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Abstract. Active protection measures towards the population
of lake minnow, Eupallasella percnurus (Pall.), require
comprehensive studies on the reproduction biology of this
endangered representative of the native ichthyofauna. One of
the key issues is the analysis of the reproduction cycle of
sexually mature individuals, which enables the explicit
determination of the time and the course of natural spawning.
The first attempt at investigating this issue was undertaken in
May 2009. Gonads of six E. percnurus specimens (3 males and
3 females) were histologically evaluated. The fishes with the
mean body length of 4.9 cm (the range 3.3-6.1 cm) and the
mean body weight of 3.1 g (the range 0.8-6.2 g) were caught in
the reservoir in Zielonka (Mazowieckie Voivodeship). Values of
the gonadosomatic index for females ranged from 6.2 to 18.7%,
and for males – from 0.7 to 3.1%. The histological analysis of
E. percnurus ovaries during the pre-spawning season revealed
apparent asynchronicity in the maturation of oocytes. A few
(3-4) ova fractions were found in gonads, they were
heterogeneous in terms of maturity stages. Single oogonia,
previtellogenic and vitellogenic oocytes (both the initial and
final stage of the trophoplasmatic growth) were found in female

gonads. The cross-sections of E. percnurus testes revealed the
dominance of germ cells characteristic of the final cytological
stages of spermatogenesis in the central part of seminal
ampullae, i.e. spermatids and spermatozoids. Along their edges
– free spaces reflecting the loosened structure of gonads
occurred. At the borderline between the adjacent ampullae,
single spermatogonia were visible, as well as seminal ampullae
filled up with primary and secondary spermatocytes, which
potentially ensure the spawning readiness of male E. percnurus

for a longer period.
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Introduction

The lake minnow, Eupallasella percnurus (Pall.), is
one of the most endangered Polish cyprinid fishes. In
Poland, fishing of this species was entirely banned al-
ready in 1975 (Wolnicki and Radtke 2009). In 1983
E. percnurus was included on the list of strictly pro-
tected species, and its protection requires active meth-
ods. It is a priority species in the European Ecological
Natura 2000 Network, which requires designation of
special areas of conservation. Moreover, the species
was included in the Polish Red Data Book of Animals
and the Red List of Threatened Animals in terms of
taxa endangered or critically endangered with extinc-
tion (Kusznierz 2001, Witkowski et al. 2009). Most of
the Polish locations of E. percnurus, which demarcate
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the western boundary of the species range, are very
shallow, small water bodies with the advanced pro-
cesses of vegetation succession leading to their com-
plete disappearance. All Polish sites (172) are situated
within the borders of five Voivodeships, with their
largest concentration in the Kashubian Lakeland in
Pomorskie Voivodeship (Wolnicki et al. 2011).

Groundwater level lowering, irrational land im-
provement treatments and unmonitored anthropo-
pressure are the main factors that intensify the
extinction of E. percnurus habitats and negatively af-
fect the number of species populations. Therefore,
protection measures towards this species should be
focused both on the preservation of the species habi-
tats and on active measures related to reinforcement
of already existing populations and the development
of the new ones (Kusznierz 2001, Wolnicki and
Radtke 2009). One of the conditions to make these
measures successful are comprehensive studies on
the reproduction biology of this endangered represen-
tative of the native ichthyofauna, including the analy-
sis of the reproduction cycle of sexually mature
individuals, which enables the explicit determination
of the time and the course of natural spawning. The
knowledge about the dynamics of seasonal changes in
gametes occurring in ovaries and testes guarantees the
optimization of fishing time and selection of spawners
to perform the potential artificial reproduction.

In polycyclic multi-spawning fish, such as
E. percnurus (Karasev 1987), gametes are formed in
the processes of oogenesis or spermatogenesis within
the annual cycle of the gonads, described according to
maturity stages of oocytes or sperm cells present in go-
nads at a given moment. According to Sakun and
Bucka (1968), the annual cycle of gonads in teleosts
includes six stages and in each successive stage, dif-
ferent types of oocytes/sperm cells dominate, starting
from oogonia/spermatogonia – i.e. first cells of the fe-
male or male sex line respectively (stage I) till mature,
ready for ovulation eggs or mature spermatozoa (stage
V). In the literature there are no comprehensive
histological studies on seasonal changes occurring in
gonads of E. percnurus, which would explicitly docu-
ment the type and the course of its natural reproduc-
tion. The only data of this kind are provided by Zhukov

(1965), according to whom two types of oocytes were
observed in ovaries of E. percnurus females before the
reproduction. Oocytes of the first type, with a diameter
of 0.9-1.1 mm, were filled up with yolk (probably from
the first portion) and oocytes of the second type were
cream-white in colour with a diameter of 0.1-0.6 mm
(probably from the successive and spare portions).
However, these results were not supported by
histological examinations.

The aim of the present paper was to analyse the
macro- and microscopic views of ovaries and testes in
E. percnurus during the pre-spawning season, as well
as to describe the developmental stages of oocytes and
sperm cells characteristic for this time.

Materials and methods

For histological examination of the state of gonads in
E. percnurus during the pre-spawning season, six sex-
ually mature individuals (3 females and 3 males) were
used. Fishes were caught in the small water body in
Zielonka (Mazowieckie Voivodeship) in May 2009 by
means of baited traps, usually used for this purpose
(Wolnicki and Radtke 2009). Measurements of the
body length (l.c.) within the accuracy of 0.1 cm and the
body weight (W) within the accuracy of 0.1 g were per-
formed in a laboratory. Scales from all specimens
were collected in order to determine their age, as well
as otoliths – for possible verification of readings from
scales. Next, post-mortem examinations were per-
formed on the fish, the sex was determined macro-
scopically, with attention to the location of gonads,
their shape, size, colour, vascularity and possible
pathological changes. The isolated gonads (Wg) were
weighed within the accuracy of 1 mg used MEDICAT
160M (Medicat Ltd., Switzerland) weigher. Based on
the body weight and the weight of gonads, the value of
the gonado-somatic index (GSI) was calculated, ac-
cording to the formula:

GSI = (Wg � W -1) � 100%

were:
Wg – weight of gonads (g),
W – body weight (g).
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The pieces of each gonad were preserved
in Bouin’s fluid (mixture of picric acid, glacial
acetic acid and formaldehyde). After samples
were preserved, they were rinsed in a series of
ethanol (concentrations from 70% to 95%),
dehydrated, over-exposed in xylene and im-
mersed in paraffin blocks. Then, the blocks
were cut with the microtome RM 2255
(LEICA Ltd.) into 4-5 μm thick slices, and
stained with the topographic method HE
(haematoxylin and eosin) and Mallory’s
method (Zawistowski 1986, modified by
Demska-Zakêœ). Evaluation of the cross-
-sections and photographic documentation
were prepared using the light microscope
LEICA DM 3000 and the software for the im-
age analysis LEICA QWinPro (LEICA Microsystems

Ltd., Switzerland). The nomenclature of sex cells and

cellular structures was used according to Hliwa et al.

(2002) and Schulz et al. (2010), whereas maturity

stages of gonads were determined using the scale of

Sakun and Bucka (1968).

Results

The sexually mature used in the studies were fish at the
age of 1+ and 2+ with the mean body length of 4.9 cm
and the mean body weight of 3.1 g. The differences in
the size of particular specimens were reflected in the
values of the gonadosomatic index, which for females
ranged from 6.2 to 18.7%, and for males – from 0.7 to
3.1% (Table 1).

The regular topographic structure of gonads was

observed in all specimens; both ovaries and testes

filled up most of the body cavity. Macroscopic analy-

sis of testes during the pre-spawning season revealed

the presence of milky-white, elongated gonads, em-

bedded laterally in relation to a two-chambered swim

bladder (Fig. 1a). Whereas in females, the presence

of relatively large ovaries was recorded, with cylindri-

cal and compact structure, filled up with oocytes in

yellow shades. Those were trough-shaped gonads,

attached to the peritoneum with two mesentery

strings – typical for cyprinids (Fig. 1b).

On histological cross-sections of female gonads,

3-4 fractions of oocytes were found, which clearly

differ from each other in the developmental stage

and the size, probably corresponding to spawning

portions of eggs. In two females, previtellogenic and

vitellogenic oocytes (both the initial and final stage

of the trophoplasmatic growth) were observed. Also

single maturing oocytes were visible on

cross-sections. This picture corresponded to stage

III-IV according to the scale of Sakun and Bucka
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Table 1
Materials used to analyze of state of E. percnurus gonads in pre-spawning season

Parameter

Female Male

Range Mean Range Mean

Body length (cm) 4.0-6.1 5.2 3.3-5.9 4.6

Body weight (g) 1.8-6.2 3.9 0.8-5.2 2.3

GSI (%) 6.2-18.7 10.7 0.7-3.1 2.2

Figure 1. Macroscopic view of E. percnurus gonads in pre-spawning season: a –
testes of acinar type; b – ovaries of trough-shaped type.



(Fig. 2a, b). Vacuoles were clearly visible along the
edges of vitellogenic (endogenous) cells, gradually
filling more and more space of cytoplasm limited by
ovarian shelters. In one female, however, the small-

est one, a relatively large quantity of previtellogenic
oocytes was found in the microscopic picture, as
well as the presence of few oocytes of early
vitellogenesis. This picture corresponded to stage
II-III the scale of Sakun and Bucka (Fig. 2c). Fur-

thermore, the occurrence of single degenerating

oocytes was confirmed on several cross-sections,
which were subject to absorption (Fig. 2d).

In males, seminal ampullae in testes were char-
acterized by regular shape. Their central part was
filled up with cells representing the most advanced
developmental stages of spermatogenesis, i.e.
spermatids and spermatozoids (Fig. 3a). Whereas,
along the edges of testes’ ampullae, cells characteris-
tic of the intensive process of spermatocytogenesis
were found, mainly spermatogonia and primary
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Figure 2. Histological cross-sections of E. percnurus ovaries in pre-spawning season (stained HE method): a, b – stage III/IV, c – stage II/III,
d – stage III/IV (with single atrophic oocytes). Description: op – previtellogenic oocytes, owe – early vitellogenic oocytes during endogenic
growth, owz – vitellogenic oocytes during exogenic growth; od – atrophic oocytes.

Figure 3. Histological cross-sections of E. percnurus testes in pre-spawning season (stained HE method): a – view of testes lobe; b – view of
seminal ampullae. Description: ic – interstitial tissue; sg – spermatogonia, sc1 – primary spermatocytes; sc2 – secondary spermatocytes; sp –
spermatids; sz – spermatozoids; Sc – Sertoli cells.



spermatocytes. At the borderline between the adja-
cent ampullae, single spermatogonia were observed,
as well as seminal ampullae filled with primary and
secondary spermatocytes, which differed in the size
and staining of the nuclei material. Apart from them,
the presence of spermatids was confirmed, embed-
ded slightly further in relation to the central part of
seminal lobules (Fig. 3b). On histological
cross-sections near walls of ampullae with regular
shapes, some free space was observed, which proves
that the structure of gonads was loosened and they
were ready to release a portion of sperm.

Discussion

Present data on the structure of E. percnurus gonads
revealed that ovaries of this fish species are
trough-shaped and are attached to the peritoneum with
two strings. This type of structure of ovaries is known
among most of the cyprinids, i.a. vimba, Vimba vimba

(L.) or chub, Leuciscus cephalus (L.) (Hliwa et al.
2003, 2009). The arrangement of female and male go-
nads in the body cavity, resembles the layout observed
in another representative of cyprinids, with which
E. percnurus sometimes coexists in water bodies, i.e.
the invasive topmouth gudgeon, Pseudorasbora parva

(Temminck & Schlegel). Also values of the
gonadosomatic index turned out to be similar for
these two species during the pre-spawning season. For
E. percnurus females, they fluctuated within the range
of 6.2 and 18.7%, whereas for females of P. parva –
from 6.7 to 16.4% (Hliwa 2010). This shows that repro-
ductive strategies and spawning behaviour of these
fishes are similar. When analysing the reproductive bi-
ology of female specimens related to European min-
now, Phoxinus phoxinus (L.) from a small, mountain
lake called Bray’Pool in Wales, Wootton and Mills
(1979) reported that in March-April when the value of
GSI was lower than 7%, the distribution of the size of
oocytes in ovaries was bimodal. When at the begin-
ning of May the value of the gonadosomatic index for
females was higher than 7%, three generations of dif-
ferent-size ova were observed in ovaries. In the case of

fish from the site located in Zielonka, with the average
GSI value of 10.7%, the presence of 3-4 ova fractions
was recorded, most probably corresponding to suc-
cessive portions of ovulated eggs during spawning.

Macroscopic observations were confirmed by the
histological analysis of E. percnurus ovaries in the
pre-spawning season. The analysis revealed the ap-
parent asynchronicity in the maturation of oocytes.
Because previtellogenic and vitellogenic oocytes of dif-
ferent stages of trophoplasmatic growth, as well as sin-
gle maturing oocytes were found in ovaries.
Production of several batches of ova, maturing in dif-
ferent periods and spawned in portions, increases not
only the absolute fecundity of fish, but probably also
their reproductive success. Usually this behaviour is
a response to reproduction conditions unfavourable to
the survival of offspring, which may include: a differ-
ent spawning grounds, the nature of the substrate or
fluctuations of the water temperature (Bryliñska et al.
1979). In the case of E. percnurus living in small, shal-
low reservoirs, where large and frequent changes in
physicochemical water parameters are a typical phe-
nomenon, this reproductive strategy can be of key for
the population preservation.

In the male of fish, the sperm is formed in the
process of spermatogenesis, and the development of
sperm cells proceeds inside lobules or tubules form-
ing spermatogenic cysts, which are surrounded by
the interstitial tissue containing Leydig or Sertoli
cells (Schulz et al. 2010). The histological picture of
testes observed in E. percnurus males was character-
istic of fish with portioned spawning, breeding during
the spring and summer season. In the central part of
seminal ampullae, germinal cells typical for the final
stage of spermatogenesis dominated, i.e. spermatids
and spermatozoids. Near walls of ampullae with regu-
lar shapes, free space was observed, which proves that
the structure of gonads was loosened and they were
ready to release a portion of sperm. At the same time,
single spermatogonia and testicular ampullae filled
up with primary and secondary spermatocytes were
observed along the edge of ampullae, which poten-
tially ensure the spawning readiness of E. percnurus

males over a longer period of time.
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A different histological state of testes in the
pre-spawning season (May 2005) was observed in
males of P. parva. In several studied specimens, at
the age of 1+ to 3+ and the body weight ranging from
4.05 to 9.88 g, limits between the adjacent seminal
ampullae became blurred and their insides were
filled mainly with spermatozoids. Few, younger
stages of germinal cells, i.e. spermatogonia and pri-
mary spermatocytes, were situated only next to
ampullae walls. On the other hand, GSI values re-
corded in males of both species turned out to be com-
parable during the analysed period. In the case of
E. percnurus, they ranged from 0.7 to 3.1%, whereas
in P. parva – within the range of 0.4-2.2% and were
the highest during the whole annual cycle (Hliwa
2010).

The presented results are the first data on the
macro- and microscopic structure of gonads in
E. percnurus during the pre-spawning season. The
histological picture of gonads in these small, economi-
cally unexploited representatives of ichthyofauna con-
firms the flexibility of their reproductive strategy. The
portioned spawning and related potential prolonga-
tion of the reproductive season are the attributes sup-
porting the sustainability of E. percnurus populations,
often living in extremely unfavourable environmental
conditions. These are qualities, which are extremely
important elements of the reproductive strategy, sig-
nificantly increasing the survival rate of juvenile stages
(Bryliñska et al. 1979). Whereas, the abundance of in-
dividuals, different in respect of age or/and the size, on
the one hand ensures the spawning readiness over
a longer period of time, and protects against too low
genetic diversity of the offspring (Katano and
Maekawa 1997).

Active forms of nature conservation with the pri-
mary objective to restore or preserve valuable popu-
lations have to base their assumptions on accurate
description of species biology, particularly with refer-
ence to the reproductive system. As it is impossible to
overlook the issues related to the structure, develop-
ment or functioning of this system, which is one of
the most sensitive indicators of the population condi-
tion. When considered comprehensively, it com-
prises mutually interdependent phenomena and

elements of the species biology, which constitute the
most important biological act in the fish life, which is
spawning and consequently – the species survival
(Strüssmann and Nakamura 2002). Therefore in the
future, for the authentication and utilitarianism of
the presented researches, both the number and fre-
quency of samples should be increased.
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Streszczenie

Wstêpne wyniki oceny stanu gonad strzebli b³otnej Eupallasella percnurus (Pall.) w
okresie przedtar³owym

W ramach aktywnych dzia³añ ochronnych wobec populacji
strzebli b³otnej, zagro¿onego przedstawiciela rodzimej ichtio-
fauny, podjêto próbê makro- i mikroskopowej oceny stanu jej
gonad w okresie przedtar³owym. Gonady badanych osobników
by³y prawid³owo ukszta³towane i wype³nia³y wiêksz¹ czêœæ
jamy cia³a ryb. Makroskopowa analiza j¹der w okresie przed-
tar³owym ujawni³a obecnoœæ gonad koloru mleczno-bia³ego,
wyd³u¿onych i osadzonych bocznie wzglêdem dwukomorowe-
go pêcherza p³awnego. Z kolei u samic zanotowano wystêpo-
wanie stosunkowo du¿ych jajników, z ob³¹ i zwart¹ struktur¹,
wype³nionych zró¿nicowanymi kolorystycznie oocytami w od-
cieniach ¿ó³tych. By³y to gonady typu rynienkowatego, podwie-
szone dwoma niciami krezki do otrzewnej – typowe dla ryb
karpiowatych.
Zró¿nicowanie wielkoœciowe osobników obu p³ci, wykorzystanych
w badaniach, mia³o swe odzwierciedlenie przede wszystkim w za-
notowanych wartoœciach indeksu gonado-somatycznego, które

oscylowa³y u samic w granicach od 6,2 do 18,7%, a u samców od
0,7 do 3,1%. Analiza histologiczna jajników strzebli b³otnej w
okresie przedtar³owym wykaza³a wyraŸn¹ asynchronicznoœæ doj-
rzewania oocytów. W jajnikach zanotowano obecnoœæ 3-4 frakcji
komórek jajowych, zró¿nicowanych pod wzglêdem stopnia doj-
rza³oœci. W gonadach samic stwierdzono pojedyncze oogonia,
oocyty prewitellogeniczne i witellogeniczne w pocz¹tkowej oraz
koñcowej fazie wzrostu trofoplazmatycznego. Z kolei w obrazie
mikroskopowym j¹der strzebli b³otnej, w centralnej czêœci ampu³
nasiennych, obserwowano dominacjê komórek p³ciowych charak-
terystycznych dla koñcowych stadiów cytologicznych szlaku sper-
matogenezy, tj. spermatyd i plemników, zaœ na ich obrze¿u wolne
przestrzenie œwiadcz¹ce o rozluŸnieniu struktury gonad. Na grani-
cy s¹siaduj¹cych ze sob¹ ampu³ widoczne by³y pojedyncze sper-
matogonia oraz gniazda nasienne wype³nione spermatocytami I i
II rzêdu, potencjalnie zapewniaj¹ce samcom strzebli b³otnej goto-
woœæ tar³ow¹ w d³u¿szym okresie.
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