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A b str a c t. Loaches from 12 populations (two Sabanejewia, ODe lberocobiti.\", two
Bicanestrinia and seven Cobitis s.str.) were bred under comparable conditions in aquaria. Both
Sabanejewia spread very small (diameter 1.0-1.2 mm), sticky eggs all over theaquarium, while
all Cobitis spawned into the most dense vegetation. Eggs of Cobitis S.str. and Bicanestrinia were
large (2.0-3.4 and 2.0-2.5 mm, respectively) and unsticky. The eggs of lberocobitis were
intennediate sized (1.7 mm) and slightly stiCky. Significant differences in egg size were found
between most species. Eggs diameter was correlated to size of hatchlings (Speannan rank
coefficient 0.85, p < 0.001). The mean number of eggs per spawning act ranged between species
from 246 to 2058 and the number of spawning acts per female from I to 18. In at least three
species a change of adult coloration during spawning occurred. Spawning behaviour was identical
in at least rour species of Cobitis. The largest differences in reproductive biology were found

between genera and the second largest between subgenera. Some characters were species-specific.
Consequently, features of reproductive ecology may characterise taxonomic units of loaches.

Key words: mating behaviour, spawning substratum, egg size, early life stages

Introduction

Loaches one of the most important features within the life-history of fish. Therefore, each
species has developed its specific characteristics in reproductive biology (B a Ion 1975).
These specific adaptations have a great impact on the ecology of the species. Besides these
highly species-specific characteristics, some general features of reproductive biology are
usually shared by groups of related species. On the other band, the reproductive guilds may
be similar because of a similar ecology of non-related species.

In the present study, some features of reproductive biology of different species of spined
loach are compared in order to identity the general pattem lhal is common to genera or
subgenera. The species-specific differences mark differences in the ecology of the species.

MateriaI and Methods

Loaches of the genera Cobitis and Sabanejewia from 12 popu1ations were bred under
comparable conditions in aquaria. The origin of the fishes as well as the number of females
is listed in Table 1. AII females were well fed and nearly of maximum size. The fish from
Lake Mliggelsee belonged to a diploid-polyploid complex, while'the fish from the R.- Hunte
karyotypically were C. taenia (R á b , pers. com.). Based on tne pigmentation pattem, spined
loach from Bavaria resembled C. elongatoides. The taxonomic state of Cobitis from the
Rhine basin and from China remains unsolved (N a I b a nt, pers. comrn.).
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Dne or two pairs were kept per tank to insure an individual recognition of the animals.
Details of the methods for breeding the fish and measuring eggs and hatchlings are given by
B o h len (1999). The diameter of yolk and chorion and the length of the hatchlings were
compared using one-way ANDVA (SPSS-software, p < 0.05). Spawning was observed by eye
in C. taenia, C. bilineata, C. paludica and C. fahireae. In S. vallachica and Cobitis sp. from
China specimens were observed immediately after spawning. In these species, a comparison
of the coloration between spawning and non-spawning condition was possible. Species were
checked for a preference of spawning substratum by counting the eggs released in different
areas of the aquarium.

Results

Spawning was similar in all Cobitis species lhal were observed by eye. AII males in the tank
followed the female, the female penetrated into dense vegetation, stopped and ODe male
embraced the female. The female started swimming and the circle began again, often with
another male embracing the female. However, some differences in the intensity of male
courtship were observed between species. Males of C. bilineata often stayed at the spawning
substratum and waited for the female, while males of C. paludica followed the female vigorously
without leaving her. Courtship intensity of male C. taenia and C. fahireae was intermediate.

In ODe occasion a sneaking behaviour was observed in C. bilineata. In a video-taped
spawning a male could be watched passing very quickly by a couple in embrace. When its
anal opening was close to the couple, it directed the ventral side of the body toward the
couple and obviously released sperm.

For oviposition, the female swam into a bunch of moss placed in each aquarium. Nearly
all eggs of Cobitis were found in this dense vegetation (Table 2). In contrast, eggs of S. sp. and
S. vallachica were found in a similar proportion on sandy bottom, on gravel bottom, in moss,
attached to large stones and in empty boxes. Eggs of Sabanejewia were smaller than eggs of
Cobitis and were sticky. Within the genus Cobitis, only the eggs of C. paludica were sticky.
The size of the eggs and the hatchlings differed significantly between most of the populations
(Table 2). A clear correlation between egg diameter and size of hatchlings was found
(Spearman rank coefficient 0.85, p < 0.001). Since the eggs ofSabanejewia were scattered in
the aquarium and stuck to dirt and sand, it was not possible to collect eggs quantitatively. In
Cobitis, the egg number could easily be estimated (Table 2). A change of coloration was
observed ín C. bilineata and C. fahireae. During the reproductive season, male C. bilineata
bore striped se«ond and fourth Gambetta zQnes (= L 3 and L 5 ofT a k e d a & F uj i e 1945),
while during the rest of the year they were spotted like the females. In C. fahireae, the males
became very intensely pig:mented, while ripe females appeared paler. In C. paludica, a change
of coloratiori was oDser;;ed on ly during spawning activity. The female became very intensely
pigmented and the males became pale. This spawning coloration disappeared within a few
hours after spawning activity. During the day prior to spawning, male Cobitis increased their
swimming attivity, whilst the females were mostly buried in the sand.

The embryonic and larval development in all investigated species of Cobitis was similar to
the descriptions by K o c han o v a (1956). In all Cobitis species, the embryos developed long
extemal gill filaments, a rich vascularisation of the fin fold as well as a broad head (Fig. I.A).
Coloration.~aQd pigmentation of the embryos varied between species. For example, in C. bilineata

-f{::

two types of pigmentation intensity were observed (B o h len 1998), C. taenia was the only
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with a ventral row of spots, the embryos of C. paludica had only few dark pigments and a
slightly orange coloration. Embryos of Sabanejewia did not have extemal gill filaments nor
a vascularisation of the finfold (Fig. 1.B). Their heads were laterally compressed as in
juveniles and adults, but bore a remarkable transparent bump. The structure and function of
this bump remains unclear.

Discussion

The mating behaviour was similar between the species and in close agreement with the
descriptions by K n a a c k (1960) and L o d i & Ma 1 a car n e (1990). At the present state
of knowledge, the mating behaviour with the conspicuous embrace is a common character to

A

B

Fig. 1. General appearance of early líCe stages of Cobitis and Sabanejewia. (A) late embryoníc stage of C. paludica
(6.1 mm), (B) late embryoníc stage of S. spec. (5.7 mm).
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all species of Cobitis. In a similar fonD it is found in Misgurnus (T s u k a h a r a 1948,
K n a a c k 1960) and Pangio (O t t 1995). When spawning in Cobitis was induced by
honnone injectli:W:I, the females did not show a preference for spawning substratum, bul
released eggs in the open water and near the bottom (K n a a c k 1960, L o d i &
M a I a car n e 1990). Oviposition into dense vegetation can be assumed to be the role in
natural spawning. In Sabanejewia, no preference for any spawning substratum was found, bul
most likely the eggs were spread indiscriminately. In the field, eggs of Sabanejewia would be
exposed to a different microhabitat from those of Cobitis. From the stickiness of Sabanejewia
eggs, this microhabitat would include the surface of bard structures, like gravel or stones.

The sizes of yolk and chorion were shown to be species-specific by Min a mor i (1952)
and S a i t o h (1990). On the other band, K n a a c k (1962) reported a large variability of
these parameters within and between the clutches of different females. Since the experimental
animal in the study of K n a a c k originated from a diploid-polyploid complex, the reported
variability may be an effect of the genetic composition of the female. However, in the present
study as well as in those by Min a mor i (1952) and S a i t o h (1990), the size ofyolk and
chorion did not show excessive intraspecific; variability, but was characteristic for each species
of spined loach. The size of yolk and chorion are mainly an adaptation to the reproductive
strategy of the species and the microhabitats of the eggs (M i na mor i 1952, Par k &
K i m 1996) and do not necessarily reflect the phylogeny of the investigated species.

The long extemal gill filaments and the finfold vascularisation in embryos of Cobitis are
adaptations to enhance oxygen uptake (K r y z a no w s k y 1934). Long extemal gill
filaments were reported from most Cobitinae studied so far (Misgurnus, G r i e b 1937,
Lepidocephalichthys, O t t 1995, Pangio, O t t 1995, Cobitis, S h i m i z u et al. 1998). In
the genus Niwaella, ODe species has long gill filaments (K i m & Lee 1995), while the
second has not (S u z u k i 1966). Sabanejewia is the first genu s known so far to have
generally no extemal gil1 filaments. Since additional respiratory organs reflect low oxygen
supply in the environment of fish, the early life stages of Sabanejewia seem to develop in a
microhabitat with high oxygen level.

From the reported differences in the reproductive biology as well as from the differenpes
in sexual dimorphism and morphology, it is unlikely that Sabanejewia represents the sister-
lineage to Cobitis, as reported by S a w a d a (1982) and B a n are s c u (1991).
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