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ABSTRACT

Despite the recent research on Isoptera reproduction strategies, few studies have focused on the morpho-
physiology of the reproductive system in Neotropical termite species. The classic literature emphasizes
the development of the female reproductive apparatus, generating a knowledge gap on the male repro-
ductive system, including its neotenic differentiation and the evolution of the seminal vesicles. The
development of the reproductive system in males of Silvestritermes euamignathus was followed from first-
instar nymphs until primary kings, with emphasis on the histology of the gonads and seminal vesicles
of primary and neotenic kings from field colonies. The maturation of the reproductive system follows
post-embryonic development, reaching a peak of development in primary functional kings from field
colonies. The testicles are already present in first-instar nymphs and show a progressive development
that is completed in primary kings, which are characterized by an enlarged size and greater sperm pro-
duction. Although spermatogenesis is observed in third-instar nymphs, only in fifth-instar nymphs are
spermatozoa present in the testicles and in the seminal vesicles. Spermatozoa are also present in the
testicles of neotenic reproductives, derived from different nymphal instars. After the foundation of a new
colony and the maturation of the king, there is a significant increase in the reproductive apparatus and the
testicular lobes, which mostly occupy the whole posterior abdomen in kings from field colonies. These
individuals have a minimum of seven testicular lobes that are completely separated from each other and
contain rounded, aflagellated spermatozoa, which are approximately 2-3 wm in diameter. Four-month
old kings from laboratory colonies seem to be in a period of reproductive pause, as they display fewer
sperm in the seminal vesicles. The seminal vesicles are specialized portions of the vasa deferentia that
play a role in storage of spermatozoa. These structures produce a proteinaceous secretion in alates that is
not observed in kings. The overall results indicate early maturation of the reproductive system in males
of S. euamignathus; furthermore, the reproductive status of the different individuals might be linked to
the development of the testicles and the production, storage and release of spermatozoa. The lack of
a proteinaceous secretion in the seminal vesicles of kings, in comparison to alates, might be related to
the maturation of the individuals after colony establishment. The development of the male reproductive
system is consistent with queen physogastry, but in more discreet proportions.

© 2017 Elsevier GmbH. All rights reserved.

1. Introduction

tidae as the dominant family, having more than 420 species in the
Neotropics (Constantino, 2017).

The infraorder Isoptera comprises over 2900 species of termites
worldwide, covering nine families according to the classification
by Krishna et al. (2013). Approximately 600 termite species are
distributed into five families in the Neotropical region, with Termi-
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The caste system of Termitidae follows a bifurcated pattern, and
post-embryonic development can follow one of two lines. In the
first line, a first-instar larva emerges from the egg and molts into
a second-instar larva that will become either a worker or a presol-
dier, which will later become a soldier. The individuals that follow
this pathway belong to the apterous lineage. In the second line, the
first-instar larva molts into a first-instar nymph, which will have
successive molting events until become an imago or alate. These
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individuals, the imago and its predecessors, belong to the imaginal
lineage (Noirot, 1969; Roisin, 2000).

Caste differentiation occurs during ontogenetic development
and may be influenced by both environmental (Mao and
Henderson, 2007) and genetic factors (Hayashi et al., 2007;
Matsuura et al., 2009; Kitade et al., 2011). Sometimes, the indi-
viduals deviate from their differentiation pathway and generate
the so-called neotenic reproductives (Myles, 1999). This occurs
either due to changes in the environment, e.g. when the colonies
are orphaned (Costa-Leonardo and Barsotti, 1998), or by genetic
influences, e.g. asexual queen succession through parthenogene-
sis (Matsuura et al., 2009; Vargo et al., 2012; Luchetti et al., 2013;
Fougeyrollas et al., 2015; Fournier et al., 2016; Matsuura 2017;
Fougeyrollasetal.,2017; Hellemans et al., 2017). Neotenic termites
may originate from either nymphs or workers, being respectively
called nymphoids and ergatoids (Myles, 1999).

Many nymphoid neotenics of both sexes have been widely
described in nests of Silvestritermes euamignathus (Noirot, 1956;
Aragjo, 1958; Noirot, 1969; Grassé, 1982; Costa-Leonardo et al.,
1996, 1998, 1999; Haifig et al., 2016). This termite species is char-
acterized by building epigeal mounds, very common in Cerrado
vegetation (Mathews, 1977; Domingos, 1985). According to Haifig
and Costa-Leonardo (2016), the imaginal line of S. euamignathus
presents one larval and five successive nymphal instars during
its post-embryonic development, with nymphoids differentiating
from the last three nymphal instars. The neotenics from the same
colony may present different morphologies: females with various
degrees of physogastry and males with different wing bud sizes
and body pigmentation (Costa-Leonardo et al., 1999; Haifig et al.,
2016).

The reproductive biology of termites has been widely studied
over the last years, as the reproductive mechanism is one of the
factors that define the relationships among the castes of a single
colony (Hartke and Baer, 2011). On the other hand, the physiolog-
ical details involved in the production, transference and storage
of spermatozoa in termites have received little attention (Dean
and Gold, 2004; Ye et al., 2009). The king remains with the queen,
and mating occurs intermittently, with oviposition cycles in some
species (Raina et al., 2007). According to Hartke and Baer (2011),
the ability of termite kings to supply large quantities of viable sper-
matozoa to the queen, throughout decades, is as important as the
fact that some female hymenopterans are capable of storing sper-
matozoa from their deceased partners for a similar period of time.
However, the study of the reproductive system in kings has been
neglected when compared to that of queens.

Herein, this study focused on a detailed morphological analysis
of the gonads in males of imaginal line, throughout post-embryonic
development and its deviations into neotenics, aiming to under-
stand the role of different functional males of S. euamignathus in
reproduction.

2. Materials and methods

2.1 Termites: In this study, the following males of Silvestritermes
euamignathus (Silvestri, 1901) were used: alates (collected during
swarming); four-month old primary kings (collected from labora-
tory colonies); primary and nymphoid neotenic kings from field
nests. Nymphs of this species were collected directly from nests
and classified into five instars (N1 to N5), according to the morpho-
metric analyses performed by Haifig and Costa-Leonardo (2016).
The neotenic kings were collected from a field nest headed by 31
females and 29 males and lacking the primary royal couple. The
neotenic kings and queens were active in reproduction (functional)
because eggs were found in the nest. At least three nymphs of each
instar were used for histology, and several alates and kings of dif-

ferent ages were used for dissection (n=21), for histology (n=7)
and for TEM (n=3).

2.2 Anatomy of the reproductive system: Twenty-one male
alates of S. euamignathus were dissected in a saline solution for
insects (0.1 M NacCl, 0.1 M NayHPOy, 0.1 M KH;PO4), and reproduc-
tive organs were isolated under a stereomicroscope. These organs
were individually placed on a microscope slide, stained with 1%
methylene blue solution, and imaged with the aid of Motic-CAM
(Causeway Bay, Hong Kong) camera. Measurements of the length
and width of the vas deferens and seminal vesicles were obtained
using Motic Image Plus 2.0 ML software.

2.3 Histology and histochemistry: The final abdominal por-
tion of male nymphs of five different instars (N1-N5), male alates,
four-month old kings from laboratory colonies and primary and
neotenic kings from field colonies of S. euamignathus were fixed
in FAA (absolute alcohol, acetic acid and formaldehyde, 3:1:1) for
approximately 24 h. Later, they were dehydrated in a graded series
of ethanol concentrations (70-95%) and transferred to an infiltra-
tion resin solution (Leica®). The samples were embedded laterally
with Historesin (Leica®) plus catalyzer for polymerization, and
3 pm sections were prepared using a Leica RM2245 microtome.
The sections were stained with hematoxylin-eosin and observed
under a photomicroscope (Leica DM500/Leica ICC50). Sections of
the abdomens of alates and kings were also stained with PAS and
xylidine-Ponceau for detection of polysaccharides and total pro-
teins, respectively. Images were recorded with the aid of LAS v4.0
software (Leica Application Suite v4). A quantitative analysis of the
testicular area using the five most sagittal sections of the testicles,
certified by the lumen of the vas deferens, from different individuals
was performed using Image ] 1.50i software. Data were logarithmi-
cally transformed to achieve both normality and homoscedasticity
(Crawley 2007), and analyzed using one-way ANOVA followed by
Tukey HSD for multiple comparisons. The analyses were performed
in the R program, version 3.3.1 (R Core Team 2016).

2.4 Transmission Electron Microscopy (TEM): The abdomens of
male alates were fixed in 2.5% glutaraldehyde, post-fixed in 1%
0s04, and embedded in Araldite epon resin. The samples were
embedded in pure Epon resin and polymerized at 60°C for 72 h.
Ultrathin sections (60-90 nm) were obtained using a Leica Reichert
Supernova ultramicrotome and contrasted with uranyl acetate 4%
and lead citrate. The material was observed under a Philips CM100
transmission electron microscope (operating at an accelerating
voltage of 80 kV) and photographed with a Veleta camera using
iTEM software (v. 5.2).

3. Results

The reproductive system of males of S. euamignathus consists of
two testicles, from which arise two vasa deferentia that end into a
single ejaculatory duct (Fig. 1A). Each vas deferens, before reaching
the ejaculatory duct, presents a discrete dilation that corresponds
to the seminal vesicle. The ejaculatory duct ends in a rudimentary
copulatory organ, the penis, which protrudes through the genital
pore, located in the intersegmental membrane between the 9th and
the 10th abdominal sternites.

A pair of lobed testicles are located laterally to the digestive
tube, in the dorsal region of the abdomen, in all individuals. The
testicular lobes, vasa deferentia and seminal vesicles are very sim-
ilar in size and development in fifth-instar nymphs (Fig. 1B) and
alates. In neotenic kings and in primary kings from field colonies,
testicle development is more conspicuous (Fig. 1C and D), occupy-
ing the whole abdomen in primary kings. The testicular lobes of
all males are composed of a set of seminiferous tubules, which are
joined together by a surrounding capsule, the peritoneal sheath.
Spermatogenesis occurs inside the seminiferous tubules that are
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Fig. 1. Reproductive apparatuses of Silvestritermes euamignathus males. A. Whole mount of an imago stained with methylene blue. Longitudinal sections of a fifth-instar
nymph (B), a neotenic king (C) and a primary king (D) stained with hematoxylin-eosin. ed, ejaculatory duct; vd, vas deferens; t, testicular lobes; sv, seminal vesicle.

enclosed by this sheath, a region where somatic and germ cells are
present (Fig. 2).

The number of testicular lobes is difficult to evaluate in nymphs
and alates, because the testicles are not well developed in these
individuals and their tubules are still compacted (Fig. 2A-F).
Despite that, itis possible to observe the seminiferous tubules being
uncompressing as the nymphal instars evolve (Fig. 2A-E). The three
functional reproductives of S. euamignathus show differences in the
development of their reproductive apparatus when compared to
one another (Fig. 2G-I). The histology of testicular lobes of four-
month old kings is similar to that observed in the alates (Fig. 2G);
however, in primary kings (Fig. 2H) and in neotenic kings from
field colonies (Fig. 2I), the lobes are perfectly separated, larger, and
shaped like fingers, with a minimum of seven lobes (up to ten are
observed) in the former.

Each testicular lobe, from the top to the base, is formed by
a series of zones in which the germinative cells are arranged in
groups, or cysts, that are in progressive stages of development, from
spermatogonium to spermatozoon, and are separated from each
other by the peritoneal sheath. Additionally, in each cyst, all ger-
minative cells are at the same stage of development, and they differ
according to the phase of the male life cycle (Fig. 2). The different
phases of spermatogenesis occur in the testicular cysts of third-
instar nymphs and older, including alates, primary and neotenic
kings (Fig. 2C-I). The large-sized lobes allow better observation
of the spermatogenesis phases and of the spermatozoa in primary
and neotenic kings from field colonies (Fig. 2H and I, respectively).
The apical region of the seminiferous tubules in male reproductives
shows a mass of small, irregular, and generally, flattened cells. This
region frequently presents cells in division and is largely connected
to trachea (Fig. 2F). Below this apical region, there are cells of a
similar developmental stage with rounded nuclei, which are eas-
ily observed in neotenic reproductives (Fig. 2I). The basal region of
seminiferous tubules presents cells with typical features of mei-
otic chromatin as well as spermatozoa (Fig. 2H). The spermatozoa
of S. euamignathus are rounded, lack flagella and are 2-3 pm in
diameter.

Table 1
Mean + S.E. of the testicular area (in wm?) in the male reproductives of Silvestritermes
euamignathus. Different letters mean statistical differences.

Individual Testicular Area
Nymph 1 5097.7+486 a
Nymph 2 7829.1+660.7 b
Nymph 3 7915.2+566 b
Nymph 4 9580.8 +584.3 bc
Nymph 5 11342.1+1448.2 bc
Alates 13402.9+839.4 ¢
Neotenic king 27365.3+1197.3d
Primary king from field colony 75693.02+18229e

The testicles of S. euamignathus have a significant increase in
size after males reach maturity (F=189.7; df=7, 40; P <0.001),
and this may be observed following the development of these
organs in nymphs of different instars (Fig. 2A-E) by comparing it
with alates and kings (Fig. 2F-I). The comparative measurements
are shown in Table 1. The differentiation of seminiferous tubules
begins in third-instar nymphs, which already present early dif-
ferentiation of the cells in the cysts, whereas only spermatogonia
can be found in first- and second-instar nymphs (Figs. 2A and 2B).
The testicles of fourth- and fifth-instar nymphs show many cysts
with cells in different phases of spermatogenesis, principally the
fifth-instar nymphs (Fig. 2D and E). These fifth-instar nymphs have
already completed spermatogenesis, as spermatozoa are found
inside some cysts, though in small quantities (Fig. 2E). In addition
to the enlargement of the testicles, the whole reproductive system
of S. euamignathus increases in size from first-instar to fifth-instar
nymphs (Fig. 2A-E).

The vasa deferentia are paired and leave the testicles, migrating
laterally towards the base of the 9th sternite, joining together in the
ejaculatory duct. In alates, the corresponding tubes are composed of
asimple columnar epithelial tissue surrounded by an external mus-
cle layer and measure approximately 571.94+59.88 um in length
and 70 +£12.5 wm in width.
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Fig. 2. Histological sections of the testicular lobes stained with hematoxylin-eosin. A. First-instar nymph. B. Second-instar nymph. C. Third-instar nymph. D. Fourth-instar
nymph. E. Fifth-instar nymph. F. Alate. G. Four-month old primary king from laboratory colony. H. Primary king from a field colony. I. Neotenic king from a field colony. dsc,
degenerative sex cells; ps, peritoneal sheath; spg, spermatogonia; spcl, spermatocyte I; spcll, spermatocyte II; spt, spermatid; spz, spermatozoa, tc, terminal chamber.

The seminal vesicles appear as dilations of the vasa deferen-
tia in their distal portion (Fig. 3). In alates, they measure around
173 £50.06 wm in length and 114.5 +31.45 wm in width. The vesi-
cles are lined with a simple epithelium with a brush border,
enveloped externally by musculature, and this pattern is found in
seminal vesicles from nymphs to older kings. The variable param-
eters are the number of spermatozoa found inside those structures

and the shape of the cells in the different portions of the semi-
nal vesicles. The seminal vesicles in first- to fourth-instar nymphs
are in an early developmental stage and still exhibit an empty and
small lumen (Fig. 3A). Fifth-instar nymphs, despite having sem-
inal vesicles with very small lumens when compared to imagos,
already have some spermatozoa scattered in their lumen (Fig. 3B).
Only a few spermatozoa are observed in fifth-instar nymphs, and
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Fig. 3. Overview of the seminal vesicle in Silvestritermes euamignathus males. A. Second-instar nymph. B. Fifth-instar nymph. C. Alate. D. Four-month old primary king
(laboratory colony). E. Primary king from a field colony. F. Neotenic king from a field colony. Dye: hematoxylin-eosin.; spz, spermatozoa; ve, vesicular epithelium.

they increase in number in alates and functional kings from field
colonies, but are also low in four-month old kings (Fig. 3C-E).
Neotenic kings show a smaller number of spermatozoa when com-
pared to functional kings from field colonies (Fig. 3E and F).

There was no reaction to the test for polysaccharide detection
(PAS) in the lumen of seminal vesicles in any of the reproduc-
tives, which suggests that the secretion from that structure contains
no neutral polysaccharides. Additionally, xylidine Ponceau histo-
chemical test shows a proteinaceous secretion that is present in
seminal vesicles of alates (Fig. 4A), but it disappears in primary
four-month old kings and neotenic reproductives. The last two

reproductives show only spermatozoa and degenerative sex cells
in the lumen of their seminal vesicles (Fig. 4B and C).

The ejaculatory duct shows a single layer of epithelial cells,
which is externally surrounded by a muscle layer (Fig. 5A and B).
The ejaculatory duct is formed by the junction of the vasa deferen-
tia in a median duct, and it ends in a membranous penis. The penis
in S. euamignathus reproductives is a retractile organ, small in size
and formed by the final portion of the ejaculatory duct (Fig. 5C and
D).

The ultrastructure of a cyst containing spermatocytes I is shown
in Fig. 6A. These spermatocytes show several mitochondria in
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Fig. 4. Seminal vesicles in Silvestritermes euamignathus males. A. Alate. B. Four-
month old primary king (laboratory colony). C. Neotenic king from a field colony.
Dye: XP. dsc, degenerative sex cells; spz, spermatozoa; ve, vesicular epithelium; vs,
vesicular secretion.

the apical pole, many free ribosomes scattered in the cytoplasm
and multi-lamellar structures similar to lysosomes (Fig. 6B). An
overview of the seminal vesicle shows the simple epithelium
enveloped in a thick visceral musculature (Fig. 6C). Additionally, the
vesicular epithelial cells present nuclear envelopes with an irreg-
ular surface, and septate junctions adhering adjacent cells (Fig. 6D
and E). The lumen of seminal vesicles of alates shows spermato-
zoa and degenerative sex cells of testicular origin (Fig. 6F). The
spermatozoa are spherical, strongly electron-dense and may have
electron-lucent regions in their nuclei, which are also spherical
(Fig. 6F). The degenerative sex cells are larger than the sperma-
tozoa, and they always have electron-dense nuclei surrounded by
electron-lucent regions (Fig. GF).

4. Discussion

The male reproductive system of functional reproductives in ter-
mites is comparable to that found in hymenopterans (Alford, 1975;
Holldobler and Bartz, 1985; Holldobler and Wilson, 1990; Duvoisin
et al., 1999; Baer, 2005), and in other insects (Simmons, 2001). It
is formed by a pair of testicles, connected to a vas deferens, that
join together to form the ejaculatory duct. The seminal vesicles in
S. euamignathus are dilations of the final portion of the vasa defer-
entia and differ from those individualized structures described for
some lower termites (Grassé, 1982).

In termites, the testicles are formed by lobes in which the sper-
matozoa are produced. In kings of S. euamignathus, each testicle
presented at least seven testicular lobes, a number similar to that
found in imagos of other species of the family Termitidae, such as
Termes saltans alates with 6-10 testicular lobes (Godoy and Torales,
2000), Tenuirostritermes tenuirostris young kings with 6-8 lobes
(Weesner, 1955) and Cubitermes fungifaber alates with 4-12 lobes
(N'diaye, 1977).

The maturation of the testicles seems to be precocious in S.
euamignathus, because third-instar nymphs already exhibit differ-
entiated cells in their testicular lobes. Following post-embryonic
development, the reproductive system presents a progressive
development in size and number of spermatozoa produced, reach-
ing a peak of development in old primary kings from field
colonies. The testicular lobes of primary and neotenic kings of S.
euamignathus were completely separate from each other, as occurs
in dipterans and some orthopterans, in which the testicles con-
sist of individual structures that are connected to the vas deferens
(Chapman, 1998). Based on the analysis of intestinal contents dur-
ing the maturation of kings of Macrotermes michaelseni, Sieber and
Leuthold (1982) suggested that males go through a change in food
habits that could influence the growth of their testicles until they
hypertrophy, in the case of mature colonies. During the establish-
ment of the colony, the reproductives feed by themselves; while
in mature colonies, they receive saliva from workers, which con-
tributes to the enlargement of the king’s gonads.

According to the pioneering study by Weesner (1969), the apical
portion of termite testicular lobes shows spermatogonia, the mid-
dle portion spermatocytes I and the basal region spermatocytes II.
Spermatocytes Il give rise to the spermatids, which will differenti-
ate into spermatozoa. The ultrastructure of the testicular lobes of S.
euamignathus showed that spermatocytes I are characterized by a
great quantity of multivesicular and multi-lamellar electron-dense
bodies, in addition to many mitochondrial clusters. These char-
acteristics were also observed in Kalotermes flavicollis by Grandi
(1992), and are considered as specialized structures closely related
to a specific stage of cellular differentiation.

When completely differentiated, the spermatozoa of S.
euamignathus are rounded and aflagellated. Aflagellated sperma-
tozoa are commonly observed in all Termitidae, and most lower
termites, including K. flavicollis, Reticulitermes lucifugus (Baccetti
etal., 1974) and Coptotermes formosanus (Rainaetal.,2007).To date,
the most remarkable difference in spermatozoa morphology was
recorded for the basal termite Mastotermes darwiniensis, in which
the spermatozoa are mobile and present approximately 100 flagella
(Baccetti and Dallai, 1978; Dallai, 2014; Dallai et al., 2016).

The spermatozoa differentiated in the testicles are transported,
via vasa deferentia, to the seminal vesicles. In S. euamignathus, the
seminal vesicles store sperm and are only dilations of the basal
portion of the vasa deferentia. Functional kings from field colonies
presented more developed seminal vesicles, with a higher num-
ber of spermatozoa in their lumen than alates. Our results show
that the secretion from the seminal vesicles is proteinaceous in
alates of S. euamignathus, but it was not observed in primary and
neotenic kings. Probably, this alteration in the secretion of the vesi-
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Fig. 5. Overview of vas deferens and seminal vesicles in a longitudinal section. A. Alate. B. Primary king from a field colony. Overview of the ejaculatory duct in Silvestritermes
euamignathus males. C. Nymph. D. Alate. Dye: hematoxylin-eosin. p, penis; spz, spermatozoa.

cles is related to the maturation of the kings, which will release
the sperm in a short time. This corroborates the idea that semi-
nal vesicles are also important during the pre-reproductive period,
because they produce a proteinaceous secretion that may nourish
the spermatozoa.

The main functions of the male reproductive system are the
production and storage of spermatozoa, and their transportation
in a viable state to the reproductive system of a female. In S.
euamignathus, spermatozoa are produced in the testicles and stored
in seminal vesicles that are structures closely related to the ejacu-
latory duct, which ends in a retractile penis. This retractile penis is
similar in structure to that described for the termite C. fungifaber
(N'diaye, 1977).

Similar to the hymenopterans, termite colonies are founded
after alate swarming (Nutting, 1969). However, while in majority
of social hymenopterans newly-inseminated females found new
colonies themselves, termites start a new colony with a royal cou-
ple, the king and the queen, known as primary reproductives. These
reproductives remain together inside the colony, and mate sev-
eral times during their lives (Nutting, 1969; Sieber and Leuthold,
1982). Termite colonies show oviposition cycles during the life of
the reproductives (Raina et al.,2003), and these cycles might also be
related to male reproductive status. Our results showed that four-
month old kings from laboratory colonies were probably in a period
of reproductive inactivity, because they showed fewer sperm in
seminal vesicles when compared to alates.

Over the next few years of colony development, the queen
becomes physogastric through a series of important alterations,

including the growth of the reproductive system and modifications
of fat body (Bordereau, 1982; Godoy and Torales, 1994; Costa-
Leonardo et al., 2013). The modifications that termite males go
through from the mating flight to maturity are less marked, and the
currently available studies are scarce and incomplete, mainly per-
taining to neotenic kings. In S. euamignathus, as neotenic kings may
originate from different nymphal instars (Costa-Leonardo et al.,
1999; Haifig and Costa-Leonardo, 2016), their reproductive sys-
tem is less developed than that present in functional primary kings.
Neotenic kings are numerous in the colony and these multiple indi-
viduals may supply the necessary quantity of sperm for colony
reproduction similar to a single, primary king.

In sum, the maturation of the male reproductive system was
followed during post-embryonic development in the imaginal line
of the termite S. euamignathus. The testicles are small in first-
instar nymphs, but increases in size and cellular differentiation
were observed after third-instar nymphs, with fully-developed
spermatozoa in fifth-instar nymphs. The fact that these developed
spermatozoa are found in fifth-instar nymphs might be related to
the capacity of these individuals to differentiate into alates or into
neotenic kings when necessary, supplementing or, as has being
widely recorded for this species, replacing the primary king (Costa-
Leonardo et al., 1998; Haifig et al., 2016). Conversely, the great
development of the reproductive system observed in the kings
from field colonies is consistent with their participation in colony
reproduction. In these individuals, the seminal vesicles appear mor-
phologically as an additional structure and are completely full of
spermatozoa for the regular insemination of the queen. The dynam-
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Fig. 6. Ultrastructure of male reproductive apparatus of S. euamignathus. A. Spermatocytes [ enveloped by peritoneal sheath (arrow). B. Observe many mitochondria (mi)
spread out the cytoplasm of a spermatocyte I and a multi-lamellar structure (*) that resembles a lysosome. C. Seminal vesicle showing a simple epithelium surrounded by
thick visceral musculature (m). D. Nuclei (n) of two epithelial cells. Note the irregular surface of the nuclear envelope. E. Septate junctions (arrows) between two epithelial
cells. F. Lumen of seminal vesicle with degenerative sex cells (dsc) and spermatozoa (spz).

ics in the proteinaceous secretion of the seminal vesicles observed
within the reproductives throughout the maturation of termite
males, from later nymphal instars to primary and neotenic kings
from field colonies, might be related to the periods of storage
and release of spermatozoa, which reflect the functional or non-

functional reproductive status of the individual at a particular age.
Consistently, our study indicates that the male reproductive system
in S. euamignathus is also subjected to differentiation that might
parallel physogastry in the queen throughout the years, but in more
discreet proportions.
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