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ABSTRACT 

Melanoplus lakinus ia a brachypterous grasshopper of Arizona 

rangeland that occasionally shows macropterism. Wing development is 

similar histologically to that in holometabolans, although the epidermal 

cells are less attenuated in this species. The cells extend to the 

middle membrane and generally are hot continuous with opposing cells. 

After the procuticle is secreted, they become extremely distorted. 

The middle membrane may be as much as 3g wide. Granular molting fluid 

occurs in large quantity and is prevalent during the last half of each 

instar. Chromatolysis may occur in the last stage of growth in the 

hindwing. On the surface of the wing pads, the polygonal cuticular 

plaques change to "shingled" rows in the last two instars. 

Two characteristics of mitotic activity in wing pads are re

vealed: (1) mitoses occur in distinct bursts and at fluctuating low 

levels, and (2) mitosis begins while the epidermis is still attached 

to the endocuticle and continues at low levels after the deposition 

of the procuticle. Mitotic activity corresponds well with the increase 

in nuclei during each instar. 

The regression coefficient of wing length on hind femur length 

increases significantly during most instars. The large increase in wing 

length of the macropterous form occurs in the last instar and deviates 

greatly from simple allometric growth. 
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INTRODUCTION 

An extensive literature deals with the morphology and genetics 

of wing development in insects. However, the studies have primarily 

involved holometabolous insects, perhaps due to their complex and more 

cryptic mode of growth, and relatively minor attention has been allotted 

to hemimetabolous forms. The present investigation describes the morpho

genesis of wings in a hemimetabolan, Melanoplus lakinus Scudder, a 

normally brachypterous species of grasshopper. The section on histol

ogy supports previous observations and adds new information involving 

epidermal activity. In addition, previously unreported characteristics 

of mitotic activity are described. Macropterous forms of this grass

hopper are occasionally found and these variants facilitated comparisons 

between the growth of short and long wings. 

The histological account traces the development of the epidermis 

in relation to changes in shape and size, of cells and nuclei, and notes 

the occurrence of nuclear migration. Also included are descriptions of 

the molting fluid, hemocytes, middle membrane and cuticle. The evidence 

for chromatolysis in the last instar is discussed in relation to char

acteristics of cuticular surface modifications. The wing growth in M. 

lakinus is then compared with that of holometabolous and other hemi

metabolous insects in the literature. 

Because both cell proliferation and enlargement do not occur 

during the growth of all insects, a determination of the frequency and 



duration of mitotic activity is germane to characterizing wing growth. 

Squashes of wing pads made at 2-hr intervals reveal unsuspected bursts 

of mitotic activity at widely separated periods of time relatively early 

in an instar. The course of a burst can also be followed at intervals 

by examining successive wings of a single specimen. The time of initi

ation and termination of mitosis in relation to cuticular attachment 

differs from the conception generally held for most insects. The in

crease in cell number, as estimated by nuclear counts, also was 

followed during wing growth and compared with mitotic activity. 

In addition to a description of the internal processes, the 

change in the size of the wing pads was recorded during growth and 

subjected to statistical analysis. The changes in area, length and 

width of the wing pads were noted and the regression coefficient of 

wing length on hind femur length was tabulated. Significant differ

ences were found between the growth rates of most instars. The 

difference in growth between macropterous and brachypterous forms 

facilitated this type of analysis. 



MATERIALS AND METHODS 

Rearing Methods 

Egg pods were collected between 3,000 and 4,000 ft. elevation 

in grassland of southern Arizona, near the town of Sonoita, or obtained 

from laboratory cultures. Eggs obtained soon after oviposition were 

in a state of diapause and it was necessary to hold them at approxi

mately 6°C for a minimum of two months to break the diapause. The eggs 

were incubated by covering the pods with a thin layer of moist sand or 

peat moss in half-pint, wide-mouthed Mason jars. The jars, covered 

with screen, were placed in an oven held at 30°C and the sand or peat 

moss was kept moist during this period. Hatching commenced after three 

to five weeks. • -

Nymphs were kept in similar jars until the fourth instar when 

they were transferred to larger, cylindrical cages constructed of plastic 

sheets. Each cage was 11.2 cm in height and 8.5 cm in diameter, with 

air holes along the sides, and a self-closing collar at the bottom. 

The cages were placed over containers of wheat seedlings. Adults were 

maintained in larger, rectangular, screened cages. Head lettuce con

stituted the diet for nymphs in the Mason jars and was occasionally 

supplied to the riymphs in the plastic cages to supplement their main 

diet of wheat seedlings. Adults were fed either lettuce, wheat seedlings 

or both. Water was not necessary with fresh food. 

3 



Nymphs and adults were exposed to a photoperiod of 12 hr of 

light and 12 hr of darkness. The temperature was maintained between 

35° and 40°C during the light and at approximately 21°C during the 

dark period. Incandescent bulbs supplied both the radiant heat and 

the light. The high temperatures were important in maintaining vigor 

and in reducing mortality, particularly that caused by fungal infec

tions. More detailed information on rearing M. lakinus has been 

described by Bland (1967). 

Histological Procedures 

Pads of the fore- and hindwings were removed for serial 

sectioning each day from the beginning of the third instar through 

the fifth. The wing pads were severed near their bases and placed 

in Bouin's fixative. The adult forewing was cut transversely into 

several sections to facilitate the penetration of the fixative. After 

dehydration in alcohol and clearing in cedar oil and xylene, the pads 

and adult forewings were imbedded in paraffin. Eight-micron, trans

verse and longitudinal sections were made. The majority of the sections 

were stained with chromium-hematoxylin to resolve general morphological 

detail but some were stained with Mallory's triple connective tissue 

and Masson's trichrome for comparison. Staining procedures were taken 

from Humason (1962). 

Because of the thin and brittle structure of the hindwing, 

satisfactory sections showing the cuticle and cell relationships could 

not be made. Therefore, a whole-mount was made by cutting the hindwing 
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in half transversely and staining it for three days in acetocarmine, 

a nuclear stain. 

-The time of cell division in the developing wing pads was 

determined for the third, fourth and fifth instars. One entire pad 

was removed from a given individual every 2 hr until all four pads 

had been sampled. One replication was made for each sampling time 

except when more than 10 mitotic figures were counted; two replications 

were made in this case. The severed pad was placed on a slide with 

several drops of acetocarmine, and the epidermis forced from the open, 

proximal end by scraping the cuticle with forceps. After several 

minutes were allowed for staining, the epidermis was flattened by the 

standard squash and smear technique for chromosomes (Humason, 1962). 

The preparation was observed for mitotic figures within 15 minutes. 

The squash and smear technique was also used in estimating the 

number of epidermal cells in the forewing pad for each day of nymphal 

development by counting the number of nuclei present in the preparation. 

An ocular containing a net micrometer was used to determine the number 

of nuclei per unit area, and this value was multiplied by the number 

of units in the smear to obtain the total count. The results are only 

general estimates because of individual variation in wing size and the 

difficulty encountered in including all of the epidermis in a smear. 

One smear from each of eight specimens was used in counting the number 

of nuclei in the forewing pad at consecutive 24-hr intervals after 

ecdysis. 

An additional method for determining the number of nuclei in

volved fixing the wing pads in Ammerman's fluid to promote swelling. 
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The dorsal and ventral epidermal layers were then separated, stained 

as whole mounts in acetocarmine and the nuclei counted. This method 

became unsatisfactory once the epidermis began to shrink and fold 

during the final stages of each instar. Therefore, only the values 

obtained during the first few days of growth were averaged in with 

the number of nuclei estimated from epidermal smears. Stained and 

unstained whole-mounts were investigated for changes in the cuticular 

structure of the fore- and hindwing pads and adult wings. 

Measurement of Growth 

The length and width of the wing pads and length of the 

metathoracic femur of 12 nymphs were measured to the. nearest 0.25 mm 

immediately after ecdysis in the third, fourth and fifth instars. 

Similar measurements were made of 24 short- and 12 long-winged adults, 

the latter number being the maximum number available. The length of 

both fore- and hindwings was determined by measuring the distance 

from the midpoint of the base of the wing to the apex (figs. 1, 4, 20). 

The standard method of measuring length (Dirsh, 1953), which involves 

the distance from the branching of the costal and subcostal veins to 

the apex, was not used for nymphs or adults because of the indeter

minate identification of the irregular veins. 

In the forewing of nymphs and adults and hindwing of the third 

instar nymph, the width was measured approximately half way between 

the base and the apex (figs. 1, 4, 20). The width of the tapered hind

wing of nymphs in the fourth and fifth instars was recorded at the 

base of the wing (fig. 4). The width of the adult hindwing was measured 
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at the widest point along a line perpendicular to the leading edge 

of the wing (fig. 20). 

The relative areas of the wings were determined just after 

ecdysis from a random sample of five each of the fore- and hindwings 

of nymphs and adults. An enlarged image of each wing was projected 

on a flat surface and measured in arbitrary units with a planimeter. 

A statistical analysis of the growth in length of the wings 

was conducted separately for the wing pads in the third, fourth and 

fifth instars using a sample size of 24. The total growth in length 

was determined by combining the previous measurements. The regression 

of the length of wings (y) on the length of the metathoracic femur (x) 

was calculated. The femur was chosen because it has been commonly 

used as a standard for characterizing the length of wings. Supporting 

analyses of the estimate of the regression coefficient (by.x) included 

the 95% confidence interval, the determination of rectilinear relation 

between variates, and tests of significant differences between by.x 

of each instar. The correlation coefficient, its significance, and 

the variance of y on x also were calculated. All tests of significance 

were at the 5% level. 

Methods for calculating allometry of growth and deviation there

from were taken from Simpson et al. (I960). The relationship between 

k two dimensions, x and y, can be described by the function y=bx , called 

the allometric equation. The wing length is described by y and the 

femur length by x, while b, the value of y when is unity, is equal 

to the y intercept. The exponent k is the coefficient of allometry and 
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also the ratio of geometric growth rates. The deviations from simple 

allometric growth are detected by the relation k=log y - log y + 
e 2 ® 1 

log x - log x where y and x are average values of wing and femur 
6e 2 e i 

length during each growth period and loge is the natural logarithm. 

A deviation from allometry of growth is indicated if k does not remain 

constant. 



RESULTS 

Duration of Instars 

M. lakinus has five instars. When growth occurred between 

35° and 40°C and 25 to 30% relative humidity, the mean duration, ± 

standard deviation, of each instar was as follows: first instar, 

5.0 ± 0,5 days; second instar, 4.5 ± 0.7 days; third instar, 4,5 ± 

1.1 days; fourth instar, 5.5 ± 0.9 days; fifth instar, 8.5 ± 0.9 days. 

Occurrence of Macropterism 

Occasional macropterous individuals appear in normally 

brachypterous natural populations of this grasshopper. Although 

populations containing 47% macropterous forms have been reported 

(Nerhey, 1965), generally the percentage is considerably lower. 

Populations of 50 or more reared in the laboratory as part of this 

study usually yielded only two or three macropterous specimens. These 

individuals were mated with the anticipation of producing a popula

tion containing a higher frequency of long-winged forms. Because there 

are ho obvious morphological indicators of macropterous forms during 

the hymphal stages, any histological analysis to determine the mechan

isms that produce long wings depends upon accurately predicting which 

nymphs will become long-winged adults. Thus far, only the generation 

from long-winged parents has been reared to maturity and the eggs 

obtained. This generation contained seven males and four females of 

9 
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the short-winged form and five males and two females of the long-

winged form. 

Histology of Wing Development 

Significant stages in the development of the wings are described 

as they occurred. The following abbreviations are used in the figures: 

Bmb - basement membrane 

ClPrc - cell process 

Chr - chromosomes 

CuCl - cuboidal cell 

Enct - endocuticle 

EpdCl - epidermal cell 

Exct - exocuticle 

Fid - fold 

Gr - granules 

He - hemocyte 

HI - hemolymph 

Lac - lacuna 

M1F1 - molting fluid 

MMb - middle membrane 

Mst - middle strip 

N.., N_, N - pronotum, mesonotum, 
A J 

metanotum 

Nuc - nucleus 

PI - pleural area 

Prct - procuticle 

Prj - projection ; 

Tr - trachea 

V - vein 

Third Instar 

First day - There is no internal or external evidence of notal 

elongation into wing pads in the third instar (fig. 1). A transverse 

section of the mesbnotum shows that cell volume decreases distally 

while nuclear size remains relatively constant (fig. 2). Nuclei in 

the apex of the wing occupy virtually all of the cell. 

The dorsal surface of the nota bears short, thick, exocuticular 

spines approximately 3p long, which extend onto the outer surface of the 



Fig. 1 Kotal plates on the first day of the third instar. 
There is no evidence of elongation into wing pads. 
The length and width of the wing rudiments on the 
meso- and aetanotum were measured between points 
a-b and c-d, respectively. 

Fig. 2 Transverse section of the mesonotum along line e-f of 
fig. 1 on the first day of the third instar showing 
cells with a minimum of cytoplasm at the apex of the 
wing. (128x) 

Fig. 3 Posterolateral elongation of the meso- and metanotum 
on the second day of the third instar. 

Fig. 4 Reversal of wing pads at ecdysis in the fourth instar. 
The length and width of the pads in this instar and in 
the fifth instar were measured between points a-b and 
c-d, respectively. Forewing, a; hindwing, b. 
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notal lobe. The endo- and exocuticle on the outer surface of the lobe 

decrease in thickness by approximately one-half between the base and 

the apex (fig. 2). The exocuticle is extremely thin on the mesal side 

of the lobe. 

Second day - The first noticeable elongation of the meso- and 

metanota into wing pads occurs at this time, along with traces of 

raised longitudinal ridges due to proliferating tracheae. Elongation 

is in a posterolateral direction and consists of cell expansion and 

multiplication (fig. 3). 

Fifth day - Nuclei occupy all but a small volume of the cells 

and become closely packed. 

Fourth Instar 

Reversal of the wing pads, a characteristic of grasshoppers, 

occurs at ecdysis beginning at the fourth instar (fig. 4). The pads 

rotate on their axes, so that their mesal surface becomes lateral. 

Second day - The basement membranes of opposed epidermal cells 

form a middle membrane, from less than one to several microns thick, 

generally extending the length of the pad. Although reported to be 

a true membrane (Richards, 1951), others have described it as being 

very thin or absent in various insects (Jaimone, 1939; Waddington, 

1940). Nuclei have migrated varying distances toward the middle mem

brane (fig. 5). Many nuclei are elongated, with their long axes per

pendicular to.the middle membrane, although the cells containing these 

nuclei are not always similarly extended. 
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Several small lacunae appear centrally in the proximal area of 

the pad. Occasional tracheae are visible, not all of them in lacunae. 

Third day - Molting fluid fills the space formed by the sepa

ration of the epidermis from the endocuticle. The fluid was ohserved 

more satisfactorily on the fourth day and will be discussed in that 

section. 

Fourth day - The wing pad of the fifth instar nymph becomes 

increasingly opaque as it develops within the cuticle of the fourth 

instar nymph. The nuclei are now very closely packed and in many 

areas the nuclei are two deep between, the middle membrane and the 

cuticle (fig. 6). The inner groups of cells containing these nuclei 

do not actually form a second cell layer but become involved in the 

folds of the developing wing pad. Many cells are curved and elongated 

toward the middle membrane and contain nuclei in their basal halves. 

The nuclei are either circular, oval or elongated as they were earlier 

in the instar. 

The molting fluid is found in relatively large volume in the 

fourth and fifth instars (figs, 7, 11). It appears at the beginning 

of the third day and is evident up to the last day in both instars. 

This volume contrasts with the small quantity - no more than a thin 

film - observed by Wigglesworth (1933) in Bhodnius prolixus Stal 

and the absence of the fluid in Locusta migratoria (L.) (Duarte, 1939). 

Lying between the epidermis and the endocuticle, the molting fluid is 

coarsely granular and similar in color to the endocuticle. It contains 

small particles less than 1̂  in diameter which appear deep blue under 



Fig. 5 Transverse section of the forewlng pad on the second 
day of the fourth instar showing the migration of 
several nuclei toward the middle membrane. C.800x) 

Fig. 6 Transverse section of the hindwihg pad on the fourth 
day of the fourth instar showing closely apposed 
epidermal cells and nuclei, Molting fluid and 
lacunae are evident. (128x) 

Fig. 7 Transverse section of the forewing pad on the fourth 
day of the fourth instar showing the laminated endocut-̂  
icle and unidentified large particles in the granular 
molting fluid. The polygonal and elongated chromosomes 
are illustrated. (1280x) 
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phase contrast after staining with Masson's trichrome. They were hot 

visible when chromium-hematoxylin was used although the stain was 

employed partly to deterinine if neurosecretory deposits existed in 

the wing (Wigglesworth, 1956). 

A maximum of eight lacunae is now conspicuously outlined by 

the basement membranes of the lengthened and curved epidermal cells 

(fig. 6). These blood-filled spaces, formed in the central portion 

of the wing by the separation of opposed cells, are circular or 

elongate in transverse section and measure 8 to 50ptlong. 

The laminated endocutide doubles in thickness during the 

first four days of this instar but no change occurs in the exocuticle 

(fig. 7). The new procuticle does not become differentiated until 

the fifth day. The wing pad of the fourth instar nymph increases in 

thickness by approximately 25% until the fourth day of development 

due to a combination of cutlcular thickening, cell division and 

elongation, and epidermal folding. 

Fifth Instar 

This wing pad differs from that of the fourth instar primarily 

in its larger size. 

Second day - The nuclei are tightly packed and round or oval, 

but not elongated to the degree found in the second day of the pre

ceding instar. They also are displaced toward the middle membrane. 

The bases of many epidermal cells are drawn out into curved processes 

around the periphery of lacunae but the remaining portions of the cells 

are lengthened only slightly. 
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Third day - The molting fluid appears in the space formed as the 

epidermis separates from the cuticle and is darker near the cuticle. 

Epidermal cells and nuclei are beginning to elongate and lacunae are 

forming (fig. 8). In place of the middle membrane, numerous sections of 

the wing contained a central strip, 10 to 12n wide, that stained 

slightly darker than the epidermal cells. Marshall (1915) observed a 

similar zone in a caddisfly, Platyphylax (=Hesperophylax) designatus 

Walker. In Melanoplus, the strip is probably a temporary thickening of 

the basal areas of the epidermal cells rather than a membrane since the 

middle membrane is generally 2 to 3/4 wide. Although a middle membrane 

apparently consists of two opposed basement membranes, its width is 

greater than the sum of typical basement membranes, which are usually 

0.5/mwide or less (Locke, 1964). More inter- or intracellular structures 

may be involved than two simple basement membranes and, if so, basement 

"boundary" rather than "membrane" may be the more appropriate term. 

The anterior lacunae appear before the posterior in the distal 

portion of the wing pad. Hemolymph does not always adhere well to 

the slides and thus may not be seen in all lacunae. Tracheae were 

occasionally observed just inside the borders of lacunae and epidermal 

cells typically surrounded many of the tracheae. 

Blood cells, occasionally observed in sections of all instars, 

were viewed best in wings squashed in acetocarmine. The hemocytes 

are extremely abundant during the first half of each instar. They 

are spindle-shaped and pycnotic but do not show nuclei or cytoplasmic 

envelopes. Occasionally, circular hemocytes were observed that 



Fig. 8 Transverse section of the forewing pad on the third 
day of the fifth instar showing the elongated cells 
and nuclei. Two lacunae are visible and a dark strip 
appears in place of the middle membrane. (512x) 

Fig, 9 Transverse section of the hindwing pad on the fourth 
day of the fifth instar showing the separation of the 
epidermis from the cuticle. The procuticle, attenuated 
cells, lacunae and molting fluid are evident. (800x) 
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contained granular inclusions and what appeared to be a nucleus 

with a granulated membrane. Although these cells match the cystocytes 

of Jones (1962), the spindle-shaped hemocytes in Melanoplus could not 

be identified. 

Fourth day - The new procuticle is visible above the epidermis 

of the developing adult wing and is thickest near the wing base and 

in the folds (fig, 9). The epidermis becomes twisted and distorted, 

apparently as a result of its growth within the confines of the 

secreted adult procuticle. The molting fluid is very apparent and 

the degraded endocuticle appears as a thin band in many areas. In 

a transverse section measured at the longitudinal midpoint of the 

wing pad, as many as 18 lacunae were present, ranging from 11 to 50̂ i 

across their greatest dimension. 

The epidermal cells in various stages of the fourth and fifth 

instars do not always possess definitive boundaries, so that the 

nuclei then appear to lie in a syncytium. However, boundaries of 

the long, distorted cells are evident as dark, narrow processes ex

tending to the middle membrane. The membrane's width often was four 

or five times greater than the cell boundaries. The epidermal cells 

near the base of the wing and in surrounding muscle tissue have better 

defined borders and approach a cuboidal shape. 

Fifth day - Many nuclei are displaced toward the middle mem

brane, while others lie adjacent to the cuticle (fig, 10). Attenuated 

epidermal cells and elongated nuclei are especially evident in deep 

folds. The major axes of these nuclei (12jjt) often measure four times 



Fig. 10 Transverse section of the forewing pad on the fifth 
day of the fifth instar illustrating the procuticle, 
attenuated epidermal cells and displaced nuclei. A 
trachea is shown surrounded by nuclei. (800x) 

Fig. 11 Transverse section of the forewing pad on the sixth 
day of the fifth instar showing the attenuated cells 
of the folded epidermis. The large quantity of 
granular molting fluid is evident. (128x) 

Fig. 12 Transverse section of the hindwing pad on the sixth 
day of the fifth instar showing the columnar and 
cuboidal cells in the folded epidermis. The lacunae 
appear elongated due to an imperfect transverse 
section. (128x) 
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longer than their minor axes (3p), the latter equaling the width of many 

of the epidermal cells. One or more vacuoles are visible in most of 

these attenuated cells. The increasingly spongy appearance of the wing 

pads contrasts markedly with the extremely thin condition at the begin

ning of this instar. This is produced by the elongation and basal 

attenuation of cells and by wing folding. The developing adult wings 

now account for approximately 75% of the wing-pad thickness and are 

easily removed intact .from the fifth-instar cuticle. 

Sixth day - A difference is now evident between the cellular 

morphology of the fore- and hindwings. The epidermal cells in the de

veloping forewing may still be as long as 50/4 and cell processes are 

still present in many places (fig. 11). The maximum thickness of the 

adult forewing is 170̂ . The number of elongated epidermal cells in the 

developing hindwing is reduced and, although obviously crowded, the cells 

are more columnar or cuboidal (fig. 12). Cell elongation occurs at folds, 

but the cellular processes are not as common as they are in the forewing. 

The maximum thickness of the developing adult hindwing is 120 ft. 

The wing veins are formed around the lacunae. The thickened 

epidermal walls of the lacunae result in slight dorsal and ventral 

protuberances of the new cuticle - evidence of the veins in the future 

adult wing. Tracheae are present in the majority of the lacunae. 

Molting fluid is still present in large quantity in the forewing pad 

(fig. 11). In some areas of the hindwing pad (fig. 12), the endocuticle 

has completely disappeared so that the folded adult wing is essentially 

free within the fifth-instar cuticle. 
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Eighth day - Changes are evident in the nuclear and cytoplasmic 

content of a number of cells in the hindwirig. Up to this point, the 

chromosomes are invariably circular, polygonal or elongated to varying 

degrees. On the eighth day, occasionally on the seventh, the chromo

somes in various nuclei begin to appear as numerous, minute granules 

(fig. 13). The cytoplasm also becomes granular, although less dense, 

especially between the nucleus and cuticular boundary. The nuclear mem

brane is discontinuous or lacking and it appears as if the nuclear 

contents are being discharged into the cytoplasm. Wigglesworth (1942) 

discussed the appearance of chromatin droplets in insect tissue and 

postulated that they arose from the breakdown of entire nuclei. Al

though they are generally in droplet form, smaller granules like those 

found in Melanoplus have occasionally been reported. The maximum 

density occurs at the time of greatest mitotic activity, although in 

Melanoplus the granules appear after mitosis has ceased. Wigglesworth 

(1942) suggested that excessive mitotic activity results in superfluous 

cells that eventually disintegrate. Perhaps a similar process occurs in 

the brachypterous form of this grasshopper. Very few cells in the fore-

wing are observed in this condition (fig. 14). Many cells in the folded 

areas are elongated and distorted as they were earlier in the instar. 

At this point, the procuticle of the forewing becomes differentiated 

into an exo- and endocuticle. 

Adult 

Sections were made before ecdysis was completed and thus before 

tanning and sclerotization had occurred. Epidermal cells remain in 



Fig. 13 Transverse section of the hindwing pad on the eighth 
day of the fifth instar showing the presumed chromato-
lysis. The granules are most dense nearest the 
procuticle. (800x) 

Fig. 14 ' Transverse section of the forewing pad on the eighth 
day of the fifth instar showing both the cuboidal and 
elongated epidermal cells. Cell processes occur in 
epidermal folds. (800x) 
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the forewiixg although a middle membrane is not evident, and the basal 

ends of many cells are drawn out into processes in areas where the 

wing is thickest (fig. 15). The ratio of length to width is approx

imately 3:1 for attenuated and elongated cells. Most nuclei are 

adjacent to the cuticle and not displaced toward the base of the 

cells. They are circular or oval as during wing development. 

Longitudinal sections made of the adult forewing, or tegmen, 

one day after ecdysis show that the epidermal cells are generally 

cuboidal and only occasionally attenuated or elongated (fig. 16). 

The basement membrane is relatively thick where it forms the boundaries 

of a vein. In transverse sections of wide areas of the forewing, the 

nuclei are not always adjacent to the cuticle as they were in the 

wing sampled before ecdysis; some are intermediate in position between 

the cuticle and basement membrane. The cuticular thickness of the 

tegmen varies considerably: the exocuticle ranges from 1 to 16̂  

and the endocuticle from 1 to 5ft. The maximum thickness occurs around 

the large veins, where aggregations of spicules up to 7\* long are 

occasionally found. 

Serial sections indicate that epidermal cells remain in the 

cuticular membrane between the veins of the tegmen (fig. 15). Because 

sections of the hindwing were generally unsatisfactory, the hindwing 

was cut in half transversely and stained for three days in acetocarmine. 

The stain thus penetrated the wing veins as well as the membranous 

areas between them. Only scattered, nuclei were found in these cuticular 



Fig. 15 Transverse section of the tegmen just after ecdysis 
and before sclerotization and tanning have occurred. 
Shown are tracheae, hemolymph, hemocytes and elongated 
epidermal cells. (128x) 

Fig. 16 Longitudinal section of the tegmen one day after ecdysis 
showing the cuboidal epidermal cells and occasional 
processes. (320x) 

Fig. 17 Cuticular plaques in the third, fourth and fifth instars. 
The "shingled" rows of plaques in the fourth and fifth 
instars are shown along with an oblique view of three 
projections near the base of the wing pad in the fourth 
instar. Third instar, a; fourth instar, b; fifth instar, 
c. (128x) 
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areas and some areas contained none at all. Although ruptured veins 

may have been responsible for some of these nuclei, groups of three 

to six nuclei occurred in many undamaged areas. This condition 

suggests that a majority of the epidermal cells degenerate in the 

hindwing unless they are involved in the venational structure. 

Modifications of the Cuticular Surface 

The structural changes in the cuticle are shown in fig. 17. 

The cuticular surface of the hotal plates is sculptured into flat, 

adjoining polygonal plaques during the first three instars. Asym

metrical hexagonal plaques are the most common. The areas of the 

2 
plaques in the third instar range from approximately 40 to 130)4 . 

They are similar in size to those on the body of Rhodnius (Wigglesworth, 

1940). However, the plaques in the latter are mounds of smooth cuticle, 

separated by varying distances. Wigglesworth (1933) observed that 

generally one oenocyte underlies each plaque. Although no oenocytes 

were.identified in the wings of Melanoplus. one epidermal cell generally 

corresponded to one plaque in the third instar. Because the plaques 

2 
ranged from 40 to 130p , this ratio may not always hold true. 

In the fourth instar, most of the cuticular surface changes 

to "shingled" rows of plaques that possess a maximum of five sides 

2 and range from 50 to 70ja in area. A projection or spicule up to 

several microns high occurs on each plaque and these structures in

crease in height toward the base of the wing. 

The boundaries of the shingled plaques in the fifth-instar 

cuticle are less distinct than in the fourth instar, especially near 
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the perimeter of the wing. The areas of the plaques range from 45 to 

2 
90fi and the projections are highest in the marginal and proximal 

areas of the wing. 

In the brachypterous adult, vestiges of shingled rows remain 

only along the margins and on the surface of the hindwing veins. 

Sharp projections are irregularly spaced 2 to 10̂  apart. Generally 

they are less than 3̂  high but attain a height of 15fx near the wing 

base. The projections grade toward flattened, pebble-like structures 

2 
in the distal portion of the wing and attain an area of 25fi at the 

apex. 

The tegmen of the short-winged form bears rows of shingled 

plaques over its entire surface. The areas of the plaques range from 

2 
64 to 225n , with the largest occurring in the proximal part of the 

wing. The projections range from 8 to 15̂  apart, so that each plaque 

contains one, and occasionally two. The plaques, rather than the 

2 
projections, narrow to pebble-like structures of 25/jt or less at the 

wing apex. Further, the plaques on both wings are stippled and out

lined with small nodules or tubercles less than 1̂  in diameter and 

1 to 2p. apart. Nodules were hot observed at the tip of the hindwing. 

In the macropterous adult, the hindwing bears shingled plaques 

only at its base and on the large veins. These indistinct plaques are 

most readily seen adjacent to veins and their sizes range from 225 to 

2 3 2 4 .  Pr o j e c t i o n s  a r e  s p a c e d  5  t o  2 0 ^  a p a r t  e x c e p t  a t  t h e  a p e x  o f  

the wing, where they are regularly spaced 20/* apart. Pebble-like 

structures do not occur on the hindwing. 
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The tegmen of the long-winged form bears shingled plaques 

2 
varying in area from approximately 81 to 400/4 . The largest plaques 

are at the distal end of the wing. Projections range from 5 to 18/u 

apart and up to 4/A high. They are more regularly spaced than the 

projections in the hindwing and are farthest apart distally. Each 

plaque usually contains one, or occasionally two or three, projections. 

The modification of plaques to shingled rows (fig. 17) with 

the advent of the first wing pads may be a manifestation of a change 

in the secretory nature of the active, epidermal cells. The density 

of the shingled plaques appears to be greater than that of the cells. 

However, it is possible that the plaques are formed immediately after 

the major mitotic activity has ceased, when the new cells are smaller, 

closer and more orderly arranged. The paucity of plaques on the hind-

wing may be additional evidence of cellular degradation between veins 

as discussed earlier, or it may result from cuticular stretching which 

has essentially obliterated the boundaries of the plaques. 

Mitotic Activity 

All four wing pads of each specimen were removed in order to 

record individual variations in mitotic frequency. It was assumed 

that there was little or no effect on mitotic activity following this 

treatment, since successive wings in many individuals showed increases, 

decreases or no change over the first wing sampled. For example, a 

burst of activity was disclosed in several specimens when the first 

wing pad was sampled. Two to 4 hr later, maximal activity was occurring 
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in the second and third wing pads, while 6 hr later the mitotic activity 

in the fourth wing pad had decreased almost to the initial level. 

The periods of major mitotic activity during each instar vary 

in length, number, intensity and time of occurrence after ecdysis. 

The number of mitotic figures observed in wing squashes was extremely 

low at all times. Although the wings were sampled every 2 hr, the 

maximum number of nuclei in metaphase, anaphase and telophase at any 

one time was less than 2% of the total number of nuclei in a wing pad. 

Nevertheless, mitotic activity is a continuing process and not a single, 

brief event. Wing squashes containing no mitoses were frequent, even 

though others of identical age may have shown a relatively large 

number. The average numbers of mitotic figures observed every 2 hr in 

the wing pads of the third, fourth and fifth instars are shown in 

fig. 18. In the third instar, cell division began 26 hr after ecdysis 

and continued to the 42-hr point. A maximum of six mitoses occurred 

in the 32-hr sample. 

The four major mitotic bursts in the fourth instar together 

encompassed a greater number of hours and included a larger number of 

mitoses than the single period in the previous instar (fig. 18b). 

Mitotic activity began 48 hr after ecdysis and continued at varying 

levels until 66 hr. The first major period, 50 to 52 hr, involved 

a maximum of 24 mitoses at 50 hr. The levels of mitotic activity 

from 54 to 66 hr ranged from two to 14 mitoses, the latter occurring 

in the second period at 64 hr. 



Fig, 18 Average mitotic activity observed during development 
of wing pads. Data from squashes were obtained at 
consecutive 2-hr intervals after each, ecdysis. 
a. third instar b. fourth instar .c. fifth, instar. 
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Mitotic activity resumed at 72 hr and terminated at 128 hr, 

fluctuating between zero and 29 mitoses. The majority of mitoses 

during this span were recorded in the third period at 74 hr and in 

the fourth period at 114 hr. A maximum of 19 mitoses was found at 

74 hr and the maximum for the fourth instar, 29, occurred at 114 hr. 

There were many peaks of mitotic activity during the develop

ment of the adult wing in the fifth instar, and the total number of 

mitoses was more than twice that of the fourth instar. An extremely-

long period (10 hr) and one shorter period (4 hr) contained the bulk 

of the mitoses (fig, 18c). The first mitotic activity was recorded 

34 hr after ecdysis and continued at fluctuating levels until 88 hr. 

The first major period lasted from 44 to 54 hr after ecdysis, with a 

maximum of 68 mitoses at 50 hr. The next largest number of mitoses, 

65, formed a second period from 56 to 60 hr. No mitoses were observed 

from 88 to 90 hr after ecdysis. Following this interval mitotic 

activity continued until the 116-hr period. The maximum number of 

nuclear divisions during this time was 13 at 102 hr. 

The maximum number of mitoses at any specific time during 

development was 60 to 190% higher than the average. For example, 

the greatest mitotic activity during wing growth, based on averages, 

consisted of 68 mitoses in the wing of the adult 50 hr after ecdysis 

in the fifth instar. The number of mitoses that composed this average 

ranged from 45 to 109. 

The sum of the average number of mitoses observed in the third, 

fourth and fifth instars, during consecutive 24-hr periods, is shown 
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in table 1. In the pad of the third instar, the 25?- to 48-hr period 

contained all the mitotic activity. The interval between 49 and 72 hr 

included the greatest amounts of mitotic activity in the pads of the 

fourth and fifth instars. The next highest peaks of activity occurred 

from 97 to 120 hr and 25 to 48 hr in the pad of the fourth and fifth 

instars, respectively. 

It is not known why extremely low numbers of mitoses were 

observed even during maximum activity. Generally, mitosis lasts from 

30 minutes to 3 hr (Brachet and Mirsky, 1961). In the neuroblast of 

the grasshopper, Chortophaga viridifasciata (De Geer), the inter-

mitotic period lasted 27 minutes and mitosis continued for 181 minutes. 

Metaphase, anaphase and telophase lasted 13, 9 and 57 minutes, respec

tively (Brachet and Mirsky, 1961). Mitosis may occur very rapidly in 

Melanoplus and thereby account for the substantial cellular increase. 

Increase in Cell Number 

The difficulty in determining cell boundaries made it necessary 

to utilize nuclei to estimate the cell increase during the growth of 

the forewing pad in the third, fourth and fifth instars. Table 2 shows 

the total number (rounded off to the nearest 50), the increase and 

the percent increase in number of nuclei recorded in the forewing at 

consecutive 24-hr intervals. 

The posterolateral portion of the mesonotum in the third instar 

forms the basis of the future forewing pad in the fourth instar. It 

contained approximately 2,000 nuclei at the beginning of the third 

instar. Most of the nuclear increase occurred between 24 and 48 hr, 
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Table 1, Sum of the average number of mitoses'observed In squashes 
of wing pads of the third, fourth and fifth instars during 
consecutive 24-4ir periods after ecdysis, 

Wing 

Hours after ecdysis 3rd instar 4th instar 5 th. instar 

0-24 0 0 0 

25-48 21 3 91 

49-72 0 84 254 

73-96 0 38 69 

97-120: 0 67 44 

121-144 End of instar 0 0 

145-168 End of instar 0 

169-192 0 

193-204 0 

End of instar 



Table 2. Total number, increase in number and percent increase of nuclei in the 
forewing pads of the third, fourth and fifth instars. Nuclear counts 
were made at consecutive 24-hr intervals and are rounded off to the 
nearest 50. 

Number of nuclei 

Third instar Fourth iristar Fifth instar 

Hours 
after % % % 
ecdysis Total Increase Increase Total Increase Increase Total Increase Increase 

0 2,000 — - 2,900 — 7,450 — — 

24 2,050 50 2.5 2,900 0 0.0 7,500 50 0,7 
48 2,650 600 29.2 3,250 350 12.1 10,500 3,000 40.0 
72 2,800 150 5.7 4,800 1,550 47.7 16,300 5,800 55.2 
96 2,800 0 0.0 5,650 850 17.7 19̂ 750 3,450 21.2 
120 End of instar 7,250 1,600 28.3 22,850 3,100 15,7 
144 Total Increase - 800 7,250 0 0.0 22,900 50 0,2 
168 % increase - 40 .0 End of instar 22,800 0 0,0 
192 Total increase - 4,350 22,850 0 0.0 
216 % increase - 150, .0 22,750 0 0.0 

End of instar 
Total increase - 15,450 
% increase - 207,4 
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during which time 600 additional nuclei were recorded. At the end of 

the third instar, the developing wing pad of the fourth instar was 

composed of 2,800 nuclei, a 40,0% increase. 

Immediately after ecdysis in the fourth instar, 2,900 nuclei 

were obseirved and no increase was recorded until the 48-hr count. 

However, there were 100 more nuclei noted at ecdysis than were ob

served at the 96-hr point in the third instar. The lower number at 

the latter time was probably due to the concealment of nuclei by the 

thick, convoluted procuticle, Two major increases in nuclei were 

recorded 1,550 between 48 and 72 hr, and 1,600 between 96 and 120. 

hr. By the last day, the future forewing pad of the fifth instar con

tained 7,250 nuclei for a total augmentation of 4,350 nuclei, a 

150.0% increase. 

In the forewing pad of the fourth instar, the nuclear number 

at 144 hr differed from that at ecdysis at the start of the fifth. 

This disparity again was probably due to the concealment of nuclei by 

the procuticle late in development during the fourth instar. After 

the first 24-hr period there was an extremely large increase of nuclei, 

which reached a maximum number of 5,800 in the 48- to 72-hr period. 

Large numbers of nuclei were produced during the following two intervals 

until nuclear proliferation terminated after 144 hr. The relatively 

thick procuticle concealed nuclei at the 168-, 192~ and 216-hr periods, 

causing slight fluctuations in the numbers recorded. The developing 

forewing of the adult contained a maximum of 22,900 nuclei, an increase 

of 15,450 or 207.4% since ecdysis. 
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In fig. 19, the average number of mitoses observed every 2 hr 

in the fore- and hindwihgs of the third, fourth and fifth instars is 

summed for successive 24-hr periods after ecdysis. The increase in 

the number of nuclei in the forewing pads at the same 24-hr intervals 

is similarly plotted. The number of mitoses during each period was 

extremely low in relation to the increase in nuclei. A maximum of 

5.4% of the nuclear increase, which occurred between 48 and 72 hr in 

the wing pad of the fourth instar, was accounted for by mitoses. 

However, the time and relative increase of mitoses correspond exceed

ingly well with the nuclear increase during each instar. Only in 

the wing of the fifth instar, between 72 and 144 hr, did the mitotic 

rate decrease more rapidly than the number of new nuclei. 

Morphometries of Wing Growth 

Figure 20 (a, b) shows the modified venation and shape of the 

tegmen and hindwing of the short-winged adult. In some tegmina, the 

elongated, pointed apex forms up to 20% of the length. The major 

veins and crossveins are extremely thick and are extensively fused 

in the proximal area. Figure 20 (c, d) illustrates the tegmen and 

hindwing of the long-winged adult. No attempt was made to trace the 

origin of the veins. 

Figure 21 shows the change in average length and width of the 

forewing, the hindwing and the metathoracic femur just after ecdysis 

in the third, fourth and fifth instars and in the adult. The postero

lateral parts of the meso- and metanotum (from which the fore- and 

hindwing pads of the fourth instar develop) were each 0.3 mm long at 



Fig. 19 The average number of mitoses observed every 2 hr in 
the fore- and hindwihgs of the third, fourth and fifth 
instars is summed for consecutive 24-hr periods after 
ecdysis. The increase in the number of nuclei recorded 
in the forewing at the same 24-hr intervals is also 
plotted for comparison. 
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20 Left teginina and hindwihgs of brachypterous and 
macropterous adults. The length and width of the 
wings were measured between points a-b and c-d, 
respectively, Brachypterous: tegiuen (24x) , a; 
hindwing (24x), b. Macropterous: tegmen (10x), 
c; hindwing ClOx), d. 
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Fig. 21 Average length imd width of the forewing, hindwing 
and metathoracic femur just after ecdysis in the 
third, fourth and fifth instars and in the adult, 
a, length b, width. Hindwing: macropterous, Mh; 
brachypterous, Bh. Forewing: macropterous, Mf; 
brachypterous, Bf. Femur: macropterous form, 
Mfm; brachypterous form, Bfm. 
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ecdysis in the third instar. The wing pads in the third instar de

veloped equally, resulting in nearly a 500% increase in length in 

4.5 days. However, the irate of growth in the hindwing pad of the 

fourth instar was less than that of the forewing pad and resulted 

in only a 57% increase in length in 5,5 days. The forewing continued 

at a higher rate and eventually increased 120% in length. 

The large increase in the length and width of the wings, 

leading to the macropterous form, occurs during the fifth instar. 

There was no external difference in the length of the wing pads 

nor were there obvious morphological characteristics indicating which 

nymphs would be long- or short-winged. In the brachypterous form, 

the adult hindwing increased in rate of growth relative to that of 

the wing pads of the two previous instars, to result in an 85% 

increase in 8.5 days and an average length of 4.1 mm after meta

morphosis. The forewing elongated at a greater rate than the hind

wing and terminated with an increase of 145% and an average length 

of 7.6 mm. Because no morphological differences were noted between 

short- and long-winged forms during wing development, lines repre

senting growth of the latter diverge only during the fifth instar 

(fig. 21a). The forewing grew very rapidly and increased 455% in 

length in 8.5 days to attain an average length of 17.2 mm. The hind

wing grew even more rapidly and increased 645% to result in an average 

length of 16,4 mm. The growth in length of the metathoracic femur 

did not parallel that of the wings. After an initial spurt of growth 

during the third instar, increase in length remained relatively constant. 
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Figure 21b shows the average widths of the fore- and hindwings 

when measured just after ecdysis in the third, fourth and fifth instars 

and in the adult. In contrast to the equal elongation of the wing 

pads in the third instar, the fore- and hindwings did not increase 

in width at equal rates. During the third instar, the hindwing in

creased in width 233 and the forewing 67% in 4,5 days. In 5.5 days* 

a 100 and a 40% increase in width occurred in the fore- and hindwing 

pad in the fourth instar. In the fifth instar, the developing 

brachypterous hindwing increased only 79% in 8.5 days to reach a 

width of 2.5 mm. However, the forewing increased 135% during this 

period to attain a width of 2.9 mm. In the case of macropterous 

adults, the developing hindwing increased 579% to a width of 9.5 mm, 

whereas the forewing grew only 370% to a width of 4.7 mm. 

When growth in length and width of both wings is compared in 

the brachypterous form, it is very similar in pattern although dif

ferent in rate (fig, 21a, b). To illustrate, the rates in the hind

wing pad in the fourth instar decreased both in length and width 

as compared to those in the third instar. The rates in the forewing 

pad in the fourth instar increased in length and width over those of 

the previous instar. Further, both the width and length of the fore-

and hindwing in the fifth instar increased at greater rates than 

wing pads of the previous instar. Rates between successive instars 

were not similar, for the forewing grew at a more rapid rate than the 

hindwing in all cases except for the width increase in the third instar. 

In the longT-winged form, the plots of growth in length and width in 
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the hindwiiig of the adult are essentially parallel. However, the 

increase in width of the forewing does not parallel its increase 

in length. 

Table 3 shows the percent increase in relative area of the 

wings between successive instars. The notal area of the third instar 

was assigned the arbitrary value of one. When growth had ceased, 

the relative areas of the tegmen and hindwing in the brachypterous 

adult were 88,1 and 55.2, respectively. The relative areas of the 

tegmen and hindwing of the macropterous adult were 325.0 and 662.4, 

respectively. The increase in area of each wing pad was similar 

during development until the wings of the adult began to form. A 

500 and 760% increase in area had occurred in the fore- and hindwing 

pads by the beginning of the fourth instar. The areas of both wing 

pads in the fifth instar increased to a lesser extent, the forewing 

increasing by 292% and the hindwing by 154%. The developing tegmen 

of the brachypterous form increased 275% in area and the hindwing 

grew 153% in area. In the macropterous form, the areas of the fore-

and hindwing increased 1,283 and 2,925%, respectively. 

Tables 4 and 5 contain statistical analyses of the growth in 

length of the hindwing and forewing pads on the growth in length of 

the metathoracic femur. To obtain the average length of the wing pad 

during the development of each instar, the lengths in two successive 

instars, taken just after ecdysis, were combined. The regression 

coefficient, by.x, ranges from 0.32 in the fore- and hindwing of the 

third instar to 3.42 in the forewing of the fifth instar destined to 



Table;3. Percent increase in relative area of the wing pads of 
the fourth and fifth instars and of the adult wings when 
measured immediately after ecdysis. Shortwinged, sw; 
longwinged, lw. 

Beginning of: 

3rd instar 
Mesonotal flap 
Metanotal flap 

4th instar 
Forewing pad 
Hindwihg pad 

Relative area % increase in area 

1.0 
1.0 

6 . 0  
8 . 6  

500 
760 

23.5 
21.9 

292 
154 

88.1 
55.2 

275 
153 

325.0 
662.4 

1,283 
2,925 

5th ins tar 
Forewing pad 
Hindwing pad 

Adult - sw 
Tegmen 
Hindwihg 

Adult - lw 
Tegmen 
Hindwing 



Table 4, Statistical analysis of growth in length of the forewing pad on the metathoracic 
femur. To obtain the average length during development, the lengths in two 
successive instars, taken just after ecdysis, were combined. All values were 
combined to produce an average for total growth. All tests are at the 5% level 
of significance. 

Stage of development 

Fifth Fifth 
Third Fourth instar instar Instars combined 
instar instar (brachyp- (macrop- (brachyp- (macrop-

Statistic terous) terous) terous) terous) 

Average length of forewing y 
Average length of femur x 
Regression coefficient by.x 
95% confidence interval 
Rectilinear variates 

Variance s2y,x 
Correlation coefficient r 
Significant 

0,84 2.28 5,46 
5,62 7,97 9.44 
0.32 0.94 1.78 
±0,05 ±0,31 ±1.44 
Yes No Yes 
0,01 0,61 5,15 
0,97 0,69 0.65 
Yes Yes Yes 

10.30 3.23 5,52 
10.00 7.58 7,90 
3.42 1.15 2,05 

± 1.14 ±0,34 ±0,89 
Yes Yes Yes 
11.43 2.47 12.31 
0.91 0,88 0.85 
Yes Yes Yes 



Table 5, Statistical analysis of growth in length of the hindwing pad on the metathoracic 
femur. To obtain the average length during development, the lengths in two 
successive instars, taken just after ecdysis, were combined. All values were 
combined to produce an average for total growth. All tests are at the 5% level 
of significance. 

Stage of development 

Fifth Fifth 
Third Fourth instar instar Instars combined 
instar instar (brachyp- (macrop- (brachyp- (macrop-

Statistic teroiis) terous) terous) terous) 

Average length of hindwing y 
Average length of femur x 
Regression coefficient b x 
95% confidence interval 
Rectilinear variates 

Variance s y.x 
Correlation coefficient r 
Significant 

0.84 1.81 3.33 
5.62 7.97 9.44 
0.32 0,44 1,22 
±0.05 ±0,55 ±0.71 
Yes No Yes 
0.01 0.24 1.39 
0.97 0,63 0,76 
Yes No Yes 

9.38 2.13 5,11 
10,00 7,58 7,90 
3.29 0.60 1,93 
±1,33 ±0,21 ±1,10 
Yes Yes Yes 
15.70 1,46 17.21 
0.87 0,78 0,82 
Yes Yes Yes 
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be a macropterous adult, and is higher in the forewlng of each instar 

than in the hindwing, The combined data for all instars produce a 

by.x for total growth, ranging from 0.60 in the hindwing of the 

brachypterous form to 2.05 in the forewlng of the macropterous form. 

Significant differences at the 5% level occur between all 

combinations of by.x in the brachypterous form except the following: 

forewing, fourth instar vs. fifth instar (0.94 vs. 1,78); hindwing, 

third instar vs. fourth instar (0.32 vs. 0.44) and fourth instar vs. 

fifth instar (0.44 vs. 1.22). 

Joly (1954) measured the growth in length of the developing 

wings against that of the hind femur in Locusta. His finding that 

by.x decreased in each succeeding instar after the third contrasts 

markedly with the increase in by<x for each instar of Melanoplus 

(tables 4, 5). Joly also determined that there were significant 

differences at the 5% level between by.x of the last three instars 

(fourth, fifth and sixth). In the third, fourth and fifth (macrop

terous) instars of Melanoplus. only the by>x for the hindwing of 

the third instar vs. that of the fourth were not significantly 

different. 

The 95% confidence intervals are listed for all values of 

by,x (tables 4, 5). Using the F-test at the 5% level, all variates 

are rectilinear except those in the fourth instar. These values of 

by,x, 0.44 and 0.94, appear to be simply random deviations from zero 

and indicate ho relationship between length of the wing and femur. 

The correlation coefficient, r, ranges from 0.63 in the hindwing pad 
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of the fourth instar to 0,97 in both wing pads of the third instar. 

All r values are significant at the 5% level except in the hindwing 

pad of the fourth instar. Shotwell (1941) found r values ranging 

from 0.56 to 0.65 between the hind femur and teginen in Melanoplus 

sanguinipes (Fabr.), a macropterous species. Including both forms 

of H. lakinus. r for total growth ranges from 0.78 to 0.88 (tables 

4, 5). The maximum growth of the hind femur of M. sanguinipes occurs 

in the last (fifth) instar, whereas in M. lakinus, maximum growth 

takes place in the third and fifth (macropterous form) instars 

(fig. 21a). 

The regression lines of the growth in length of the fore-

and hindwing pads on the length of the inetathoracic femur are shown 

in fig. 22. A progressive increase in slope is evident as the length 

of the wing increases at a greater rate, relative to the femur, 

during each instar. The drastic increase in length to form the 

tegmen and hindwing of the macropterous adult is well illustrated. 

Figure 23 shows the deviation from simple allometric growth 

in length of the fore- and hindwing relative to the metathoracic 

femur. The coefficient of allometry, k, when plotted over time, 

should remain constant if simple allometry occurs. Although k for 

the forewing approaches this condition between the third and fifth 

instars, it decreases in the hindwing. The k of both wings of the 

short- and long-cringed forms increases substantially following this 

period, the hindwing of the macropterous form showing the greatest 

increase. 



Fig. 22 Regression lines of the growth in length of the fore-
and hindwing pads on the length of the inetathoracic 
femur. To obtain the average length during develop
ment, the lengths in two successive instars, taken 
just after ecdysis, were combined. The regression 
coefficients were taken from tables 4 and 5. a. 
forewing b. hindwing. Instar; third, 3i; fourth, 
4i; fifth (brachypterous adult), 5i(b); fifth (macrop-
terous adult), 5i(m) . 
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Fig. 23 Change in the coefficient of allometry of the fore-
and hihdwing pads of the third, fourth and fifth 
instars. Measurements were made of the growth in 
length of the wing relative to that of the metathoracic 
femur. Hindwing: macropterous, Mh; hrachypterous, 
Bh, Forewing: macropterous, Mf; brachypterous, Bf. 
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Frzibram'srule states that the length of an insect increases 

1.26. times, on the average, during each instar. However, several 

studies have shown that the rule is apparently invalid due to its 

basic presumptions (Agrell, 1964). In Melanoplus, growth in the 

length of the wing pads does not follow Przibram's rule. A 1,57 

minimum increase occurs in the hindwing of the fourth instar and a 

7.45 maximum increase occurs in the hindwing of the fifth instar 

destined to be a macropterous adult. However, the hind femur in the 

fourth instar increases in length by a factor of 1.18, and the re

sulting length (8.5 mm) was not significantly different at the 5% 

level from that (9.1) calculated by Przibram*s rule. In the remaining 

instars, the hind femur increases at a rate significantly greater 

than 1,26, 



DISCUSSION 

The epidermal modifications during the morphogenesis of wings 

are similar histologically in hemi- and holometabolous insects. The 

labile, epidermal cells assume elongated shapes, often through the 

extension of basal portions into processes, only to return to more 

cuboidal forms at the termination of the instar or pupal stage. Nuclei 

are similarly elongated toward the middle membrane. The plasticity 

and general activity of the epidermal cells appear to be greater in 

the Holometabola. For example, Cornstock and Needham (1899) and 

Marshall C1915) observed extremely long, thin processes, separated 

by vacuoles, extending from the nuclei to the middle membrane in a 

coleopteron and a lepldopteran. Waddington (1940) reported a similar 

condition during the prepupal, and most of the pupal stage of Drosophila 

melanogaster Meigen. In a dragonfly, Anax junius Drury, the Moroccan 

locust, Dociostaurus maroccanus (Thunb.), and Melanoplus, the cellular 

processes vary moderately in length but do not reach the proportions 

described for holometabolans. In addition, stellate cells found by 

Comstock and Needham (1899) in a species of beetle do not occur in 

Melanoplus. 

Marshall (1915) and Waddington (1940) noted that the epidermal 

processes extended completely across the wing when the middle membrane 

disappeared during the first and last stages of the pupae of Platyphylax 
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and Drosophila. In Docloataurus. the strands were continuous between 

the epidermal layers in the adult wing (Jannone, 1939), The opposing 

epidermal cells in Melanoplus are continuous at only two stages of 

growth- on the sixth day of the fifth instar and before sclerotization 

of the adult forewing. 

The wandering of nuclei for varying distances toward the middle 

membrane appears to be a common feature during wing development in 

Melanoplus and other insects (Comstock and Needham, 1899; Marshall, 

1915; Jannone, 1939; Waddington, 1940; Holdsworth, 1940, 1942; Richards, 

1951). However, much smaller nuclei, adjacent to the middle membrane 

and of undetermined origin, were reported only by Comstock and Needham 

(1899), Marshall (1915) and Waddington (1940). None was observed in 

the developing wings of Melanoplus. 

Imms (1964, p. 43) stated that "The hypodermis degenerates and 

little trace of its cells remains in the fully hardened wings." The 

work of Holdsworth (1942), Jannone (1939) and Richards (1951), and the 

observations on Melanoplus show that the epidermal cells do not de

generate to any great extent in the forewing or, in some cases, the 

hindwing. This suggests that the wings of the Hemimetabola may generally 

contain living, epidermal cells. 

There have been numerous papers on mitotic activity during 

molting (Richards, 1951), but they have generally involved holometabolans 

and made little reference to cell division in wings. Pohley (1959) 

correlated mitotic activity with the increase in cell number during 

the development of form in the hindwiiig of Ephestia kuhniella Zeller, 
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although his observations were made only every 24 hr, In Melanoplus, 

two important points dealing with mitotic activity are revealed: 

(1) bursts of activity occur, and (2) mitosis begins while the epidermis 

is still attached to the endocuticle and continues at low levels after 

the procuticle appears. 

The four bursts of activity in the fourth instar of Melanoplus 

are relatively widely separated in time when compared to the two in the 

fifth instar (fig. 18). There is no surge of mitotic activity in the 

last half of the fifth instar as there is in the fourth. Perhaps this 

is a characteristic in the development of the brachypterous wing. 

Based on observations in Bhodnius, Wigglesworth (1933, 1963) 

contended that a cell must detach itself from the cuticle in order to 

divide. The time of initiation of mitosis in the wing pads of Melanoplus 

provides an exception. For example, mitosis begins at 34 hr in the fifth 

instar (fig, 18), while the epidermis does not begin to separate from 

the cuticle until approximately 72 hr after ecdysis. Because histological 

preparations were made on a daily basis, separation of the epidermis 

might have occurred between 48 and 72 hr but not have been recorded 

until the latter time. 

Wigglesworth (1933, 1963) also maintained that the deposition 

of the procuticle around the epidermis halts mitosis and restricts 

further differentiation. Duarte (1939) cited several exceptions to this 

procuticular influence on mitosis, including his own observations on 

Locusta. In Melanoplus, mitosis ceases at 116 hr after ecdysis in the 

fifth instar, but the procuticle appears by approximately 96 hr. In 
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summary, it would appear that either a number of epidermal cells became 

separated from the cuticle but were not observed at the time mitosis had 

begun, or separation of cells from the old cuticle is not necessary for 

mitosis to begin in Melanoplus. Moreover, the deposition of the 

procuticle does not appear to limit completely further mitotic activity. 

The fact that mitosis occurs early in the development of the wing pads, 

rather than just before ecdysis as is generally thought, suggests that 

mitotic activity needs further scrutiny before any generalizations 

are made. 

Meiopterism, or wing reduction, in grasshoppers is a phenomenon 

that occurs in numerous species (Uvarov, 1966). More rarely, macrop-

terous individuals appear in varying numbers in normally brachypterous 

species. In North American grasshoppers, Dendrotettix quercus Packard 

is perhaps the best known example (Rehn and Rehn, 1938). There is no 

sexual predominance of macropterism in this species and the difference 

in wing length between the forms is nearly identical with that in 

Melanoplus. Phoetaliotes nebrascensis (Thomas), another grasshopper 

known to be occasionally macropterous, was also reared during the 

present study. Three long-winged forms appeared in a population of 

20 brachypterous adults. 

Experimentally induced variations in wing growth have involved 

only minor changes in length. Barnes (1955) briefly reviewed several 

of these studies on Orthoptera in relation to food, moisture, temperature 

and photoperiod. The hormonal balance of an insect may also affect the 

size and shape of wings. Scharrer (1946) has produced relatively shorter 

wings in adultoid cockroaches by allatectomy. Pfeiffer (1945) implanted 
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corpora allata Into Melanoplus differentialis (Thomas) and found that 

either short or extra-long wings were produced. Sellier (1956) found 

that a hyperactive brain produced a factor that stimulated macropterism 

in a gryllid. Wigglesworth (1934) inhibited metamorphosis in Khodnius 

through parabiosis and produced giant nymphs with correspondingly larger 

wings. Wigglesworth (1963) has recently proposed that the molting 

hormone (ecdysone) does not produce mitosis but instead activates the 

nuclei. Whether they divide or not depends upon their population 

density in the particular tissue, a low density resulting in mitosis. 

Investigators working with endocrine glands in insects have not yet 

duplicated macropterous-brachypterous conditions without producing 

abnormal morphological changes in the body. 

A population containing a high frequency of macropterous M. 

lakinus, unavailable thus far, will be required to determine whether 

the long wings develop from a hyperplastic or hypertrophic condition 

or both. If the former occurs, consistently large numbers of mitoses 

should be readily visible during the first days of the fifth instar 

and an extreme increase in cell number should be evident. If hyper

trophy occurs, the enlargement should take place during the last half of 

the fifth instar when cellular density is high and the procuticle is 

being formed. Bennet-Clark (1963) showed that in Rhodnius the epicuticle 

is the first part of the new cuticle to be deposited and may determine 

the size and shape of the insect. The flexibility of the epicuticle 

may be a major factor limiting the increase in wing length in the 

brachypterous form of Melanoplus. 
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As stated earlier, generally one epidermal cell is associated 

with one plaque in Melanoplus. The wings of macropterous adults contain 

2 
plaques that range from 81 to 400 fi , but plaques on the wings of 

2 brachypterous adults are smaller, ranging from 64 to 225/4 . The 

difference in the size of the plaques may be evidence for hypertrophic 

growth, mediated perhaps by ecdysone or other hormones. Maddrell 

(1965), for example, points out that the epidermal cells in the abdomen 

of Bhodnius are associated with efferent neurosecretory axons. He 

speculates that "epidermal cells may be under more localized endocrine 

control than that afforded by blood-borne hormones." 



SUMMARY AND CONCLUSIONS 

A histological and biometrical investigation was conducted of 

the development of wings in nymphs of the normally brachypterous 

grasshopper, Melanoplus lakihus. Varying numbers of macropterous 

adults also occur, and their frequency can be increased significantly 

by selective mating, Thus far, mating of macropterous forms has in-r> 

creased their frequency from less than 4 to 39% in the generation. 

The wing pads develop during the third, fourth and fifth in̂  

stars. Before the posterolateral notal elongation occurs in the third 

instar, epidermal cells in the nota contain a minimum of cytoplasm, 

Early in the fourth and fifth instars, closely apposed epidermal 

cells become elongated and attenuated and do not return to a columnar 

or cuboidal shape until the last day of each instar, Nuclei elongate 

and migrate toward the middle membrane to varying degrees. The middle 

membrane is present throughout most of the development and often 

reaches 3/a in thickness. Lacunae appear early and are outlined by 

curved and elongated epidermal cells. Tracheae are not always observed 

inside lacunae. A relatively large quantity of granular molting fluid 

appears between the separated epidermis and cuticle. 

When the procuticle is secreted on the last day of the fourth 

instar and in the middle of the fifth instar, the cells become extremely 

distorted from enlargement and epidermal folding. When the cells return 
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to a columnar shape on the last day of the fifth instar, chromatolysis 

appears to occur in some nuclei of the hindwing. The membranous area 

of the wing contains only scattered nuclei whereas a double epidermal 

layer remains in the tegmen and consists of generally cuboidal cells. 

Histological development in Melanoplus differs in several respects 

from that of holometabolous insects. In Melanoplus. the epidermal 

cells are less elongated and not generally continuous from one surface 

to another. 

Polygonal plaques cover the cuticular surface of the wing during 

the first three instars. One epidermal cell generally underlies one 

plaque. The plaques change to "shingled" rows in the remaining two 

instars. Although the tegmina of the short- and long-winged adults 

contain shingled rows of plaques, the hindwings show only remnants. 

Two important characteristics of mitotic activity are revealed: 

(1) mitoses occur in distinct bursts and at fluctuating low levels, and 

(2). mitosis begins while the epidermis is still attached to the endo-

cuticle and continues at low levels after the deposition of the 

procuticle. A mitotic burst could also be followed from its initiation 

to its termination, over a 6-hr period, by successively sampling wings 

of one specimen. 

The total number of nuclei at the onset and completion of growth 

in the forewing pad of each instar and the adult is as follows: fourth 

instar, 2,000 and 2,800; fifth instar, 2,900 and 7,250; adult, 7,450 

and 22,900. Mitotic activity is correlated well with the change in 

nuclear number. 
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There are ho obvious morphological differences between nymphs 

of brachypterous and macropterous adults. The extremely large increase 

in area to form long-twinged adults occurs in the fifth instar. The 

fore- and hindwing of the brachypterous adults increase 145 and 85% 

in length during the fifth instar, and those of the macropterous adults 

increase 455 and 645%, respectively. The regression coefficient, 

by.x, for the length of each wing on the length of the hind femur 

increases at each successive instar, although not all by,x combinations 

are significantly different. The by<x for total growth ranges from 

0.60 in the hindwing of the brachypterous form to 2.05 in the fore-

wing of the macropterous form. Wings of the latter deviate greatly 

from simple allometric growth. 
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