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INTRODUCTION

Several seasons of participation in field surveys of grass

hopper populations have clearly indicated to the author that there 

exists among economic entomologists a definite need for a field system 

of determining the age of nymphs of various species of grasshoppers. 

There also exists a concurrent need for differentiating between the 

nymphs of closely related species of grasshoppers that simultaneously 

occur in the same, overlapping or adjacent habitats.

Melanoplus differentialis Thomas has been studied in the lab

oratory by many workers over the years. No descriptive work on the 

individual instars has been published in a form that could be used for 

separation of individual instars from the same instars of other 

species associated in the same range.

Melanoplus lakinus Scudder has been studied very little in the 

laboratory and likewise has no background of literature devoted to 

field recognition of individual instars or separation of instars of 

this species from associated species.

Drake et al. (19b$), Gangswere (i960), Hodge (1923), Isley 
(I9I4I4) and many others have published on nutrition, food requirements 
and laboratory rearing procedures for grasshoppers so that their 

information on nymphs was only incidental and incomplete. Ball et al. 

(I9I42), Handford (I9I16), Mills and Pepper (1938), Uvarov (1928) and
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others have also devoted much attention to grasshoppers, their ecology 

and identification but most of these studies have been directed toward 

adult grasshoppers. Those studies that included nymphal forms did not 

attempt any distinction between the various instars within a species.



METHODS AMD MATERIALS 

Egg Pod Collection Site

Adult grasshopper populations in the fall of 1959 were rel

atively light on the rangelands of Pima and Santa Cr\iz counties. 

However, one small area of somewhat more than one thousand acres in 

Patagonia Valley, approximately one mile east of the town of Patagonia, 

Santa Cruz County, had adult populations of more than 20 per square 

yard during the month of September, 1959. Papulation counts on Sep

tember 28, 1959, indicated an average population of 22 per square 

yard. The population was composed of several species of adults. 

Melanoplus lakinus Scudder was the dominant species and comprised 

approximately IjO percent of the population. Melanoplus desuit or ius 

Rehn comprised 20 percent and Morseiella flaviventris (Bruner) com

prised another 20 percent of the population. The remaining 20 percent 

consisted of undetermined percentages of Melanoplus differentialis 

Thomas, Melanoplus regalis Dodge, Melanoplus gladstoni Scudder, 

Boopedon nubilum (Say), Trimerotropis pallidipennis pallidipennis 

(Burmeister), Schistocerca vaga (Scudder), Brachystola magna (Girard), 

Taeniopoda eques (Burmeister), Gordinapris crenulata plma Rehn and 

several other species that were in very low numbers. Vegetation was 

plentiful and grasshoppers were causing very limited economic damage. 

Moisture, soil and temperature conditions were within the normal

3



range for the season and locality• Grasshopper activity appeared 

normal for the species under the prevailing conditions and no control 

efforts had been applied in the vicinity of this site. Predators were 

not noticeably active and no internal parasites were found. A red 

mite, Eutrombidium locust arum (Walsh), was found to be infesting 20 

percent of all adults examined, with the stronger flying species 

appearing to be least frequently attacked. The short-winged'species 

appeared to be more frequently and much more heavily infested. Vege

tative cover at the location under discussion was composed chiefly of 

Sacaton grass, Sporobolus airoides Monro, interspersed with occasional 

clumps of stinkgrass, Eragrostis tnegastachya Link, and occasional 

shrubby mesquites, Frosopis juliflora (Swartz) var. velutina (Woot.) 

Sarg. ' '

Egg Pod Collection

The first collections were made on February 7# I960, in the 

afternoon. The soil was moist but friable except in a few of the more 

poorly drained situations. Aside from shovels, collection equipment 

included two sifter boxes, one 12 x lit x 3 l/lt inches, with a bottom 

of 1/lt-inch galvanized hardware cloth and the other 10 x 12 x 3 l A  

inches, with a bottom of l/l6-inch galvanized screening. The ovi- 

position sites of three species were found after a short period of 

exploratory digging and sifting. The soil in this region is a sandy 

loam typical of the well-drained range at the ItOOO-foot elevation of 

northwestern Santa Cruz County. Egg pods of at least three species
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were collected from approximately one acre of this area. The females 

of M. differentialis appeared to favor the roots of Sacaton grass and 

the soil immediately adjacent as places of oviposition. The females 

of M. lakinus seemed to favor the areas of small feeder roots of both 

stinkgrass and Sacaton grass. The egg pods of Cordillacris crenulata 

pima were recovered chiefly from soil near the terminal aids of the 

root masses of Sacaton grass and stinkgrass, as well as several other 

less common plants.

Entire plants were dug up to a depth of approximately six 

inches. The surrounding soil together with that shaken from the root 

system, was first passed through the coarse sifter. Occasionally the 

larger egg pods were recovered at this point. The remaining soil was 

then passed through the fine sifter. Most of the egg pods were 

recovered from this material.

The afternoon yielded only 20 egg pods that appeared viable 

and 3h egg pods that appeared partially damaged perhaps as a result of 

parasitism, predation or other unknown factors. The egg pods were 

placed in salve tins with moistened absorbent paper for the return 

trip to Tucson. -"When the egg pods were removed from the salve tins 

for recording measurements and placing in incubators it was found that 

the absorbent paper had not been sufficient to maintain the proper 

moisture balance in the egg pods and upon dissection, the eggs were 

found to be seriously desiccated. Literature and experience indicated 

that these egg pods should normally remain viable and regain their 

proper moisture content. However, after a prolonged period under
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conditions suitable for incubation, only five percent of these des

iccated pods hatched* "

A second trip was made on February 1^, I960, to the same area 

and the same collecting techniques were used. About 8I4 apparently 
viable egg pods were collected, and on this occasion they were packed 

in moist soil in the salve tins for transportation to Tucson. The 

moist soil served satisfactorily as a packing medium, for the egg pods 

showed no appreciable desiccation when unpacked 36 hours later.

Incubation Equipment and Techniques 

Prior to incubation the egg pods were inspected for mechanical 

damage, predation or parasitism. All apparently viable egg pods were 

separated into species groups and further subdivided into groups of 

approximately equal size and conformation. Each egg pod was measured, 

its general conformation noted, and then assigned an incubator number, 

i. e., EFC-1-60, EFC-2-60, etc. One quart ice cream cartons provided 

suitable incubation containers when the central disc of the lid was 

replaced with 32-mesh Saran screening. The egg pods were placed in 

soil at approximately the same angle and depth as they originally had 

been deposited by the female in the native soil. One to four egg pods 

of the same species and of similar size were placed in each of the 

incubators. The soil in the incubators was sprinkled with tap water 

sufficient only to keep the soil moist and friable. The incubators 

were usually observed at least once a day and any emerged nymphs were 

counted, recorded and removed to rearing cages for continued obser

vations
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Rearing Equipment, and Techniques

Simple rearing cages were constructed of l/l6-inch galvanized 

screening and two 9 l/h-inch metal pie tins. Thirty-four x 18-inch 

pieces of screening were farmed into cylinders 8 l5/l6-inches in • 

diameter and the overlapping ends were stapled firmly together at six 

or more points. The pie tins were painted inside and out with a light 

layer of hot paraffin to retard rust and facilitate cleaning opera-t 

tions. The rearing cages were assembled by filling one pie tin with ' 

approximately one inch of sand, embedding a screen cylinder in this" 

sand and fitting another tin on the top as a lid. Each rearing cage 

was provided with a small metal pie tin, 3 l/2-inches in diameter and 

1 l/8-inches deep, filled with fine sand that was moistened regularly 

to provide sufficient humidity particularly during the ecdysial 

process. .....

Food was supplied at first in the form of fresh bouquets of 

preferred host plants. These were kept in eight-dram vials of water 

plugged with cotton and changed daily. Later, as consumption of food 

increased, the bouquets were stuck in the small tins of moist sand, 

while still later, food-plants were simply dropped into the cages 

twice daily. Finally it proved most practical to grow a variety of 

food-plants. Lettuce, oats, wheat, barley, corn, sorghum and milo 

were planted and raised in l/2-pint waxed containers of sand or 

vermiculite. These containers of food—plants were placed in the cages 

one or more at a time as required to meet the daily food requirements 

of a particular cage. Nymphs in the last two instars began to feed
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rather freely on rolled oats and dry dog food pellets offered as 

supplements to the diet of fresh vegetation. Adults and nymphs in the 

last instar also fed to some extent on dry, or partially dried vege

tation originally put in the cages to serve as cover during premolt 

and postmolt quiescent periods.

As each brood hatched in an incubator they were counted, care

fully transferred to a rearing cage, and a representative sample of 

the brood was preserved in 70 percent alcohol for future taxonomic and 

morphological study. At hatching time and after each subsequent molt 

the nymphs were anesthetized with COg and carefully studied under a 

dissecting microscope. Color descriptions and notes on possible sig

nificant external features were prepared at each examination. These 

periods of examination proved to be very crucial as freshly hatched or 

molted nymphs were very vulnerable to mechanical injury. Furthermore, 

they frequently inflicted injuries upon themselves or other inmates of 

their cages when they violently kicked and threw themselves about in 

the course of recovery from COg anesthesia. Anesthesia, handling or 

some other factor apparently produced very uneven development of some 

of the large broods (Brooks, *59). This resulted in the presence of 

two, or occasionally three, different instars simultaneously in the 

same cage and thus made positive identification of later instars 

difficult.

Two other situations also required that observation techniques 

be modified. One of these situations occurred when large numbers of 

nymphs were present in single cages, particularly in the earlier
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instars with thirty or more nymphs per cage. A few nymphs would some

times shed their skins early and the exuviae were often promptly con

sumed by other occupants of the cage. This required very close and 

frequent observation to secure accurate information. The other type 

of situation that required different procedure involved poor hatch, 

mortality, escape or similar factors which severely reduced the popu

lation of a brood. Under these situations it was not always possible 

to preserve representative specimens of each instar or even to make 

the microscopic examination.



RESULTS AMD OBSERVATIONS

Melanoplus differentialis Thomas .

Figs. 1, 3, 5-8

The variations in color pattern between different nymphs of 

Me differentialis in the.same instar are such that some individuals 

viewed alone could be mistaken for entirely different species of 

Melanoplus until about the fourth instar. Thereafter they are unmis

takably M. differentialis. Those individuals with the least distinc

tive color patterns may be determined to species by dose study under 

low power magnifications, however. A ten-power hand lens is sufficient, 

but higher magnifications improve the speed and accuracy of deter

mination. The following. eight descriptions of first instar nymphs 

illustrate the wide variation in color pattern, common to the earlier 

instars•

First instar M. different ialis (Ho. 1). Head and thorax with 

an obvious pattern of white and brown salt and pepper spots on a gray 

background, under low magnification this appears superimposed upon 

brown spots on a tan.background, with entire pattern continuous over 

the eyes. Antennae light brown. Two front pairs of legs, hind femora 

and abdomen with brown spots on a white or gray backgroundj hind 

tibiae dark brown to black and all tarsal claws black.

10
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First Instar M. differentialis (No. 2). Head, thorax, two 

front pairs of legs and lateral portions thorax and abdomen with dark 

brown spots on a light brown background* Dorsal portions of thorax 

and abdomen with light brown spots on a tan background* Femora of hind 

pair of legs brown with traces of dark brown bands; tibiae black.

First Instar M. differentialis (No* 3). Head light gray with 

numerous flecks of brown or dark brown in'a salt and pepper pattern, 

two tiny brown bars on occiputj eyes covered with a pattern of irreg

ular light brown and gray-spots; a pale yellow stripe, beginning at 

posterior margin of eye and continuing to near posterior margin of 

prothorax, a black stripe beginning at posterior margin of prothorax, 

adjacent to and below the yellow stripe, another larger yellow stripe 

from posterior margin of eye to posterior edge of prothorax beneath 

black stripe. Median portion of pronotum (or disc) with a wedge- 

shaped, light brown spot, with apex of wedge at posterior pronotal 

margin; lateral portions of prothorax, below the stripes, light brown 

marked irregularly with dark brown spots and bars; metathorax with 

lateral black spots in vicinity of wing buds. Abdominal tergites with 

a light brown mark, beginning as a pedian stripe anteriorly and grad

ually widening thus occupying most of dorsum of last segment, this 

light stripe with a regular pattern of superimposed, darker brown 

spots; lateral portions of tergites with a continuation of darker 

brown spots merging to form larger spots or patterns on a gray back

ground; all abdominal sternites a uniform gray color with occasional 

overtones of black. Antennae brown with light brown rings at the apex
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of each segment, basal.half of upper antennal surfaces with small, 

dark brown spots on a light brown background. Front two pairs of legs 

light brown with irregular dark brown spots and black tarsal claws; 

hind femora light brown with short, brown stripes on the lateral basal 

portions, a series of dark brown bars form three faint, irregular 

bands around the femora, light brown areas .between these bands inter

spersed with small, dark brown spots; tibiae light brown with dark 

brown spines, proximal end of tibiae with four alternating bands of 

black, white, black, white;, tarsal claws black.

First Instar M. differentialis. (No. b). Fig. 1. Head with 

irregular, light and dark brown spots on a gray background, an irreg

ular, light yellow stripe from posterior margin of eye to posterior 

margin of thorax,. above this stripe an area of dark brown that gives 

the appearance of a darker parallel stripe continuous to posterior 

margin of metathorax; vertex of head with two short black bars on each 

side of median line. . Pronotua with a wedge-shaped light spot on disc 

with the apex of wedge at posterior margin of pronotum, entire pro

thorax, including stripes, wedge-shaped spot and lower lateral . , .

portions, all overlaid with,an irregular pattern of varying sized, 

dark brown dots. Abdomen covered with a wedge-shaped light brown 

area, apex of wedge at anterior of abdomen and widening posteriorly 

to include all of tergum of last posterior segment, wedge irregularly 

covered with darker brown spots, remainder of tergites a darker brown, 

overlaid with a very dark brown pattern of small dots and splashes; 

entire ventral portion of abdomen an opaque gray. Two front pairs of
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legs tan with brown spots becoming larger, darker and more numerous 

distallyj tarsal claws black. Antennae medium brown and each segment 

with a lighter brown band basally. Hind femora cream color with a 

short, brown stripe in the middle of the lateral face basally, a 

pattern of small spots and bars' form four broken bands around the 

femora, areas between bands overlaid with small brown spots; tibiae 

apparently all black with black spines, area near base of spines 

opaque gray; tibiae with a black basal band and opaque gray sub-basal 

ring below the basal band. ' ^

First Instar M. differentialis (No. $1 Head tan with an over

lay of large and small brown spots, vertex with a short brown bar on 

each side of median line; eye covered with light tan spots on a darker 

background. Prothorax with a wedge-shaped light brown area on dorsum, 

apex of wedge at posterior margin of prothorax; a dark brown stripe 

from the posterior margin c£ middle of eye to posterior margin of 

prothorax immediately below this, a yellow stripe beginning at pos

terior margin of the eye and extending across the prothorax to the 

anterior margin of first abdominal segment; ventrad to yellow stripe, 

an area of darker color similar to the adjacent head coloration; 

entire prothorax overlaid with a pattern of large and small brown 

spots; black spots on the lateral portions of thorax at the sites of 

wing buds. Abdomen with a wedge-shaped area of light tan on dorsum, 

apex of wedge at the anterior margin.of first abdominal segment and 

widening to include the entire last tergite; remainder of tergites 

dark brown; entire dorsum of abdomen overlaid with a pattern of dark



brown spots; entire ventral area of abdomen opaque gray with light 

brown overtone. Antennae with lighter bands at apex of each segment; 

upper surface of basal half of antennae light tan with brown spots.

Two front pairs of legs cream color with darker spots, spots becoming 

darker, more numerous and larger from base of legs towards extremeties, 

tarsal claws black; lateral faces of hind femora with a narrow, short, 

dark brown stripe hasad, three areas of dark brown spots and bars 

form broken bands around femora, entire femora, including bands and 

lighter areas between, covered with a pattern of darker brown spots; 

tibiae black to dark brown below and on sides with black spines; 

opaque tan above, with black basal ring and an opaque tan sub-basal 

ring; tarsal claws black.

Second Instar M. differentialis,Fig. 3. The second instar 

M. differentialis studied were of several minor color variations but 

the differences were so slight that a single color description should 

cover the group sufficiently. Head covered with salt and pepper spots 

of light gray, brown and black on a dark gray background, spots larger 

and more pronounced on frons, a single larger black spot posterior to 

eye, a light salt and pepper pattern continuous over the eyes, a light 

yellow stripe located above the black spot posterior to eye. Pro

thorax with a continuation of the same general salt and pepper pattern 

with slightly larger black spots, short black bars along the anterior 

and posterior margins of pronotum, a pale yellow stripe across the 

lateral portion of prothorax; large black spots on lateral portions of 

thorax at sites of wing buds. Abdomen with a continuation of same
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salt and pepper color pattern over anterior two or three segments, 

smaller black spots on other tergites appear to merge and form short 

bars which give a superficial appearance of broken stripes the length 

of abdomen; abdominal sternites covered with a uniform salt and pepper 

pattern of gray and brown spots on a lighter brown background; a light 

stripe of gray down the center of sternites# Antennae light gray on 

dorsal side and dark brown ventrally; each segment marked with a light 

band around distal end. Two front pairs of legs marked with salt and 

pepper spots of tan or brown on a gray background; color pattern 

becoming darker distally, with spots merging to form several bands on 

tibiae and tarsi; tarsal claws black; hind femora with an irregular 

black stripe entire length of outer face on a dark gray background, 

inside of femora with two or more large black or brown bars on a dark 

gray background, dorsal ridge of femora marked with alternating black 

and gray spots, ventral sides of femora with black stripes; tibiae 

with black ventral surfaces and gray dorsal surfaces, ringed with blade 

basally, and marked with small brown dots, spines gray with black tips; 

tarsi gray with black markings and black claws.

Third Instar M. differential^ Fig. $. All third instar M. 

differentialis studied, with occasional very minor variations, con

formed to the following generalized color description. Head cream 

colored with a pattern of darker tan overtones and light brown spots; 

eyes tan with small light tan spots. Erothorax posterior to the 

middle of the eye with a dark brown spot and, immediat ely below, a 

yellow spot; dorsum of prothorax with a wedge-shaped spot of light
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tan, apex of wedge at posterior edge of pronotum, spots and patches of 

dark brown on each side of the light-colored wedge appear as an irreg

ular, broken stripe from, the spots behind the eyes to the posterior 

edge of the thorax; below this, a light yellow stripe from anterior 

edge of prothorax to posterior edge of thorax; remainder of thorax 

with a pattern of dark brown spots on a light background; a dark brown 

spot on thorax at site of each wing bud. Dorsum of abdomen light tan 

with darker tan spots; ventral portion of abdomen opaque gray with tan 

spots. Antennae brown with a light brown ring around the apical. por

tion of each segment, upper surfaces of basal half of antennae lighter, 

with a short black stripe down the middle of each segment. Two front 

pairs of legs cream overlaid with small spots of brown, brown spots 

becoming larger and more numerous distally; a black ring encircles the 

end of the last,tarsal segments; tarsal claws all black; hind femora 

cream colored with a dark brown stripe down center -of outer face, 

small dark brown bars and patches form three irregular broken bands 

that appear to encircle the femora at equidistant intervals, entire 

femora overlaid irregularly with small brown spots; tibiae opaque 

cream dorsally and dark brown ventrally, with a black basal band, 

lateral surfaces of tibiae opaque cream, spines brown; tarsal claws 

black.

Fourth Instar M. differentialis. Fig. 6. Color variations of 

fourth instar M. differentialis were numerous but only occasionally 

did they amount to any more than varying shades of the same color 

groupings. Even the most extreme variations encountered are
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satisfactorily covered in the accompanying description. Head green 

with numerous - irregular light brown spotsj eyes with light brown 

pattern'occupying central two-thirds of eye, this pattern marked with 

irregular, small spots’ of gray, a small light yellow spot at the 

posterior margin of eye. Frothorax green marked with many small, dark 

brown spots, some areas of background color slightly lighter and 

appearing as larger, light brown spots with smaller, dark brown spots 

superimposed thereuponj a light yellow line across prothorax from back 

of eye to middle of mesothorax, this stripe occupying a portion of the 

dorso-lateral curvature of the prothorax; mesothorax and metathorax 

green with brown spots; wing pads black with veins and raised portions 

opaque brown. Dorsum of abdomen with a brown background color over

laid with numerous, variously sized and shaped, darker brown spots, 

both spots and background color slightly lighter posteriorly; ventral 

portion of abdomen green with overtones of dark brown. Antennae light 

brown with traces of a light tan ring at the apical end of each seg

ment. Two.front pairs of legs tan with dark brown spots, tarsi opaque 

green except last segment with a light brown cast apically, tarsal 

claws opaque green; hind femora pale tan with entire outer face occu

pied by a light brown stripe bordered above and below by areas of 

white, remainder of hind femora pale tan marked with irregular light 

brown spots; hind tibiae opaque tan with light tan overtones ventrally, 

tibial spines light tan, tipped with dark brown; hind tarsi opaque 

green with dark gray areas at each end of each segment, tarsal claws 

opaque green tipped with dark tan.



18

Fifth Instar M. differentialis. Fig. ?• The fifth instar 

M. differentialis did not vary greatly,, and fit very closely into the 

accompanying color description* Head green with irregular spots of 

light , brownj eye gray with tan spots. Erothorax green with small dark 

brown spots; mesothorax and metathorax light brown with dark brown 

markings; wing pads dark brown with fan-like pattern of veins and 

raised portions an opaque brown. Dorsum of abdomen light brown with 

dark brown spots. Antennae light brown with a dark line above and 

below on each segment. Two front pairsbf legs light tan with dark 

tan spots, tarsal* daws black; hind femora pale tan with twelve or. 

more dark brown chevron-like marks on the outer faces, and six or more 

similar marks on inner faces; dorsal and ventral surfaces of femora 

marked with single lines of dark brown spots; hind tibiae opaque gray 

with black spines, tarsal claws opaque gray tipped with dark,brown or 

black. ; :

Sixth Instar M. differentialis,Fig* 8. The sixth instar 

M. differentialis in this study varied less than any other instar and 

the greatest differences were between the sexes with relatively little 

variation, except for shades of color, between individuals. Head pale, 

shell-pink with overtones of light brown; dark brown spots near and 

upon.the carinaq with an irregular, dark gray pattern on the frons and 

vertex; eyes pearl gray. Erothorax shell-pink with areas of dark 

brown spots forming an irregular line at margin of disc; lateral por

tions of prothorax marked with occasional, irregularly sized and 

shaped, dark brown spots; mesothorax and metathorax light brown with
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most of sclerites edged "with dark brown on posterior and ventral 

edges; front wing pads light brown; rear wing pads with a fan-like 

pattern of dark brown and the veins and raised portions opaque light 

brown. Dorsum of abdomen light brown with darker brown spots forming 

irregularly shaped and sized patterns on each sclerite, general color

ation darkening posteriorly, ventral portion of thorax and abdomen 

yellow with brown lines on the lateral edge of each sclerite. Antennae . 

brown on the distal half and basal half with a brown line on the front 

and rear of each segment. Two front pairs of legs light brown with 

overtones of darker brown, tarsal claws black or brown; hind femora 

with fifteen to eighteen dark brown chevron-like marks on the outer 

faces and eight or nine similar marks on the inner faces, ventro

lateral portions of outer faces marked with a line of six to eight 

black or dark brown spots and a basal bar about four times as long as 

a single spot; hind tibiae opaque gray with black spines; tarsal claws 

black, male cerci yellow with dark brown spots on the dorsal tips.

Egg Pods. The egg pods of M. differ entialis studied were 

nearly all slightly crescent-shaped with the lower end usually larger 

but never more than one and one-half times larger, than the upper end. 

The pods ranged from 2 to 5 mm. in width at the top and from 3 l/2 to 

8 mm. in width at the bottom. The length of the pods ranged from 6 to 

32 ram. The average size was approximately 6 mm. in width and 12 mm. 

in length with somewhat more than IjO eggs per pod.

Observations» The consummation of the hatching process by a 

pod of nymphs of. M. differ entialis was observed on May 10, I960.
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The nymphs, enclosed in their embryonic cuticles, were seen to push 

their way slowly up through the moist sand with many intermittent 

periods of rest, iihen the heads had emerged the nymphs rested for 

'several minutes. By an accelerated squirming process they slowly, but 

with apparent great effort, emerged completely from the soil. They 

then very quickly shed their embryonic cuticles. The nymphs, a pale 

opaque yellow with dark eyes, extended their antennae and cleaned 

their bodies of adhering sand particles by using their legs. The 

nymphs then remained relatively quiet until the exoskeleton had hard

ened. The hardening process was accompanied by a progressive dark

ening of the exoskeleton and after about one hour the nymphs had 

assumed their normal, dark coloration.

The following differences were observed in the hatching of 

M. differentialis on the same date but in an incubator in which the 

sand .had become very dry. The emerging nymphs were not able to make 

a definite exit hole as in the moist sand, but had to force themselves 

through loose sand that quickly filtered in around them after each 

movement. The nymphs were able to emerge only through the exertion 

of tremendous efforts over a considerable period of time. They 

apparently had abraded or ruptured the cuticle in their extended 

efforts to reach the surface. Yfnen they finally became free they 

quickly shed the remains of their embryonic skins exposing semi- 

hardened and almost normally colored exoskeletons. These nymphs 

rested only briefly on the surface and soon began actively moving 

about seeking objects to climb upon. Although they usually climbed
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upon the nearest suitable object to begin a long resting period, they 

readily jumped when disturbed.

Early in the study it was noted that nymphal mortality was 

especially heavy during certain periods and at other times was almost 

negligible. About halfway through the study a hygrometer was in- . 

stalled in the laboratory adjacent to the rearing cages. Very shortly 

it became apparent'that high mortality frequently occurred during 

periods of relatively high humidity. A review of the records at the 

conclusion of the study revealed that all mortality following the in

stallation of the hygrometer, except those cases which resulted from 

mechanical injury, occurred during periods of relative humidity of 

30 percent or more. However, it did not follow that mortality always 

resulted from 30 percent or higher humidity, for sometimes extended 

periods of humidity well over 30 percent produced no mortality at all.

Some differences in ecdysial behavior were noted between first 

and last instar M. differentialis. Several of the first instar nymphs 

were observed to climb halfway up the side of the cage and to rest 

head downward for several minutes. By a series of slow, deliberate 

movements the nymphs freed their heads and the front pairs of legs 

from the old skin. Then by a series of downward-crawling motions the 

nymphs slowly crawled from the old skin and left it hanging to the 

side of the cage. These movements were spaced several seconds apart 

ard frequently consisted of only a single, gentle tug on one or more 

parts of their anatomy. The freshly emerged second instar nymphs 

rested head downward until dry and partially hardened before moving
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from the vicinity of their cast skins.' The entire process was accom

plished in a few minutes.

This simple, deliberate casting of the skin contrasts very 

markedly with a later observation in the same cage when a sixth 

instar, male nymph shed his skin and emerged as an adult. This nymph 

began to scratch and to display other signs ofunrest. Later he 

climbed to the mid-point on the cage and turned head downward. He 

then began a series of violent contortions that finally broke the old 

skin on the head. The head and pronotum emerged through this hole by 

a series of very vigorous contortions and tugs. About fifteen more 

minutes of this behavior freed the thorax and two front pairs of legs. 

Another fifteen minutes of much less vigorous action freed the 

anterior portion of the abdomen aid the hind pairs of legs. About 

ten more minutes of sporadic tugging freed the posterior portion of 

the abdomen. The adult then turned head upward on the side of the 

cage and began expanding his wings. This process, which included 

sporadic flexing and partial opening of the wings, continued for about 

twenty more minutes before the wings reached full expansion. The 

whole process from the beginning of ecdysis through the completion of 

wing expansion required approximately one hour.

Courtship and Bating Behavior. Several behavior patterns 

became apparent during observations of the adults of both M. 

differentialis and M. Lakinus. The sexually.immature adults mingled 

together with no distinction being made between the sexes. In fact, 

last instar nymphs and adults of both sexes mingled together with no
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apparent regard for sex or age. Sexually mature males mingled with 

sexually immature females and nymphs of both sexes with no apparent 

interest in the sexually immature forms. Late instar nymphs and 

sexually immature adults of two species showed no obvious signs of 

courtship or sexual behavior even when members of both sexes were 

closely associated. Adult females upon attaining sexual maturity 

began to signal their state by a trembling motion of the hind pair of 

legs. These signals were given with increasing frequency until the 

female had mated. After a few days, still unmated females exhibited 

this signaling almost continuously. Unmated females continued to 

signal even when they had become so feeble with age that successful 

mating was physically impossible when males approached them. Sexually 

mature adults of opposite sexes and different species were caged to

gether for several days, with the females usually engaged in regular 

and frequent signaling, but males were never observed to respond to 

these signals nor to attempt to mate with females of a different 

species. These same mature males and females readily and frequently 

mated with members of their own species when caged together. Obser

vations on the frequency of mating were made only incidentally and 

probably do not represent the maximum number of matings per pair.

One pair of M. lakinus was observed to mate five times on five differ

ent days and many pairs of M. differentialis were observed to mate 

four times on four different days. Fating activities appeared to 

occupy most of the time of the caged specimens from the attainment of 

sexual maturity until just prior to egg-laying, whereas casual
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observations of the same species in the field has indicated that 

activities other than rating frequently occupied large segments of 

their time.

Melanoplus lakinus 

Figs. 2 and it

The nymphs of M. lakinus are more divergent in coloration and 

color patterns than nymphs of IT. differentialis and are somewhat more 

difficult to include in a common color description without the de

scription becoming either unduly long and cumbersome or vague and 

all-inclusive. First instar H. lakinus as reared in this study fit 

into one of the following color descriptions.

First Instar M. lakinus (No. 1). Head, thorax and abdomen 

covered with salt and pepper spots of white and brown on a dark gray 

background. Traces of oblique yellow and black stripes from the 

gnathal region of the head across the prothorax. Two front pairs of 

legs opaque light brown; hind femora light brown with traces of dark 

bands on the lateral surfaces; hind tibiae light brown.

First Instar M. lakinus (No. 2). Head and thorax light brown 

with salt and pepper spots of gray and brown. Abdomen with a contin

uation of the same pattern but in slightly lighter shades. Two front 

pairs of legs opaque light brown; hind femora light brown with traces 

of dark stripes and bands on outer faces; hind tibiae light brown.

First Instar M. lakinus (No. 3). Head dark brown to black 

with light tan lines on the anterior edges of the carinas; eyes dark 

tan with light tan and gray spots in irregular patterns; a curved
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yellow line from the ventral margin of eye in an arc through the 

prothorax to posterior edge of metathorax.. Prothorax marked above 

and below the stripe with patches of white in irregular shapes inter

spersed by other irregular areas of dark brown. Dorsum of abdomen 

light brown marked with spots of several shades of darker brown, all 

becoming lighter posteriorly, ventral portion of abdomen opaque brown 

with overtones of gray. Antennae brown with opaque light tan bands at 

distal end of each segment, upper surface of basal half of antennae 

opaque with brown coloration reduced to short bars on each segment.

Two front pairs of legs tan with brown spots, the spots becoming 

larger and darker distally, tarsi dark brown or black except last seg

ment which is opaque gray with black rings at each end; hind femora 

dark brown to black, with dorsal areas tan marked with light brown 

dots and four dark brown bars; tibiae brown or black ventrally and 

opaque gray dor sally with black spines; tarsi dark brown except last 

segment opaque gray with a black ring at each end; all tarsal claws 

black.

First Instar M. lakinus (No. LI Fig. 2. Head dark brown with 

occasional light brown spots, vertex tan with dark brown spots, carinse 

lined with light tan on anterior edge, a median light tan line sepa

rates areas of dark brown spots on the vertex; eyes dark tan with 

light tan spots. Prothorax with a light tan wedge on the disc, apex 

of wedge at posterior edge of pronotum, a light yellow line from the 

posterior ventral margin of eye in a crescent across the prothorax to 

posterior edge of metathorax, areas on sides of prothorax between
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wedge and crescent dark brown, another area of dark brown below cres

cent , postero-ventral corner of prothorax light yellow. Dorsum of 

abdomen irregularly spotted with Irregular dark brown spots on a light 

brown background, both spots and background becoming lighter posteri

orly, ventral portions of abdomen gray with darker gray overtones. . 

Antennae brown with a narrow, apical, tan ring on each segment except 

the last, dorsal surface of basal half of antennae with the brown area 

reduced to a small bar on each segment.. Two front pairs of legs tan 

with irregular dark brown spots, these becoming larger and darker 
distaUyj last tarsal segment opaque gray with black rings at each 

end, tarsal claws black; hind femora generally marked on the outside 

with irregular dark brown spots, and with a light tan sub-apical band 

all on a tan background; tibiae dark brown anteriorly and opaque.gray 

with black spurs posteriorly; last tarsal segment opaque gray with 

black bands at each end, tarsal claws black.

First Instar H. lakinus (No. $)* Head dark brown with a pale 

yellow stripe originating below the posterior ventral margin of the 

eye and extending across thorax, a small yellow spot located immedi

ately posterior to the eye, vertex with several small pale yellow 

spots. Thorax dark brown with several irregular spots of yellow or 

light tan. Dorsum of abdomen dark brown with occasional light brown 

spots, ventral portion of abdomen dark brown with’light brown over

tones. Antennae brown with a lighter brown ring at the apical end of 

all segments except the last^ basal half of upper side of antennae 

with dark brown area reduced to small bars on each segment. Two front



pairs of legs light brown with dark brown spots, the spots becoming 

larger and darker distally, last tarsal segment opaque gray with black 

bands at each end, tarsal claws black; hind femora dark brown with 

occasional, irregular, dark brown markings, chiefly on the ventral and 

dorsal surfaces; hind tibiae smoky gray with dark, brom-tipped spines; 

last hind tarsal segment opaque gray with black bands at each end; 

tarsal claws black. —  1

. First Instar M. lakinus (No. 6). Head dark brown with light 

brown markings, anterior edge of carinaelined with dark brown, eye 

light tan with a pattern of gray spots, a light yellow stripe from 

posterior margin of eye through prothorax to posterior margin thorax 

in a crescent, a yellow spot located on head posterior to dorsal 

margin of eye. Thorax dark brown with a light brown wedge-shaped spot 

on disc, apex of wedge located at posterior median line of thorax and 

base at anterior margin of thorax, postero-ventral corners of thorax 

yellow of the same hue. and intensity as crescent-shaped stripe.

Dorsum of abdomen dark brown with a pattern of two lighter shades of 

brown spots, abdomen lighter from anterior to posterior in both spots 

and background colors, ventral portion of abdomen opaque gray with 

overtones of .darker gray. Antennae dark brown with a : light brown band 

at the apex of each segment except the last, basal half of upper side 

of antennae with dark brown area reduced to a small bar on each seg

ment.. Two front pairs of legs tan with light brown spots, spots 

generally becoming larger and darker distally; hind femora light tan 

with several series of dark brown bars that almost merge, giving the

27
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appearance of four dark brown bands, the intervening areas of light 

tan marked with several light brown spots; hind tibiae opaque gray 

with dark gray lines on the lateral surfaces and black or brown-tipped 

spines; last tarsal segment on all legs opaque gray with black bands 

at each end, and all tarsal claws black.

First Instar M. lakinus (No. 7). Head very dark brown with 

occasional light brown and tan spots, carinae lined with light tan, 

eyes light tan with occasional lighter dots forming an irregular 

pattern of dots and bars, a yellow stripe beginning ventrad of eye 

runs across thorax to anterior margin of first abdominal segment. 

Prothorax marked with a median, light tan line, a spot of darker tan 

and another of dark brown above the diagonal yellow line, below the 

yellow line a dark patch cut in the middle by a short yellow stripe and 

bounded post ero-ventrally by another curved yellow line following the 

posterior and ventral margins of prothorax. Dorsum of abdomen marked 

with spots and bars of dark brown, becoming lighter posteriorly, 

ventral portion of abdomen opaque dark gray. Antennae light brown 

with a tan ring at the apical end of each segment. Two front pairs 

of legs with a pattern of light brown spots, becoming darker and 

larger distally, last tarsal segment opaque with black bands at either 

end, tarsal claws black; hind femora tan with dark brown stripes on 

the lateral faces, remainder of femora brown marked with dark brown 

spots and bars; ventral side of tibiae dark brown, the dorsal side 

opaque gray marked with small black dots, spines black, tarsal claws 

black; last tarsal segment opaque gray with black bands at both ends.
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First Instar M. lakinus (No. 8). Head dark brown with occa

sional lighter colored tan markings, anterior edges of carinae marked 

with light tan, eyes tan with light gray spots. Dorsum of prothorax 

marked with a light tan wedge-shaped area, apex of wedge at posterior 

margin of pronotum, a pale yellow stripe from posterior ventral margin 

of eye through prothorax to posterior margin of last thoracic segment, 

remainder of prothorax dark brown marked with light brown spots and 

larger areas of yellow. Dorsum of abdomen light brown marked with 

darker brown spots and patches, background color and markings becom

ing lighter posteriorly, ventral portion of abdomen opaque gray with 

darker gray overtones. Antennae brown with lighter tan bands at the 

joints, upper side of basal half of antennae with darker brown areas 

reduced to short bars or stripes on a tan background. Two front 

pairs of legs tan with brown markings, becoming darker and larger 

distally, last tarsal segment opaque gray with black rings at each 

end, tarsal claws black. Outer faces of hind femora marked with 

brown, remainder tan with brown spots and-bars; hind tibiae dark brown 

on ventral side and opaque gray with black spines dorsally; last 

tarsal segment opaque gray with black rings at each end; tarsal claws 

black.

First Instar M. lakinus (No. 9)« Head dark brown marked with 

numerous irregular light brown spots, anterior edge of carinae lined 

with light brown, eyes light.brown marked with irregular patterns of 

spots and bars of gray, a light yellow stripe from ventral margin of 

eye through lateral portion of prothorax to posterior edge of last



thoracic segment. Prothorax dark brown with a similarly-shaped, but 

shorter, yellow stripe across prothorax above the other stripe, a 

yellow spot on postero-ventral corner of lateral lobe of pronotum, 

dorsum of prothorax marked by a wedge-shaped, light-colored area with 

apex of wedge at posterior margin and base at anterior margin of 

pronotum, light-colored areas and stripes marked with occasional spots 

of dark brown. Dorsum of abdomen dark brown with lighter brown spots 

in a regular pattern, spots and background color becoming lighter 

posteriorly, ventral portion of abdomen gray with green overtones. 

Antennae light brown with a light tan band at the apical end of each 

segment except the last, basal half of upper side of antennae with the 

brown reduced to short bars on each segment. Two front pairs of legs 

light tan with light brown spots, becoming larger and darker distally, 

last tarsal segment opaque gray with a black band at each end, tarsal 

claws black; center portion of outer face of hind femora narked with 

vague bars, dorsal surface of femora tan marked with three short dark 

brown bars and remainder tan with irregular dark brown spots; hind 

tibiae gray with dark brown overtones ventrally, and darker brown 

spines dorsally; hind tarsi opaque gray with black claws.

Second Instar M. lakinus (No. 1),,Fig, h* The second instar 

nymphs of H. lakinus were relatively similar in color patterns as 

indicated by the following two descriptions. Head dark brown to 

black in the gnathal regions, irons dark brown with light gray spots, 

carinae tipped with a gray line approximately the length of upper half, 

occiput brown with a dark brown median line, eyes brown with gray
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spots, a brown longitudinal stripe bordered with gray through middle 

of each eye, a yellow, crescent-shaped stripe beginning below the eye 

and continuing across prothorax to posterior edge of thorax just above 

the middle, a small yellow spot on head immediately posterior to eye, 

side of prothorax bearing a black stripe above the yellow crescent 

and stripes below the crescent in the following order; black, brown, 

black and brown, dorsal disc of thorax covered with a brown wedge- 

shaped spot with apex of wedge at anterior edge of prothorax. Abdomen 

with a median, dorsal, light brown stripe, each abdominal tergite 

marked laterally with light brown and gray spots appearing as inter

rupted stripes, abdominal sternites gray with faint brown overtones 

near median portion of each sternite. Antennae brown with slightly 

lighter tones on the upper side, each antennal segment with a dis

tinctly lighter, distal band. Two front pairs of legs light brown 

with irregular spots of dark brown, hind femora with four interrupted 

bands of dark brown on a lighter brown background; tibiae brown with 

dark brown spots and a dark brown line running entire length ventrally; 

tibial spines all dark brown or tipped with dark brown; tarsal claws 

on all legs black.

Second Instar M. lakinus (No. 2). Head dark brown with light 

brown spots, eyes dark brown with gray spots, dorsum of thorax with a 

dark brown spot, a yellow stripe running from ventral margin of eye in 

a crescent to posterior margin of thorax. Dorsum of abdomen dark gray 

with dark brown spots, ventral portion of abdomen dark brown with gray 

spots and black overtones. Antennae dark brown with a light-colored
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ring at the distal end of each segment except the last, basal half of 

the upper side of the antennae with the darker color reduced to small 

bars or similar areas on each s egir.ent. - Two front pairs of legs light 

tan with brown spots; hind femora dark brown with irregular dark brown 
spots and two narrow white stripes on the upper and lower edges of 

outer faces; hind tibiae brown with occasional dark brown spots; all 

tarsi opaque brown with darker portions at both ends of each segment; 

all tarsal claws black. -

During the interim of development between the second and third 

instars a series of unfortunate events decimated the M. lakinus cul

tures, Observations could therefore no longer be conducted on a scale 

sufficient to permit accurate descriptions of the remaining instars.

Egg Pods. The egg pods of M. lakinus studied were all slightly 

crescent-shaped. These pods ranged from 3 to $ mm. in width and from 

9 to 15 mm, in length. The average size was 1| mm. in width and 12 mm. 

in length. The pods contained approximately twenty eggs each pod.

Cor dill acr is crenulata piroa

First instar nymphs of Cordillacris crenulata piraa all fitted 

very closely to a single color description.

First Instar C. crenulata piroa. Head gray, overlaid with 

median white line from anterior edge of vertex to posterior of occiput 

bordered by two darker gray lines, other areas of darker gray spots 

merge to form two gray lines on each side of head; one line from
V s

posterior margin of eye to anterior margin of pronotum, the other line 

from ventral margin of eye to anterior margin of prothorax, frons and
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ventral portion of head light gray with. a subtile light brown overtone 

appearing at random on the irons, palpi light gray with four or more 

small brown spots on the anterior surfaces, eyes opaque gray, Bro- 

notum and thorax gray with lines of darker gray spots and bars forming 

a regular pattern of several longitudinal lines, thoracic disc and 

abdomen with a continuation on each segment of the white line origi

nating on head. Merging spots on each segment form five slightly 

undulating lines almost equidistant from each other on both sides of 

abdomen. Submedian lines on dorsum white, the fifth lines bordering 

the ventral margin of lateral sclerites, ventral portion of body an 

opaque gray with slightly darker posterior tergal margins on each 

segment. Two front pairs cf legs opaque gray with occasional small 

brown spots; hind femora light gray with a row of irregular brown 

spots forming a line down the center of the outer face, keel of femora 

white bordered by brown lines; sides of tibiae dark brown anteriorly 

and opaque gray posteriorly with all tarsal spines black.

None of the C. crenulata pima nymphs survived long enough to 

provide study material beyond the first instar.



DISCUSSION

Examination of the first instar nymphs reared in this study 

at first did not provide characters for a clear separation of all 

nymphs into the proper species. The first instar C. creaulata piraa 

nymphs were obviously quite distinctive when compared with the M. 

different ialis and M. lakinus nymphs but most probably would not be 

so distinctive when compared with more closely related nymphs•

The M. differentialis nymphs in the early instars presented 
a considerable range of subtle differences in color patterns. Some 

of the first instar nymphs displayed color patterns on the femora that 

could be rather readily determined as precursors of the adult chevron 

femoral color pattern but ethers did not. The succeeding instars had 

an ever-increasing percentage of individuals with the precursory 

chevron pattern until about the fifth instar in which all the indi

viduals displayed at least rudimentary chevron markings. More careful 

study finally revealed that all M. differentialis nymphs through the 

fourth instar had a conspicious but common color characteristic that 

made it possible to identify even those without the chevron markings. 

This character is in the form of a conspicious yellow stripe extending 

from the posterior margin of the eye to the posterior border of the 

thorax. These stripes in the early instars, together with the chevron 

marks on the femora in the later instars, provide positive identifi

cation for every instar of M. differentialis*
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The first and second instar M. lakinus nymphs examined in this 

study superficially resembled the early instar M. differentialis that 

did not have the characteristic chevron markse However, they may be 

distinguished from M. different ialis of the same, instar by a marked 

difference in the yellow stripe on the head and thorax. M. lakinus 

has a crescent-shaped yellow stripe originating ventrad to the ventral 

margin of the eye and arcing through the thorax to its latero- 

posterior, margin whereas, in M* different ialis nymphs, the yellow 

stripe originates, at the posterior margin of the eye and extends in a 

slight curve to the latero-posterior margin of the thorax.

High mortality and a series of. unfortunate events decimated 

the M. lakinus cultures to.such an extent that concentrated studies 

could not be extended beyond the second instar. A small population 

was salvaged from this series of disasters and reared to maturity so 

that a positive species identification could be made.

A poor hatch and early mortality permitted only a brief study 

of first instar C. crermlata pima, consequently insufficient informa

tion was obtained for a complete life history study of this species.
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SUMMARY

Careful study of nym^is of Melanoplus lakinus and Melanoplus 

differentialis revealed that the chief diagnostic character for sepa

rating the species in the first three instars is a curved yellcnr line 

on the lateral portions of the head and thorax. In M. lakinus the 

yellow line originates in the gnathal region of the head ventrad to 

the eye and curves across the lateral portion of the thorax in a 

crescent. In M« differentialis the yellow line originates at the 

posterior margin of the eye and continues across the lateral portion 

of the thorax as a slightly curved line. The fourth and fifth .instars 

of M. Jakinus may be separated from the fourth, fifth and sixth instars 

of M. differentialis more easily since M. lakinus nymphs lack the hind 

femoral chevron marks possessed by M. differ ent ialis.

Field collection of egg pods, nymphal behavior patterns and food 

requirements for laboratory rearing of these two species are also dis

cussed in this paper..
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IEGEND FOR HATE 1

Fig. 1 Melanoplus dif£erentlalis, first instar. ( X 6,7 ) 
Fig. 2 Melanoplus lakinus, first instar. ( X 6.7 )
Fig. 3 Melanoplus differentialis5 second instar. ( X 6.7 ) 
Fig. It Melanoplus lakinus, second instar. ( X 6.7 )
Fig. 5 Melanoplus differentialis, third instar. ( X It ) 
Fig. 6 Melanoplus differentialis, fourth instar. ( X 2.7 ) 
Fig. 7 Melanoplus differentialis5 fifth instar. ( X 1.6 ) 
Fig. 8 Melanoplus differentialis, sixth instar. ( X 1.6 )
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