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Male (fig. VII) and female (fig. VIII) reproductive organs of Tabanus, as has been drawn

by the Dutch Entomologist Jan Swammerdam around 1669,

Source: Joannis Swammerdammie, Biblia Natuyrae sive Historia Insectorum, Leyden
MDCCXXXVIIL (University Library, Wageningen).



STELLINGEN

I

De definities van de begrippen ‘predefinitive’, ‘indefinitive’ en ‘definitive’
spermatogonién zoals ze worden geformuleerd door Hannah-Alava, leiden tot
de conclusie dat de categorie van de ‘indefinitive’ spermatogonién overbodig is.

Dit proefschrift,
HanNAH-ALAVA, A. 1965, Adv. in Genetics, 13, 157-226,

II

De invoering van de term ‘ovarioles adenomorphes’ door Martoja ter aan-
duiding van het ovariooltype van Steraspis speciosa is overbodig en ongewenst.

MarTosa, R. 1964. Bull. Soc. Zool. Fr., 89, 614-641.

1

De conclusie van Causse, Feron en Pereau-Leroy dat in Ceratitis capitata
het verdwijnen van de spermatiden binnen vier dagen na bestraling moet wor-
den toegeschreven aan voortgezetie differentiatie, wordt ten onrechte ge-
trokken.

Caussg, R., FERON, M. en Pereau-Leroy, P, 1968. in: “Radia-
tion, radioisotopes and rearing methods in the control of insect
pests™, 355-363, International Atomic Energy Agency, Wenen.

v

Beoordeeld naar histopathologische criteria zijn germinale cellen bij de
uievlieg niet altijd gevoeliger voor ioniserende straling dan somatische cellen.
Dit in tegenstelling tot de strekking van de ‘wet’ van Bergonié en Tribondeau,
die de basis is van de radiotherapie.

BErRGONIE, J. en TriBONDEAU, L. 1906. C. r. Acad. Sci., Paris,
143, 983,

\'

Onderzoek naar criteria voor ‘kwaliteit’ van gekweekte en/of behandelde
insecten voor gebruik in genetische bestrijdingsmethoden dient een hoge prio-
riteit te krijgen.

Cuameers, D, L, 1975, in: “Controlling fruit flies by the sterile-
insect technique”, 19-32,- International Atomic Energy Agency,
Wenen.

VI

Het aantal bladluizen van de soort Myzus persicae SULZ. in pootaardappe-
len is geen correct criterium voor het doen be€indigen van de groeiperiode van
dit gewas.

J. A, B. M. THEUNISSEN
Wageningen, 21 Mei, 1976.



VII
Niet alleen insecten kunnen door Baculovirussen worden geinfecteerd.
Reep, D. K. en HaLr, I, M. 1972, J. Invertebr. Pathol., 20,
272-278.
VI

Stoffen die nematoden activeren tot wortelpenetratie, zoals ‘hatching
agents’, behoeven niet noodzakelijkerwijze afgescheiden te worden in wortel-
exudaten,

CarroLL. K. K. 1958, Nematologica 3, 197-204.

IX

De daling van het aantal zeehonden in de Waddenzee kan niet worden toe-
geschreven aan de opname van kwik via voedselketens.

X

Het vanuit onze samenleving willen bepalen welke graad van technologische
ontwikkeling voor ontwikkelingslanden passend zou zijn, getuigt van elitair
denken en een paternalistische houding ten opzichte van deze landen.

XI

Als de zwijgende meerderheid gaat spreken, leert de sprekende minderheid
Zwijgen.
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1. INTRODUCTION

As the occurrence of large numbers is a major characteristic of insect pests,
insect reproduction is a key topic in the biological background of insect control.
The complexity of this function is reflected in the multitude of studies on insect
reproduction in its various aspects. One of these aspects is the development of
the reproductive cells in the male and female gonads: gametogenesis.

In The Netherlands possibilitics have been investigated to use the Sterile
Insect Method to control the onion fly, Hylemya antiqua (Meigen). The use of
this genetic control method, which has been applied successfully in a series of
small scale field trials (THEUNISSEN et al.,, 1973, 1975; TICHELER et al., 1974),
involves irradiation and release of flies sterilized by hard X or gamma rays.
Irradiation at the wrong stage of gametogenesis may cause adverse effects on
the quantity of available sperm cells, the sexual competitiveness and physiolo-
gical fitness of the released flies. Use of the correct dose is imperative to avoid
unwanted fertility or unnecessary impairment of physiological performance
in the irradiated individuals. In order to obtain an optimal combination of dose,
age and developmental stage at the time of irradiation, a study has been made of
histopathological irradiation effects on male and female reproductive organs
and their constituting cells and cell populations (THEUNISSEN, 1976). The basis
of this study is an investigation of spermatogenesis and oogenesis of H. antiqua
from a histological point of view. The histo- and biochemical and genetical
aspects of gametogenesis have been omitted deliberately, due to the vastness of
this field.

Following some remarks on the gross anatomy of the reproductive organs
and the early post-embryonicgonad development, spermatogenesis and oogenesis
are described separately. Spermatogenesis is treated more comprehensively as
compared to oogenesis because the latter, and especially the vitellogenesis,
has been studied far more frequently in great detail in other insects. After the
identification of the germinal and somatic cell types involved in gametogenesis,
the development of the gonads during larval, pupal and adult life has been
described. A preliminary comparative description of spermatogenic cell types
and structures relates the present work on H. antiqua to other insect species.

Meded, Landbouwhogeschool Wageningen 76-3 (1976) |



2. MATERIAL AND METHODS

2.1. INsecT MATERIAL

2.1.1. Bionomics of the onion fly

The onion fly, Hylemya antiqua Meigen, belongs to the family Anthomyiidae,
the superfamily Schizophora and the suborder Cyclorrapha of the order Dip-
tera. KOPPEN (1972) and STORK (1936) described respectively the larval and
pupal characteristics of the family Anthomyiidae. Various aspects of the biolo-
gy, rearing and control of H. antiqua are referred to in a bibliography of ScoTT
(1970). Additional information is found in ANONYMOUS (1965-1975).

Life cycle

The flies emerge in the spring from pupae which have passed the winter in -
a state of diapause. The date and the length of the emergence period are very
much dependent on a number of factors including the depth in the soil at which
the pupae hibernate, the course of the temperature profile of the relevant soil
levels and the coverage of the soil by a new crop. The day following emergence
the flies are very vulnerable to predation because of their low rate of reactivity
and motion. They walk around while their cuticle hardens. During this period
they remain in the area where they emerged. The next day they show flight
activity and start to move to other areas.

The flies concentrate around onion fields where it takes some days for them
to mature sexually. The males start to mate when they are about 5 days old,
the females at about a week. In the meantime the gonads are ready for repro-
duction. Depending on the temperature the pre-oviposition period is about 10
days,

Eggs are laid on a suitable hostplant in the axle of the leaf sheaths and against
or around the stern on the soil surface. At a temperature of 20°C the larvae
hatch after 3 days. Embryonic development is retarded considerably by low
temperatures. Eggs can be stored at 4°C for 1 week without serious embryonic
mortality. The young larvae move towards and into the host plant and they
begin to feed on the roots of the young plant till they reach the soil surface.
Soon the plants wither, showing the characteristic symptoms of onion fly
damage. When the hostplant is too small to nourish one or more larvae, they
leave the plant at the level of the soil surface to crawl during the night to the
next plant. In this way a row of plants can be destroyed. In cases of food
shortage the leaves are also eaten.

The larvae are mature after about 14 days at 20°C. They crawl into the soil to
pupate. The depth at which the pupae are formed differs, but most pupae are
found in the upper 15 cm. Ploughing increases the variation in depth consider-
ably.

Diapause is induced in mature larvae and young pupae by light and tempera-
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ture conditions. Pupae can stay in diapause for at least one year but sometimes
also longer. When no diapause is induced the pupal stage lasts about 14 days at
20°C.

A second generation of flies emerges during July-Aungust. In long hot summers
a small third generation may appear in September but usually most larvae of the
second generation are induced to enter diapause. Adult flies may live for over
40 days in laboratory cages. Their average life span in the field may be consider-
ably shorter. They seem to hide and to feed in borders of fields and banks of
ditches near the onion fields which are their oviposition and also possibly their
mating sites.

External features in larval development

According to MaaN (1945) the larval stages can be distinguished by the number
of abdominal stigmata, the presence of prothoracal stigmata and the appearance
of parts of the cephalopharyngeal skeleton: the pharyngeal and mandibular
sclerites, This is also valid in other Anthomyiidae.
Schematically:

Larval stage Abdominal stigmata Prothoracal stigmata
L1 2 pairs absent
L2 2 pairs present
L3 3 pairs present

External features in pupal development

Gonad development of pupae has been studied. In particular during the first
days the pupae have been examined closely. In order to contribute to a larger
uniformity in the use of defined terms, the terminology of FRAENKEL and
BHASKARAN (1973) concerning pupation in Diptera is used.

To reduce the variability as much as possible specimens were selected from
a large group of post-feeding larvae, which had been reared at 20-21°C on
a meridic diet (TICHELER, 197]) as a 4th generation laboratory strain of onion
fly larvae. The post-feeding larvae were allowed to develop in vermiculite at
20-21°C. A first sample was fixed when the post-feeding larvae were converted
into white prepupae. That moment was referred to as 0 hours.

@ hours: The prepupae show the following external features:
1. the larval cuticle is white, firm, stretched and tough but not showing plasticity
like that from a larva.
2. in the larval cuticle and epidermis no movements are visible.
3. at gross examination the internal tissues are identical with those of the larvae:
a loose, yellowish-white mass of adipose tissue, and among other tissues an
intestinal tract with sometimes orange coloured contents.
4. there is no differentiation of head, thorax and abdomen.

12 hours: the larval cuticle shows a light brown colour and is somewhat
brittle. The larval-pupal apolysis has not yet taken place.
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24 hours: the former larval cuticle, the puparium, has reached its final, full
brown colour. It is brittle and is nearly completely separated from the pupal
cuticle. At the anterior and posterior poles of the puparium both cuticles are
attached by means of thin, membranous filaments. A beginning of differentiation
of the compound eyes is visible.

36 hours: apart from the two described ﬁlaments the larval-pupal apolysis
has been completed. Perhaps the filaments are remnants of the larval cuticle as
they are very delicate and easily torn. The pupa is a cryptocephalic pupa. It can
be easily taken out of the puparium. External examination reveals a distinct
differentiation of the compound eyes and the imaginal discs of legs and other
extremities. The appearance of the pupa is glassy yellowish-white.

48 hours: the pupa has become a phanerocephalic pupa, resulting in a clear
external segmentation and differentiation in head, thorax and abdomen.

72 hours: the external differentiation is advanced. Legs and wings have al-
ready been differentiated in a rather detailed manner, at least externally. Inter-
nally no differentiation or organization is visible. .

96 hours: no progress in external and internal differentiation can be observed
at gross examination.

Pupae in diapause are phanerocephalic. Their state of differentiation is like
that of a non-diapause pupa of 72 hours.

Rearing

Although H. anfigua is an oligophagous species, it is reared on a meridic
diet in the laboratory (TiCHELER, 1971). The laboratory rearing has been devel-
oped to a modest mass-rearing (NOORLANDER, unpublished data) with 2 maximal
capacity of about 0,5 million pupae/month.

Eggs are stored at a temperature of 4°C for maximally a week to be trans-
ferred to trays with larval medium. At 20°C fresh eggs hatch within 3 days. The
larvae crawl into the medium and disperse while feeding. Towards the end of the
larval stage they concentrate to some clusters of large numbers of larvae. At
20°C the larval stage takes about 14 days. The mature larvae are washed out of
the medium when the first pupae are observed. They are allowed to pupate in
vermiculite from which they are separated by sieving at the appropriate moment
of pupal development to be stored at 3°C, When flies are required the requisite
number of pupae is taken out of storage, and allowed to resume their devel-
opment at 22°C for the remaining 10 days. When the pupae are to be irradiated,
this is done 2 days before the expected emergence of the flies. In the meantime the
pupae may be transferred to the field if necessary.

In general, flies of the 3rd or 4th laboratory reared generation are used for
laboratory or field experiments. In order to reduce inbreeding and selection,
each year wild flies are collected, and subsequently reared in the laboratory for
1-5 generations. Inbred populations did not show unfavourable results of selec-
tion and rearing on artificial medium for 16 consecutive generations. However,
as the reared flies are to be used in control measures, populations for release are
only reared in the laboratory for 3-5 generations,
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2.1.2. Other insect species

Insects of the following species have been used in comparative investigations:
Musca domestica L., Sarcophaga spp., Ceratitis capitata Wied, Adoxophyes
oranaF.v.R., Leptinotarsa decemlineata Say, Periplaneta americana (L.), Locusta
migratoria migratorioides R. & F,, Pyrrhocoris apterus L., Apis mellifica L. The
insects were obtained from the insectary of the Laboratory for Entomology of the
Apgricultural University. From these species males were selected 24 hours or less
after emergence or adult moult. The age of the young Sarcophaga males was not
exactly known but less than 3 days. Leptinotarsa males were short day beetles,
just emerged from the soil. The males of Locusta, Apis and Pyrrhocoris did not
yet show their adult pigmentation. The testes of a number of individuals of each
species were fixed separately per species but in the same fluid and under identical
conditions. They were processed according to the standard histological proce-
dure (paragraph 2.2.3.).

2.2. METHODS

2.2.1. Cyrological merhods

As a source of mitotic chromosomes of H. antiqua testes of newly emerged
adults were predominantly used, however preparations from mature larval
brains could also be used. Meiotic chromosomes were found in young adult
testes,

The testes or brains were dissected, and kept in distilled water fot 10-15
minutes in order to promote the spread of the chromosomes in a metaphase
arrangement by anisotropic swelling of the spindle fibers,

To make a squash-preparation the tissue is transferred from the distilled
water to a clean slide with a drop of a suitable fixing-staining mixture (THEUNIS-
SEN, 1971). The tissues are fixed and stained in this solution during 3 minutes.
A coverglass is carefully placed over the tissue and covered with a piece of
blotting paper. While the coverglass is kept in its place and the excess fluid is
taken up by the paper the coverglass is pressed carefully but firmly, making
circular movements with the thumb, The fresh squash-preparation can be pro-
tected from evaporation by lining the edges of the coverglass with a fluid adhe-
sive which can be removed after drying (THEUNISSEN, 1971}, The staining intensi-
ty of the tissues in this semi-permanent preparation increases slightly during the
next few days. The preparations may be made permanent by mounting in
Euparal (THEUNISSEN, 1971).

2.2.2. Phase contrast microscopic methods

Living testicular cells were observed by means of phase contrast optics fitted
to the Wild M 20 microscope.

Freshly dissected testes of a young male fly were transferred to a drop of
Levy physiological saline on a slide and covered carefully with a clean coverslip.
The increasing capillary pressure of the coverglass causes the testis to flatten till
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the testicular sheath is torn at some point and the contents flow into the saline.
After some time the cells have spread optimally and in a relatively large area
a layer, one cell thick, is formed. Such unicellular layers are suitable for observa-
tion. Levy physiological saline consists of 9.000 g NaCl, 0.708 g KCl and 0.458
g CaCl,, dissolved in 11 of double distilled water.

To prevent evaporation of the water the preparation may be sealed by ringing
with a quick drying glue of soluble rubber (Lero photographic glue). Although
the oxygen supply of the cells is also cut off, the temporary preparations can
be observed somewhat longer.

As an aid to the identification of the germinal cell types intermediate stages
between living cells and cells in histological preparations were needed. There-
fore, living cells were fixed and stained in such a way as to prevent as much as
possible the formation of artefacts. Preparations of living cells in Levy saline
were made as already has been described. For this special purpose coverslips
were used which were made slightly greasy by contact with human skin. At the
moment of optimal dispersion of the germinal cells Bouin fixation fluid was
introduced at one edge of the coverslip, replacing the saline. The replacement
was enhanced by using filferpaper to absorb the saline at the other edge of the
coverslip. The fixation of the cells takes place quickly as is observed by the
sudden dramatic change in appearance of glossy, brilliant living cells into dull,
dead and distorted clumps of coagulated protein. After fixation during about
30 minutes at room temperature the slide is placed obliquely in a 70%
ethanol solution. As the greasy layer is dissolved, the coverglass becomes de-
tached leaving the material adhering to the slide. This is further treated as
a normal histological preparation, stained with hematoxylin-eosin and mounted
in Dammar resin. This kind of preparation has been called semi-squash pre-
paration because ii is neither a real squash nor a histological preparation.

2.2.3. Histological methods

Standard histological processing methods which we adopted have been des-
cribed earlier for young female and male adults (THEUNISSEN, 1971) and for
females older than 5 days (THEUNISSEN, 19732). These methods were also used
for larvae and pupae.

Bouin fixative was chosen because it permitted a good and reproducible
distinction of the germinal cell types in gonads of all developmental stages of the
onion fly, Tt is not critical as for the duration of the fixation and therefore easy to
incorporate into a standard processing procedure. Additional observations
were made on gonads fixed with the following fluids:

Fluid Reference -
Allen B3 and B15 Gray (1958)
Carnoy-Lebrun Gray (1958)
Gilson GRrAY (1958)
Helly Gray (1958)
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Zenker Gray (1959)

Carnoy CArLETON and DrRuURY (1957
San Felice CARLETON and Drury (1957)
Susa CARLETON and DRURY (1957)
Flemming strong! LiLeie (1953)

Flemming* LiLLie (1953)

Tellyesniczky LuLie (1953)
Glutaraldehyde?

Glutaraldehyde {(Bouin)?
Bouin (Glutaraldehyde)*
Formalin (neutral)®

1 Both fixatives were prepared with either distilled water or Levy solution as a solvent. In
Flemming the acetic acid has been omitted.
2 Glutaraldehyde 5% in Séirensen buffer pH 7.4 during 3—4 hours, washing in Sorensen
buffer pH 7.0 overnight, post-fixation Allen B15 24 hours.
3 Like 2 and followed by post-ﬁxauon with Bouin overnight.
* Mixture consisting of :
picric acid, saturated in water 15 parts
glutaraldehyde, 25% in water 1 part
glacial acetic acid 1 part
5 Solution of 40%, formaldehyde in water, shaken with CaCOQ; to eliminate formic ac:d
Fixation during 3 hours.

Comments on the list of fixatives pertain to special features or qualities of
certain fluids:

— Carnoy fixatives in all variations and San Felice are penetrating rapidly and
preserve chromosomes well but cause an unacceptable uniformity of cell

morphology.

— Although Helly and Zenker are good general fixatives for micro-anatomical
purposes, they did not allow a good distinction of the germinal cell types in

H. antiqua.

— Glutaraldehyde fixative sometimes gives good results as a general fixative. It
is, however, unreliable as to the penetration of paraplast and the staining

properties, due to the gelating character of the fixation.

— Teliyesniczky was found to be an excellent fixative both for micro-anatomical
purposes and for cell type distinction. It is just slightly inferior to Bouin in

the latter aspect.

— Flemming with acetic acid and Levy solution as a solvent showed to be an
excellent fixative for the distinction of testicular cell types. All cell types stain

in a very characteristic and clear manner but sometimes staining difficulties are

met. The use of distilled water resulted in a decreased cell type characterization,

like when the acetic acid was omitted in the mixture with Levy. Fixation in the

fluid without acetic acid and Levy gave poor results.

As a standard staining method Ehrlich’s hematoxylin-eosin was used (CARLE-
TON and DRURY, 1957). Other methods used were Mallory’s triple stain and the
Feulgen stain, but they proved to be inferior when compared to the hematoxylin
stain. The observation of DemaLsy and CaLLEBAUT (1967) concerning the
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redundancy of sulfurous acid in the Feulgen method was confirmed in this
study.

Dissection of larvae

The gonads of the larvae are hard to find in the larval fat body. Therefore, the
entire part of the body in which the gonads are present is fixed. The larva is kept
immersed in a watch glass with cold Bouin by a pair of forceps and the body is
transversely cut into two halves. The protruding tissues are immediately fixed,
preventing the total dislocation of the tissues. The caudal half of the body is cut
again in two halves and the hind quarter is discarded. The gonads are present
in the remaining quarter with tissues bulging out at both sides. Fixation takes
place according to the standard method and is usually good. -

Dissection of pupae

Pupae are taken out of the puparium by careful cracking of the brittle former
larval cuticle with the points of a pair of forceps. The puparium breaks along the
former intersegmental grooves and subsequently the caudal half of the pupa-
rium can be peeled off carefully while holding the other half with very flexible
forceps. The glassy, whitish pupa can be taken out of the puparium. In the Bouin
fixative the abdomen is isolated by separating it from the thorax with a fine pair
of scissors. The protruding tissues are fixed immediately into a spongy,
coagulated mass. The abdomen can be opened as far as is necessary to ensure
proper penetration of the fixative and other fluids into the tissues. The isolated
abdomen is fixed at least overnight in Bouin at 4°C according to the described
standard method. Care is taken to enhance the stability of the pupal tissues by
keeping them long enough in MBC (methyl benzoate-celloidin) in order to
compensate for the lack of connective tissue and for normal coherence of these
tissues, ”

2.2.4, Autoradiographic methods

In autoradiographic experiments *H-thymidine (aqueous sol.,, Amersham,
UK} was used as a DNA-precursor. During these experiments 3H-thymidine
was used with a specific activity of 5 Ci/mM and at a concentration of 4.10~3
mCi/ml,

In preliminary tests young adult gonads were placed in a mixture of the iso-
tope solution and Levy physiological saline to obtain the required concentra-
tion. The freshly dissected tissues were washed in Levy saline, submerged and
incubated in the isotope solution at room temperature {about 20-21°C)
during a variable period of time, not exceeding 24 hours, and subsequently
washed in several baths of fresh Levy saline, The tissues were fixed and prepared
according to the described histological method.

In most experiments adult flies were injected with 1 pl >H-thymidine solution/
individual by means of a fine Hamilton syringe with dispenser. One day old
flies were preferred because at that time the cuticle is hard and brittle, thus
facilitating the penetration of the needle. The cuticle of younger flies is more
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flexible and resists penetration of the needle, thus causing a more inaccurate and
damaging injection. In one day old flies gonad development is about at its
peak activity. The flies were injected dorso-laterally in the wing muscles and
remained attached to the needle during 60 seconds in order to standardize the
injection procedure. After the injection the flies were transferred to cages
where they were provided with food and water. Samples were taken out of the
cages to be sacrificed after certain periods of time and prepared according to the
described histological method.

The slides were covered by Kodak AR 10 stripping film, exposed during
10 days, developed in Kodak DX 80 and fixed in a normal photographic fixer.
The tissues under the film were stained by an Ehrlich hematoxylin stain which
was somewhat adapted to this kind of preparation. For instance, the prepara-
tions were quickly transferred through the series of alcohols afier staining in
order to prevent CO, formation under the film following the immersion in Scott’s
solution. Eosin counterstaining was not applied due to the affinity of the film for
this stain, The stained preparations were mounted in dammar resin,

2.2.5. Electronmicroscopic methods :

When necessary testes and other tissues were dissected, cleaned and washed
in the fixing fluid, but mostly the testes could be fixed immediately.

Freshly dissected testes were fixed in 2 % glutaraldehyde in 0,06 M phosphate
buffer pH 7.0 at 4°C for 2 hours. The tissues were washed in two changes of the
buffer solution with 0.34 M sucrose at 4°C for 10 minutes each. They were kept
overnight in phosphate buffer with sucrose at the same temperature. The next
fixation took place in 1%, OsO, solution in phosphate buffer with sucrose for
2 hours at 4°C, The fixative was washed out in double distilled water at room
temperature for 30 minutes, after which staining (or contrasting) with 19
uranyl acetate took place by immersion for 30 minutes. The tissues were trans-
ferred through a series of ethanol of 709;, 80 %, 909 and 3 changes of 1009,
for 10 minutes each and to propylene oxide for 30 minutes. Infiltration with
epon-araldite took place by a sertes of mixtures of propylene oxide and epon-
araldite in the ratios 3: 1, 1: 1 and 1:3 respectively, each lasting 30 minutes, fol-
lowed by storage in epon-araldite overnight at room temperature and sub-
sequent embedding at increasing temperatures: 35°, 45° and 65°C each lasting
24 hours,

Tissues were embedded and stored in dried gelatin capsules and cut by
means of a LKB-ultramicrotome, Silver, pale gold and gold sections were picked
up on a formvar coated grid. The sections were contrasted with a saturated
solution of uranyl acetate by laying the grids upside down on a drop of the
solution on parafilm for 30 minutes. The grids were transferred to a drop of
water and washed by dipping in double distilled water for 1 minute, followed by
the same procedure in a 0.01 N NaOH-solution. Contrasting with lead citrate
foltowed for 30 minutes in a nitrogen atmosphere in a petri dish with KOH
grains to exclude CO,. The grids were transferred to a drop of a 0.01 N NaOH-
solution and subsequently washed in 2 changes of freshly distilled water by
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dipping them for 1 minute each. The grids were stored in a gridbox.
The sections were observed and photographed by means of a Philips EM 300
electron microscope.

2.2.6. Hlustrations

The preparations were studied and photographed by means of a Wild M 20
microscope with photographic equipment. The drawings were made using
a Wild drawing tube. Magnification is indicated by a bar which represents 10
unless indicated otherwise,

2.2.7. Sampling. -

When possible each group of comparable larvae, pupae or adult flies which
was used in experiments consisted of at least 25 individuals. If necessary a
smaller number was studied but no statement was made based on the exami-
nation of less than 10 individuals, unless explicitely mentioned.

Usually random samples were made of larvae, pupae and adults which were
available in abundance.
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3. GAMETOGENESIS

3.1, INTRODUCTION

Our study of gametogenesis of H. antigua which has been carried out to
create a basis for radiobiological experiments, is necessarily of a limited scope.
In general, insect oogenesis has been studied more extensively when compared to
insect spermatogenesis. Therefore, in the present work spermatogenesis in H.
antigua will be treated more in detail than oogenesis, the latter being very simi-
lar to that in other dipterous species, e.g. Musca domestica and Drosophila
melanogaster.

The anatomy of both the male and the female reproductive system is briefly
described and discussed in the next paragraph. Some brief remarks on the
chromosomes and cytogenetics of H. antigua are made in a subsequent para-
graph, followed by a description of young larval gonads at a stage of develop-
ment at which they can not be distinguished as being a testis or an ovary.
Paragraphs on spermatogenesis and oogenesis conclude this chapter.

3.2. GROSS ANATOMY OF THE REPRODUCTIVE ORGANS

Male reproductive system

The reproductive system of the young adult male consists of two ovoid or
pear-shaped, pale orange coloured festes, each with a ductus deferens. Both
of these unite with the orifices of the accessory glands to form the ductus
ejaculatorius,

FiG. 1. Developing male accessory glands, ductus ejaculatorius (below, centre) and ductuli
deferentia in pupa, 2 days before emergence (Carnoy fixation, HE staining), Bar = 10 .
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FiG. 2 Male accessary gland Glandu!ar ep;thehum w;rh vesxcufate cytoplasm at basal srdc
of the cells. Note the covering squamous epithelium with bundles of myofibrils (arrows).
12.686 x.

The testes will be discussed in some defail later (3.5.2.1.). They are found in
the 4th abdominal segment, dorsolateral of the intestinal tract.

The ductus deferens exhibits a layer of cubical epithelium covered by squa-
mous epithelium. Contractile elements are evidently present. The two accessory
glands are colourless, flat, oval structures which consist of cubical/columnar
glandular epithelium (fig. 1.) and outside its basement membrane an outer
cavering of squamous epithelium with contractile elements is observed. At the
ultrastructural level the cytoplasm of the squamous epithelium contains bundles
of myofibrillae which are responsible for the contraction of the glands (fig. 2).
Between this covering epithelium and the glandular epithelium the basement
membrane is present. The secretory function of the glandular cells is suggested
by the presence of a multitude of vesicles (fig. 2), small vacuoles and well
developed Golgi-complexes in their cytoplasm. The rough ER is irregularly
wound to form numerous vesicles. Microtubuli and small mitochondria are also
seen. The Golgi-complexes mostly lie at the basal side of the cell. The often
elongated nuclei are situated in the centre of the cells which are separated in
certain places by septate desmosomes. These constitute a part of the highly
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