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ABSTRACT; Light and trunsmission electron microscopy were used to study the structure of various stages of germ cells of
the Aphanius dispar (Rippell 1828) in Oman A dispar testes were of cystic type Different stages of spermatogonia,
spermatocytes and spermatids were observed within the cvsts Each cyst is oceupicd by a group of germ cells almost all in the
same singe. The morphology and ultrastructure of the nuclel and cytoplasmic organelles of the germ cells are deseribed. Some
Nagella possessing lateral side fins and some biflagellated spermatoroa were seen

permatogenesis and spermiogenesis of teleost have been the subject of several studies (Afzehus, 1977; El-Hawawi

et al, 1981; Guha et al, 1986, Saez ef al, 1990 and Iliadou & Fishelson, 1993). However very little information is
available on dphanius dispar (Riippell 1828), a cyprinodont fish in Oman. 4. dispar is common and widely distributed
in fresh and brackish waters. The biology of 4 dispar m the Sultanate of Oman 1s at present receiving considerable
attention (Ba-Omar & Prenns, 1992; Ba-Omar ef af 1998). This paper attempts to provide some information on the
variation of spermatogenic and spermiogenic differentiation of A. dispar, at the ultrastructural level.

Material and methods

Male specimens of Aphanius dispar with a total iength range of 31-48 mm were collected from Wadi Al-Khoud
(Muscat) near the Sultan Qaboos University in Northern Oman (Lat.23° 30" N; Long.58° 40" E) and from springs near
Salalah in the Dhofar Region, Southern Oman (Lat.17° 01" N; Long.54° 01" E). Fish collected were subsequently
scarified and the testes were immediately removed and immersed in Kamovsky fixative buffered with sodium cacodylate
to a pH of 7.4 for four hours. The tissues were then post-fixed in 1% aqueous solution of osmium tetroxide for 1 hour
and dehydrated in a series of alcohol before embedding in Agar 100 resin. Semi-thin and ultra-thin sections were cut
using Leica ultamicrotome R, The semi-thin sections were stained with toluidine blue and the ultra-thin sections were
stained with urany| acetate and post-stained in lead citrate. The sections were examined using a Zeiss EM900 TEM.

Results

LIGHT MICROSCOPY: Semi-thin sections examined by light mucroscopy indicated the general feature of the testes in

Aphanius dispar (Fig.1). The testes were composed of several cysts. Each cyst was occupied by several germ cells
usually in the same stage of development. The cysts with different stages of germ cells were not arranged in any definite
pattern and were randomly distributed (Fig.1). Synchrony at each stage of development was maintained within cach cyst
by the close apposition of those germ cells.
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Figure L. Light Micrograph (LM) of a transverse section of the testis showing cysts with different stages (arrows). Bar =25 um,

Figure 2. Transmussion electron micrograph (TEM) of spermatogonia showing the nucleus (N) with heterochromatin, mitochondria
{small arrows), nuage-like materials (large arrow heads) and membrane bound vacuoles (v) Bar = | pmy,

Transmission Electron Microscopy

SPERMATOGONIA: The spermatogonia were grouped in cvsts. Each cyst was composed of primary and secondary
spermatogonia. The pnmary spermatogonia mitotically divide to form secondary spermatogonia. The nuclei of both
primary and secondary spermatogonia were spherical in shape with clumps of heterochromatin (Fig, 2). Cytoplasmic
organelles such as nbosomes and mitochondna were present (Fig. 2). The mitochondria were quite small with different
shapes; some were spherical and others were elongate, Nuage-like materials were generally in close association with
the outer leaflet of the nuclear envelope of the spermatogonia (Fig. 2). Membrane bound vacuoles were also present
but few (Fig. 2).
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Figure 3. Transmission electron micrograph (TEM) of spermatoeytes showing nuclues (N), mitochondnia (large arrow heads),
synaptoneme] complex (small arrows), Golgt complex (larpe arrows) and membrane bound vacueles (v). Bar =2 uym.

Figure 4. Transmission electron micrograph (TEM) of spermatocytes showing nucleus (N), a centniole (armow heads), flagella (large
arrow heads) among spermatocyies and membrane bound vacuoles(v), Bar= | pm.

SPERMATOCYTES: The secondary spermatogoma produce primary spermatocytes through mitosis. The nuclel were
spherical in shape with finely granulated chromatin, homogeneously distnbuted throughout the nucleus (Fig. 3). Some
synaptonemal complexes were noted adhering to the nuclear envelope (Fig. 3). Cytoplasmic organelles such as
mitochondra, endoplasmic reticulums (ERs), Golgt complex and ribosomes are present (Fig. 3). The mitochondria were
small in size where some were spherical whereas the others were clongated. Pairs of centrioles and groups of flagella
were frequently seen (Fig. 4). Membrane bound vacuoles were present in vanable sizes (Fig. 3, 4).
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Figure 5. Transmission electron micrograph (TEM) of spermatids showing the lpse contact of spermatids with their neighbor. Nucleus
(™), Golgi complex (large arrow heads) and mitochondria (small arrow heads), Bar = 1.7 um,

Figure 6. Transmssion electron nucrograph { TEM ) of spermatids showing the concentration of mitechondna (arrow heads) i the
area of the centrioles (arrews). Bar = 1.7 um.

SPERMATIDS: The spermiogencsis took place within each cyvsl. The spermatids lost contact with each other in preparation
for the formation of spenmatozoa (Fig.5). The early spermatids possessed spherical nucle: with dense chromatin and few
mitochondna (Fig. 5). Cytoplasmic organelles such as mitochondria, ribosomes, small quantity of smooth endoplasmie
reticulum (SER) and Golgi complex were present (Fig.5). The centrioles were centrally located in what was becoming
the head-piece. During this differentiation, the mitochondrial complex moved to the area distal of chromatin
condensation and associates with the centrioles (Fig. 6). The late spermatids possessed nuclei deeply indented on the
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pasterior surface in the area around the centrioles formimg a groove where mitochondria were seen (Fig. 6), The nucleus
with its granular chromatin was condensed into a kidney-shaped mass towards one of the cell poles (Fig. 7). This
condensation occupied most of the nucleus. The axoneme consisted of the usual 942 microtubules (Fig B), There were

two lateral side fins present within the flagella (Fig.9). Some developing spermatozoa were seen to possess two flagella
(Fig. 9.

Figure 7. Transmission electron mucrograph (TEM) of spermands showing  the condensation of the granular chromatin in the
kidney-shaped nucleus (W) and mitochondria {(arrow heads). Bar = 1.7 pm.

Figure 8. Transmission eleciron micrograph (TEM) showing a group of axonemes with the usual 9+2 microtubules. Bar = 0.5 pm,
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Figure 9, Transmission electron micrograph { TEM) of a developing spermatozoon with two flagella (large arrows), mitochondria
{M)and Z lateral side fins flagella (arrow heads), Bar= 1.1 um,

Discussion

Testes of Aphanius dispar were of cystic type, The different stages of spermatogenesis and spermiogenesis including
spermatogoma, spermatocytes and spermatds were observed within the each cyst. These germ cells apparently undergo
division and maturation within the same eyst before being released as spermatozoa, Each cyst maintained synchrony to
a high degree via the intercellular bridges which exist between spermatogonia and spermatocytse.  The study of marbled
newt, Triturus marmoratus showed that a single cell type was present in each testicular lobule (Fraile et af, 1992).
Similar observations have been recorded for the mullet, Liza dumerili and very close physical contact between adjacent
cells mamtained a ligh degree of synchrony within each eyst (Horst, 1978).

These germ cells during their formation and development were subjected to vanious morphological changes, The
¢vtoplasmic organelles such as rough endoplasmic reticulum, smooth endoplasmic reticulum and mitochondria were
well developed during spermatogenesis, Saez ef al (1990) showed that rough endoplasmic reticulum and smooth
endoplasmic reticulum are well developed in the spermatogoma of the marbled newt I marmoratus marmoratus.
Other structures such as nuage materials were noticed in spermatogenesis in close association with the outer leaflets of
the nuclear membrane. It has been shown that spermatogonia of amphibians and mammals possesses nuage materials
which are an RNA - containing cytoplasmic inclusions (Kerr & Dixon, 1974; Pamagna er af, 1985 and Saez er al, 1990).
Annulate lamellae were well defined and found in the secondary spermatogonia of fish collected from Southern Oman.
Similar structures were described by Billard (1984), in the spermatogonia of Peecilia reticulata.

Some synaptonemal complex of 4. dispar spermatocytes were shown adhering to the nuclear membrane, A similar
synaptonemal complex has been founded in the spermatocyte nucleus of fowl, Gallus domesticus (Lin et af., 1995).

The membrane bound vacuoles were present among the spermatogoma and spermatocytes are well known to be
associated with the removal of lipoidal substances.

In A. dispar, 1t appears that spermiogenesis possesses two stages, the early and the late. The main charactenistics
of the early stage were the gathering of the mitochondria at one pole, the future posterior pole. Afzelius (1977) showed
that mitochondria of the spermatids are found in the posterior pole of crinowd Antedon petasus. In the late stage, nucleus
showed an indentation, where a groove 1s going 10 be formed, forming a kidney shaped structure.

A group of flagella were observed among the secondary spermatocytes of the 4. dispar. Secondary spermatocyte
formation in Xenopus laevis, both in in vitro and i in vive indicated the formation of flagella (Abe et af. 1988). The two
lateral side fins on the flagella were obvious. The presence of these side fins may assist in the movement of spermatozoa.
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Afzelius (1978) and Guha er af (1988) showed the lateral side fins were present in the spermatozoa of the garfish
Lepisostens ossens and the tlapia Oreochromis niloticus.
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