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Background. Many of Cobitis subpopulations exist as diploid—polyploid hybrid complexes where polyploid
gynogenetic females act as “sperm parasites” of diploid individuals. In addition to sexual strategy, the life history
of such individuals is also affected by their growth performance. In order to elucidate unknown aspects of the
Cobitis hybrid complexes we decided to identify differences in the annual size increments between individuals
representing different ploidy and sex, and to compare the condition factor expressed by length—weight (L—W)
relation within the same ploidy and sex groups.

Material and methods. In total, 158 specimens representing Cobitis elongatoides (Béacescu et Mayer, 1969) x
Cobitis tanaitica (Bacescu et Mayer, 1969) hybrid complex were caught in August and September 2014, of which
132 were analysed. The fish were caught in the Okna River (Danube River basin), Slovakia. Sex was determined
based on externally visible morphological features or based on microscopic observation of the gonads. Ploidy level
was determined by means of flow cytometry on fin clips taken from each specimen. Age was estimated based on the
total number of annuli visible on vertebrae. All statistical models were performed in the R statistical environment.
Results. Sex ratio varied within age classes, with 3+ fish primarily composed of females and, 4+ fish mostly
triploid. Maximum back-calculated lengths for diploid females were obtained up to 3+, and for the 4+ age group
for triploid. L—# relations for adult males and females also differed significantly, but did not vary between diploid
and triploid females. There were differences in at specific body lengths for Cobitis with different ploidy level.
Diploid males were characterised by short annual age and length increments during the first two years of life.
Annual increments in diploid females were highest overall though their frequency decreased after the reaching the
fourth year of life (3+). On the contrary, annual increments in triploid females were the lowest within all groups
until their fourth year, thought their frequency in the oldest age group (4+).

Conclusion. In our study, we first confirmed that yearly increments and maximal age of Cobitis individuals are
affected by different ploidy. Contrary, the L—¥ relations of gutted diploid and triploid females did not differ and
they were affected only by sex. We suggest that the intensity of growth is more affected by ploidy, while the L—I¥
of Cobitis is determined by intensity of feeding and stage of gonad development at the local conditions during
season. Therefore, in the future studies of Cobitis growth and condition parameters the ploidy level of individuals
should also be considered.
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INTRODUCTION

The genus Cobitis Linnaeus, 1758 is represented by
approximately 70 small, bottom-dwelling fish species
widely distributed throughout Europe and Asia (Kottelat
2012). The majority of the Cobitis populations in central
and eastern Europe are in fact mixed diploid—polyploid
assemblages, with diploid and/or polyploid hybrids co-
existing with at least one of the parental species, the males
of which participate in the reproduction of the asexual

(hybrid) forms (Vasilev et al. 1989, Boron 1999, 2003,
Janko et al. 2007, 2012).

In Slovakia, members of the genus Cobitis are mostly
found in slow flowing lotic ecosystems (Kos¢o et al. 2008).
Slovak Cobitis are represented by pure diploid Danubian
spined loach, Cobitis elongatoides Bacescu et Mayer, 1969,
and by the mixed diploid—polyploid hybrid complex of
Cobitis elongatoides x Cobitis tanaitica Bacescu et Mayer,
1969 (see Lusk et al. 2003, Luskova et al. 2004, Papousek
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et al. 2008) (C. tanaitica is known as the Don River spined
loach). This hybrid complex has diploid, triploid, and rarely
tetraploid male and female forms, with triploid females
predominating in the majority of populations.

All Cobitidae are currently classified as endangered
(Anonymous 2015) in Slovakia and have been protected
under Slovak law since 2003 (Anonymous 2003), mainly
due to habit deterioration (Pekarik et al. 2008).

The occurrence of diploid—polyploid Cobitis
populations in central Europe casts doubt on the results
of previous growth studies that do not provide genetic
identification of the specimens examined (Kréal 1965,
Erés 2000). Meanwhile, sexual dimorphism due to
the different life-history traits of males and females of
C. elongatoides was only partially examined by Kotusz
(2000, 2008). Further examination of age and growth of
C. elongatoides could help in our understanding of sex-
and ploidy-dependent differences. Consequently, the
main objective of this study was to identify differences
in the annual size increments and L—W¥ relation values of
individual of differing ploidy and sex.

MATERIAL AND METHODS

Study area and sampling. This study was conducted on
the Okna River (48°43'N, 22°07'E; Danube River basin)
in eastern Slovakia. The river is characterised by a slow
flow and the bottom substrate was generally sandy with
mud and clay.

The local fish assemblage consisted of the topmouth
gudgeon, Pseudorasbora parva (Temminck et Schlegel,
1846); white-finned gudgeon, Romanogobio vladykovi
(Fang, 1943); roach, Rutilus rutilus (Linnacus, 1758);
chub, Squalius cephalus (Linnaeus, 1758); and bitterling,
Rhodeus amarus (Bloch, 1782) (see Fedorcak et al. 2015).
Loaches of the C. elongatoides x C. tanaitica hybrid
complex (Lusk et al. 2003, Luskova et al. 2004, Papousek
et al. 2008) were eudominant in the river (Tischler 1955).
Fish catching was legally arranged based on a permit of
the Ministry of Environment 759/2010-2.1 (4120/2014-
2.3) and by special electrofishing permit (31/2015).

In total, 158 loaches were sampled (88 on 18—19 August
2014, and 70 on 29-30 September 2014) by electrofishing
(200-300 V, 0.2-0.5 A; Table 1). Immediately after capture
all fish were anaesthetised, then a fin clip was taken and
fixed in 70% ethanol. Selected individuals were labelled,

packaged separately, and frozen at —10°C. The remaining
specimens were released back into the stream after
measuring body length (standard length [SL] to the nearest
0.1 mm) and body weight (W; with 0.01 g accuracy). In total,
132 fish were used for age and growth analyses. Of the 158
fish sampled, 20 were excluded from the further analysis,
as they were triploid males, tetraploids, or juveniles.
Additional 6 fish were classified as outliers or were rejected
due to damage caused during evaluation.

Ploidy status was determined from each fin clip
as erythrocyte DNA content using a Partec CCA flow
cytometer (Partec GmbH, Munster, Germany), using
49.6-diamidino-2-phenylindol.

Sex was determined morphologically in the field and

via visual or microscopic observation of the gonads in the
laboratory after dissection. The presence of Canestrini’s
scales on the pectoral fin, as well as the pectoral fins more
pointed shapes, easily differentiated males from females.
Age determination. Although scales are commonly
used for age determination in the Cobitis genus, the lack
of a calcified centre (Fig. 1) makes such estimations
ambiguous. Therefore, in our study, age was estimated
on the basis of the total number of annuli visible on the
interior of the vertebral body (Fig. 2). That part of the
spine between the beginning and end of the dorsal fin was
dissected from each specimen. The spines were boiled
for 10 min in water, mechanically cleaned, and fixed in
70% ethanol. For individual age estimation, at least three
vertebrae were observed microscopically (Leica DM 2000,
PLANOPO 1.0%). Radii and annual increments were
measured using Leica Software. The distances from the
vertebra’s centre to each annual ring (rn) and to the vertebra
edge (R = total radius) were measured to the nearest 0.005
mm. The evaluated samples were classified by age.
Data analysis. Fish were evaluated for ploidy and sex
status and labelled as follows: 2nM = diploid male, 2nF
= diploid female, 3nF = triploid female. The L—W¥ relation
was determined using the equation (Le Cren 1951)

W = aSL*
transformed by taking the natural logarithm into

In(W)=1In(a) + b 1n (L);

Table 1
Ploidal identity and the frequency of the Cobitis specimens sampled from the Okna River between August and
September 2014
Male Female Juvenile Frequency by sex Frequency by ploidy
Total
Month M F J 2n 3n 4n
2n 3n 4n 2n 3n 4n 2n 3n 4n
n % n % n % n % n % n % n %
Aug 223 233171 2 7 1 27306 51 580 10 11.4 57 64.7 27 307 4 4.6 88 100
Sep 34 18 14 2 2 34 48.6 32 457 4 57 54 771 16 229 70 100
Total 56 3 2 51311 4 9 1 61 83 14 111 43 4 158

M = males, F = females, J = juveniles; 2n = diploids, 3n = triploids, 4n = tetraploids.
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Fig. 1. A scale from 92 mm (SL) long diploid female
(2nF) Cobitis collected from the Okna River, Slovakia;
Note the blurred annual increments at the centre

Fig. 2. Anterior view of the anterior part of a vertebra of
a 96 mm (SL) long female Cobitis collected from the
Okna River, Slovakia; Numbers indicate sequential
annual increments

where W is fish body weight [g], L is fish body length
[mm], a is the regression intercept, and b is the slope of
the regression coefficient. For L— evaluation we fitted
a linear model (LM) with (In) weight as the response
variable, and (In) length, three ploidy—sex groups and their
two-way interaction as explanatory variables. Significance
of each regression we estimated by analysis of variance
(ANOVA), comparison between regressions was carried
out analysis of covariance (ANCOVA).

Back-calculated lengths (BCL) for each year of life of
each individual were calculated using the direct proportion
method (Dahl 1907, Lea 1910) as the regression relation
between SL and R:

BCL=SL(rnR")

where BCL is back calculating length at the annulus,
SL is length at capture, rn is age structure radius at the

annulus, and R is age structure radius at capture (Fig.
3). The BCL was evaluated using package Fisheries
Stock Assessment package according to Ogle (2013).
In order to determine whether back-calculated length-at-
age differed between the 2nM, 2nF, and 3nF ploidy—sex
group, we fitted a second-degree polynomial (quadratic)
linear model. The model’s right-side contained the group
factor variable (ploidy—sex), with increments (inc) and the
squared version of increments (incSqrd) as quantitative
explanatory variables (quadratic regression); and the
interaction between group factor (ploidy—sex) and both
quantitative explanatory variables (increments). The
model was submitted to analysis of covariance in the
order to extract the Type I and type III sum of squares
according to Fox and Weisberg (2011).

All statistical analyses were performed in the R
statistical environment (R Core Team 2014), with a = 0.05
set as the level of significance for all tests. The Akaike
information criterion (AIC) was applied in the case of
multiple L— model comparisons.

RESULTS

Ploidy status, size, and sex ratio. Loach from the Okna
River were in 70.3% diploids and in 29.7% polyploids
(Table 1). Of 132 Cobitis sp. identified, 40 were diploid
males, whereas 54 of 92 females were diploid and
38 triploid. The overall sex ratio (M : F = 1 : 2.3) was
significantly biased toward females (x> = 20.5, df =1, P
< 0.01). The percentage of diploid males and females and
triploid females varied within age classes (Table 2). Diploid
males dominated the age classes at both 1+ and 2+ (1+:
50%, ¥*=16.6,df=2, P<0.01; 2+: 56.9%, y*=37.9, df =
2,P<0.01). At 3+, however, diploid females dominated at
50% of the category (y*> = 32.6, df =2, P <0.01); while at
the 4+, triploid females were highly dominant at 87.5% (y’
=134.4,df=2, P <0.01). In general, females were longer
than the males (ANCOVA, F(L 150) = 102.1, P<0.01), with
ploidy having a significant effect also (ANCOVA, F 2.129)
= 64, P < 0.01). Tukey’s test confirmed that each of the
compared displayed significantly different lengths (P <
0.05). The 95% confidence intervals produced by Tukey’s
test were —25 and —16.3 mm between diploid males and
females; —11.6 and —2.8 mm between triploid and diploid
females and 8.7 and 18.2 mm between triploid females
and diploid males (Table 2).

Age and growth. Determination of age based on vertebrae
indicated four age groups (1+ to 4+) for females, three (1+
to 3+) for males (Table 2). Juveniles (0+) based on the
presence of any vertebraec annulus were not recorded in
any of the groups examined (2nM, 2nF, 3nF). Males were
most frequent at age classes 2+, while diploid females
were most frequent at 3+ class and triploid females at
4+. The oldest male specimens caught were aged 3+.
The largest number of females caught were in the third
(2+) or fourth (3+) year of life, and the lowest number in
their second (1+) or fifth (4+) years (Table 2). Females
therefore, became more predominant in the population
with each increasing age class.
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Table 2
Basic genetic, morphometric, and statistic, information on the Cobitis specimens collected from the Okna River,
Slovakia
Ploidy group
2nM 2nF 3nF
Age
SL [mm] Frequency SL [mm] Frequency SL [mm)] Frequency
Mean  Range n % Mean Range n % Mean  Range n %
1+ 61.3 60-63 3 50.0 53.0 52-54 2 333 53.0 1 16.7
2+ 65.7 55-74 33 56.9 81.7 71-89 21 36.2 68.0 58-76 4 6.9
3+ 68.5 67-70 4 6.7 91.7 75-104 30 50.0 78.3 64-88 26 433
4+ — — — — 89.0 — 1 12.5 92.4 8696 7 87.5
All 65.6 55-74 40 30.3 86.3 52-104 54 40.9 79.1 53-96 38 28.8

2nM = diploid males, 2nF = diploid females, 3nF = triploid females; SL = standard length of fish.

The body length of 132 individuals increased
proportionally with age. Length of vertebra radius showed
a highly significant relations with standard length (LR, F|
130 = 247.1, P < 0.01) (Fig. 3). Furthermore, differences
BCL were significantly correlated with annual length
increments (squared version) in interaction with ploidy—
sex status (ANCOVA, F,, o= 4.01, P < 0.05). Annual
increments in diploid females (2nF) were significantly
different from those of diploid males (2nM) and triploid
females (3nF) (Fig. 4). During the first year of life, the
annual length increment in diploid females (2nF) was the
mostrobust (Fig. 4), with that of diploid males (2nM) lower
and that of triploid females (3nF). In contrast to short-lived
diploid males (2nM), triploid females (3nF) growth rate
were higher in the older age groups. There was a tendency
for the growth rate to decrease with age in all groups.

We were unable to confirm any significant differences
in the slope of partial L—# in sexual males (2nM), sexual
females (2nF), and asexual females (3nF) (ANCOVA, F,
1y = 2.56, P>0.08). On other hand, the differences in the
LW relation between males and females were supported
by the significant influence of sex on relative (In) somatic
weight (ANCOVA, F, .o = 7.75, P < 0.01) (Table 3).
Based on the Student’s ¢ test diploid females (b = 2.55,
SE (b) =0.17, P <0.05), diploid males (b = 1.9, + SE (b)
=0.27, P <0.01) and triploid females (b = 2.62, + SE (b)
=0.18, P <0.05) all displayed negative allometric growth.

DISCUSSION

The sex ratio is slightly biased toward females in
the majority of Cobitis species (Bohlen and Ritterbusch
2000), and more so in mixed diploid—polyploid
populations (Erds 2000) due to the presence of triploid
females. Hence, the diploid—polyploid ratio in mixed
populations will affect the sex ratio. In our study, the
diploid—polyploid ratio of 2.4 : 1 and sex ratio of males
to females of 1 : 1.4 is considered. The diploid—polyploid
ratio of Cobitis from Lake Miiggelsee (Germany),
however, at 1 : 7.4, is considered extreme, sex ratio 1 :
22 in favour of females (Bohlen and Ritterbusch 2000).
According to Kotusz et al. (2014), the diploid—polyploid

Fig. 3. Linear regression for the relation between standard
length (SL) and vertebrae radius (rn) of the Cobitis
specimens collected from the Okna River, Slovakia (n
=132;a=110.1,+SE (@) =7,b=33.5,=SE (b) = 2.9,
»=0.66, P <0.01); The dashed lines represent the 95%
confidence intervals, the dotted lines 95% prediction
intervals and the full line the regression
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Fig. 4. Back-calculated lengths (BCL) of the Cobitis
specimens (collected from the Okna River, Slovakia) at
age, computed by the Dahl-Lee method; 2nF (diploid
females): y = —5.16x> + 39.4x + 18.7 (= 0.84); 2nM
(diploid males): y=-6.5x> +37.7x + 15.9 (+*=0.84); 3nF
(triploid females): y =—2.08x? + 27x + 15.7 (= 0.84)
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Table 3

Linear regression parameters for the relation between (In) body weight and (In) standard length of the Cobitis
specimens collected from the Okna River, Slovakia

Linear regression parameters

Model Level ANCOVA
a SE (a) b SE (b) r n P
Model 1 2nM 1.90 0.34 -7.02 1.44 0.92 40 <0.06 F(z’ 123~ 2.56; P=10.08
2nF 2.55 0.19 -9.86 0.83 0.92 52 <0.01
3nF 2.62 0.24 -10.27 1.08 092 37 >0.78
Model 2 Males 1.90 0.32 -7.12 1.33 091 40 <0.01 F(1, 125y~ 7.75; P <0.001
Females  2.77 0.12 -10.92 0.51 091 89 <0.01

a = regression intercept, b = slope of the regression coefficient, SE (@) = standard error of the mean of a, SE (b) = standard error of the mean
of b; 2nM = diploid males, 2nF = diploid females, 3nF = triploid females; Model 1 includes interaction with ploidy—sex relation at three
levels; Model 2 includes interaction with sex only, at two levels; Model accuracy: Model 1: AIC 179, df = 7; Model 2: AIC 169.2, df = 5;

ratio in Cobitis population has remained relatively stable
for around a decade, though the male—female ratio varies
with age in the majority of populations (Soriguer et al.
2000, Patimar et al. 2011, Mousavi Sabet et al. 2011,
2012, Kirankaya and Ekmek¢i 2014). As such, the
survival rate differs between the sexes (Aoyama 2007,
Juchno and Boron 2010) and between individuals of
different ploidies (Bobyrev et al. 2003).

Cobitis males from the Okna River were smaller
than the females, which is a fixed biological feature of
all Cobitis species (Boron et al. 2008). Moreover, males
remain small throughout their life cycle in response to
the specific requirements of the breeding rituals (Bohlen
2008). Overall, the age and length structures in European
Cobitis populations show a general pattern of short
lifespan (max. 6+ years) and body length (ca. 120 mm)
(Kirankaya and Ekmekgi 2014).

Organismal growth depends on an increase in the
number of cells through replication of DNA content (Lee
et al. 2009). Here, we show that growth in Cobitis sp. can
be impacted by differing ploidy status. While very similar
growth rates were observed for diploid males (2nM) and
triploid females (3nF), especially until their second years
of life, annual growth rate for diploid females (2nF) was
significantly higher. According to life history theory, the
cost of early maturity entails a reduction in lifespan, with
more robust growth in the earlier life stages influencing
subsequent longevity, an occurrence known as Rosa Lee’s
phenomenon (Ricker 1969). In our study diploid females
(2nF) were most strongly represented at younger age
classes and had a higher BCL compared to triploid females
(3nF). While the body growth is known to be impacted
by changes in energy balance during gonad growth any
such increase in the energetic investment of triploid
Cobitis remains questionable. Although triploid female
of spined loach C. taenia from the Bug River have been
shown to produce bigger oocytes (Juchno et al. 2007), the
weight of ovaries remained the same for both diploid and
triploid fish in the same population (Juchno and Boron
2010). As regards the survival rate, Cal et al. (2006)
describe 91.9% of diploid and 100% of triploid turbots,
Scophthalmus maximus (Linnaeus, 1758), as surviving,
after reaching sexual maturity. Further, significantly

better growth has been recorded in induce triploid tench,
Tinca tinca (Linnaeus, 1758), and Atlantic salmon, Salmo
salar Linnaeus, 1758, under aquacultural conditions. The
artificial triploids are sterile and their enhanced growth is
explained by constant growth, similar to most fish during
the non-spawning season (Suzuki et al. 1985, Qin et al.
1998). In some cases, the length of natural diploids and
triploids does not differ within each age class, suggesting
that triploid growth rates can be equal to those of diploids
(Takada and Tachihara 2009).

Within the genus Cobitis, strains with different ploidy
display high morphological similarity (Kotusz 2008),
though they clearly differ in physiological and ecological
performance, including metabolic rate (Maciak et al.
2011), body condition, and habitat preference (Kotusz et
al. 2014), and length of spawning period and oocyte size
(Juchno et al. 2007). All these findings support the opinion
that the two different forms (diploid and polyploid)
representing different reproductive strategies and may
differ in ecological niche utilisation (Kotusz et al. 2014).

The L-W regression slopes in this study were estimated
at 1.9 for adult males, 2.55 for diploid females, and 2.62
for triploid females (Table 3). These values are somewhat
lower than those from previous studies, with Erés (2000)
obtaining the value of 3.15 (SL 21-98 mm) for both sexes,
Treer et al. (2008) recording 3.04 (SL 52—-146 mm) for
Croatian populations; Halacka and Pekarik (2015) 3.17
(SL 55-85 mm) for diploid males, 3.3 (SL 55-85 mm)
for small diploid females and 2.92 (SL > 85 mm) for large
diploid females. In our case, we are convinced that the
lower slope values recorded were due to the absence of
juvenile fish in this study. The mean coefficients obtained
from the differing populations are consistent, the slight
differences resulting from differing environmental
conditions, season and/or day-night sampling. Our
results also provide two further possible reasons for such
differences, i.e., differences in the proportion of sexes and
the absence of juvenile individuals.

In conclusion, while there were clear differences
in condition between the sexes, there was no difference
between strains of different ploidy. Additionally,
habitat and season both had a significant effect on
the L—W relations. Crucially, both sexual and asexual
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females (natural polyploid hybrids), differed in growth
performance, as shown by differing annual increase in
body size.
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