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Abstract:
The variability of A. elliotti embryos from laboratory reared populations of two successive years was
investigated according to stage criteria formulated for this species. Statistically significant differences
were found between these two populations with regard to stage-length, age-length, and age-stage
relationships. In addition, comparisons were made between laboratory reared and wild population
embryos, and between embryos from the same wild population from different years. Statistically
significant differences were found in almost all instances with regard to length-stage relationships in
the various populations. Experiments were conducted to test the requirements for diapause aversion
and termination in this species.

An histological study of the embryogenesis, with emphasis on the neuroendocrine system, revealed the
presence of several structures thought to be new to Acrididian literature. These included paired
peripheral ganglia in the labrum, mandibles, and maxillae, and a single ganglion of paired labial origin
located in the hypopharynx. Investigation showed that the embryological origin of the ventral head
glands was lateral hypoderm between the bases of the mandibular and maxillary appendages (formerly
thought to be the site of corpora allata origin).

The corpora allata appeared to arise from hypoderm near the basal dorsal wall of the anterior tentorial
invagination. Labial glands (salivary glands) arose from lateral hypoderm between the maxillary and
labial segments. All of these incretory organs and the peripheral ' ganglia arose prior to blastokinesis in
A. elliotti as well as in five other Acrididian species examined. The differentiation of giant paired cells
in the region of the protocerebral-optie lobe junctions and in the metathoraeic ganglia was first
observed at Stage 19 when most embryos of A. elliotti entered the diapause state. The giant
metathoraeic cells were found to he present and constant in their position throughout the embryology
and persist in the adult, as well as in the embryos of seven other Acrididian species. The development
and maturation of tissues and organs at all stages during the embryogenesis was described.

Histological comparisons of diapause A. elliotti embryos of young and advanced ages revealed that
deposition of fat body and increase in pleuropodial cell size continued during diapause. Study of
embryos retarded in their external stages of development in relation to their ages showed that certain
internal differentiation processes continued when external growth and mitotic activity had ceased. 
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ABSTRACT

The variability OfeA, elliotti embryos from laboratory reared 
populations of two successive years was investigated according to stage 
criteria formulated for this species. Statistically significant 
differences were found between these two populations with regard to 
stage-length; age-length, and age-stage relationships. In addition, 
comparisons were made between laboratory reared and wild population 
embryos, and between embryos from the same wild population from 
different years. Statistically significant differences were found in 
almost all instances with regard to length-stage relationships in the 
various populations. Experiments were conducted to test the require
ments for diapause aversion and termination in this species.

An histological study of the embryogenesis, with emphasis on the 
neuroendocrine system, revealed the presence of several structures 
thought to be new to Acrididian literature. These included paired j 
peripheral ganglia in the labrum, mandibles, and maxillae, and a single 
ganglion of paired labial origin located in the hyp©pharynx. Investi
gation showed that the embryological origin of the ventral head glands 
was lateral hypoderm between the bases of the mandibular and maxillary 
appendages (formerly, thought to be the site of corpora allata origin).
The corpora allata appeared to arise from hypoderm near the basal 
dorsal wall of the anterior tentorial invagination. Labial glands 
(salivary glands) arose from lateral hypoderm between the maxillary and 
labial segments. A U  of these ineretory organs and the peripheral ' 
ganglia arose prior to blastokinesis in A. 'elliotti as well as in five 
other Acrididian species examined. The differentiation of giant paired 
cells in the region of the protocerebral-optie lobe junctions and in 
the metathoraeic ganglia was first observed at Stage 19 when most 
embryos of A. elliotti entered the diapause state. The giarfc'metathoraeic 
cells were found to he present and constant in their position throughout 
the embryology and persist in the adult, as well as in the embryos of 
seven other Acrididian species. The development and maturation of 
tissues and organs at all stages during the embryogenesis was described.

Histological comparisons of diapause A. elliotti embryos of young 
and advanced ages revealed that deposition of fat body and increase in 
pleuropodial cell size continued during diapause. Study of embryos 
retarded in their external stages of development in relation to their 
ages showed that certain internal differentiation processes continued 
when external growth and mitotic activity had ceased.



GENERAL INTRODUCTION

Tfew subjects in the field of entomology have engendered more 

interest than the Acrididae. The titles of researches concerning this 

family .-make up a large volume, the Bibliographia Acrididiorum 

(Eoonwal, 1 9 6 1).

Characteristically, the Acrididae show dramatic fluctuations 

in population size. The explanations for these fluctuations are 

diverse and often conflicting. Some authors propose strict environmental 

regulation, while others deny any environmental role in population 

changes. To maintain that current environment plays no role in 

regulating population size would be to reject evolutionary theory 

as developed since Darwin* s time. There is increasing evidence, 

however, that animal populations are auto-regulative in size, by means 

of a series of physiological changes induced by the stress of 

crowding.

In some mammals the self-limiting mechanism is thought to operate 

in the following manner: At a certain.population level, density

stress triggers changes in hormonal secretions. These changes, in 

turn, adversely affect the reproductive capacity of, the population 

causing its decline (Christian, 1957)•

There is,evidence which favors the hypothesis that an auto- 

regulative mechanism may be operative in insect populations. A 

number of workers have demonstrated-that reproductive processes in 

insects are dependent upon endocrine activity (Wigglesworth, 1936j
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Weedjl 1936; Johansson, 1955; Scharrer and von Harnack, 1956, 1958). 

Albrecht et al« (1958) and Albrecht (1959) demonstrated that crowding 

had a profound effect upon egg production in locusts as well as upon

the morphology of their progeny. The importance of various environmental
' . , 'factors, such as photo-period, food conditions, temperature, and social 

conditions in determining the hormone activity of endocrine glands in 

insects has been emphasized by DeWilde (1 9 6 1). It was shown by 

Hodgson and Geldiay (1959) and by Highnam (1 9 6 2) histologically that 

stimulation of the nervous system brought about changes in the release 

of neurosecretory products i Highnam further showed with locusts that 

reproductive processes were influenced by these changes. It appears 

that environmental.factors exert their influence via the neurosecretory 

cells of the insect brain which regulate the activity of subordinated 

glands.

In Montana numbers of Aulocara elliotti Thomas have been observed 

to vary greatly and yet extensive data failed to reveal any direct 

environmental cause for these fluctuations which was of any predictive 

value. If fluctuations are due in part to a hormonally mediated auto- 

regulative mechanism, one might expect, to find differences in the de

velopment of embryos from populations at various stages of the cycle. 

Therefore, the following study was begun to establish the limits of 

natural variability in different populations and to investigate, for

comparative purposes, the embryological morphogenesis of this species,
\

in particular, the neuroendocrine system.



Introduction

EXTERMAL MQRPHOGEMESIS OF A. EKLIOTTI EMBRYOS

The eggs of A. elllotti are laid in oothecae which contain an 

average of eight eggs. The fixed newly laid eggs measure about 4.5 

to 5»5 mm. in length and about 1 .5  mm. in width at their widest point 

and are bright yellow. Like other Qrthopteran eggs they are rich in 

yolk; meroblastic; undergo superficial cleavage; and are of the 

eentrolethieal type peculiar to the Arthropods.

The morphogenesis of the embryos of the Acrididae may be divided 

into several periods for convenience of study. In the first, the 

pre-diapause, the embryo is formed and grows with its head toward 

the bydropyle at the posterior end of the egg. At the end of this 

first period many species, including A. elliotti, Ifelanoplus differential!s 

Thomas, and Camnula pellueida Scudder, enter a quiescent second period 

called the diapause during which metabolism is greatly depressed and 

mitotic activity is greatly reduced. The third period ensues after 

diapause termination and therefore, can be called post-diapause.

During this phase the embryo undergoes a revolution around the 

posterior pole of the egg and after this is completed, development■ 

continues uninterrupted until the definitive embryo is ready to-hatch.

Other species of grasshopper embryos enter the-diapause period 

shortly before they are ready to hatch, for example, IfelanopIus bivittatus 

Say, lfelanoplus sanguinipes F., Melanoplus gaekardii Scudder, and 

Melanoplus bruneri Seudder. Some other species may possess no diapause 

period in their embryology, but undergo revolution without delay when
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they mature to that Stage0 Locusta migratoria migratorioides R0 and F0
t  t ■ ( '

. and ScMstocerca gregaria Ibrskal,, belong to tM s  latter type. In 

Montanaspecies such as A. elliotti, possessing an obligatory diapause 

overwinter in the egg stage, hatch in the spring, mature and reproduce 
in the summer, thus having but one generation per year.

,.Materikls and Ifethods

To obtain known-age eggs for the study of A. elliotti embryo- 

genesis, adult grasshoppers were collected from a wild population in 

the vicinity of Maudlow, Montana in late May and early June of 1959»

Three pairs of grasshoppers were placed in each of a series of screened 

cages, three inches wide, eight inches long and ten inches high-. line 

sifted soil was provided for oviposition in removable pans attached to 

the unscreened bottoms of the cages. These cages were arranged on tables 

in a greenhouse in which inside temperatures fluctuated diurnally, some

times reaching extremes later found to be unfavorable for maintaining the 

grasshopper population.

The eggs were collected at 24 hour intervals and fresh Western . 

Wheatgrass, Agropyron smithii Itydb., the preferred food plant of A.  ̂

elliotti (Anderson, 1 9 6 2) was supplied at this time. Replacement ani

mals were obtained from the same field population for use in the event 

of mortality in the oviposition cages. Egg. pods were obtained first on 

July 19, oviposition increased in frequency during August, and the last 

pod was collected September 20.

The following.summer an additional series of known age embryos



was obtained for comparative purposes using somewhat different techniques. 

A mesh cover was installed on the greenhouse roof to modify inside tem

peratures and more spacious oviposition cages were utilized, cylinders^

20 inches high made of clear plastic, were attached to a circular ply

wood bottom, one square foot in area, which was elevated on four inch 

wooden legs. Holes were bored around the periphery of this bottom to 

provide ventilation and allow the insertion of vials in which food was 

placed, A nine inch hole in the center of this base contained a removable 

oviposition pan filled with sifted soil, and the top of the cage was 

covered with a piece of cheese cloth. Collection of eggs and feeding 

of adults was accomplished in the same way as the previous year.

Each of the daily collections of egg pods was placed in a plastic 

vial on moist filter paper, labeled and incubated at a constant tempera

ture of 25° C. Erom these known age pods, embryos representing succes

sive 2b hour intervals of growth were obtained. Two pods of the same age 

were removed from incubation each day, the eggs separated from the pods, 

fixed in hot Bouin' s solution (approximately 40° C) for one hour, cooled 

and stored overnight in the same solution. These eggs then were rinsed 

several times with and stored in TO percent ethyl alcohol. The daily 

fixation of two pods of embryos was continued through the ninetieth day to 
obtain representative embryos at 2b hour intervals long after they had 

entered the diapause condition. All of the remaining egg pods then were 

incubated at 5° C. Single pods were taken out and returned to 25° C after 

43, 46, and 63 days of cold exposure, but these conditions were found to



be inadequate to break the diapause state. After 111 days at 5° C, addi

tional pods were returned to 25° C and daily fixation of two egg pods 

was resumed. Some difficulty still was encountered, in getting many of 

the embryos to break diapause, but a sufficient number of rotated animals 

finally was obtained to work out a progressive series of post-diapause 

stages. These embryos were fixed and stored in the same manner as the 

pre-diapause series.

All specimens were removed from the egg membranes, and individuals 

which appeared to represent distinct morphological stages were drawn 

free-hand with the aid of an ocular grid in a binocular dissecting micro

scope and centimeter graph paper. Because of the extreme variation in 

the rate of development of different individuals, morphological differ

entiation and maturation could not always be related to the. age of the 

embryo or its length. This was in agreement with the findings of Slifer 

(1932) with M. differentialis. When the representative series of drawings 

was completed it was found that some of the embryos drawn were at the 

extremes of the range of lengths for their stage. Thereforea drawing 

of an embryo intermediate in length was included so that the series would 

more nearly represent the growth stages of one embryo. While all of the 

drawings do not necessarily represent the mean length of the embryos in 

a given stage, the lengths portrayed fall within the range, of the stage. 

Embryos in Stages I through 21 were drawn at a magnification of 60 X and 

those in Stages 22 through 27 at a magnification of 30 X. The 60 X 

drawings then were photographically reduced to make them equivalent to



those drawn at 30 X.

Bnbryonie Staging

A number of workers have published papers which describe and illus

trate external morphogenesis of Acrididian embryos. Among these are 

Wheeler (1 8 9 3), Xlphidium ensiferum Seudd., Slifer (1932), M. 

diff erentialis, Welsen (1934), M. differential!s, Roonwal (1936b), L. 

migratoria migratorioide s, Jannone (1 9 4 0) from. Roonwal (1 9 6 1), Dociostaurus 

maroecanus Thnb., Steele (l94l), Austroicetes crueiata Sauss., Jhingran 

(1947), 8. gregaria, Bodenheimer and Shulov (1951), D. maroecanus, Shulov 
and Pener (1959), L. migratoria migratorioides, Carlson (1959), Chortophaga 

viridifasciata DeG., and Riegert (1 9 6 1), M. bilituratus Wlk. (now 

sangulnipes F.).

Two approaches have been used to portray the external development of 

Aerididian embryos. One approach, used by Slifer (1932) and Riegert (1 9 6 1), 

defines a stage in terms of embryonic age, each stage corresponding to a 
given day of incubation under known temperature conditions. Salt (1949) 

also followed this plan in his description of the development of three spe

cies of Melanoplus: M. bivittatus, M. mexieanus (now sangulnipes F.), and

M, packardii. Illustrations were not included in Salt's paper, Bie other 

approach, used by Steele (l94l) and Shulov and Pener (1959), defined stage 

on the basis of readily distinguished'morphological differences, irrespec

tive of the ages of the embryos. Because of the wide variation in morpho

logical differentiation encountered in embryos of A. elliotti of any given 

age, it was decided to use the second method.

The various authors differ markedly in their designation of the stages
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through vhich Aerididian embryos develop. Slifer (1932.)} for example, 

divided morphogenesis into 24 stages, with one stage used to illustrate 

rotation in the egg. The development of S. gregaria was divided into 

18 stages, one portraying blastokinesis, by Jhingran (1947)» ShuLov and 

Pener (1959) used 23 stages, three of which, concerned rotation. Matthee’s 

treatment (1 9 5 1) of the embryology of Locustana pardaline Mlk, (only par

tially illustrated) divided the development into 3 0 stages to the diapause. 

Salt’s description (1949) of three species divided development into 24 

daily intervals beginning with the fourth day, and designated two intervals 

for revolution processes. Steele’s account of A. erueiata divided devel

opment into 1 6 stages, two of which concerned rotation. Biegert used 1 7  

daily intervals with the non-diapause form of M. bilituratus j one daily . 

interval was said to be required for revolution.

In the present study the morphogenesis of A. elliotti embryos has 

been divided into 2 7 stages with four stages representing the revolution 

around the posterior pole of the egg. The differentiation of the external 

genitalia is sufficiently advanced by the 19th Stage that the sexes can 
be separated. Therefore, two drawings have been made of Stages 19, 24,

25, 26, and 27. However, the genitalia were not visible during rotation 

of the embryo and therefore, only one drawing was made of the embryo in 

Stages 2 0 , 21, 22, and 23.

The early developmental stages of A. elliotti are seen to be very 
similar to those described for M, differential!s and L. migratoria.

However, close comparison of later stages of the three, specie’s ,reveals
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characteristic differences in general appearance which are not confined 

to any single morphological structure, The illustrations and descriptions 

pertaining to the embryonic stages of A. elliotti are presented on Plates 

I through VIII, drawn from the ventral aspect of the embryo. A discussion 

of the differentiation of external genitalia follows the Plates,
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Plate I

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

1. The embryo is present as a germinal disc lying on the surface 
of the yolk directly under the Iydrqpyle region at the poste
rior end of the egg.

2. There is an elongation of the embryo toward the anterior end 
of the egg.

3. The protocorm equals the protocephalon in length.

4. The protocorm is at least twice the length of the proto
cephalon.

5« There is evidence of invagination in the region of the sto- 
modeum between the two lobes of the protocephalon.

6. Segmentation begins to appear along the edges of the proto
corm.

7. The labrum is visible above the stomodeal invaginationj the 
antennae appear as evaginations lateral to the stomodeum. 
Erotognathal and thoracic segments are distinct. There is 
indication of segmentation of the first abdominal segments.

8 . The thoracic appendages are larger than those of the mouth- 
parts. Each thoracic segment is distinctly separated across 
the sternum. The antennal evaginations are bulbous turning 
medially below the labrum. There is evidence of further 
abdominal segmentation beginning.

9. The proctodeal invagination appears. The thoracic appendages 
show evidence of segmentation.

10. The abdomen is completely segmented. There is evidence of 
segmentation of the maxillary and labial appendages.

11. The thoracic appendages turn medially. labial palpae now lie 
lateral to the inner ligular lobes. Abdominal segmentation 
is distinct across the sternal region.

12. The thoracic appendages now have distinct tarsal, tibial, and 
femoral divisions.

Bribryonio Stages of A. elliotti





Plate II „

Bribryonlc Stages of A. elliotti

Stage 13. Paired labial mouthparts now lie medial to the maxillary
palpae. The vertex and frons of the head have enlarged so 
that the optic regions appear to be caudal to them.

Stage l4. The abdominal appendages are distinct. The mesothoraeic and 
metathoracic legs are turned medially so that the tarsae 
lie parallel to each other on the sternum.

Stage 1 5 . The metathoracic legs are bending toward the head at the .
tibial femoral joint. Three segments are visible on the 
labial palpae. The labrum has concave curvature along its 
lateral edges.

Stage l6 . The tarsae of all legs lie in a parallel position on the 
sternum.

Stage 17. The labro-clypeal suture begins to appear as a notch on the 
dorso-lateral margins of the labrum. The mesothoraeic and 
metathoracic legs are both drawn upward.

Stage 18. The first evidence of red pigmentation occurs along the
lateral margins of the eyes. All tibial-tarsal joints are 
drawn toward the head with the prothoracic and mesothoraeic 
tibia and tarsae parallel..







Plate II1I-

Stage 19. m i e  (right) and" female (left). Distal tiblal spines are
visible on the metathoraeic legs. This is the stage at which 
the majority of embryos enter diapause and at which the sexes, 
first can be easily differentiated.

>
Stage 20. The embryo begins revolution. The head and mouthparts are 

turned around the posterior pole of the egg and are visible 
on the dorsal surface of the yolk.

Stage 21. The prothoraclc and mesothoracic segments now are turned and 
are visible dorsally.

Bnbzyonlc Stages of A. elllottl







Plate IV

Stage 22. All three thoracic segments now are turned around the poste
rior pole of the egg and are visible dorsally.

Stage 23. The whole. abdomen now is turned; revolution is completed.
The embryo is approximately 2/3 the length of the egg. labial 
ligula are visible posterior to the tip of the labrum.

Embryonic Stages of A. elllotti

4̂
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Plate., V

Embryonic Stages of A. elllotti

Stage 24. Male (right) and female (left). The rudiments of teeth are 
visible on the posterior edges of the mandibles. Only a 
small portion of unengulfed yolk remains at the anterior end 
of the egg above the embryo.
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Plate.VI-

Hnibryonic Stages of A. elliotti

Stage 25. Male (right) and female (left). Dorsal closure is completed.

v
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Plate VII

Mbryonic Stages of A. elliotti

Stage 26. Male (right) and female (left). The mandibular teeth now are 
sclerotized and pigmented dark yellow-brown. Spines are 
visible along the medial edges of the metathoracic tibia.

v
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Plate H I I

Hnbryonic Stages of A. elllotti

Stage 27. Male (right) and female, (left). This stage represents the 
definitive embryo. Integumental pigmentation is completed. 
Tibial and tarsal claws and spines are pigmented on all legs.
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Differentiation of the External Genitalia

Bach of Stages 19, 24, 25, 26, and 27 have been illustrated with 

the drawings of two embryos to show the progressive development of the 

external genitalia of both sexes of A. elliotti.

At Stage 19 the female embryo is easily distinguished from the male 

of the same stage by the distinct involution of the abdominal appendages 

of the tenth segment. At this stage these tenth appendages of the female 

already are many times.smaller than those of the eighth and ninth, while 

in the male they are equal in size to those of the ninth. In both sexes 

the eleventh- abdominal appendages are distinct and eventually form 

the cerci,

In the post-revolution female embryo, Stage 24, there has been a 

loss of all abdominal appendages except those of the eighth and ninth 

segments, whereas in the male only those of the ninth and tenth remain 

distinct.

At the time of dorsal closure, a decided change has occurred in the 

form of the genitalia of both sexes. In the female, Stage 25, the 

appendages of the ninth segment are pointed posteriorly; those of the 

eighth segment appear only as very slight protuberances. These two sets' 

of appendages will form the ovipositor blades of the adult female animal. 

In the male, the appendages of the ninth segment have fused to form a 

rudimentary genital plate, and the tenth appendages, which have begun to 

involute, are visible behind the posterior curvature of the genital plate.

Stage 26 embryos demonstrate growth in the genital appendages of both



the eighth and ninth segments of the female, and further development of 

the genital plate of the male,. Further involution of the tenth appendages 

in the male has occurred.

In the definitive embryo, Stage 27, there is some advance in the 

development of the eighth appendages in the female which now appear as 

small, divided plates. The appendages of the ninth are at least three 

times the length of those of the eighth and are acutely pointed. The 

tenth appendages have completely disappeared in the definitive male■ 

embryo, and the genital plate has assumed a somewhat cup-shaped contour, 

curving dorsally. The posterior margin of the genital plate is still" 

distinctly concave.

When compared with the drawings of the sex differentiation of M. 

diff erentialis, Welsen (l93l) and Else (1934), the pre-revolution 

embryos of A. elliotti appear to be slightly more advanced in their 

genital development. Stage 19 male and female A. elliotti embryos 

appear to be intermediate in their development between the pre- and 

post-revolution embryos of M. differentialis. At hatching, however,. 

the genital appendages of the two species appear to be quite comparable 

in their differentiation.
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EMBRYONIC. VARIABILITY IN LABORATORY REARED AND WILD POPULATIONS

OF Ac EItIIOTTI

Introduction

The great variation observed in the rates of development of 

embryonic grasshoppers at constant temperatures has been reported by 

many authors, Parker (1930) gave data for the incubation periods of 

Melanoplus mexieanus Sauss, (now sanguinipes F,) eggs at various 

temperatures as follows: At 22° C the incubation period ranged from 36

to 2 1 3 days, at 2 7° from 2 3 to 32 days, and at 37° C from 2 3 to 92 days, 

He also found that the amount of variability and total incubation time 

was reduced if newly laid eggs were exposed to varying durations of 

temperatures at Q0 C» For example, after.30 to 240 days at O0 C when 

eggs were transferred to 2 7° C, the Incubation periods required for 

hatching ranged from 15 to 26 days, Parker concluded that exposure to 

cold accelerates the developmental rate when embryos are returned to 

higher temperatures.

Slifer (1932) described the variation in the rates of development 

of Melanoplus differentialis Thos. embryos in terms of the number of days 

ahead or behind the mean stage of development at a given day. Compared 

to the mean, development was found to be retarded as many as ten days, 

but only advanced two days in embryos' of this species.

Pener and Shulov (i9 6 0) were able to show considerable developmental 

variation during different years in embryos of Calliptamus palaestinenesis 

Bdhmr, reared under various temperature and humidity conditions. These 

authors, in a 1 9 6 1 paper, reported the following durations of incubation
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for different species:

Portions of Table I, p„ 145, from Shulov and Pener (1 9 6 1)

"The duration of noninterrupted development of eggs in some Acrididae at 

2 7° + 1°."

Mean Range (Min-Max)

CTomadacris septemfaseiata (Serv.)* 

Aerotylus insubrieus (Scqpoli)*  
Rareuprepocinemis syriacus (Br.)* 
Anaeridium, aegyptium (L)* 

Sehistoeerea gregaria (Rbrsk.)

32 days 2 7 - 40 days 

23.4 days 2 2 - 2 6 days 

43.6 days 42 - 5 7 days 

3 5 .2  days 33 - 46 days 

1 7 .6 3  days 1 5 - 21 days

Loeusta migratoria migratorioide s 1 6 - 1 7 days 14 - 18 days

(R, and F.)

■^Preliminary figures

Roonwal (1937) in. his account of the embryology of L. migratoria ' 

migratorioides reported that embryos of that species developed in 13 

days if reared at 33° C. LeBerre (l95l) found that eggs of non-diapause 

strains of L, migratoria gallica hatched within periods varying from .

13 - l40 days at temperatures of 33° C and 16° C respectively. Ihure 

(1 9 3 2) incubated eggs of Locustana pardalina Walker to obtain information 

on developmental rates at different temperatures and found a minimum 

incubation time of eight days at 31° C» He observed delayed hatching of 

healthy embryos of this species kept for 1 9 months with favorable tem

perature and moisture conditions. Salt (1949) described an average 

developmental period of 24 days in the three species of Melanoplus which
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he studied^ but he stated by vay of clarification, "Hatching does not 

necessarily take place as soon as the embryo reaches the 24 day stage.
v

It appears in most cases that a stimulus to hatch may be necessary; if 

so, its nature is not known." Biegert (1 9 6 1) working ThLth a non-diapause 

strain of Melanoplus biiituratus Wlk„ selected from laboratory animals 

reared-through 12 generations observed a, "rigid schedule of development", 

in this species. Only a three day range in the hatching time was 

reported in a population of 2 0 0 0 eggs.

Studies describing variability in the stages, of grasshopper embryos 

from field collected eggs are less numerous than those reporting vari

ability in hatching rates and incubation requirements of laboratory 

reared embryos. Steele (l94l) in studies with Austroicetes eruciata 

Sauss. reported a variation of three stages in the embryos from eggs 

of two different field populations in. South Australia. Popov (1959) 

studied the Incubation durations of field populations of L. migratoria 

migratorioides eggs from three different localities in Africa. Hie 

duration of incubation ranged from 21 to 33 days with an average of ZJ 
days, Popov indicated that in a small number of pods from one population 

several eggs failed to develop although they appeared turgid and healthy,. 

"These eggs had grown little in comparison with newly laid ones; but had 

not yet undergone blastokineses." One pod of these under-developed 

embryos was enclosed in a cylinder of soil and kept 8 6 days from the time 

of laying. Ibllowing this extended incubation period, examination dis

closed that these eggs were still in the arrested condition of development
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The addition of greater ■ amounts of water was thought to finally have 

induced their continued development and most embryos hatched 1 0 2 days ' 

after laying, Popov further suggested that, "the presence of a small 

number of under-developed eggs1in an otherwise normal clutch in which all 

the eggs were presumably subject to nearly identical conditions, suggests 

a genetic effect", although environmental conditions were also thought 

to he important in influencing arrested development. In this regard, 

Matthee (1951) concluded from his studies with L, pardalina that the 

duration of incubation time was in large measure determined by the stage 

at which the egg is in contact with water,

In a recent study Ashall and Ellis (1 9 6 2) reported hatching of S, 

gregaria eggs from nine egg fields occurred within 13 to 1 6 days after 

laying. These authors found that 3»2 percent of the healthy eggs failed 

to hatch, as compared with the 3=8 percent which they indicated Stower 

et al. (1 9 5 8) found, Ashall and Ellis stated, "It is probable that there 

is some variation in the number of apparently healthy eggs failing to 

hatch on different egg fields, but it is unlikely that this would be very 

large," However, various workers have reported that large percentages 

of certain collections of embryos may fail to hatch, Kelly and 

Middlekauff (1 9 6 2) in a study on Dissosteira spurcata Sauss, observed a 

total hatch of only 59«3 percent from a collection of 400 eggs. They 

explained this by saying that many embryos were not able to accomplish 

the intermediate molt and died while„:in; this 'process.

Data of Hastings and Pepper (personal communication) show that the



wide variability in percentages of hatch found with embryos of A, elliotti 

is statistically related to the population: site. In addition, consider

able variability was observed in the earliest date of hatch and also in 

the range of hatching dates from single pods' from the various populations. 

Hastings and Pepper, unpublished data.

“ 32*>

Year Population site Eange of hatching dates $ hatched

i960 • Putnam Lake 9 - 2 7  days 87
i960 Smith Eiver 9 - 2 5  days 78
i960 Kuhr • 7 - 1 6 days 30
i960 Ogden 13 “ 3 9 days 76

Within a single pod the hatching dates ranged from ten to 30 days at
o t25 Go Ihilure of embryos to accomplish the intermediate or embryonic'

molt also was observed in many individuals of this species*

Moore (1948) investigated the variability in developmental stages . 

attained in embryos of three grasshopper species collected in the fall 

from field populations. His conclusions with regard to the development 

of each of these species were as follows; ltChmnula pellucida Seudd. evi

dently, enters a very definite diapause in the fall at the $0 percent 

stage just before blastokinesis (6 0 percent stage), unless development 

is stopped by adverse weather conditions before this stage is reached." 

The stage of development at which eggs of Mslanoplus bivittatus Say enter 

the winter was quite variable within a population from one location to 

another and from year to year. Concerning Ifelanoplus mexieanus Sauss. he 

reported, "Embryos were found in stages of development varying from mere 

embryonic discs (ten percent stage), to practically fully, developed



embryos (80 percent stage) in the fall..........Differences in devel

opment were greater between locations than between years in the collec

tions examined." Moore reported only slight variation in the stage of 

development within a single pod in these three species, which is in

agreement with Slifer1s findings with M. differentialis, but differs
■ ' ' ' 'from the findings of Popov with L. migratoria. It should be pointed out

that M. bivittatus and M, mexicanus, as well as' some strains of Me
- . ■

differentialjs, do not possess an obligatory diapause, such as that 

observed in G. pellucida and A. elliotti.

Materials and Methods

In order to obtain data for the,study.of embryonic variability of 

A. elliotti all embryos from the laboratory reared populations were removed 

from their egg membranes and classified according to the previously estab

lished stage criteria. With the aid of an ocular grid in a binocular 

dissecting microscope, the body, length measurements of all specimens 

were recorded. To allow comparison identical fixation and measuring 

procedures, as described previously, were used to obtain the data for 

both 1959 and i960 populations. ■ Bnbryos in Stage 19 which had begun to 

, undergo revolution and those lying in other curled positions were not

I measured,'although their stage, of development was noted. This accounts

( for some discontinuity in the Tables containing stage and length date.

( At intervals during the fall and winter of 1959; I960, and 1961 wild

. population A. elliotti embryos were obtained from the field areas desig-

i rated in the previous summer as collection sites. Sections of top soil

( ' ‘ . 
f
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were dug out, broken apart and sifted through a coarse wire screen which 

retained the egg pods. The pods were placed in covered vessels filled 

with moist soil, surrounded by ice in an insulated container and trans

ferred to the laboratory. Eefrigeration was maintained to prevent devel

opment until pods could be removed and the eggs fixed and stored according 

to the previously described procedures.

Subsequently the membranes of all the wild population eggs were 

removed, and the stage, body length, and sex (where possible) of the 

embryos recorded by the same.methods used with the laboratory reared 

populations.

Variability in the Pre-Diapause laboratory Reared Populations I

Three types of data were compiled for the 1959 and i9 60 pre-diapause 

laboratory reared populations; length and stage, length and age, and 

stage and age. The data contained in Tables I and II represent the number 

of individuals classified into each of the stage categories in the daily 

age samples from the 1959 and i960 populations. The wide variation in 

the stages of development of individuals within the various age samples 

illustrates the difficulty one might encounter in attempting to compare 

embryos of a given age even when they are reared under constant condi

tions. The range of stages found in many of the age samples in the 1959 

population is greater than the range found in the i960 population. Two 

individuals from the 35 day and one from the 43 day sample in the 1959  

population developed to Stage 20 and were apparently undergoing revolution 

without a diapause period. In the i9 60 population, Table II, one embryo, -
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TABLE I

Age-Stage Data for the Pre-Diapause 1959 Iteared
Population of A. elliottl aabryos

20 2 I
19 I 2 1 4 1 1 5 8 4  15 13 9 7 7

18 I  I  10 2 3 6 4 4 I

17 4 8 1 7  1 2 3

16 2 3 4 4 4 1 2 5

15 1 4 2 6 2 3 4 3 4 2

14 5 2 4 4 1 4 2 4 1

13 8 I  12 I 7 2 7 1 9 I  3 2

12 2 2 I  I
LO
v n

U I  I  4 5 6 I I 3
i

10 I 7 5 9 4

9 2 9 6 5 2 I

8 4 6 1 1 1  1 4 2 8 I I I

T 3 3 5 3 9 I
3 3 5 1 5 I

5 1 5 2 3 1 I I
4 5 2 I 1 1 2

n = 506
Correlation = .9005 

Standard Deviation = 2.3999 
Regression Coef. = .4132

3 1 5

2 10 10 
I  11 5

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 25 26 27 28 29 30 31 32 33 35 36 37 36 39 40 41 42 43 45 46 47 48 49 50
Age In Days



TABLE II

Age-Stage Data for the Pre-Diapause i960 Reared Population of A. elllottl Bnbiyos

20 I

19 I 6 6 4 8 3 3 3 8 8 5

is 6 14 4 5 4 6 11 2 2 5 6 3 T 3

17 4 2 5 3 I I I I 2 I

is 3 I 3 I 2 2

15 I 4 2 2 I I I I

14 I 4 2 2 I

13 4 3 4

12 2 4 2 4 2 3

11 4 5 4 3 14 2 6 I 7 2 2

10 3 4 2 7 8 6 I 2 I

9 2 2 5 2 3 4 3 I 2 3

8 8 5 I 10 I I 5 2

7 I I 1 1  I 3

6 4 3 9 11 10 6 2

5 4 4 2 2 5 7 2 4 568
Correlation = .9507Standard Deviation = 1.8142

4 3 8 2 8 I Regression Coef .  = .4507

3 6 5 4 7 7 3 2

2 6 3 I 2 9 2 2 I I

I I  9 12 I I
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 4 l 42 48 49 50

Age in Days
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age 3 8 days, had similarly developed to Stage 20. Examination of stage 

data for the diapause embryos of the 1 9 5 9 population revealed three more 

embryos, ages 52, 60, and 90 days at Stage 20 without an intervening 

diapause. It is, of course, not known whether these embryos would have 

completed development and hatched.

Evidence obtained from a laboratory population of A. elliotti reared 

at Montana State College in the summer of 1958 indicates that the devel

opment to hatching without a diapause period is a rare occurrence inI
embryos of this species» Out Of 644 embryos past the age of 55 days at 

25° C, only three hatched without cold exposure. The ages of these 

embryos were 108, 126, and 183 days. To say that these embryos averted 

a diapause may be erroneous since their advanced ages do not indicate a 

continuous development to hatching. Possibly the time and temperature 

requirements necessary to break the diapause in these individuals were 

quite different from those of the majority of embryos of this species.

Regression analyses were run on the data from the 1959 and i960 pre

diapause laboratory reared populations and the results can be found in 

Tables I and II. The correlation values listed describe the relationship 

between the stage and age factors in these populations and in both the 

values obtained were high. The regression coefficient values represent 

the amount of change in stage per day of age. The standard deviation 

value reflects the variability of stage independent of age in the entire 

population. When these regression coefficients and standard deviation 

values for the two laboratory reared populations were compared, using the



F test for standard deviation comparisons and the t test for regression 

coefficient comparisons, "both were found to be significantly different 

at the one percent level,

Sables III and IV show the data concerning the age and length 

relationships in embryos from the 1959 and i960 pre-diapause reared 
populations. The diversity in lengths of the younger age groups is 

much greater in the 1959.than in the i960 population. Several authors, 

including Slifer (1932) and Roonral (1936) illustrate a rapid growth of 

grasshopper embryos occurring in the early "tailed" stages, after which 

an actual shortening in length is said to take place as the embryo 

becomes broader and thicker. Inspection of the data given for embryos 

ages 11 through 18 days in Table III might lead one to conclude this 
phenomenon occurs in embryos of A, elliotti, but data from the i960 
population, Table IV, do not indicate any such growth pattern. Statis

tical analysis of these data revealed very high correlation values 

between the age and length factors in both populations. The change of 

length per daily unit of age in the 1959 population was .2973 and in the 
i960 population was ,3893» These values were found by the t test to be 

significantly different at the one percent level. Similarly, the 

standard deviation values for the age-length factors in the two popula- ■ 

tions were found to be significantly different at the one percent level.

The length on stage relationships in embryos from the two pre

diapause laboratory reared populations are presented in Tables V and 

VI, The range of lengths found for the stages in the two populations

- 38“
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TABLE III

Age-Length Data for the Pre-Diapause 1959 Beared
Population of A. elllotti Bnbryos

17

16

15

Ik

Correlation 
Standard Deviation 

Regression Coef.

1(83
.80372.6812
.2973

U  10

7 8 9 10 11 12 13 14 15 16 17 Ifl 19 20 21 22 23 25 26 27 28 29 30 31 32 33 35 36 37 38 39 40 4 l  42 43 45 46 47 48 49 50

Age in Days
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TABLE IV

Age-Length Ehta for the Pre-Diapause i960
Reared Population of A. elliotti Bnbryos

19

18

i
8 I

I

T 2 4 I
3

6 I 9 7 I I

I I
5 I 4 2 3 2 4 3

2 I 4 2
4 3 3 4 I 3 I 3

I 3 I 2 I
3 I 7 3 4 I

4 I I 7
2 I 2 10 6 2 4 2

2 8 13 2 3 2
I 8 3 I I

7 8 9 10 U 12 13 14 15 16 17 18 19 20

17 3 2 2 I 3
I I I I 4

16 2 I 2 4 I 2 2 I 6
I I I I 2

15 I 2 I I 2 5 6 2 6 I
I 2 I 2 I 2

14 I 2 I 2 I I I 2 4 I
I I I 5 2 2

13 I I 5 2 I 2 I I I I I
2 2 I 2 I I 2 I I

12 3 I I 3 3 3 3 3 I 2 4 3 I I I
2 2 2 3 3 I 2 I I

11 4 2 I 2 2 4 2 4 3 I
I I 2 I I I I I

10 4 I I 3 3 I 2 I I 2 3

Correlation 
Standard Deviation 
Regression Coef.

560
.9088
2.2126
.3893

1
g
I

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 4 l 42 43 44 4$ 46 4? 48 49 50

Age in Days
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TABLE V

Stage-Length Data for the Pre-Diapause 1959 
Reared Population of A. elliottl Bnbryos

18
I I

I
11

17 I 9
I I 2 2 9

16 7 3 4 12
I 2 2 3 5 4 6

15 I 2 I 6 5 6 10 13
I 2 4 2 2 3 11

14 1 2 I 4 7 8 3 2 2 9
1 4 3 6 I I 4 2

13 6 5 10 3 I 6 6 I I 4 1 I
3 I 3 7 I 2 I I

^  12 8 7 4 5 4 2 2 I

i n
2 2 I I I

I 7 I 3 2 I 2 I

2
5
4
I

1
2 
4 
I 
I 
I

2
1
2
I
5
4

1
2
5 26
3I
3

TI
4
I
I
1
2

32 32
I

n = 478
Correlation = .9079 

Standard Deviation = I.8678 
Regression Coef. = .7271

I VHI

15 I 12

Stage
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TABLE VI
Stage-Length Data for the Pre-Diapause i960 
Beared Population of A. elllotti Qnbryos

I

I
19 I 3

I
18 6 9

I 6 8
17 2 8 7I I 7 5
16 2 2 3 13 5

I 3 5 3
15 I I 3 2 I 4 4 7 13 5I I I I 2 2 2 4
14 3 3 I 2 2 3 11 4I 4 3 3 I 2 I
13 1 1  2 4 5 I 2 2 I I

1 4 4 I I I I 2
12 2 4 8 12 4 2 I 2

3
32
12
36
3

T
94
2
I
I

6
92

8 I 4
1

7 I 6 2
2 I I

6 3 16 I n =
I I Correlation =

5 8 9 I Standard Deviation =
3 5 Regression Coef. =

4 3 8 3
4 I

3 5 5 I
5 3

521
.9375
1.7435
.8376

ll
7I

16
2

I
&

I

1 2  3 4 5 6 7 8 9  10 11 12 13 14 15 16 17 18 19 20
Stage



does not show the scattering that was observed when age was considered 

with these factors. Bie correlation values for length and stage were 

high, .9079 for the 1959 population and .9375 for the i960 population,

The regression coefficients, and standard deviation values for length on 

stage differed significantly at the one percent level in the two popula

tions*

Diapause Variability

The diapause period of A. elliotti embryology was thought to begin 

near the 40th day of development at 25° 0 because many individuals at 

this time had reached Sthge 19 which was found to be the morphological 

stage at which most embryos cease development. ' However, the age-stage 

data in Table Il showed that some individuals even at the 50th day had 

not reached Stage 19. Subsequent histological study of embryos from the 

1959 population disclosed that mitotic activity in embryos past 50 days 

of age rarely was observed, and- therefore, embryos from 51 to 90 days of 

age were classified as the diapause portion of that population,

The data of length on stage, for the diapause embryos of the 1959 

laboratory reared population, to be referred to hence as data Group 7? 
revealed a wide variation in the stages of these apparently healthy 

embryos which had been maintained at 25° C on moist filter paper from the 

time of egg laying. These length - stage data are presented on Table 

VII, The correlation value, ,3216, found for these two factors was much 

lower than that obtained for the length - stage factors from the pre

diapause laboratory reared populations. Because over 96 percent of the •

-43-
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TABLE VII

Stage-Length Distribution of the 1959 
Laboratory Reared Diapause A. elliotti Embryos

19 3 2 13 59 113 137 138 2 6 5 I

17 2 1 

16 I I

15

13

12
I I

3 3  n = 514
Correlation = .3216 

Standard Deviation = .6662 
Regression Coef.= .2089 

I

9 1 1

6 I

4.5 5.0 5.5 6 .0  6 .5  7.0 7.5 8 .0  8 .5  9 . 0  9 .5  10.0

Length (3 units-- I mm.)
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embryos in this data group fell in Stage 19<, it was thought that the 

data were not suitable to adequately describe the relationship between 

length and stage. The standard deviation value, .6662, likewise was 

quite different from those obtained from the pre-diapause populations.

A regression coefficient value for length on stage of .2089 was 

obtained for this diapause population.

Those embryos in Group 7 which did not attain Stage 19 were 

considered to be retarded in their development as compared to the 

majority of diapause embryos. In subsequent discussion the term 

"retarded" is restricted to the diapause and post-diapause embryos 

which did not reach Stage 19. One can be reasonably sure that 50 days 

at 25° C is a long enough period to allow A. elliotti embryos to grow 

to Stage 19 if they are able to do so. Comparison of the lengths of 

the retarded embryos in Group J disclosed that they fall within the 

range of lengths for the corresponding actively growing stage in the 

pre-diapause populations.

■ It has been pointed out that considerable difficulty was encountered 

in breaking the diapause of the laboratory reared embryos of the 1959  

population when stage criteria were being formulated. When data from 

the post-diapause embryos of this population were being assembled, a 

large number of unturned Stage 19 embryos were found in the daily sam

ples, These embryos had remained in diapause for varying periods of 

time. A reasonable estimate of their diapause period can be obtained 

by subtracting 50 from the known ages of these Stage 19 embryos. When



this was done the duration of diapause periods for these embryos ranged 

from 171 to 285 days. Table VTII records the length data for these 

Stage 19 post-diapause embryos. With the exception of the two indi

viduals with.lengths of 1 0 .5  and 11 units, all of the lengths of these 

Stage 19 embryos which had remained in the diapause state for such 

long periods fell within the length range of those from the Group 7. 

diapause embryos, Andrewartha (1954), p. 6 3, states, "It is generally 

possible to demonstrate at least slight morphological changes during " 

diapause; and it seems unlikely.that the actual physiological processes 

which constitute diapause-development are restricted to the diapause 

stage." With regard to body length, at least, no change could be 

detected in embryos held in the diapause for long periods. The mean 

lengths for diapause and post-diapause Stage 19 embryos are essentially 

the same,.7 - 9 7  and 8 ,0 3  units, or 2 .6 3  and 2 .6 5  mm. respectively.

In order that they might be compared easily with the laboratory 

reared embryos, the wild population egg collections were separated 

into data groups according to their collection site, the season in, 

which their collection was made, and the developmental condition of 

the majority of embryos in the sample. Analyses of length on • 

stage were done to determine the regression coefficients, the standard 

deviations, and the correlation values for most data groups. ' It will 

be noticed that not all of the data groups obtained for this study were 

suitable for statistical analysis because of their "small size (Group 13 

with only nine embryos) or the nature of the data (in Groups 15, 18, and
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TABLE V I H

Length Bata for Diapause A. elliotti Embryos 
Erom the Post-Diapause Reared 1959 Population

(Diapause duration from 171-28$ days)

Stage
1 9 I I 11 23 59 98 6l 33 8 2 I

$ .5  6 . 0  6 .5  7 . 0  7 . 5  8 . 0  8 . 5  9 . 0  9.5 1 0 .0  1 0.

I

11.0

Length



19 all embryos were in one stage of development). Information concerning 

the diapause data groups, their collection sites, dates of collection, 

and statistical information pertaining to them is presented in Table IX.

All embryos collected in fall and winter were classified as diapause 

groups and the majority of embryos in these groups were found to be in 

Stage 19. The wild population eggs collected in spring in which the 

majority of’embryos had undergone blastokinesis and were in later stages 

of development were classified as post-diapause groups. One population 

was exceptional in that none of the diapause or post-diapause embryos 

had developed to Stage 1 9 .

The data concerning the stages of the embryos found in the wild 

population diapause■groups are presented in Table X. It is interesting

to note that while the majority of diapause wild population embryos were
;

in Stage 19,'bonsiderable numbers of individuals had not developed to 

this extent and were overwintering in earlier stages. It is not known 

whether these retarded embryos were from eggs laid.late in the fall 

when adequately’ warm temperatures were lacking to allow their continued 

development, dr whether the same temperature-independent factors 

causing the retardation found in the laboratory reared diapause embryos. 

Group 7ji ca!n account for their growth cessation, or whether a combination 

of factors'’’was" involved.

Post-Diapause Variability

Following the resumption of active development, measurements of the 

Stage 20, 21, and 22 embryos represent only partial body lengths. In



TABLE XX
Statistical Data Obtained from the Degression 

Analysis of Length on Stage from Diapause Data Groups

Group
Collection ' 

Site
Collection

rate
Wo, in 
Sample Correlation

Standard
Deviation

Regression
Coefficient

7 Laboratory Reared Summer
1959

514 .3 2 1 6 .6 6 6 2 .2 0 8 9

11 Ogden - Simms Winter
1959-60

59 .6 2 8 5 .8275 .2 7 8 6

12 Putnam lake Winter
1959-60

46 ,9400 .5448 .3918

13 Smith River Winter
1958.59

9 -
t.

■ f

14 Kultr Winter
1959-60

66 ,7131 .5301 ,2 7 6 0

15 Maudlow Kail
1959

11

16 Spencer-Haystack Ihll-Winter
1 9 6 0 -6 1

82 .8470 ,6452 ,4114

17 Putnam Lake Ihll-Winter
1 9 6 0 -6 1

71 .8 1 6 2 .6447 ,3 2 1 8

18 Kuhr Ihll-Winter
1 9 6 0 -6 1

33

19 Lonetree Ihll-Winter ■ 52
1 9 6 0 -6 1
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TABLE X

Stage Distribution of Diapause Groups of 
Wild Population A. elliotti Embryos

Group Number
11 1 2. 13 14 15 16 17 18 19

6' 2

8 ' : 5

9 4 2 6

10 I

11 5 I 4

12 I 5
&
$ 13 10 17
CQ

14 k I

15 7 3
16 10 12 I

17 I 2

18 5
19 2 1 36 6l 1 1 49 64 33 "* 52

Total in
Group 59 52 9 67 11 82 71 33 52
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Stage 20 only the head and mouthparts were measured; In Stage 21, the 

head, prothoracic, and mesothoracic segments were measured; in Stage 22, 

the head and all three thoracic segments and legs were measured as they 

appeared on the dorsal surface of the yolk. The data for all body 

length measurements of the stages found in the post-diapause 1959  

population, to be designated data Group 8, is shown in Table XX. The 

definitive embryo, Stage 27, ranges between 13 and 20 units, which 

converted to millimeters is 4.79 to 6.6 mm. with the majority of embryos 

measuring between 5»28 and $.6l.mm. at hatching.

In Table XII the information concerning the wild population post

diapause data groups is presented. The data from the analyses 

of length on stage, including regression coefficients, correlations 

and standard deviations, are presented. Only. Group 30 was unsuitable 

for statistical analysis because of its small sample size.

' Thble XIII gives the ranges of stages found in the wild post-diapause 

populations. It Will be noticed that in Groups 21 and 22, collected 

March 19, 1959, the temperatures had been adequate to allow development 

within three stages of hatching for most embryos. Retardation of embryos 

to the extent seen in some individuals in Groups 20, 27, 28, 30, and 32 

is striking when compared to the range of stages of the majority in these 

groups.

A collection of C. pellucida eggs1 from Fairchild, Idaho, made on 

April 11, 1962, was obtained for histological study. Examination of the 

embryos within one pod of this species showed embryos varied from Stages



TABLE XX

Stage-Length Distribution of the 1959 
laboratory-Reared Post-Diapause Dnbryos, Group 8

27

26

25

24 I

23 1 2

3 1 5  2

2 3 7 10

I 3 4 I 4 15 9

2 2 1  6 6  4 I 2 1

2 2 1 1 1

3 10 8 2  13 4 7 1  2 I

9 11 14 17 6 I 2 3 I

13 8 9 3 I

1vn
ro

1

22 1 1 1 1  2 3 1 1 2 1

21 1 2 1 2 2  1

20 1 2 6 4 4 1

n = 555Correlation = .9466 
Standard Deviation = 1.2101 
Regression Coef. = 1.0468

Length (3 units = I mm.)



SABLE XXI.
Post-Diapause Data Groups with Statistical Information 

Erom the. Regression Analysis of Length on Stage

Group
Collection

Site
Collection

Date
No. in 
Sample Correlation

Standard
Deviation

Regression
Coefficient

8 Laboratory Reared Ihll-Winter
1959

555 .9466 1 .2 1 0 1 1.0468

2 0 Ogden-Simms March 26, 1959 61 .8 6 7 2 .7972 ,5184

2 1 Billings March 19, 1959 30 »5473 1.4569 .3 8 5 6

2 2 . Hardin Jferch 19, 1959 45 .5285 1.0769 .5243

.23 Putnam Lake April I, 1959 48 .4553 1.1591 .5079
24 Willow Greek April 2, 1 9 5 9 35 .4513 1.0325 3.0432

25 Mbudlow April 4, 1959 ' 48 .3264 .8075 .5 0 0 0

2 6 Eyegate April 7, 1959 78 .7 2 6 2 1.4027 3.4720

27 Decker April 13, 1959 LfXCO .7 0 6 1 1 .9 7 6 6 ,6 8 1 5

2 8 Trail Creek . April 30, 1959 87 .7952 1 .8 3 8 3 .7531

29 Putnam lake Jferch 29, i960 30 .8 3 2 7 .7312 .4785

30 Smith River March 21, i960 9

31 Kuhr Jferch 29, i960 33 .8 1 3 2 .8 2 7 6 .3978

32 Ogden-Sinps Jferch 28, i960 2 1 .9275 1.3762 .5633



St
ag
e

TABLE XIII

Stage Distribution of Post-Diapause Groups 
of Wild Population A. elliotti Bnbryos

Group Number

20 21 22 23 24 25 26 27 28 29 30 31 32 * 8

I 6
8 I
10 I
11 I 2 2 5

12 I

13 I 3 I 3

15 2 I

16 I I I 4

w 18 I

I

19 I 3 3 I 27 15

20 15 13 2 I I I 8 I

21 4 2 I I

22 2 3 17 I 2 2

23 3 I 2 14 4

24 52 23 4 l 47 I 29 18 13 26 9 8

25 4 34 17 60 67 40 8

T o ta l  
i n  Group 67 50 76 51 36 50 78 85 90 30 9 43 22

IVJl
-Er



12 and 15 (according to the A. elliotti stage criteria) to Stage 2 5.

It appears unlikely that adverse temperatures could have accounted for 

the retardation of some embryos within a pod, when other embryos from 

the same pod had sufficient warmth to develop nearly to the hatching 

stage, A collection of embryos of M. differentialis was obtained in 

the field at Manhattan, Kansas, March 1 8,•1 9 6 2, and it was found that 

all the embryos (nearly l4o) appeared like those in Slifer*s Figures 8 

and 10, M» differentialis enters diapause at about the twentieth day of 

incubation at 25° C with a morphological aspect like that shown in 

Figures 1 6, 17, and 18 (Slifer, 1932), A second group of embryos of 

M, differentialis was collected, shipped alive, and fixed April 20, 1 9 6 2. 

The stages of these embryos ranged from those shown in Figure 8 to 11, 

Slifer (1932), It is problematical whether all of the M, differential!s 

eggs collected from Khnsas in mid-April could have insufficient high 

temperatures to allow them to develop beyond these immature morphological 

stages, . However, temperatures could not have accounted for the retarda

tion found in C. pellueida embryos in the same pod with individuals 

nearly ready to hatch, Hor could low temperatures be the cause of 

retardation in the laboratory populations of Melanqplus found by Salt, 

or of those found in A. elliotti reared in our laboratory. Embryos from 

Group 7 held for 90 days at 25° C which remained healthy at Stage 13 of 

development must have been influenced by factors other than that of ■ 

temperature alone. The view of Popov that genetic factors may be 

involved, or that of Salt, "some of this retardation is thought to be

-55-
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caused by handling and other artificialities of laboratory rearing," are 

much more plausible in these instances. These retarded embryos, indeed, 

might be considered to have prematurely entered the diapause state, a 

period of arrested embryonic development entered into independent of 

external environmental stimuli. In some instances, histological evidence 

seems to support this contention.

The eventual fate of these retarded embryos from wild populations 

is still a matter of speculation. The variability in hatching dates 

of winter collected field eggs might lead one to suspect that perhaps 

the retarded bmbryos slowly developed and finally hatched. This would 

require, however, in all species which have an obligatory diapause, that 

the diapause be averted, perhaps due to cold exposure early in the 

embryonic development as was reported by Bodine (1932) for M. 

differentialls embryos. There, are no data to support this viewpoint 

in the case'of A..elliotti embryosj all experimental attempts to avert 

the diapause in this species have failed.

Investigations into several other possibilities as to the nature 

and cause of embryonic retardation in this species will be described in 

another section'.

A comparison of the lengths of embryos from Group.T and the wild 

population data groups with their comparable stages of pre-diapause 1959 

and i960 embryos was undertaken. Tbe data contained in Table XIV repre- 

( sents the ranges and mean values of the lengths 'of embryos from these

comparative groups' beginning with Stage 6. It must be considered that
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IABIS H V
Bange and Msan Lengths of A, elliotti Bnbryos 

Brom Diapause and Post-Diapause Data Groups (3 units = I mm.)

Beared Inde in Inde in
Pop. Stage Stage Bange Mean Group Stage Stage Bange Mean

19 5 9 6 18 2 ,0- 3 .8 3.4 12 6 I 3.5 3.5
i960 6 42 2.5- 4.5 2.8 7 6 I 4.5 4.5

1 9 5 9 7 18 2 .5* 4.5 3.4
i9 60 7 7 2 .5- 4.8 3.5

1959 8 4l 3.6- 7.0 5.4 13 8 5 4.5- 5.5 5.4
i960 8 39 4 .0- 6 .5 4.9 27 8 I 6 .0 6.0

1 9 5 9 9 26 4 .0- 7 .5 5.9 7 9 2 6,5- 7.0 6.8
i960 9 25 3.5- 6.5 5.3 12 9 4 4.0- 4.5 4.3

13 9 2 4 .0- 5 .0 4.5
17 9 6 4.0- 9 .0 6.3

1 9 5 9 10 24 5 .0- 7 .0 6.2 13 10 I 6.5 6 .5
i960 10 43 4.5- 7.5 5.9 20 10 1 6.5 6 .5

1 9 5 9 H 22 4.0- 6 .5 5.5 13. 11 4 6 ,0 6.0
i9 60 ll 49 4.5- 7.5 6 .0 14 11 4 6 .0- 6 ,5 6.3

2 7 11 I 7 . 0 7.0
28 11 2 4 .0- 5 .5 4.8
2 9 11 2 4.5- 5.5 5-0
32 11 5 4 .5- 6 .0 5.2

1 9 5 9 12' 4 4.5- 7,® 5.9 11 12 I 6 .0 6.0
i9 60 12 1 7 6.0- 7.5 6 .7 12 12 5 6.0- 6 .5 6.4

27 12 I 6 .5 6 .5

1 9 5 9 13 33 5.5- 8.8 6 . 7 11 13 10 5.5- 8.0 6 . 7
i960 13 10 5.5- 7.8 6.8 1 6 13 17 - 6 *0™ 8 0O 6.9

21 13 I 7 .0 7 . 0
28 13 3 3 .5- 6 .5 5.2
29 13 I a'5*0 5.0
30 13 3 6 .0- 6 .5 6.3
7 13 2 5.5- 6.0 5 ,8
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TABEE XTV 
(Continued)

Reared
Pop. Stage

Ind. in 
Stage Range Mean Group Stage

Ind. in ■ 
Stage Range Mean

1959 Ik 2 6 5.5- T . 8 6.7 11 14 4 6 .0- 7 .0 6.4
, i960 Ik 10 6 .0- 8 .3 7.1 1 6 14 I 6 .0 6 . 0

1959 15 31 6 .0- 7 .8 7.0 T 15 6 7 .0- 7.5 7.3
i960 15 13 6 .0- 8 . 0 7.1 1 1 15 T 7.5- 9.5 7.9

1 6 15 3 7.5- 8 .0 7.8
2 0 15 2 6.5- 7.5 7.028 15 . I 5.5 5.5

1959 1 6 2k 6.3- 8 .5 7.5 T 16 2 5.5- 8 .5 7.0
i960 1 6 12 6 .8- 8 . 8 7.3 1 1 16 10 6 .0- 7.5 7.0

16 16 12 7 .0- 8 .5 7.7IT 1 6 I 6 .0 6 . 020 16 I 6.5 6.5
23 ' 16 I 7 .0 7.0
2 8 1 6 I 5.5 5.5
31 1 6 4 7 .0- 8 .5 7.9

1959 IT 28 5 .8- 8 .8 Iok T IT 3 6 .5- 7 .0 6.7
i960 IT 2 1 6 .3- 8 .5 7.5 11 IT I . 8 .0 8 . 0

14 IT 2

0COIIA 7.8
31 IT I ' 8.5 8 . 5

1959 18 31 6.5- 9.0 7.5 ll 18 5 6.5- 9.5 7.6
i960 18 T9 6 .0- 9.5 7.8 27 18 I 6.5 6.5

1959 19 84 6.3- 8 . 8 7.5 T 19 497 5 .5-IO.O 7.9I960 19 55 6.5- 9.8 8.3 11 19 2 1 7 .0- 9.5 8.4
12 19 36 7 .0- 9.5 8.6
14 19 60 7 .0- 9.5 8 . 6
15 19 IT 7.5- 9 .0 8.3
1 6 19 49 8.0-10.5 9.3
IT 19 64 8.5-10.0 9.4

• 18 19 33 8 .0-1 0 .5 9.2
19 19 52 8 .0-1 0 .5 9.2

I
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TABLE XEV' 
(Continued)

Reared Ind. in Ind. in
Pop. Stage Stage Range Mean Group Stage Stage Range Mean

1959 19 299 5.5-H*0 8.0

1959 23 10 7.5-15.0 10.9

1959 24 2 6 8 .5-1 3 .5  . H.3

1959 25 72 ’ 11.5-18.5 14,6

1959 26 86 12.5-19.0 15.7

1 9 5 9 27 62 1 3.0-2 0 .0 1 6 .2

20 1 9 I 8.0 8.0
21 19 3 6 .5-- 7 .0 6.8
22 19 3 6 .0- 8 .5  1 7.5
27 1 9 I 6.0 6.0
29 1 9 2 7 7.0- 9.5 8.6
31 19 15 ' 7.5-10.0 8 . 7

21 23 3 5.0- 6 .5 5.8
22 23 I 8 .5 8.5
25 23 2 11.5-12.0 11.8
28 23 14 4.5- 3.5 9.3
31 23 4 9.5^11.0 9.9
20 24 52 IO.O-1 3 .5 11.9
21 24 23 8.5-12.0 9.0
22 24 4l 7.5-12.0 1 0 ,1
23 24 47 7.0-14.0 1 1 .1
24 24 I . 12.0 1 2 .0
25 24 2 9 12.0-14.0 1 3 .1
2 6 24 18 8 .0-1 3 .0 1 0 .9
27 24 13 8 .0-1 3 .5 1 1 .5
28 24 26 10.0=14.5 1 2 .4
31 24 9 9.0=12.5 1 1 .1
32 24 8 9.5-12.5 1 1 .3

20 25 4 12.5-13.4 13.0
24 25 34 13.5-17.0 1 5 .0
25 25 17 11.5-15.5 13.4
26 25 60 9.5-17.0 14.4
27 ’ 25 67 11.5-17.5 15.2
28 25 4o 11.5-17.0 14.2
32 25 8 1 3.0-1 6 .0 14.1
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embryos■in Stages 6 through 18 from both the laboratory reared diapause 

Group 7 and from Groups 11 through 19 in the diapause wild populations are 

retarded in their development compared to the typical Stage 19 diapause 

embryo. It was thought, perhaps, that retardation in the stage of 

development might be reflected in shorter body lengths but in most 

instances, the retarded embryos were found to be within the range of 

lengths found in the comparable stages of rapidly growing pre-diapause 

embryos.

Data Group Comparisons

Comparisons were made between certain data groups to determine 

whether their differences with regard to standard deviations and regres

sion coefficients values were statistically significant, Ihe F test was 

used for the standard deviations and the t test for the regression 

coefficient comparisons between groups of comparable nature, that is to 

say,' between laboratory reared and wild population diapause groups, 

between, laboratory reared and wild population post-diapause groups, and 

between groups within the diapause and post-diapause periods from the 

same collection site in two successive years. The values obtained from 

the group comparisons by these tests are listed in Table XV, with 

notations of their statistical significance,

These analyses revealed that the laboratory reared diapause Group 7 

differed from the wild population diapause Groups 11, 12, and l4 with 

regard to the deviation from the mean. Groups 11 and l4 differed from 

Group 7 with regard to their length - stage regression coefficients less



SABLE XV

Statistical Results of Diapause and 
Post=Diapause Data Group Comparisons

Groups
Compared

P Value 
ibr Standard 
Deviation 
Comparison

T Value for 
Regression. 
Coefficient

T and 11 1.55** =1.486

T and 12 1.66* -4 .9 0**

T and l4 1.58* -1.34

T and 16 I .0 7 -5.04**

T and 17 1 .0 7 -2 .8 9**

8 and 20 2 .3 0** 8 .96**

8 and 21 1.45* 6.99**

8 and 22 1 .2 6 3 0 63** '

8 and 23 1.09 3.53**

8 and 24 1,37 . -1 .58*

Groups
Compared

F Value 
Ibr Standard 
Deviation 
Comparison

T Value for
Regression
Coefficient

8 and 25 2 .25** 1.75**

8 and 2 6 1.34* -49.49**

8 and 2 7 2 .67** 6 .91**

8 and 28 2.31** 6.25**

8 and 2 9 2.74** 5.73**

8 and 31 2.14** 8 .65**

8 and 32 1,29 9 .98**

12 and 1 7 i.4o 2 ,0*

2 0 and 32 2 .98** -.75
2 3 and 2 9 2 .51** .1 9

= significant at the Vfo level 
# = significant at the 5$ level
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than did Group 12. In comparing Group T with Group 16 and IJi no signifi

cant difference was found in their deviation from the mean, hut these 

Groups differed significantly when their length - stage regression 

coefficients were compared with Group J.

A similar relationship also 'was found when the post-diapause wild 

population Groups 22, 23, 24, and 32 were compared to the laboratory 

reared post-diapause Group 8. They did not differ with regard to the 

standard deviation from the mean, but they did differ significantly in 

their length - stage regression coefficient values. Groups 20, 21, 25,

2J, 28, 29, and 31 differed from Group 8 significantly with regard to 

both standard deviations and regression coefficients. The comparison 

between Groups 8 and 26 showed a difference with respect to the deviation 

from the mean,"and an even greater difference in their length - stage 

regression coefficients.

Only three combinations of wild population groups were suitable for 

statistical comparison. Groups 12 and IJ were both diapause collections 

taken from Putnam Lake in two different winters; 23 and 29 were Putnam 

Lake post-diapause groups taken in the spring of two successive years.

It was found"that while the diapause Groups 12 and IJ differed to some 

extent in their length - stage regression coefficients, they did not 

differ' significantly in their standard deviations. In the post-diapause. 

Groups 23 and 29, the opposite relationship existed, in that these 

differed significantly with regard to their deviation from the mean, but 

did riot differ in respect to tfteir regression coefficient values. Data



Groups 20 and 32 taken two successive years from the Ogden - Simms 

populations showed the same statistical relationships as Groups 23 and

2 9 .

It can be concluded from these results that there is considerable 

variation.in the manner in which the wild groups relate to the laboratory 

reared diapause and post-diapause populations', likewise, there is a 

significant statistical difference between the two laboratory reared 

populations. In addition, statistically significant differences were 

observed when certain comparisons were made between groups from the same 

wild population in two successive years.

The. Chi-square test was applied to the diapause groups to see if 

the differences between them with respect to the number of retarded 

individuals had statistical significance. Those groups which contained 

no retarded embryos and those in which all embryos were retarded in their 

stage of development were not included. Two combinations of data groups 

were tested. The results are shown in Table XVI.

The incidence of retarded individuals in the diapause populations
I '

differed significantly beyond the I percent level, while those in the 

post-diapause groups differed only at the $0 percent level. If retard

edness is eventually a lethal factor to the embryo, death of some 

individuals in the diapause state could account for the percentage 

difference- found between the diapause and post-diapause groups.

Although there was no apparent difference in the lengths of the 

retarded embryos.when they were compared to their comparable stages in



!!ABLE XV I
Chi-Square Values Obtained When the Percent pf Retarded Bnhryos 
Erom the Diapause and Post-Diapause Eata Groups Were Compared

Groups Chi-Square Value
Diapause 11, 12, 14, 1(5, 17 
Post-Diapause 20, 21, 23, 27, 28, 29, 31, 32

61.23**

6.88
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the pre-diapause laboratory reared groups, the results of the Cfhi-square 

tests led to the speculation that perhaps the high incidence of retard

edness in some populations and low incidence in others, could somehow he 

related to differences in the length on stage regression values of the 

respective populations. Therefore, an additional regression analysis 

was done to compare these two population characteristics within the 

diapause and post-diapause groups. Uo significant correlation between 

length on stage regression values and percent of. retarded individual's 

in the diapause and post-diapause population groups was found.



EXPERIMEamL STUBIES CONCERNING THE CONDITION OP 
DIAPAUSE AVERSION AND TERMINATION IN A 6 ETLTOTTT EMBRYOS

A number of concurrent experiments were performed using laboratory 

reared eggs from the i960 population, referred to in Section II, to 

determine what conditions might be required to avert or terminate the 

diapause state in the embryology of A, elliotti.

The first experiment was undertaken to test the effect of a ten 

day period of cold temperature on diapausing embryos of various ages.

Two pods of diapause eggs, age 40 days, were removed from a rearing 

cabinet where they had been incubated at 25° C and placed into one at 
8° C, Two additional pods of the same age were placed in a cabinet at 

3° C„ Both pairs of egg pods were maintained at these temperatures for 

a ten day period. This procedure was repeated every 20 days until 

embryos of 2 0 0 days of age were included, Ebllowing the ten day 

exposure to low temperatures, the eggs were removed from the pods, 

placed on moist filter paper and returned to a cabinet at 25° C for 
observation. It was observed that all eggs from the 40, 60, 120, 

l80, and 200 day samples died without undergoing revolution. Although 

embryos 8 0 , 1 0 0, 140, and 1 60 days of age at the time of their low 

temperature exposure apparently remained healthy two months after their 

return to 25° C, none underwent blastokinesis, The ten day period at 

8° C and 3° G was evidently not sufficient to break the diapause 

phenomenon in the embryos tested.

The procedures used in the first experiment were repeated in the 

second using embryos reared at a constant temperature of 30° C to see if a
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faster developmental rate "would allow diapause termination under those 

conditions, At the end of the ten day period at low temperatures, 

eggs were removed from the pods and the embryos returned to 3 0° 0.

Two months after their return to 30° C some embryos still were living 

but all remained in diapause. The higher developmental rate did not 

seem to change the effect of the ten day low temperature period on 

the diapause termination of these embryos.

Some workers have suggested that exposure to very high and low 

temperatures during the early stages of embryonic development will 

cause the embryos which ordinarily cease development during a diapause 

to develop continuously to hatching. These embryos are said to have 

averted the diapause in response to cold or heat shock. In order to 

see if high temperatures would cause this response in pre-diapause 

A. elliotti embryos, a third experiment was performed. Six pods of one . 

day old eggs were placed in a constant temperature cabinet at 35° C 

on moist filter paper and watered daily. After three months no embryos 

had hatched from these pods, At this time one pod of eggs was removed 

and examination of the embryos showed them all to be at Stage 19 in their 

development (Section l), Six days later another pod of eggs was removed 

and these embryos were found to be similarly developed. One week 

later the remaining embryos were examined and it was observed that 

none of them had undergone blastokinesis in response to the higher 

rearing temperature, and still were at Stage 19 of development.

Experiment four was undertaken to determine whether cold exposure
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during the pre-diapause stages would cause the embryo of A. elliotti 

to develop without a diapause period, Ibr this study four pods verb 

taken each day from the.first through the 40th day of rearing at 2 5°.C 

and subjected to a ten day period of low temperature, two pods at 8° C 

and the other two at 3° Q, At the end of the ten day period in each 

instance the four pods were removed and eggs placed into a cabinet at 

25° G for observation. In no ease did the development of any embryo 

go beyond the diapause Stage 19.

A fifth experiment was designed to determine whether rearing under 

conditions of alternating temperatures would decrease the incidence of 

diapause, Newly laid eggs were reared with daily changes from 30° G 

to 20° C until they reached ages 40, 60«, 80,,,„l60 days. At each of 

these 2 0 day intervals four pods were removed, two placed into a cabinet 

at 8° C and two into one at 3° G for a ten day period. The eggs were 

then dissected from their pods and returned to a cabinet at 30° C and 

their development was observed. After a two month period all embryos 

were still in the diapause state.

Another series of eggs was allowed to develop for 40 days at 25° C 

and then was divided into two groups; one group was placed into a cabinet 

at 8° 0 and the other into one at 3° G, After 20 days exposure to these 

temperatures, two pods from each cabinet were removed, their eggs dis

sected from the pods, and placed on moist filter paper into a cabinet 

at 25° 0, At intervals of 20 days four more pods were removed, two 

from each of the cold temperatures. At the experiment’s completion the



eggs had been exposed to cold periods ranging from 20 to 200 days at 

the two temperatures „ Of the embryos which had received 80 days at 3° C, 

four hatched, two turned and died before hatching, five began, but failed 

to complete blastokinesis and two were still in diapause after one month’s 

observation at 25° C» All embryos exposed to 8° G for 80 days remained 

in diapause. Hone of the embryos exposed to either 8° C or 3° Cfor 100 

days, nor those exposed for 120 days to 3° 0 terminated the diapause.

Of those incubated at 8° C for 120 days all embryos from one pod were 

dead upon examination and from the other# seven embryos had undergone
I

revolution and two remained unturned. Those pods exposed l6o days to 

3° C contained only two embryos beyond the diapause Stage 19, Biese two 

had developed nearly to the definitive stage but had died before hatching. 

Of those pods exposed 200 days to 3° C only three embryos turned and none 

of these hatched after a three week observation period. Out of 48 pods 

used for the experiment, only four embryos hatched, approximately I per

cent of the total. While the 80 day period at 3° C did terminate the 

diapause in six embryos, the small percentage which hatched indicates 

that the conditions of the experiment were not suitable for diapause
>•

termination in the majority of A. elliotti embryos studied.

In the seventh experiment newly laid eggs were reared 40 days at 

25° C and then divided into two groups, one incubated at 8° G and the 

other at 3° C. One pod was taken from each temperature cabinet at two 

day intervals so that the first pair had only a two day exposure to low 

temperature, the next pair four days and so on through the last pair
Ivi
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which had a 20 day low temperature period. Hone of these low temperature 

periods was found to he adequate to terminate the diapause in any of the 

embryos treated.

An eighth experiment was conducted to test the effect of short dura

tions of extreme cold on pre-diapause and diapause eggs. Ibur pods of 

25 day old eggs reared at 25° C were subjected to one, two, three, and 

four day periods of exposure to temperatures of -15° C to -20° C. Two 

months after their return to 25° C none had undergone blastokinesis 

although most appeared to he. healthy. EMbryos reared at 25° C until the 

ages 3 0, 35, 40, 4$, and $0 days were given two day periods of exposure 

to -15° 0 to -20° C and returned to 25° C. The short period of extreme 

temperature had no effect on termination of diapause and these embryos 

remained unturned for two months after their return to 2 5° 0.

One preliminary experiment was undertaken to determine the possible 

relationship between long-day rearing in the parental generation and the 

incidence of diapause in the embryonic progeny. A 45-watt fluorescent 

light source, made up of two daylight and one ultra violet tubes, was 

suspended over a single cage of A. elliotti pairs in the greenhouse.

These were subjected to 18 hours of light and six hours of darkness from 

July 15 through October 1 5, i9 60 and eggs were collected at daily inter

vals and stored at 25° 0. Pods were laid from July 20 until September 30» 

On Hovember 7 all pods were dissected and the egg contents examined.

Most embryos had developed to the diapause Stage 19, but none, had devel

oped beyond this point. Diapause in the embryo of A, elliotti was not
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averted by the conditions of photoperiod used in this experiment.

Slifer (1946) reported the termination of diapause in the species 

M. differentialis by exposure to certain organic solvents following 

exchoriation. In order to determine whether similar, treatments might 

cause diapause termination in A. elliotti, embryos ages 30, 35, 4l, 50 

days were immersed in 3 percent sodium hypochlorite using the method of 

Slifer (1 9 4 5) to remove the. chorion membrane. Eggs then were rinsed in 

distilled water, dried on filter paper and placed in xylene for a period 

of one-half hour. Following this treatment, eggs were rinsed with dis-

tilled water, dried and placed on moist filter paper in a cabinet at
0 " •25 C for observation. Hone of these embryos underwent blastokinesis

but remained in diapause during the two month observation period. This

experiment was repeated later with embryos which had remained in the

diapause state for a longer time, and using toluene and benzene, as well

as xylene. Hone- of the embryos terminated the diapause following these

treatments.

It was mentioned previously that difficulty was encountered in 

terminating the diapause in the 19 5 9 laboratory reared egg population.

The attempts to terminate diapause In these experiments with i960 labora

tory feared eggs similarly met with little success. It should be men

tioned, by way of contrast, that all wild, population eggs brought into 

the laboratory, even as early as mid-September, apparently had met condi

tions suitable for their diapause termination for they readily underwent 

blastokinesis when exposed to adequately warm temperatures.
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Eodine, in a 1932 paper, indicated that certain temperature conditions 

to which- an' embryo is exposed prior to entering the diapause are important 

in determining what later conditions will be required for, diapause termina

tion. The temperature conditions under which the wild population and 

laboratory reared embryos underwent pre-diapause development were quite 

different and this might account for the apparent dissimilarity in their 

diapause termination requirements. It is also possible that part of the 

difficulty found'in terminating diapause in the laboratory reared eggs was 

due to their being handled soon after laying, incubated without the vertical 

orientation with which field embryos develop, and perhaps due to differences 

which the parental generation encountered under laboratory rearing as 

compared to those met by reproductive adults in the field.

Whatever the cause of this difference between wild and reared popula

tions in the" conditions necessary to terminate the diapause, it is certain 

that those conditions are not as yet well defined for embryos of A..

elliottio



HISTOLOGICAL STUDY OP A. ELLIOTTI EMBHYOGEDiESIS 

Introduction

The histological investigation of Orthopteran embryos has a rela

tively long history. Among the first to study Acrididian embryology 

were Packard (18 8 3a) and Graber (iSgO, 1 8 9 1) as cited by Eoonwal (1937)- 

The early investigators' of other Orthopteran families according to 

Johannsen and Butt (l94l), include Wheeler (1 8 9 3), Tettigoniidaej Viallanes 

(1 8 9 1), Mantidaej Graber (1 8 9 1) and Heymons (1895)? Ibrficulidae; Heymons 

(1 8 9 5), Gryllidae; Heymons (1 8 9 7), Ehasmidaej Heymohs(l895)? and Wheeler 

(1 8 8 9)? Blattidae.

Concerning the Acrididae, Roonwal (1936? 1937) gave an extensive 

account of the embryology of Locusta migratoria migratorioides R. and P. 

Various aspects of Acrididian embryology have been presented by Hel 

(1929), Helsen (1931? 1934a and b)? Else (1934)? Slifer (1931? 1932? 1934? 

1935? 1938), Baden (1 9 3 6)? Stuart (1935)? Jhinghran (1947)? Bucklin (1953)? 

Colombo (1957)? Kaocharern (1 9 5 8) Ogel (1959)? and Kessel (1 9 6 1, 1 9 6 2).

Another recent and comprehensive Orthopteran embryological study was 

that of Imbrahim (1958) on Tachycines asynamorus Adelung,, EhapidophOridae 

(Stenopelmatidae).

A renewed interest in embryology has been stimulated^ in part, by' 

advances in the field of insect endocrinology. The work of Jones (1953?

1 9 5 6? 19 5 6a) indicated the presence and the function of an embryonic
. '

endocrine system in Locustana pardalina Wlkr, and since then several other 

workers-, including Khan.and Eraser (1 9 6 2), have published in connection 

with embryonic endocrine organs in insects.-



Materials and Methods
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Most of the difficulty experienced in obtaining serial sections of 

insect embryos results from the refractory nature of the abundant yolk 

■which shatters embryonic tissues when entire eggs are cut, Slifer and 

King (1 9 3 3 )5 Roonwal (1935)5 Bnd Tahmisian and Slifer (1942) have published 

techniques which deal with this problem specifically in grasshopper eggs. 

These workers- attempted, to rehydrate the brittle yolk by soaking the 

exposed paraffin-embedded egg in water containing phenol and by wetting 

each section of the block as it is cut. These methods were tried with 

A, elliotti eggs and, sporadically, good results were obtained from 

sections near the exposed end of the block. After a few sections were 

cut, however, the yolk again required a soaking period to render it 

amenable to cutting. Because so many sardally,-sectioned embryos are 

required for the study of a complete embryological history, it was decided 

to employ, on the majority of embryos, a technique more suitable for 

serial sectioning. The fixed embryos in stages before yolk engulfment 

were dissected away from their yolk, infiltrated with Tissue-Mat, oriented 

and embedded, where size required it, under a dissecting microscope. 

Embryos in stages after dorsal closure were sectioned in entirety.

Sbr study through the diapause stage, 233 A. elliotti embryos, ages 

1 3 -9 0 days, were ssrihlly sectioned and $2 were sectioned for the post

diapause portion of the embryology. Sbrty-one retarded wild population 

A0 elliotti embryos were sectioned for comparative purposes, and adult 

nervous systems of three A. elliotti and two Camnula pellucida Scudd.
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also were sectioned. Twenty-two embryos of seven other species of
- - ,

Aerididae were sectioned, including L. migratoria, Melanoplus

differential!s Thos., Melanoplus bivittatus Say, Melanoplus'.sangulnlpes

F., Melanoplus bruneri Scudd.' C. pellucida and Schistocerca gregaria 
o

Tbrskal. A celloidin double-embedding technique was developed and 

employed for the study of some retarded embryos in their yolk systems, 

with good results. Transverse serial sections were cut with both the 

paraffin and the celloidin double-embedding, techniques at- eight u thick-. 

ness and sections were stained either.with Harris’ haematoxylin and 

eosin, or with-paraldehyde-fuchsia, according to Halmi’s (1952) modifi

cation of Gomori (1950).

Pre-Diapause Histogenesis

The histology of A. elliotti embryogenesis will be described, for

the most part, in relation to the morphological stage criteria previously

established. Some asynchrony can be expected between internal and external

differentiation in different individuals of a species, but it was thought
' -that, the arbitrary stage designation is a more useful '/key to the internal 

differentiation than is- the age of an. individual. Whereas the duplica

tion of an histological situation in an embryo of a given age required

the. exact'duplication of temperature conditions during rearing- arid embryosi ■ - : -
of similar developmental rates, the achievement of this replication where

stage, is given requires only the recognition of specified external form.

The reader may refer to Tables I and II for,the variability of ages of
> 1 ‘ ,

the embryos' reared at 25 C represented within each-stage, and to Tables



V and H  for the body length variability of individuals within each stage.

As was stated in the description of-the stages of external morpho

genesis, the embryo of A. 'elliotti forms directly under the hydropyle 

area at "the posterior end of the egg, as it does in M. differentialis 

(Slifer, 1932) and in L. migratoria (Boonwal, 1936). While histological 

sections of the first three stages of germinal disc formation and elonga

tion were not made, whole mount photographs of these stages were taken. 

These photomicrographs and those of embryos through Stage 6 showing the 

progressive development and inner layer formation can be seen in Figures 

1 - 6 ,  Plate IX0

The shadowed regions, shown in the embryos are those in which

inner layer proliferation, and later its segmentation, has occurred and
, ’ \ • "

the lighter borders are the thinner ectodermal layers. The Stage 4 A, 

elliotti embryo, shown in Figure 4, has a narrow streak of darker tissue, 

the inner layer, extending from the caudal extremity anteriorly to the 

mid-region of the protocorm. This layer gradually becomes broader and in 

the Stage 5 embryo, shown in Figure $, it appears that the six segments 

of the gnathoeephalon and the thorax have, been set apart before any ecto

dermal segmentation has occurred, Ho .evidence of metamerism in the 

ectodermal layers could be seen in this Stage 5 =embryo; the development 

of the stomodeum, in the specimen photographed, was advanced compared to 

that"observed in most Stage 5 embryos.

Hie elongated protocorm of the Stage 6 embryo, Figure 6, showed 

slight evidence of segmentation of ectoderm along its lateral margins.

- 76-
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Antemal buds were faintly visible near the posterior end of the proto- 

cephalon. A retroflexion of the protoeephalie portions of both the 

Stage 5 and Stage 6 embryos photographed caused these regions in those 

embryos to appear shorter than they actually were. Attempts to straighten 

the fixed specimens for photographic purposes failed, the delicate embryos 

breaking apart easily. Beyond the stages shown, external recognition of 

inner layer development was not possible.

The histological study of a late Stage 4 embryo revealed the ectoderm 

of both the protoeephalon and the protocorm to be several layered. A 

median ventral, groove divided the embryos of this stage which presumably 

corresponded to the median ventral groove of Eelsen (1934) and the second

ventral groove of Roonwal (1936). Inner layer proliferation was evident
'

along the dorsal surface of the median ventral groove of the protocorm. 

Mitotic figures were found most often in ectoderm at the dorso-lateral 

body margins and in the ventral median body regions. The amnion was 

present both anteriorly and posteriorly, arising by the proliferation 

and infolding of the lateral ectoderm margins, but this membrane was not 

complete.

Inner layer segmentation was observed histologically in sections of 

Stage 5 embryos as narrow and broad regions of round cells dorsal to the 

ectoderm. A transverse section in the middle region of the protoeephalon 

in a Stage 5 embryo showed inner layer proliferation at its most anterior 

margin, Figure 7, Plate X. The region between the protoeephalon and 

protocorm was found to be covered dorsally by a solid layer of inner layer



cells, Alternately broad and narrow regions of inner layer mark its ini

tial segmentation in the protocorm. of this Stage 5 embryo/ Iigures 8 and 

9, Plate X. The nuclei along the dorsal margin of the inner layer con

tained chromophil droplets (called chromatic droplets by Wigglesworth5 - 

1942)5 a condition which seemed to be characteristic of certain embryonic 

areas at times.' A gradual thickening of the amnion was observed in sec

tions near the caudal region of the protocorm, Iigure 10, Plate X. The 

amnion appeared to be completed, or nearly so, in the Stage 5 embryo,

In specimens of older stages, the amnion and serosa, which lie in close 

apposition to the ventral face of the embryo, often were lost when the 

egg membranes were removed before sectioning and, therefore, did not 

appear in the sections.

Three sections of the head of one Stage 5 embryo showed ventral 

ectodermal evaginations. Two of these sections, Iigure 11 and 12., Plate 

X, showed the evaginations were joined midventrally. No definite stomo- 

deum was visible in this specimen so that it could not be determined 

whether these structures were pre- or post-oral. Bieir fused condition . 

favored the interpretation that they could be the paired labral appendages, 

but their position on the protocephalon, sections 15 - 17 of a total of 

20 head sections, suggested they were antennal rudiments. Roonwal (1 9 3 8) 

and Slifer (1932) showed the early antennal rudiments arising some dis

tance lateral to the mid-ventral line, and likewise, the earliest visible 

• antennae of A. elliotbi were found in this position. Bie fused lobes ' 

then could be the paired labral appendages or some anomalous condition of
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fused antennae peculiar to this one specimen. Hone of the other embryos 

of this stage showed any appendage formation. The possibility also 

exists that unusual dermatogenic proliferation in the initial neuromere 

differentiation could account for these evaginations. The matter remains 

open to conjecture and further study.

The beginning of segmentation of ectodermal tissues was evident 

along the lateral margins of the protoeorm in the Stage 6 embryo. The 

inner layer, in which segmentation was previously formed, appeared to 

determine the growth pattern of the ectodermal segmental demarcations. 

Experimental evidence by Krause (1953), as described by Counce (1 9 6 1), 

indicates that ectodermal segmentation will not occur without the pres

ence of the inner layer. The invagination of the stomodeum was tube-like 

in the Stage 6 embryo and slight protuberances on the head lobes lateral 

to it indicated the anlagen of the antennae.

Stage 7 - Beginning of neuroblast differentiation

The evagination of the labrum dorsal to the stomodeum was apparent 

in the Stage J embryo and ventral extensions of the inner layer reached 

into the, labral and antennal rudiments. In the thoracic and gnathal
I

regions, mesoderm had migrated dorso-laterally along the curving ecto

dermal margins as the formation of separate coelomic sacs began. A few 

loose mesoderm cells were seen lateral to the wall of the stomodeal 

invagination. Inner layer differentiation in the caudal sections of the 

embryo was little advanced, the newly formed tissue only one cell layer 

thick. The ectoderm of presumptive brain regions was beginning to

-79-
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differentiate; a few cells of larger dimensions were visible. Posterior 

sections of the protocephalic region showed the dorsal cavity, formed by 

dorso-lateral curving of ectoderm, entirely filled with cells.

Keuroblast differentiation and development proceeds in A. elliotti 

embryos in the same manner reported for other Acrididian embryos. At 

the time of its first division, a heuroblast cell is not much larger 
than the daughter cell it producesj it has little cytoplasm and stains 

nearly as darkly as its ganglion cell. The neuroblasts form a row of 
large, pale cells, four or so in each half of the evolving ganglion, 

which lie between their ganglion cell progeny and the ventral hypoderm.

The small size of the newly formed neuroblast cell of Chortophaga 

viridifasciata DeG, was mentioned by Carlson (1959). Sometime after 

their differentiation the chromatin of the interkinetic neuroblast cells 

becomes diffuse, staining very lightly compared to the ganglion cells 

which they produce. The mitotis of neuroblast cells is polarized, 

occurring, except in rare instances, at right angles to the ventral 

surface. The division is also asymmetrical, the mother neuroblast 

retaining nearly all of the cytoplasm and the daughter ganglion cell 

appearing to receive mostly nuclear material. As vertical chains of 

ganglion cells form dorsal to the neuroblast, the neuroblast seems to 

grow larger, until finally degenerative signs become evident in their 

nuclei and the cells eventually die and disappear. It seems possible 

that the retention of cytoplasm by the neuroblast during successive, 

divisions accounts for their very large size at the time1of ,their death and-'

i,



this extreme gain in cytoplasmic quantity could he, in part, responsible 

for their mysterious demise. Subsequent division of the ganglion cells 

occurs in A. elliotti and was reported for C. viridifasciata (Carlson, 

1959); but it is not known whether there is a special functional sig

nificance to the cells formed.

Stage 8

In the Stage 8 embryo, mesoderm was organized into hollow coelomic 

sacs in the antennal, 'gnathal, and thoracic regions. Loose mesoderm cells 

were seen near the stomodeum anteriorly, near the bases of the append

ages. A few small neuroblast cells lay between the hypoderm and newly 

budded ganglion cells in the presumptive brain regions. In the thorax 

differentiation of neuroblast cells from primary ectoderm has occurred 

along the dorsal side of the ventral surface forming the neural swellings 

on either side of the ventral groove. No neuroblast cells were found in 

the posterior protocorm sections; inner layer differentiation was not yet 

complete in the caudal extremity of the Stage 8 embryo.

Stage 9 - Differentiation of the subesophageal body

Ihe cytoplasm of neuroblasts in the protocerebral and deutocerebral 

regions in the Stage 9 embryo had increased so that these cells could be 

readily distinguished from the darkly stained ganglion cells filling 

those regions. In the subesophageal and thoracic ganglia neuroblast 

mitoses were frequent. Prominent neural swellings in the anterior 

abdominal regions were divided by a deep mid-ventral neural furrow which 

extended the full length of the protocorm posteriorly. A median caudal
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invagination marked the anlage of the proctodeum. The antennal append

ages were turned medially, in front of the Stomodeum5 and elongated 

ventral pouches of the antennal coeloms extended into them (Eigure 13, 
Plate XI). Coelomic sacs in the gnathal, thoracic5 and first abdominal 

segments had begun subdivision into dorsal and ventral pouches. In the 

caudal section of the abdomen, mesoderm proliferation was continuing 

ddrsal to the ectodermal layers.

At the dorsal.limit of the lateral head walls at the level of the 

antennal evaginations, a few bi-nucleate cells were visible for the 

first time in the Stage ,9 embryo. These were the subesophageal body 

cells which appear to have differentiated from mesoderm at the dorso-' 

lateral edges of the mandibular segments. In Xiphidium ensiferum Scudd. 

Wheeler (1 8 9 3) found that these cells arose "in a stage a little earlier 

than F", which corresponds to Stage 7 or 8 in A. elliotti. Likewise, 

Hagan (l95l) found the subesophageal body appeared in Diploptera 

dytiscoides. at an early stage when the embryo had "but three differ

entiated metameres in the abdomen”. Eoonwal (1 9 3 7) found these cells' 

arose in the 56 hour embryo of L. migratoria, which is comparable 

externally to the Stage 6 or 7 embryo of A. elliotti. Kessel (1 9 6 1), 

who studied the cytology and histochemistry of these cells in M.
J . . .differentialis, reported that the sube sophageal body cells arose at

about the tenth or eleventh day of the embryology of that species which
.

would identify it with the Stage 6 or 7 embryos of Slifer (1932), the 

approximate equivalent of a Stage 7 or 8 embryo of A. elliotti. Study
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of the serial sections of nine Stage 7 or 8 A. elliotti embryos'failed, 

to disclose evidence of earlier differentiation of these cells. Ibur 

Stage 9 embryos (20 and 22 days of age) had paired groups of subesophageal 

body cells lying hear the dorsal mesoderm of the mandibular segment.

Stage 10

Separation of the presumptive eye disc had begun in the Stage 10 

embryos and a semicircular orientation of the optic ganglion cells was 

beginning, directing the narrow area of the rudimentary ganglion ventro- 

medially. Mitotic activity was observed in the optic ganglia and neuro

blast divisions in the brain were numerous. Ueural differentiation in 

the caudal segments was little' advanced; mid-abdominally short chains 

of ganglion cells were observed and eaudally few neuroblasts were found, 

Subesophageal body cells in the Stage 10 embryo extended between the 

dorso-lateral head walls in the mandibular segment posteriorly for 

several sections, Coelomic pouches were distinct in all appendages but 

no organized sacs were found in the caudal region of the abdomen. Meso

derm cells were seen surrounding the stomodeum which, would eventually 

form the stomodeal musculature. In L, migratoria stomodeal musculature 

was said to have been derived from the dorsal pouches of the antennal 

coeloms.

Stage 11

' Ejye disc separation was complete in the Stage 11 embryos examined.

The cytoplasmic content of the neuroblast cells in the anterior embryo 

had increased so that these pale cells were more than twice the size



of their daughter ganglion cells. In the anterior segments a single cell 

layer formed a ventral connecting membrane joining the dorsal coelomic 

pouches. Posteriorly^, neuroblast differentiation still was incomplete. 

Stage 12 - Appearance of the germ cells

The■Stage 12 embryo was found to have developed median cord neuro

blast cells, one per segment, with small clusters of their ganglionic 

progeny intersegmentally in the thoracic and first abdominal segments.

The ganglia of the brain had formed neuropile (Punktsubstanz) which in 

the pfotocerebrum joined the lobes and was entirely surrounded by neuro- 
blasts and their ganglion cells. The tritocerebral and subesophageal 

ganglia, likewise, were joined by connectives passing dorso-medially 

between them. No organized neurilemmal membrane could be detected over

the" dorsal commissure fibers at this stage. A ventral membrane joining 
■'

the dorsal coelomic pouches had formed in the mid-abdominal segments.

Some mesoderm cells near the thoracic appendages appeared elongated and, 

in some, long cytoplasmic processes could be seen extending toward the 

epithelium. The subesophageal body cells appeared near the bases of the

mandibles in some Stage 12 specimensj in others they lay clustered in the
- ■'

center of the dorsal cavity. Small paired depressions in the ectoderm 

along the lateral body wall marked the site of the tracheal invaginations. 

Germ cells were first recognized in the Stage 12 embryo. Their origin 

at the medial edge .of the dorso-lateral mesoderm is the same as the germ 

cell origin reported by Roonwal (1937) in the five day old L. migratoria 

embryo. Roonwal was able to identify cardioblast cells at the time the
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g e m  cells first appeared,, M t  these could not be identified in the Stage 

12 A. elliotti embryos.

Stage 13 - Origin of the optic ganglia, differentiation of the neuro
endocrine system and oenocyte cells, invagination of the 
anterior tentorial arms, formation of peripheral ganglia

In the Stage 13 embryo, inerassation of the qye-plate regions was

accompanied by the vertical orientation of the peripheral cells and those

of the outer region of the optic ganglia. Cells in the inner region,

where optic tract fibers already were formed, had small round nuclei

which stained somewhat more darkly than those of the protocerebrum.

Many mitoses were observed in the eye-plates and optic ganglia regions.

Ihe optic lobes and the protocerebrum were joined by neuropile fiber

tracts.

There is evidence in the literature that the origin of the optic 

ganglia may be diverse. Boonwal (1937) reported no neuroblast participa

tion in the formation of the optic lobes of L, migratoria and this view 

has been stated for insects as a group by Johannsen and Butt (l94l). 

Recently Banov (i9 6 0) reported neuroblast formation of the optic ganglia 

in several Pterygote insects and this finding was reiterated by Khan and 

Eraser (1 9 6 2) in.embryos of Periplaneta americana L. Study of early A. 

elliotti embryos revealed little evidence of optic ganglion formation from 

neuroblast cells. Some cells with large, dark nuclei and little cytoplasm 

were seen in the Stage 13 and l4 embryos in the ■ optic regions but these 

cells ,did not resemble neuroblast cells, Heuroblast cells, very numerous 

and distinct in the brain regions at this stage, also were found lying in
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close-- proximity to the optic ganglia at the ventro-lateral and ventro

medial junction of the optic lobes and the protocerebrum. It would seem 

to follow that if the optic lobes were entirely derived from neuroblast 

cells as the protocerebrum, deutocerebrum, and tritocerebrum are, neuro

blast cells would be found along the periphery of the, optic lobes also, 

but they were not. However, if neuroblast cells originally were present 

in■the optic lobes, it is possible that if their division were symmetrical 

rather than asymmetrical, as with the brain neuroblasts, they would not 

enlarge during successive divisions and therefore, would not be, recog

nized as similar to their counterparts in the brain ganglia. Later in

the embryology of A. elliotti (Stage 19) '"differentiation of a large pair
.

of pale cells, thought to be neurosecretory cells or possibly association 

cells, was observed along with the appearance■of several smaller cell 

types distinct from the more numerous ganglion cell type. These large, 

pale cells arose at the lateral margins of the junctions of the proto- 

cerebrum with the optic ganglia. These cell types appeared only in 

regions derived from neuroblast cells, so that it seems likely that 

heuroblast cells lying adjacent to the ventral region of the optic lobes 

had contributed their progeny to these optic lobe protocerebral junctions. 

The largest (and dorsal) portion of the optic ganglia, however, would seem
•i •

to have arisen in A. elliotti as in L. migratoria (Roonwal, 1937) by" 

delamination of the dorso-lateral head lobe ectoderm.

The number of subesophageal body cells appeared to be much greater 

in the Stage 12 and 13 embryos than in earlier stages. In no embryo,



however, -was division of these cells observed. In some Stage 13 speci

mens a number of subesophageal body cells were observed near the dorso

lateral mesoderm and it seems a possibility that additional cells of 

this type had differentiated from that original source as the embryo 

matured. Subesophageal body cells extended nine sections in some Stage 

13 embryos as compared to their presence in only three sections in the 

Stage 9 embryos. These cells were observed dor sally in the body cavity 

of some embryos but had undergone ventral migration, in part, to their 

definitive position below the stomodeum in others.

Muscle cells in the thoracic appendage regions had begun organiza

tion into bands and many loose cells resembling hemocytes were present.

Meuroblast division in the Stage 13 embryo was more frequent in pos

terior sections. In some anterior sections the chromatin of a few neuro

blast cells had formed into peculiar shapes which could be indicative of 

rhexis and eventual pycnosis. In some specimens a few dhromophil drop

lets were visible in- the ganglia which were thought to be the fragmentary 

remains of degenerated neuroblast nuclei. Other neuroblast cells were as 

many as Ig times'" larger than their ganglion cell progeny. The abdominal 

ganglia were connected by dorsal commissures although they still were 

composed of neuroblaSt cells and ganglion cell chains. The pleuropodial 

appendages of the first abdominal segment had shifted from their original 

ventral position and lay more dorsally on the lateral body wall. They 

were formed of a single layer of epithelium which showed no evidence of 

specialized differentiation at Stage 13»
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Beginning with the second abdominal segment, large, light germ cells 
could be distinguished from the adjacent mesoderm in the dprso-medial 

edges of the dorsal coelomic pouches. The tracheal invaginations could 

be recognized more easily in the Stage 13 embryos. Bear these ingrowths, 

differentiation of oenocyte cells was observed for the first time. These 

early cells were little enlarged compared to neighboring hypoderm but
’ I

their nuclei stained more darkly. Oenocytes arose segmentally from the 

median wall of the lateral ectoderm at the sides of the dorsal coelomic 

pouches near the tracheal invaginations,

The anterior tentorial arms first could be seen as a pair of tube

like ectodermal invaginations anterior to the bases of the mandibles and 

posterior to the bases of the antennae, " In one Stage 13 embryo the small 

invagination of the corpora allata were seen near the dorsal side of the 

bases of the anterior tentorial invaginations. The age of this embryo 

was advanced and certain inconsistencies between external and internal 

differentiation led this author to believe that the specimen could not be 

considered a normal Stage 13 embryo.

Thickenings in the ectoderm of the dorsal stomodeal surface marked 

the site of differentiation of the stomodeal nervous system, also known 

as the stomatogastrie, visceral, pharyngeal or sympathetic nervous system. 

The anterior stomodeum followed parallel to the anterior and dorsal sur

faces of the head, but because of the ventral flexion of the head, the 

dorsal surface of the stomodeum appeared dorsal to the ventral surface of 

the head. The dorsal stomodeal thickenings, therefore, 'of early embryos



appeared to be on the ventral surface of the. stomodeum rather than the 

dorsal.

Baden (1936) described the origin of the stomodeal ganglia in embryos
'

of M. differentialis, stating that the- occipital,- and corpora cardiaca 

(pharyngeal) ganglia develop identically from evaginations on the 

anterior wall of the stomodeum. He did not mention the origin of the 

ingluvial (ventricular) ganglia. Baden portrayed the frontal, occipital, 

and corpora cardiaca ganglia arising at three successive sites, the 

corpora cardiaca later dividing and migrating laterally to each side of 

the stomodeum;

Roonwal (1937) also reported the development of this system from the 

buccal face of the stomodeal wall in four day old L. migratoria embryos, 

but his interpretation was different, The first evagination similarly 

formed the frontal ganglion; the second, however, was said to be the 

common rudiment of the unpaired occipital and paired corpora cardiaca 

ganglia; while the third was interpreted as the common ahlage of the paired 

ingluvial ganglia. The development of the stomodeal nervous system in A. 

elliotti, for the most part, appeared to agree with,the interpretation of 

Roonwal. However, study of A. elliotti embryos failed to reveal the in

gluvial ganglia in the process of migrating to the. sides of the stomodeum. 

Either a single dorsal rudiment or paired lateral ingluvial ganglia 

were observed. The large, rounded structures lying at either side of 

the gut in Figure 20 of Baden’s paper, said to be the pharyngeal ganglia 

at a stage near hatching, are quite unlike the corpora cardiaca in any of
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the pre-diapause or definitive embryos studied (A. elliotti, C. pellucida, 

L. migratoria, M. differentialis, M. bivittatus, M. bruneri, H . 

sanguinipes) and their position is remote from the position of these 

glands in- the definitive embryos. They do resemble the position and 

morphology of the paired ingluvial ganglia found in the near diapause A. 

elliotti embryos (shown in Figure lk, Plate XE).

Recently the incretory organs of insects have gained much attention 

as their physiological inter-relationships have been revealed. Interest 

in secretory organs, however, has had a long history in insects. In 1912 

a study by Suslov on the head glands of the Orthoptera disclosed the. 

presence of mandibular glands in the Mantidae and the Blattidae, but none 

in the Giyllidae, Tettigoniidae or the Acrididae.

In the embryological literature concerning the Acrididae no mention

of specialized gnathal glands or ganglia was fduhd- ibther'than̂ %ok'"''.'
.

labial (salivary) glands. Recently, Imbrahim (1958) reported the pres

ence of paired balls of ganglion cells in the mandibles and maxillae of 

T. asynamorus (Rhaphidophoridae) embryos at a stage shortly before 

katatrepsis. !Biese were said to separate from the mid-line in the mandi

bular segment but their origin in the maxillary segment was not specified. 

No such nerve cell clusters were found in the labia of that species. 

Imbrahim conjectured that special sensory organs might be supplied by 

these ganglion cell masses, but mentioned that the nerves from the sub- 

esophageal ganglion to the mandibular cell mass gradually became



indistinct. This observation does not seem to support the evidence for ' 

these masses supplying sensory organs.

At the medial edges of the mandibular and maxillary appendages of 

the Stage 13 A. elliotti embryos, small paired ganglia were observed 

joined by nerve fibers to the subesophageal ganglion (Figure 15, Plate 

XL). They appeared to arise by the lateral migration of small groups of

ganglion cells in their respective gnathal segments which later would
■r .

differentiate into cells identical with those found in the central 

ganglia. The mandibular masses in later stages sometimes were bipartite, 

were rounded in cross section, and were elongated parallel to the hori

zontal axis of the embryo. The,maxillary'ganglia were somewhat shorter 

but, likewise^ sometimes seemed to be subdivided. In later stages the 

cells' of both these paired peripheral ganglia grouped around a lightly
• - j- ,

stained neuropile center. The prominent nerve connections between the 

mandibular ganglia and the subesophageal ganglion remained intact until 

hatching but the nerves between the maxillary cell groups and the sub

esophageal ganglion were smaller and less distinct*

■' ' Because the gnathal ganglia before their fusion to form the sub-. 1
I

esophageal ganglion have been designated in the literature (Baden, 1936, 

Rdonwal, 1 9 3 7, etc.) as the mandibular and maxillary ganglia,1 it is here 

proposed that these newly found subsidiary gnathal ganglion masses be 

named the corpora mandibulorum (singular1 corpus mandibuli) and corpora 

maxillarum (singular corpus maxillae). The corpora mandibulorum with 

nerves from the subesophageal ganglion in a diapause embryo can be seen
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in Jigure 16, Plate XT, and the corpora maxillae in a Stage 2$ embryo can 

be seen in Figure IJ, Plate XI.

Preliminary investigations have disclosed that when these gnathal 

organs are fully differentiated they are composed of several cell types.

An enclosing membrane composed of flattened neurilemma cells could be 

distinguished. The remaining cells appeared of two types, one with small, 

darkly stained nuclei, resembling the most numerous ventral ganglion cell 

type,. and another with large, lightly stained nuclei.

The possibility that these organs might have a neurosecretory func

tion must not be neglected in view of the latter cell type. Investiga

tions into this alternative will be carried out in. connection with a 

future study on neurosecretion in A. elliotti embryos and their presence 

or absence in nymphal and adult stages will be investigated. The promi

nent nerve connections between the corpora mandibulorum and the sub- 

esophageal ganglion support the view that they function as motor 

or association centers for special sensory areas in their respective' 

appendages.

"It seems likely that these ganglion masses are homologous to those 

found in T. asynamorous by Imbrahim (1 9 5 8). My study of other embryonic 

Acrididian species, including M.. differentlalis, M. sanguinipes, M. ■ 

bivittatus, M. bruneri, C. pellucida, S. gregaria, and L. migratofia 

revealed their presence in four more genera. Whether they bear an homol

ogous relationship to the gnathal head glands of other Orthopteran families 

mentioned by Suslov is not known.
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Stage l4

In the Stage 14 embryo large cells were present in the intergang- 

lionic thickening and in the optic regions of the brain. These cells 

were more deeply stained and smaller than the neuroblast cells of the 

protocerebrum, Chromophil droplets were observed in peripheral regions 

of the protocerebrum and in the ventral ganglia. A few neuroblast nuclei 

contained rhexic chromatin and some had vacuolate nuclei,, indicative of 

their Imminant death. However, mitoses were,observed in neuroblast cells 

and the posterior abdominal ganglia of some embryos consisted of neuro

blasts with short gangion cell chains and no neuropile.

Subesophageal body cells were found stretching across the dorsal 

cavity in the mandibular segment of some Stage,14 embryos, but in others 

they lay near the bases of the mandibles, or halfway between the mandi

bles in the body cavity.

Large antennal and gnathal coeloms were present. Ttie ventral membrane 

setting apart the epineural sinus was seen in the Stage 14 embryos. The 

one-cell-layered provisional dorsal membrane, joined dorso-laterally 

near the points of amnion attachment, separated the yolk from the dorsum 

of the embryo„

In the first abdominal segment, posterior to the pleuropodial attach

ments, paired thickenings of the lateral body wall hypoderm indicated the 

arilagen of the tympanal organs. Distinct spiracular"invaginations could 

be seen in the anterior abdominal segments and in the most cephalad seg

ments these had branched into dorsal,and'ventral diverticula. In close



proximity to these invaginations were clusters of oenocyte cells which 

anteriorly, in some embryos, had fully differentiated, possessing gray- 

pink cytoplasm and large, dark, round nuclei. In other specimens oenocyte 

cells were visible in the posterior abdominal segments but were more 

immature in their development. They lay between the lateral body wall 

ectoderm and the lateral coelomic sac margins.

In addition to the tracheal ectodermal invaginations, anterior to 

the bases of the mandibles and posterior to the bases of the antennae, 

the anterior tentorial arms had elongated. Ehey had not yet joined 

medially in the laboratory reared specimens of this stage and no distinct 

invaginations of the posterior arms could be found. ■ In the metathoricic 

femora, tubes destined to be the endoskeletal elements were seen.

The first abdominal appendages of the Stage l4 embryo, the pleuro- 

podia, were composed of a single-celled epithelial layer, but the nuclei 

had grown larger than those of the adjacent body wall hypoderm and they 

were oriented perpendicularly to the cavity they surrounded.

The germ cells of the Stage l4 embryo were easily, distinguished in 

the dorso-medial wall of the abdominal coelomic sacs beginning with the 

second abdominal segment. In the female these large light cells tended 

to form a vertical row, but in the' male the rudimentary gonad was more 
rounded at this stage.

Stage 1$ - Invagination of the ventral head glands, labial glands and 
corpora allata

Thickenings of the mid-ventral and dorso-lateral hypoderm indicated
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the differentiation of the median and dorsal ocelli. In the protocerehrum 

a migration of ganglion cells into, the central neuropile region suggested 

the formation of the corpus eentrale. Connective membranes composed of a 

single cell layer extended from the median surface of the protocerehrum 

dorsally and joined the head walls where they folded dorso-laterally 

into the amnion. Degeneration of some neurohlast cells was evident in 

the brain and ganglia while some.of these cells continued to undergo 

mitoses.

Die frontal ganglion of the Stage 15 embryo remained attached to 

the dorsal wall of the anterior region of the stomodeum. ■ In cross section 

the frontal ganglion of most embryos lay dorsal to the base of the labrum. 

Its central region of neuropile was surrounded by ganglion cells and 

nerves leaving the ganglion laterally could be followed to the tritocerebri 

in some specimens. These were the rudimentary frontal connectives. Pos

terior to the frontal ganglion on the stomodeum lay the occipital ganglion, 

and posterior-laterally to it, the corpora cardiacs. Heuropile filled 

the center of the occipital ganglion.

In the mandibles ,the. corpora mandibulorum lay along the medial edges 

of the rudimentary appendages and nerve fibers joined them to the sub- 

esophageal ganglion. In one Stage 15 specimen, a neuroblast cell lay 

attached to the cells of the corpus mandibuli. The corpora maxillarum 

lay at the medial edges of the maxillary appendage bases and similar cell 

masses could be seen along the medial edges of the labia for the first 

time. These ganglion cell masses, paired at this stage, later appeared



to fuse into a single body near the ventral surface of the hypopharnyx 

(See Iigure 18, Plate XI), Ibr this reason, the name corpus hypolabium 

seems appropriate for the definitive body. Nerve fibers could be traced 

from the sube sophageal ganglion to both the corpora maxillarum and the 

paired anlagen of the corpus hypolabium.

At the lateral margins of the intersegmental regions between the. 

mandibular and maxillary segments, paired ectodermal invaginations were 

observed for the first time in a Stage 1$ embryo. These were the anlagen 

of the ventral head glands (prothoracic glands) which appeared as elon

gated tubes directed medio-ventrally.

Paired corpora allata, separated from their invagination sites, were 

first distinguishable in the Stage 15 A. elliotti embryo and appeared as 

small rounded masses lying dor sally, near the medial region of the anterior 

tentorial arms. At this stage mesoderm from the antennary coeloms lay 

in close association to these glands.

Behind the bases of the maxillary appendages and anterior to the 

labial appendage bases paired invaginations of the labial glands (salivary 

glands) could be distinguished.

The tracheal invaginations in most Stage 15 embryos were branched 

dorso-ventrallyj small tracheal tubes were cut longitudinally in the 

thoracic appendages in some specimens and the longitudinal tracheal connec

tives were present.

The ectodermal invaginations which would form the large mandibular 

apodemes were seen at the ventro-medial margin of the mandibles in the
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Stage 15 embryos. These rudimentary apodemes were bifid at their apices 

and directed toward the dorsal head wall. In one embryo their length 

was over half the distance of the lateral head walls. The invaginations 

of the anterior tentorial arms had barely joined dorsal to the sub-
i

esophageal ganglion and posterior to the bases of the maxillae, the 

small invaginations of the posterior tentorial arms were seen. Coxal 

apodemes were found in the three thoracic'appendages. The anlagen of the 

apodemes of the metathoraeic femora appeared as paired tubes in cross- 

section, one dorso-laterally and a smaller one ventro-medially in each 

femur. Bie walls of these apodemes were but one cell layer thick.

Mesoderm cells could be seen migrating to them.

In the prothoracie and mesothoraeic femora of the Stage 15 embryo an 

invagination of dorso-lateral ectoderm (extending only three sections in 

length) near the bases of these leg segments had formed the rounded body 

of the ehordotonal organs. Another small invagination near the distal 

end of each femur had begun. At this stage the ehordotonal anlagen were 

comparable to those described by Slifer (1935) in an 18 day M. 

differential!s embryo.

In the first abdominal segment paired lateral invaginations posterior 

to bases of the appendages (pleuropodia) had formed which would become the 

tympanal organs.

Subesophageal body cells were numerous in the Stage 15 embryos 

examined. These cells appeared in paired masses at the dorso-lateral 

edges of the mandibular segment.
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Oenocytes were observed posterior to the first abdominal spiracle 

and as far caudally as the distal end of the proctodeal invagination.

In the anterior segments these ceils were well differentiated with abun

dant cytoplasm, but posteriorly they were more immature.

• Germ cells of the second abdominal segment were located in gonadal 

rudiments, but those of the fourth and fifth segments still were part of 

the dorso-medial eoelomie sac walls.

Erom the gnathal segments posteriorly through the third abdominal 

segment, the dorso-lateral junctions of the provisional dorsal closure 

lmd become thickened in some places, the thickenings extending half the 

. distance of the membrane medially. These inerassations were the splanchnic 

mesoderm which would form the musculature of the definitive gut. Although 

a thickening of the most dorsal surface of the eoelomie sacs was observed 

in some Stage lb embryos,,the medial growth of these tissues was not 

seen until the 1 5th Stage.

Stage 1 6

The degeneration of neuroblast cells was evident in the protocerebrum 

of all the Stage 16 embryos studied. Hot only were anterior neuroblast 

cells much less frequent than in earlier stages, but there was a great 

increase in the number of ehromophile droplets and cellular debris. 

Heuroblast cells with fragmented, clumped chromatin and large vacuoles 

were found even in the posterior abdominal ganglia. However, these degen

erative symptoms became less numerous caudally than they were in the brain 

and thoracic regions.
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The interganglionic thickening was prominent in the Stage 16 embryos 

as a shallow "8" shaped body lying between the d.orso-lateral protocerebrum 

and. the optic ganglia. KLbers were seen which extended from the thickened 

ventro-medial bypoderm dorsally toward the protocerebrum. These would 

become - the nerves of the median ocellus. From the dorso-lateral edges 

of the protocerebral lobes in one embryo, two small nerves were visible 

from the developing dorsal ocelli. Two membranes extended from the dorso- 

medial edges of the protocerebrum to the dorso-lateral head walls. An 

inner neurilemma was observed in Stage l6 embryos lying between the 

ganglion cells and the neuropile regions of the protocerebrum, deuto- 

eerebrum, and tritocerebrum. In some sections, the oval?, flattened nuclei 

of this membrane formed a chain, but in some alternate sections connections 

between the nuclei were obscure.

With regard to the presence of the inner neurilemma in M. 

differentialis embryos, Baden (1936) stated, "Although there may be cells 

around the fibrous substance arranged like the nuclei of the external 

neurilemma, even under the best conditions no connection between them of 

the nature of a membrane can be demonstrated. If there were such a mem

brane it would have to have a perforation for every single fiber in the 

nervous system, because these fibers come from the ganglion cells. I con

cluded that there is no internal neurilemma." The brain regions of most 

A. elliotti embryos prior to Stage 16 showed little evidence of any orien

tation of a layer of cells surrounding the neuropile, and nerve fibers 

were observed extending into this region from the ganglion cells. Embryos
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toetween Stages 16 and 225 however, did possess a layer of somewhat elon

gated cells delimiting the neuropile which other authors have termed the 

inner neurilemma, . Whether this is a wise choice of names for the layer 

could he questioned, but its presence cannot be overlooked in these stages 

(See Eigure 19,' Plate XEl), , In the near definitive stages this cell layer 

became obscure, A photograph of the protocerebrum at the level of the 

median ocellus in a near definitive embryo shows no distinct layer 

delimiting the neuropile (Figure 20, Plate ZEl), A study of the origin 

and fine structure of these cells might contribute information regarding 

the nature of the tissue.

The anterior ganglia of the stomodeal nervous system, as well as the 

corpora mandibulorum and maxillarum, were better defined in the Stage 16 

embryo. Ihe frontal ganglion was bluntly cone-shaped with the broad end 

lying dorsal to the base of the labrum and'the narrow end still in contact 

with the stomodeum, Heuropile fibers filled its center and lateral nerves 

could be traced to the tritoeerebrum. A distinct nerve passed dorsally 

to the neuropile of the occipital ganglion which likewise lay on the 

stomodeal wall (See Eigure 21, Plate,Hi). The corpora eardiaea were 

found lying lateral and somewhat dorsal and posterior to the occipital 

ganglion but no distinct nerve could be seen between them. A short dis

tance posterior to these ganglia, the stomodeum turned posterio-dorsally, 

making a "U" shaped bend, At the sides of the stomodeum, which appeared 

to be cut longitudinally at this place, two thickenings filled with neuro

pile were observed in some embryos. These' were the rudimentary ingluvial
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ganglia. In other specimens their position was similar hut their differ

entiation less complete, and in some others, a single large mass, proba

bly the common rudiment of the ingluvial ganglia, was present on the dorsal 

stomodeal wall.

Distinct cell masses between the mandibular and maxillary segments 

marked the ventral head glands of the Stage l6 embryos. Erom their site, 

of origin between the maxillary and labial appendage bases, the labial 

glands had sent tube-like invaginations ventrally along the sides of the 

subesqphageal ganglion (ELgure 22, Plate Hi). The hypoderm ventral to 

this ganglion in some embryos had thickened and begun to evaginate forming 

the rudimentary hypopharynx.

The mandibular apodemes appeared as long slender tubes basally and 

at their distal ends were divided.into lateral and medial blades. In 

some embryos a large amount of mesoderm could be seen lying around these 

invaginations> the anlagen of the large mandibular adductor muscles.

Ihe anterior tentorial invaginations were joined medially dorsal 

to the tritoeerebral commissure and anterior to the subesophageal gan

glion., At this point a few mesoderm cells were found lying between the 

tentorial junction and the dorsal surface of the stomodeal aperture. The 

posterior tentorial arms had grown anteriorly toward the medial head 

region where they united with the anterior arms to form the body of the 

tentorium.

In the thorax of the Stage l6 embryo, median sternal invaginations 

extended dorsally and branched into lateral processes. ,These were the
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rudimentary fur cal arms or sternal apophyses which lie anteriorly Irv ■■ 

the mesothoracic and metathoracic segments. These apophyses extended a 

few sections from the furcal invaginations at this stage, appearing as 

paired lateral tubes in cross section. Another median ventral uribranched 

invagination only partially divided the subesophageal-prothoracic con

nectives as it extended a short distance dorsally.

In the prothoracic and mesothoracic femora of the Stage 16 embryos, ' 

cells had oriented in a layered arrangement around the periphery of the 

ehordotonal organs. Elongated cells in the tympanal organs, likewise, 

were oriented around the lumina of these invaginations.

In the thorax and abdomen cells had differentiated and organized 

forming dorso-ventral and longitudinal muscles.

At the anterior edge of the proctodeum the Malpighian tubules had 

formed.and extended a few sections anteriorly. They appeared as rounded 

cell masses in cross section, their pale, round cells having arisen from 

ectoderm under the proctodeal mesoderm. Inside the posterior region of 

the proctodeum, small thickenings of epithelium had1- begun to form the 

rectal glands, pads, or papillae.

Stage IT

Some neuroblast cells of the Stage 17 embryo appeared in various 

degenerative conditions from the protocerebrum to the posterior abdominal 

ganglion, and many ehromophil droplets were observed. Mitoses were found 

in some, posterior neuroblast cells.

Shrther thickening of the ventre-medial and dorso-lateral hypoderm
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at the site of the median and dorsal ocelli was observed and fibers from 

the latter joined the protocerebrum. In the eye disc mitoses were frequent 

and for the first time, postretinal fibers could be seen between the optic 

ganglion and the eye plate. The hypoderm of the entire head region had 

completely separated from the brain and minute fibers were visible 

between the peripheral brain regions and the inner hypodermal surface. 

Small, dark globuli cells of the corpora pedunculata, or mushroom bodies, 

were seen dorse-laterally in the protocerebrum and fibers extended dorso- 

ventrally from them into the neuropile of the protocerebral commissure, 

forming the pedunculi. Ganglion cells surrounded the commissures in all 

ventral ganglia.

The corpora mandibulorum of one- Stage 17 embryo was. bipartite and 

the corpora maxillarum were distinct, their nuclei much paler than the 

adjacent hypoderm and seeming to be less compact than in earlier stages. 

Paired anlagen of the corpus■hypolabium were present in the labial segment 

and for the first time, peripheral ganglion masses were seen lying at 

the sides of the labrum just distal to its base. These ganglia were 

found to be innervated by nerves from the tritoeerebrum and can be seen 

in Figure 23, Plate H I  in a Stage 19 embryo. These will be called the 

corpora labri (singular corpus labri) and are the fourth pair of periph

eral ganglia found in Acrididian embryos during this study. ■

At the ventro-medial region of the head between the labial append

ages the enlarged evagination of the hypopharynx was seen.

The limina of the chordotonal organs in the prothoracic and
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mesothoracic legs resembled those found in the 23 day old M. differential!s 

embryo, as shown in Iigure 7, Slifer (1935)• The tympanal organs had 

become multi-layered and mitotic cells were numerous.

The small, paired corpora allata, rounded in cross-section, lay 

dorso-lateral to the tentorial junction in the Stage 17 embryo as shown 

in Iigure 24, Plate HI. The frontal and occipital ganglia remained on 

the dorsal surface of the stbmodeum joined by the broad recurrent nerve. 

Paired ingluvial ganglia lay along the lateral walls of the stomodeum.

In Iigure 25, Plate H I I , the invaginations of the ventral head 

glands in the Stage 17 embryo .can be seen. Tracheal tubes and ducts of 

the labial glands were found in the area lateral to the sube sophageal 

ganglion.

A distinct body of the tentorium was present in the Stage 17 embryo 

and mandibular apodemes.extended dorsally nearly the. length of the lateral 

head walls. Muscle cells were organized about these apophyses and a 

single cell membrane joined the medial pair. - lying in close apposition 

to this membrane were many sube sophageal body cells with finely vacuolate 

cytoplasm, ' Wand • dor sally, another fiber divided the head cavity into, 

lateral halves as it joined the provisional dorsal closure. Splanchnic 

mesoderm had grown medially and fused, forming a solid layer beneath the 

provisional membrane.

The mesothoracic and metathoraeie segments had prominent furcal 

invaginations dividing the ganglion connectives. Qhe furca of the meta

thorax appeared as a large, hollow tube. Organized muscle cells extended
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from the sternal apophyses to the lateral hody walls„ The ventral septum 

joining the sternal apophyses was thickened "by a layer of mesoderm cells.

The vestiges of the dorsal coeloms in the Stage IT embryo were - 

divided by a horizontal membrane into upper and lower chambers* In the 

metathoracic segment, a second horizontal membrane separated the medial 

mesoderm region, just beginning to differentiate into fat body, so that 

a middle as well as upper and, lower chamber was present. At its ventral 

end the median fat body tissue below the gonad joined the ventral septum.

large, pale germ cells appeared in the Stage IT embryo. In one 

specimen single germ cells were seen in the dorse-medial mesoderm 

anteriorly as far as the metathoracic segment.

The peripheral cells of the pleuropodia showed enlarged nuclei and 

contained abundant cytoplasm. Oenoeytes in the Stage IT embryo were 

large with considerable cytoplasm and, likewise, did not appear to contain 

vacuoles.

Malpighian tubules were seen leaving the proctodeum and extending 

laterally and anteriorly.. The ,wall of these tubes consisted of two 

layers, a flattened, circular exterior layer, and an internal one of 

rounded, pale cells. At the rectal end of,the' proctodeum six thickenings, 

the rectal pads, formed the internal portion of the wall. An abundance 

of cytoplasm in these papillae suggested their nearly definitive differ

entiation.

The dorsal body walls at the posterior ‘end of the Stage IT embryos 

had grown dorso-medially and fused, A mesodermal layer lined the

-105-
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epithelium and ventro-lateral cavities indicated the ampulae of the tenth 

appendages in the male specimens. Well organized cell groups - formed the 

dorse-ventral, longitudinal, and lateral oblique muscles along the 

abdominal Walls.

-Stage 18

The epithelial cells at the surface of the median dorsal ocellus of 

the Stage 18 embryos had begun depostion of a clear border of cytoplasm 

peripherally. Cells of a second type filled the inner region of the 

globe-shaped organ. Only fine fibers passed dor sally to the protocere

brum. The dorsal ocelli showed similar differentiation but their- shapes 

were less pronounced because.of their position. They lay between the 

dorsal edges of the eye discs and the place where the epithelium curved- 

dorsally to join the amniotic membrane, . Postretinal fibers had joined 

the eye plate and the optic ganglia.

Ghromophil droplets were visible around the periphery of the proto

cerebrum and at its junction with the optic ganglia, A few of these 

droplets were found in -the optic ganglia itself, and in the thoracic and 

abdominal ganglia they were numerous. Neuroblast degeneration was preva

lent anteriorly. - Fbw neuroblast mitoses were seen in the Stage 18 embryos.

Growth of the hypopharyngeal. evagination was apparent in the gnathal 

segments. The ganglia of the stomddeal system seemed to have increased 

neuropile, especially the ingluvial .ganglia which still lay laterally on 

the gut at the point where it turned dorse-posteriorIy.

Subesophageal body Cells were numerous lying under the provisional
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dorsal closure in the gnathal segments. Growth of the ventral head gland 

evaginations and of the peripheral ganglia was observed.

In the thorax the furcal apophyses had become thick, tubes with 

horizontal muscles extending from them to the pleural surfaces. In'the 

metathoracic femora, the muscles surrounding the largest tubular apodemes 

had organized into bands and were attached to the peripheral hypoderm.

The cells of the pleuropodia remained large seeming to have changed 

little from their state in embryos of the previous stage.

Hypoderm separation had occurred in all segments so that the ganglia 

lay remote from the ventral body wall. Ventral and lateral to the ganglia 

some clusters of oenocyte cells of varying sizes were visible. The 

smallest of these lay in close apposition to the ventro-lateral hypoderm 

and were only half the size of the post-spiracular oenocytes. The pres

ence of oenocytes in the sinus below the ventral diaphragm is not unique. 

The oenocytes in adult insects are said to seem to migrate about the body 

(Wigglesworth, 1950) and they are said to be found in association with 

the fat body in various body locations. Most authors agree on their 

origin from ectoderm cells in segmental groups arranged around the spi

racles. Thickenings of the ventro-lateral hypoderm in A. elliotti, embryos 

raise the question that perhaps these cells might have arisen from the 

hypoderm at these sites5 however, one cannot rule out their migration to 

, these locations..

I The presence of genital cells in the 112 hour L, migratoria embryo

was reported by Boonwal (1937)° At that age they extended from the second

(

i
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through the fifth abdominal segments but at a later time extended back as 

far as the tenth abdominal segment. In a Stage 18 embryo of A. elliotti 

germ cells were visible in the dorso-medial mesoderm as far forward as 

the metathoracie and first abdominal segments. In the abdominal segments 

these large, pale cells were surrounded by elongated follicle cells. In 

the '. area v where the cardioblast cells would form, only smalls, round 

mesoderm cells were seen.

Elongated Malpighian tubules extended peripherally from six places 

at the anterior end of the proctodeum which was invested with a thick 

musculature. Eie provisional dorsal closure was thickened caudally into 

a several-layered covering over the posterior proctodeal region.

Ghordotonal organs in the first two thoracic appendages were formed 

of circularly oriented.layers, of cells with broad, cytoplasmic regions 

between. The. Iumina of these invaginations still were visible. The 

tympanal organs were bulb-like, five sections long in one embryo, and in 

another, elongated at the medial edge.

Mitotic divisions were numerous in the hypodermal cells of the 

lateral body wall and appendages, as well As in the Malpighian tubules. 

Stage 19 - The Diapause Embryo - Differentiation of nerve cell types

PreviousIy; it was pointed out that the external morphology of A. 

elliotti embryos does not change after they have reached Stage 19, the 

stage at which this species enters the obligatory diapause. The time 

when diapause ensues varied among embryos, but generally occurred some

time between 40 and 50 days when the embryos are incubated at 25° C,
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Hhether or not the embryo had become quiescent as far as mitosis is concerned 

was easily detected histologically, for mitoses in diapause specimens were 

infrequent.

The median and dorsal ocelli, were joined by nerves to the protocerebrum 

in the diapause embryos. Paired connective 'membranes diagonally transected 

the head, dividing the optic lobes from the protocerebrum. Heuroblast cells 

were present in the brain regions but they were less numerous than in earlier 

stages and were mostly 'in a degenerated condition. Chromophil droplets were 

frequent in the brain and all ventral ganglia. A few could be seen along 

the lateral regions of the optic ganglia.

In the Stage 19 embryo differentiation of several nerve cell types 

was observed for the first time. Just anterior to the interganglionic 

thickening near the lateral edges of the centers of the protocerebral- 

optic lobe junctions, a pair of large,, pale cells were found, one at 

each side..' Ttiese1 cells, at the time of their differentiation -in- a 40 

day old embryo (the youngest in which they were seen) ranged from 20 u

to 2 6 u in'diameter, approximately'the size of the remaining neuroblast
'

cells. .The nuclei of the newly differentiated cells occupied most of 

the total cell area and were pale and faintly mottled, .while those of the
ineuroblast' cells were much smaller and variable in appearance. The 

chromatin of the'latter was often clumped or fragmented, and in a few 

instances appeared to be. in a later prophase condition. A few neuroblast 

cells were observed in telophase, but their division was polarized in the 

lWfong direction, parallel to the ventral surface. In some embryos, a
I L

I
I '
I
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second smaller pair of pale cells was seen lying beside the larger pair, 

one at each, side„ Other regions of the brain and vengral ganglia■had 

small, pale cells whose nuclei resembled those of the ventral optic lobe 

pair except for their smaller size.

The largest pair of cells to be differentiated in the nervous system 

Qf A. elliotti also was found for the first time in an embryo 40 days of 

.'age "in Stage 19» These were the giant metathoracic ganglion cells, a 

single pair lying one on each side of this ganglion and occupying the 

entire area of the cellular region lateral to the neuropile. These 

cells", likewise, had large, pale nuclei which ranged from 12 u 'to 2 0 .u 

in diameter, and an overall diameter ranging from 28 u to 40 u at the 

time of their differentiation. They can be seen in their paired condi- 

tioh in a Stage 19 embryo in figure.26, Plate H I I , Large cytoplasmic, 

processes extended into the neuropile from the medial edges.of these 

cells but they could be traced only one or two sections. Unlike the 

neuroblast cells which disintegrate in the embryo, the ventral proto- 

cerebral- optic lobe cells and the giant metathoracic cells persisted 

throughout the embryology in these positions but their dimensions 

increased considerably. A short while after their, differentiation, vac

uoles appeared in the nuclei of the metathoracic cells and were seen in 

specimens from the diapause stage through the definitive stages. .The 

slze'of these cells in a Stage 19 embryo of advanced age, 309 days, was 

40 u in diameter, 16 u in length. . In the near definitive embryo they 

. had attained dimensions of 60 u by 44 u in diameter and 24 u in length.



Subsequent investigation of the nervous systems of post-blastokinesis 

embryos of seven other Acrididian species (M. differential!s, M- 

bivittatus, M. hruneri, M- sanguinipes, C. pellucida, L. migratOriaj and 

S- gregaria) disclosed the presence of a single pair of giant metathoracic 

cells identical in appearance and of similar size to those found in A. 

elliotti embryos. In addition, the paired ventral optic Iohe cells were 

observed in four of these other species- Examination of serially-sectioned 

adult nervous systems of A. elliotti and C- pellucida revealed that these 

giant metathoracic cells persist throughout the life history into the 

adult stage,. attaining dimensions as large as 168 u by 60 u in .diameter 

and 96 u in .length in A- elliotti,

Ihe hypopharynx of the Stage 19 embryo extended from the mandibular 

segment to the base of the labium- The ducts of the labial glands 

(salivary glands) had fused in the mid-ventral region of the head and 

their common aperture could be seen ■ just posterior to the base of the 

hypopharynx, Iigure 27, Plate XEII. Tracheal tubes also passed ventro- 

laterally to the subesophageal ganglion in the labial segment and these 

were similar in size to the labial duets. In some embryos, the tracheal 

tubes turned laterally into the bases of the labial appendages and in; others 

passed ventro-laterally rather than ventro-medially and were, therefore, 

easy to distinguish-

In the distal portion of the labrum, two pairs of dorso-ventral 

muscles, the retractors and compressors> were Visible and nerves from the 

tritoeerebrum could, be seen passing laterally to them into the labrum.
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Cells of the corpora■lahri resembled the cells of the ventral ganglia and 

brain, apparently differentiating synchronously with cells in those regions.

'At the dorso-medial edges of the antennae, paired masses of ganglion 

cells innervated by fibers from the deutocerebrum were seen (Figure 28,. 

Plate XIIl). Although it would seem that these ganglion cell masses

would be serial homologs to those found in the mandibles, maxillae,
r

labia, and labrum, it is possible that this is not the case. If these 

organs are the anlangen of Johnston’s organs (scolopidial organs of the 

second antennal segment of adult insects) their origin is from lateral 

ectoderm rather than from neural ectoderm and, therefore, unlike the 

origin of the peripheral ghathal ganglia. The position of these antennal 

masses in the Stage 19 embryo would seem to be in the first, rather ,than 

the second, antennal segment, but further investigation is required to 

be certain that they do not lie in the pedicels during later stages of 

the life history. '

Vacuolate subesophageal body cells lay on both sides of and below

the venter of the stomodeum, and posterior to the stomodeum they lay
'

dorsally in'the head cavity beneath the provisional dorsal closure. In 

some sections'they lay near the dorsal fiber connecting the -stomodeum 

near the ingluvial ganglia with the mandibular spodemes (See Figure l4,

Plate Xl)/ A large mass of blood cells was seen ventral to the stomodeum 

in many embryos resembling those shown in Figure 29, Plate XIlI'I

At the distal ends of the antennae innumerable chromophil droplets
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were observed, in the hypoderm cells and in the lumina, Mitotic divisions 

IfelIpighian tubules in, A. elliotti embryos appeared at Stage 16, four 

stages prior to revolution and were differentiated prior to Stage 19» In 

the developmental sequence of L, migratoria (Roonwal, 1 9 3 7),these organs 

appeared at the 1 1 7 hour stage, approximately one day before blasto- 

kinesis. At Stage 19 they arose from six places around the periphery 

of the proctodeal tube in most'A* elliotti embryos and in one embryo arose 

from six places ventral to an.open proctodeum. In none of the embryos 

had they elongated far beyond their points of origin. In the stomodeum 

tracheal tubes were observed lying under the muscle layers but none were 

seen in the proctodeum at this stage.

The paired invaginations of the ventral head glands had enlarged com

pared'to previous stages, were joined ventrally by a single connective 

tissue fiber below the stomodeum, and were still attached to the body 

wall. Iigure 30; Plate XIII, shows the ventral head glands in the Stage 

19 A. elliotti embryo.

The corpora allata appeared to have fully differentiated and were 

surrounded by connective tissue. Thin fibers joined these glands poste

riorly to the stomodeum near the region of the ingluvial ganglia. The 

latter remained attached to the sides of the stomodeum.

Except for changes Which would result from subsequent growth of the 

organs of the stomodeal nervous system and elongation of the embryo 

between the diapause and definitive stages, the organs of that system 

and their spatial relationships in the diapause embryo were essentially



complete. The frontal ganglion, joined by lateral connectives to the 

tritocerebral ganglia, was connected posteriorly via a broad recurrent 

nerve to the occipital ganglion as it was in earlier stages, Figure 21, 

Plate XE I, shows these ganglia in , a. Stage 19 embryo.. Paired corpora 

cardiaca lay lateral and slightly dorsal to the occipital ganglion and 

were joined to it by large nerves. Fibers from the corpora cardiaca 

could be traced posteriorly to the corpora allata which lay dorsal to the 

anterior tentorial arms and lateral to the stdmodeum.

Differentiation of chordotonal organs in the prothoracic and meso- 

thoracic femora of the Stage 19 embryo appeared to be similar to that 

described by Slifer (1935) in the 2$ day old M. differentialis embryo.

At least three cell types could be distinguished by their layered posi

tion but no cytoplasmic areas divided their nuclei. A few chrompphil 

droplets were observed in the elongated cells. The lumina of the tympanal 

invaginations still were prominent.

Fat body tissue was observed.in limited quantities in the mandibles 

of the Stage 19 embryos, Oenocytes of varying sizes were seen ventral to 

the ganglia and seemed to be segmentally arranged like those in the vicin

ity of the spiracles.

The terminal portion of the gonads of female embryos were elongated 

and germinal cells of both sexes were large.

{ Miscles from the proctodeum joined, the body wall at six places.

( Oomparative Histology of Stage 19 Embryos of Various Ages

It was reported previously that some embryos of the 1959 laboratory

S
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reared population failed to break the diapause after exposure to low 

temperatures. 1Hhile data indicated that these embryos were similar in 

their lengths to the diapause embryos of Group 7 (50 to 9 0 days of age), 

it was thought that histological study of diapause embryos of advanced 

ages might give some indication for their failure to develop, or at 

least might show differences between embryos which had entered the dia

pause state only a short time before their fixation and those which had 

remained in diapause for long periods. Comparisons were made between 

serially-sectioned diapause embryos :ofages from 40 to 309 days.

Iigure 31, Plate XIV, shows a transverse section across the first 

abdominal segment of a 40 day old embryo just entering the diapause 

period. Nuclei of the pleuropodial cells, it can be noticed, lie between 

the periphery and the center of the cells. The thickness of cells at the 

center of the organ was 20 u. These glands were comparable in appearance 

to those of the 21 day M. differentialis embryo shown in Iigure 29,

Plate II, of Slifer (1938). Slifer stated of that species, "Just before 

and during blastokinesis the pleuropodia enlarge rapidly and a few days 

later attain their maximum size."

The fat body in the embryo shown in Iigure 31, Plate XIV, had 

differentiated but was not extensively distributed. In a more posterior 

abdominal section, shown in Iigure 32, Plate XIV, the gonads can be seen 

and also clusters of oenocyte cells with their abundant cytoplasm.^

When diapause embryos of 229, 259, and 309 days of age were compared 

to the 40 day .old diapause embryos, striking changes were noticed in the
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various. tissues and organs. In Plgure 33, Plate XIV, the transverse sec

tion of the first abdominal segment of a 229 day old .embryo is shown. The 

cell thickness at the center of the lateral edge of the gland was 48 u. Thus, 

the pleuropodial cells had more than twice as much cytoplasm as those of 

the younger diapause embryo. Their swollen appearance resembled that of 

equivalent cells in the post-hlastokines.is M. differential!s embryos and 

Stage 22 A. elliotti embryos. The region medial to the cell nuclei was 

striated while the cytoplasm distal to the nuclei was clear.

Examination of -the posterior abdominal sections of the same embryo
' !

showed that changes had taken place in the cells of the gonads. Their 

size had increased mbny times over that'of those in gonads from the early 

diapause embryos and large vacuoles were present. Likewise, changes had 

occurred in. the oenocyte cells which appeared to be nearly devoid of 

cytoplasm. ' The fat body in most sections was' greatly enlarged and its 

cells were extensively vacuolated.

An embryo 259 days old presented even greater changes in the pleuro

podial cells, oenocytes, germ cells, and also in the fat body. The latter 

seemed to be even more copious ■ than in the 2 2 9 day embryo,, nearly filling 

the sides of the dorsal cavity and extending out into the stalk of the 

pleuropodia. 'Plgiare 34, Plate XIV, shows a cross-section of the first 

abdominal segment of this 259 day old embryo. The large pleuropodial. 

cells at the middle of the organ were 80 u thick and extensive fat body 

tissue was present. The same embryo photographed at a more caudal region 

showed unusually large gonads, an extensively vacuolated fat body and oenocyte



-117-

cells nearly devoid of cytoplasm, as shown in Figure 3 5, Plate XIV.

The nuclei of the pleuropodial cells of a 309 day old diapause 

embryo had aligned at the inner surface around the lumen medial to a 

thick cytoplasmic region. These cells appeared, as those of the 33 day 

old M. differentialis embryo (Slifer, 1938) which was a post-blastokinesis 

embryo. The gonads of this specimen were enlarged but the cell's did not 

show the unusual size and condition seen in the 229 day embryos. The fat 

body was vacuolated and its distribution and amplitude was far in excess 

of that.found in 40 day diapause embryos observed. The depletion of 

cytoplasm from the oenocyte cells was noticeable but not as great as in 

other embryos of advanced ages.

One retarded wild population Stage 19 embryo, sectioned for compara

tive purposes, revealed that the pleuropodial nuclei of this specimen lay 

entirely at the periphery of these organs and very little fat body tissue 

was present. This embryo had been collected March 29, i9 60 from the 

field. A 90 day old laboratory reared embryo at Stage 13 of development 

showed fat body differentiation had occurred although its external devel

opment had not continued.(Figure 3 6, Plate XT?).

Observations on the laboratory reared embryos would seem to indicate

that certain processes of conversion and synthesis do occur during the

diapause state even though mitotic activity and growth virtually had ceased.

The large vacuoles seen in many tissues, including the fat body, ganglia.

of the stomodeal and central nervous systems arid the gonads, indicate
! '

that extensive fat deposition had occurred. The increase in cytoplasm
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and change in appearance s of the pleuropodial cells after long diapause 

incubation does seem to signify that certain anabolic processes had been 

active. These findings seem to suggest that Andrewarthafs statement 

(previously quoted) concerning diapause development, if not pertinent to 

external aspects, does have relevance, at least histologically, in the 

embryos of A, ellibtti.

lIt is possible that part of the changes observed could have been the 

result of differential release of different metabolic systems from the 

diapause state, for all of the embryos of advanced ages had been exposed 

to cold periods. Perhaps the low temperature was sufficient to stimulate 

certain anabolic processes to resume although the mechanisms responsible 

for initiating blastokinesis were not activated. However, evidence 

obtained from histological examination of retarded embryos with advanced 

ages but immature external morphology, indicated that certain metabolic 

processes continued without any exposure to cold. Differentiation, 

particularly of fat body tissue, continued when external development had 

stopped.

Kadcharern (1 9 5 8) pointed out that during diapause, the mobilization 

of yolk material by yolk cells and transfer to mesoderm cells continues, 

whereas utilization of transferred lipoid substances in epidermal cells 

ceases. This, he said, could have been due in part to the functional 

deficiency of mitochondria and this was confirmed by specific Janus Green 

B staining.



Post-Diapause Histogenesis 

Stage SG <= Bie embryo in early blastokinesis

One section of a Stage 20 embryo "undergoing revolution (Figure 37; 
Plate XV) 'showed the metathoraeic segment, with paired giant metathoracic 

cells, and a region of the head with paired ventral head glands, paired 

corpora eardiaea, paired corpora allata, and the occipital ganglion, in 
the region of the protoeerebrum* Bipartite corpora mandibulorum and 
Biaxillarum were visible„ Bells of the ventral head glands appeared to 

have more cytoplasm than in diapause embryos „ In one Stage 20 embryo 

the ventral head glands had pulled away from their plae® of attachment 

and were joined only by long thin stalks. large ingluvial ganglia 

remained attached to the lateral stomodeal walls. Subesophageal body 

cells were numerous and filled with large vacuoles in the■three embryos 

studied, Frequent mitoses were observed in muscle tissue. Broad regions 

of postretina! fibers joined the eye discs with the optic ganglia.

Borsal ocelli in the Stage SG embryos appeared bulb-like with several 

layers of epidermal cells at their surface and a few rounded nuclei in 
the lower portion of the organ.

She Stage 28 embryos studied had had extended diapause periods 

before they resumed development and,therefore, some histological changes 

observed could be the result of the long, quiescent period. Ibr example, 

oenoeyte cells displayed a.paucity of cytoplasm similar to that observed 

in the diapause embryos of advanced ages. The pleuropodial cells were
‘ t

swollen and the nuclei of these glands lay medial to a broad band of 
cytoplasm. Extensive fat body filled the sides of the dorsal cavity.
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The gonads of all specimens were enlarged compared with those of embryos 

fixed shortly after entering the diapause.

Malpighian tubules appeared to have elongated and the anterior aorta 

had foraeeU The hypopharynx of all specimens was hollow and about as 

large in diameter as the mandibles, much larger than in earlier stages.

A transverse section of the labrum displayed fibers from the ventral 

epithelium gathered together at two places in its center. A broad layer 

of mesoderm narrowed laterally from the dorsal surface of the -stomodeum.
The ehordotonal organs of the prothoracic and mesothoraeic femora of

1 ' \
the Stage 20 embryo showed differentiation of four cell types, the sensory, 
envelope, seolopalia, and cap cells. A transverse "longitudinal" section 

showed the attachment of the organ at the distal leg surface. The organ re

sembled that frcm the 29 day M. differential!s embryo in its development 

(Slifer, 1935)<. Tracheal tubes could be traced into the distal end of the 

tarsi.

Rapture and subsequent degeneration of the amnion and serosal mem

branes during "blastokinesis in the grasshopper egg have been reported by 

Slifer (1932a), Roonwal (1935), LeBerre (1952) and others. Roonwal (1937) 

mentioned that the nuclei of the provisional dorsal closure swelled 
considerably before they degenerated following' blastokinesis, but whether 
or not the amnion and serosal cells similarly became swollen before they 
degenerated was not’ stated.

In Stage 20 A. eIliotti embryos it was observed that the amnion and 
serosa along the mid-ventral line were greatly swollen before their ' '

k
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rupture. The cytoplasm of both tissues was filled with tiny chromophil 

droplets and vacuoles. Laterally, the cells of these membranes were not 

enlarged. It would seem that the cells of the amnion and serosa swell 

and begin to die before the actual rupture of the membrane occurs.

LeBerre.(1952) put forth the view that the serosal membrane played 

an equal role with growth of the embryo in the mechanics of blastokinesis. 
It would be interesting to examine the histological condition of the ■ 

membranes -of embryos after they have been removed from low temperature and 

allowed to equilibrate but before they have initiated blastokinesis. The 

comparison of these membranes with those found in embryos which had begun, 

but failed to complete, revolution after their exposure to low temperature 
might indicate the reason for their failure to develop, particularly if 

LeBerre‘s theory is correct.

Bnbryonic Development Without Blastokinesis 

Xt seems pertinent, in connection with blastokinesis, to mention that 

sometimes embryos develop without this phenomenon, Slifer (1932a) observed 

four embryos of M. differentialis which developed to the hatching stage 
without undergoing revolution. She reported that, in one ,specimen, some 

’ yolk remained unengulfed at the anterior end of the egg after dorsal
1 closure was completed. In the other three all of the yolk was enclosed.

' Eone of these embryos hatched.

! In the 1959 laboratory reared, population of A. elliotti embryos, four

' individuals developed past the stage of dorsal closure without blasto-

l kinesis. All of these embryos were fixed so that it is not known whether

(■ . ' 
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they would have hatched. These embryos were ,examined for abnormalities 

and two were sermlJyvseetioned with their egg membranes intact. Curiously, 

in each of these two embryos one antenna (the left in one, the right in 

the other) was bent over and extended forward from the extremity of the 

head. Other than this peculiarity,.however, both embryos appeared to be 

well formed, possessing normal neuroendocrine systems.

It occurred to this author that rupture of the ventral membranes 

would not necessarily have taken place in these near- definitive embryos 

which had failed to undergo revolution. Examination of the specimens 

disclosed that at the posterior end of one egg, beyond the cephalic region 

of the embryo, large serosal cells were present as well as a few particles 

of yolk and degenerating yolk cells. Dorsal to the head in this specimen 

a bit of dark-yellow, irregularly shaped material was observed. Similar 

material sometimes was seen within the enclosed gut of later stage embryos 

which had developed normally, and it seems possible that this could have 

been the remains of a portion of yellow cuticle from the point of attach

ment at the posterior end of the egg. The posterior serosal cell group 

probably was the "posterior serosal patch" described by Roonwal (1937) 
which was said to have been present after yolk engulfment and to persist 

to hatching .in L. migratoria embryos. No trace could be found of the 

ventral amnion and serosa in the unturned A. elliotti embryos. If the 

cells of these membranes became swollen and died without rupture prior to 
the usual time of blastokinesis, some evidence should have been found 

of their remains, but it was not.
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As previously stated, it is not known whether the unturned A. 

elliotti embryos would have hatched. According to Slifer (1938), the 

pleuropodial organs secrete a "hatching enzyme" which changes the mem

branes so that the embryo can hatch. It is interesting to note that the 

pleuropodia of these embryos appeared not to have begun secretion while 

those of normal embryos of a similar stage were filled with vacuoles.

In view of Slifer1s findings, if this inactivity continued, it is prob

able they would not have hatched.

Stage 21

At the dorsal surface of the head of the Stage 21 embryo, the dorsal 

ocelli were found to be composed of several layers of epidermal cells ai; 

their surface and scattered nuclei if retinulae cells in the bulb-like 

lower region. Loose fiber tracts from these organs joined the anterior 

protocerebrum. At the dorsb-medial edges of the eye plates, postretinal 

fibers separated at one point into two tracts, A broad connection joined 

these regions posteriorly. Very few neuroblast cells remained in the 

brain or ganglia of these embryos.

Dorsal to the eye plates large fan-shaped muscles with many mitotic 

figures passed obliquely from the mandibular apodemes to the dorso

lateral head walls.

The serosa, surrounding the unengulfed yolk mass, appeared swollen 

with cytoplasm but posteriorly was not so enlarged. ■

The corpora allata and ventral head glands appeared to have enlarged 

since the diapause stage. Connective fibers joined the corpora ' ;V \ > ; ‘
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mndibulorum with the lateral mandihular surfaces and small muscles 

passed from the membranes surrounding these ganglia to the anterior 

mandibular walls. Many vacuolate subesophageal body cells were present 

lying under the posterior stomodeum in the region of the ingluvial 

ganglia and still were in close association with the connecting membrane 

which linked the ventral head glands.

At the dorsal surface of the stomodeum loose, connective tissue 

extending latero-dorsally marked the beginning of the anterior mid-gut 

formation. Cephalad to the stomodeal-mid-gut junction, the posterior 

ends of the ingluvial ganglia had begun separation from the sides of 

the gut. A thin fiber connected these ganglia anteriorly with the corpora 

allata of the corresponding side. Posteriorly, a wider nerve tract could 

be traced from each of the ingluvial ganglia to the developing anterior 

mid-gut wall.

The large muscles of the metathoracic femora had further organized 

into groups joining the tubular apodemes to the appendage walls. The 

nuclei of these apodemes lay at their periphery and a broad cytoplasmic 

region lined their medial surfaces. Heavy muscles passed horizontally 

between the sternal apophyses and the lateral walls in the thorax and 

dorsal to these the ventral septum was present.

The pleuropodia of the Stage 21 embryos remained swollen, while the 

oenoeytes appeared flaccid, containing little cytoplasm. ■ The gonads of 

the Stage 21 embryos were larger than -those seen in earlier stages and 

still contained vacuoles and chromophil droplets among the large germ



-125-

cells.

The lining of the proctodeum contained a great many mitotic cells,.

In the middle of the embryo which had turned dorsally into a "U”, three 

ganglia were cut longitudinally. 'In these and other ganglia, large, pale, 

lateral cells appeared in pairs. These cells were similar in appearance 

and size to the lateral protocerebral-optic lobe cells. Their somewhat 

serial arrangement lends credence to the hypothesis that perhaps a 

pair of these large cells arose in each of the primary ganglia.

Stage 22 -Third stage of blastokinesis

Only a single embryo was studied at Stage 22 of development, so that 

the description pertains to this one specimen. In the anterior head 

sections, only one large pair of pale cells was present, one of which was 

in the ventfb-medial optic lobe and the other at the very edge of the 

junction of the optic and prbtocerebral lbbes. Curiously, among embryos 

in general, some embryos had two pairs of these cells and others apparently 

only one, and further, the position of these brain cells is somewhat less , 

constant than that' of the giant cells of the metathoracic ganglion. The 

possibility’that"a sex difference might be- involved will be investigated 

at a later"time.

■ Die median ocellus 'of the Stage 22 embryo had a cup-shaped concavity 

formed of KypodermaI cells and a thickening of cytoplasm was present at
i

the surface of these cells. A single pycnotic neuroblast cell'was ob

served in the brain of this embryo.

Many mitotic divisions were seen in the large mandibular muscles. ■



At the sides, of the embryo hypodermal cells had grown dor sally and with 

them the fat body and muscles had become elongated, - apparently without 
cellular increase (Figure 38s Plate XV") = Very few mitoses were found at 

the dorso-lateral body wall junctions with the provisional dorsal closure,

A large cluster of blood cells was observed ventral to the anterior 

mid-gut. Subesophageal body cells of this embryo appeared less flaccid 

than in the other embryos in revolution stages  ̂ and small Tacuoles were 

observed in them. Very small-vacuoles were present in the cytoplasm of 

the ventral head glands of this specimen. A slender stalk still attached 

these glands to the lateral body walls. Bipartite corpora mandibulorum 

contained cells of identical staining affinity with cells of the sub- 

esophageal ganglion. labial glands joined by slender tubes were visible 

as far posteriorly as the mesothoraeie segment. Pericardial cell clusters 

were observed at the dorso-medial edges of the dorso-lateral fat bodies. 

Oenoeyte cells, both dorsally and ventrally, were flaccid in appearance.

In the. thorax, broad ventral bases were seen at the fur cal invagina=- ■ 

tions and horizontal muscles extended laterally from their apophyses.

In the mandibles,muscles traversed these appendages from anterior to 

posterior. Well-differentiated nerve cell masses lay at the dorso-medial 

edges of the antennae (Figure 28, Plate XIlI).
She Malpighian tubules-had grown considerably in length and their 

nuclei appeared granular and their cytoplasm was vacuolated. The gonads 

also contained vacuoles and had enlarged. , As many as four follicles were 

present in the testes, Pleurqpodial nuclei showed a distinct change in
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appearance probably indicating a change in activity.

Membranes over the dorsal yolk surface were multi-layered anteriorly 

and two cell layers thick posteriorly. The outer layer was enlarged at 

the mid-line and the" cells possessed small chromophil droplets believed 

to be evidence of their degenerate condition.

Stage 23 - Completion of blastokinesis

Of the four embryos studied in Stage 23, one e^MbLied the beginning of 

cuticle deposition. The sites of deposition were easily recognized by the 

presence of a wide border of cytoplasm adjacent to the hypodermal nuclei. 

This cytoplasmic thickening was observed in the head regions, particularly 

around the antennae. A few sections below the base of the antennae, a 

thin yellow cuticle had been laid down by the hypodermal cells, but 

farther toward the distal end, none had been formed. The tentorial invagi

nations showed similar thickening of the inner cytoplasmic region prior 

to their sclerotization.

The hypodermis, dorsal to the compound eye discs, had become 

noticeably enlarged, the basement membrane lying away from the nuclei 

and attached only by thin cell membranes. Numerous mitotic divisions 

were seen in the broad mandibular muscle groups. Where the yolk lay 

dorsal to the head region,. posterior to the mandibular muscles, tlie* fat body 

seemed to be drawn dorsally by the growth of the head walls in that 

; direction. Almost no mitoses were seen in the dorso-lateral head hypoderm-

1 is'fe. A separation of the tergum in the pronotal region was seen. The

( serosal cells lying around the unengulfed portion of yolk were still
7\
1'
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greatly swollen with cytoplasm and possessed a conspicuous brush-like 

border at their surfaces. Dorsal to the yolk in the body region, swollen 

and degenerating cells were observed at the mid-line.

In the head, distinct nerve tracts were visible between the large 

paired corpora allata and the ingluvial ganglia. It is possible that - 

the nerve fibers follow a path set down by connective tissues In their 

migration. The large frontal ganglion and occipital ganglion were 

conspicuously joined by the broad recurrent nerve. The corpora cardiaca 

lay close to the anterior aortal walls and the ingluvial ganglia lay at 

the posterior end of and lateral to the stomodeum, The subesophageal 

body cells were turgid and numerous under the stomodeum near the fiber 

which joined the large ventral head glands. Small elliptical clusters of 

labial gland cells were found as far posteriorly as the mesothoracic 

segments in some Stage 23 embryos, but these cells showed no indication 

of differentiation.

large corpora mandibulorum and maxillarum were present. The single 

mass of the corpus hypolabium lay in the ventral region of the hypopharynx 

arid'paired fibers led dorsally from it. Two lateral ganglion cell masses 

of smaller size but of similar appearance were present in the labrum and 

were'innervated by the tritocerebrum. Protocerebral and metathoracic 

giant cells contained opaque gray cytoplasm and light nuclei. No change ' 

in their size was apparent.

Oenocyte cells were vacuolated, more so in the dorso=lateral groups 

than in the ventral ones. Pericardial cells were present lateral to the



developing dorsal vessel. Chromophil droplets were present in the gonads 

and large vacuoles were seen in the ganglia, gonads, and fat body. Long 

Jfelpighian tubules were also vacuolated and had many mitotic figures, as 

did the lining of the proctodeum. At the point of junction of the mid

gut and the proctodeum a broad sheet of connective tissue was seen.

Mitotic figures were numerous in this tissue. At the posterior abdomen, 

two or more cell layers lay ventral to the heart. Paired ampullae of the 

tenth abdominal appendages were visible in some specimens. Swollen 

pleuropodial glands measured as much as 60 u in diameter.

.Stage 2k- - Blastokinesis completed
Anterior to the end of the head of the Stage 24 embryo the yolk which 

was not yet engulfed was surrounded by serosal cells of large dimensions. 

In some embryos of this stage the portion of the yolk enclosed in the 

serosal sac was filled with ehromophil droplets from the degenerated 

nuclei of yolk cells. In others all the yolk cell nuclei appeared to be 

intact and without degenerative symptoms. In a few embryos the dorso- 
medial region of the head between the eyes was covered by hypoderm and 

connective tissue and mandibular muscles extended vehtrally. In others 

many swollen cell layers separated tMs region from the yolk, Ihrther 

posteriorly in the embryo, the narrow region of engulfed yolk was enclosed 

by a thin membrane, The aorta contained blood cells in some specimens.

The ocelli seemed to have grown and advanced in their organization 

compared to earlier stages. A thickening of cytoplasm filled the con

cavity formed by the surface cells. The retinulae of the eye discs in

-129-
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a few embryos had "begun the deposition of yellow pigment, "but in others 

none was present. Qxromophil droplets were observed in the medial 

cytoplasmic region of the retinulae near the groups of optic fibers. In 

two of the embryos studied, the cellular' composition df the constitution of the 

optic ganglia was demonstrated by the differential staining of cell types. 

All of the protocerebral cells, except those of the corpora pedunculata, . 

had large nuclei with dispersed chromatin which stained a pale, blue- 

purple. A single, large pair of ventro-lateral optic lobe cells was 

seen in most of the embryos examined. In Figure 3 8, Plate XV, the cell 

types of the protocerebrum can be seen extending dor sally into the ventral 
optic lobes,and the similarity of the dorsal optic ganglion cells with 
those of the corpora pedunculata can be observed. Cells surrounding the 

corpus centrale appeared to be of the globuli type, A third type of cell 

with large, dark nuclei, shown in the drawing by Viallanes (1 8 9 0), 

according to Johannsen and Butt (l94l), was observed in the optic gan

glia. Mitoses and ehromophil droplets were present in the optic lobes 

and in a few ganglion cells of the protocerebrum. In one embryo, a single 

telophase neuroblast was seen dividing parallel to. the surface of the 
ganglion.

In most embryos of this stage, the definitive head walls extended 

dorsally as far as the sides of the developing dorsal vessel, and medial 
to this point the center cells of theTemporary closure were swollen and 

contained small ehromophil droplets.

. The antennae of one Stage 2k embryo was surrounded by a clear, thin



outicular covering "but none was observed in other embryos of this stage.

In all specimens the two clusters of ganglion cells present at the dorso- 

medial region of the antennae appeared to be larger and were joined by a 

connective fiber.

All of the peripheral ganglia, as well as those of the stomodeal 

nervous system, particularly the corpora allata and the ventral head 

glands, appeared to be larger and contain more cytoplasm than in earlier 

stages. Jfeny turgid subesophageal body cells were seen in some embryos 

and apparently contained no vacuoles. Cells of the corpus hypolabium in 

one embryo appeared as a single mass anteriorly, but was divided into 

lateral halves posteriorly. ELbers from the ventral and lateral hypoderm 

cells of the hypopharynx united in the region of this nerve cell body, 

which raises' the possibility that it is the association 

center for sensory cells of that region.

The cells of the brain and ventral ganglia, thought to be neurosecre

tory cells possessed dark, gray cytoplasm and were larger than in earlier 

stages.

Erom the regions of the maxillae and labium posterior %;. to the 

prothoraeie segment small balls of undifferentiated labial gland cells 

Were observed.

Pericardial cells were observed in all embryos, anteriorly as far 

as the thoracic regions in a few specimens.

The ehordotomal organs of the prothoraeie and mesothoracic appendages 

had cytoplasmic regions dividing the layered nuclei. Clusters of ganglion
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cells were observed in the tibiae and femora of the metathoracie legs 

anterior to the junction of these segments. The long trachea at the 

sides of the femora were joined by connective fibers. Styiopanal organs 

were elongated and lighter regions lay between their layers of nuclei.

She pleuropodial glands appeared to be in a state of secretory 

activity, possessing clear small vacuoles medial to their nuclei. The 

width of the lateral wall of these organs was between 40 u and 52 u.

The oenocyte cells of this stage were formed into strips which lay 

horizontally below the ganglia and dorso-laterally along the sides of 

the alimentary tract. Their nuclei were large and their cytoplasm was 

filled with vacuoles.

Splanchnic muscles had grown dorso-laterally and formed a two cell

layered enclosure around the anterior of the developing mid-gut in some 

embryos. In others, a single cell-layered membrane enclosed this region. 

Mitoses were frequent in cells at both extremities of the mid-gut as well 

as in the body and appendage muscles. Long Malpighian tubules extended 

anteriorly as far as the gonads in some embryos and were vacuolated and 

contained many mitotic figures.

The cell-lining of the rectal portion of the proctodeum possessed 

large amounts of cytoplasm. Germ cells of this stage were large and 

ehromophil droplets and vacuoles were not infrequent in the gonads,

At the sides of the developing dorsal vessel# paired longitudinal 

muscle groups were observed. These apparently would form the inter- 

segmental constrictions of the definitive dorsal vessel. In some-places
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a .ehe^eelled fiber divided the dorsal'vessel ■ into'two halves'.

She tergum had become set apart from the pleural regions posterior 

to the head.

Occasional mitoses were seen in the fat body tissue.

Stage 2$ - Dorsal closure completed

A U  of the Stage 25 embryos examined had completed cuticle forma

tion and the lateral body walls had grown dor sally and fused. In a few 

embryos the epithelium at the mid-dorsal region remained thicker than it 

was laterally and small chromphil droplets were present at this site.

She cells of the nervous system had increased in cytoplasmic, con

tent . and were, easier to recognize. These cells 'are thought to be the 

neurosecretory cells of which Highnam (1 9 6 1) stated there were 2400 in 

the pars imtercerebralis region of the brain in S, gregaria. . Small 

clusters of these large cells were found at the dorso-medial region of 

the protoeerebrum, ventre-medial protoeerebrum^ in the tritocerebrum, 

su.besophageal ganglion and in other ventral ganglia in fewer numbers.

In the frontal ganglion in one embryo, a few of these large, pale cells 

lay at the anterior border of the neuropile. The contrast in appearance 

of the portions of the optic lobes derived from cells of neuroblast 

origin and those derived from delaminated ectoderm was even more notice

able.

The lateral walls of the anterior aorta formed long dorso-ventral 

parallel membranes at the mid-line in transverse section as that organ 

turned ventrally in the head. In two of the embryos studied,this vessel
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eontained "blood cells. Posteriorly, the dorsal vessel was divided by 

a single vertical fiber in places. Zhe segmental nature of this organ 

was distinct by virtue of the paired muscle bundles located intersegmen- 

tally along the lateral walls.

Gephalieally, dorsal to the aorta, horizontal muscles extended to 

the walls of the pronotum.

Considerable change had occurred in the external appearance of the 

thoracic and gnathal appendages in embryos of this stage. Die anterior 

and medial borders of. the mandibles had become many cell layers thick 

and possessed a brush border. No sclerotization or tooth formation was 

observed on these appendages in Stage 25 embryos. Die posterior edges 

of the labrum, similarly, had become multi-layered and had a brush-like 

surface. Die ventro-lateral walls of the tongue had become noticeably . 

thickened. Die corpus hypolabium in one embryo of this stage was 3 6 u 

high, 40 u wide, and 32 u long (Figure 18, Plate H).

lIhe cells of the antennal walls in one specimen Were'":''' ■ "

grouped into small clusters medial to the hypoderm.

In the dorso-lateral region of the maxillary segment, paired organs 

remained in the vicinity of the salivary invaginations. Diese organs 

appeared to he formed of oriented layers of cells like those in the 

ehordotonal. organs, especially.resembling the. tympana.

Dae cells of the corpora mandibulorum and other peripheral ganglia 

appeared like those of the central nervous system. Die corpora allata 

of one specimen was 40 u "by 60 u and the ventral head glands of .the



same embryo were 140 u by 40 u at one region, Figure 39, Plate XV, shows 

the ventral head glands, ingluvial ganglia, and subesophageal body cells 

in a Stage 23 embryo. The latter were visible just ventral to the sto- 

Biodeum0 These cells in most embryos of this stage contained vacuolated 

cytoplasm and appeared, similar to the'pericardial cells which, likewise, 

were vacuolated,

Oenoeytes had large nuclei and their cytoplasm contained many 

vacuoles, Bie cells of the long lfelpighian tubules appeared to have 

become more turgid than they were in earlier stages.

The yolk of the Stage 25 embryos in the anterior region of the embryo 

was filled with large chromophil droplets, but, in the mid-region of the 

gut, large yolk cells were present, some located near the inside surface 

of the one-cell-layered mid-gut wall. The anlagen of the gastric caecae 

had formed as solid cell masses at the anterior end of the mid-gut and 

many mitoses were present in them and in the walls of the stomodeum 

anterior to them. Similarly, the proctodeum was the site of much mitotic 

activity. A loose sheet of connective tissue cells formed the anterior 

and posterior junctions of the mid-gut with the stomodeum and proctodeum.

The gonads of the embryos of both sexes appeared to have migrated 

dorsally and in most lay ventral and a little lateral to the. dorsal 

vessel. These gonads were joined to each other by connective tissue 

fibers.

The pleuropodia of the rotated Stage 25 embryos possessed large, 

clear vacuoles at the medial ends of their nuclei and were swollen with
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Gytoplasm0 These gland,s in the two embryos of this stage which, had 

failed to undergo blastokinesis, although containing considerable cyto

plasm,, did not show any indication of secretory activity.

Large nerve cell clusters were observed in the metathoraeic femora 

and also in the tibia and tarsal segments of those legs. What appeared 

to be small groups of similar cells were visible in the newly formed 

spines of these appendages. In the cerei, similar clusters of cells 

were present.

An increase in the number of undifferentiated clusters of labial 

gland cells from the previous stage was observed, and these groups extended 

posteriorly as far as the mesothoracic segment.

Cuticle had been deposited' on the interior of some of. the apodemes, in 

the fureal body and apophyses, inside the stomodeal invagination near the 

aperture, and in the body of, the tentorium. In the femoral apodemes. only 

one specimen had thickened cytoplasm medial to the nuclei.

Stage 26

Cuticle deposition had been completed in all of the Stage 26 embryos 

examined,and the retraction of the epidermis from this secreted covering 

was in process. In a few places, such as the stomodeal aperture, yellow 

pigment had begun to appear in the areas of future selerotization. • A 

thick, opaque homogeneous layer of cytoplasm covered all of these regions. 

She 'ventro-medial region of, the mandibles was formed of many epithelial 

layers and a broad cytoplasmic region beyond the nuclei had formed the 

shapes of. sharply pointed teeth. In one specimen, a faint yellow pigment
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was observed in this cytoplasmic region. A similar yellow appearance was ' 

noticed in the region of the retinuLae cells of some embryos.

Intima lined the anterior stomodenm. The anlagen of the gastric 

caecae.. of all Stage 26 embryos were elongated from their earlier con

dition and separated at their extremities from the walls of the gut.

These presumptive.organs still were solid in the four embryos studied.

At the distal end of the stcmodeum six elevations formed the rudimentary 

proventriculus. Thick circular and thin longitudinal musculature sur

rounded this region. Similar muscle arrangement was observed around the 

proctodeum in the region of the pyloric sphincter. Only a small lumen 

was seen in the presumptive colon. Six large solid elevations formed the 

rectal pads. The mid-gut walls appeared to be very thin in most sections 

and were surrounded by vacuolated fat body. A layer of circular muscles 

surrounded the mid-gut only at its extremities.

Tolk cell nuclei at the anterior and posterior ends of the mid-gut 

appeared to have migrated to the periphery and, in some embryos, seemed to 

lie in between the cells lining this region. The remaining yolk was 

vacuolated, granular at its periphery and more homogeneous at its center.

Numerous small undifferentiated clusters of labial gland cells were 

present.

In the fat body tissue, one cell type had become turgid and possessed 

a clear gray cytoplasm. A smaller cell type possessed small stellate 

nuclei and their cytoplasm was not stained.

The gonads lay close together on the dorsal region of the mid-gut.

■ ' r . ■



Jfelpighian tubules extended into sections containing the gonads and in 

some embryos were invested with fat-body tissue.

The oenocytes, pericardial cells, and subesophageal body cells all 

possessed cytoplasm which was more or less vacuolated or granular in 

appearance.

The pleurodpodia of some Stage 26 embryos were "lost when membranes 

were removed before sectioning, but in the one embryo they remained 

attached to the abdominal walls. The cytoplasm of the pleuropodial 

cells was 'striated and vacuolate and had a yellow-brown. color. The 

lateral region of the organ was 40 u thick.

-Broad bands pf dorso-ventral muscles were present in all specimens 

and enlarged horizontal."museIes were attached to the furcal apophyses.

The ventral head glands and the corpora allata seemed to have attained 

their .maximum size. The corpora allata of the embryo shown in Figure 40, 

Plate X?, measured 44 u by 60 u.

Stage. 27 - The definitive embryo

Distinct changes in pigmentation and sclerotization had occurred in 

all the endoskeletal and exoskeletal elements of the definitive embryos. 

The mandibular teeth were constructed of heavy, dark yellow-brown material 

which rarely failed to shatter when sectioned. Similar material was 

present in the areas of sclerotization on the tibial-femoral metathoracic 

Joints and in all the tibial and femoral spines. The posterior of the 

labrum and the venter of the typopharynx possessed yellow hair-like 

structure and yellow material covered the surfaces of the compound eyes.

-138-
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The apodemes of the femora and mandibles were thin and lacked this 

yellow pigmentation. Their two rows of small, darkly-stained nuclei 

were flattened to form plates upon which large muscles were attached.

large tracheal trunks were present dorsally and ventrally in their 

definitive embryonic condition, and fine tubes could be traced into all 

body regions. These small tracheal branches appeared as light, open 

lines in the ganglion cell regions of the metathoracic ganglion of the 

definitive embryo shown in ELgure 42, Plate XVr.

The gastric caecae had become hollow and their lining cells had begun 

secretion of - dark '■ gray ;f,f: cytoplasm. Posterior to the region of the 

caecae,, similar secretions were observed from the cells lining the mid- 

gut proper. Very few yolk cell nuclei remained in most specimens at 

this stage, and those which were present had migrated peripherally and 

lay near the inner walls of the mid-gut. They appeared to be in a degen

erated condition, having vacuolated nuclei and cytoplasm. Valves were 

formed in the proventricular and pyloric regions of the gut and rectal 

glands, composed of pyramids of enlarged cells, formed large thickenings 

.in the proctodeum.

The head glands and stomodeal ganglia of a serially-sectioned 

definitive embryo were measured for comparison with those of a serially- 

sectioned diapause embryo and these measurements are presented in Thble 

XVII.

The corpora cardia'ca and occipital ganglia of the definitive embryo 

are shown in ELgure 4l, Plate XV. The labial glands were differentiated



-ito-

TABE1E X V H

Measurements of the Organs of the Stomodeal Nervous 
1 System, Related Glands, and Some Peripheral Ganglia 

Erom One Diapause and One Definitive 
A. elliotti Embryo

Diapause Embryo 
(Stage 19)

Definitive Embryo 
(Stage 27)

Height .Width
Length 
in u Height Width '

Length 
in 1U

Erontal Ganglion 120 72 32+ 126 120 34

Occipital Ganglion 9 2 84 32+ 1 2 6 9 6 32

Corpora Cardiaca 100 20 24+ 120 30 56

Corpora Allata 20 20 24 44 32 46

Ingluvial Ganglia 84 to 32+ 102 42 to

Ventral Head Glands .138 24 72 1 8 0 12 72

Corpora Mandibulorum 60 24 32+ 6 8 to 48

Corpora Ifexillarm to 20 16+ 36 44 48



in all the embryos examined. They appeared as large clusters of round 

cells connected by branched duets and. extended posteriorly as far as 

the first abdominal segment in some specimens. These glands can be 

seen in Figure 42, Plate XV, taken in the region of. the metathorax of a 

Stage 27 embryo.

The darkened condition of the cytoplasm of the giant metathoracic 

cells of this embryo was noticeable when compared to that seen in these 

cells of the diapause embryo shown in Figure 26, Plate XLII. The appear

ance of the'cytoplasm in the giant metathoracic cells in the definitive 

embryo differed little from that seen in the same adult cells. Their size 

was 44 u by 60 u in height and width and a little over 1 6 u in length.

Malpighian tubules in the definitive embryo had small lumina and 

their cells were round and turgid.

The oehocyte cells seemed to have more cytoplasm than in equivalent 

cells in stages' immediately after blastokinesis and their vacuoles 

appeared to be less numerous than before. Pericardial cells and sub- 

esophageal body cells had almost no vacuoles.

. Hie gonads lay flattened on the dorsum of the gut, joined by broad 

fibrous tissue. The fat body appeared throughout most of the embryo and 

was heavily vacuolated.



Discussion
She neuroblast cells of A. elliotti embryos were found not to degen

erate suddenly after blastokinesis as they were reported to' do in L. 

migratoria (Boonwal, 1 9 3 7); instead degeneration begins cephalicaliy before 

bIastoIdLnesis occurs. A few remaining neuroblast cells were seen sev

eral stages after blastokinesig, and their division was noted at that time. 

The post-blastokinesis neuroblast mitoses, however, were found to be 

polarized in a direction opposite that observed in their normal 

division.

A search of the. literature concerning the embryology of the" Acrididae 

failed to"reveal mention of the paired giant ffietathoracic- cells, although 

Roora-Tal (1937) did. state, "Rarely, a few specially large ganglion cells 

.are met with; these, however, cannot be identified with neuroblasts".

The presence of giant cells in the ganglia of the adult Acridid M. 

Mvittatus was cited by Lancaster (1939) in a comparative study of the • 

giant cells in arthropods and annulates. In the Phasmidae, Leghessa 

(.1942) discussed the giant cells in all the thoracic ganglia of Carausius 

morosus and classified these cells as motor or association elements. In 

view of their presence in several genera of the Acrididae, it is possible 

that the giant metathoracic cells may be useful in the study of phylo

genetic relationships. Future investigation will be undertaken to.produce 

evidence of their function in A. elliotti.

The histological findings concerning the embryological derivation 

of certain components of the neuroendocrine complex in A. elliotti differed 

from that reported in the literature. Pflugfelder (1947) reported that he
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had Identified the ventral head glands in both suborders of the Saltatoria, 

the Acrididae and the Locustidae, Eis study of the Acrididian species, 

Stenobothrus rufipes, revealed that these glands were innervated by the 

nervus labialis from the subesophageal ganglion and he concluded, there

fore, that these glands belonged to the labial segment of the head. 

Investigation led him to a similar conclusion regarding these glands in 

the Dermaptera, Ehasmida, and other groups. In the Blattaria, structurally 

homologous glands were found to be present in both the maxillary and 

labial segments, and he came to no conclusion with regard to the segment to 

which the ventral head glands in that group belong. In 1958, Pflugfelder 

stated that the ventral head glands were, no doubt, homologous to the pro- 

thoracic glands studied in Leucophaea maderae by Scharrer. Neither Baden

(1936) nor Boonwal (1937) mentioned these glands and Imbrahim (1958)
.

stated that he was not able to find them in T, asynamorus.

In pre-katatrepsis embryos of A. elliotti and the embryos of five other 

Acrididian species studied, the ventral head glands were found in the region 

between the mandibular and maxillary segments. In A. elliotti they arose 

from prominent invaginations of lateral hypoderm between the bases of the 

mandibles and maxillae. Ihe position and morphology of the ventral head 

glands (shown- in Figures 25, 30, 37, 39) allows their certain identification 

from the time of their invagination to the definitive stage.

Robnwal (1 9 3 7) reported the presence of paired-invaginations between the - 

bases of the mandibles and maxillae in L. migratoria, but stated that these 

were the corpora allata which arose after blastokinesis. In other species
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■fche origin of the corpora allata, according to most authors, is from 

lateral ectoderm. According to Johannsen and Butt. (I94l), various workers, 

including' Heymons (l895)> Strindberg (1 9 1 3), and Eastham (l930a), agreed 

that the corpora allata arose from the anterior angle of the maxilla.

Tiegs and Murray (1938) ascertained that these glands resulted from 

differentiation of the ventral wall of the antennary coelomic sac and, 

therefore, were-mesodermal. Imbrahim (1 9 5 8) stated that he was not able 

to find them at the beginning of their differentiation but concluded that 

they must Have been formed shortly before blastokinesis between the bases 

of the mandibles and maxillae.

Jones (1953^ 1956) found the ventral head glands and the corpora 

allata with certainty only after blastokinesis in L. pardalina.

In Al eIliotti the derivation -of the corpora allata was the most 

difficult'of the head glands to discern, and this could be the reason 

why the origin of the ventral head glands, which is conspicuous, has 

been attributed to the corpora allata by many workers,. As has been 

stated, the corpora allata in A. elliotti appeared to arise from lateral 

hypoderm near the bases of the anterior tentorial invaginations between 

the bases of the antennae and the mandibles, and were located close to 

the anterior tentorial arms during the early stages (Pigure 24).

Thus, three'pair of glands are derived intersegmentally from lateral 

hypoderm prior to blastokinesis in A. elliotti and are well formed prior 

to the diapause.. The location and the origin of these glands in the other 

species studied seems to be the same as that found in A. elliotti.



Only one reference (Imbrahlm5 1 9 5 8) was encountered in the literature 

concerning the existence of paired ganglia peripheral to the ventral nerve 

cord, Imbrahim (1 9 5 8) reported that he observed these organs in the 

mandibular and maxillary segments and that the derivation of the former 

was neural ectoderm.

In A, elliottij as well as seven other species studied, it appears 

that serially homologous differentiation of these paired structures 

occurs. Paired peripheral ganglion masses were observed in the labrum, 

the mandibles, maxillae, and a single ganglion of paired labial origin 

was found in the ventral hypopharynx. Bipartite masses in the antennal 

bases were present, but these were thought to have arisen by hypodermal 

invagination similar to the chordbtonal and tympanal organs and, there

fore, ,would not he homologous to the other peripheral ganglia.

While the function of the newly found peripheral ganglion masses is 

unknown, the close functional inter-relationships between the glands of 

lateral hypodermal.origin and those of stomodeal ectodermal origin are 

well known. If the peripheral ganglia serve as association centers for 

sensory areas in their respective segments, it is possible that these 

function as triggering devices, perhaps for the initaiation of neuro- 

secretion in the brain and ventral ganglia to which their nerve tracts 

lead, Through neuroseeretiom the stomodeal system and its related glands 
function in a variety of known ways.

In A. elliotti the origin of the stomodeal nervous system from 

stomodeal ectoderm agrees with that described by Eoonwal (1937) in L.
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irdgratoria. Ho significant differences. in the origin and development of 

the other systems were observed from that reported in the literature for 

other Aerididian species.



SUMMAHI

External, stage criteria were formulated for A. elliotti embryos 

from a 1959 laboratory reared population. External sex differentiation 

was described beginning with Stage 19 through the definitive embryo.

Stage 27.

length measurements were taken of all embryos for the 1 9 5 9 and 

'i9 60 laboratory reared populations in relation to'their ages and; ; -

stages of development. Length measurements also were taken of embryos 

from all wild population embryos in relation to their stage of devel

opment.

The data concerning age-stage, age-length, and stage-length for 

both laboratory populations were statistically analyzed and high correla

tions obtained. The stage-length data for wild population embryos were 

analyzed and high correlation values obtained in most instances.

Comparisons were made between pre-diapause laboratory reared 

populations using regression coefficient and standard deviation values 

obtained from age-stage, length-age, and length-stagi-.'"'regressionS>!.■<■>• 

Comparisons also were made between the diapause reared and diapause wild 

populations, and between post-diapause reared and post-diapause wild 

populations using the regression coefficient and standard deviation 

values obtained from the regression of length on stage. It was found 

that the two laboratory populations differed significantly for all three 

data comparisons tested. Some of the wild populations when compared to 

the reared ones differed significantly with regard to both standard . 

deviation and regression coeffieent values, and some differed with respect
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to one value and not to the other. When. standard deviations and regression 

coefficient values from length on stage regression from the wild popula

tions from the same site from two different years were compared, one 

population differed with regard to the standard deviation but did not 

differ with regard to the regression coefficient values, and the other 

population differed with respect to the regression coefficient values but 

did not differ with respect to the standard deviations.

Differences in the number of retarded embryos found in the various 

wild populations was found to be statistically significant both in the 

diapause and post-diapause groups.

Experiments were' conducted to ascertain the conditions for diapause 

aversion and termination in A. elliotti embryos. Limited responses were 

observed when embryos of many different ages were exposed to low tempera

ture for"varying times. After removal of the chorion, attempts were made

to terminate the diapause artificially with several organic solvents but
\

these were "without success. Adults were reared in light with a high 

proportionof ultraviolet light in its spectrum for 18 hours per day 

during their entire reproductive history. Ho change could be found in 

the incidence of embryonic diapause in the progeny of these adults 

following this ‘treatment.

All stages'of the embryogenesis of A. elliotti were studied histo-
—  ----------------------  . ..

logically. It was found that Inner layer development could be 

observed in whole embryos during the first six stages using trans

mitted light. Segmentation of the ectodermal tissues began in the
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Stage 6 embryo and appeared to follow the segmentation of the inner 

layer, Heurohlast differentiation was first observed in a Stage 7 

embryo, Heuromere formation took place from anterior to posterior, as 

did the differentiation of mesoderm into coelomic sacs. At Stage 9 the 

subesophageal body cells were seen for the first time, and it appeared 

that they continued to be differentiated for several more stages.

Division of the coelomic sacs into dorsal and ventral pouches had 

occurred in all thoracic segments in the Stage 10 embryo. Separation 

of the hypoderm from the optic lobes had been completed in Stage 11 

embryos, and germ cells were first recognized in the Stage 12 embryo.

Study revealed that the optic lobes of this species were formed, 

in part, from cells derived from neuroblasts, as well as by delamination 

of lateral ectoderm. The differentiation of the ganglia of the stomodeal 

nervous system from the dorsal stomodeal ectoderm had begun in the Stage 

13 embryo and was found to occur in the manner described by Roonwal (1 9 3 7) 

for L. migratoria.

The presence of paired peripheral ganglia in the mandibles and 

maxillae was observed for the first time in a Stage l4 embryo.- It is 

believed that these ganglia, derived by migration of neural ectoderm, 

have been found in only one other Orthopteran, T. asynamorus 

(Ehaphidophoridae), Paired peripheral ganglia also were discovered in 

the Iabitoaj-and a single ganglion,, of paired labial origin, was observed 

in the hypopharynx.

Paired invaginations of intersegmental lateral hypoderm were the

(



anlagen of the corpora allata, ventral head glands and labial (salivary)
' ' I

glands. These anlagen were seen in the Stage 15 A. ellio^ti embryo, five 

stages prior to blastokinesis. Both the origin and the time•of differ

entiation of the corpora allata and the ventral-head glands differed 

from that previously reported for the Acrididae„

Two pairs of giant cells were, differentiated at Stage 19 and were 

first observed in embryos at their fortieth day of development at 25° C. 

One pair occurred at the junction of the protocerebrum and the optic lobes

The second pair, of much larger size, differentiated at the sides of the
!

riietathoracic ganglion. These paired cells were found to persist 

throughout the embryology and were present in,the adult nervous system
■ ' I 1

of A. elliotti, as well as in adult Camnula pellueida. These giant cells
’ I ' .

also were observed in embryos of Melanoplus differentialis, Melanoplus

bruneri, Melanoplus sanguinipes, Melanoplus bivittatus, Locusta

migratoria and Schistocerea gregaria.

Histological comparison was made between diapause embryos (Stage

19) of young and advanced ages. It was observed that deposition of fat

in the fat body, gonads, and other tissues continued during diapause

although external growth and most mitotic activity had ceased. Striking

changes also were noted in the pleuropodial organs, which increased-from
--

20 u to 80 u in thickness.during the diapause period in the embryos 

studied. Histological examination of embryos retarded in their external 

stage of development in relation to their ages, revealed that fat body 

differentiation had taken place although it would hot have been predicted
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from their external stage.
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Plate- IX .

Whole Specimens of A. elliotti Embryos 

ELg. I. Stage I embryo on yolk.. 22.4 X. ,

ELg. 2. Stage 2 embryo on yolk showing evagination pf the protocorm. 22.4

ELg. 3, Stage 3 embryo on yolk. 22.4 X.

Elg. 4. Stage 4 embryo showing early inner layer differentiation. 22.4 X.
. -

ELg. 5- Stage 5 embryo showing inner layer segmentation. 22.4 X.

ELg. 6 , Stage 6 embryo showing early ectoderm segmentation. 22.4 X.

%
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Jig. 1 3.

Plate :2E0...

Histological Sections of A. elliotti Embryos

A transverse section of a Stage 9 embryo showing coelomic 
pouches in the antennae. 200 X.

Jig. 14, A transverse section of a Stage 19 embryo. The arrow at
the top indicates one of the paired ingluvial ganglia; the 
arrow at the bottom indicates a cluster of subesophageal 
body cells. The dorso-ventral tubular invaginations are the 
developing mandibular apodemes. 6k X.

Jig. 1 5, A transverse section of a Stage 13 embryo. The arrows indicate 
the early paired corpora mandibulorum. 6k X.

Jig. 16. A transverse, section of a Stage 19 embryo. Bie arrows at the 
bottom indicate paired corpora mandibulorum and their nerves 
from the subesophageal. ganglion. The arrows at the top 
indicate the paired corpora allata. 6k X.

Jig. IT. A transverse section of a Stage 25. embryo. The arrows indicate 
the paired corpora maxillarum. Note the epidermal thickenings 
at the innter edges of the mandibles at the bottom of the 
photograph. 6k X.

. A transverse section of a Stage 25 embryo... The arrow
indicates the corpus hypolabium in the hypopharynx. 6k X.
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Hg. t.

Plate, X_ -

Histological Sections of A. elliotti■Etribryos
.

The anterior margin of inner layer' differentiation in the 
protocephalon of a Stage 5 embryo. 200 X.

Hg. 8. A transverse section through intrasegmental inner layer 
in a Stage 5 embryo., 200 X.

Hg. 9. A transverse section through intersegmental inner layer 
in a Stage 5 embryo. 200 X.

Hg. 10. A transverse section through the caudal protocorm in a 
Stage 5 embryo showing thickened ventral amnion and broad 
inner layer. 200 X.

Hg. 11. A transverse section through the posterior portion of the 
protocephalon showing fused ventral evaginations in a 
Stage 5 embryos. 200 X.

Hg. 12. A transverse section through the porterior portion of the 
protocephalon showing the second section of the fused ventral 
evaginations in a Stage 5 embryo. 200 X.
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Plate - XII

Histological Sections of A. elliotti ,Embryos

Jig. 19. A transverse section of a. Stage 19 embryo. The arrow indicates 
the inner neurilemma surrounding the periphery of the neuropile 
in the protocerebrum. The anlage of the median ocellus with 
fibers extending toward the protocerebrum is visible at the 
bottom of the section. 64 X.

Jig0 20. A transverse section of a Stage 27 embryo through the proto
cerebrum. No inner layer is apparent. The median ocellus 
and ocellar nerve are visible at the bottom of the section. 
64 X,

Jig. 21. A transverse section of a Stage 19 embryo showing the occipital 
ganglion (top center) attached by the recurrent nerve to the 
frontal ganglion (bottom center), 64 X.

Jig. 22. A transverse section of a Stage l6 embryo. The arrows indicate 
the paired -Iabiah'. invaginations, 64 X.

Jig. 23. A transverse section of a Stage 19 embryo. The arrows at the 
bottom indicate the paired corpora labri lying above the 
hypoderm of the labrum. 64 X.

- Jig.; 24. A transverse section of a Stage 17 embryo. The arrows indicate 
the early paired corpora allata lying dorsal to the anterior 
tentorial invaginations. 64 X. v.
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Plate HII

Hg. 25.

Histological Sections of A. elliotti ,Embryos

A transverse section of a. Stage 17 embryo. The arrows indicate 
the ventral head, glands. Efote the connective tissue fiber 
joining these glands. 64 X.

Hg. 2.6, A transverse section of a Stage 19 embryo showing the 
vacuolated nuclei of the paired giant metathoracic ganglion 
cells. 100 X.

Hg. 27. A transverse section of a Stage 19 embryo showing the paired 
ducts and common aperture of the labial (salivary), glands 
above the hypopharynx. 64 X.

Hg. 2 8 . A transverse section of a Stage 20 embryo. Two arrows on the 
right and one on the left indicate the anlagen of Johnston’s 
organs in the antennae. Paired bipartite corpora mandibulorum 
can be seen in the mandibles near the subesophageal ganglion in 
the center of the section. 64 X.

Hg. 29. A transverse section of a Stage 19 embryo. The arrow indicates 
a. cluster of blood cells lying ventral to the stomodeum. 64 X.

0CQ1 A transverse section of a Stage 19 embryo. The arrows indicate 
the ventral head glands; the right one is attached to the hypo- 
derm. 64 X.

Ni
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Plate. ',HV

Hg. 31.

Histological Sections of A. elliotti Babryos

A transverse section of a Stage 19 embryo, 40 days old, showing 
the pleuropodia and fat body in the first abdominal segment.
64 X.

Hg. 32. A transverse section of the same Stage 19 embryo shown in Hg.
31. The arrow at the top indicates one ,of the gonads3 the arrow 
at the right indicates a cluster of turgid oenocyte cells. 64 X.

Hg. 33. A transverse section of a Stage 19 embryo, 229 days old, shewing 
the enlarged pleuropodia and distribution of fat body, 64 X..

Hg. 34. A transverse section of a Stage 19 embryo, 259 days old, showing 
the large pleuropodia and extensive fat body. 64 X.

Hg. 35. A transverse section of the same Stage 19 embryo shown in Hg. 
34. The arrow at the top right indicates the enlarged gonad; 
the arrow at the left points to a group of flaccid oenocytes. 
64 X.

Hg. 36. A transverse section of a retarded Stage 13 embryo, 90 days 
old. The arrows indicate the precociously differentiated fat 
body tissue. 100 X.
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Plate1 XV

Fig. 37.

Histological Sections of A. elliotti Eribryos

A transverse section of a Stage 20-embryo in blastokinesis.
The head is at the right. The arrows at the center top and 
bottom indicate the ventral head glands. Die top arrow at the 
right indicates one of the paired corpora cardiaca and the arrow 
below it indicates the occipital ganglion. At the left of the
section the paired giant metathoracic ganglion cells can be 
seen. 64 X.

Hg. 38. A transverse section of a Stage 24 embryo at the junction of 
the optic ganglia and the protocerebrum. Die arrows indicate 
the paired giant cells. Hbtice the extension of the proto- 
cerebral cells into the region of the optic lobes. 64 X.

Hg. 39. A transverse section of a Stage 25 embryo with the ventral 
part of the head to the right. Die arrows at the top and bottom 
on the left indicate the paired ventral head glands. Die center 
arrow indicates the subesophageal body below the stomodeum. 
Paired ingluvial ganglia can be seen at the sides of the
stomodeum. Die arrows at the tcp and bottom right indicate the 
corpora mandibulorum. 64 X.

Hg. 40. A transverse section of a Stage 26 embryo. Die arrows indicate 
the corpora allata, Above these glands a few subesophageal 
body cells can be seen at either side of the stomodeum. Die 
light cells at the bottom and center of the page are part of 
the frontal ganglion. 100 X. \

Hg. 4l. A transverse section of a Stage 27 embryo. Die top arrow 
indicates one of the paired corpora cardiaca which join the 
occipital ganglion indicated by the lower arrow. 100 X.

Hg. 42. A transverse section of a Stage 27 embryo showing the 
differentiated labial glands indicated by arrows at the sides. 
Die center arrows indicate the giant paired metathoracic 
ganglion cells. 64 X,
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