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Abstract: Fish species from the subfamily Leuciscinae are one of the most abundant and ecologically valuable among
riverine cyprinids of Central Europe. In order to support their recruitment or properly manage the restocking operations,
there is a need to recognize the recruitment success which relies on the necessity of proper species discrimination among
the larvae of those species caught on the spawning and/or nursery grounds. In the present study a comparative analysis
of the morphological and molecular (PCR-RFLP technique with two restriction endonucleases Hinfl and Tagl based on
mitochondrial DNA fragment encoding cytochrome b) techniques for identification of the species status among larvae of
five cyprinid species, the ide (Leuciscus idus), common dace (Leuciscus leuciscus), asp (Leuciscus aspius), roach (Rutilus
rutilus) and the European chub (Squalius cephalus) was performed. It was shown that the application of morphometric
features solely could create many ambiguities in species discrimination. The use of applied molecular techniques was found
to be a great support for the larvae identification, regardless the developmental stage of the fish. Moreover, this molecular
method may also be used for the identification of the species even if the preserved fish (e.g., in ethanol), having usually

deformed and/or shrunk body caused by preservation, are about to be investigated.
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Introduction

Human activities have caused significant changes in
the natural environment, where one of the most af-
fected ecosystems are the natural water bodies. This
applies especially to the rivers where, apart from
the pollution (Kruk & Penczak 2013), significant
changes through the regulation and construction of
dams have caused destruction of the number of valu-
able and specific habitats. This concerns, among oth-
ers, a significant reduction of the spawning and nurs-
ery grounds for many fish species (Penczak & Kruk
2000; Paragamian & Hansen 2011; Humphries et al.
2013). Therefore, in recent years the necessity of active
support towards recruitment of many rheophilic fin-
fishes has occurred (Kamler & Wolnicki 2006; Kuchar-
czyk et al. 2008; Targonska et al. 2008). This ap-
plies also to the riverine cyprinids, which are one
of the most abundant and ecologically valuable part
of riverine finfish fauna of Central Europe (Mann
1996).
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The active support of recruitment may be con-
ducted by rehabilitation of the habitats as well as by
restocking operations (Braithwaite & Salvanes 2010;
HELCOM 2011). However, in both cases the planned
operations must be supported by very detailed and re-
liable evaluation of the ichthyofauna structure and the
recruitment success. This is needed to determine, e.g.,
the suitability of the particular habitats for the nurs-
ery grounds as well as to plan the restocking priorities
in particular parts of the rivers (Skinner et al. 2008).
One of the most important parts of such activities is the
evaluation of the recruitment success during the spawn-
ing season. To its end, the presence of the eggs on the
spawning grounds or larvae at the nursery grounds were
usually studied. The latter are of much more higher im-
portance since the recruitment success is mostly deter-
mined during the larval stage when the larvae of many
fish species are starting active predation on the zoo-
plankton (Brander 2001; Burrow et al. 2011; Gleason &
Burton 2012; Ko et al. 2013). Such sites are usually the
ox-bow lakes, small tributaries or other specific parts of
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the riverine environment with relatively low water cur-
rent and high abundance of the potential preys (Mann
1996; Lima & Araujo-Lima 2004; Penczak et al. 2004).

The ichthyofauna of riverine ecosystems is created
by a number of cyprinid species, where one of the most
numerous are the ide (Leuciscus idus L., 1758), com-
mon dace (Leuciscus leuciscus L., 1758), asp (Leucis-
cus aspius; formerly Aspius aspius L., 1758), roach (Ru-
tilus rutilus L., 1758), and the European chub (Squalius
cephalus; formerly Leuciscus cephalus L., 1758) (Kotte-
lat & Freyhof 2007; Perea et al. 2010). Apart of the chub
(spawning usually from May until July; see Mann 1996),
all mentioned species are early spring spawners (spawn-
ing usually between March and May; see Mann 1996),
very often spawning in a similar period during the year.
In fact, the larvae of those species very often occur at
the same time at the same location (Copp 1992). How-
ever, the larvae of all of those cyprinids are morpho-
logically very similar, what may cause difficulties in a
precise identification only on the basis of morphology or
morphometry (Kupren et al. 2008, 2011; Kirtiklis et al.
2012). Especially, because the comparative data on the
morphological features of larvae between the species are
very scarce, this can significantly hinder the real struc-
ture of the fish species when being evaluated during the
monitoring operations of the recruitment success at a
particular locations. It must be emphasized that to date
there is no data on comparative morphometric analy-
sis aiming at fast, easy and impartial discrimination of
particular cyprinid species.

Application of molecular examination into species
identification is a kind of very efficient support in-
creasing the success rate of a particular analysis. The
use of nuclear (Kirtiklis et al. 2013) or mitochondrial
(Chakraborty et al. 2006) parts of the genome is a com-
mon approach in fish species identification, including
larvae (Paine et al. 2008).

The aim of the current study was to develop
the molecular method of identification of five cyprinid
species (roach, chub, ide, dace and asp) and to compare
the effectiveness of the two methods (morphometric and
molecular) in species discrimination of larvae of those
species being at the same developmental stage.

Material and methods

Obtaining of larvae

The larvae were obtained by the standard controlled repro-
duction procedure (with the use of hormonal treatment, in
both sexes, with preparation containing mammalian ana-
logue of gonadoliberine and metoclopramide — a dopamine
antagonist) of wild spawners as described by Krejszeff et al.
(2009) for ide, Zarski et al. (2009) for dace, Targoriska et
al. (2010) for asp and Krejszeff et al. (2010) for the Euro-
pean chub. The larvae of roach were obtained by controlled
fertilization of wild fish directly on the spawning ground
and being ready to spawn at the moment of catching. The
gametes of roach were collected manually and after fertil-
ization, embryos were allowed to adhere to the substrate. In
every case hand-stripped eggs from five females were mixed
with the sperm (stripped into dry syringe prior to fertil-
ization) from five males. The average body weight of the
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females of asp, roach, ide, dace and chub was 2300 + 500 g,
260 £ 35 g, 650 + 90 g, 153 £ 29 g and 310 £ 80 g, re-
spectively. Eggs of ide, dace, asp and chub were incubated
in Weiss jars (after removing the adhesive layer according
to the method of Woynarovich & Woynarovich 1980) and
eggs of the roach were incubated adhered to the substrate
(branch of juniper). Temperature of incubation varied be-
tween 14 and 15°C.

Rearing of larvae

At the moment of hatching, 0 day post hatch (DPH), larvae
were transferred to a semi-closed recirculation aquaculture
system (RAS) following slow acclimation to the tempera-
ture of 20°C (at a rate below 1°C per hour) and placed
(each species separately) in 20 L glass tanks at the den-
sity of around 50 ind. L™*. The water flow rate was 0.5 L
per min. The rearing system was equipped with biological
filtration, aeration and automatic temperature regulation
(£ 0.1°C). The temperature in RAS was set at 20°C and
the photoperiod for the entire period of research was 24 h
(24 L : 0 D). Ammonia content (measured every 3 days with
the use of HI 83200 photometer, Hanna Instruments, Italy)
for the entire period of rearing was below 0.01 mg L™*. Oxy-
gen content was measured twice a day (using oxygen meter
Handy Polaris 2.0 OxyGuard, Denmark), and no decrease
below 80% saturation was observed for the entire period of
the experiment. Fish were not fed before sampling as they
did not start exogenous feeding yet. Form among all the
species studied below 2% of deformation rate was recorded
only in the case of roach. Among the remaining species the
deformation rate was below 10% in asp, dace and chub. The
highest deformation rate (25%) was recorded in the case of
ide. Until the sampling, in all the species mortality rate did
not exceed 5%.

Morphometric analysis

Starting with the moment of hatching (0 DPH), every day 20
specimens of each species were randomly collected to check
if the swim bladder inflation started. In order to do that,
larvae were anesthetized in 2-phenoxyethanol solution at a
concentration of 0.4 ml L™ (Sigma-Aldrich, Germany) and
after that they were photographed under a stereoscopic mi-
croscope (Zeiss, Discovery V.20) at different magnification
levels, with the software AxioVs40 V 4.8.2.0 (Carl Zeiss Mi-
crolmaging GmbH, Germany). This software was also used
to carry out measurements (+ 0.1 mm). Anesthetized lar-
vae on which the measurements were performed were not
returned to the rearing tanks.

When swim bladder inflation was observed (stage: LS1
according to Kupren et al. 2016), 30 randomly chosen lar-
vae with inflated swim bladder, from each species were col-
lected, anesthetized (as described above) and the following
basic parameters were measured: total length (TL), stan-
dard length (SL), head length (HL), trunk length (TRL),
tail length (T1L), tail height (T1H), head height (HH) and
eye diameter (ED). All measurements were taken along lines
parallel or perpendicular to the horizontal axis of the body
(Gisbert 1999; Kupren et al. 2015b) (Fig. 1). According
to measured parameters the following relations were cal-
culated (relative parameters): SL/TL, HL/TL, TRL/TL,
T1L/TL, T1H/TL, HH/TL, ED/TL. The inflation of the
swim bladder was chosen at the moment for sampling the
larvae since this is the earliest possible stage allowing easily
and undoubtedly identification, without specific measure-
ments and/or skills needed. Dead and abnormal specimens
(presence of malformations) were excluded from the analy-
sis.
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Fig. 1. Larva of asp, Leuciscus aspius, with swim bladder filled. Abbreviations: TL — total length, SL — standard length, T1L — tail
length, TRL — truncus length, HL — head length, HH — head height, T1H — tail height, ED — eye diameter. Scale 1 mm.

Data analysis

The statistical differences were analysed with one-way anal-
ysis of variance (ANOVA), followed by Tukey’s post-hoc
test and Kruskal-Wallis test at the significance level below
5% (P < 0.05). The statistical analysis was performed with
STATISTICA (data analysis software system) version 10.

Molecular analysis

Sampling

Fin clips (caudal part) from at least 20 larvae of each species
(separately collected) were used as a material for the inves-
tigation. Tissue samples were preserved in a 96% ethanol
and stored at —20°C.

DNA extraction

Total DNA was extracted from the fin clips using the
method described by Walsh et al. (1991) with some modifi-
cations (Kirtiklis et al. 2011). DNA concentration and pu-
rity were checked both on a 1.5% agarose electrophoresis
gel (Sigma-Aldrich, USA) containing 1 ug ml™" of ethidium
bromide (Sigma-Aldrich, USA) and by spectrophotometric
method using BioPhotometer 6131 (Eppendorf, Germany).
Obtained DNA was stored at —20°C for further analysis.

PCR amplification and sequencing

Amplification of cytochrome b gene coding fragment of
664 bp length was conducted using PCR primers H15891
(5-GTTTGATCCCGTTTCGTGTA-3’) and L15267 (5-
AATGACTTGAAGAACCACCGT-3) described by Brio-
lay et al. (1998). PCR reaction was performed in a Ge-
neAmp PCR System 2700 thermal cycler (Applied Biosys-
tems, USA) with the following conditions: 1 min at 94°C,
30 cycles of 30 s at 94°C, 30 s at 55°C, 1 min at 72°C, and
the final extension at 72°C for 3 min. The reaction mixture
(50 pl) contained as follows: 25 ul of GoTaq Colorless Master
Mix (Promega, USA), 100 ng of DNA template, 10 pmol of
each primer and dH2O up to 50 ul. PCR product size was
determined on a 1.5% agarose gel (Sigma-Aldrich, USA)
containing 1 ug ml™* of ethidium bromide (Sigma-Aldrich,
USA), using DNA Marker 100-1000 as a molecular weight
marker (A&A Biotechnology, Poland).

PCR products were purified using the GeneElute PCR
Clean-Up Kit (Sigma-Aldrich, USA) according to the manu-
facturer’s instruction, and then two samples of each species
were sequenced by an ABI 3730 DNA analyser (Applied
Biosystems, USA) using BDT V3.1 RR-100, capillary length
360 mm, POP-7 Polymer (Live Technologies, USA). Ob-
tained sequences were analysed using BioEdit software ver.

7.2.5 (Hall 1999), and then confirmed by the Basic Lo-
cal Alignment Search Tool (BLAST) (Zhang et al. 2000).
The sequences were deposited in the GenBank database
(NCBI) under following numbers: KR025545, KR025546
(Leuciscus idus), KR025547, KR025548 (Leuciscus leucis-
cus), KR025549, KR025550 (Leuciscus aspius), KR025541,
KR025542 (Rutilus rutilus) and KR025543, KR025544
(Squalius cephalus).

RFLP

Two restriction endonucleases Hinfl and Taql (Fermentas,
Lithuania) were chosen based on test digestions and then
used for RFLP analysis of amplified DNA fragment encod-
ing cytochrome b. Enzymatic digestion was carried out ac-
cording to the manufacturer’s protocol. Briefly, the reaction
was conducted in 31 pl mixture containing 400 ng of PCR
product, 2 pl of 10X buffer (specific for proper endonucle-
ase), 10 U of restriction endonuclease, 17 pl of dH2O at
37°C and 65°C for Hinfl and Taql, respectively. A total of
10 pl of reactant mixture was electrophoretically separated
in a 1.5% agarose gel (Sigma-Aldrich, USA), then visual-
ized and analysed under UV light using the UVIsave Gel
Documentation System (UVItec, UK).

Results

Morphometric analysis

Depending on the species larvae hatched (50% of
hatched individuals) in the range 4-7 days after fer-
tilization. The moment when the swim bladder was
formed was more synchronous and took place (50%
specimens at this stage of development) between 4 and
5 day after hatching.

The results of morphometric analysis showed, that
it was possible to distinguish some of the studied species
with the method undertaken. In general, the larvae of
asp were possible to distinguish by higher (P < 0.05)
values of most of the basic parameters, except HL, T1H
and ED (Table 1). The lowest values (P < 0.05) of TL,
SL, TRL and T1L were recorded for roach, allowing
discrimination of this species according to those param-
eters. On the base of the used morphometric parame-
ters it was impossible to distinguish ide and dace (P >
0.05) and in many cases also chub (Table 1). The only
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Table 1. Results (mean + SD) of morphological analysis of larvae of five cyprinid species at the moment of swim bladder inflation.

Leuciscus idus Leuciscus leuciscus

Leuciscus aspius

Rutilus rutilus Squalius cephalus

Parameter

Basic measurements (mm)
TL 8.50 + 0.40° 8.44 + 0.39° 9.55 + 0.16% 7.45 + 0.234 8.06 + 0.21°¢
SL 8.09 + 0.39° 8.04 + 0.36° 9.15 + 0.17¢ 7.11 £+ 0.21¢ 7.67 £+ 0.22¢
HL 1.65 + 0.14% 1.56 + 0.14% 1.37 + 0.09¢ 1.27 + 0.09¢ 1.59 + 0.09®
TRL 3.76 + 0.14b 3.66 + 0.15° 4.68 + 0.14° 3.38 + 0.19¢ 3.55 + 0.11°¢
T1L 3.07 + 0.16% 3.21 + 0.17% 3.11 + 0.11@ 2.46 + 0.10° 2.92 + 0.15%
T1H 0.56 + 0.04% 0.53 + 0.05% 0.61 + 0.03% 0.50 £+ 0.02% 0.54 + 0.03%
HH 0.97 £ 0.06° 0.93 £ 0.08° 1.16 4+ 0.10® 0.94 + 0.07° 0.87 £ 0.05¢
ED 0.58 + 0.05% 0.55 + 0.04¢ 0.57 + 0.032 0.50 + 0.03% 0.51 + 0.05%

Relative parameters (% TL)
SL/TL 95.12 + 0.95% 95.33 + 0.90% 95.78 + 0.83% 95.43 + 1.16% 95.23 + 0.63%
HL/TL 19.43 + 0.959° 18.49 + 1.02° 14.30 £ 1.02¢ 17.01 + 0.84% 19.80 + 1.18%
TRL/TL 44.27 + 0.84° 43.34 + 1.30¢ 48.96 + 1.06% 45.38 + 1.94b¢ 44.02 £ 1.40°¢
T1L/TL 36.16 + 0.68° 38.05 + 0.88° 32.51 + 0.96° 33.05 £ 1.30° 36.24 + 1.26°
T1H/TL 6.63 4 0.30° 6.32 4 0.47° 6.41 4 0.30° 6.74 £+ 0.3290 6.71 4 0.309°
HH/TL 11.38 4+ 0.35° 11.04 4 0.57% 12.16 4 0.97° 12.63 4 0.95%0 10.81 4 0.50°
ED/TL 6.77 + 0.44° 6.48 + 0.3390 6.00 + 0.26° 6.75 + 0.34° 6.26 + 0.47%

Abbreviations: TL — total length, SL — standard length, T1L — tail length, TRL — truncus length, HL — head length, HH — head height,
T1H - tail height, ED — eye diameter. Data in rows marked with different letter superscript were statistically different (P < 0.05).
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Fig. 2. RFLP profiles of cytochrome b based on HinfI (a) and
Tag! (b) in ide (1), common dace (2), asp (3), roach (4) and the
European chub (5); M — molecular weight marker.

parameter allowing distinguishing chub was HD, which
was the lowest (P < 0.05) in this species.

As considering the relative parameters there were
no clear differences between dace and chub as well as
between roach and dace. The only clear differences were
found for TRL/TL, where asp was clearly distinguish-
able from the other species (P < 0.05). Also, distin-
guishing the remaining species required comparison all

of the parameters together with other species, in or-
der to be sure with species identification, since only
one variable usually differentiated the particular species
(see Table 1).

Molecular analysis

The applied DNA extraction method allowed obtain-
ing an optimal quantity of template from each larva
of L. idus, L. leuciscus, L. aspius, R. rutilus and S.
cephalus. Cytochrome b DNA fragment of 664bp length
was a result of PCR amplification from each species.
RFLP analysis using Hinfl and Taql endonucleases al-
lowed determine species-specific restriction patterns for
each fish species (Fig. 2). The first step of this analysis
based on HinfI divided all investigated fish species into
four groups and showed no digestion effect in ide and
common dace. Two different pairs of bands were visible
in RFLP patterns of asp and roach, and three bands in
the European chub. Two different restriction patterns
in ide and common dace, equal two band-patterns in
asp and roach, and three bands in the European chub
were detected in the second step of analysis based on
the use of Taql endonuclease (see Table 2 for details).
Finally, two-steps of RFLP analysis allowed obtaining
species-specific restriction patterns of each investigated
fish species being on the larval stage.

Discussion

In the present study a comparative analysis of the
morphometry of the larvae of five freshwater riverine
cyprinids, inhabiting similar niches during the larval
phase, was performed for the first time.

The taxonomy of the fish was based on morpho-
logical features of adult specimens (Strauss & Bond
1990). It stem from the fact that larvae morphology
is constantly changing since they undergo significant
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Table 2. Restriction patterns for cytochrome b gene fragment of the larvae of five fish species from the subfamily Leucisciane; values

in base pair (bp).

Endonuclease Leuciscus idus Leuciscus leuciscus
Hinfl 664 664
Taql 115/549 110/120/434

metamorphosis prior to the adult stage (Nikolioudakis
et al. 2010; Kupren et al. 2014a, b). Additionally, many
fish species, especially belonging to closely related taxa,
are morphologically very similar at the early life stages
what has led to misidentification of the species creating
serious problems in species discrimination (e.g., Snyder
et al. 2005; Kupren et al. 2008; Ko et al. 2013). The
problem becomes more evident when larvae at differ-
ent stages of development are compared what is often
associated to the variety of relative growth patterns ob-
served, even among the closely related species (Kovad
1994; Gisbert et al. 2014; Kupren et al. 2015a, b, 2016).
Together with the commonly known environmental im-
pact on the fish larvae growth and morphology (Gozlan
et al. 1999; Koumoundouros et al. 1999) the taxonomic
identification of the larvae of different species obtained
from the possibly sampled batch may be very difficult
and ambiguous.

Data presented in this study clearly suggest that
it is difficult to undoubtedly distinguish a single species
by the morphometric assessment. Actually, only one
relative parameter (TRL/TL) could be found which
allowed undoubtedly distinguish asp from the other
species studied. However, among the remaining species,
even though the eggs were incubated and larvae were
grown until very precisely determined developmental
stage, under strictly controlled conditions, a particular
species could only be identified by the comparison with
the other species (see Table 1).

Additionally, it has to be taken into the consider-
ation that in practice the species identification is very
rarely based on living fish (as it was done in the present
study) and usually preserved (in e.g. ethanol) larvae
are subjected to analysis (Santos et al. 2009; Gémez et
al. 2014). As the preservation techniques almost always
alter the body shape (usually by shrinkage of the tis-
sues) (Moku et al. 2004; Santos et al. 2009; Gémez et
al. 2014), the morphometric analysis may become even
more difficult. Therefore, the species identification on
the basis of only morphometric analysis could be really
applicable if the detailed developmental table is created
for each species and the living (or shortly after death)
fish larvae are available. However, even then the devel-
opmental table should consider data based on several
rearing trials (in several different environmental condi-
tions mimic the natural environmental preference and
tolerance) and throughout the entire larval period or
at least when the characteristic feature for particular
species would become evident (e.g., barbs, colouration,
mouth shape etc.).

Taking into account all weaknesses of the mor-
phological analysis mentioned above, it is indispens-

Leuciscus aspius

Rutilus rutilus Squalius cephalus

247/417
115/549

135/529
115/549

55/80/529
20/110/160/374

able to apply another tool for proper species identifi-
cation among fish larvae. In recent years the molecular
techniques have started to be involved for that purpose
(Gleason & Burton 2012; Ko et al. 2013). At present,
there are some techniques based on DNA analysis which
are able to support fish species discrimination among
different taxa.

Until now, only few species belonging to the sub-
family Leuciscinae have been distinguished by meth-
ods linked to microsatellite DNA markers (Barinova
et al. 2004) and nuclear PCR-RFLP markers (Kirtik-
lis et al. 2012, 2013). However, the mitochondrial part
of genome is most promising source of new molecular
markers for that purpose. A lot of different sequences of
mitochondrial genes or their fragments are often used
for phylogenetic study in many fish groups (e.g., Brio-
lay et al. 1998; Yokoyama & Goto 2005; Perea et al.
2010; Abe et al. 2014). Moreover, barcoding, which is
a useful method in species discrimination among many
animal taxa, including fishes, is also based on analy-
sis of mitochondrial DNA (mtDNA) sequence encoding
cytochrome oxidase I (COI) (Gleason & Burton 2012;
Geiger et al. 2014; Knebelsberger et al. 2015; Kress et
al. 2015). Considering the high usefulness of mtDNA
mentioned above, we proposed in present study a new
approach as a successful support for cyprinid larvae dis-
crimination using gene encoding cytochrome b. It must
be emphasized that our method, oppositely to com-
monly used molecular techniques based on DNA se-
quence analysis, is much simpler, less time-consuming
and cheaper than others. Moreover, it may also be used
in case of fish specimens being on other developmental
stages than larvae.

In conclusion, we would like to emphasize that ap-
plying of morphological species identification supported
by the proposed molecular method brings very use-
ful, cheap and efficient tools for species discrimination
among larvae of the subfamily Leuciscinae. Moreover,
this method may also be used for verification of the tax-
onomic status of numerous larvae specimens collected
in the past, regardless the means of preservation (e.g.,
dried, frozen, immersed in ethanol). It means that col-
lected larvae have not to be identified directly after
sampling, what may be a useful solution for the peo-
ple who prepared hundreds of specimens in a short pe-
riod of time. On the other hand, we have to be aware
that particularly long period of storing and/or some ag-
gressive preservation techniques may cause any DNA
damages and provide some limitation of the method
presented in this study. Therefore, we recommend per-
form a wider testing of this method. Additionally, it is
worth mentioning that our method seems to be an inter-
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disciplinary approach, combining traditional biological
analysis and molecular technique, which may have sig-
nificant contribution to the environmental studies con-
sidering the rehabilitation of the freshwater ecosystems.
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