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The gobiid fish Trimma okinawae changes its sex bi-directionally according to its social status. Mor-
phological changes in the urinogenital papillae (UGP) of this fish have been reported during sex
change. However, there have been no detailed observations of such changes. Here, we histologi-
cally examined the UGP structure of male- and female-phase fish. UGPs of fish in female and male
phase contained both oviducts and sperm ducts. Both ducts were coalesced into one duct within
the posterior region of the UGP. Female-phase fish had many longitudinal folds in the hypertrophied
tunica mucosa of the oviduct, which was found to be responsible for the transport of eggs and the
removal of follicular cells from the oocyte. In contrast, male-phase fish had an immature oviduct
and a mature sperm duct in the UGP. In the male-phase fish, the co-existence of spermatozoa and

fibrillar secretions was observed in the sperm duct during spermiation.
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INTRODUCTION

Sequential hermaphroditism (sex change) is a widely
documented phenomenon in animals (Devlin and Nagahama,
2002). Various coral-reef fishes change their sex according
to their social status. Sex change typically occurs in one of
two manners, namely, protogyny (sex change from female
to male) and protandry (sex change from male to female)
(Frisch, 2004).Protandrous and protogynous sex change are
generally irreversible. However, recently, sex change in both
directions (bi-directional sex change), from female to male
and vice versa, has been reported in several species of fish
(Frisch, 2004).

The Okinawa rubble goby (Trimma okinawae, Pieces:
Gobiidae) was the first fish reported to undergo bi-directional
sex change fish (Sunobe and Nakazono, 1993). This fish
has a polygynous mating system in which a harem normally
consists of one dominant male and one or more females.
Removal of the dominant male from the harem results in
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female-to-male sex change in the largest female. If the dom-
inant male is returned to the harem, the fish that underwent
the sex change is transformed into a female again. Field
observations and aquarium experiments have confirmed this
phenomenon (Sunobe and Nakazono, 1993; Manabe et al.,
2007). As bi-directional sex change can be manipulated, this
gobiid fish provides an excellent animal model for elucidat-
ing the general mechanisms of sex change.

We have previously described the detailed gonadal
structure of T. okinawae (Kobayashi et al., 2005). The
gonadal structure of this fish differs fundamentally from that
of other fish that undergo sex change. All gonads that were
examined, including those from female- and male-phase
fish, unambiguously contained both ovaries and testes
attached to an accessory gonadal structure (AGS). In short,
this fish is equipped to respond to its social status by pos-
sessing both ovary and testis, even though only one gonad
remains active at a given time. This unique gonadal struc-
ture makes it possible for this fish to change sex in both
directions.

During the sex change period, the fish changes not only
its gonadal sex, but also its behavior (Nakashima et al.,
2000), brain (Godwin, 2010), and body coloration (Sakai et
al., 2003; Wittenrich and Munday, 2005) among other char-
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acterstics. We have confirmed that T. okinawae rapidly
changes its sexual behavior and expression of two gonado-
tropin receptors in the gonads (Kobayashi et al., 2009) after
induction of sex change. However, we have been unable to
observe sexual dimorphic features of females and males
except for the change in the urinogenital papillae (UGP). In
this report, we justify the UGP instead of the genital duct.
The UGP is located on the ventral surface of the fish, caudal
to the anus (Fig. 1). The UGP consists of a urinary duct and
a genital duct, and it is well known that gametes produced
by gonads are carried through the UGP to the genital ducts.
Morphological changes in the UGP have been reported in T.
okinawae (Grober and Sunobe, 1996) and in other gobiid
species (Reavis and Grober, 1999) during sex change.
However, no histological examination has been performed
on the UGP.

In this study, we histologically examined the UGP struc-
ture in male- and female-phase fish of T. okinawae, and
additionally investigated the role of UGP in reproduction.

MATERIALS AND METHODS

Trimma okinawae were collected with a hand net from their nat-
ural habitat in the Okinawa Prefecture, Japan in June 2008. The
fishes were transferred to the laboratory and maintained in an
aquarium under constant conditions (sea water at 27°C, 14 h light:
10 h dark) at the Sesoko station, University of the Ryukyus. A total
of 17 fish (20.3—35.0 mm in total length) were used in this study. All
fish were anesthetized with 2-phenoxyethanol (Wako chemicals,
Osaka, Japan) before tissue collection. After the measurement of
total length, fish were euthanized by decapitation. The reproductive

Fig. 1. Ventral views of urinogenital papillae (UGP; broken line) of
an adult female-phase (A) and male-phase (B) gobiid fish, Trimma
okinawae. The UGP in females is short and wide. In contrast, the
male UGP is long and sharp. UGP, urinogenital papillae. Bars indi-
cate 0.5 mm.
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tracts of the fish were fixed in freshly prepared Bouin’s solution
overnight at room temperature, then processed in a graded alcohol
series and Lemosol Coagulant (Wako), and finally embedded in
paraplast (Sigma Chemical Co., St. Louis, MO). Transverse sec-
tions of 5-7 um thickness were cut with a rotatory microtome (Leica,
Stockholm, Sweden) and stained with hematoxylin and eosin.

All animal handling and experiments were conducted in accor-
dance with the Guide for Care and Use of Laboratory Animals
approved by the University of the Ryukyus.

RESULTS

Morphological observation of urinogenital papillae of
gobiid fish

External views of UGPs of T. okinawae are shown in
Fig. 1. As reported previously (Sunobe and Nakazono, 1993;
Grober and Sunobe, 1996), the UGP of females is short and
wide and has several processes at the papillae opening (Fig.
1A. n = 10). Male-phase fish have a long and sharply taper-
ing papillae (Fig. 1B. n = 7). Many well-developed vitello-
genic oocytes at various stages are seen in the ovaries of
female-phase fish. Testes of male-phase fish consisted of
many lobules containing spermatogenic germ cells, such as
spermatogonia, spermatocytes, spermatids, and sperm. The
ovaries of male-phase fish contained only pre- vitellogenic
oocytes (data not shown). Fish in the sex-changing phase
were not included in this study.

Histological observation of genital ducts of male-phase
fish

At the posterior end of the testis, a well developed
accessory gonadal structure (AGS) attached with genital
ducts was observed (Fig. 2A). At the upper part of the intes-
tine, a urinary duct, an oviduct, and a sperm duct passed
separately through the UGP (Fig. 2A). At the posterior
region of the anus, the UGP was well developed (Fig. 2B).
The UGP consisted of a cortex and a medulla. Each oviduct
and sperm duct was joined at the middle part of the UGP
(Fig. 2C). A few short, longitudinal folds were observed in
the tunica mucosa of the sperm duct (Fig. 2D).

Histological observation of reproductive tracts of
female-phase fish

In female-phase fish, three ducts were observed at the
dorsal region of the intestine and anus, as in the male (Fig.
3A, B). In the posterior region of the anus, the medulla of the
UGP was extremely swollen (Fig. 3C). At the posterior
region of the UGP, an oviduct was coalesced with a sperm
duct into single genital duct (Fig. 3D). At the end of the ovi-
duct, several processes were observed (Fig. 3E). In the
tunica mucosa of the oviduct, a number of hypertrophied
longitudinal folds were observed (Fig. 3A-D). In contrast,
the sperm duct was smooth and narrow.

Reproductive role of urinogenital papillae on sperm-
iation and ovulation

To clarify the involvement of the UGP in ovulation and
spermiation, the UGPs of two pairs of male and female fish
during spawning were histologically examined. A previous
observation (Sunobe and Nakazono, 1990) revealed that
spawning occurred in the morning. We set up an aquarium
with one male and one female, with a vinyl chloride pipe to
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Fig. 2. Transverse sections of urinogenital papillae (UGP) in male-
phase gobiid fish, Trimma okinawae (A-D). (A’ and D’) Higher mag-
nification of rectangle in A and D. The urinary duct (UD), oviduct
(OD) and sperm duct (SD) are enclosed in UGP. AGS, accessory
gonadal structure; C, cortex of UGP; M, medulla of UGP; TM, tunica
mucosa. Bars indicate 200 um.

serve as their nest. Samples were collected in the early
morning (5:00—6:00 AM) during spawning.

Spermiation was observed in the male UGP (Fig. 4A).
Spermatozoa and fibrillar secretions stained with Eosin filled
the sperm duct of the male (Fig. 4B). AGS of male-phase
fish were also filled with spermatozoa and fibrillar secretions
(Fig. 4C). In the female, ovulation was observed, with eggs
being spawned one by one from the UGP (Fig. 4D). In the
oviduct of the female, three or four oocytes were moved
along by longitudinal folds of the tunica mucosa (Fig. 4E).
Removal of the ovarian follicle cell layer was observed in the
oviduct of the middle part of UGP (Fig. 4E). However, the
frequency of follicle cell layer separation was unknown. In
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Fig. 3. Transverse sections of urinogenital papillae (UGP) in
female-phase gobiid fish, Trimma okinawae (A-D). The urinary duct
(UD), well-develped oviduct (OD), and sperm duct (SD) are
enclosed in UGP. In the tunica mucosa of oviduct, a number of
hypertrophied longitudunal folds were observed. C, cortex of UGP;
M, medulla of UGP; OO, oviduct opening. Bars indicate 200 um.

contrast to male, AGS of female was not developed and
there are no fibrillar secretions (Fig. 4F). Although spawned
eggs had no attachment filaments (Fig. 4D), fertilized eggs
were elliptical and adhered to the nest wall with attachment
filaments (Fig. 4G).

DISCUSSION

Many studies of sexual plasticity in the brain (Godwin,
2010) and gonad (Nakamura and Kobayashi, 2005) (Frisch,
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Fig. 4. Morphological and histological observations of urinogenital papillae (UPG) and accessory
gonadal structure of sperminating male- (A—-C) and ovulating female- (D-F) phase gobiid fish, Trimma
okinawae. Fertilized eggs with attachment filaments were observed in the nest (G). AGS, accessory
gonadal structure; UD, urinary duct; OD, oviduct; SD, sperm duct; Z, spermatozoa (broken line); AF,
attachment filaments. Bars indicate 200 pm.
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Fig. 5. Schematic diagrams of urinogenital papillae structure (UPG)
in the bi-directional sex changing gobiid fish, Trimma okinawae. Both
oviducts and sperm ducts were enclosed in UPG simultaneously.

2004) have been conducted in sex-changing fish. Few stud-
ies, however, have focused on changes in the genital ducts.
Thus, this study reports and characterizes genital duct struc-
tures of male- and female-phase fish of the bi-directional sex
changing species Trimma okinawae (Fig. 5).

Although two genital ducts were coalesced at the posterior
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region of the UGP, all fish
examined, including male- and
female-phase fish, distinctly
possessed both a permanent
oviduct and sperm duct. This
supports a previous report on
the gonadal structure of this
species (Kobayashi et al.,
2005). These results suggest
that each of the two genital
ducts is able to carry oocytes
and sperm, respectively. In
the medaka, the develop-
ment of the genital ducts of
females and males have
been described (Suzuki and
Shibata, 2004). This study
indicated that the caudal part
of the oviduct, which the
authors termed the genital
pore lip, and the ventral
region of the urethra mesen-
chyme are important for the
formation of the intra and
extra-genital ducts. The
authors also suggested that
the  developmental  pro-
cesses of the genital duct dif-
fer between female and male
fish (Suzuki and Shibata,
2004). As the larvae of T.
okinawae died three days
after hatching in a previous
study (Sunobe, 1995), at
present, we have no data on
the  developmental pro-
cesses of the gonads and
genital ducts in this species.
Further studies are needed
to understand how T. oki-
nawae develop two genital
ducts simultaneously.

Similar to T. okinawae,
the mangrove Killifish, Kryptolebias marmoratus, is also
known to have ovarian tissue and testicular tissue simulta-
neously (Sakakura et al., 2006). However, the number of
genital ducts are different between species, as killifish have
only one genital duct (Sakakura et al., 2006). This difference
may be due to the differences in reproductive biology and
gonad formation between the species. Killifish are the only
known naturally self-fertilizing hermaphrodites (Taylor et al.,
1995) and testicular tissues have been shown to make up
only a small portion of the gonad (Sakakura et al., 2006). In
contrast, T. okinawae do not self-fertilize and they do pro-
duce only one gamete type at a time according to their
social condition. Therefore, the two genital ducts system of
gobiid fish may contribute to its inability to self-fertilize.

In our study, the morphology and histology of reproduc-
tive ducts in male and female T. okinawae revealed sexual
dimorphism, similar to previous observations in this (Sunobe
and Nakazono, 1993) and other fish species (Meisner et al.,
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2000; Spadella et al., 2008). These results suggest that
UGPs and their genital ducts are changed during the bi-
directional sex change process in T. okinawae, as well as in
another bi-directional gobiid species, Lythrypnus dalli
(Carlisle et al., 2000). Treatment with androgens (testoster-
one or 11-keto-testosterone, which is a major androgen in
teleost fish) in the female results in morphological changes
of the UGP from the female type to the male type in gobiid
fishes (Egami, 1959; Carlisle et al., 2000). Thus, changes of
the UGPs in this fish during sex change may be dependent
on sex steroid hormones, especially androgens, produced
by the gonads.

We observed well-developed oviductal mucosal folds in
the UGPs of female-phase fish. These longitudinal folds are
thought to assist in the transport of oocytes (ovum transport)
to the opening of the oviduct, similar to mammalian tubal
peristalsis (Shafik et al., 2005). Interestingly, dissociation of
the follicle cell layer from the oocyte was observed in the
oviduct at the UGP region. In oviparous teleosts, postovula-
tory follicles have been shown to be present in the ovary
after ovulation (Nagahama, 1994). However, in our previous
study, we did not observe postovulatory follicles in the ovary
of T. okinawae during the spawning cycle (Kobayashi et al.,
2004). Thus, we report here the new characterization of ovi-
duct of this fish, which may play a important role in the
removal of ovarian follicles as the final step of oocyte matu-
ration, unlike in other teleosts.

Several teleost species, including gobiid fish, are known
to have attachment filaments distributed over the eggs
(lIwamatsu et al., 2008; Kramer and Patzner, 2008). In the
medaka, rudiments of attachment filaments have been
clearly shown in the area where granulosa cells connect
with the oocyte (lwamatsu and Nakashima, 1996). However,
rudiments of attachment filaments were not observed in
ovary of T. okinawae (Kobayashi et al., 2005). In addition,
attachment filaments were not observed in ovulated eggs
from females of T. okinawae in this study. However, fertil-
ized eggs were elliptical and adhered to the nest wall with
attachment filaments. Histological observations showed that
sperm ducts were filled with spermatozoa surrounded by a
secretory fibrillar fluid. Therefore, we hypothesize that this
secretory fluid is the source of the attachment filaments of
the fertilized eggs in T. okinawae. This observation raises
the question of where the secretory fluid enters into the
sperm duct. We observed fibrillar fluid in AGS of male, but
not in AGS of female. In another gobiid species (Gobiodon
okinawae), fibrillar and colloidal secretions were also found
in lobes of an AGS attached to the testis (Cole and Hoese,
2001). The AGS is also termed “seminal vesicle”, “seminal
gland”, “sperm-duct gland”, or “accessory glandular struc-
ture”. Various shapes of this structure have been observed
in the testes of gobies (Fishelson, 1991), indicating AGSs
are common structures among gobiid fishes. Histological
observation for gobiid fish AGSs showed high similarity to
mammalian seminal vesicle (Aumuller and Riva, 1992).
However, AGS is not derived from the Wolffian duct in at
least some fishes (Weisel, 1949). For this reason, AGS are
not homologous to the mammalian seminal vesicle and
accessory glands (Weisel, 1949) but rather a close analogy
between AGSs and mamalian seminal vesicle.

As steroid biosynthesis was observed in the AGS of the

Downloaded From: https://bioone.org/journals/Zoological-Science on 15 May 2024
Terms of Use: https://bioone.org/terms-of-use

urohaze goby (Asahina et al., 1989) and the round goby
(Jasra et al., 2007), the role of the AGS was predicted to
include the production of reproductive pheromones. How-
ever, these studies did not provide evidence for direct pher-
omone effects in gobiid fishes. Therefore, the exact function
of the AGS is still unknown at the present. Here, we hypoth-
esized a newly role of the AGS as the production organ of
the attachement filaments of fertilized eggs. An investigation
of the attachment filaments and AGSs of male gobiid fish
will help test our hypothesis.

In conclusion, this study has shown that the bi-
directional sex changing gobiid fish have two genital ducts
simultaneously. The developmental state of oviducts and
sperm ducts correlates to the sexual phase of the fish. Fur-
thermore, we characterized the reproductive role of UGPs in
gobiid fish. Female UGPs not only play a role in transporta-
tion of eggs, but also in the removal of the ovarian follicle of
pre-ovulation oocytes. Attachement filaments of fertilized
eggs may be produced by AGSs of the male-phase fish and
transported through the sperm duct to the eggs.
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