
The artificial induction of sexual maturation of European eel males was carried out by using weekly hCG
administrations. Histological pictures showed that the testis tissues developed and regressed naturally
and no pathological changes took place under the conditions of artificial rearing in freshwater. According
to light and electron microscopic investigations the morphology and motility of the spermatozoa of males
kept in freshwater proved to be similar to those in seawater. The authors suppose that freshwater rearing
of males is not a barrier factor in the artificial propagation of European eels.

Keywords: Sexual maturation – European eel – spermatozoa

Based on early observation it was supposed that eels die after spawning. In laborato-
ry experiments males survived hormone treatments [1] and repeated spermiations
could be induced when the males were fed between the treatment periods [3].
Previous results clearly revealed the unique ultrastructure of eel spermatozoa, which
include a crescent-shaped nucleus, a rootlet attached to the neck region, a flagellum
of the 9 + 0 pattern, and a pseudo-flagellum extending from the proximal centriole
[4, 6]. The goals of the present study were to look into the testis histology in this crit-
ical period and to clarify whether the salinity of the rearing water influences the sper-
matozoal microstructure. Three groups (w = 101 ± 30.9 g), each consisting of 3 males
were formed and reared in freshwater. The first group served as control (group one),
the second was given 250 IU human chorion gonadotropin (hCG)/fish/week for 8
weeks (group two) and the third group was given 250 IU hCG/fish/week for 19
weeks (group three). The males of group one were killed at the beginning of the
experiment, group two on the 9th week and group three on the 27th week, two
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Fig. 1. Testis cross-section of untreated male. Spermatogonic tissue with many spermatogonia. The tra-
becula of the testis interstitium composed mainly by elastic and collagenic connective tissue elements
(GSI = 0.07%), ×400. Fig. 2. Cross-section of a fully mature testis (GSI = 3.15%), ×400. Fig. 3. Matured
spermyocytes in the lumina of the testes parenchyma surrounded with connective tissue (yellow) and
smooth muscle (red) cell elements (7th fish, GSI = 8.11%), ×400. Fig. 4. Testis cross-section of 8th fish
(GSI = 0.64%), ×400. Fig. 5. The tissue of the testis after release of the sperm. The trabecula of the testis
interstitium composed by collagenic connective tissue elements (9th fish, GSI = 0.53%, Van-Gieson),
×100. Fig. 6. Scanning electron micrograph of mature eel spermiocytes. SEM, ×1300. Fig. 7. Scanning
electron micrograph of mature eel spermiocytes. SEM, ×5300. Fig. 8. Longitudinal section of a mature
spermiocyte. The head is intensive electron dense. TEM, ×5200. Fig. 9. Cross-section of the head of an

eel spermyocyte with the chromatin and a part of the tubular mitochondrium. TEM, ×13 200



months after their last hormone treatment. Pieces of testes were fixed in 4% forma-
line, embedded in paraffin and 5 μm thick slices were stained with heamatoxylin-
eosin for light microscopic observations. For the electron microscopic investigations
small pieces of testes were fixed in Na-cacodylat buffered 2.5% glutardialdehyde,
postfixed in buffered 1% osmium tetraoxide, embedded in Durcupan ACM. Ultrathin
sections were made and examined with a JEOL 100 S electron microscope. The
sperm obtained from the male eels was examined both in transmission and scanning
electron microscopy.

The motility of the sperm sample was estimated at ×400 magnification using an
Olympus CO11 microscope. One drop of artificial seawater (3.5% NaCl solution)
was dropped onto a glass slide and ~1 μl sperm was mixed with it.

The investigated features of the testes of control (immature GSI (gonad
weight/body weight × 100) = 0.07 ± 0.01%) and treated (midmature GSI =
= 3.54 ± 0.47%) groups were similar as it was described earlier [2, 5] (Figs 1, 2). In
group three 179 days after the first injection and 45 days after the last one the testes
showed two different histological stages. On the wall of tubules of the 7th fish
(GSI = 8.11%) there were some clusters of spermatocytes and spermatids and the
tubules were full of spermatozoa. A large amount of blood vessels appeared in the
connective tissue which is rich in smooth muscle elements. The 8th fish
(GSI = 0.64%) and the 9th one (GSI = 0.53%) possessed thicker connective tissue
than the number 7. They had smaller tubules, which contained only a small amount
of spermatids and spermatozoa showing degenerated forms. The number of their ery-
throcytes increased compared to the 7th fish, which showed macroscopically visible
hyperaemia at the necropsy. Apart from the spermatozoa there were Leydig and/or
other somatic cells within the connective tissue. The various cell types are not easy
to identify by common histological techniques [2]. In the testes of the hormonally
treated eels an increased amount of smooth muscle could be detected by Van
Gieson’s staining. The ultrastructure of the mature spermiocytes showed no differ-
ences in comparison to naturally matured cells described in the literature (Figs 6–9,
Table 1) [6]. The cytoplasm of the mature spermatozoa contained one large tubular
mitochondrium at the apical part of the cell. The chromatin of the cells was highly
electron dense, showing no fine structure, except a certain granulation.

The histological pictures showed that the testis tissues regressed naturally and no
pathological changes took place under the conditions of artificial rearing either in
freshwater (present study) or in seawater [1]. Males reared in freshwater can produce
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Table 1
Data about the spermatozoa (*n = 50)

Head Head Flagellum Rootleth
Mitochondrionlength width length length
diameter (μm)

Sources
(μm) (μm) (μm) (μm)

5.4 (±0.4) 1 (±0.2) 25 (±5.5) 1.2 (±0.2) 0.8 (±0.3) Okamura et al., 2000
5.6 (±0.5) 0.9 (±0.3) 26 (±0.7) 1.2 (±0.3) 0.8 (±0.4) Present study*
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morphologically the same spermatozoa as “seawater males”. The spermatozoa could
be activated (10–90% motility) in artificial seawater. This is promising with regard
to the multiple use of males. Since there is no significant difference between the mor-
phology and motility of freshwater and seawater spermatozoa, the authors assume
that the freshwater rearing of males is no limiting factor in the artificial propagation
of European eels.
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