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ABSTRACT : The present study observed the ultrastructure of testis of bluespotted mud hopper(Boleophthalmus pectinirostris), and
spermatogenesis was discussed also. The testis was surrounded by a thin adventitia, inside which spermatocyst composed the parenchyma
of testis. Each lobule was enwrapped by many spermatocysts, which were filled with different kinds of spermatogenic cell clusters at
the same developmental stage. In the lobule lumen there are large numbers of spermatozoa. The thin adventitia(outer wall) of testis
was composed of outer epitheiium, and the underlying layers, such as collagen fiber layer, and myoid tissue. The myoid tissue elongated
into the inside of testis, became the main componentof interstitium between spermatocyst, where spermatogenesis occurred. In addition,
interstitial cells containing dense homogeneous nucleus and abundant mitochondria were observed. Spermatogonia contained round
nucleus with diffuse chromatin and nucleolus, and dense nuclear bodies surround by mitochondria in cytoplasm. The synaptonemal
complex was observed in primary spermatocytes clearly. Early spermatid presented larger round nucleus composed of granular chromatin,
which was located in the center of cytoplasm. The nucleus of mid-spermatid composed of finely granular chromatin lied on one side
of spermatid, and abundant mitochondria had migrated another side. A nuclear fossa appeared in the site near mitochondria in
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late-spermatid, and the centriole was formed in nuclear fossa.
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INTRODUCTION

Bluespotted mud hopper(Boleophthalmus  pectinirostris) is
subjected to Perciformes, Gobiidae, an intertidal and amphibious
air-breather that actively shuttles back and forth between tide-
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pools and air(Martin and Bridges, 1999), and mainly distributes
in China, Korean Peninsula, Japan etc. It creeps around and
browses benthic diatom on mud flats at low tide, breathing
through skin, tail fin and gill cavity, and stays in a burrow in
the mud at high tide(Masuda et al., 1984). The flesh of this fish
has the premium quality, contains sixteen amino acids, eight of
which are essential amino acid(Wang and Su, 1994), and can be
used in Chinese medicine(Tang, 1987). In addition, bluespotted
mud hopper has strong adaptability to changes in temperature
and salinity, short food chain and low trophic level, and is easy
to culture and long-distance transportation, which all make this
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fish an ideal species for aquaculture(Zhang and Hong, 2003).
The aquaculture of bluespotted mud hopper has been carried
out since 1960's in Taiwan, and many authors have investigated
the basic and reproductive biology of bluespotted mud hopper.
The annual histological changes of ovaries, and microscopic
structure and ultra-structure of oocyte development were
observed by Cai(1994) and Ni et al.(1995). Chung et al.(1991)
also investigated the sexual maturation histologically on the
gonadal development, and by gonadosomatic index(GSI) and egg
diameter composition. Cai(1996) studied the population structure
and reproductive characteristics, and Ryu et al.(1995) inves-
tigated its ecology and life history. Regarding to the artificial
production of bluespotted mud hopper seedling, the studies on
the artificial reproduction, embryonicdevelopment, and larval
feeding and growth, have been investigated by Zhang et al.(1987
and 1989). Hong et al.(2000, 2001) optimized the hatching
techniques of fertilized eggs, and successfully induced the
ovulation. Zhao et al.(2002) investigated the effect of phe-
romones on maturation and spawning. However, the ultra-
structure of testis and spermatogenesis has not been reported.
The present study observed the ultrastructure of testis of
bluespotted mud hopper, and spermatogenesis was discussed

also.

MATERIALS AND METHODS

1. Fish
Adult bluespotted mud hoppers were collected from a fish

market in Yosu city during reproductive season.

2. Histology and cytology of testis

The- testes were obtained through dissection and fixed in
Bouin's solution for histology and in 2.5% glutaraldehyde for
cytology, respectively. After 24h the samples for histology were
processed for routine histological examination using paraffin-
embedded procedures. The microstructure of testes was observed
and light micrographs were made using the Olympus CX41
microscope. The samples for cytology were post-fixed in 1%
0s04 for 1h, embedded in Spurr resin. Ultrathin sections were
contrasted with alcoholic uranyl acetate and lead citrate, and

examined with a JEM 1200 EX-?transmission electron mictro-
scope.
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RESULTS

1. Histology

The testis of biuespotted mud hopper was surrounded by a
thin out of wall, inside of which spermatocysts composed the
parenchyma of testis(Fig. 1A). The interstitial cells with acido-
philic cytoplasm were observed between lobules(Fig. 1B). Each
lobule was enwrapped by many spermatocysts, which were filled
with difference kinds of spermatogenic cell clusters at the same
developmental stage. The different spermatogenic cells including
spermatogonium, spermatocyte, and spermatid, could be dis-
tinguished in terms of the cell size, cytoplasm to nuclear volu-
metric ratio and the basophilicdegree under a light microscope.
In the lobule lumen there are large numbers of spermatozoa(Fig.
1B-D).

2. Cytology

The thin outer wall of testis was composed of outer epi-
thelium, and the underiying layers, such as collagen fiber layer,
and myoid tissue(Fig. 2A). The erose epithelia surrounded the
thick collagen fiber lays. The underlying myoid tissue consisted
of many myoid cells, which were filled with abundant myoid

Fig. 1. Light micrographs of H&E stained B. pectinirostris tissue

sections of the testis. A: The parenchyma of testis composed
of spermatocysts. B-D: Higher modification of Fig. 1A. IC;
interstitial cell, L; lumen of spermatocyst, PS; primary sper-
matocyte, SC; spermatocyst, SG; spermatogonium, SS; secon-
dary spermatocyte, ST; spermatid, SZ; spermatozoa, An arrow
indicates a spermatocyte undergoing meiosis. Bar=50 xm(A),
5 pm(B-D).
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fibers(Fig. 2A, 3A). The nucleus of myoid cell was homo-
geneous, but there was difference in the electronic density
between myoid cells, while density of nucleus was accordant
with cytoplasm in the same cell(Fig. 3A). The myoid tissue
elongated into the inside of testis, became the main component
of interstitium between spermatocyst, where spermatogenesis
occurred(Fig. 2A). The term "interstitium"was used in this study
to designate structures and substances that were in the spaces
between spermatocysts and separated from them by the basal
membrane of interstitial cells. In addition, interstitial cells
containing dense homogeneous nucleus and abundant mitochon-
dria were observed in interstitium(Fig, 2B, Fig. 3A, B).
Spermatocysts were filled with difference kinds of spermato-

genic cell clusters at the same developmental stage along the

Fig. 2. The ultrastructure of testis of B. pectinirostris. A: The outer

wall of testis composed of outer epithelium, and the underlying
layers, myoid tissue, and collagen fibers. Two spermatocysts
containing spermatogonia and spermatocytes were separated by
the extended myoid tissue. B: Spermatogonia containing round
nucleus with diffuse chromatin and nucleolus, and dense
nuclear” bodies surround by mitochondria. An interstitial cell
containing dense nucleus and mitochondria and its basal mem-
brane(arrow) was closed to it. C: Basal membrane(arrow)
extended into the spermatocyst and wrapped spermatogonia. D:
Two spermatogonia containing many dense nuclear bodies. DB;
dense nuclear body, E; epithelium, F; collagen fibers, I; inter-
stitial cell, M; mitochondria, MT; myoid tissue, N; nucleus,
NS; nucleolus, S; spermatocyte, SC; spermatogonium. Bar=2
pm,
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Fig. 3. Ultrastructure of testis of B. pectinirostris. A: Interstitium was

composed of myoid cells, and interstitial cell containing dense
nucleus and abundant mitochondria. There was difference in the
electronic density between myoid cells. Two spermatocysts
containing spermatogonia with dense nuclear bodies and sper-
matocytes were separated by interstitium. Bar=2 gm. B: Mag-
nification of two interstitial cells showed abundant mitochon-
dria. An arrow indicates the plasmatic membrane. Bar=0.5 xm.
C: Primary spermatocytes containing synaptonemal complex.
Bar=2 pm. D: Early spermatid containing granular chromatin,
Bar=2 gm. DB; dense nuclear body, IC; interstitial cell, M;
mitochondria, MC; myoid cell, N; nucleus, S; spermatocyte,
SG; spermatogonium.

basal membrane of interstitial cells. The basal membrane was
dense, and often extended into the spermatocyst and wrapped
spermatogonia(Fig. 2B, C). Spermatogonia contained round
nucleus with diffuse chromatin and nucleolus, and dense nuclear
bodies surround by mitochondria in cytoplasm(Fig. 2B-D).
Spermatocytes were obviously smaller than spermatogonia, and
the synaptonemal complex was clearly observed in primary
spermatocytes(Fig. 3C). Spermatid could be divided into three
stages obviously. Early spermatid presented larger round nucleus
composed of granular chromatin, which was located in the center
of cytoplasm(Fig. 3D). The nucleus of mid-spermatid composed
of finely granular chromatin lied on one side of spermatid, and
abundant mitochondria had migrated another side(Fig. 4A). A
nuclear fossa appeared in the site near mitochondria in late-
spermatid, and the centriole was formed in nuclear fossa(Fig.
4A).



92 Kyoung Ho Kang, Kang Hee Kho and Jae Min Kim

Fig. 4. The ultrastructure of testis of B. pectinirostris. A: Mid-
spermatid containing finely granular chromatin and abundant
mitochondria, late-spermatid with a nuclear fossa housing cent-

riole(asterisk), and spermatogonia in the same spermatocyst.
Bar=2 ym. B: Magnification of late-spermatid. The mito-
chondria had migrated to underside of nuclear fossa. Bar=0.5
um. C; centriole, M; mitochondria, N; nucleus, SG; sperma-
togonium, ST, spermatid.

DISCUSSION

The gonad organization and gametogenesis in teleosts have
been extensively studied and summarized in several work(Grier,
1993, 2000; Colombo and Grandi, 1996; Grandi and Columbo,
1997; Nakamura et al, 1998; Grier and Lo Nostro, 2000;
Koulish et al., 2003). Comparisons have shown that despite
general agreement on cell form certain details of sperm andtheir
organelles are specific to various taxe, and thus have been used
as evolutionary markers(Mattei, 1988). Efforts have also been
made to establish the correlations between type and form of
fertilization, whether external or internal, and the form and
dimensions of the sperm head and sperm tail. With these in
mind, it was of interest to study the testis structure and
spermato-genesis of B. pectinirostris, an intertidal and amphi-
bious air-breather. A

The outer wall consisted of epithelium, and subjacent layers
that include collagen fiber layer, and myoid tissue. The subjacent
layers enclosing the gonad appear to be analogous with the
tunica albuginea, a compact collagenous connective tissue layer
enclosing the testes in mammals(Greep and Weiss, 1973). The
myoid layer not only surrounded the testis under collagen fiber,-
but also elongated into the inside of testis, became the main

component of interstitium between spermatocyst. The wide
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distribution of myoid cells suggests that a contractile mechanism
extends throughout the testis, which probably aids the sperm in
moving from cysts to collecting ducts(Koulish et al., 2003).

The organization of spermatogenic cells suggested that the
testis of bluespotted mud hopper belonged to lobular type. Prior
to spermatocyst formation the spermatogonia are closely
associated with Sertoli cells in a tissue that rests on a basement
membrane that delineates the lobule. The lobule opens into a
lumen. This kind of organization has been termed as the ger-
minal epithelium and fulfills the textbook definition of an
epithelium(Grier, 2000; Grier and LoNostro, 2000). In B. pecti-
nirostris, however, there was no enough morphological evidence
to indicate the pre- sence of Sertoli cells. Spermatogonia often
were wrapped with the basal membrane of interstitial cells and
myoid cells.

The interstitial cell of B. pectinirostris was characterized by
dense homogeneousnucleus and abundant mitochondria. There
was some difference between these cells and Leydig cells
described in other teleost fishes, i.e., rich in anastomizing SER
and have numerous vesicles, except the presence of abundant
mitochondria. More researchshould be performed to illustrate the
function of interstitial cell, for example, whether they can
produce steroid.

In spermatogonium, dense nuclear bodies surrounded by
mitochondria were observed. It was found that these bodies
appeared almost concomitantly as precursors of the nucleolus
and crossed the nuclear membrane pores in the filamentous form
of small, 188 rRNA subunits(Fishelson, 2003). They would
condense and become surrounded by mitochondria that might
presumably serve as energy depots for RNA activities. Begi-

nning with spermatid formation, they were no longer visible.

REFERENCES

Cai ZP (1994) A histological study on the development of ovary
of the mudskipper Boleophthalmus pectinirostris. Trop
Ocean 13:31-38.

Cai ZP (1996) Population structure and reproductive charac-
teristics of mud-skipper Boleophthalmus pectinirostris, in
Shenzhen Bay, China. Acta Ecologica Sinica 16:77-82.

Chung EY, An CM, Lee TY (1991) Sexual maturation of the
bluespotted mud  hopper, Boleophthalmus pectinirostris (Li-



Dev. Reprod. Vol. 7, No. 2 (2003)

nnaeus). Bulletin of the Korean Fisheries Society 24:
167-176.

Columbo G, Grandi G (1996) Histological study of the develop-
ment and sex differentiation of the gonad in the European
eel. J Fish Biol 48:493-512.

Fishelson L. (2003) Comparison of testes structure, spermato-
genesis, and spermatocytogenesis in young, aging, and
hybrid cichlid fish (Cichlidae, Teleostei). J Morphol 256:
285300, | '

Grandi G, Colombo G (1997) Development and early differen-
tiation of gonad in the european eel (Anguilla anguilla L.,
Anguilliformes, Teleostei): a cytological and ultrastructural
study. J Morphol 231:195-216.

Greep RO, Weiss L (1973) Histology. 3rd ed. New York,
McGraw-Hill.

Grier HI (1993) Comparative organization of Sertoli cells
including the Sertoli cell barrier. In: Russell LD, Griswold
MD (eds.), The Sertoli cell, Cache River Press, Clearwater
FL, pp 704-739.

Grier HJ (2000) Ovarian germinal epithelium and folliculo-
genesis in the common snook, Centropomus undecimalis.
(Teleostei: Centropomidae). J Morphol 243:265-281.

Grier HJ, LoNostro F (2000) The teleost germinal epithelium: a
unifying concept. In: Norsberg B, Kjesbu OS, Taranger GL,
AnderssonE, Stefansson SO (eds.), Proc 6th International
Symposium on the Reproductive Physiology of Fish, Bergen,
Inst Mar Res, Univ Bergen pp 1-14.

Hong WS, Zhang QY, Huang FQ (2000) Studies on the hatching
techniques of the fertilized eggs in mudskipper (Boleo-
phthalmus pectinirostris). ] Xiamen Univ (Nat Sci) 39:
241-246.

Hong WS, Zhang QY, Wang MX, Shang X, Wu DX (2001)
Induced ovulation and spawning of mudskipper inside
artificial nest. J Trop Ocean 20:75-80.

Koulish S, Kramer CR, Grier HJ (2003) Organization of the
male gonad in a protogynous fish, Thalassoma bifasciatum
(Teleoster: Labridae). J Morphol 254:292-311.

The Ultrastructure of Testis and Spermatogenesis 93

Martin KLM, Bridges CR (1999) Respiration in water and air.
In: Hom MH, Martin KLM, Chotkowski MA (eds.),
Intertidal fishes. Life in two worlds, Academic Press,
Orlando Florida, pp 54-78.

Masuda H, Amaoka K, Araga C, Uyeno T, Yoshino T (1984)
The fishes of the Japanese Archipelago. Tokai University
Press Tokyo Japan pp 1-437.

Mattei X (1988) The flagellar apparatus of spermatozoa in fish.
Ultrastructure and evolution. Biol Cell 63:151-158.

Nakamura M, Kobayashi T, Chang Xiaotian, Nagahama Y
(1998) Gonadal sex differentiation in teleost fish. J Exp Zool
281:362-372.

Ni ZM, Zhang QY, Hong WS (1995) On microscopic structure
and ultrastructure of oocyte development in mudskipper,
Boleophthalmus pectinirostris. J Ocean Taiwan Strait 14:
163-168.

Ryu BS, Kim IS, Choi Y (1995) Ecology and Life History of
Boleophthalmus pectinirostrisin Korea. Journal of the Korean
Fisheries Society 28:316-324.

Tang WC (1987) Chinese medicinal materials from the sea.
Chinese Medicine 1:571-600.

Wang J, Su YQ (1994) The biochemical composition and energy
analysis of three mudkippers. J Xiamen Univ (Nat Sci) 33:
96-99.

Zhang QY, Hong WS (1989) Study on induced ovulation,
embryonic development and larval rearing of the mudskipper
(Boleophthalmus pectinirostris). Aquaculture 83:375-385.

Zhang QY, Hong WS (2003) The aquaculture and artificial
raising seedling of Boleophthalmus pectinirostris. Shandong
Fisheries 20:1-4.

Zhang YQ, Hong WS, Dai QN (1987) Studies on artificial
reproduction and larval rearing in mudskipper (Boleophthal-
mus pectinirostris). J Xiamen Univ (Nat Sci) 26:366-373.

Zhao WH, Hong WS, Wu DX, Jiang XX, Zhang QY (2002)
Induced maturation and spawning by pheromones in female
mudskipper (Boleophthalmus pectinirostris). J Ocean Tai-
wan Strait 21:284-291.



