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Synopsis

A brief description of the early development of ruff, Gymnocephalus cernuus, Balon’s ruff, G. baloni, and
yellow pope, G. schraetser, is presented. Developmental steps and thresholds, as well as patterns in the devel-
opment of the three Gymnocephalus species, are discussed with regard to saltatory ontogeny and alprehost
theory. Most of the patterns in all three Gymnocephalus species were found to be very similar to each other,
and a new model of speciation for the genus Gymnocephalus is proposed. The hypothesis that the subgenus
Gymnocephalus (G. schraetser and G. acerinus) has been evolving precocially and the subgenus Acerina (G.
cernuus and G. baloni) altricially is based on the following patterns: (1) embryos and larvae of yellow pope
grow and develop faster than those of ruff and Balon’s ruff, (2) yellow pope females become mature when
older and larger, (3) relative fecundity in yellow pope is considerably lower, (4) eggs of yellow pope are larger,
containing a greater amount of yolk, and (5) typical elongation of the snout (preorbital distance) in yellow
pope seems to be a deviation from the ancestral state. Several patterns of development in the precocial form
(body depth, head depth and shape of mouth) indicate that juvenilisation (paedomorphosis) may have played
an important role in the divergence of these subgenera.

Introduction

Three of the four species from the genus Gymno-
cephalus live in the River Danube: ruff G. cernuus,
Balon’s ruff G. baloni, and yellow pope G. schraets-
er. Despite certain differences in their ecological re-
quirements, their habitats often overlap. Recent
studies of early development (Kovaé 1992, 1993a, b)
confirmed very close relationships between all
three species. Moreover, the Paleodanube River is
suspected to have been the center of origin of the
genus Gymnocephalus (Holéik & Hensel 1974).
Therefore, this genus provides a very convenient
example for studies of sympatric speciation. A
model of phylogeny for the genus Gymnocephalus

has already been proposed by Holéik & Hensel
(1974). These authors also proposed and defined
two subgenera of the genus Gymnocephalus: sub-
genus Gymnocephalus sensu stricto, comprising G.
schraetser and G. acerinus; and subgenus Acerina,
consisting of G. cernuus and G. baloni. They stated
that ‘speciation within the subgenus Gymnocepha-
lus has followed geographical isolation, while spe-
ciation in the subgenus Acerina probably resulted
from ecological specialization’. It should be noted
that because of a complete lack of fossil material
prior to the Pleistocene, Hol¢tk & Hensel (1974)
consider their discussion on the evolution of the
species of Gymnocephalus to be highly speculative.
I concur with them, and the present paper aims at
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providing an alternative interpretation of evolution
of the genus Gymnocephalus and to outline some of
its possible evolutionary trajectories in light of al-
prehost theory (Balon 1981, 1988, 1989, 1990). Ac-
cording to this theory, two forms are recognized.
Smaller and less morphologically advanced forms
at particular thresholds of early development are
altricial (i.e. generalists), compared to precocial
(i.e. specialists). A central theme is that changes in
ontogenetic parameters during the less stable inter-
vals of early development (thresholds) canlead to a
bifurcation of alternate evolutionary pathways.

Materials and methods

All of the brood stock used in this study (Table 1)
originated from side arms of the River Danube in
Slovakia. The ruff Gymnocephalus cernuus (Lin-
naeus, 1758) were captured on 11 June 1989 in a
branch near the village of Vojka, Balon’s Ruff
Gymnocephalus baloni Holtik & Hensel, 1974 on
23 May 1990 in a branch near the village of Bodiky
and yellow pope Gymnocephalus schraetser (Lin-
naeus, 1758) on 7 May 1990 (female) and 29 April
1991 (male) in the Karlova Ves branch.

Ova were stripped from the fish and then insemi-
nated in Petri dishes using the dry method (see e.g.
McElman & Balon 1979). Development was stud-
ied in vivo on embryos and larvae anaesthesized
with MS 222 (tricaine methane sulfonate). Obser-
vations on living and preserved specimens were
made with a Meopta binocular stereomicroscope.

Photomicrographs were taken through the micro-
scope using ocular attachments and a Practica
PLC-3 camera. Drawings were made from living
specimens using a Carl Zeiss drawing apparatus,
and from photomicrographs. Measurements were
made with a Meopta ocular micrometer as de-
scribed by Lange et al. (1974). The single exception
was the postanal distance, which was measured
from the anus to the caudal end of the finfold (em-
bryos and larvae) or to the end of the longest caudal
ray (juveniles). The description of early ontogeny is
based on the terminology proposed by Balon
(1975). The letters E (embryonic), L (larval) and J
(juvenile) denote the periods of ontogeny; where
step E6 would be the sixth embryonic step. Age is
given as days:hours:minutes after activation, and
represents the start of the sampling interval. The
larvae were fed on strained mixed pond plankton.
Some of the studied specimens have been pre-
served in 4% formaldehyde solution for future ref-
erence.

Results and discussion

Since most of the developmental patterns in all
three Gymnocephalus species were found to be ve-
ry similar to each other (Figs 5, 6, 7, 8), the descrip-
tion of early development presented below repre-
sents a generalised model common for the genus
Gymnocephalus. Only the main events of the devel-
opmental steps are described; more detailed de-

Table 1. Standard length of the brood stock used (upper), and diameter of eggs after activation observed in the three Gymnocephalus
species (lower). The yolk diameters and that of eggs with envelope of each species differed significantly (ANOVA: 57.643 and 112.934
respectively, p < 0.0001, df = 34) from all other species (Scheffe F-test comparison of means at 95%).

mean (min-max) n mean (min-max) n

SL (mm) males females

G. cernuus 65.5 - 1 99.2 - 1
G. baloni 86.1 69.4-98.9 8 977 91.3-104.0 2
G. schraetser 1203 - 1 110.8 - 1
diameter (mm) yolk eggs with envelope

G. cernuus 0.87 0.78-0.92 10 1.00 0.97-1.07 10
G. baloni 0.93 0.89-0.98 15 112 1.07-1.17 15
G. schraetser 1.06 1.00-1.12 10 1.22 1.18-1.26 10
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Fig. 1. Perivitelline space and blastodisc formation; step El, vertical views from above: a — ruff, 00:00:12; b ~ Balon's ruff, 00:00:52; ¢ -
yellow pope, 00:00:06 (ee = egg envelope, bd = blastodisc, og = oil globule, yk = yolk, ps = perivitelline space). Scales = 1 mm.

scriptions have been provided elsewhere (Kova¢
1992,1993a, b).

Embryo period

During the cleavage phase, the developmental pat-
terns of species in the genus Gymnocephalus basi-
cally do not differ from those of other percids, e.g.
perch (Repa 1969), pike-perch (Bast] 1978), walleye
(McElman & Balon 1979), northern logperch
(Paine & Balon 1984a) or rainbow darter (Paine &
Balon 1984b); see also Kryzhanovsky et al. (1953).

The first embryonic step (E1) begins with activa-
tion of the eggs (Fig. 1). Within the first minute, the
perivitelline space begins to form and the cytoplasm

concentrates at the animal pole. The diameter of
yolk is smallest in ruff, followed by Balon’s ruff, and
yellow pope, with the diameter being significantly
different in all three species (Table 1). The same
pattern is observed in the eggs measured with enve-
lope. Similar results have been presented by Bastl
(1988) who dealt with the reproductive biology of
the three Danubian Gymnocephalus species in
more detail. He found that before spawning, the
diameter of ripe eggs attained 0.60 mm to 0.98 mm
in ruff, 0.92 mm in Balon’s ruff and 1.00 mm in yel-
low pope.

The second embryonic step (E2) commences
with the onset of cleavage and appearance of 2 blas-
tomeres. During this step, cleavage occurs rapidly,
forming the blastula (Fig. 2).

Fig. 2. Cleavage; step E2, vertical views from above, yellow pope; a — first cleavage, 00:02:09; b — second cleavage, 00:03:37; ¢ — third

cleavage, 00:04:50. Scales =1 mm.



244

Fig. 3. Epiboly (the oil globule is not the last part covered by the advancing cell layer); step E3, vertical views from above, yellow pope: a—
00:19:27 (es = embryonic shield, gr = germ ring); b — 00:22:20; ¢ - 01:02:58. Scales = 1 mm.

The third embryonic step (E3) begins with the
onset of epiboly. Rapidly dividing cells form an ad-
vancing layer that covers the yolksac surface. Un-
like walleye (McElman & Balon1979) and northern
logperch (Paine & Balon 1984b), the oil globule is
not the last part being covered by the advancing cell
layer in Gymnocephalus spp. (Fig. 3).

During the embryonic phase, I recorded two de-
cisive thresholds: the onset of muscular contrac-
tions and the onset of blood circulation. The fourth
embryonic step (E4) starts with the onset of germ
ring closure. An embryonic axis appears and the
head becomes distinguishable. The brain anlage,
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Fig. 4. Embryo with segmented body (the brain anlage and sense
organs are not yet visible); step E4, vertical view from above,
Balon’s ruff, 01:02:27 (e = eye, n = notochord, og = oil globule,
m = myotomes, kv = Kupfer’s vesicle). Scale =1 mm.

eyes, olfactory and auditory vesicles, notochord,
and Kupffer’s vesicle appear. Segmentation of the
body also occurs (Fig. 4). In northern logperch,
‘segmentation of the body and formation of the
brain regions in step E4 and ES are necessary for
the initiation and control of muscular contractions
in succeeding steps’ (Paine & Balon 1984a). The de-
velopment of Gymnocephalus spp. is similar in this
respect; therefore I consider the segmentation of
the body and differentiation of the nervous system
to be the main events of E4. Since displacement of
the oil globule in Gymnocephalus did not seem to
be as apparent as in the northern logperch, I consid-
er this interval of development as a single step only.

The fifth embryonic step (ES) starts with the on-
set of first contractions in the embryos. Segmenta-
tion continues, lenses appear in the eyes, and oto-
liths appear in the auditory vesicles. The heart also
appears, beating irregularly. The embryos are trans-
parent and lack pigment.

The sixth embryonic step (E6) begins with the
onset of blood circulation. During this step the em-
bryos hatch and the free embryo phase begins. Af-
ter hatching, the embryos lie side down on the bot-
tom and dart vertically from time to time. Pectoral
fin buds appear, and the head is bent toward the
yolksac. The heart beats regularly (Kovat 1992,
1993a, b), and the blood is colourless. The circulato-
ry system is very simple, consisting of the dorsal aor-
ta, caudal vein, posterior and anterior cardinal
veins, Cuvier’s duct and cerebral veins (Fig. 5a).
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Fig. 5. Free embryos (note the simple circulatory system); step E6, left lateral view: a — ruff, 04:07:00; b - Balon’s ruff, 02:20:49; ¢ — yellow
pope, 04:05:34 (acv = anterior cardinal vein, ca = caudal artery, cv = caudal vein, da = dorsal aorta, cd = Cuvier’s duct, he = heart, li = liver

anlage, pcv = posterior cardinal vein). Scales =1 mm.

Despite the possibility that simple diffusion might
be sufficient to cover oxygen requirements, the ab-
sence of both the vitelline and segmental vessels,
which are very common in other percids (e.g. Repa
1969, Paine & Balon 1984b), suggests that Gymno-
cephalus embryos require very favourable oxygen
conditions to survive. My field studies in the Karlo-
va Ves branch of the Danube support this presump-
tion; ripe adult specimens of all three species were
most frequently caught in slowly flowing or stag-
nant waters adjacent to lotic sections. These well
oxygenated parts of the Karlova Ves branch may be
the spawning sites and nursery areas for all three
Gymnocephalus species.

The characters developed during E6 may reflect
preparations for controlled movements. Freshly-
hatched embryos already possess a well-developed,
unpaired finfold and small horizontal immobile
pectoral fins. Nevertheless, to be able to swim, the
embryos also need well-developed sense organs
and a more efficient respiratory system. Intensive
development of the eyes is evident, and the lateral
line also seems to be undergoing rapid develop-
ment. At the start of E6, the embryos respond ex-
clusively to direct touch, whereas at the start of E7
they begin to respond to a gentle tap on the aquar-
ium glass. Disler & Smirnov (1977) also reported in-
tensive development of the lateral line in ruff dur-
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Fig. 6. Larvae; step L3, left lateral view. In ruff (a, 21:01:25) and Balon’s ruff (b, 22:21:22) the cranial end of the lower jaw exceeds that of the
upper jaw, whereas in yellow pope (c, 20:17:35) the latter is exceeding; otherwise, the larvae are still very similar to each other. Scales =

1 mm.

ing corresponding intervals of ontogeny. With the
appearance of colour in blood elements and an in-
crease in the heart beat rate at the start of E7, one
may assume that respiration has become more effi-
cient.

During E6, the horizontal, and as yet immobile,

pectoral fins increase in size and turn their base ver- .

tically. Upon reaching the vertical position, they be-
come mobile. This event strongly affects the beha-
viour of the embryos, which until then lay passively
side down on the bottom; they shift to abdomen
down and then begin swimming actively. The em-
bryos are also then able to swim horizontally and to
change direction when necessary. Therefore, I con-
sider the onset of pectoral fin movements to be a
threshold between E6 and E7. Such a dramatic

change in embryo behaviour was not observed
either in Stizostedion (McElman & Balon 1979,
Bast11978) or in Perca (Repa 1969, Kryzhanovsky et
al. 1953). Therefore, it is obvious that the role of this
developmental event is much more important in
species of Gymnocephalus than in Stizostedion or
Perca.The seventh embryonic step (E7) is charac-
terized by the preparation for exogenous feeding
and branchial respiration. The head separates from
the yolksac, pigment appears in the eyes and the
lower jaw begins to quiver. The mouth is terminal
but the cranial end of the upper jaw exceeds that of
the lower jaw. As the step advances, the mouth be-
gins to perform regular, respiratory-like move-
ments. The embryos lay abdomen down on the bot-
tom but also try to swim horizontally.
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Fig. 7. Juveniles; step J1, left lateral view: a — ruff; b — Balon’s ruff; ¢ - yellow pope. Scales = 1 mm.

Larva period

In the finfold phase (Fig. 6), the first larval step (L1)
begins with the onset of active feeding. The mouth
is large. Melanophores increase in number. The
yolksac and oil globule reduce in size, whilst an
swimbladder anlage appears. Swimming through-
out the water column (in aquarium), the larvae be-
gin to hunt small plankton. According to my obser-
vations, they use their sight for orientation. Both
the manner of feeding and the construction of the
jaw apparatus of larvae differ from those of adults.
From the start of exogenous feeding, the larvae
have a large terminal mouth. In ruff and Balon’s
ruff, the cranial end of the lower jaw exceeds that of
the upper jaw; whereas, in yellow pope the position

of jaws is reversed. A common pattern in all three
species is that, owing to very good mobility of the
lower jaw, the fully opened mouth exceeds both the
depth and the width of the head. This is very impor-
tant because the larvae seize their prey by rapid
darting movements. Such feeding behaviour re-
quires the mouth to be as large as possible to com-
pensate for inaccuracies in movement (Aleyev
1963). On the contrary, adults eat mostly benthos
(Nagy 1985) and catch their prey by suction (El-
shoud-Oldenhave & Osse 1976). Similarly, adults
have a relatively smaller mouth than do larvae, with
the cranial end of the upper jaw exceeding that of
the lower jaw.

The second larval step (L.2) begins when the yolk
is fully depleted and feeding becomes exclusively
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Fig. 8. Changes in relative mensural characters during early development of three Gymnocephalus species: ruff (cernuus), Balon’s ruff
(baloni) and yellow pope (schraetser): a — preanal distance (% TL); b — postanal distance (% TL); ¢ - head length (% SL); d — minimum
body depth (% SL); e — horizontal otic capsula diameter (% SL); f — horizontal eye diameter (% SL).

exogenous. Air appears in the swimbladder, taking
over the hydrostatic function of the now absorbed
oil gobule (Kryzhanovsky et al. 1953).

In the finformed phase, the third larval step (L3)
begins with the onset of finfold differentiation. Fin
rays appear in the prospective caudal fin, then in the
dorsal and anal fins, the pectoral fins and finally in
the ventral fins. Changes in the relative values ex-
pressed in % of SL occur in minimum body depth,
head length and eye diameter; the preanal-to-post-
anal distance ratio tends towards an increase in the
preanal distance (Kovac 1992, 1993a, b).

Juvenile period

The first juvenile step (J1, Fig. 7) begins with the
onset of elimination of the axial lobe of the caudal
fin. Several mensural characters (minimum body
depth, head length, eye diameter, preanal-to-post-
anal distance ratio) attain relative values similar to
adults. In other words, the slender larval body with
afinfold and a long tail transform to a more corpu-
lent, deeper body, with a shorter and deeper tail.
The juveniles also possess a complete set of fins.
This provides a dramatic improvement in locomo-
tion and manoeverability of the fish (e.g. Aleyev
1963). The pigmentation of juveniles also resembles
that of adults.
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Fig. 9. Growth during early development of three Gymnocephalus species (legend as in Fig. 8), plotted against temperature units. The
growth was most rapid in yellow pope throughout early development, the regression equations being TL =1.888 +0.014 TU (r =0.832,n =
39, p <0.001) for ruff; TL =3.091 +0.009 TU (r = 0.863,n =118, p <0.001) for Balon’s ruff; and TL =2.854 +0.017 TU (r =0.874,n =73,p <

0.001) for yellow pope.

Reflections on the evolution of the genus
Gymnocephalus

The fact that most developmental patterns of the
three Gymnocephalus species were found to be ve-
ry similar to each other (Figs 5, 6, 7, 8; also Kova¢
1992, 1993a, b) confirms that ruff, Balon’s ruff and
yellow pope are very close relatives. Nonetheless,
there are some different features that suggest pre-
vailing trends in the evolution of the genus Gymno-
cephalus. A model of phylogeny for the genus Gym-
nocephalus proposed by Holéik & Hensel (1974)
considers the subgenus Acerina (comprising G. cer-
nuus and G. baloni) to be more specialized than the
subgenus Gymnocephalus (G. schraetser and G.
acerinus). They suggest this based on the fact that
the subgenus Gymnocephalus exhibits more prim-
itive characters, such as more elements in the dorsal
and anal fins, more scales in the lateral line, a prim-
itive type of coloration and exclusively rheophilous
habits. However, in light of the results presented
here, and considering alprehost theory (Balon 1981,
1988, 1989,1990), I propose an alternative interpre-
tation of the evolution of the genus Gymnocepha-
lus. Central to the following discussion is the rela-

tionship between the subgenera Acerina and Gym-
nocephalus.

Percids are thought to have originated from some
of the anadromous percoid families (Collette et al.
1977), the Perca ancestor having arisen from some
of the European anadromous serranid stocks. Sub-
sequently, the genus Gymnocephalus apparently
derived from Perca (Collette & Banarescu 1977,
Rab et al. 1987). According to Balon (1988) ‘the
ability to create a generalist or a specialist at the
same time is the only solution that can be prepared

Altricial
e
cernuus  baloni schraetser acerinus

Precocial
e

subgenus

Acerina Gymnocephalus
Ancestor
genus
Gymnocephalus

Fig. 10. A new model of phylogeny proposed for the genus Gym-
nocephalus.
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Fig. 11. Changes in relative preorbital distance during early development of three Gymnocephalus species (legend as in Fig. 8). Ruff and
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for questions in a co-evolving system. . . Beyond the
time scale of generations identical mechanisms are
probably responsible for taxonomic divergence and
paedomorphosis, i.e. the processes [that] cause
change in ontogeny and reproduction may be canal-
ized into the creation of a new taxon. Every succes-
sive reproductive cycle, as a consequence of chang-
ing genetic and epigenetic variations, will produce
both forms with more specialized characters in
comparison with previous generations. For exam-
ple, the larval period will become shorter and short-
er, egg number per reproductive cycle lower and
lower, but the yolk volume and density will be in-
creasingly higher’.

In the case of the genus Gymnocephalus, all of
the characteristics cited above are apparent in yel-
low pope: (1) embryos and larvae grow and develop
faster than those of ruff and Balon’s ruff (Fig. 9, also
Kovag 1992, 1993a, b); (2) females become mature
when older and larger (Bastl 1988); (3) absolute and
relative fecundity is considerably lower (Bastl
1988); (4) eggs are larger, containing higher
amounts of yolk than those of ruff and Balon’s ruff
(Table 1, also Bastl 1988). Similarly, the eggs of G.
acerinus are larger and its relative fecundity is lower
(Kryzhanovsky et al. 1953).

As already emphasized, most patterns of early
development in the three species are very similar. In
the evolution of the original genus Gymnocephalus,
the epigenetic mechanisms, I suggest, appeared ve-
ry early and caused its split into two evolutionary
trajectories (Fig. 10). The altricial trajectory led to
the recent subgenus Acering, and the precocial tra-
jectory to the recent subgenus Gymnocephalus
(both subgenera sensu Hol¢ik & Hensel 1974).

The precocial tendency of the subgenus Gymno-
cephalus also seems to be evident from comparison
of development of the preorbital distance. This dis-
tance was not very different in all three species
throughout early development (Fig. 11), and judg-
ing from illustrations of Kryzhanovsky et al. (1953),
G. acerinus appears to present a similar pattern. I
believe, that therefore, the preorbital distance in
the ancestor of the original genus Gymnocephalus
was approximately the same. Furthermore, even at
the beginning of the juvenile period, the preorbital
distance in yellow pope was very similar to that in
both ruff and Balon’s ruff (Figs 7, 11). However, in
the latter two, the proportion of the preorbital dis-
tance averaged 90.2 and 94.1% of the values observ-
ed in adults, respectively; whereas in yellow pope
the proportion was only 67.6% (Kovat 1992, 1993a,
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b; Fig. 11). Thus, the typical prolongation of the pre-
orbital distance in the subgenus Gymnocephalus
does not occur earlier than the juvenile period. In
other words, the subgenus Gymnocephalus pre-
sents a deviation from its ancestral state.
Moreover, in comparing the development of
morphological characters during early ontogeny
with those of adults, I found characters that might
suggest the occurrence of juvenilisation (paedo-
morphosis) in the precocial evolution of the subge-
nus Gymnocephalus. These characters had already

attained definite (i.e. adult) proportions during the
larva period in yellow pope (unlike ruff and Balon’s
ruff): (1) protruding upper jaw (Fig. 6¢c), typical for
adults in all four Gymnocephalus species; (2) rela-
tive body depth (Fig. 12a); and (3) relative head
depth (Fig. 12b). The mouth appears during E7. Itis
terminal and the cranial end of the upper jaw ex-
ceeds that of the lower jaw in all three species.
Then, during the larva period, a difference between
the Acerina species and yellow pope appears. In the
subgenus Acerina, the cranial end of the lower jaw
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begins to exceed that of the upper jaw, whereas in
yellow pope the cranial end of the upper jaw pro-
trudes. If we accept the hypothesis that the genus
Gymnocephalus apparently derived from Perca
(Collette & Banarescu 1977, R4b et al. 1987), then it
is obvious that the shape of mouth in Acerina larvae
represents one of the patterns that reflects phyloge-
netic relations between these two genera (the same
shape of mouth is known both in Perca larvae and
adults; Kryzhanovsky et al. 1953, Repa 1969). Thus,
it is also obvious that yellow pope larvae show a de-
rived pattern in this respect. Consequently, as the
shape of mouth in yellow pope is the same in larvae
and adults, I consider this to be an effect of juvenil-
isation (paedomorphosis). Juvenilisation may
transform a precocial specialist back into an altri-
cial generalist; otherwise, excessive specialisation
might lead to extinction (Balon 1985). Therefore, I
propose that precocially evolving ancestor of the
subgenus Gymnocephalus, under certain condi-
tions, shifted via juvenilisation towards a less spe-
cialized form. This also indicates that juvenilisation
may have played an important role in the diver-
gence of the subgenera discussed.

With regard to the subsequent evolution of sub-
genus Gymnocephalus, 1 agree with Hol¢ik & Hen-
sel (1974), who proposed that after the connections
between the rivers Dnepr and Danube had disap-
peared, the ancestral Gymnocephalus form evolved
into G. acerinus in the former and into G. schraetser
in the latter. Further evidence of this was reported
by Oliva (1959). Comparing mensural and meristic
characters, he found that eastern populations of G.
schraetser had a very obvious relationship to west-
ern populations of G. acerinus.

During the evolution of subgenus Acerina, recent
species have not been isolated from each other, and
presumably both altricial and precocial tendencies
also occur. However, their relationships are so close
that the characters liable to reveal evolutionary tra-
jectories are hardly detectable. Nevertheless, a
more advanced (derived) karyotype with more
metacentric elements (Rab et al. 1987) and higher
amounts of yolk in G. baloni, as well as earlier ma-
turity and higher relatively fecundity in G. cernuus
(Bastl 1988), suggest that the former species has
been evolving rather as a precocial specialist and

the latter as an altricial generalist (Fig. 10). This hy-
pothesis is also based on one of the main ideas of the
alprehost theory, that unlike specialists, the gener-
alists are able to survive in most unpredictably per-
turbed environments (Balon 1988). An example of
this is the success of G. cernuus in man-made river
reservoirs (Chaban 1959, Bastl 1969, Polivannaya
1974, Kiyashko 1981, Zadorozhnaya & Spanov-
skaya 1981, Fernando & Hol¢ik 1991). I suggest that
G. cernuus followed the evolutionary trend of some
percids (e.g. Perca and Stizostedion spp.), enabling
them to colonize stagnant waters and to expand
their range to lentic environments. However, this
trend did not lead towards specialisation but rather
enhanced the ecological adaptability of Perca and
Stizostedion. Indeed, these species (as well as G.
cernuus) have kept the ability to survive and to re-
produce in their original riverine environments. On
the other hand, precocial G. baloni evolved as a spe-
cialised rheophil.
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