {1926) in werking with the desert locust in India
obtained resnlts comparable to those of Knight (1924¢), but slszo found that
inereased musculsr activity preduced the darker forms.

Robbzov (1935), in his work with non-Swerming grasshoppers, found that
the sclitary nymphs mey exhibit the whole renge of morpholegical and bio-
logieal differences characteristic of the phasea. The daté prasénted in
this paper sugzests that ths heritable variastions inside the species

1 and the individuel phase veria-

following the law of homologous series,
bility, as defined by Uvarev; do aot contradiet esch other énd are probably
found in all Acrldidee, though to varyiny degrees.

In summery, we may say thet the eause of ecolor varistien is not kuowsn.
Some of the factors influencine color variation have been demonsirated from
time to time by various workers, and a8 & whole these experiments give
evidence that the phencmenon is not worphological but physiologiesl in its
origin. It has been shown that, to some exient, food snd wolor of the
surroundings may be of some importance in determining the eolor of insects.

These researches, as a whole, are incompléete and need Turther work before

their full importance may be known.

- A =l

lvavilov (1927) suggests thet linneons and gonera more o less nearly
related to each other are eharacterized by similsr series of variations
with suck & degree of regularity thet, kpnowing the succession of varieties
in one genus and iinncon, ove can forecast the existence cf similsr forms
and even similar geuotypical differences in other geners and lLinneons.

The similarity is more complete &8 the genera snd linneons are moTre nearly

allied.



Materisls and Hethods

The temperature experimonts with Schistocores obscurs were carried out

with the oid of speclally consitructed tempersture cabinets, squipped with

Sinee these eabinets were bullt with heating units

thermostetic
only, the btemperztures lower whan room tempersiure were obtained by using
the eshigeds in o cooliag room. Constsnt temperotures ronging from 82.9

to 70 degrees F. wore mnintained thrcn wut the course of the experiments.

Four exporimonts were set up, eoch sxperiment containing one set of

rowded and severcl isclated nyrpho. By this means the influsucee of both
crowding znd temperature ecould be studied.
A8 o matter of necazsity, four temers +n”e ware maintained during the

Tirst nort of the experiment. These wevre 89.9, 88, B5-70 and 70 degrees F.
ater, the experiment fluektnating from 85-70 degrees F. was discontinued.

Chack exporiments were cerrisd on at outside temperatures end conditions.

Caretul ehect v&s kopt on &ll the dates of molting and development of
the nymphs. €Coloration was checked at one day after molting in each case,
in order that equal evsluation might be given to each condition.

Food consisted of elm leuves, which was suprlied each morning. The
rearing coges were similar to those used in the life~history studies with
the adults.

A1l cheeks on coloration and measurenents were taken under a miocro-

scope at 23 magnifications.



Lescription of the Coloration of the Hymphs Resred at Different Temperaturss

Second Stage MNyrmphs Reared Crowded at Qutside Temperature. Ceneral

coloration darkvgreen with & very dense speckling of black dots; frons and
ciypeus dark gresn; vertex dark green with black blotches between the eyes,
whieh sre snlid bvnw“ bordered with light green; gohae green with white
vetieculetions, the sub-ocular streask very biack and bordsred in froat with
white; maxiilary and labisl pelpi green aznd ringed with blaék; cerviecal

clerites green; nronotun very dark green with a dark smudge on the sides;

o]

meso- and mebtanots bluek Pading into green on the wing rudimonte; sternsl
light green with light spottings of tan; first and second pairs of legs
green with the tiblae and tafsi bilgel, the third peir of legs with the
femora ghowing black blotshes on their outer sides, the tibise dlack butb

fading oud near the proximsl ends; ahdomen showing a very plain black

§t

ongitudipal streak down i%3 median dorsal surface, the darkened area
shading off on the sides to a yellowish-green and on the ventral sides to
a light green: The above description was taken fyom the examination of
ten living spseirens,

1y

Second Stage dymphs Reared Crowdsd st Teaperature of 70 Degrees F.

These nyaphs did not reach the stage of color intensity as shown in thoss
rearsd at outside terperatures. The extremes were fully 35 derk, but the
percentase of nymphs showing the extreme condition was less. Froans and
clypeus brownish-gresn; labrum brownish-green with a transverse row of
black‘dots on its lower margin; vertex of & very dark brownish-green %o

the diék, it being dark green; genae and postgenae mottled dark green and
yellow; campound syes very Qark brown; antenaae with the basal segments a
very dark greeu but derkening %o the tips; woubh parts hesvily spotted with
blaek on o green ground color; the pronotum 1s heavily motitled with black,

white and yvellow, the btlack being most prominent; first and second pszirs



of legs with green femora, tibiase shading to black at the distal ends and
tarsi black, hind legs with three distinet black blotches on the outer sur-
faces of the femora, the tiblae and tarsi being black; abdomen almost

so0lid black, showing an absence of the usval white markings. This des-
eription was mede from the examinstion of eleven living specimens.

Second Stage Nymphs Reared Crowded at Tewperature of 85 Degrees F.
In genersl these nymphs present a more speckled appearence than do those

nymphs reared 1solated at the same temperature. They do closely resemble
those nymphs reared isclated at 70 degrees F. Trons green with much blaek
speckling; elypeus dark green; the labrum green but fading out to a
yellowish-green; vertex whitish with much speckling around the disk; genae
with the sub-oculer streak very plainly evident as a black marking bordered
in front with white; postgenae with heavy mottling of green and brown;
compound eyes green with very definite brown stripes; antennae with the
basgal segments greea but abruptly changing to black; the thorax with mmch
black in the form of fine specks evenly distributed over the body, except
for the posterior dorsal portion of the pronotum where the black eccndenses
$0 form a large black blotech; the rirst two pairs of legs green with black
markings on the tibiae and tersi, the hind pair with conspicuous black
blotches on the femora, the tibize and tersi with thelir segments margined
with black; abdomen with a brownish-green ground color heavily marked with
black, especially toward the dorsal median surface where a longitudinal
median line of black extends from the first abdominal segment to the first
genital segment. This description was taken from the examination of 16
living specimens.

Second Stage Nymphs Reared Crowded at Temperature of 89.9 Degrees ¥.

These nympas show a development of sligntly more pigmentation than do those

nymphs reared isolated under the same temperature conditions. Froas pale
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clive green; clypeus varying from dirfl:y white to pale green as does the
labrum; vertex pale yellowish-green; genae and postgenae mottled with green
and white, the sub-ocular strezk being very evident as a chalky area, in

gome individuele somewhst dsrker; compound eyes olive green with two brown
stripes running the longitudinel lengths; antennse with the basel segments
green but slightly derkening toward the tips; mouth parts light green spotted
with black; pronotum with a2 heevy mottling of olive green end white, black
dots being very prominent on the margins; first two pairs of legs with the
tarsal segments dightly derker green, the hind psir with & slight dark bloteh
on the outer surface of the femora; abdomen with faint to distinct black
line on the dorsal median surfece, otherwise almost white. This deseription
wes taken from the examination of 12 living specimens.

Third Stage Nymphs Reared at Outside Temperatures. This stage under

the above conditions is almost totally black in general appearance, the
groen and lighter colors bsing coanfined to very small and ineconspiocuous
areas. Frons and clypeus pale brown, the labrum varying from this to
brownish-green; the black spots of the vertex of the specimens reared at
higher temperatures have with these specimens, fused so as to form a solid
black slightly mottled with yvellow; genae having the sub-ocular streak of
a very dense black and bordered in front with yellow; posigenae black with
a yellow margin around the eyes; compound eyes and antennse black; mouth
parts green heavily spotted with black; pronotum black with fine reticula-
tion of yellow; metanotum black with white and yellow reticulstion; sterna
light green with the sutures slightly darkened; first two pairs of legs
green with black tarsi, the hind femora with the upper halves black with
mottling of white and black appearing distally; abdomen with ground color
of black but covered with a fine white network. The above description was

taken from the examination of 50 living specimens.
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Third Stage ilymphs Reared Crowded at Temperature of 70 Degrees F.

These nympwhs os & whole did not reach the degree of eolor intensity as
shown by those reared crowded at outside temperatures, but the exiremes,
which number better than one-fourth of the total,‘did show 28 complete a
development of dark coloration as sny of the nymphs experimented with;
the number of individuals per cage for this experiment was somewhat less
than wes the ease for the outside experiment.

Frons brown to reddish-yellow, in some an extreme reddish coloration
is developed on the frontal region; elypeus green with heavy spotting of
black; labrum green; vertex with much black and dark green above but fading
to green on the disk; genae with the sub-ocular streak very black and
distinet and bordered in froant with shiite; postgense black with reticula-
tion light green end dari green; compound eyes with dark brown stripes
on & very dark green ground cclor; antennae black; mouth paris green with
black rings on the posterior margins of each segument; pronotum with a
green ground color and heavy merkings of black, especisally near the post-
erior margin; wing rudiments green; front ﬁwo pairs of legs .green with
black tibiae and tarsi, hind legs showing heavy black blotches on the
outer surfaces of the femora and with the tibiae gradually changing to
black at their distal ends; the abdomen showing a definite wide longitudinal
stripe on its dorsal surface, the.sides being hesvily marked with white.
Twelve living specimens were examined for the above description.

Third Stage Hymphs Resred Crowded at Temperature of 85 Degrees F.

These nymphs show 8 general blend of bhlack speckling on 3 white background,
Frons and clypeus with a whitish ground color heavily speckled with blacdk;
labrum black; heavy black blotches have appeared on the veriex 23 a result

of the fusing of the small black spots; gsnae showing a heavy black sube
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ocular streak, bordered in front with a white chalky area; postgenae pink-
ish with white mottling; compound eyes white with hesvy brown stripes;
antennee blaek; pronotum with a pinkish ground color and heavily mottled
with black and vhite; wing rudiments pinkish-white; first two pairs of
legs whitlsh with blaelr on the ta:si end tibiae, the third péir having more
black on the tibime and tarsi; thé abdomen_pith a heavy black line on its
dorsal median surface, the line beins broken interSegmentally with a white
transversse band and divided longitudinelly with a narrow white lins. ?he

above description was taken from the examination of 1l living speecimens.

Third Stege Nymphs Reared Crowded at Temperature of 82.9 Degrees T.
The nymphs reared under these conditions resdémble closely the second stage
nymphs reared under the seme eonditions, différing mainly in hsving the
black more pronounced. FTons; elypeus and labrum olive green with sonme

parts shading out to a dirty white; vertex yellowish-green with pronounced

2

blaek spotting; gense and postgenae with motiling of white and pale green,
the black area of the sub-ocular stresk plainly evident; compound eyes
olive green with three distinct brown stripes and part of a posteriorxr
fourth present; antennse with the basal seguents light colored but grad-
ually darkening to the tips; pronctum with a2 heavy mottling of white and
olive green and with black spots very prominent on the posterior dorsal
hal?f; wing rudiments light olive green; lege light green with the %arsi
margined with black, the hind femora also showingvvery slight indication
of a dark bank; a very faint dark median line on the dorsal surface of the
abdomen, otherwise almost white. This deseription was taken from the
exemination of 14 living specimons. |

Fourth Stage ilymphs Reared Crowded at Outside Temperatures. These

nymohs have a general appearance of black with yellow blotches on the more
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ventral parta of the body. TFrons and clypeus brownish-yellow ground color,
and with heavy black blotches between the eyes; genae with a very dense
black sub-ocular streak bordered in front with white; postgenae mottled
yellow and brown; compound eyes solid dark brown to black ground color,
some specimens showing a faint yellow stripe; antennae black; mouth parts
dark brown to black; eervical sclerites yellow; pronotum with ground color
of black with blotches of yellow on the sides; wing rudiments yellow with
black at the bases; first two pairs of legs yellow with black tarsi, the
femora of the hind pair showing three distinct black bands running trans-
vez_-ac].y on a ground color of yellow; sterna reddish-brown and faintly
spotted with darker brown; the abdomen with the posterior margin of each
segment lined with alternating white and blaek spots, the terminal seg-
ments being brown. Ten living specimens were examined for the above des-
eription.

Fourth Stage Nymphs Reared Crowded at Temperesture of 70 Degrees F.
In general these nymphs have @a appearance of green with pronounced speck-

ling of black on the dorsal surfaces. Frons dark green to yellowish-green
with a pronounced speckling of black; clypeus and labrum varying from dark
green to brown; the vertex with blotches of black between the eyes but
fading to & yellowisk-green color on the disk; gense with a very distinect
sub-ocular streak of black bordered in front with white; postgenae mottled
light green and dark green with a heavy speckling of black; compound eyes
dark brown to black, in the lighter colored individuals brown stripes are
present; antennae black; mouth parts green with black margins to the g
posterior borders of each segment; cervical sclerites dark green; pronotum
green with very dense mottling of large black blotches, they being more

condensed on the sides of the pronotum; wing rudiments with longitudinal



rows of vlack dots fusing at the bases to form 2 blesck bloteh, ground color
dark green; first two pairs of legs very dark witir black tarsi and tibiae,
the hind pair with the femora almost totally black, the tibiase being black
at their distsal halves and the tarsi totally black; abdomen slmost completely
black, sﬁading off $o a grayish color on the more ventral portions, the
terminal segments varying from tan to dark brown. The above description

was taken from the examinatiog of L0 living specimens.

Fourth Stage Hymphs Reared Crowded at Temperature of 85 Degrees F.

The nyrphs reared under these conditions differ from the ones reared

erowded at 70 degrees F. mainly in a lacking of the brownisk coloration and
by the development of 2 pronounced whiteness. Froas, c¢lypeus and labrum
all similar in having 2 heavy sSpeckling of black; vertex with blaek blotches
appearing as a raesult of the fusion of the flner spots present in the pre-
ceding stages; gense with & heavy black sub-ocular streak, bordered in froant
with a chelky white area;‘pestgenae Dinkish to unite with faint mottlings,
very Tew black spots being present; compound eyes white with three heavy
brown stripes and z fourth incomplete stripe diffusing downward; antennse
almo3t totally bieck; mouth perts light greean to white; cervieal sclerites
green; pronotum with a pinkish ground color and with a very heavy rottling
of blaek and white present; wing rudiments with longitudinal rows of black
spots fusing at the bases to form 2 blasek bloteh; two front pairs of legs
with black tiblme and tarsi, the hind pair with the proximai halves of the
femora chalky white, but with the tiblae and tarsi black; abdomen with a
ground color of white but heavily memrked with black, on the dorsal surface
a black line is present eitending medially from the first abdominal segment
to the first genitzl segment. The sbove description was taken frem the

examination of 10 living specimens.
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Fourth Stage Nymphs Reared Crowded at Temperature of 89.9 Degrees F.

The black pattern is a little more prominent at this stage than on the
third stage at the same temperature. Frons pale olive green, the black
spots showing pleinly on the crests of the raised portions; elypeus light
green; labrum light olive green; vertex pale yellowish-green with black
dots on its margins; genae with black stripe of the sub-ocular region plain-
ly evident and bordered in fromt with a faintly visible white area; post-
genae mottled white and olive green; compound eyes green with longitudinal
stripes of dark brown; antennae with the basal segments green but gradually
shading to brown toward the tips; mouth parts green with black spots en-
cireling thé distel mergin of each segment; cervical sclerites green;
pronotum with a heavy mottling of green and white; the texture more rugose
then in the third nymphal stage under the same conditions; wing rudiments
green with a few black spots at the bases; first two pairs of legs green
with black tarsi, fhs hind peir green with black blotches on the femors and
with the tibize and tarsi darker; abdomen with a plainly evident black line
down its median dorsel surface. The above description was taken from the
ax&mﬁnntion of 8 living specimens..

Fifth Stage Nymphs Reared Crowded at Temperature of 70 Degrees F.

These nymphs eppear much the same as those rssred crowded at outside temper-
atures, except that there appeers to be a much more red tendency to the
generel coloration. Frons, clypeus, snd labrum deep reddish-brown heavily
marked with bleck; vertex with the posterior half of the disk black but
fading anteriorly to derk brown; genae with thelsub-ocular streak consist-
ing of a wide blaek band bordered in front with a dark yellow area;
postgenae black mottled with yellow; compound eyes deep reddish-brown;

entennae and mouth parts black; cervical sclerites deep reddish-brown;

wing rudiments with the venation black on a brown ground color; first two
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pairs of legs brown with black tarsi and tibise, the hind pair with the
femora almost totally black, the tarsi and tibiae black; abdomen black with
an irregular white network on the sides. This description was taken from
the examination of 8 living specimens.

Fifth Stage Nymphs Reared Crowded at Temperature of 85 Degrees F.
These nymphs have a general appearance of brown speckling on a pinkish-brown

ground color. Frons, elypeus and lebrum pinkish-brown; vertex with a brown
spot between the eyes, the disk white and pink bordered with black; gense
with a black sub-ocular streak bordered in front with white; postgenae a
deep reddish-brown mottled with a lighter ten; compound eyes with & ground
color of yellow, four brown stripes asre plainly visible; antennse black

with the basal segments bluish-green; mouth parts pink; pronotum with a
pinkish-brown ground color and thickly dotted with blaek spots; wing rudi-
ments with brown venation and having a light tan ground color; the first

two peirs of legs pink, the hind pair dark pinkish-brown with darker blotches
on the outer surfaces of the femora; abdomen brown ground color mottled

with light tan. This description was talten from the examination of 10 living

specimens.

Fifth Stage Nymphs Reared Crowded at Temperature of 89.9 Degrees F.

In generazl these nymphs are much lighter in ecolor than the nymphs reared
erowded at lower temperatures. Frons light tan ground color and generously
speckled with black dots; clypeus and labrum light creamy tan; vertex light
tan ground color with black blotches betwsen the eyes; genae with the sub-
ocular streak consisting of a2 broad black stripe bordered in front with a
light yellow area; npostgenae mottled light cream and tan; eompound eyes with
a ground color of light bluish-green and with from five to six heevy brown
stripes present; antennae with the basal segments light bluish-greem but

darkening toward the tips; cerviesl sclerites yellowish-green; pronotum
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with white ground color heavily mottled with blaek and chalky white; wing
rudiments light greenish-yellow with the venation showing as longitudinal
rows of black spots fusing st the base to form a black bloteh; first two
pairs of legs light greenish-yellow with black margins on the segments of
the tarsi snd tibiae, the hind pair with the femora heavily blotched, tibiae
black and tarsi heavily margined with black; abdomen with ground color of
chalky white heavily marked with black, espeecially on the dorsal surface.
The above description was taken from the examination of 8 living specimens.

Second Stage Nymphs Reared Isolated at Outside Temperatures. Very

little dark pigmentation is noticed with this stage, the general coloration
being elmost totally green. Frons, clypeus and labrum deep green; vertex
deep green with a black bl‘otch between the eyes; gense with the sub-oecular
streak plainly evident as a black marking and being bordered in front with
a yellow area; postzenae mottled dark green and white; compound eyes dark
graen with a brown spot at the apex of each, which diffuses downward on the
anterior side; antennae green, each segment being ringed with blaek; mouth
perts green; cervical sclerites green; pronotum dark green, also with a
few dark spots on its posterior dorsal half; wing rudiments green; first
two paira of legs green with darkened tibise, the hind pair green with
darkened tibiae and tarsi, the tibiae being totally green, except for some
faint black spots arranged in longitudinal rows on its length; the abdomen
with a dark green ground color, but with a few black dots on its dorsal
median surface, the sides white with green. The above description was made
from the examination of 7 living specimens.

Second Stage Nymphs Reared Isclated at Temperature of 70 Degrees F.

These nymphs present a bluish-green appesarance in their general coloration.

Frons, clypeus and labrum bluish-green heavily dotted with black, vertex



mottled with bluish~greén and dark gresen; gonae with the sub-ceular sireak
consisting of &n anterior bluish-green ares bordered behind with a very
faint dark streak; postzenae presenting a mottling of bluish-green, dark
green and light gresn; compound eyves pals bluish-green, but with no brown
stripes; antennoe blu*"h-"”ecd, ec.ch segrent being ringed with black; mouth
parts tluish-giraen; prouotum with heavy white network on s dark green
ground color, black spotting somewhet prominent; legs green with heavy
speckling of blaek; abdomen bluish-gresn with large black spods pressnt,
the 8pots belng more densely situated on the dorsal region. The above des-
eription was token from the sexamination of 5§ living specimens.

Sceond Nyuphal Stags Rearsd Isolated st Temperature of 85 Degrees F.

The nyrphs reared at thie above conditiong show & genersl coloration of
green, the few black spots being conspicuous in their position. Froas,
clypeus end lebrum 80lld green; vertex green with black blotches between
the eyes; gense with the sub-ocular strsak barely visible ag & darkened
ares wordersd in Tront with white; postgense motiled dark green ané white;

compound eyes llght green with apleal brown spots; antennae green with very

=int rings of blaek on the posterior margin of each segment; mouth parts

iy

green; pronotun strongly :ugoese and with a8 ground color of green heavily
spsckled with black; wing rudimeats green; leps green with the tarsal seg-
menks slightly margined with bleck; abdemen with z very faint medlian dorsal
gtreak of bhlaclk, the sides being heavily motiled with white and black alter-
nating spots. The degeription for this stuge was taken from the examination
of 3 living gpcelimens.

Second Stage Nyrmhs Reared Isolated at Temperaturs of £9.9 Degrees T.

In geueral these nympho are very light green and with the bedy textuvre not

g0 rugoss a8 1s the case with those nymphs resred under other conditlons.



Frons, clypeus and labrum very light green; vertex green with very light

crests on the raised portions; genae with a very faint white sub-ocular

streak; compound eyes green with brown apieal spots; antennae light green;
mouth parts green to whitish-green; pronotum with a mottling of white over
green ground color, and with a white median line extending the full length
of the pronotum; legs and wing rudiments solid green; abdomen with ground
color of 1ight green, and with a white line extending longitudinally down
its dorsal surface, the terminal segments being dirty whitish-green color.

The deseription above was taken from the examination of 3 living specimens.

Third Stage Nymphs Reared Isolated at OQutside Temperatures. These

nymphs resemble closely those collected from the field, although more
variation in color is noticed in the field specimens than in the caged
individuals. TFrons, clypeus and labrum deep green; vertex deep green with
white on the raised portions; the genae with the sub-ocular sireak plainly
evident as an anterior white area bordered behind with a black streak;
postgenae mottled green and yellow; compound eyes dark in color with definite
brown stripes present; antennae with the basal segments green but fading
almost to black at the tips; mouth parts green; pronotum with & very pro-
nounced network of white on a dark green ground color, black speckling
being elso very pronounced; wing rudiments green; legs green with darkened
tarsal segments; abdomen dark green with a faint black stripe down its
dorsa_l median surface. Two living specimens were examined for the sbove
desecription.

Third Stege Nymphs Reared Isclated at Temperature of 70 Degrees F.

These nymphs are of a darker coloration than those reared at the other

temperatures under the same population conditions, and, too, they are of

a peculiar bluish color. Frons bluish-green; clypeus and labrum bluish-



54

green with very little black spotting; vertex mottled with bluish-green and
light green; genae showing the sub-ocular streak as a bluish-green area;
postgenae heavily mottled with light green and dark green; compound loyas
pale bluish-green with faint brown stripes; antennse green with the segments
heavily ringed with black; mouth parts bluish-green; pronotum with heavy
white network on a dark green ground color, a black speckling also plainly
evident; wing rudiments bluish-green; legs green but heavily speckled with
black; abdomen bluish-green with a dorsal condensation of black spots. The
above description was taken from the examination of 3 living nymphs.

Third Stege Nymphs Reared Isolated at Temperature of 85 Degrees F.
The nymphs reared under the sbove conditions show much less black coloration

than do those nymphs reared isoclated at 70 degrees F. Frons, clypeus and
labrum green; vertex green with a black blotch between the eyes; genae and
postgense mottled with green and white, the sub-ocular streak barely visible;
compound eyes light green with brown stripes; antennae green with brown to
black rings on the posterior mergins of each segment; mouth parts green;
pronotum very rugose with ground color of deep green, some condensation of
black on the dorsal half; wing rudiments green; legs with tarsal segments
darkened; abdomen green with a slight fndication of a black line on its
dorsal median surface. The above description wes taken from the examination
of 2 living S_peciméns.

Third Stage Nymphs Reared Isolated at Temperature of 89.9 Degrees F.

These nymphs have & general appearance of very light green. The body is
not rugose in texture and even in some places assumes an extreme whitish
color. Frons, clypeus and labrum varying from light green to whitish-

green color; vertex showing a strong development of white on the crests

of its raised portions; the genae and postgenae mottled with white and
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light green, the sub-ocular streak not being visible in most of the speeci-
mens; compound eyes light green ground color and usually with three light
tan longitudinal stripes; antennae and mouth parts light green; pronotum with
a very pronounced white mottling on the sides and with a white line extend-
ing the length of the dorsal median surface; wing rudiments and legs solid
green; abdomen green with a white margin on the lower edges of the upper
half. Three living specimens were examined for the above description.

Fourth Stage Nymphs Reared Isolated at Outside Temperature. The gen-

eral appearance is one of deep green with no striking evidence of black mark-
ings. Frons, clypeus and labrum deep green; vertex deep green, with a
small dark blotch between the eyes; genae with the sub-ocular streak plain-
ly seen as an anterior yellow area bordered in back with a black streak;
postgenae yellow immediately bordering the posterior margins of the eyes,
but diffusing into green; compound eyes of a bluish-green color with four
complete yellow stripes; antennae with the basal segments green but grad-
ually shading to dark at the tips; pronotum with a sprinkling of black
dots along the dorsal median carina and on the posterior lateral portions,
otherwise consisting of a fine network of black on a dark green ground
color; wind rudiments dark green with a very few black dots; legs solid
green with black flecks on the tarsi, the hind femora with longitudinal
rows of black specks; abdomen of a very dark green with a very narrow black
line down the median dorsal surface.

' Fourth Stage Nymphs Reared Isolated at Temperature of 70 Degrees F.
These nymphs lh.ou. more color devclopment than the preceding stage. The

dorsel surface is more rugose and more thickly covered with black spots.

Fourth Stage Nymphs Reared Isolated at Temperature of 85 Degrees F.

The ground color of these nymphs show a decided powdery appearance, otherwise



they differ little from the preceding stage reared at the same temperature.

Fourth Stage Nymphs Reared Isolated at Temperature of 89.9 Degrees F.

The body 1s more rugose in this stage than in the preceding stage and the
pronotum shows slightly more development of black pigmentation.

Fifth Stege Nymphs Reared Isolated at Outside Temperatures. These

nymphs resemble those described in the first part of this work. They seem
to be what may be called the typiesl green nymphs as collected from the
field, TFor this description see page 35.

Fifth Stage Nymphs Reared Isolated at Temperature of 70 Degrees F.

These nymphs resemble somewhat in color those rezred isoclated at outside
temperatures. Frons, clypeus and labrum deep green with conspicuous black
spote on the lower margin of the labrum; vertex green with a black bloteh
between the eyes; genae with the sub-ocular streak plainly evident; post-
genae mottled white and dark green; compound eyes green with brown stripes;
antennse with green basal segments but shading to brown at the tips; mouth
parte green; pronotum with a dark green ground color and faintly speckled
with black; wing rudiments green; first two pairs of legs green with black
margins on the segments of the tarsi and tibiae, the hind pair with the
femora showing black blotches on their outer surfaces; abdomen green with
mottling of black and white. Two living specimens were examined for the
above description.

Fifth Stage Nymphs Reared Isolated at Temperature of 85 Degrees F.

The ground color of these nymphs is of a whitish-green color, with the

black speckling and merkings very prominent. Frons, clypeus &nd labrum
pinkish white with prominent black spotting; vertex light green with two
blotches between the eyes; genae with the sub-ocular streak very prominent

as an anterior white area hordmd_. behind with a black stripe; postgenae
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ﬂnttled with light greeun and chalky white; compound eves with five browa
atripes on a white ground color; antennse light green faintly darkening
at the tips; mouth parts very light green; cervieal sclerites white; pro-
notum with a wvhitish-green ground color heavily dotted with black and
reddish-browm; wing rudiments white with venation of black fusing at the
base to form a black bloteh; first two peirs of legs whitish-green heavily
spotted with black, the third pair with the femora showing three black
blotches on their outer surfaces; abdonen with whitish-green ground eolor
and much blotched with black, a very heavy bléck line extends down the
dorsal median surface to the first genital segment. Four living speeimens
were exanined for ths above deseription.

Fifth Stage Nymphs Reared Isoleted at Temperature of 89.9 Degrees F.

These nymphs do not show the black ecoloration as seen in the specimens
reared =zt the lower temperatures. Frons green with a row of small black
dots on its lower mergin; clypeus and labrum solid green; vertex green, the
disk having & very few black 3spots; genae showing very little development
of the‘sub-ocular strealk; postgenas green with very faint light zreen
mottling; compound eyes with five brown stripes on a ground color of light
vellowigh-green; antennae light greem; mouth parts light green; pronotum
light gresen ground color with very fine reticulation of white and fine
speckling of blaeclk, the median carina with a white crest; wing rudiments
light green with very few black spots; first two pairs of legs green with
1ittle blaeck on the tarsi or tibiae, the hind pair almost totally green;
abdomen very light green with 2 slight indication of & median dorsal line
present, sach segment encircled at its posterior margin with a band of
alternating black snd white spots. Four specimens were examined for the

zhove deseription.



Summary

That temperature has some effect on the intensity of coloration of

Schistocerca obscura nymphs is seen by comparing the cases described,

where all the nymphs reared under the same population condition but under
different temperature conditions, vary in their coloration. All the
erowded nymphs exhibit a darker coloration than isolated nymphs, reared

at the same temperatures, but within themselves the crowded nymphs show

a gradation from light to dark coloration as the corresponding temperatures
run from high to low.

With Schistocerea obscura nymphs, however, the most important factor

contributing toward darker pigmentation, in this work, seems to be popula-
tion intensity. Crowded nymphs show a far greater development of dark
pigmentation than the isolated nymphs reared at the same temperatures.
With this species a ecrowded condition seems to exist when more than two
nymphs are reared together in a cylindrical cage 9 inches in length by 3%
inches in diameter. In some cages as many a8 25 to 30 nymphs were reared.
These nymphs showed an extreme development of black coloration.

Movement could be observed at all times within the cages containing
the crowded nymphs. As the number of nymphs was increased per cage the
movement became more noticeable. That movement is a contributing factor
in color arrangement has been shown by Husain (1936). This author found
that nymphs could be kept moving by arrangement of a special revolving tube.
The nymphs developed black coloration, regardless of the temperature and
population conditions.

The isolated nymphs reared at the higher temperatures showed some
black pigmentation in the presence of a fine speckled appesrance on the

more dorsal regions of the body. As the temperature and density of popu-
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etion were incressed these fine specks fused together to form large areas
of =olid black, so noticeable in the dark extremss.

Some very definite varistion was observed in the duretion of the
aymphal stzges under the different temperatures, {Tables 14-18). As was
to be expected, the stsges of shorter duretion occurred ot the highest
tenperature maintained, that of 89.9 degrees F., and the stages of longer
guration ocourred at the lower temperstures, the lowest being that of
70 degrees ¥F. & good deal of feeding wms noticed at all the jeumperatures;
however, those uymphs reared st outside temperatiures seemed to consume the
most food per individual. Xscords are not available, however, to show this

to be {true.

In conclusion, this work shows that in so Tar as Schistocerca obscurs
nyriphs are coincerned, crowding seems %o be the mwost important factor con-
tributing toward darler coloration, ‘hat this may disclose in the way of
phese probebility is not definitely kunown 28 yet. If the phase tendeney is
a phylogeaetic property of a group of related insects, then we could easily
expect this species to shaw indicationskof phase development under the
prerey environmental conditiony howsever, it would than be expected that

ary Leridid would show the phase tendencies under the right eavironmental

stimlus. Turther expnorimentatlon is needed with speclies of typieal sol-
itary forms, belore definite statesments can be made a8 to the possibility

£ phase opccurrence in all forms of Aerididse.



Toble 14. Length of Devslopment of the Tirst Stage Uymph of Sechistocerca
obscura at Different Temperatures.

Duration of
] ) Number of Date Jbservations Instoars
.) Records Made {Days)
Mmx., Mia. Hean

Temperatuyp
(Degrees ¥

89.9 10 May 23~-31 3 7 7.4
85.0 17 May 23-June 3 9 6 7.5
7582 ‘ 4 May 253-June 3 11 g 10.2
70.0 23 May 25-June 13 i7 9 il.l
Outside Check 87 May R4-Janas 106 15 3 8.6
Average 12 6.8 8,96

5,

Table 15, Length of Development of the 3Second Stage Nymph of Sechistocereca

coscura &% Different Teaperatures.

Duration of

Temperature Humber of - Tiate Observations Instars
{Degrees F.) Records Yade {Days)

Max, Kin. Hean

829.9 10 way 30-June 5 6 5 5.2
85.0 17 My 23-June 14 11 3 5.0
75-80 4 June l-June 13 10 7 8.2

70.0 15 June 4~-June 16 11 10 10.2
Outside Gheck 48 June 4-June 16 11 5 7.08
Average 9.08 8.0 7.32
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Table 16. Length of Development of the Third Stage Nymphs of Schistocerea
obscura at Differasnt Temperatures.

Duration of

Terperature Number of Date Observations Instars
{Degrees 1.} Records tade {Tays)

¥ex. win. Hean

»

59.9 8 June 4-June 23 i8 7 11.25
85,0 7 June 4-June 22 17 10 13.42
70.0 17 June 1l4-July 10 23 10 14.11
Cutside Check 48 June L0-July 1 1% 5 10,09
Average 1g.02 8 12.21

Table 17. Length of Development of the Fourth Stage Nymphs of Schistocerca

obscura at Lifferont Temperatures.

Buration of

Temperature Kumber of Date Observations Instears
(Dagrees F.) Records ade {Days)

Max. ¥Min. Hean

June l4~-June 30 156 8 11.9

89.9 5
85.8 & June ll-June 26 12 12 13.66
70.0 9 June 23-July 12 i8 16 17.71
Outeide Checek 47 June 1ll-July @ 18 7 13.11

Average 15.0 1G.75 13.06



Table 18. Length of Development of the Fifth Stage Nymphs of Schistocerca

obscura a2t Jiffereat Tomperaturss,

Duratior of
Temmercbure Humber of Date Obgervations Instars
{Degrees 7.} Recorda Hade {Daya )}

Max. in. Mean

899.9 4 June 29-July 9 i3 10 1C. 40
35, G 4 June 23-July 2 12 3 11.55
70,0 (The experiment tcrminsted before these specimens completed

N .
their nymphal sihages

Qutside Check 40 June 23-July 12 15 9 12,66
Average 13.2353 9.0 11.5%8

oo

Tuble 19. Totsl Leagth of Wymnhal Period of Kymphs of Schistocerea
obscura Reared at Different Temperatures.

Duration of

Toaperaturs Pariod
{Degress F.) (Days)
532.9 48,15
85.0 51.13
70,0 55,52
Qutside Check SL.48
Average 5l.13
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Plate I.

Fig. 1. Typicel habitat for oviposition.

Fig. 2. Typical habitat for oviposition.



Plate II.

Fig. 1. Rearing cage for adults.

Fig. 2. Rearing cage for nymphs.



Fig. 1« Typical coloration of crowded
fifth stage nymvph.



PLATE IV,

Fig. 1. Typicel coloration of isolated fifth stage nymph.






