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ABSTRACT

This study was carried out to investigate the histological changes of sperm cells in testis,
obtained from 100 of 3-year-old male rainbow trout (Oncorhynchus mykiss) collected and
analysed from March in 1992 to February in 1993. Especially, the ultrastructural changes of
spermatogonia, primary and secondary spermatocytes, spermatids, and spermatozoa were
examined to describe the reproductive cycles of this species. The results obtained in this study
were as follows:

The ultrastructures of the gonadotrophs largely parallel the cyclical changes in the testes.
Each nest of cells belongs to one spermatogenetic stage, although nests at different stages can
be found within the one lobule. At first heterochromatin is dispersed and then is condensed. In
mature gamete, the nucleus is dense and homogeneous. The nuclear membrane appeared at the
beginning of differentiation. In spermatogonia, Sertoli cells are located at the periphery of their
cytoplasm. In the primary spermatocytes, the small mitochondria are abundant over the outer
cytoplasm. During cell differentiation, the cytoplasm decreases and the nucleus increases. In
spermatids, the protein masses moved towards the posterior part of the nucleus. In late
spermatids, the two large mitochondria are located over the cytoplasm. In spermatozoa, two
spheroidal mitochondria (about 145nm long) are situated in parallel between the nucleus and the
axoneme. Spermatozoa mitochondria are assembled into an organized sheath surrounding the
outer dense fibres and axoneme of the flagellar midpiece. The two centrioles are quite separate -
and the central pair and sheath complex of the flagellum is inserted into the base of the distal
centriole.
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Table 1. Morphometric data for different stages of
spermatogenesis in rainbow trout (Oncorhyn-
chus mykiss) based on light, transmission and

scanning electron microscopy.

Developmental VHead Nucleus Ratio Heterogh-
stages olurane Volursne (%) romatin
(pm®)  (um’) Type

Spermatogonia 5,741.3 445.67 7.76 Sparse

Primary 1,225.7 286.44 23.37 Sparse
Spermatocytes

Secondary 418.24 171.92 41.11 Little
Spermatocytes Sparse
Spermatids 74.44 59.34 79.71 Dense
Spermatozoa 41.03 39.33 95.85 Dense

Ratio (%): Nucleus volume/Head volume X100
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Table 2. Summary of properties of testis, milt and
spermatozoa of rainbow trout (Oncorhynchus

mykiss).
TESTIS MILT SPERM
GSI APPEAR- SHAPE  DEN- OSMOLA- LENGTH MOTI-
(%)  ANCE SITY RITY OF HEAD LITY
(sperms  (mOsmol  (xm)
ml) kg™
4,86 Milky Long 10-15x10°  246-323 1.8-2.2 T75%

white  tubular

2ol G5l 2ol ¥1%FA
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

FIGURE LEGENDS

Electron micrograph of the gonadotrophs (GTH) in mature times, October. Details of gonadotropic cells
(GTH) showing a large number of secretory vesicles (SV), small and large granules. RER: round endoplasmic
reticulum, SG: secretory granules. X 18,000

Higher magnification of gonadotropic cells (GTH) in Fig. 1. Note Golgi apparatus and round endoplasmic
reticulum (RER) showing a few of secretory vesicles (SV), massive secretory granules (SG), large granules
(GI), and irregular masses. IM: irregular masses, SER: spherical endoplasmic reticulum. x23,000

Light micrograph of mature testié in male rainbow trout, Oncorhynchus mykiss in November. Testis lobules
containing a number of spermatids and spermatozoa. X125

Portion of a developing lobule showing early stages (in September) of spermatogenesis. The lobule is packed
with primary germ cells, some of primary and secondary spermatocytes, spermatids, and spermatozoa. Note

some of lobules are already packed with spermatozoa. PSC: primary spermatocytes, SSC: secondary sper-
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matocytes, ST: spermatid, SZ: spermatozoa. X 2,300

5-A, B. Spermatogonia. These cells are the primary germ cells, having a mean nuclear diameter of 6.84m. The
prominent nucleus contains sparse chromatin material and lacks a distinct nucleolus. The electron micro-
graph shows that 5nm gold particles are distributed around the germ cells just under the Sertoli cell plasma
membrane. Note that spermatogenesis is less advanced. HC: heterochromatin, N: nucleus, NU: nucleolus, SG:
spermatogonia, STC: Sertoli cell, A: X4,600, B: x18,000 ‘

6-A, B. Primary spermatocytes. These cells are formed by mitotic division. Their nuclei are small (mean
diameter, 5.1zm) and contain dense chromatin material and lack a distinct nucleolus. N: nucleus, PSC:
primary spermatocytes. A: X 4,600, B: x23,000 '

7-A, B. Secondary spermatocytes. These cells are formed by meiotic division of primary spermatocytes. The
chromatin in the nucleus of these cells is very dense and the nuclei are small (mean diameter, 2.7um). No
cytoplasm can be seen around the nuclei of these cells. Portion of a larger lobule showing spermatogonia
with prominent nucleoli attached to the lobule wall. SSC: secondary spermatocytes. A: X 5,800, B: x 23,000

8-A, B. Spermatids. Secondary spermatocytes divide mitotically to form spermatids which have no distin-
guishable cytoplasm. The cytoplasm leans to one side. The nuclei are very small (mean diameter, 2.4m) and
contain dense chromatin. The nest membrane is no longer apparent although these cells remain in dense
clusters after detachment from the lobule wall. ST: spermatid, A: x 6,900, B: x 34,500 )

9-A, B. Longitudinal section of a motile spermatozoon (SZ). The chromatin is highly condensed. Note each
head and flagellum of spermatozoa. Transverse section of rainbow trout sperm midpiece. The central outer
dense fiber, axoneme is surrounded by the thin mitochondrial sheath in the midpiece. CP: central piece, FG:
flazellum, MP: middle piece, NM: nuclear membrane, SZ: spermatozoa. A: x 6,900, B: x 46,000

10-A, B. Scanning electron micrographs of spermatozoa. Note most of lobules are already packed with
spermatozoa. Their spheroid-shaped heads have a mean width of 1.4xm. The sperm often retains its
organization into parachute-shaped clumps due to adhesion of the sperm tails and reduced spermatogenetic
activity in the lobule walls. A: X 4,000, B: x6,000

11-A, B. Longitudinal section through the sperm head and middle-piece. No acrosome can be seen around the
nuclei (SN) of these cells. Two of the four mitochondrial bodies (MT) are seen in the middle-piece. The two
centrioles are quite separate and the central doublet of the flagellum is inserted into the base of the distal
centriole. FG: flazellum, MT: mitochondria, SN: sperm nucleus. A: X 34,500, B: X 184,000

12-A, B. Longitudinal and transverse section through the flagellar axoneme. The 9 peripheral doublet tubules
(DT) are related to the central pair and sheath complex (CC) via radial spoke attachments(RS). The
axoneme on the left is viewed from base to tip as the dynein arms (closed arrow) point in a clockwise
direction. CC: central pair and sheath complex, DT: doublet tubules, FG: flazellum, RS: radial spoke.

A: X 276,000, B: x 184,000
13-A, B, C. A micropylar apparatus (arrow in -A and -B) and the egg surface beneath the inner opening (C)

of the micropyle of an unfertilized egg. MC: micropylar canal
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