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Abstract:
The morphogenesis and histogenesis of ovarian tissue of Aulocara elliotti (Thomas) were examined
throughout the nymphal and prereproductive stages® Differentiation; of the rudimentary ovariole into
two functional zones, the germanium and vitellarium, occurs during the second instar. In those oocytes
which are to he oviposited first, there is a considerable amount of cytoplasmic augmentation while they
reside in the nymphal vitellarium. During the fifth instar a cuboidal epithelium differentiates from
prefollieular tissue surrounding oocytes at the proximal end of the ovarioles. In the adult, two layers of
muscle tissue are formed between the outer connective tissue sheath and the epithelial lining of the
oviducts before the first clutch of eggs are to be laid. Between 8 and 10 days are required after adult
emergence to complete the first reproductive cycle. After vitellogenesis, follicle cells around the
posterior end of each proximal oocyte enlarge considerably before secreting a specialized chorionic cap
overlaying the site of the future hydropyle. Presence of residual pigmentation is one of the gross
differentiating factors between a resorbing oocyte and a normal degenerating follicle following
ovulation, A cytological and cytochemical study of adult ovarioles was made with special emphasis on
the process of vitellogenesis. During oocyte maturation the presence of Feulgen-positive material
within oocyte nuclei diminishes, A heavy concentration of RHA is present in the portion of cytoplasm
of the follicle cells closest to oocytes experiencing yolk deposition or chorion formation, A major
portion of the yolk material deposited within oocytes appears to be a complex of protein and
carbohydrate substances. In addition to the protein-carbohydrate fraction, there are significant amounts
of acid and neutral mucopolysaccharides within the yolk granules. Although the deutoplasm of the
oocytes is highly PAS-positive, the cytoplasm of surrounding follicle cells is PAS-negative.

It could not be determined whether rate of vitellogenesis or oocyte resorption was a function of the
amount of light received per day when 127 females were examined seven days After emergence. There
does appear to be trend for ovipositing females to lay fewer eggs upon exposure to shorter daylengths.
Oviposition was not observed when females were maintained under constant light or three hours of
light per day. 
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ABSTRACT

■ The morphogenesis and histogenesis of ovarian tissue of Aulocara 
elliotti (Thomas) were examined throughout the nymphal and prereproductive 
stages» Differentiation; of the rudimentary- ovariole into two functional 
zones, the germanium and vitellarium, occurs during the second instar. In 
those oocytes which are to he oviposited first, there is a considerable 
amount of cytoplasmic augmentation while they reside in the nymphal 
vitellarium* During the fifth instar a cuboidal epithelium differentiates 
from prefollieular tissue surrounding oocytes at the proximal end of the 
ovarioles. In the adult, two layers of muscle tissue are formed between 
the outer connective tissue sheath and the epithelial lining of the 
oviducts before the first clutth of eggs are to be laid. Between 8 and- 
10 days are required after adult emergence to complete the first 
reproductive cycle. After vitellogenesis, follicle cells around the ■ 
posterior end of each proximal, oocyte enlarge considerably before secreting 
a specialized chorionic cap overlaying the site of the future hydropyle, 
Presence of residual pigmentation is one of the gross differentiating, 
factors between a resorbing oocyte and a normal degenerating-follicle 
following ovulation,

A cytological and eytoehemieal study of adult ovarioles was made with 
special emphasis on the process of vitellogenesis. During oocyte matura
tion the presence of Feulgen-positive material within.oocyte nuclei 
diminishes, A heavy concentration of RHA is present in the portion.of 
cytoplasm of the follicle cells closest to oocytes experiencing yolk 
deposition or chorion formation, ■ A major portion of the yolk material 
deposited within oocytes'appears to be a complex of protein and carbohy
drate substances. In addition to the protein-carbohydrate fraction, there 
are significant amounts of acid and neutral mucopolysaccharides within the 
yolk granules.. Although the deutoplasm of the oocytes is highly PAS- 
positive, the cytoplasm of surrounding follicle cells is PAS-negative.

It could not be determined whether rate of vitellogenesis or oocyte 
resorption was a function of the amount of light received per day when 127 
females were examined seven days After emergence. There does appear to be 
trend for ovipositing females to lay fewer eggs upon exposure to shorter1 
daylengths. Oviposition was not observed when females were maintained under 
constant light or three hours of light per.day.



IITRODUCTIOH

The economic importance of the rangeland grasshopper, Aulocara 

• 'elliotti (Thos,), has been verified by Pfadt (19^9) and Anderson, (I96U ). 

This insect is widely distributed over rangelands of the Great Plains 

region and has been observed to fluctuate greatly in numbers in certain 

areas of Montana*

In the last decade extensive studies have been conducted concerning 

the postovulatory physiology of developing A. elliotti eggs (Roemhild, 

1961, 1965 a and b; Van Horn, 1963, 1964> 1966 a and b; Svoboda, 1964; 

Bunde, 1965; Laine, 1966). Only limited information is available, however 

on the mechanisms by which eggs of this species are formed prior to 

ovulation* In order that these developmental processes indigenous to 

preovulatory eggs may be better understood, the present investigation.of 

postembryonie ovarian development and vitellogenesis was undertaken.

Although embryonic development of female acridid gonads has been 

described by several workers (e.g, Graber, I89I; Roonwal, 1937J Kelsen, 

1931, 1934b), ovarian development following hatching has received little. 

attention. Heymons (1895) was probably one of the first to study post- 

embryonic development in an Orthopteran. Nelsen (1934b) followed ovarian 

development throughout embryogenesis and the nymphal instars in the 

Acridid, Melanoplus differentialis (Thos.)» Both investigators noted 

that newly hatched female nymphs had relatively undeveloped gonads and 

that considerable morphogenesis and histogenesis of ovarian tissue 

occurred during the nymphal stages.

Phipps (1949) studied the gross structure of maturing adult ovaries
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in seven Acrididae» He noted that several atypical conditions were 

displayed "by adult ovaries during maturation, one of which appeared to 

he oocyte resorption, Singh (1958).made a histological investigation 

of degenerating ovarian follicles of Schistocerca gregaria (Forsk,).

A comparison of postovulatory follicles and resorted follicles was 

made. It was concluded that typical postovulatory follicles upon 

degeneration contained no pigmentation, whereas an orange-red pigment 

was present in degenerating follicles where oocyte resorption had 

occurred. Further study of resorting oocytes revealed that the residual 

orange-red pigment within resorted follicles was B-carotene (Lusis, 19&3). 

Lusis also discovered, that follicle cells acted as lecitholytic cells 

during the early stages, of oocyte resorption, first breaking down the 

deutoplasm before they themselves degenerate.

The origin and composition of yolk has teen studied in numerous 

insect species. However, the conclusions derived from these" studies..
are diverse and, in some, cases, contradictory. Because of the advance

ments made in the field of histochemistry during recent years, these 

techniques are now widely used in the. study of insect vitellogenesis. 

Although yolk deposition in acridid insects has received limited attention, 

vitellogenesis in many other insect species has teen studied using 
histoehemical methods.

In Perplaneta orientalis Linn., Gresson (1931) detected no Feulgen- 

positive material within, oocyte nuclei either before or during vitellogenesis. 

This does not appear to be the usual condition displayed by oocytes in
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many of the other insect species studied.. Instead, the nuclei of oogonia 

a M  young oocytes generally exhibit a strong Feplgen-reaction during the 

early stages of oogenesis and then the reaction gradually diminishes before 

yolk deposition is completed (Bonhag, 1959; Radecka> 1962; Weglarska, 1962). 

Wuclei of follicle cells ordinarily show no variation in the high level 

of D M  present throughout the cytoplasmic growth and yolk deposition in 

the primary oocytes. •

Wucleolar extrusions from the primary oocyte nucleaus.of the Oriental 

roach and the American roach have been reported to give rise to proteid 

yolk in the peripheral ooplasm (Hogbenjl 1920; Hath and Mohan, 1929;
Gresson, 1931)«

Hegner (1914) found that mitochondria at the periphery of developing 

oocytes of Leptinotarsa decemlineata (Say) increased rapidly in size and 

number and then formed large yolk bodies. Ranade (1933) studied vitello
genesis in Periplaneta.amerieana, (Linn.) and concluded that protein was. 

produced by mitochondria and not by nucleolar emissions.

Yet another origin of proteid yolk was assessed in oocytes of Hepa 

cinera Linn. (Stecpoe, 1926). Golgi bodies were thought to be responsible 

for the production of proteid yolk bodies in this species. In an.earlier 

study of the same species of bug, Spaul (1922) proposed a nucleolar-origin 

for the yolk bodies.

Bonhag (1959) and Radecka (1962) maintain that nucleolar Emissions 
only serve to transfer material from the nucleus to the cytoplasms of the 

oocyte and do not give rise directly to proteid yolk. This view appears
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to be consistent with the more recent understanding of protein synthesis»

In studying oogenesis in Taehyeines asynamorus Adel0, Eadecka (1962).

suggested that the follicle epithelium may contribute portions of the

deutoplasmic substances to developing oocytes*

Other workers maintain yolk protein is synthesized elsewhere in anC .
insect's body and is taken into developing oocytea by the process of 

micropinocytosis (Kessel and Beams, 1963; Roth and Porter, 1964; Andersofr, 

1964; Zing and Aggarwal, 1964; Stay, 1965)» Telfer (1961) and Bamamurty 

(1963) suggested that yolk protein enters oocytes during vitellogenesis 

via the intercellular spaces of the follicular epithelium. It was inferred 

that there was little participation of the follicle cells in yolk deposition. 

Lipoid yolk has also been thought to originate from a variety of 

sources, Numerous investigators have concluded that Golgi bodies within 

the oocytes develop into lipoid yolk (Bath and Mohan, 1929; Bath and Metha, 

1929; Gresson, 1931; Gupta, 1958a), Most of these authors agree that 

lipoid yolk first appears in Golgi vacuoles, which swell and change into . 

fat droplets» ,The fat droplets m y  remain surrounded for some,time by an 

©smlopfailic sheath,

Hsu (1952) observed a direct transformation of mitochondria into fat 

droplets in oocytes of Drosophilia melanogaster.Meigen, Fatty yolk globules 

were suggested to arise in the ooplasm without relation to any of the 

formed elements within the oocyte (Steopoe, 1929),

Bonhag (1955b) stated that sudanophilic lipids of both non-phospholipid 

and phospholipid types appeared to have been contributed to the oocyted of
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Oncopelius •faseiatus (Dallas) by the follicular epithelium.

Several workers have suggested that carbohydrate compounds in yolk 

exist as a protein-carbohydrate complex. Bonhag (1955a) postulated that 

yolk materialj, which could not be extracted with a methanol-chloroform 

solution, consisted of a mucoprotein or a glycoprotein. A similar 

conclusion was reached by Lusis (1963) when he studied oocyte resorption 

in Schistocerca.

Yolk material reacting positively to the periodic-acid Schiff test 

in oocytes of Gerris remigis Say was conjectured to he a mucoprotein, 

glycoprotein, or a neutral mucopolysaccharide in complex with protein 

(Bschenherg, 1965).

Although glycogen is one of the main storage polysaccharides of 

insects, it was not found in developing oocytes of Oncopeltus, Tachycines, 

or Gerris (Bonhag, 1955a; Radecka, 1962; Escheriberg, 1965). Bonhag (1956), 

however, found glycogen to be present in the older oocytes of Anisolabis 

maritima (Gene).

Insect vitellogenesis and. oviposition have been found to be sensitive 

to a variety of extrinsic factors. Many insect species have been .discovered 

to react in some manner to a changing photoperiod since Marcovitch (l92t) 

first demonstrated the importance of daylength upon the appearance of 

sexual forms in aphids. Reproduction is acknowledged to be one of the 

physiological processes responsive to changing daylen'gths.. in numerous 

insect species.

In the laboratory, Sehistocerea gregaria has been observed to enter
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a reproductive diapause upon a lengthening of the daylight periods, 

whereas Eomadacris septemfasciata Serv» experiences a cessation of ovarian 

development when the photopefiod becomes shorter (Eorris, 1957, 1962,

1965)0 Middlekauff (1964) has shown that rate of oocyte .maturation 

increases with decreasing daylengths in adult Melanoplus devastator Scud, 

females,

Oocytes in Dytiscus and Leptinotarsa were observed to form and resorb 

continually when these insects were maintained under short daylengths 

comparable to those during winter months (JoLy, 19^5j De Wilde, 1954)»

The mechanism for phtoperiodic control of insect reproduction appears 

to act through the neuroendocrine system, De Wilde and De Boer (1961) have 

demonstrated that oogenesis in Leptinotarsa is controlled by way of the 

brain through the corpora allata, It has been further observed that 

protein haemolymph concentration rises in adult females before oocyte 

yolk deposition and is depleted during each reproductive cycle (Hill,

1962; Highnam, Lusis and Hill, 1963; Orr, 1964; Engelmann, 1965), Thomsen 

and Moller (1959) have indicated that the neurosecretory substance is 

directly involved in stimulation of protein synthesis,

Highnam et al,, (1963) have shown that the fewer the number of 

ovarioles in Schistocerca the fewer the number of resorbed oocytes. These 

workers contend that developing oocytes are in competition with each other 

for available haemolymph protein, !Developing Oocytes which do not acquire 

adequate material from the haemolymph are ultimately resorbed.

Using the aforementioned investigations as a background, the present
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study on postembryonic ovarian development and vitellogenesis was 
initiated.



MATERIALS AHD M M O D S

General Morphology

Grasshoppers used for the morphological study of postembryonic 

ovarian development, with the exception of first instar nymphs, were 

collected from wild populations during the summer of 1965« First instar 

females were obtained from laboratory hatched eggs which had been collected 

from wild population sites during the fall of 1964.

In order that females, with known ages could be obtained for each 

instar, only females which had hatched or had moulted in the laboratory 

were used. Newly hatched or moulted grasshoppers were placed into cages 

containing individuals of the same instar. . Vials filled with Western 

Wheatgrass (Agropyron smlthii Bydb.), which is the predominant plant in 

their natural diet (Anderson, 1964; Pfadt, 1949) were provided daily. 

Females were taken from these groups every other, day and fixed. In this 

manner fhe sequential order of development could be followed during the 

mymphal instars to the adult stage. This study did not include develop

mental observations on adult females which had completed over seven days 

of imaginal life as their ovaries were arbitrarily considered to be mature.

Because ovaries of A. elliotti nymphs are small and rather difficult 

to remove from the younger grasshoppers, a transverse cut was made through

the area between the first and second thoracic segments and that portion 
■
of the body caudad to the cut was immediately immersed in fixative in toto. 

Ovaries from teneral through seven-day adults were obtained by vivisection 

in a 0.65^ Singer's solution. Vivisection was accomplished hy pinning the 

adult female specimen to a wax surface, submerging it with Singer's
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solution, and making a dorsal-longitudinal incision from the epiproct to 

the cervicum. The exposed ovaries were excised from the grasshoppers by- 

cutting the lateral oviducts and removing the attached fat body and 

tracheae with the aid of a jeweler's forceps, microdissecting scissors, 

and a dissecting microscope,

Boiun's, Carney's (3si), Sinha1s, and Ammerman's fixatives were used 

in this investigation, Sinhas1s fixative gave the best results for study 

of the first through fifth instar nymphs, Uhis fixative enhanced 

sectioning the portions of the body containing the ovaries due to the 

softening effect it had .on the exoskeleton,. When ovariectomies were 

performed and only the excised ovaries fixed, Carnoy's and Ammerman*s 

fixatives yielded the best structural detail. Fixation time for Sinha6S 

Carnoy's and Ammerman's fixatives was 24, 3 and 2 hours respectively.

The fixed material was dehydrated and double embedded according to 

a modified version of the procedure by Humnson (1962) using a solution 

of methyl benzoate and celloidin, -Due to the high alcohol content of 

both Sinha's and Carnoy's fluids, dehydration was begun with 95$ instead 

of 50$ ethanol, Paraplast (manufactured by Biological Research Inc,) was
J

substituted for paraffin. Infiltration with three changes of Paraplast
0was executed in a vacuum in an oven at 55-57 C for one hour. The tissue 

was then embedded in Paraplast and stored until it could be cut with a 

rotary microtome. Serial sections of all developmental stages were cut 

at 6 p. and mounted on slides for this study.

The following stains were used? Delafield9S hematoxylin and eosin,
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. Heidenhain1s iron hematoxylin, and Mallory 's triple connective tissue 

stain. For study of all stages of ovarian development, Delafield's 

hematoxylin and eosin proved to he the most helpful as a general stain 

for all ovarian structures. Mallory's triple connective tissue stain was 

useful in the examination of the adult ovaries in which yolk was being 

deposited.

Supravital observations were made with the aid of a dissecting 

microscope upon adult ovaries exposed by vivisection. Additional 

observations were made on adult ovaries which had been dissected out and 

immersed in the 0.65% Ringer's solution.

Cytology and Cytochemistry

For cytologieal and cytochemical' investigations, ovarian tissue was 

obtained by dissection of females reared in the laboratory cr collected 

from wild populations. Observations were made on ovaries from adult 

grasshoppers ranging from teneral to senescent forms. The dissection 

technique was the same as that described previously for adult forms.

Immediately after being dissected, the ovarian tissue was fixed 

according to the requirements of the staining methods to be used. All 

material was sectioned on a rotary microtome at 6 ̂  except for the study 

concerning the distribution of lipids in the ovarioles. This tissue was 

cut at 15 Ji with a freezing microtome.

For demonstration of nucleic acids the following methods were used: 

I) methyl green and pyronin J for DHA and RHA as outlined by Barka and 

Anderson (1963); 2) gallocyamin-chrome alum for DHA and RHA according to
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Einarson (1951) with the modification of Beswick (1958)5 3) Feulgen’s

reaction by Barka and Anderson (1963) using Lillie's preparation of

Schiffs reagent (1951b)« For this procedure the'hydrolysis time was ten

minutes using 1.0 E HGl at 6o°C. Alternate sections were counterstained

in a 0,05% alcoholic fast green stain after treatment with Schiffs reagent„

Carnoy's solution and cold acetone were used as fixatives for the

methyl green-pyronin Y method. Two hours in Carnoy's solution resulted

in some loss of RHA» This decrease in staining intensity was hot observed

when the ovaries were.fixed in three changes of cold acetone for 12 hours.

To prevent loss of RHA which may occur after prolonged storage in alcohol

(Bracket, 1953), material for this technique was embedded as soon als

possible following fixation, Carnoy's solution was used exclusively as 
/ ' ' ' 

the fixative for the gallocyanin-chrome alum method, Susa's solution was

used as the fixative for the Feulgen reaction. Fixation time for Susa's

solution was 24 hours for all methods in which it was used as the fixative.

Control sections for the study of RHA were digested in ribonuclease

for four hours at 37°C* Ribonuclease from bovine pancreas which had been

recrystallized five times was used at a concentration of 0,3 .mg/ml in

deionized; glass distilled water adjusted to pH 6,8 with 0.1 H HCl,

Unhydrolyzed.sections served as the control for the Feulgen. reaction.

For study of the general distribution of proteins, ovarian tissue was

fixed in Susa's solution and stained with mercuric bromphenol blue (Mazia,

Brewer, Alfert, 1953)» There was B'considerable loss of dye from the

sections when the suggested phosphate buffer and succeeding dehydration .in
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ethanol was used. Consequently<, the refinement of Bonhag (1955a) was used 
in which the buffer is omitted and dehydration is in tertiary butyl alcohol. 

The localization of lipids in general was accomplished by using, the 

Sudan black B technique of Chiffelle and Putt (1951)« The tissue was fixed 

with buffered IQfjo formalin for three hours and embedded in gelatin 

according to.Culling (1957)« Infiltration of the tissue with the 20$ 

gelatin was increased to 2k hours at 45°C instead of the suggested 12 hours 

at 37°C» This modification was necessary in order that acceptable sections 

might be obtained, Efo alteration in staining intensity or locality was 

noted when this variation in Culling's procedure was employed.

For demonstration of unsaturated lipids, the osmic acid technique of 

Mallory (1944) was used. Even though osmic acid is one of the oldest 

lipid "stains", Bahr (1954) has questioned the specificity of this method 

because reducing groups of proteins and carbohydrates may yield a positive 

reaction. However, Adams (i960) has shown, that preliminary elimination or 

blocking of these reducing groups does not diminish osmiophilia hut the 

saturation of lipid .-=CHg GH- bonds causes its complete extinction. The 

tissue for this study was handled prior to staining in the same manner as 

that used with the.Sudan black B procedure. The stained sections for both 

techniques were mounted in glycerin jelly.

Three staining techniques were employed in an effort to demonstrate 

the presence of glycogen in the ovaries. These staining techniques were2 

l) Best's carmine after Humanson (1962)3 2) The Bauer-Feulgen reaction of 

Bauer (1933); and 3 ) the PAS reaction with the dime done (5, 5-dimethyl-I,
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3 cyclohexadione) blockade as control (Bulmer, 1959)®

Absolute alcohol and formalin (9si) were used as the fixative for the 

first two methods and Carnoy’s solution was used for the third method. 

Fixation time for all three methods was three hours.

Control sections for Best's carmine and the Bauer-Feulgen reaction 

were digested in Lillie's (1949) solution of malt diastase for one hour 

prior to staining. Additional sections were digested in saliva for one 

hour before treatment according to Best's carmine method. She control 

sections for the PAS reaction were placed in 5$ acetic acid saturated with 

dimedone for six hours at 6o°C after oxidation in periodic acid.

The PAS technique used in the attempt to demonstrate presence of 

glycogen and other carbohydrates having a positive reaction to this test 

is as follows t l) the Paraplast embedding material was removed from the 

sections with benzene $ 2 ) after immersion in absolute ethanol, the 

sections were coated with a solution containing 0.5$ celloidin and then 

progressively hydrated to distilled water; 3 ) the sections were oxidized 

in 0,75$ aqueous periodic acid for ten minutes; 4) the sections were

washed in running tap water and placed in Schiffs reagent, for 30 minutes;

5 ) the sections were bleached in a solution consisting of 10 ml of 10$ 

sodium metabisulfite, IOml H HCl, and 200 ml of distilled water; 6 ) after 

a ten minute wash in running tap water the sections were dehydrated in 

ethanol, cleared and mounted. Ovaries preserved with Carnoy's and Susa's 

fixatives were used for all carbohydrate analyses employing the PAS 

technique. Ho differences in staining intensity or locality could be
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ascertained when one fixative was substituted for the other® Lillie’s 

(1951b) formula for Schiffs reagent was used throughout the analysis for 

reactive carbohydrates®

Several controls were used in the effort to characterize the 

carbohydrates found to react positively using the PAS technique. These 

controls were; l) sections stained without previous oxidation in periodic 

acid; 2) sections acetylated for two hours in a 2:3 mixture of acetic 
anhydride pyridine succeeded by deacetylation for 2k hours in a 1:4 

mixture of HH^OH (28%) and ethanol; 3) sections treated with a solution 
of 0.1 mg/ml pepsin in 0.01 H HCl at 37°C for two hours; 4) sections 

treated with a solution of 0,3 mg/ml bovine hyaluronidase in 0.1 phosphate 
buffer, pH 5«9* at 37°C for five hours; and 5) sections, placed in a 1:1 

mixture of methanol and chloroform at 6o°C for 24 hours (Bonhag} 1955a).
The coating of the sections with celloidin was omitted when enzyme 

digestion was utilized. Because sections were lost from the slides when 

they were treated with the pepsin solution^ the Paraplast embedding material 

was not removed from the sections until immediately before they weire 

mounted (Bonhagjl 1955a),

Because protein and carbohydrate yolk granules appear to have similar 

locations within the more mature oocytes, a modification of the technique 

of Himes and Moriber (1956) was used to investigate this situation more 

closely. This technique is designed to display DHA,. polysaccharides > and 

protein when present. The method was modified by omitting the azure A= 

Schiff reagent in order that only the presence of protein and carbohydrate
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could be demonstrated* Ovarian tissue preserved with Susa’s fixative was 

used in this study*

The alcian blue staining method of Steedman (1950), revised by 

Mowry (1956), was used to demonstrate the presence of acid mucopolysaccha

rides in ovarian tissue preserved with Carnoy's fixative* A  0.1$ aqueous 

solution of toluidine blue was used for the metachromasia analysis. The 

sections were stained in this solution for one hour. Control sections 

were digested in hyaluronidase using the same procedure as described 

previously for PAS reactive carbohydrates« Some of the sections were 

examined under water immediately after staining, whereas others were 

examined following the dehydration, cleaning and mounting procedure.

•To observe intra-vital staining of the ovarioles, one #1 of a 0.5$ 

solution of trypan blue in 0.2 M phosphate buffer, pH 6.9, was injected 

into the haemoceles of A. elliotti females reared.in the laboratory. 

Grasshoppers from this group were sacrificed at 8, 16, 2k and 33 hour, 

intervals so that ovaries could be dissected and fixed in Susa's solution. 

The fixed material was then embedded in Paraplast, sectioned, affixed to 

slides, immersed in toluene to remove the Paraplast, and mounted. Ho 

further staining was employed subsequent to examination of these sections.

Photomicrographs were taken of stained sections resulting from the 

previous studies with a Leitz k X 5 camera through a.Zeiss microscope 

equipped with Planapoehromat and Heofluar objectives.

Photoperiodism

To examine the possibility that photoperiod may have some control
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over the rate of vitellogenesis} frequency.of oocyte resorption-and 

frequency of cviposition, grasshoppers were collected from a wild popula

tion near Decker, Montana, and reared in the laboratory under a regime of 

13 different photoperiods« Twelve of the 13 photoperiods were based upon 

a 2h hour day. The thirteenth photoperiod was used as a control and 

grasshoppers reared under it had constant light*

A battery of 2h cages was constructed in such a manner so that each 

of the 12 pairs of cages would have a different daylength (Fig* I)* A 

sliding plywood shield was designed so that on hourly intervals it would 

cover one pair of cages. When this shield had covered each of the 12 pairs 

of cages, it would then proceed to uncover one pair of cages every hour on 

the hour until all had been uncovered* The time required for the shield to 

traverse the distance from one end of the battery of cages to the other and 

back to its starting position was 2k hours* The 12 photoperiods resulting 

from this arrangement differed from each other by two hour intervals and 

ranged from 23 hours of light to one hour of light.
The sliding shield was powered by a l/8 horsepower, split-phase 

electric motor, A relay system consisting of two relays governed the 

direction of movement for the shield. This relay system was wired in such 

a manner that one relay was in series with the motor windings causing it to 

go forward and the other relay was in series with the motor windings 

causing it to go backward, A toggle switch in series po the relay system 

was tripped by the shield at either end of the battery of cages.. This 

action energized the corresponding relay allowing the shield to reverse



Figure I. Schematic representation of the apparatus used to rear A. elliotti 
females under different photoperiods.
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direction. It was necessary to connect a thermal time delay tube between 

the toggle switch and each of the relays which allowed the shield to 

remain at either end of the cage complex for one hour. If this was not 

done, the relay system would reverse the direction of the shield before 

It had come to a complete stop causing breakage of the chains or other 

moving parts. The relays were activated by a clock that tripped a mercury 

switch every hour sending a 20 second impulse of current to the motor 
causing the shield to cover.or uncover a pair of cages depending on which 

direction it was moving.

The dimensions of each cage were 8" X l6" X 12". The top and one 

side of the cages were covered with fine screen. The pair of cages exposed 

to constant light was of the same dimensions and design but was not 

connected t.p the battery of cages with the sliding cover. A 5” X 9" hole 

was cut in the floor of each cage under which a baking pan of a similar 

size was attached. These pans were filled with soil taken from the same 

area where the grasshopper had been collected. Vials .filled with fresh 

Western Wheatgrass were provided every other day.

Light for the experiment was provided by l6 Sylvania Gro-Lux 
fluorescent bulbs ^6n in length. The fluorescent lights were supplemented 

with three 200 watt unfrosted incandescent bulbs. The light intensity 

derived from this system was found to be 52 candlepewer when measured at 
the floor of the cages. The cages were placed in a room with no windows. 

Ventilation was provided by an exhaust fan. Due to the heat produced by 

the lights, the ambient diurnal temperature fluctuated only 2-3 degrees



-19-
from 84°F» The relative humidity averaged 17+ 2$ for the duration of the 

experiment.

Fifteen third and fourth instar nymph? were placed in each cage*

Of these 15 grasshoppers ten were females and five were males. Those 

grasshoppers, males and females, which died during the first week of 

rearing were replaced. After the first week only males were replaced. 

Mortality for all grasshoppers after the first week was moderate. In only 

three cages did mpre than two grasshoppers per cage die during the 

experiment*

When the females emerged as adults they were marked with India ink 

and dated. Ovariectomies were performed on 127 females seven days after 

their imaginal moult. In most cases ten females were removed from each 

pair of cages having the same photoperiod. Two pairs of cages had a 

female mortality which did not permit a sample of this size. A total of 

nine females' were removed from cages six and seven,and eight females were 

removed from cages 23 and 24.

The criterion used to determine the effect of a varied daylength on 

the rate of vitellogenesis was the length of the proximal oocyte. The 

length of the oocyte closest to the lateral oviduct for each ovariole was 

measured immediately after the ovaries were removed from the female. Those 

oocytes in which yolk was being resorted were not measured, however, the 

number of oocyte resorptions was recorded for each female.

To examine the possible effect varied daylengths have upon frequency 
of oviposition, two pairs of adult grasshoppers were maintained in.each of
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the 26 cages for 28 days. Two females were.picked at random from those 

females remaining in each cage after removing the necessary specimens for 

the previous experiment. In all cases the females used in this study were 

newly emerged and had not completed the first reproductive cycle.

After a period of four weeks the pans filled with soil were removed 

from the bottom of each cage and egg pods were separated from the soil by 

sifting through a 3/l6 inch screen. The number of egg pods laid by the 

females in each.cage was recorded as was the number of eggs within each 

pod.

Male grasshoppers were replaced in any cage in which there was 

mortality, whereas females were not. Upon death of a female the number of 

egg pods laid by both, females was recorded immediately and then the 

remaining female was•maintained until the end of the 28 day period.



BESULTS

Morphological and Histological Observations

The gross anatomy of the ovaries of adult females will be briefly 

described before entering, into a detailed account of their pestembryonic 

development and the. process of vitellogenesis„

Each of the paired ovaries, of A. elliotti consists of four to six 

elongate egg tubes or ovarioles (fig. 2). The typical number is five and 

only rarely are six ovarioles present. Dlstally^ the ovarioles.are drawn 

out into fine terminal filaments (fig, 3)° The terminal filaments of the 

ovarioles from both ovaries unite to form a single suspensory ligament.

The suspensory ligament attaches to the dorsal diaphragm in the meso- 

thoraeic region® Proximal to the terminal filament is the portion of the 

ovariole known as the. germanium. The germanium contains oogonia, which 

are direct descendants of the primordial germ cells and prefollicular 

tissue. The prefollicular tissue later differentiates into the follicular 

epithelium that surrounds developing primary oocytes.and also into the 

interfGllicular tissue separating each follicle. .Proximal to the germanium 

is the vitellarium. This region of the ovariole contains 15-17 successive 

egg compartments or follicles within which primary oocytes develop. ■ The 

vitellarium of each ovariole contains an array of maturing follicles which 

represent a succession of physiological stages. It is.in the vitellarium 

where primary oocytes undergo the greatest cytoplasmic growth and also 

where yolk deposition occurs. The proximal ends of the ovarioles are 

joined to the lateral oviduct in a serial fashion by means of structures 
known as stalks or pedicels (fig. 2 ).
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!Rie "walls of the lateral oviducts are very elastic and are capable 

. of considerable distension while holding mature eggs prior to fertilization 

and oviposltion. An accessory gland is located at the apex of each lateral 

oviduct which provides materials used in the .construction of the egg pod. 

Posteriorly^ the lateral oviducts parallel either side of the gut and 

then turn veatrally to unite beneath the ventral nerve cord to form. a. 

single duet commonly referred to as the vagina.
' 'i'

The ovary of this species is of the panoistic type. Panoistic. 

ovarioles5 in contract to meroistic ovarioless have no "nurse cells" which 

provide nutrients to the developing oocyte. Panoistic ovarioles are 

characteristic of most of the .older orders such as Thysanura, Ephemeroptera# 

Odonata5 .Orthoptera5 Isoptera and Plecoptera, .

Ovarian development, ©varies of newly hatched A. elliotti females 

are small paired structures lying dorsal to the midgut in the first to 

fourth abdominal segments. Each ovary is approximately 550 p. in length 

and 95 ji thick. The rudimentary ovarioles5 when viewed in .longitudinal 

section, appear as cellular columns, tapered at either end, and arranged 

in a single plane (figs. 4 and 5)= Each ©variole is approximately 140 ji 

long and 50 p. thick. Unless otherwise indicated, ©variole length measure" 

ments do not include the terminal filament or the pedicel. Width 

measurements were taken at the widest portion of the ©variole. The 

morphogenesis of only one ovariole will be discussed for each nymphal 

stadium because all ovarioles of a specimen appear to develop in the same 

manner and rate.



PLATE I 
(Figures 2-5)

Fig0 2, 

Fig. 3.

Fig0 >.

Fig,. 5.

Freshly dissected ovaries from a gravid A. eiliotti female, 
circa 15X.

Freshly dissected ovariole showing the succession of follicles. 
There is a resorting oocyte in the proximal follicle, circa 15X.

A longitudinal section of a first instar ovary from a newly 
hatched female which shows the serial arrangement of the four 
ovarloles. Sinhaj, Delafield1s hematoxylin, 320X..

Similar to the preeeeding section but showing a single ovariole 
at a higher magnification. There are meiotie figures in the ■ 
oogonia. 5QOX0

List of Abreviations

BD0, basophilic droplets 
Gh0, chorion
DF0, degenerating follicle 
FE., follicular epithelium 
Gg0, gregarine 
Gr., germanium 
If., interfollieular tissue 
IfZ0, interfollieular zone 
Lod0, lateral oviduct 
Oo., oocyte 
Og., oogonium

Ov., ovariole 
OS., ovariole sheath 
Pd., pedicel
Pf., prefollieular tissue 
PM., primordial muscle 
EOo., resorbing oocyte 
TF., terminal filament 
Vc0, vacuole
VGS., ventral cell strand 
Tg., yolk granule'
XOg ., yolk-filled oocyte
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The ovarioles of first instar nymphs are easily recognized. A 

large portion of the ovariole appears to he of a syncytial nature, wherein 

the nuclei of cells destined to form the various structural elements share 

a common cytoplasm. -Ihese nuclei, which are of mesodermal origin, are 

interspersed between the oogonia and form cone-shaped aggregations at 

either end of the ovariole. The distal group of nuclei tapers to a 

single strand, the terminal filament, which remains a syncytium for.the 

life of the grasshopper (fig. ,6). The proximal group of nuclei is part 

of the tissue which connects the ovariole to a ventral strand of cells 

(fig* 7) that is destined to become the lateral oviduct. This proximal 

aggregation of nuclei and the surrounding cytoplasm later loses it's 

syncytial form and contributes to the cell structure of the pedicel.

The follicular epithelium and interfollicular tissue of the more advanced 

instars are derived from the epithelial elements dispersed between.the 

oogonia.

The nuclei of the oogonia are round, average 15 in diameter, and 

exhibit stages of the first meiotie prophase. Occasionally a mitotic 

figure is observed in the most distal of these cells. All germ cells
".i. • -

within first instar ovarioles tend to have little cytoplasm and are 

.closely packed.

Each ovariole is ensheathed by an outer membrane containing widely 

dispersed flattened nuclei and by a relatively thick noB-eel.lu3.ar inner 

membrane, the tunica propria (fig. 8). .Distally, the outer ovariole 

sheath becomes continuous with the terminal filament (fig. -9)« Apposed
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to the -outer membrane the length of the ovariole are numerous tracheal 

endings»

She rudimentary lateral oviducts of .newly hatched nymphs, lie ventral 

and slightly lateral to each of the ovaries, She ©vidueal strand is 

appreciably, thicker in the vicinity of the ovary than in the area 

paralleling the alimentary tract (figs,.10 and 11)„ Ihe ©varioles abut 

directly onto this horizontal strand of cells (fig, T)-as the pedicel has 

not yet formed at this stage. Toward the end of the first instar the 

ovidueal lumen begins to differentiate in the thicker portion of the 

strand in the region beneath the ovariole attachment  ̂and progresses 

anteriorly and posteriorly from this point.

The ovarioles of second instar nymphs increase both in length and 

width. By the middle of the instar the average size of an ovariole is 

82© ji long and 85 Ji wide. The increase, in.length is due to growth and 

differentiation of the ovariole into two major zones, the germarium and 

the rudimentary vitellarium (figs, ■ 12 and 13), The germarium of this 

stage makes up almost one-half of the total length of the. ovariole, .The 

germ cells have became more numerous due to cell division, A gradual 

increase in gonial size from the distal to proximal end of the germarium 

is apparent,

Kie division between the germarium and the rudimentary vitellarium 

is marked by a large increase in the size of the germ cells, Kie nuclei 

of.these cells average 33 Ji in diameter and the cytoplasm has augmented 

te such an extent that a singly germ cell spans the width of the.-.



PLATE II 
(Figures. 6.-13)

Fige . 6» Distal end of mid-first instar ovariole. showing the terminal 
filamento Sinha, Delafield's Lematoxylinj, hOOX,

/

Figo -7» Longitudinal section of first instar o^ariole illustrating the 
posterior connection to the ventral cell strand at the time.of 
hatching* Slnhaj, Delafield's hematoxylin, hOOX*

Fige 8. First instar ovariole showing tunica propria, outer ovariele 
' sheath, and the meiotie figures within, the oogonia* - Sinha, 
Delafield's hematoxylin, 128GX*

Fig. 9« ■Similar to above "but showing a.more anterior region of the 
Ovariole* This photograph shows the extension of the outer 
ovariole sheath over the terminal filament* 1Q00X*.

Fig* 10. Longitudinal section of a mid-first instar oviduct demonstrating 
the thick gonial region where the ovidWal. lumen "begins to 
differentiate*" Sinha, Delafield's hematoxylin, lhOX*

Fig# 11, Similar to the above but this section shows, a narrower portion 
- of the oviduct posterior to the gonial region* The. oviducal 
"lumen is starting to form on the left* 430X*

Fig. 12* Sagittal section of two germaria from a mid-second instar
female. The large primary oocyte marks the division between, 
the germanium and rudimentary vitellarium, Sinha, Delafield's' 
hematoxylin* 135X°

Fig* 13» Similar to above but shows, the rudimentary vitellarium posterior 
to the region illustrated in the proceeding photograph, (There 
is an encysted gregarine in the middle of this structure, l 4 6 x *
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rudimentary vitellarium.

All of the gerjn cells contained in the rudimentary vitellarimn and 

a few of the most proximal germ cells of the germanium have nuclei in which 

the chromatin is in a diffuse condition (fig. 14). Individual chromosomes 

cannot he recognized in the nuclear reticulum of these cells. This 

nuclear condition appears to he a post-pachytene stage of the first 

maturation division. Ihusjl these cells are no longer oogonia, by defini

tion, hut are considered to he primary oocytes. Further meiotic division 

is not experienced hy the primary oocytes until after they leave the 

vitellarium. During later instafs and in the adult stage the nuclear 

network frequently becomes more concentrated in certain areas which 

yields a conformation similar to the "lampbrush chromosomes" of other 

animals (fig. 15). This concentration of chromatin material is, usually 

more conspicuous during periods of extensive cytoplasmic growth.

The prefollieular nuclei ©f this stage are considerably more numerous 

in the germanium than in the rudimentary vitellarium. Mitotic activity 

is exhibited by many of the prefollieular .nuclei throughout the length 

of the ovariole. Most of these nuclei in the rudimentary vitellarium 

are located at its periphery or are starting to form a layer between 

the primary oocytes and the ovariole sheaths (fig. l4). Toward the end 

of this instar the prefollieular tissue invades the area between one or 

two of the most proximal oocytes and completely surrounds them (fig. 13). 

■This layer is not yet definitive follicular epithelium as no cellular 

membranes can be discerned at this time.
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As the length of the ovarioles increases s the typical slanted serial 

arrangement present in the first instar ©vary is lest. Instead, the 

ovarioles now lie parallel to the longitudinal plane of the grasshopper 

and are depressed between the dorsal diaphragm and the midgut, As shown 

in Figure l6 this lengthening is accompanied by a change in' the position 

of the ovarioles in relation to each other, ..Generally, the .trend is for 

the ovarioles to spread laterally and also, for some of them to become 

situated dorsal to their counterparts, Kiis increase in length is 

likewise associated with a lateral movement of the proximal .ends of the 

ovarioles which moves the oviduct in the gonadal region from its mostly 

dorsal position to the definitive lateral position.

By the end of the second. instar a lumen is present from the distal 

end of the lateral oviduct to where it joins the vaginal duet, The 

©viducal wall of this stage has three layers, one of which is rather 

indistinct {,fig. -IT)= There is an inner lining @f columnar .epithelium 

and an outer connective tissue sheath which appears to he continuous withI ■
the .outer ©variele sheath. Located between the epithelial layer and the 

connective tissue sheath are some widely distributed elongate cells.

-These cells are presumptive muscle cells which later differentiate into 

muscle .tissue in the young adult,

Kxe pedicel differentiates during the second lnstar as an evagination 

■of the lateral■oviduct at the site where it connects to the ovariole,

This evagination later lengthens to form a short tube which is .continuous 

with the lumen of the oviduct (fig. 18),
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Atsout the middle of the third instar the ovarieties average 1000 p.

(I millimeter) in length and 100 p. in width. There has "been little change 

from the morphology of second instar ovarieles except for the increase in 

size.

Cell division has increased the number of oogonia over that of the 

proceeding instar, By division and an increase in cytoplasm of the 

cells.forming the outer ovariole sheath and an increase in mass for the 

tunica propria5 the enveloping tissues are able to keep pace with the 

expansion of the ovarioles,

The mere proximal primary oocytes continue to increase in cytoplasmic 

volume to where length exceeds the width of these cells (fig, 19,), The 

average dimensions of the most proximal primary oocyte are 125 pi long and 

25 P in diameter. The nueldps of this cell has an ovoid shape in contrast 

to the rounded nuclei of the more distal oocytes# Because the pre- 

follicular tissue surrounding the proximal primary oocytes does not 

increase in mass in proportion to the growth of the oocytes, the pre- 

fGllieular nuclei become quite flattened in appearance (fig, 20),

The lateral oviducts and pedicels continue to increase "both in length 

and width during the third instar.

The fourth lnstar ovariole has increased about 200 ji in length by the 

middle of the lnstar, whereas the width remains near that of the proceeding

stage. The augmentation in length appears to arise from the addition df

primary oocytes at the distal end of the rudimentary vitellarium. These 
cells become quite crowded and compact to the point ^kere cell width



PLATE III 
(.Figures 14=21)

Fig0 14. Proximal primary ooeybe of a late second instar ovariole„ The 
nuclear material within the oocyte nucleus is in a diffuse 
condition*' Prefollicular tissue is beginning to surround the 
oocyte. Sinhay Belafield1 s Lematoxylinj,. 65 OX*

Fig* 15» Ooeybe nucleus of a fifth, instar proximal oocyte illustrating 
isolated concentrations' of chromatin material* Ammermany 
Malloryhs triple Stainy 575X* '

Fig* 16* Transverse section of a second instar female showing the tiered 
arrangement of the ovarioles* Sinhay .Delafield9s hematoxylin,,
135%.

Fig* 17* Section of a .second instar oviduct displaying the■three cell 
layers making up the oviducal wall* Sinhay Delafield9-S 
hematoxylin, 1000X.

Fig* 18. Similar to the above but at a lower magnification showing
pedicel formation by evagination of the oviducal wall* 200X*

Fig* 19. Longitudinal section of a portion of a mid-third instar 
vitellarium illustrating the lengthening of the primary 
oocytes * Sinhay Belafield9 s hematoxyliny 120X*

Fig. 20. Proximal oocyte of a late third instar ovariole. The .nuclei 
in the surrounding prefollicular tissue are flattened. ■Sinhay 
Belafield9S hematoxylin, 45OX.

Fig* 21. Longitudinal section of a mid-fourth instar ovariole showing 
the compacting of primary oocytes near the distal end of the 
vitellarium* Sinhay Belafield9s hematoxylin, 165X.





exceeds length (fig. 21). This is in direct contrast to the dimensions of 

those primary oocytes at the proximal end of the rudimentary vitellarium.

During this instar the regions between the last two or three primary 

oocytes at the proximal end of the rudimentary vitellarium differentiate 

into interfcllicular zones. Kie proximal primary oocyte of each ovariole 

and its surrounding layer of prefollicular tissue becomes separated from 

the oviducal cells forming the pedicel. This separation is due to a 

proliferation of transversely arranged prefollicular tissue between the 

pedicel and the oocyte (fig. 22). Similar zones also form between the 

primary oocytes immediately distal to the proximal oocyte.

By the middle of the fifth instar the ovarloles are almost three times 

as long as those midway in the proceeding stage. ‘The ovarioles now 

average 3200 p (3.2 millimeters) in length and 135 P in width. The 

increase in length is accompanied by a considerable gain of cytoplasm by 

the primary oocytes. For example} the proximal primary oocyte at this 

stage of development averages 3^5 P long and H O  p. in diameter.

It is during the fifth instar that the prefollicular tissue 

surrounding primary oocytes5 in which yolk Is to be deposited first, 

begins to assume its cellular form. An intense amount of mitotic activity 

results in the encasement of the older primary oocytes by a layer of tissue 

with many nuclei and little cytoplasm (fig. 23). During the latter portion 

of this instar this tissue loses its syncytial condition to become a single

layer of cuboidal cells. Although by definition this layer is not a true 
epithelium, it is generally referred to as the follicular epithelium.
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There has been little noticeable histological change in the enveloping 

membranes except for an increase in the number of nuclei present per unit 

surface area in the outer ovariole sheath.

At the posterior end of the proximal oocytes a number of basophilic 

droplets were observed (fig. 24). These droplets were noticed only in 

fifth lnstar oocytes. Neither the origin nor the significance of these 

structures could be determined.

The lnterfollicular tissue has reached its definitive state in the 

interfollicular zones which serially separate the last three primary 

oocytes at the proximal end of the ovariole. There is little mitotic 

activity within these zones after the midpoint of the instar. Anterior 

to the fully formed interfollicular zones one can still observe the 

formation of similar separating structures between the younger primary 

oocytes. The nuclei of interfollicular tissue retain an appearance like 

that of prefollieular tissue from which it was derived. It is readily 

noticeable that interfollicular tissue is cytologically distinct from 

definitive follicular epithelium (fig. 25).

There is a prodigious amount of mitotic activity occurring in the 

epithelial lining of tfre oviducts during this instar. The cells become 

compacted and assume a stratified appearance (fig. 26), although this 

stratification is not evident in the mature oviducts. The pedicel again 

increases in length as in the proceeding instars. Its length is 

approximately 3/4 the length of the adjacent primary oocyte and the cell 

structure is very similar to that of the lateral oviduct.



The ovarioles of newly moulted adult females are not significantly 

different from those of the latter part of the fifth instar. However, 

2=3 days after the moult the ovarioles begin a period of rapid growth 

resulting in great increase in size. This tremendous increase in size 

usually occurs in a span of 7-9 days and appears to be largely due to 

deposition of yolk in the last and penultimate oocytes. A smaller 

portion of ovariole enlargement is associated with cytoplasmic augmenta

tion in the other primary oocytes.

The ovariole averages 15 = 5 mm long and 1.4 mm wide by the time yolk 

deposition has been completed in the proximal primary oocyte = Of the 

total mean length of 15«5 mm, the last follicle contributes an average 

of 6.0 mm and the penultimate, 2.9 mm.

The cuboidal epithelium surrounding the proximal primary oocyte in 

the fifth instar has so increased in cellular number that it has become 

a columnar epithelium preliminary to yolk deposition in the early adult 

stage (fig. 27). The cuboidal cells have divided and grown with such 

rapidity that they have become compressed into the columnar form. It is 

only toward the end of vitellogenesis for this particular follicle that 

most of the epithelial cells lose their columnar shape. Cellular 

division in the epithelial layer terminates but oocyte expansion does 

not, consequently, the cells are stretched to such an extent that cell 

width now exceeds cell height (fig. 28). It is when the cells have this

form that they produce a non-chitinous covering, the chorion, around the 
oocyte after yolk deposition is completed.
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It is also during the early adult stage that prefollicular tissue 

surrounding 4-5 primary oocytes immediately distal to the proximal oocyte 

differentiates into a cuboidal epithelium. All during the period that the 

female is reproductiveIy active there are 4-5 primary oocytes encased by a 

layer of follicle cells besides the proximal oocyte. As soon as a proximal 

primary oocyte leaves the ovariole or is resorbed, the prefollicular 

tissue differentiates around the primary oocyte immediately distal to the 

four or five formed follicles.

As indicated above, not all cells of a follicular epithelium 

encasing an oocyte at the end of vitellogenesis have the same form.

There is further differentiation of a relatively small number of 

epithelial cells forming a cap at the posterior end of the follicle (fig. 

29). These cells are larger than the other follicle cells and are mostly 

of a columnar form. This aggregation of ceils is responsible for secreting 

the specialized layers of the chorion which is part of the hydropyle 

apparatus. The hydropyle functions in the uptake of water in the mature 

egg.

Although movement of the nucleus from its central position is 

noticeable in the proximal oocyte of a fifth instar ovariole, it is 

during the early adult stage that additional oocytes at the proximal end 

of the ovariole acquire a definite polarity (fig. 30). The oocyte nucleus 

becomes located at the proximal end of the cell and only rarely does it 

become situated at the distal end of the cell. The nuclei are spherical 

and average 80 p in diameter. T4e chromatin material remains in the



PLATE IV 
(Figures 22-29)

Fig. 22. Proximal end of an early fourth instar ovariole illustrating
the invasion of interfollicular tissue between the pedicel and 
the proximal follicle. Sinha, Delafield's hematoxylin, 1000X.

Fig. 23. Two layers of prefollieular tissue surrounding adjacent mid-

Fig. 24.

fifth instar oocytes. This tissue is beginning to form 
cellular divisions. Sinha, Delafield's hematoxylin, 1000X.

Posterior end of a late fifth instar proximal oocyte displaying 
basophilic droplets and peripheral vacuoles. Sinha, Delafield's 
hematoxylin, 400X.

Fig. 25. Interfollicular zone between two successive fifth instar primary 
oocytes. Sinha, Delafield's hematoxylin, 510X.

Fig. 26. Proximal oocyte pedicel and lateral oviduct of a late fifth 
instar female. Sinha, Delafield's hematoxylin, IOOX.

Fig. 27. Columnar follicular epithelium surrounding a pre-vitellogenic 
adult primary oocyte. Ammerman, Mallory's triple stain, 400X.

Fig. 28. Section of the follicle epithelium showing two elongate follicle 
cells during the latter stages of yolk deposition in the 
proximal oocyte. Carnoy, Gallocyanin-chrome alum, 1000X.

Fig. 29. Posterior end of a proximal follicle illustrating the specialized 
follicle cells that secrete the chorion above the hydropyle. 
Carnoy, Gallocyanin-chrome alum, IOOX.





diffuse condition during the deposition Of yolk* toe resumption of 

iaeiosis apparently takes place after the oocyte leaves the ovariole#

During the latter stages of yolk deposition in the proximal:ovarian 

follicle,, cellular division greatly. increases among sells of the 

follicular epithelium surrounding the penultimate oocyte* Also, when 

the most proximal follicle reaches a length of approximately 5 ,0 mm the, 

penultimate oocytp usually begins to accumulate yolk. It is evident that 

the developmental events which have occurred earlier in the proximal 

oocyte are repeated in the same sequence in the penultimate oocyteI 

toe chorion is produced by the follicle cells immediately after 

yolk deposition has terminated and just before the yolk=f.illed oocyte 

is expelled from the ©variole» toe tissue separating the oocyte from

the lumen of the pedicel degenerates and finally disappears, toe Oocyte
' >

is then able to pass through the pedicel into the lateral.oviduct»

The cells of the follicular epithelium which had recently encased 

the expelled oocyte also begin to degenerate, toe degenerating follicle

(fig. 31) shrinks considerably in size after expulsion of the oocyte and

has been likened to the" corpus luteum ©f higher animals. This comparison

is somewhat ambiguous as no hormonal function can be attributed to this
■

structure. toe tunica propria which had recently ensheathed the. now 

empty follicle becomes concentrated as many folds of tissue, at the 

junction between the degenerating follicle and the follicle of the last

(previously the penultimate) primary oocyte (fig. 32). toe outer 0variole 
sheath becomes considerably thicker due to the shrinking of the, degenerating
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follicle„ Eventually the follicular cells disappear and the accumulation 

of enveloping membranes become quite compacted at the.base of the ovariole. 

Usually when a female has experienced successive ovulations, more than one 

accumulation of follicular membranes can be observed between the pedicel 

and the proximal oocyte„

The differentiation of follicular epithelium, cytoplasmic augmentation, 

yolk deposition, chorion formation, oocyte expulsion and follicle degenera

tion occurs again apd-ag^in within. 6p,ch ovariole as long as the female is 

reproductively active.

Although each ovariole is capable of producing one egg each , ■ 

reproductive cycle, there is usually resorption of one or more of the 

germ cells before yo^Lk deposition i^ completed. Opce resorption begins, 

yolk deposition for the follicle concerned is terminated. Figures 3, 33, 

and 34 show oocytes in various stages of resorption.

Resorption may occur at any time in the last or penultimate oocytes 

after yolk has started to accumulate. It was found however, that the 

■oocyte in the penultimate position was resorbed much less frequently than 

the oocyte posterior to it. In one case it was.noted that the last primary 

oocyte was completing vitellogenesis .whereas■the penultimate and ante

penultimate oocytes were in the process of resorbing. This condition 

appears to be quite rare as it was observed to occur only once upon 

examination of over 300 females.

When egg resorption occurs in the proximal primary oocyte the ante

penultimate' oocyte begins an accelerated pace of development. The



follicular epithelium differentiates prematurely and.the oocyte begins to
. •

accumulate yolk while resorption is still in progress in the penultimate 

oocyte„

It appears that the follicle cells surrounding the degenerating 

oocyte participate in the early stages of resorption, The cells do not 

become rhezic until after most of the yolk material has been reduced to 

a viscous liquid, A relatively -small portion of the contents of ,the 

follicle is. not resorbed, In/ other investigations this unresorbed portion 

of the fbllicle has been referred to as a "resorption body". It consists 

of a bright orange Spbstancejl possibly a carotenoid, This orange sub

stance remains in the ovariole at the proximal end until the oocyte next 

in line is ready to be expelled. It is not uncommon to observe more than 

one resorption body at the base of the ovariole which bears testimony 

that there has been consecutive egg resorption. Such degeneration in an

ovariole apparently is not a permanent condition, The ovariole may later 
:■

form a normal egg after more than one resorption.

The contents of a resorption body is either pushed into the lateral 

oviduct by the advancing oocyte next in line or is transported by some 

unknown process. Usually it is possible to see the pigmentation of the 

resorption body within the lateral oviduct before it has diffused 

throughout the abundance of mucoid material present.

It is apparent in females ovulating for the first time and have the 

eggs still in their oviducts  ̂ that the number of uneolored degenerating 

follicles coincides with the number of eggs about, to be laid, Ovarioles



from which no egg was produced have follicles displaying various stages 

of oocyte resorption, These follicles are recognized by either the 

disintegrating yolk material or by the presence of distinct patches of 

yellow pigment.

Adult oviducts undergo certain changes in morphology and histology 

before the first reproductive cycle is completed. Along with the rapid 

elongation of the gonial portion of the oviduct, the oviducal walls 

develop epithelial folds or villi (fig, 35), The rapid oviducal elonga

tion is associated with lengthening of the ovariolas, whereas the folding 

of the oviducal walls exists only when eggs are not present in.the duct,

Hie folds in the oviducal walls, upon distention, provide the extra space 

necessary when the oviduct acts as an ovisac in the temporary storage of 

eggs,

The. oviducal wall becomes more complex as the intermediate1 layer of 

cells between the epithelial lining and the thin outer connective tissue 

sheath -differentiates into muscle tissue. There are two layers of 

striated muscle in the adult oviduct, an outer longitudinal layer and an 

inner circular layer (fig, 36), The inner lining of the oviducts has 

returned to the simple columnar form and is'bound ©n the outside by a 

basement membrane, Between the muscular layers and the basement membrane 

there is a very thin distribution of connective tissue. This connective 

tissue, which appears to be of an elastic nature, becomes more concentrated 

around the insertion of the tracheal endings„
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PLATE V
(Figures 30=37)

Fig,. 30, Early adult ovariole illustrating the movement of the oocyte

Fig, 310

nucleus to the posterior'end of the older'oocytes, Ammerman,, 
Mallory' s triple stain, 15X. . ■ •

Proximal end of an adult ovariole displaying a degenerating . 
follicle after expulsion of the mature egg. The proximal 
oocyte immediately behind this" structure is being resorted, 
Ammerman, Mallory's triple stain, 120X,

Fig, 32. Similar to the proceeding section but showing at a higher 
.magnification the' .folding of the ensheathing membranes, around- 
the degenerating follicle, 400X,

Fig, 33. ■An adult primary oocyte in the early stages of resorption, 
Ammerman, Mallory' s triple stain, 4-3X,

Fig, 34. An. adult primary oocyte in a late stage of resorption. The 
follicle cells have almost all degenerated, Garnoy,,Toluidine 
Blue, 65X,

Fig, 35» A longitudinal section of an adult oviduct showing the folding, 
of -the oviducal walls, Ammermah, Mallory*s triple stain, 4OX,

Fig, 36, Similar to the proceeding section but at a higher magnification 
shewing the. two layers of muscle tissue perpendicular to each, 
other. 400X,

Fig..37. A longitudinal section of a portion of an adult ovariole. There 
is a difference'in staining intensity between, .the nuclei of the 
oocytes and those of the follicular epithelium. Susa, Feulgen, 
4QX. ' ' ' ' ' i





Cytological and Cytoehemical Observations

Observations recorded here were made on the components of ovarian
• • I I

structure which appear to be directly concerned'with the process of 

vitellogenesis,, namely the ovarian sheaths# follicular epithelium and 
primary oocytes,

Hucleic acids» All the methods used to show the presence of nucleic 

acids gave similar results, Nuclei of prefollicular tissue, of follicle 

cells and of the outer ovariole sheath all yield a Feulgen-positive 

reaction (figs, 37* 38 and 39)» Nuclei of primary oocytes contained in 

the approximate upper quarter of the vitellarium react faintly with the 

Feulgen stain, whereas nuclei of primary oocytes in the remainder of the 

ovariole are Feulgen-negative, It is interesting to note that when fast 

green is used as a counterstain, the nuclei of all primary oocytes exhibit
. . ithe green stain.

When ovarioles are treated with the gallocyanin-chrome alum Staining 

technique, it is found that the nuclei and the cytoplasm of follicle 

cells and the nuclei of the outer ovariole sheath give a positive reaction 

(fig, 4o)<> The nuclei and cytoplasm of prefollicular tissue also give a 

positive reaction, A more intense coloration is displayed by the cyto

plasm of follicle cells encasing an oocyte during, yolk deposition than 

cytoplasm of follicle cells surrounding an oocyte undergoing cytoplasmic • 

growth, The cytoplasm of primary oocytes and their, nuclei stain 

considerably lighter than the surrounding follicle, cells. However, there 

are small amounts of darkly staining material within the nuclear petwork
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of those oocytes experiencing cytoplasmic growth, This^material appears 

to he the isolated concentrations of chromatin as5- described earlier. The 

presence of ribonucleic acid in the cytoplasm of follicle cells in which 

yolk deposition is occurring was confirmed by using the methyl green- 

pyronin Y technique followed by digestion, in ribonuclease (fig, 4l 

cfo fig, 42). The amount of RHA- in the cap-like region of the follicle 

cell that.is directed toward the oocyte increases considerably just .before 

vitellogenesis and remains at a high level throughout yolk deposition and 

chorion formation. Nuclei of the primary oocytes stain only lightly as 

opposed to the bright blue-green color exhibited by the follicular and 

©variole sheath nuclei, ;

Protein. The mercuric bromphenol blue (Hg-BPB) technique used in 

studying ovarian tissue is useful in demonstrating concentrations of 

protein material above the general content found in all animal tissues.

It is readily evident that many of the yolk granules making up the deuto

plasm are of a proteinaceous nature (fig. 43). These intensely staining 

granules are relatively small at the periphery of the oocyte and become. 

larger as they progress towards the center of the.cell. The cytoplasm of 

primary oocytes Experiencing cytoplasmic growth as opposed to deutoplasmic 

growth does not stain as.darkly as the yolk granules. . Nevertheless $ the 

protein concentration is greater than that of the non-germ cells which 

contribute to ovarian structure.

• The tunica-propria stains intensely when the Hg-BPB method is 

employed. .The outer ovariole sheath is also rich in proteinaceous
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Biaterialj but apparently not in as large a quantity -&s is contained in
the inner membrane. Nuclei of the outer ovariole sheath do not stain

• ,

appreciably, nor does the cytoplasm or nuclei of the follicle cells. It 

is only when the follicular epithelium begins to produce the chorion that, 

the component cells show recognizable concentrations of protein material 

in the cap-like regions (fig. 44). The nuclei of follicle cells take 

the Hg-BPB stain more readily during chorion formation than any time 

prior to this,process.

There appears to be a large amount of nuclear protein present in ■ 

nuclei of all.primary oocytes during the periods of cytoplasmic and 

deutoplasmic growth. The nuclear network stains more intensely when 

stained with Hg-BPB than with any of the techniques used previously to 

display nucliic acids. The nuclear membrane is also protein-rich and 

appears to have an inner and an outer layer of protein material (fig, 45).

Lipids. The use of Sudan black B as a cytochemical stain specific 

for certain lipids demonstrates that lipids are abundant and widely 

distributed in the ovariolas of A. elliotti. Sudanophilia is displayed 

by all primary oocytes in the yitellarium. However,. the cytoplasm of 

oocytes in which 'yolk deposition has not yet begun displays much less 

sudanophilia than thdse oocytes in which vitellogenesis is in progress.

One of the most conspicuous locations of sudanophilic lipids..is at 

the periphery of the penultimate oocyte and adjacent follicle cells 

(fig. 46)o Here the coloration is so intense that it is difficult, to 

determine the division between the oocyte and follicular epithelium.

J



PLATE TL 
(Figures 38-45)

Fig,.. 380 Adult penultimate and antepenultimate primary oocytes» The 
darkly staining nuclei of the. follicular epithelium depicts , 
presence of D M .  Susa, Feulgen, 62X.

Fig,. 39» Adult penultimate primary oocyte using same technique "but with

Fig. 40.

no hydrolysis. The follicle cell nuclei do not stain. 53X
(Cf. fig. 38).

A longitudinal section showing a portion of an adult ovariole 
along side a large proximal oocyte in which yolk deposition 
has occurred. The oocyte nuclei are lightly stained and the,• 
follicle cell and ovariole sheath nuclei are darkly stained. 
Carnoy, Gallocyanin-chrome alum, 53X.

Fig. 4l. Follicle cells displaying an abundance■of M A  in the cytoplasm, 
during vitellogenesis. Cold acetone. Methyl green-pyronin X, 
1000X.

Fig,.. 42. Similar to the above hut this section has been previously 
digested in'ribonuclease. IOOQX,

Fig. 43. A portion of an adult penultimate primary oocyte displaying 
yolk granules giving a positive reaction for protein. Garioy, 
Hg-BPB. 400X. ■ !

Fig. 44. This section received the same treatment as above1 ‘but the' 
follicle cells are surrounding an older primary oocyte. ThA 
cytoplasm of the follicle cells shows a higher concentration 
of proteinaceous material than in the preeeeding photograph. 
790X4

Fi&. 4$. A nucleus of an adult penultimate primary oocyte showing a 
hbtiafelible amount of proteinaceous material in the nuclear 
mefiibik'&l. Carnoy, Hg-BPB. 1 71QX.



O
38



-51-
When viewed under a microscope at 125OX magnification it is found that the 

sudanophilic lipid in this region appears as a dehse concentration of very- 

fine particles„ These lipoid particles are so minute that the portion of 

the follicle cell directed toward the oocyte has a dark smoky appearance.

Around the non-sudanophilic jfolk granules, is a layer of sudanophilic ' 

material» There are also sudanophilic particles concentrated between the 

non-lipid yolk granules„ The lipoid material found between and around the 

non-lipoid yolk granules consists of many particles that are considerably 

larger than those located at the periphery of the oocyte.

Prefollicular tissue surrounding oocytes at the distal end of the 

vitellurium is intensely colored by the Sudan'black B stain, At first it 

appeared that nuclei of prefollieular tissue and of follicle cells 

displayed a certain amount of sudanophilia. However, with more careful 

focusing it became apparent that the coloration came from the surrounding 

cytoplasm and not from the nuclei.

The outer ovariole sheath shows presence of sudanophilic lipids of 

the fine particulate type. The nuclei of this tissue do not stain with 

this method.

Use of osmie acid reduction for demonstration of unsaturated lipids 

reveals that there are two types of cellular inclusions within certain 

primary oocytes. In oocytes of the proximal and penultimate position, 

one recognizes many relatively large globules of yolk material which 

reduce osmic acid (fig. 47)* These osmiophilic globules are as large or 

larger than the non-osmiophilic granules also present in the deutoplasm of



the penultimate, oocyte» This.condition was not observed.in the proximal. 

oocyte.

Evenly distributed within the cytoplasm of the antepenultimate and 

the next 4-5 primary oocytes immediately distal, there are some smaller, 

bodies of a granular nature that also display osmiophilia. There is a 

gradual increase in the number of these osmiqphilic inclusions as the 

oocytes become older. These.bodies increase in size either through 

clumping or individual growth as the primary oocyte gains the ante

penultimate position for they are' larger than those contained in the 

cytoplasm of the. more distal oocytes.

The nuclear material present in nuclei of all primary oocytes•does
' i'

not stain with the osmie acid technique. lShe follicle cells and the.

ensheathing ovariole membranes do not display the black coloration

typical of unsaturated lipids. They do, however, exhibit an overall

brown' color that is darker than tissue showing no affinity for 'osmie acid.

Although the presence of lipids in ovarioles of the nynrphal instars

was not ascertained, it was noted that in the proximal oocyte of the fifth

instar ovariole a number .of peripheral vacuoles were present (fig. 24),

When such vacuoles are seen it is often interpreted that material, of a
.. -

lipoid nature may have been extracted by solvents used in the tissue 

preparation and .staining procedures.

. Carbohydrates. The periodic acid-Schiff reaction demonstrates the 

presence of polysaccharides in a large portion of the ovarioles of adult 
A. elliotti, Bie ground substance of the cytoplasm in those oocytes which
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have no yolk inclusions gives a light colored, hut positive reaction 

(fig* 48). The cytoplasm of all but the two most posterior oocytes is 

homogeneous and evenly stained. . In the peripheral cytoplasm of the 

penultimate oocyte there are small deutoplasmic inclusions that stain 

intensely with the PAS technique (fig. 49). As this oocyte becomes older 

the peripheral yolk bodies appear to coalesce to form the larger yolk 

granules located toward the center of the oocyte (fig. 50). The granular 

configuration of the deutoplasm present.in the penultimate oocytes is not 

evident in those oocytes having the proximal position in the ovariole. 

This is thought to be due to the inability of the infiltrating medium 

to penetrate an oocyte with its full apportionment of yolk surrounded 

by the chorion* nevertheless, yolk material within the proximal Oocyte 

is also strongly PAS-positive.

Iuelei within all the primary oocytes do not yield a PAS-positive 

reaction. This PAS-negative condition was also exhibited by .the nuclei 

and surrounding cytoplasm of.the follicle cells. In contrast to the 

absence of PAS reactive materials in the follicle cells, the ovariole 

shea.ths react' intensely with this staining procedure.

It is well documented that glycogen reacts strongly with the PAS 

technique. Conflicting results were obtained when the Best’s carmine and 

Bauer-Feulgen procedures were used to determine if all or part of' the 

PAS-positive yolk material was glycogen. Each of the above methods gave
I "

a positive reactive on a diffuse granular substance located between the 

larger yolk granules. However, upon digestion in malt diastasf or in
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saliva it was found that the staining intensity of this material was not 

diminished.

Additional studies were made in an attempt to clarify the conflicting 

results obtained by the above methods. It was observed that treatment of
ii '

sections of ovarian tissue with dimedone followed by the PAS technique 

gave no indication of glycogen presence. This procedure is recommended 

by Bulmer (1959) for demonstration of glycogen in the vicinity of ndn- 

glyeogenie PAS-positive material.

To further characterize the chemical nature of the PAS-reactive 

material, a series of separate pretreatments was made before staining the 

ovarian tissue with the PAS technique. The data are presented in Table I. 

The section on materials and methods gives the concentrations, lengths of 

exposure, and other pertinent information relative to the various pre- 

treatments used. Discussion of the data is given in the next section of 

this paper.

A modification of the technique of Himes and Moriber (1956) was used 

to investigate.the association of carbohydrate to protein present in adult 

ovarioles. Cytoplasm of primary oocytes without yolk inclusions has a 

reticular appearance when stained with this method. The overall coloration 

is slightly darker than the cytoplasm of the follicle cells which only 

display affinity for the naphthol yellow S dye. Ifloon close examination

under high power magnification the oocyte cytoplasm exhibits, a mosaic
■ ■ i ■ .

appearance■in which there , is a subtle blending of yellow and red staining 

material.
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Yolk inclusions of the penultimate oocyte give the PAS-positive 

reaction as when the PAS test was used as the only staining technique„ 

However, the smaller yolk bodies at the periphery of the oocyte do not 

stain as darkly (fig. Jjl) as compared with those treated with only PAS 

reagent. Bais also appears to be due to a blending of the yellow and.red 

staining material, yielding an overall coloration that is lighter than when 

the peripheral yolk bodies are stained only by the PAS reagent. All yolk 

contained in the proximal oocyte when stained with the modified Himes and 

Moriber method exhibits only the rich magenta coloration typical of strongly 

PAS-positive substances.

Ovariole sheath membranes also display a decrease in the strongly 

PAS-positive condition observed when'treated With PAg reagent. Both 

membranes have an orange coloration suggesting presence of materials that 

react positively to both dyes used in this method.

At first it was.thought that the orange coloration present in portions 

of the ovarian tissue was due to diffusion of the two staining solutions 

producing an artifact.- However, upon close examination it was discovered 

that there are sharply defined borders between structures Staining only 

xWith the PAS reagent and those staining only With the naphthol yellow S dye.

Although the pretreatment of ovarian tisshe sections by the enzyme
I . I - " ' ' '  .J .

hyaluonidase did not reduce the intensity of'the PAS reaction (Table .-I), 

it cannot be concluded that certain mucopolysaccharides do not contribute 

to. the 'carbohydrate yolk fraction. Conflicting results as to whether 

hyaluronic acid gives a positive PAS reaction have been obtained by
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TAHLE I

■ Effects on various pretreatments on PAS-reactive
polysaccharides in ovarioles of A. elliotti

OOCITE TOLE FOLLICLE CELL OVARIOLE
REAGENT CYTOPLASM GRANULES CYTOPLASM SHEATHS

Periodic acid Negative Negative Negative Negative
omitted

Acetic anhydride 
and pyridine

Negative Negative Negative Negative

Acetic anhydride Positive Positive Negative Positive
and pyridine
followed by

HH14OH

Dimedone Negative Negative Negative Negative■

Chloroform and 
methanol

Positive Positive Negative Positive

Eyaluronidase Positive Positive Negative Positive

Pepsin Positive Reduced Negative Positive
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workers in the field of histochemistry (Hotchkiss, 1948 cf. Jeanloz, 1950)» 

For this reason additional studies were made in an effort to determine 

whether acid mucopolysaccharides might be present in ovarian tissue.

The test for acid mucopolysaccharides using the alcian blue staining 

technique revealed that yolk inclusions do not give a significant reaction, 

Nuclei of follicle cells yield a strongly positive reaction to this 

staining procedure. The cytoplasm of follicle cells also gives a positive 

reaction as do the ensheathing ovariole membranes, The primary oocyte 

cytoplasm displays a faint reaction and is considerably lighter in color 

than tissue forming the follicular epithelium.

The cytoplasm of primary oocytes when stained with tpluidirie blue 

is weakly metaehromatic which disappears upon alcoholic dehydration. In 

contrast, cytoplasm of the follicle cells is strongly metaehromatic and 

not alcohol-labile. However, the metaehromasia'is diminished by ,treatment ' 

with hyaluronidase (fig* 52 cf* fig, 53)» The nuclei of primary oocytes, 

follicle cells, and the outer ovariole sheaths are all orthochromatic,

Yolk inclusions are also orthochromatic,

Vital staining* The findings of Bamamurty (1963) on intravital 

passage of trypan blue into the deutoplasm of Panorpa communis oocytes 

could not be duplicated with A, elliotti, It was noted, however, that 

the pericardial cells of A* elliotti take up the dye very readily and hold 

it indefinitely,

Photoperiodic Study

Most of the observations and results reported here were obtained from
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PLATE VII 
. (Figures A6-53)

.46. A portion of an adult primary oocyte displaying sudanopMlic 
,lipids. There is intense sudanophilia at the boundary between 
the follicular epithelium and the oocyte. 10$ formaliny Sudan 
black Bji 250X. i

47. .A portion of an adult primary oocyte illustrating the presence
■ of osmlophilic fat droplets. 10$ f o r m a l i n osmic acid, 256X 0

48. A longitudinal section of an adult ovariole illustrating 
presence of PAS-positive material. Carnoy, PAS, 17X.

49. A longitudinal section of an adult penultimate primary oocyte 
in the early stages of yolk deposition. There are, small 
granules of PAS-positive material contained in the peripheral 
ooplasm. Susa,'PAS, 77%°

50. Adult penultimate and antepenultimate oocytes in which, the 
penultimate oocyte is in a.later stage of yolk deposition than, 
in the proceeding photograph. Susa, PAS, 40X,

51. The proximal end of a penultimate primary oocyte in which yolk ■ 
is being deposited. 1 The tunica propria is considerably 
lighter staining than•in proceeding sections .and the yolk 
granules become larger as they approach the center of the cell. 
Susa, PAS=Tiaphthol yellow S, 25OX (ef. Figs. 49 and 50).

52. Follicle cells displaying .presence of acid mucopolysaccharides' 
during vitellogenesis» Carnoy, ToluidIne Blue, 400X.

53. Similar to the above section but digestion in hyaluronidase 
proceeded the staining technique. The darkly staining material
■ in the cytoplasm of the follicle cells has disappeared. 400X«
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examination of ovaries from 127 females reared in the laboratory under a 

regime of 13 different photoperiods. The data concerning the effect of 

daylength upon yolk deposition and oocyte resorption are presented in an 

appendix at the end of this paper.

In a preliminary investigation it was found that of 15 females

examined ten days after adult moult .all had either laid their first
:clutch of eggs or had mature eggs present in their oviducts.. Of the 127 

females examined seven days after the adult moult only two had mature eggs 

present in their oviducts and no females had laid eggs. Both groups of 

females had been maintained under similar conditions.

Three of the above 127 females examined  ̂ each, of which occupied 

different cages receiving 9j> 3, and 0 hours of light respectively, 

displayed no noticeable yolk deposition although their ovaries outwardly 

appeared to be normtal. One of the females receiving 15 hours of light 

per day experience resorption of all first cycle proximal oocytes in both 

ovaries. It was also noted that one of the females examined in this 

study had an anomolous condition ^hereby the oviducts and pedicels were 

present- but ovarioles were not.

A statistical analysis was made of the data obtained from the study 

investigating the possible effect of varied daylengths upon the rate of 

vitellogenesis. The experiment was constructed as an unbalanced nested 

design and analysis of variance was computed accordingly. From this
i'investigation it was determined that the rate of yolk deposition among all 

females examined was highly variable. Differences among females within
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cages were significant at the 1# level with a F value 42,29. Ho other 

significant differences could be determined from the data obtained in 

this study (Table Il).'

A similar analysis of variance was made on data obtained from a 

study of the effect ©i* varied daylengths upon oocyte resorption. Here 

it was also found that the variation among females within cages .,was far
/  -I ’greater than any variation between the cages or groups. The within-sample 

variance was significant at the 1# level with a F value of 3.02. Ho other 

significant differences were found to be present (Table III).

The mean number of. ovarioles present per female examined in this. 

study was 9«9 and the mean number of oocyte resorptions per female was 

3.4. The average length of a proximal oocyte seven days after a female 

becomes an Adult is 3.98 millimeters. •

■Results of the 28-day oviposition study from six pairs of cages are 

recorded in Figure 54. These cages experienced no female mortality.during 

the 28-day laying period. Tie array of photoperiods represented by the 

six pairs of cages are 24  ̂ 23, 15, 13, 11, 3 and" I hours respectively. 

Notice that eggs were, not" laid by females maintained under constant light

or the 3 hour photoperiod.
■(
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TABLE II

An analysis of variance concerning the effect of varied daylengths upon
rate of vitellogenesis

Source of 
variation

Degrees of 
freedom

Sum of 
squares

Mean of 
squares

Groups 12 79-155 6 ,596

Cages -within 
groups 13 99.131 7-625

Females within . 
cages 99 418.732 4.229*

Ovaries within 
females 118 11.833 ■ .100

Observation's 
within ovaries 549 64.895 .118

Total 791 673.749

' TABLE III
An analysis of variance concerning the effect of varied daylengths upon

oocyte resorption

Source of 
variation

Degrees of 
freedom

Sum of 
squares

Mean of 
squares

Groups 12 ' 34.024 2.833

Cages within
groups. 13 . 40.238 . 3.095-

Females within -
cages 100 226.423 2.264**

Resorptions 
within females 126 94.500 0P

Total 251 395.186

* F = 42.229 significant at the 1$ level.
** F s  3 •02 significant at the I^ level„
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Figure 5k. Total number of eggs laid by female A. elliotti exposed to different 
photoperiods. ™



DISCUSSION AHD CONCLUSIONS

Ovarian Development

The state of development of ovarian rudiments in newly hatched A, 

elliotti nymphs is in advance of those in newly hatched Melanoplus 

differentialis nymphs according to the description given "by Nelsen (I93^h). 

Ovariole rudiments of A. elliotti at hatching are recognizable as cellular 

columns, separate from. each other, completely enveloped by an outer 

ovariole sheath, and individually attached to the ventral cell strand. 

Similar developmental ,status is not exhibited by M, differentialis nymphs 

until after the first moulte

A difference in rate of development was also noted by Van Horn (1963) 

who compared the genitalia of M„ differentialis and A. elliotti during 

embryogenesis. The development of the genitalia of prerevolution Mo 

differentialis embryos lagged behind that of A, elliotti embryos before 

blastokinesis, It was also observed that this, difference in external 

morphology appeared to be resolved by the time of hatching.

According to the study made by Nelsen (193^b) differentiation of the 

rudimentary ovariole into a germanium and vitellarium does not become 

evident in M, differentialis,nymphs until the beginning of the fourth 

instar. Figure- 15 in Nelsen's paper shows the proximal end of a.fourth 

instar ovariole in which two oocytes still span the width of the ovariole. 

This level of ovariole differentiation is surpassed in A. elliotti nymphs 

during.the.first part of the second instar.

The postembryonic development of ovarioles,. pedicels and lateral 

oviducts in A, elliotti is essentially the same as found by Nelsen in

I



his study. However, the overall rate of ovarian development of the 

grasshopper in this study appears to preceed that of M. differentialis 

by at least two instars for a major portion of their nymphal lives.

If the adult stage follwed the fifth instar for M. differentialis, 

it would appear that females of the species would begin adulthood 

equipped with comparatively underdeveloped reproductive organs. However, 

M. differentialis nymphs experience a sixth instar in which ovaries and 

oviducts gain a developmental status coincident with that found in A. 

elliotti in its preadult (5th) instar. In some respects the ovarian 

complex of M. differentialis undergoes differentiation in its sixth 

instar which only occurs in the early adult stage of A. elliotti. For 

example, Helsen mentions that there is differentiation of muscle tissue 

around the lateral oviduct accompanied by formation of epithelial folds 

or villi during the sixth instar. Similar oviducal morphogenesis in A. 

elliotti occurs only during the early pre-reproductive adult stage.

Ehe origin of prefollicular tissue present in the germarium and 

vitellarium of the nymphal and adult ovarioles has been attributed to 

various sources. Hogben (1920) claims that prefollicular tissue in P. 

amerieana is derived from oogonia although Heymons (1892) maintained that 

only sex cells originated from the germ cell primordium. In more recent 

studies Bonhag (1958) with P. amerieana and Krainska (1961) with Cynips 

foil! Linn, have shown that prefollicular tissue and the resulting 

follicular epithelium are of a somatic, mesodermal origin. Although the 
germ cell line of A. elliotti was not followed through embryogenesis in
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this Studyj, there is no evidence to show that oogonia give rise to 

prefollieular tissue during the postenibryonic ovarian development.

The difficulty encountered by this investigator in attempting to 

display cell boundaries within prefollieular tissue was also experienced 

by Bonhag (1959) in a study of adult P , americana ovaries. In attempting 

to demonstrate cell membranes, special techniques were used by Bonhag with 

no success. In an'earlier study of ovarian development in 0. fasCiatusj . 

Wick and Bonhag (1955) found that the cellular integrity of prefollieular 

tissue is maintained. The cell boundaries were observed to appear when 

the prefollieular nuclei were engaged in mitotic activity.

The development of cellular polarity by the proximal primary oocytes 

was observed by Welsen .(193Vb) to occur in M. differential^ during the 

sixth instar, whereas this phenomenon occurs in the fifth instar for A. 

elliotti. It was suggested by Wetzel (1965) that movement of the oocyte 

nucleus to the posterior end of the cell in Gryllus dOmesticus Linh. may 

be due to external orienting factors. Wetzel found in G. domesticus that 

the oocyte nucleus exhibited a marked polarity. Wuclear polarity, according 

to Wetzel, is the result of an eccentric positioning of the nucleolus and 

a cresent granular material along the dorso-eaudal quarter of the nucleus. 

The eccentric positioning of nuclear material was presumed to be the site 

of-the future poles and axes of the coming embryo. Polarization of nuclear 

material within oocytes of A. elliotti was not observed, although it cannot 

be said with certainty that it does not occur. Bue to the difficulty 

encountered when sectioning oocytes with their full complement of yolk.



only a few oocyte nuclei were observed in these cells.

The deposition of yolk in penultimate oocytes as found in ovarioles 

,of A, elliotti apprently is not universal to all Aerididae. Highnam5 Lusis 

and Hill (1963) maintain that yolk is not normally deposited in penultimate 

oocytes of S. gregarla until after the first reproductive cycle, However5 

in a study of seven British Acrididae5 Phipps (1949) found that the 

penultimate oocyte averaged 3=0 mm.in length when the proximal oocyte 

was ready to be ovulated.

Follicle degeneration and oocyte resorption in insects have long 

been subjects of study and controversy. Ahrens (1935) observed colorless 

follicle degeneration in Termes redemani as did Wigglesworth (1936) in 

Bhodnius prolixus Stal= Vel'tischev (194l) noted pigmentation at the base, 

of oyarioles in Loeusta and concluded that it was an,indication ovulation 

had occurred. Bonhag and Wick (1953) observed unpigmented degenerating 

follicles after eggs had been discharged. The contents of the follicle 

were later expelled and the remainder of the follicle decreased in size 

to where it was no longer a conspicuous structure.

Singh (1959); in an attempt td differentiate between pigmented and 

unpigmented ’’corpora Iutea115 concluded that pigmentation in a degenerating 

follicle was a sign of partial or total oocyte resorption. The uneolored 

degenerate follicle or "corpus luteum" was a result of the normal 

degeneration of an empty follicle after a mature egg had been discharged.

Proximal follicle contraction and folding of the tunica propria in 

A. elliotti following ovulation paralleled the findings of Singh in his
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study of follicle degeneration in Locusta migratoria migratorioides 

(R. & F 0) and 8 . gregaria» Singh maintains that it is the mature egg 

above the resorption body which pushes the contents of the degenerating 

follicle into the oviduct during ovulation,

Lusis (1963) objects to the use of the term corpus luteum for the. 

description of a degenerating follicle, He argues, "the term corpus 

luteum should not be used because at no stage is there any progressive 

formation of new tissue", He noted that the lipid fraction of the 

deutoplasm was colored by a B-carotene, Upon concentration or reabsorp

tion of lipid yolk; the carotene crystallizes and forms the pigmented 

resorption body characteristic; of resorbed oocytes,

Lusis observed participation of the follicle cells. in the resorption 

of yolk material before they themselves degenerated, He suggested that 

all oocytes have an inherent capacity for resorption and the motivating 

force for resorption depends upon various factors within the insect’s body.

The decrease in Feulgen-positive material within oocyte nuclei

during maturation as observed in A, elliotti has been reported by several

investigators, • Bonhag (1959) noted that the nuclei of P. americana ©0eyt.es

when in the diffuse condition, do not yield a Feulgen-positive reaction.

Similar results were found by Gresson (1931) in P, orientalis and by

Badecka (1962) in T, asynamorus, Although Gresson did not find oogonia
.

in his study sections, Badeeva in T, Asynamorus and Kugler, Frankenstein 

and Hafferty (1956) in P» americana demonstrated the presence of DHA in
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nuclei.of oogonia contained In the adult germariao

Observance of Feulgen-negative oocyte nuclei does not necessarily 

mean DHA is not present. Although some interpret this- as, a chemical 

breakdown of DHA during the greater part of oogenesis, most .investigators 

explain Feulgen-negativeness in oocyte nuclei.as the result of a dilution 

effect (Eavenjl 1961), With the swelling of the oocyte nucleus during 

maturation, the DHA.contained in the chromosomes is dispersed throughout 

the whole area of this large nucleus. The decrease in intensity of the 

Feulgen reaction appears to accompany the dilution of positive staining 

material with greater amounts of non-reacting substances,

Brachet (19^7) tested the dilution theory by centrifuging amphibian 

oocytes before treating with the Feulgen technique. The oocyte nuclei, 

which are usually Feulgen-negative, were found to have an accumulation 

of Feulgen-positive material at one side,

Relatively high concentrations of EHA In the ooplasm of developing 

primary oocytes is not surprising. It is to be expected that EHA would 

be present in quantity at sites of rapid cellular synthesis. More 

intriguing is the proportionately higher concentration of EHA within the 

cytoplasm of the follicle cells. Although these cells are increasing in 

size, the largely supranuclear location of the pyranophilie material 

would not seem likely if these cells were experiencing strictly cyto

plasmic growth,

Telfer (1961) and Eamaraurty (1963). suggest that the follicular 

epithelium is but a mediating tissue through which substances pass
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interoellularly from the haemolyaph to the oocyte. In A. elliotti it 

■was noted that the pyranophilia increases among the follicle cells 

surrounding oocytes.experiencing yolk deposition and chorion formation. 

Taking this into account; it appears that follicle cells may.actively 

participate in the metabolic processes which contribute to the development 

of oocytes.

Although the technique used to demonstrate proteins in this .study 

has been criticized As relatively non-specific (Bakeri,. 1958); the 

intensity of staining leaves little doubt as to the high concentration of. 

proteinaceous .material present within the deutoplasm. Similar observa

tions were made by Badecka (1962) and Bonhag (1955a) when using the same
I

technique.

The appearance of small proteid yolk.granules or platelets around 

the periphery of the oocyte during vitellogenesis has been well documented 

in numerous studies (Baveny 1961). Even though the sites of protein 

synthesis in oocytes of A. elliotti could not be definitely located, it 

would.appear that at-least certain precursors of proteid yolk come from 

the follicular epithelium. The presence of high concentrations df BlA 

in the follicle cell cytoplasm adds a certain amount of circumstantial 

evidence to this supposition. In Taehyeines, von Kraft (i960) concluded' 

that proteid yolk granules are formed in the follicle cells and are passed 

on as such, to the oocyte. Granules of proteinaceous material, similar in 

size to those found at the periphery of the oocyte, were not found in the 

follicle cells of A. elliotti. In this insect it appears that the granular
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structure of yolk material is produced within the oocyte„ Yolk granules. 

become progressively larger after making their first- appearance in the 

peripheral ooplasm,

Ihe nucleolar emission bodies thought to give rise to protein yolk '

by many of the earlier workers were not observed in the primary oocytes of

A, elllotti during deposition. This may have been the result of the biased

selection of staining techniques used,, although many of the methods that

were employed are.specific for nucleic acids,

Pxioteid, yolk granules may be complexed with polysaccharides or lipids,

Bonhag (1955a) in Qncopeltus, von Kraft (i960) in Taehycines, and Bonhag
. 1

'(1956) in Anisolabis found carbohydrates admixed with protein in yolk

granules, Evidence accumulated in the study on A= elllottioocytes shows

that a protein-carbohydrate complex in' the non-extractable yolk fraction"

is credible. The reduction in staining intensity of the PAS-positive yolk

after digestion with pepsin, the similar location of PAS and bromphenol

treated yelk granules, and results received by concurrent staining-with
'

the PAS and napbthol yellow S method all indicate a protein-carbohydrate . 

yolk complex.

Results obtained by staining A, elllotti ovarioles with-the Sudan 

black B method are in accordance with those found by .Benhag (1955b) in 

ovarioles of Oncopeltus, lath,- Supta and Lal (1958a) in ,PeriplamCta, and 

Milnard (1954) in Aeanthoseelides also found Jipoid material appearing 

first in the peripheral ooplasm at the onset of vitellogenesis, That 

follicle cells In A, elllotti supply ^t least a portion of the lipoid
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yolk is substantiated by presence of similar appearing sudanophilic 

material in the peripheral ooplasm.and in the cytoplasm of adjacent 

follicle cells.

The appearance of vacuoles in the peripheral cytoplasm of proximal 

oocytes of fifth instar A. elliotti nymphs-is not conclusive evidence for 

presence of lipids. However, it is reasonable to suppose that.sub

stances of a lipoid nature may have been extracted by solvents used 

with the.paraffin method. Further study on nyraphal ovarian tissue is 

required to verify presence or absence of lipid concentrations in oocytes 

of preadult stages*

The large .globules of apparently unsaturated lipid present in 

oocytes treated with osmic acid were not visible in oocytes treated with 

the Sudan black B method. It would seem probable that these globules, 

if lipid, should be rendered visible with a general staining technique 

such as the Sudan black B method. There are two possible explanations 

for the apparent disagreement of results obtained using these two methods s 

. I. Staining of lipid by the Sudan black B method depends upon the 

lipid solubility, of the azo dye (B a r k a .Anderson, 1963). The staining 

effect is determined by the partition of the dye between the solvent and 

the lipid substance. Partition of the Sudan dye between the solvent and 

the lipid is such that usually a large amount of dye is dissolved by the 

lipid. Consequently, if the Sudan black B is not dissolved by the 

unsaturated lipids making up the large globules, no staining yill result. 

On the other hand, osmic acid will only be complexed at the sites of
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unsaturated lipids to the exclusion of saturated ones.

2. In oocytds of Chrotogonus Gupta (1958a) found that by.treating
v . ’ '

the ovarian tissue with 1$ phenol before staining with Sudan black B dye, 

he could unmask certain large globules of lipoid, yolk. Previously,

Without the phenol treatment only an outer sheath around the yolk spheres 

could be demonstrated.' Although Ia sheath of sudanophilie material was 

exhibited by most, of the yolk spheres contained in oocytes of A. elliotti, 

it appeirs unlikely that all are of a lipoid nature.

Many investigators have concluded that Golgi elements within insect 

oocytes are connected with or directly responsible for the production, of 

lipoid.yolk. In oocytes of Periplaneta Hath and Mohan (1929)» Gresson 

(1931), and Hath.et al (1958a) reported that lipoid yolk is formed by the

Golgi apparatusEssentially in agreement were the findings of Eies and
'1

van Weel (193^) concerning Pedieulus oocytes and those of Hath and Mehta 

(1929) on Luciola gorhami. Recently, Jamieson and Palade (1966) have 

described yet another function of the Golgi apparatus. They found it 

to be active in the Intracellular transport of secretory proteins.

The numerous osmiophilie bodies present in the cytoplasm of vitello

genic oocytes of A. elliotti resemble Golgi bodies'.as described by Hath 

and Mohan (1929) and the bodies of Hath et al ̂ 1958a). Although these 

sites appear to increase in size as the oocyte becomes older, it could not 

be ascertained whether they were responsible for forming the large globules 

of osmiophilie material in the proximal and penultimate oocytes. Perhaps 

additional study using the specialized techniques such as labeled isotopes



and the .electron microscope would aid.in uncovering a possible connection 

between the Golgi complex and lipid synthesis in insect oocytes.

The periodic acid-Schiff test is based upon two well documented 

reactions. Upon treatment of sugar molecules with periodic acid, there 

is a conversion of I, 2 glycols' into dialdehydes. A substituted dye 

complex is formed by reacting the resulting dialdehydes with ScHiffs 

reagent.

Hotchkiss (1948) has pointed out that a reaction is not given by 

compounds in which the glycol groups are substituted." For this reason, 

the pentose portion of DHA or BHA will not react with Schiffs reagent, 

nor will the hydroxyamino acid residues of proteins.

Pearse (1953.). listed five groups of compounds that can be expected 

to react with the PAS test in sections prepared by the paraffin method. 

These compounds are; I) polysaccharides (glycogen), 2) acid and neutral 

mucopolysaccharides, 3) mueo- and glycoproteins, 4) glycclipids, and 

5 ) unsaturated lipids and phospholipids.

That hydroxyl groups of I, 2 glycols in ovaries of A. elliotti were 

made visible by the PAS-method was proven by the reversible acetylation 

technique of McManus and Cason (1950)» Upon treatment with acetic 

anydride + pyridine the hydroxyl groups of 1 ,2 glycols are prevented 

from giving a positive PAS reaction. When the acetyl groups were removed 

by treatment of ovarian sections with HH^OH, the PAS-positive'localizations 

were restored (Table I). This, test provides corroborating evidence for 

the assumption that the PAS reaction in the ovarioles is due to complexed
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carbohydrates and not as a result of the.presence of amino groups,

■ It is concluded that glycogen is not present in ovarioles of adult 

A, elliotti, although two of the tests used for its demonstration 

displayed a coloration that is usually typical of glycogen. Because the 

coloration depicting presence of glycogen in sections stained with Best's 

carmine and the Bauer=Feulgen methods could not he removed with malt 

diastase or salivary ptyalin, it appears that something other than 

glycogen is "being stained, Bonhag (1956) in a study of PAS-reactive 

substances•in oocytes of A, maritima found that glycogen,.depicted, by
I

the Best's carmine method, could not be verified by use of salivary 

amylase treated controls, The elimination of a PAS reaction upon pre

treatment with dimedone provides further evidence' that glycogen is not 

present - in ovarioles of A, elliotti (Table I), Brief dimedone 'treatment 

abolishes the PAS reaction of other normally reacting substances but 

does not affect the reaction of glycogen granules (Bulmer, 1959)°

Eadecka (1962) demonstrated the presence of glycogen in oocytes of 

Tachyeines as did Bonhag (1956) in Anisolabis. However, glycogen was 

not found in oocytes of Periplaneta (Kugler et.al, 1956; Bonhag, 1959) 

or in oocytes of Qneopeltus (Bonhag, 1995a). Eschenberg .(1965) noted 

that diastase-sensitive yolk was not present in oocytes of Gerris remlgis.

Results.recorded in Table I show that .the PAS-positive.reaction 

displayed by compounds.within the ovarioles is not from aldehyde groups 

of glyeolipids, It appears very likely that other lipoid materials, which 

were not removed by the paraffin method, would he extracted by prolonged



-76-
treatment with the methanol-chloroform solutioEu Hencejl no lipoid 
substances should be contributing to the positive PAS reaction appearing 
in' ovarioles of■A*.elliotti*

A reduction in the staining'intensity of the deutoplasm in oocytes ■ 

pretreated with pepsin could mean.that yolk containing uncompleted 

protein is contributing tti part of PAS-positive reaction (Table I). . 

Although Hotchkiss (1948) maintains hy'droxyamino acids will not yield a 

positive FAS reaction, Gregg, Clermont and LeBlond (.1952) disagree.

These authors stated, "the presence of the hydroxyamino. acids, serine ori1threonine at the end of protein1 chains, or of hydroxylysine at any 

position in the chain would give rise to periodic aeid-Schiff reactions 

since the df-amino alcohol groups are exposed". In. spite of this statement, 

these.authors felt that such amino acid arrangements must be. uncommon 

because upon testing a number of proteins know to contain hydroxyamino . 

acids, a positive PAS reaction could not be demonstrated,

Schrader and Leuchtenberger (1951) suggested that a negative PAS 

reaction after pepsin digestion,' "may be due to the secondary depolymerizing 

action, and loss of the.polysaccharides from cellular material after union 

of the carbohydrate-protein is split by pepsin". Taking this into account-, ■ 

the reduction of the PAS reaction due to prior pepsin digestion appears, to 

be strong evidence for presence of.protein-carbohydrate completed compounds 

in at least a portion of oocyte yolk in A, elliottl, This - supposition is 

supported by results of the Hg-BPB test for proteins,,of the PAS-naphthol 

yellow S test for carbohydrates and proteins, and .of the various
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aforementioned pretreatments„

The fact that pepsin-treated ovarian sections did not yield a totally 

PAS-negative reaction is- good reason to think that some other substance or 

substances are contributing to the PAS-positive reaction. Upon considera

tion of the previous results received-in this'study# the only other 

compounds that. are. known to readt to the PAS test are mucopolysaccharides.

A few investigators, have,found that acid mucopolysaccharides react 

positively to the PAS test. They are, however, in the minority. McItenus. 

and Hoeh-Ligeti (1952) are of the opinion that experiments of investigators 

proclaiming a PAS-positive reaction-with acid mucopolysaccharides are 

largely contradictory. The reason given by McManus and Hoch-Ligeti was 

that the samples of. mucopolysaccharides used in these studies were
X  , ’

variable and, in some cases, of questionable purity.

■ Because follicle cells of A. elliottl were found to be strongly 

orthoehromatie when stained with toluidine blue and PAS-negative, it 

would appear that in this ease acid mucopolysaccharides are not stained r 

with the PAS technique. The alcohol-labile metaehromasy exhibited by 

oocytes experiencing yolk deposition suggests that acid mucopolysaccharides, 

are not as abundant as in the surrounding follicle cells. King and Koch 

(1 9 6 3 ) found the exoehorion of the egg cuticle of DrosopMilia to be rich 

in acid mucopolysaccharides. Perhaps the major portion of the acid 

mucopolysaccharides in follicle cells of A. elliottl is deposited in the 

egg chorion rather than in the yolk.

By using the process' of elimination, it appears that the PAS-positive
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'coarpounds .not removed by pepsin or - the other pretreatments must be a

i .neutral raueopolysaceharide fraction* Consequentlyit can be concluded
' I . ■ '

that yolk of ovariGle-confained oocytes is. most likely made up. of rauco- 

or glycoproteins and mucopolysaccharides in addition -to a lipid fraction. 

The PAS=reactive yolk material within oocytes of Gerris remigis'was 

tentatively classified as mucoprotein5 glycoprotein^ or neutral mucopoly

saccharide in complex- with protein (Esehenbergj, 1965)0 PAS-positive yolk 

granules of Oneopeltus and of Anisolabis were concluded by Bonhag (1955a, 

1956) to consist of protein-carbohydrate eomplexed substances„ However, 

he found no evidence of acid mucopolysaccharides in ovarioles of 

Qncopeltus, The abeehce of acid mucopolysaccharides in Oncopeltus is 

interesting because .it was suggested that the protein-carbohydrate material 

of which the yolk -consists may be a mac ©protein. According. to White, 

Handler and Smith (1964),'acid mucopolysaccharides are usually present' 

in tissue combined with proteins,
\Although the origin of small PAS-pesitiye yolk granules appearing 

first at the • periphery of the oocytes is unknown., a relationship ■ to the - 

adjacent follicle cells is suggested. If follicle cells, are responsible 

for producing these small yolk granules, then the PAS-negatiye reaction, 

displayed by these cells is even more puzzling, -Perhaps the concentration 

■of yolk granules or yolk precursors in any one follicle cell is so low 

that the PAS technique is not sensitive.enough to detect it,

I would again like to stress the significance of the follicular 

epithelium concerning its role in the process of ,vitellogenesis. It
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TOiild appear that follicle cells 3 especially in panoistic ovarioies ̂ 

provide the egg with more than a chorion. The evidence shows that the 

metabolic activity within these cells is such that it is not consistent 

with the views of investigators who advocate a relatively passive role 

for the follicular epithelium during vitellogenesis» It is my opinion 

that the assembly of yolk granules from extracellular material takes ■ 

place in the oocyte and that follicle cells participate, in the acquisition 

and possibly conversion of these nutrients before they enter the.oocyte.

Photoperiodism ,

Results obtained from the experiment to test the effect of varied 

photoperiods upon rate of oocyte maturation and oocyte resorption were 

inconclusive. From the analysis of the data it appears that the. inherent 

variability of female A. elliottl was such that a response to a changing 

photoperiod under these experimental conditions could net be determined. 

This may be due in part to the criterion used for obtaining the data, 

although other workers have successfully used this technique«

Middlekauff (ItyGk) examined the effect of short day and long, day 

photoperiods upon oocyte maturation in Melanoplus devastator. It was 

discovered that a short day hours) photoperiod enhanced egg develop

ment, whereas it was retarded by a long day {12-g--l4 hours)' photoperiod. 

Horris (1957) has found that sexual maturation in 8. gregaria progresses 

more rapidly . in .females reared under short day phot ©periodsConversely, 

in H. septemfasciata, Horris (1962) ,noted that when .females were reared 

■under a 12 hour,photoperiod and then shifted to a 13 hour'photpperiod.
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after adult.emergence, reproductive diapause could be averted.

Though the present study did not demonstrate increased oocyte 

resorption in females submitted to aberrant- photoperiods > investigators 

have shown that certain unfavorable environmental conditions will induce 

resorption, of eggs. In Lecusta migratoria Singh (1958) demonstrated, 

that oocyte resorptions would.increase upon a decrease in the optimum

rearing temperature or food withdrawal. Oocytes of dyfciseid beetles
. ■ ■'

continually form and resorb during the winter hibernating, months (Joly, ~
'

19^5)o De Wilde (1954) also observed successive- maturation and resorption 

.of oocytes in hibernating Leptinotarsa. Highnam et al (1963) concluded 

that the neurosecretory system in S. gregaria.controlled oocyte resorption. 

.Any factor which will depress the neurosecretion controlling haemolymph 

protein concentration will likewise decrease the amount. of protein, 

available to the developing oocytes. It was suggested that resorption 

in oocytes occurs when adequate amounts of haemolymph protein.are, not 

available.

Although the oviposition rate, of only a small number of individuals
' r'

was examined, there appears to be a trend for these females to lay fewer 

eggs as daylengths decrease (fig. $4). On the other hand, a decrease in. 

the number of eggs laid during, a 28-day period was not exhibited by females 

receiving only one hour of light per day. If the curve represented.in 

Figure 54 is not the result of sampling error due to the small number of 

individuals examined, then an interesting situation exists.' It woip.d 

-appear, that for' optimum egg production in this insect a one hour
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phot operiod is equally as good or "better than 23 hours, of light per 2k 
hour day.

If indeed ovlposition rate is a function of day-length^, then it 

appears that there are two critical periods within a 2h hour cycle where 

female A, elliotti are the most photosensitive» The first period-of 

photosensitivity is between 2b hours and 23 hours of light per day. and 

the second critical period falls somewhere between a three and a one 

hour photoperiod.

Sharply defined critical dayl#ngths} by which the timing mechanism 

of an organism makes the appropriate, metabolic changes, have been' observed
j ■ '''' ''' ■ .... ..

to occur in insects as well as many, other animals. Iorris {1965) has 

shown that, the critical period of photosensitivity for Iomadaeris .

septemfaselata, when imaginal diapause is induced^ is located between a
■ :• ■

12 and a 13 hour daylength. • In Pectimophora it was found, that diapause 

could.he "induced in individuals by maintaining them under a daylength of

13 hours or less and - averted in individuals having 13.25 hours or iojore
' ' ' : ■

light per day (Adkif son, 1 9 6b). ’ * ' ___ _

Sunning (i960) has set forth an hypothesis in which he postulates an
. r ?'■.'•!' ■1

endogenous rhythm of cellular activity that consists of two half-cycles,

one of them "light requiring" (or phetophil) and the second- "dark requiring"
• ■ ■ . .

(or scotcphil). Photoperiodic induction by long days is effected,when 

daylight extends into the scotophil part of the endogenous cyclej it fails 

when it is restricted to the photopMl „ Short day photcperiodic induction 

■fails when the photoperiod extends into the scotophil and succeeds ^hen it
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is restricted to the photophilo

Because no eggs were laid hy females exposed to constant light,, it 

would appear that the photoperiod must "be interrupted by a period of 

darkness in order that oviposition might occur, lot only must the photo- 

period be interrupted by darkness, the period of darkness must occur at 

the precise time of day when the insect can be Stimulated by it. It is 

possible that the dark period did not come at the right time during ■ the 

2k hour cycle for those females reared under a 3 hour photoperiod. Hence, 

these individuals received no stimulation to induce them to oviposit their 

eggs. The decrease in oviposition rate.with shorter daylengths could be 

due to a reduction in the sensitivity of the photoreceptor organ in 

response to a dark period occurring at the wrong time of day, 'Therefore, 

the stimuli, affecting the neurosecretory mechanism controlling ovipos,it-ion 

would also decrease resulting in the reduction of egg production by A 0 

elliottl females. Additional study using a histoehemical staining 

technique for neurosecretory material could possibly determine the 

validity of this hypothesis. With the use of such a technique the relative 

amounts of neurosecretory material in the brain and corpora cardies of 

ovipositing A.'elliottl exposed to different daylengths .could be compared. 

It may be that females’ laying fewer eggs would also display a corresponding 

decrease in neurosecretion.

Because females submitted to 24 hour and 3 hour photoperiods laid no 

eggs, it would be expected that there would be total .resorption of 

proriml eoeytes throughout the 2§.-aay laying period.* However-?- tGjtal



resorption m s  not■observed in females maintained under, these photoperiods 

in the prior study where ;'the rate of vitellogenesis and oocyte resorption, 

was examined* Oocyte resorption has been observed to'occur',at any time 

during yolk deposition up until the chorion has been formed* It is 

possible.that proximal oocytes of the non-ovulating individuals were 

resorbed after the arbitrary seven-day criterion used in the previous 

study.

There is a possible selective advantage for ovipositing A* ellietti 
females to lay mere eggs with the longer day lengths* It would seem 

beneficial to the species if most of the eggs were laid before the onset 

of shorter daylengths accompanied by colder-temperatures, not optimal for 

embryonic development. It is suggested that more study should be under

taken examining the relationship between photoperipd, temperature 9 and 

©viposition to determine the validity of this hypothesis*.
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Raw data concerning the. mean proximal oocyte length measured in milli
meters , total number of resorbed,, oocytes per female, and total number' of 
ovarioles for each female obtained from the photoperiod study.

■ , TABLE IV

Cage
Ho. .9 Ho.

Hours ■ 
• of

daylight
©vary
JL__

Ovary
B

'Mean, oocyte 
length- 
A & B

Total. 
•Ho.

Total 
Ho.

r . , 001 23 female anomolous, no ovarioles
i ' 002 23 2.9 3.1 3.0 I 10
i.. 003 • 23 2.7 2.9 2 .8 5 10
i oo4 23 1 .2 1 .2 1 * 2 Q 10
i 005 23 3-4 3.4 3.4 3 9
i 006 23 4,0 3.9 3.9 3 1©

'2 0 0 7 23 4.1 4.2 4.2 3 10,
2 008 23 3.5 2 .0 3.0 T 1.0.

"■2 009 23 4 .9 4.9 .4.9' 5 10
2 010 23 4.0 4.0 4.0 7 s . 10
2 o n 23 4 .5 4.5 4.5 -4 . 10
3 012 2 1 3.8 . 3.9 3.8 3 10
3 013 2 1 3.9 4.0 4.0 , 6 : 11
3 014 21 4.1 4.2 4.2 4 10
3 015 2 1 4.4 3.0 3.5 2 < 11
3 ®l6 2 1 2.9 0 2 . 9 8 io
4 017 21 4,9 5.0 5 . 0 I '10.
4 018 21 4*0 3.9 3.9 5 10
4 -19 21 4.6 4.5 4 .5 3 10
4 020 ■ 21 4.6 4.2 4 .3 I 10
4 ' 021 21 1.9 1 .8 1.9 0 IG
5 022 19 3.4 3.2 3.3 2 . ■ 10
5 023 . 19 4,1 3.4 3.7 5 . 10
5 024 .19 4.9 5.0 5,0 2 10
5 025 19 2.2 2.4 2.3 I 10
5 ' 026 19 4.9 5.0 4.9 3 . 10

- 6 02? • 19 4.5 4.6 4.5 3 10
6 028 19- 3.3' 3.4 3.3 5 -10'
6 029 19 4.3 4.2 4.2 I 10
T 030 17 4 .0 4.2 4.1 I ,11
I 031 17 3.9 4.0 4.0 4 10
I 032 17 3,3 3.4 3.4 4 10
7 633 . 17 4 .0 3.9 4.0 I . 10
7 034 ■ 17 4 .9 4.9 4 . 9 5 .10
8 035 17 4.0 4.6 4.0 I 9
8 036 17 4.8 4.9 4.9 5 10
8 037 17 4.3 4.3 4.3 4 10
8 038 17 4.3 4.2 4.3 5 10
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■ TABLE IV
(Continued)

Hours . Mean oocyte Total Total
Cage of ©vary ©vary length- Ho. Ho.
Ho. 9 Io o daylight A B A & B resorptions ovarioles •
8 @39 17 4*9 4*9 4.9 3 10
9 040 ' 15 3.6 3.2 3.4 2 8
9 ©41 15 3.5 3.5 3*5 2 10
9 042 15 4*5 4*5 4.5 3 10

:-9 043 15 4.1 4*5 4.3 4 10
9 ©44 15 4*2 4.3 4.2 3 10

10 ' 045 15 4.1 0.0 4*1 6 ■ 10
10 046 15 0.0 0*0 0.0 10 10
10 04? ■ 15 . 3.8 3.9 3.9 2 10
10 '048 , 15 3.1 3.1 . 3 . 1 2 ■ 10
10 049 15 3.1 3 . 0 3 A 2 .10
ii 050 13 4.6 4.1 4.3 .8 10 •
ii 051 13 3.0 3.2 3.1 4 • 10
ii 052 13 4.0 4*1 4.0 2 10
ii 053 13 4*5 4.3 4.4 7 ■ 10
ii 054 13 4*1 - 4,8 4.4 5 10
12 055 1 3 : 2.3 2.4 2.3 I 10
12 056 13 4.4 4*5 4*4 5 10
12 057 13 4.2 4.1 4.1 5 10
12 0 5 8 . 13 3.5 4*4 4.0 4 11
12 059 13 4,4 4*4 4.4 4 10
13 0 6 0 11 4.8 5*1 5.0 2' • 10
13 061 11 4.8 4.9 4*8 3 10
13 062 11 4*0 4.1 4.0 2 10
13 063 . 11 5.1 5.0 5*1 6 10
13 064 11 4*1 4*1 4.1 2 • .10
14 065 11 4*1 4*0 4*1 2 "10
Ih 066 11 4.4 4.4 4.4 2 .8
Ik 0 6 7 11 4*7 4.6 4.6 •5 10
14 068 11 3.0 3.0 3*0 7 10
14 069 11 4.8 5.0 4.9 6 11
15 0 7 0 9 4.1 4.2 4.2 I 8
15 071 9 2.7 3.1 2 . 9 .0 10
15 ' 072 9 4,0 4.0 4*0 3 ’ 10
15 073 9 4*0 4.1 4.1 4 10
15 074 9 4*9 5.0 - 4*9 2 10
16 075 9 2*9 2.8 „2,8 I 10
16 076 9 h^stiticeahle yolk .deposit ion 10 ■
16 077 9 2*4 2.4 2.4 0 9
16 078 9 3.1 3.0 3*0 I 11
-l6 079 9 4.0 4,0 4*0 3 10
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TABLE IV

(Continued)

Cage
■ Hours 

of' ■ Ovary
Ho. 9 Ho. daylight" A
17 0 8 0 7 5*3
17 081 7 - 3.-2
17 082 ' 7 2 .0
17 083 7 4.8
17 084 7 4.8
18 0 8$ 7 4.6
18 086 7 . 4.3
1 8 087 7 4.7
18 088 7 3*5
18 0 8 9 . 7 4.0
19
19
19
19
192.0

090
091
092
093094 
0.95

JL
5*5
0.0
2.0
4.7
4.90.0
4.2

3*9
5 3*9 . 3*8
5 4.0 4.0
5 4.3 4.3
5 0.0 3-8
5 3*4 3.4 .
5 2.7 2.5

Mean oocyte 
length- 
A & B
5*4
3.2
2.0
4.8
4.9
4.6
4.3 
4.8 
3*6
4.0 
3*8
4.0 
4.3.
3 ^
3*4
2 .6

Total 
-Ho. ' 

resorptions

Total'

OYarioles
I
9
0
3 
I 
8
4
5
3 
7
4
1
2
10 :6 
0

10
10
11
10 
8

10
11
'9
10
10
10
10
10
12 8
10

20 096 5 ■ 5 . 0 5*0 5*0 3 IQ
2 0 0 9 7 ' 5 4 . 9 4.9 4.9 '5 9
2 0 098 5 4.4 4,2 4.3 3 10
2 0 099 5 4.6 4.5 4*5 2 10
2 1 1 0 0 3 3*1 3.3 3*2 2 10
2 1 101 3 2 . 1 2 . 6 2.4 4 10
21 , 1 0 2 3 3*0 3.0 3*0 0 10
21 x 103 3 5*0 5*0 5.0 I 10
2 1 104 '3 2.9 3.1 3*0 3 . 10
2 2 105 3 4.7 4.6 4.7 I 10
2 2 106 3 5.2 5*2 5*2 3 1 0
2 2 - 107 3 4.6 4.6 4.6 4 10
2 2 108 3 3.9 4 . 0 4.0 6 . ' -12
2 2 109 ' 3 no noticeable yolk deposition 10
23 H O I 5*0 5.0 . .5*0 2 10
23 H l I 4.0 4.1 4*1 ■ 6 10
23 112 I 5*0 4.9 4*9 3 10
23 113 .1 4.2 4.2 4.2 4 10
24 114 I 4.0 4*0 4.0 2 10
24 H 5 I 5.4 5.4 5*4 5 10
24 116 I 3.9 0 3*9 8 . 10
24 117 I 5*0 5*1 5.0 3 9
25 118 24 4.9 4*7 4.8 4 10
25 119 .24 3*4 3*3 3.4 4 10
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t a b l e IV
(Continued)

Cage 
Ho. - 9 Ho.

Hours
of

daylight
Ovary
A

Ovary
B

Mean oocyte Total
length- Ho.
A Sg B resorptions

. Total 
- Ho. 
ovarioles

25 120 2k 2.8 2.9 2.9 6 '' 11
25 121 2k no noticeable yolk deposition 10
25 122 2k 4.0 4.3 4.1 5 10
26 123 2k 4.0 4.2 4.1 5 11
26 12k 2k 0 3.1 3.1 7 10
26 125 2k 4.2 4.1 4.1 3 10
26 126 2k 3.9 3.9 3.9 3 10
26 127 2k 4.7 ' 4.9 4.8 10

Mean .s 3.98 Mean a 3.4 Mean S 9.9



LITERATURE CITED

Adams} C<, i960* Osmium tetroxide and the Marchi method: Reactions with
polar and non-polar Iipidsjl protein, and polysaccharides. J. Histo-, 
chem* Cytochem. 8 :262-267»

Ahrens, ¥* 1935® Die Entvricklung des "Corpus luteum" bei den Insekten
Mhch Untersuehungen an Termes. redemanni* Z« mikr-anat» Eorseh*
37 *>67-500.

Andersen, E® 1964» Oocyte differentiation and vitellogenesis, in the 
'roach, Periplaneta americana* " J. Cell Biol* 2 6:131-155.

Anderson, N. L. 1964. Some relationships between grasshoppers and 
vegetation. Ann.■Entomol» Soc# Amer. 57:736-742.

Bahr, G, E. 1954» Osmium tetroxide and ruthenium tetroxide and their 
reactions with histologically important substances. Exp. Cell.Res.
7 »457.4790

Baker, J. R. 1958» Hote on the use of bromphenol blue for the histo- 
ehemical recognition of protein. Quart. J-. Micr« 8ci.-99:459-460.

^,rka, T« and P» J. Anderson. 1964. Histochemistry. 660 pp. Harper 
and Row, Publishers, Inc., Hew York, Hew York.

Bauer, H. 1933». Mikroskopiseh-chemifehen Hachweis von Glykogen andern 
Polysacchariden» Z. mikr- anat. Ferseh. 33:143».

Beswick, T. S» .1958. The Einarson galloeyanin-lake staining technique.
J.■Pathi !act. 76:598-600,

Bonhag, P. F. 1955a. Histochemieal studies. of the ovarian nurse, tissues 
and oocytes of the milkweed bug, Oneopeltus faseiatus (Dallas). .I, 
Cytology, nucleic acids, and carbohydrates» J. Morph.,96:381-440.

» ’ . . . .. 1955b . HIstoehemical studies of the ovarian nurse tissue
and oocytes of tfe milkweed bug, Oneopeltus faseiatus (Dallas-).- IX. 
BtidsihopJiilia, phospholipidsand cholesterol., J. •• Morph.. 97:283-312-e

. .1956. The origin and distribution of periodic acid-Schiff- 
positive substances in the oocyte of the earwig, Anisolabis maritima 
(oSnS). -J, Morph. 99:433-464.,

. 1958. Ovarian structure and.vitellogenesis in insects. _
Ann. Rev. Ent. 3 :137-l6o.

. 1959° Histological and histochemical studies on the ovary
■ of the American cockroach, Periplaneta americana (L.). Univ. Calif* 
Publ. Ent-.. 1 6;81-124. ' -



-90-

Brachet9 J. ■ 1947° Localisation de I'aeide ribonucleique et des 
proteines dans I 'ovaire de grenouille, normal .et centrifuge. 
Experimenta 3:329* , ■ -

» 1953* The use of basic dyes and rIbonuelease for the
eytoehemical detection of ribonucleic .acid. Quart„ Jtl Micr„ Scio
94:1-10. .

JBulmers B,. 1959® Dimedone as an aldehyde, blocking agent to facilitate -
the histochemical demonstration of glycogen. Stain Technol. 34:95-98,

Bundejl D. E= 1965.' Free amino, acid content and biosynthesis in eggs 
' of the grasshopper* Auloeara elliotti Thomas during development.
Eh. D.. thesis* Montana State- University* Bozeman* 65 pp.

WBanning* E. i960. Circadian rhythms and time measurement in photo- 
periodism. Cold Spring Harbor..Symp. Quant. Biol. 25:249-256.

Ghiffelle* T« L, and F. A. Putt. 1951* Propylene and ethylene glycol■ 
as solvents for Sudan IV and Sudan Black B* Stain Techol. 26:51-56.

Gulling* C.-F. 1957* Handbook of Histopathologieal Technique, 446 pp.
Butterworth and Co.* London.

Einarson* L 0 1951* On the theory of gallocyanin-chromalum staining and 
its application for quantitative estimation of basophilia. A 
selective staining. of exquisite progressivity* Acta path..- microbiol. 
Seand. 28:82.

Engelmann * F. 1965* The mode of regulation of the corpus alia turn... in 
adult insects. Archives. d'Anatpmie. mieroseopiqne. 54:387-40,4.

Graber* V. . 1891a. Vergleichende Studien am Keimstreif der Insekten.' 
Behksehr. Acad. Wiss. Wien., Bd. 57:621-734.

Gregg* K= E.* Y. Clermont* and C. P. LeBlond. 1952. The use of lead 
tetracetate* benzidine* 6-dianisidine* and. a "film test" in 
investigating the. periodic-acid-Schiff. technique. Stain Teehnol..
27:277-305.

Gupta* B. L. 1958a. Demonstration of some "masked" lipids in the.
oocytes of Qarotogonus ' " ' with. Sudan black B and phenol
"unjpasking" techniques. __  ........ :555®



-91-
Harmon5 J» W 0 1950« The. selective staining 
. ■ Technol0 2 6 :69-72«

mitochondria 0 Stain

Hegner5 R 0 W0 191^» The Germ-Cell Qycle in Animals, 346pp„ MacMillan
Co0« Hew York0 H<. ■ Y,

Heymons5 R 0 1 8 9 2 « Die Bntwicklung der weiblichen Geschlectsorgane von
^ermanica0 Z*. F 0 Wiss0 - Zool0 !53 »^3^-536,

Highnam5 K 0 C05 O0 Lusis5 .and L» Hill, 19^3« Factors affecting.oocyte 
resorption in the desert Ioeusts, Sehlstoeerca gregaria, J0 Ins0 
Physiol, 9*827-837. - .

Hill5 L 0 1962« Heurosecretory control of haemolymph protein Coneentra?
. tion during ovarian development in the desert Iocust0 J0 Ias0 
.Physiel0 8 :609-619« '

Himes5 M 0 and L 0 Moriher0 1956« A.triple stain for.desoxyribonucleic 
aeidp polysaccharides5 and proteins. Stain Technol0 3 1:67-70«

Hoghen5 L 0 1920« Studies on symapsis, 11« Parallel conjugation.and 
premeiotic telophase0 Proe0.Roy0 Soe0 London (B) 91:305-3290

Hotchkiss5 R«- D 0. 19^8« A microchemical reaction .resulting in the-
staining of polysaccharide structures in fixed tissue preparations0 
Arch0 Bioehem0 16:131-141«

' Humanson5 G 0 L 0 1962« ,Animal Tissue Techniques* 468 pp« W« H 0 Freeman 
and Co05 San Franeiseo5 Calif0

Jamieson5 J 0 D 0 and G 0 B0 Palade0 1966« Role of the,Golgi complex in 
the intracellular transport, of.secretory, proteins, .Proc0 Hat'1«
Acad0 Sei0 55:424-431«

Jeanloz5 R 0 W« 1950« Hotchkiss reaction and structure of. polysaccharides, 
Science 111:289« ' ;

" .-i.;

Joly5 P 0 1945» la function ovariene et son controls humoral chez Ies 
Dytiscides0 Arch0. Zool0 exp. gen, 84:49-164«

Kessel5 R 0 G. and H 0 W, Beams0 !963« Micropimocybosis and yolk
formation in oocytes of the small milkweed bug. Exp0 Cell Res0 
30:440-443« ■

King0 R 0 C0 and S.0 K 0 Aggarwal0 
Growth 29:17-83o

1965«. Oogenesis in Hyalophora ceerqpiat o



”92= •

H n g 5. E« Ce and- E 6 A 0 KocIi0 1963* Studies on the ovarian follicle 
cells of Brosophila0 Quart,, J, Mier0 Sci0 104:297=320,

Kraft5 A 0 von* I960* Entwieklanggeschiehliehe and histochemisehe
Hntersuehungen zue Oogenese von Taehyeines (Ihseeta5 -Saltatoria,)= 
II* MitteiIungsDie Entwieklung der Ooeyten0 -Zool0 Jahfh0 Anat* 
78:485-538, ' 1

Krainska5 M0 196l0 Morphological and histoehemieal study of oogenesis 
in the Gall-fly5 Cynips foliio Quart* J0 Micr0 Sci0 102:119=129*

Kugler5 O05 P* Frankenstein5 and K0 Eafferty0 1956* Histoehemieal
localization of alkaline phosphotase5 glycogen5 and nueleie. acids 
in the female'reproductive organs of the Coekroaeh5 Periplaneta 
.amerieana* J0 Morph* 98:234=249* ; '

-Laine5 I0 1966* Temperature effects on the oxygen consumption during 
development of Auloeara elllotti (Thomas). Ph0 D 0 thesis5 Montana 
State University5 Bozeman5 7̂ - pp*'

Lillie5 R* D 0 .1951h0 Simplification of the manufacture of Sehiff= 
reagent for use in histoehemieal procedures* Stain Teehnol; 
2 6:163=165*

Lillie5 R 0 D 05 J0 Greeo5 and A 0 Laskey0 1949, Histoehemieal studies
with malt diastase: Partial separation of the fractions destroying,
cytoplasmic basophilia (ribonucleic acid) and the metachr©masia of " 
cartilage* Anat* Reel 103:635=647»

Lusis5 0* 1963, The histology and histochemistry of development, and
resoiption in the terminal oocyte of the desert Ioeust5 Schistocerca 
gregaria* -Quart, J0 Mier0 Sci* 74:257=274*' ,'

Mallory5 F 0 B* 1944* Pathological Technique* 434 pp, ¥„ B* Saunders 
Co,5 Philadelphia5 Perai0 ■ :

Marcovitch5 S0 19240 The migration of the Aphidae and the appearance 
of the sexual forms as affected by the relative length of daily 
light exposure0 J0 Agr0 Research 27:513=522*

Mazia5 D05 P* A 0 Brewer5 and M* Alfert0 .1953» Hie eytoehemical 
staining and measurement of protein with mercuric bromphenol 
blue* Biol0 Bull* .104:5.7=67„

MeMams5 J 0 and C0 Hoch=Ligeti0 1952* Modified periodic acid spot test 
for 152 glycols* Lab0 - Invest* 1:19*



-93-
Middlekauff, W, Wo 19640 Effects of photoperiod upon oogenesis in 

Melanoplus devastator. Seudder (Orthopterajl Acrididae ) 0 ' J= Kan0 
Ento Soco .37tl63~l6B7

Mowry5 R„ W* .1956= Aleian blue technique for histoehemical study of 
acidic carbohydrates0 J6 Histochem0 Gytochem0 4 s407o'

Malnard5 J0 1954= Bfcude morphologique et eytochimique de I'oogdnese 
c.hez Acanthes celides .obtectus Say (Bruehide -ColSoptere) „ Areh0 
Biol= 65 s26l-3l4 0

Hath5 V05 Bo. Lo (Supta5 and B 0 Lalo 1958a 0 Histoehemical and morph®= 
logical studies, of lipids in OOgenesis=I0 Periplaneta americana =
Quarto J0 Mier0 Sei0 99:315-332*

Hath5 V 0 and D 0 Ho Mehta0 1929, Studies in the .origin of yolk-II,
■ ©©genesis of the firefly5 Lueiola gorhamio Quart, J0 Mier0 Sci0
73:7-24.

Hath5 V 0 and P 0 Mohan0 1929» Studies in the origin of yolk-IV, Gogene^s 
of Periplaneta amerieana<> J= Morph. .48 2253-279.

Helsen5 0. E. 1931» Life Cyele5 sex differentiation and testes
development in Melanoplus differeatialis. J0' Morph, 51:467-525,

- . 0 1934b o The development - of the ovary in the gras Shqpper5
Melanoplus differentlalis (Aerididae; Grthoptera). J, ■ Morph,

. 55:515-543*
, 11 .it 11Hetzel5 Ho 1965, Hber die Bbereinstimmung von Polaritat und bilateral 

Symmetrie in Emforyo5 Ei5 Gocyte5 und Gocytenkern b'ei .Gryllus 
dpmesticus L, Wilhelm Rome’ Arch, Entwickl,-Meeh» GrgT iB6788-95»

Horris5 Mo J, 1957» Factors affecting sexual maturation- in the■Desert 
Locust (Schisteeerca gregaria ForslAl) in. the’laboratory, Anti- 
Lpeust Bull,-Ho, 28-J 26 pp»

» 1962, Diapause induced by photoperiod in a. tropical
. Iocust5 Homadaeris .septemfasclata (Serv0)0 Ann0-appl. Biol0 50:600-603 =

* 1965« The influence of constant and changing photo-
periods on imaginal diapause in the red Iqeust (Homadaeris septern- 
fascia ta Serv,) J0 Ins, Physiol, 1121105-1119»

Orr5 G, . 1964, The influence of nutritional and hormonal factors, on
the chemistry of the fat body5. bl@od5 and ovaries of the blowfly5 '
Phormia'regina Meig, J, Ins0 - Physiol, 1©2103-119»



/ .
Pearae 9 A, 1953» Histochemistry; Theoretical and Applied, 530-ppe 

Littlej, Brown arid Co,, Boston, Mass,

Pfadt, R. E, 19^9» Food-plants, distribution, and abundance of the 
big-headed grasshopper, Aulocara elliotti (Thos =)„ Jo Saaa Enta 
'80c, 22:69=74,

Phipps, J, 1949« The structure and maturation of the ovaries.of
British Acrididae. (Grthoptera), ' Trans, Roy, Ent, 80c, (London)
100:233-247.

”9̂ "a

Radecka, E, 1962, Cytologieal and eytochemieal studies of 
(Orthoptera), ■Zpol, Pol<

oogenesis
12:l%-39.

in

Ramamurty, P, 8, 1963« On the contribution of the follicle epithelium
to the deposition, of yolk in the .oocyte of Panorpa.communis (Meceptera), 
Exp, Cell Res, 33s601-6o4,

Ranade, V, 1933» On the cytoplasmic inclusions in the oogenesis- of 
americana Lin, Allahabed Univ, Stud.' Sci, 9 »85-121,

Raven, C. B. 1961. Oogenesis: The storage of developmental information,
274 pp, Pergammon Press Ltd., London.

Ries, E. and P, B van Weel» 1934»' Die^Eibildung der Kleiderlaus,
untersucht an lebenden, vital gerfarbten .yhd Praparaten. -Z. 
Zellforsch 20:565»

Roemhild, G. R. 1961. 
Auloeara elliotti 
Bozeman,

Studies on the eggs 
Thos0 Rh. D. Biesis,

of the grasshopper .species. 
Montana State- University,

. ■ 1965a Cyclical temperature effects on diapause ' 
termination of eggs of Aulocara elliotti, J. Ins. Physiol,
71%l633-l639.

. 1965b. Respiration of the eggs and parts of. eggs- of
Aulocara elliotti (Bioms) Physiol, Zool, XXXHII (4) :213-218,

Roenwal, M. L, . 1937» Studies on the embryology of the African Migratory 
Locust, Loeusta migratorla migratoriodes.(R. & R,) (Orthoptera, 
Acrididae),. II Organogeny. Phil. Trans, Roy. Soc. (London), B, 
127:175-244«

Roth, T, F. and K. R. Porter. 1964. Yolk protein uptake in the oocyte 
of the mosquito Aedes aegypti L. J. C§11 Biol, 20:313-332.



Schrader4, F. and C. Leuchtenherger3 1951. The cytology and,chemical 
nature of some.constituents of the developing sperm, Chromosoma 
Bd0 4 5:404-428»

"95"

Singhj, To 1958o Ovulation and corpus luteum formation in Loeusta' 
migratoria migratoriodes' Reiehe and.Fairmaire and Schistpcerca 
gregaria^T ForS^l|» Trans. Roy. Ent» Soc. (London) 110:1-20»

Spaul4, Eo A» 1922» The gametogenesis of Repa cinerea (water scorpian). 
J» Boyo Micr» Sci„ 1922. 237-242.

Stay, Bo 1965. Protein uptake in the oocytes of the eecropia moth.
Jo Cell, Biol. 26:49=62.

Steedman4, H. F» 1950. Alcian "blue 80 : a new stain for mucin. Quart. 
Jo, Micro' Scio 9l%477-479o

Steopoe4, I. 19260 L'appareil de Golgi dans la vitellogenese chez.-la 
Repa cinerea. Gbmp. rend. sob. biol. (Paris) 95.s 142A s .

Svobeda4, J. A. 1964 . ..Studies on some of - the lipids of the egg of the 
grasshopper" species Aulocara elliottl Thomas. Pb. D. Oiesis, . 
■Montana State University, Bozeman, 71 PR.

Telfer, W. H. I96I 0 The route of entry and localization of blood
proteins in the.oocytes of saturnid, moths. J. Biophys. ,Bioehem.
Qytol. 9:747-759. .

Thomsen, E. and I. Moller. 1959. Heuroseeretion and intestinal
proteinase activity in am insect, Calliphora eryihroeephala '-Meig0 
Mature 183 :1401-i4Q2.

Vel^tischev, P 6 A. 1941. Rew data on bio-ecology of the Asiatic Locust 
in the Amu-Daryo delta. Priroda 1941:78-Si.

Van. Horn, 8. R. 1 9 6 3 . The embryogenesis and embryonic- variability 
of Auloeara elliottl Thomas. . (Acrididae, Grthoptera). Pb. D. 
Thesis, Montana.State University, Bozeman, 172 pp.

0 1964. The embryology of the stomodeal nervous system
in Auloeara elliottl' Thomas (Grthoptera, Acrididae). Proe. -X-IIth 
Int'I. Cong. Ent0' (London) 5:152=153.

0 1966a. Studies op the embryogenesis of Aulocara elliottl
(Thomas) (Orthpptera, Acrididae). I. External Morphogenesis.
J. Morph. 120:83-114. ;f



-96-

. 1966b,■■Studies on the embryogenesis of Auloeara 
elliotti (Thomas)(Orthoptera ? Aeridldae), II, Developmental 
variability and the effects of maternal age and environment,
J, Morph, In press, "

Wick5, Je E, and P, F, Bonhage 1955® Postembryonic development - -of the 
ovaries of Gneopeltus faseiatus (Dallas), J, Morph, 96231-60.

Whitei, A, 5, P e Handler  ̂ and E, L, Smith, I96U, Principles of Biochemistry, 
1105 pp, McGraw-Hill, Hew York, W, Y,

Wigglesworth, V, B, 1936, The function of the corpus luteum in the 
growth and reproduction of Bhodnius prolixus (Hemiptera), Quart,
J, Micre Scl, T9s91-121®

Wilde, J, Dee 195^« Aspects of diapause in adult insects with special 
regard to the Colorado beetle, Leptinotarsa deeemiineata Say,
Arch, neerl, Zpol, 10:375-385®

Wilde, J, De and J, A, De Bper, 1961 Physiology of diapause in the
adult Colorado beetle, II diapause as a case of pseudeallat.eetomy,
■J. Ins, Physiol, 6:l$2=l6l,

/



MONTANA STATE UNTVFBSrrv i

3 1762 10010879 2

037815=) 6 
cop.2 ^
Leopold, R. A.
A study on the postembryonic 

ovarian development and ...
^ N A M E T A N O A O O S E Z i-

MFC „ .

X /) 73

C 2,


