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Abstract

Allard, D., Ito, F., Aikawa, Y., Gotoh, A. and Billen, J. 2010. Testes degenera-

tion in ants: a histological study of Gnamptogenys bicolor. —Acta Zoologica

(Stockholm) 00:1–5.

Sperm synthesis in the males of social Hymenoptera is not continuous, as the

testes degenerate before the males become sexually active. This article presents

the first histological study focusing on the degeneration of testes tissue, using

adult males of the ant Gnamptogenys bicolor. At eclosion, spermatogenesis is still

in process in the apical part of the testes, while the basal spermatocysts are all

packed with mature sperm. During the second week after eclosion, the first signs

of degeneration appear as small clear vacuoles inside the spermatocysts,

interspersed between maturing sperm cells. Sperm starts migrating into the vasa

deferentia shortly after. As spermatocysts void their contents into the vasa defer-

entia, the follicles start shrinking and losing their shape and the fibrillar capsule

tissue gets looser. Cellular breakdown yields dark vacuoles of various density and

large granular, multi-layered bodies.
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Introduction

Testes degeneration is a remarkable feature of Hymenoptera

males. In ants, spermatogenesis stops shortly before or after

eclosion, and all sperm are stored in the paired vasa deferen-

tia, which form an expansion of the seminal vesicles. Forbes

(1954), in his study of the male reproductive system of the

ant Camponotus pennsylvanicus DeGeer, already suspected

that spermatogenesis comes to a halt in mature males. In the

imaginal males he studied, most of the sperm was found in

the vasa deferentia, and no meiotic stages were identified in

sections of the testes, a pattern he compared to that reported

for honeybees by Bishop (1920) and Zander (1951), and for

the wasp, Polistes jadwigae, by Machida (1934). Moreover,

he observed granular masses in the distal ends of the follicles

in C. pennsylvanicus, which he considered a possible indica-

tion of loss of activity of the follicles. Hölldobler (1966)

shows the histological organization of the testes in newly

eclosed males of Camponotus herculeanus, C. ligniperda, and

Formica polyctena. He mentions that spermatogenesis comes

to an end shortly before eclosion in F. polyctena and only

around the 14th day after eclosion in Camponotus. Hung

et al. (1974) and Hung and Vinson (1975) reported a

decrease in testicular size in adult males of Pachycondyla

harpax, Eciton hamatum, Neivamyrmex sp., Pogonomyrmex

barbatus, Crematogaster laeviuscula, Solenopsis invicta, Atta tex-

ana, Iridomyrmex pruinosum, Conomyrma insana, Formica

canadensis, Formica subintegra and Polyergus breviceps. Ball

and Vinson (1984) made a description of testes degeneration

in Solenopsis invicta. Gotwald and Burdette (1981) found

‘functional testes’ in the pupae of representative species of

army ants, but little evidence of testes in adult males, indicat-

ing atrophy. Ford and Forbes (1984) reported the same

phenomenon in the army ant Dorylus (Anomma) nigricans,

while testes in the related D. (A.) wilverthi show only slight

differences in histological arrangement between pupae and

adults. Hölldobler and Bartz (1985) added Lasius, Myrmica,

and Nothomyrmecia to the list of ant genera showing testes

degeneration and hypothesized that this phenomenon is the

rule in ants. Subsequent studies on the male reproductive

system of ants focus on testis histology and spermatogenesis

(Tapinoma nigerrimum: Palomeque et al. 1990; Camponotus

sp.: Wheeler and Krutzsch 1992) or on timing of testes mat-

uration (Linepithema (= Iridomyrmex) humilis: Keller and

Passera 1992; Passera and Keller 1992), but never provide a

histological account on the degeneration of gonadal tissue.
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Hölldobler and Bartz (1985) were the first to reflect on the

implications of such limited sperm supply for male fitness and

mating strategy. They discuss whether male ants invest all

their sperm into a single female or distribute it over several

females according to the possibility of sperm use for the pro-

duction of sexuals. Bourke and Franks (1995) also predicted

that males would discharge all sperm into a single female in

the case of aerial mating swarms associated with male-biased

numerical sex ratios and heavy predation, whereas males

invest sperm to multiple females in the case of mating within

or around the nest such as ‘sexual calling’ associated with

female-biased numerical sex ratio and low predation risk.

Heinze et al. report one exception to the rule of testes degen-

eration in the genus Cardiocondyla: ergatoid males of C. nuda,

C. cf. mauritanicus, C. wroughtonii, C. emeryi, C. minutior, and

C. sp. 5 produce sperm throughout their entire lifespan

(Heinze and Hölldobler 1993; Heinze et al. 1998). Ergatoid

Cardiocondyla males mate in their natal nest with freshly

eclosed queens and kill rival males to secure their harem.

They would have secondarily evolved continuous sperm pro-

duction through neoteny (the retention of juvenile features),

as a result of the strong selection to develop rapidly to adult-

hood (Bourke and Franks 1995).

Still, the proximate reasons for testes degeneration remain

unclear. To analyze the histological aspects of this degenera-

tion seems relevant to us, as it might give insight into the

origin and evolution of this phenomenon. In all literature ref-

erences mentioned earlier, histological data on testes develop-

ment either dealt with newly eclosed males or compared

newly eclosed males and males with degenerated testes. We

therefore undertook for the first time a more detailed histolog-

ical examination of the testes at different ages. As a test spe-

cies, we choose Gnamptogenys bicolor, a South East-Asian

ectatommine species. Preliminary tests showed that testes

degeneration occurs during the second week after eclosion,

which is relatively late in the development of the males com-

pared to other ant species. This provides a convenient time

frame to study the degeneration process in adult males, which

are easier to manipulate and dissect than immature stages.

Moreover, the size of the genital tract in this species makes it

appropriate for histological study. We made histological sec-

tions at 1-week intervals through the reproductive system of

males aged between 1 day and 7 weeks.

Material and Methods

Colonies of G. bicolor were collected in the Purwodadi Botani-

cal Gardens in East Java, Indonesia, during spring 2001 and

2003. Colonies of this population are monogynous, headed

either by an ergatoid queen or by a gamergate (mated worker)

(Tanigawa et al. 2002). Females display sexual calling behav-

ior to attract males, although we were unable to observe

mating itself. The ants were housed in nests consisting of two

plastic boxes with plaster floor (8 · 12 · 3.5 cm), connected

by a tube. One box served as a nest chamber and was covered

with an opaque lid; the other was the foraging arena and was

covered with a translucent lid. Colonies were kept at a

constant temperature (27 �C) and exposed to a 14-h light ⁄ 10-

h dark photo cycle. The ants were fed termites, mealworms,

and honey water.

To rear males, we removed the queens from six colonies.

Males started eclosing about 2 months later. Cohorts of newly

eclosed males were marked dorsally on the thorax by gently

touching them with a Mitsubishi paint marker once a week.

Males of the desired age cohort were killed by placing them

in the freezer for a few minutes. Their abdomen was dissected

in Ringer Joly solution (Joly 1968), and the genital system

comprising the (possibly degenerated) testes, seminal vesicles,

accessory glands, and genital capsule was removed. The geni-

tal systems were fixed in 2% glutaraldehyde in a sodium-caco-

dylate buffer, postfixed in osmium tetroxide, dehydrated in a

graded acetone series, embedded in araldite, and sectioned at

1 lm thickness (semithin sections) using a Reichert OmU2

microtome with glass knives. The sections were stained with a

1 : 1 mixture of methylene blue:thionin during 1–2 min.

Spermatogenic cell stages were interpreted according to

Palomeque et al. (1990).

Results

Each testis consists of two bean-shaped follicles or testicular

lobes that each contain a few tens of spermatocysts. A fibrillar

capsule, containing tracheal tissue and surrounded by sparse

muscle fibers, envelops each testis. In 1-day-old males

(n = 2), the testes follicles have a diameter of approximately

200 lm (we studied four males of this stage, but the sections

only allowed proper size measurements on two of them).

Within one spermatocyst, all gonial cells are in the same stage

of development. We observed cells with large nuclei with dis-

persed chromatin (spermatogonia), cells with condensed

chromatin (dividing spermatocytes), spermatids with round

heads and elongate tails (Fig. 1), and mature spermatozoa.

Spermatids and spermatozoa show a parallel arrangement

with their heads pointing in the same direction within each

spermatocyst. In males of 1½ weeks (n = 4), the follicle diam-

eter is similar to that in newly eclosed males. Centrally, all

spermatogenic stages are still visible. In the basal part of the

follicles, the vast majority of spermatocysts are filled with

mature spermatozoa. Some cysts contain minute vacuoles

(diameter approximately 2–3 lm) interspersed between the

maturing spermatozoa (Fig. 2A). After 2½ weeks (n = 4), the

vast majority of spermatocysts are filled with mature sperma-

tozoa. As in the previous stage, some cysts contain minute

vacuoles interspersed between the spermatozoa (Fig. 2B). A

few cysts still contain spermatocytes and early spermatids.

Other cysts start dissolving, releasing the sperm in the interfol-

licular matrix, which is characterized by numerous loose

cells (probably sustentacular cells of somatic origin),

holes, and vesicles with different density (Fig. 2B). Sperm is

starting to migrate into the vasa deferentia (not illustrated).
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In 3½-week-old males (n = 4), the vasa deferentia are packed

with sperm, which is still organized in bundles. The testes are

clearly shrinking, as shown by the reduction in size (follicles

now measure approximately 100 lm in diameter), and the

capsule tissue getting loose around the testicular lobes

(Fig. 2C). Inside the testes, only a few spermatocysts filled

with sperm remain. We still find cysts with spermatogonia

and spermatocytes, indicating that spermatogenesis is still in

process in parts of the testis. Holes and dark vesicles are pres-

ent in great numbers. In 4½-week-old males (n = 3), the tes-

tes continue shrinking (follicle diameter ranging from 60 to

80 lm). A few cysts filled with sperm are still present inside

the testes. Next to the numerous dense vesicles, irregularly

shaped ‘chunks’ with a multi-layered appearance are inter-

spersed between the cysts (Fig. 2D). In 5½-week-old males

(n = 4), the cystic structure of the testes is not visible any-

more. The remains of the testes consist of loose connective tis-

sue, a few spermatozoa, and numerous dark vesicles and

‘chunks’ (Fig. 2E). After 6 weeks (n = 4), remnants of the

testes are visible as spherical agglomerations (diameter

Fig. 1— Transverse section through testicular follicle of 1-day-old

Gnamptogenys bicolor male (scale bar 50 lm). CT, capsule tissue; SC,

spermatocytes with condensed chromatin; SG, spermatogonia with

large nuclei and dispersed chromatin; ST, spermatids with round

heads and elongate tails; VD, vas deferens.

A

C

E F

D
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Fig. 2— Cross section through testis of G.

bicolor males at increasing age (A and B are

through one follicle). —A. 1½ weeks, —B.

2½ weeks, —C. 3½ weeks, —D. 4½ weeks,

—E. 5½ weeks, —F. 6½ weeks (scale bars

50 lm). CT, capsule tissue; EC, empty sper-

matocysts; S, sperm inside vas deferens; SZ,

mature spermatozoa; VD, vas deferens.

Arrows in A and B point at vacuoles, arrow-

heads in D point at irregularly shaped

‘chunks’ with a multi-layered appearance and

dense vacuoles.
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approximately 50 lm) of loose sperm, dark granules, and a

few undifferentiated cells between the coiled upper parts of

the vasa deferentia (Fig. 2F). In four males of unknown age,

but older than 7 weeks, the situation is the same.

Discussion

The testes of Gnamptogenys bicolor start to show signs of

degeneration in males at the age of 2 weeks and display

complete degeneration around 6 weeks. The overall structure

of the testes corresponds well with the description for Campo-

notus pennsylvanicus by Forbes (1954) and Tapinoma nigerri-

mum by Palomeque et al. (1990). The testes are composed of

four follicles in G. bicolor, while C. pennsylvanicus has 12–16

and T. nigerrimum only two follicles. Each testis and the ante-

rior, convoluted portion of its vas deferens are covered by a

fiber-like capsule, which in G. bicolor seems to consist mainly

of stellate-shaped cells with oval nuclei. This corresponds to

the description by Ball and Vinson (1984) for Solenopsis

invicta. In C. pennsylvanicus, Forbes (1954) described the cap-

sule as a network of tracheae and tracheoles, indicating high

oxygen requirements for the intense metabolic activity during

spermatogenesis. The degeneration of follicles seems to start

during the second week after eclosion and is visible by the

appearance of many small vacuoles interspersed between the

sperm cells. As cysts empty themselves in the vasa deferentia,

starting during the third week after eclosion, the follicles start

shrinking and losing their rounded shape. The numerous dark

vesicles and particles seem to indicate breakdown of tissue. In

Formica polyctena, sperm migration into the vasa deferentia

occurs between 5 and 8 days after eclosion; in Camponotus

herculeanus and C. ligniperda this is between 21 resp. 36 days

(Hölldobler 1966).

The histological description made by Forbes (1954) must

correspond to an advanced degeneration phase, as ‘scattered

spermatozoa are present in the lumina of the testes follicles

and the vasa efferentia of C. pennsylvanicus, most of the sperm

is arranged in the vasa deferentia. No meiotic stages were

identified in the sections of the testes examined’.

The halt in spermatogenesis and ensuing degeneration of

the testes must occur through two phenomena: the depletion

or degeneration of stem cells and the degeneration of support-

ing (somatic) tissue. Insect spermatogenesis has been thor-

oughly reviewed by Dumser (1980). In insects, germ cells are

continuously supplied through division of stem cells in the

apical part of the sperm tube. The selective autolysis of sper-

matocytes or spermatids, generally during periods of diapause

or quiescence, has been reported in a wide variety of species.

Moreover, definitive termination of spermatogenic function

has been reported for the dipteran Piophila casei in which it is

initiated by the degeneration of the stem cells; sequential

differentiation of the remaining germ cell elements eventually

exhausts the pool (Laugé et al. 1974). Degeneration of the

apical complex and subsequent sterility has been reported for

some Orthoptera (Nelsen 1931).

Further research is necessary to understand the mecha-

nisms regulating apoptosis of gonial cells and regulating the

timing of this degeneration. Additionally, phylogenetic studies

concerning the occurrence of testes degeneration in Hyme-

noptera and related taxa should contribute to understanding

the origin and evolution of this phenomenon.
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