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Gonadal Sex Differentiation in Whitespotted Char,
Salvelinus leucomaenis
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Abstract The process of gonadal sex differentiation in the whitespotted char, Salvelinus
leucomaenis, was investigated histologically. Sexually indifferent gonads consisted of a few
large germ cells mounted in a mass of somatic cells. Morphological differentiation of the gonad
either into ovary or into testis became distinguishable 131 days after hatching. Characteristic
features of initial ovarian differentiation are the transition from oogonia to premeiotic oocytes in
the anterior region of the gonad and the appearance of a mass stromal tissue of the gonad along
the side facing the mesentery. A residual ovarian cavity was formed but restricted to the cranial
part of the ovaries. On the other hand, initial testicular differentiation was characterized by the
formation of a few narrow lumina in the proximal region of the gonads, though germ cells still
remained at the gonial stage in these gonads. Germinal and stromal cells in the testis increased
in number gradually, and the occurrence of spermatogenesis was not observable even by 250 days
after hatching. The process of gonadal sex differentiation in the whitespotted char was essentially

it

similar to that in other salmonid fishes.

Histological observations on gonadal sex dif-
ferentiation in salmonid fishes have hitherto
been reported by several investigators (Robert-
son, 1953; Ashby, 1957; Okada, 1973; Naka-
mura et al.,, 1974; Takashima et al., 1980).
However, no study has been concerned with
gonadal sex differentiation of fishes belonging
to the genus Salvelinus.

In the present study, the normal course of
gonadal sex differentiation of the whitespotted
char, Salvelinus leucomaenis (Pallas), was ex-
amined histologically with special reference to
the behaviour of somatic elements of the gonad
during that process, and compared with that of
other salmonid fishes.

Material and methods

Juvenile fish of the whitespotted char used in
the present study were obtained from the Nanae
Fish-Culture Experimental Station, Hokkaido
University. They were kept under natural tem-
peratures of river water ranging from 1 to 6°C
during a period from January to May in 1974.
Seventy-one fish in total were sacrificed at in-
tervals of 1~2 weeks from 40 to about 250 days
after hatching, and their gonads were examined
histologically.

For histological observations of the gonad,
fish were fixed in toto in Bouin’s solution.

Serial paraffin sections of the body including
gonadal regions were cut frontally at 8 #m in
thickness and stained with Delafield’s hema-
toxylin and eosin.

Observations

Sexually indifferent period. A pair of gonadal
anlages of fish at 40 days of age was located on
both sides of the dorsal root of the mesentery
(Fig. 1A). They ran caudalwards from the
level of the proximal region of the pectoral fins,
and ended in the peritoneum near the genital
pore. Germ cells were seen to be distributed
solitarily and evenly throughout the whole
length of the gonadal anlages. The germ cells
were provided each with a large nucleus of
roundish or oval form and a clear cytoplasm,
and were surrounded by a small number of
somatic cells (Fig. 1A). Although germ cells
undergoing mitotic division were not detectable,
mitosis of somatic cells was frequently found in
the gonads at this age.

Dividing germ cells were often observed in
the anterior region of gonads of the fish at 47
days of age (Fig. 1B). From 61 to 75 days of
age, no remarkable development was noticeable
either in germinal or somatic elements of the
gonad.

At 89 and 103 days of age, paired gonads were
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seen to be hung down each by a thin and short
mesogonium from the dorsal peritoneal wall
into the coelomic cavity. Germ cells and so-
matic cells of these gonads increased slightly in
number, and some clusters of germ cells smaller
than those of the previous age were present
frequently in the anterior region of the gonad
(Fig. 1C).

In 6 out of 12 specimens examined at 115
days of age, the gonads had many cysts of germ
cells together with larger solitary ones in their
anterior region (Fig. 1D). In the remaining 6
fish, gonads were furnished exclusively with
large solitary germ cells scattered in the gonadal
stroma, though the germ cells were sometimes
observed to be in mitosis in the anterior region
(Fig. 1E). No apparent differences in his-
tological aspects of stromal cells were detected
between the two different types of gonads at
least at that age.

Opvarian differentiation. Histological differ-
entiation of the above-mentioned two types of
gonads became increasingly evident toward 131
days of age. At that age, gonads of one type
had many cysts of premeiotic germ cells
(oocytes) in their anterior region along with
cysts of germ cells (oogonia) which had in-
creased in number, indicating their ovarian
nature. Stromal cells in these gonads were
found to be crowded especially along the side
facing the mesentery (Fig. 1F). Gonads of the
other type were utterly devoid of premeiotic
germ cell cysts and still retained solitary gonial
germ cells (spermatogonia) dispersed in in-
creased stromal tissue (Fig. 1G).

The presence of cysts of premeiotic oocytes
were evident in ovaries at 146 days of age
(Fig. 1H). At 159 days of age, cysts of pre-
meiotic oocytes showed an increase in number,
and stromal cells along the median side of
ovaries also increased in amount gradually, in
which a few blood vessels began to appear.
Stromal tissue of the lateral side of ovaries were
very thin and formed a layer covering the germ
cells (Fig. 11).

In ovaries examined at 174 days of age,
premeiotic oocytes further increased in number
in the anterior region (Fig. 2A), and some of
them reached the auxocytes stage of oogenesis.
Owing to such a development of germ cells,
the anterior part of ovaries showed intense

swelling.

Later, by 250 days of age, many auxocytes
were found to develop and to occupy the
anterior region of the ovaries. By that time
the distal part of the ovary started to fold
toward the dorsolateral side to make a groove
intruding deeply into the ovarian tissue (Fig. 2B).
The groove seemed to become closed at its
edges, since an entovarian cavity was observed
to be shaped in the anterior region of the ovary
(Fig. 3C). However, the middle and posterior
regions of the ovary were evidently lacking such
a cavity, still consisting of a small amount of
stromal tissue and a few auxocytes and static
oogonia. A few thick blood vessels appeared
on the median side of the proximal region of
the ovary.

Testicular differentiation. Some of the gonads
observed at 131 days of age could be regarded
as testes by having large germ cells (sperma-
togonia) which were located dispersedly and
solitarily in the stromal tissue (Fig. 1G). A
few narrow lumina were present in the stromal
tissue of the anterior region of the testes at that
time (Fig. 1G). These lumina, or anlages of
blood vessels, occurred only in the proximal
region of the testes and on the side facing the
mesentery. The posterior region of the testes
consisted of a few spermatogonia surrounded by
scanty stromal cells.

In testes examined at 146 and 159 days of
age, stromal cells having increased in number
in the anterior region though spermatogonia
were still quite quiescent and existed quite
dispersedly (Fig. 2D).

In testes at 174 days of age, narrow lumina in
the stromal tissue of their proximal region dif-
ferentiated into an artery and a vein. Other
lumina, which seemed to develop into the seprm
duct, were found to exist near the blood vessels
(Fig. 2E). Spermatogonia were still large in
size (12 ym in diameter) and distributed singly
in the stromal tissue of the anterior region (Fig.
2E). In testes at 250 days of age, blood vessels
were more expanded than in the preceding
period. Moreover, the lumina existing around
blood vessels increased in size and number.
Germ cells also increased in number slightly but
were distributed still singly in the stromal tissue
(Fig. 2F).
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Fig. 1. Cross sections through developing gonads of the whitespotted char, Salvelinus leucomaenis. A:
Sexually indifferent gonad of a fish 40 days after hatching, revealing mitotic division of a follicle
cell.  x540. B: Sexually indifferent gonad of a fish 47 days after hatching, showing mitosis of a
germ cell. 540. C: Sexually indifferent gonad of a fish 89 days after hatching. <540. D and
E: Gonads of fish 115 days after hatching. The gonads are furnished with many cysts of germ
cells or with large solitary germ cells. <540. F: Ovary of a fish 131 days after hatching. Pre-
meiotic oocytes together with germ cells are seen. < 540. G: Testis of fish 131 days after hatch-
ing. Spermatogonia are found dispersedly in the stroma. Lumina (L) and blood capillaries (B)
exist in the stroma. x540. H and I: Ovaries of fish at 146 (H) and 159 (I). ~ 540.
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Fig. 2. Cross sections through developing gonads of the whitespotted char, Salvelinus leucomaenis. A~
C: Ovaries of fish at 174 (A) and about 250 days of age (B and C). Oocytes increase in number
and size gradually. In B and C, formation of ovarian cavity (Oc) is seen. A, x270; B and C,
X 160. D~ F: Testes of fish at 159 (D), 174 (E) and about 250 days of age (F). A, artery; B, blood
capillaries; L, lumina; V, vein. x<330.

Discussion

In the present study, the origin of stromal
cells of gonadal primordia in the whitespotted
char, Salvelinus leucomaenis, could not be de-
termined since the genital ridges had already
been formed when the observation started. The
dualistic structure of gonads, which is mani-
fested particularly in the sexually indifferent
stage in amphibians (Witschi, 1957), was never
evident in gonads of the char prior to and
throughout the stage of sex differentiation. As
many investigators have reported in other teleost
fishes, stromal cells in the gonads of the char
seem to be of monistic origin.

Tuzuki et al. (1966) and Satoh and Egami
(1972) reported in medaka, Oryzias latipes, that
germ cells in possible ovaries were more in
number than those in possible testes, and that
the meiosis of germ cells occurred earlier in the
ovaries than in the testes. As many inves-
tigators have noticed, the early appearance of
premeiotic germ cells was one of the criteria for
morphological judgement of initial differentia-
tion of ovaries in teleost fishes including salm-
onids such as Oncorhynchus keta (Robertson,
1953), Salmo trutta (Ashby, 1957), Salmo
gairdnerii (Okada, 1973; Takashima et al., 1980)
and Oncorhynchus masou (Nakamura et al.,
1974). In the whitespotted char, Salvelinus
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leucomaenis, too, the appearance of premeiotic
germ cells in gonads of some of the fish ex-
amined at 131 days of age was a reliable char-
acter to indicate the differentiation of these
gonads into ovaries.

Another histological character of ovarian
differentiation in the char was the increment in
amount of stromal cells of the gonad along the
side facing the mesentery. In the stromal
tissue, a few blood vessels made their appearance
later. Nakamura and Takahashi (1973) revealed
that initial differentiation of the ovary of
Tilapia mossambica was characterized not only
by early appearance of premeiotic germ cells
but also by development of stromal tissue in
the gonad to form the ovarian cavity. Al-
though the aggregation of stromal cells in
gonads of the char did not indicate their par-
ticipation in the formation of the ovarian cavity,
it could be considered as denoting the ovarian
nature of those gonads. Such a characteristic
development of gonadal stroma has not been
described for ovarian differentiation in other
salmonid fishes.

On the other hand, opinions are rather con-
flicting with regard to morphological charac-
teristics indicating the initiation of testicular
differentiation in teleost fishes, because germ
cells in future testes usually remain quiescent
for a long time. For example, the transition
from spermatogonia to spermatocytes in testes
of masu salmon, Oncorhynchus masou, does not
occur until the time just before the fish begin
their anadromous migration (Hiroi and Yama-
moto, 1970). As mentioned before, however,
behaviour of somatic cells of the gonad during
the course of morphological sex differentiation
is often sex-specific and successfully manifests
the gonadal sex. Ashby (1957) reported that,
in Salmo trutta, an increase in the amount of
both vascular and connective tissues, which was
regarded by Padoa (cited from Ashby, 1957) as
a diagnostic masculine feature of juvenile
salmon, was an obvious change in early testicular
development. In rainbow trout, Salmo
gairdnerii, the initial testicular differentiation was
marked by the development of the seminiferous
tubule (Okada, 1973) and by the differentiation
of follicle cells and Sertori cells (Takashima
et al., 1980). In Oncorhynchus masou, the de-
velopment of blood vessels surrounding a cavity
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was observed in future testes in their hilar tissue
facing the mesentery (Nakamura et al., 1974).
In the char observed in the present study,
primordia of efferent ducts and blood vessels
occurred in stromal tissue of the proximal
region of the gonad by 131 days after hatch-
ing, showing that morphological differentiation
of testis started by that age.

It is interesting to note that a residual ovarian
cavity is constructed restrictedly to the cranial
part of ovaries of the char. Nakamura et al.
(1974) revealed previously that in Oncorhynchus
masou, an ovarian cavity of the parovarian type
was formed only at the cranial region of ovaries
during their early development. Robertson
(1953) noted in the chum salmon, Osncorhynchus
keta, that an endovarial canal was formed by
the curving of the distal edges of ovaries toward
the lateral sides 69 days after hatching. The
present writer also confirmed that a residual
ovarian cavity was formed in the anterior region
of ovaries of the chum salmon (unpublished
data). Similar phenomena have been noted to
occur in Atlantic salmon, Salmo salar, and in
rainbow trout, Salmo gairdnerii (cited from
Robertson, 1957). Thus it is likely that the
formation of such a residual ovarian cavity is
common in the ovary of salmonid fishes.
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