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Invasive Carassius carp in Georgia: Current state of
knowledge and future perspectives
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Abstract In Georgia, crucian carp Carassius carassius (Linnaeus, 1758) was known from only one locality after Kessler’s re-
cord (1877-1878) with no new findings until 1985. Since then C. carassius rapidly and simultaneously invaded almost all water
bodies of Georgia. In 2004, it was for the first time noted that this invasive Carassius sp. could not be a C. Carassius, but was a
form of Carassius gibelio (Bloch, 1792). However no further data is available about this invasive species in Georgia. The aim of
the present study was to investigate taxonomic status of Carassius sp. in Georgia using mtDNA phylogenetic analyses and mor-
phometric study of truss network system. Genetic analysis revealed that invasive Carassius sp. is closely related to the C. gibelio
from Turkey and other countries. In contrast, morphometrically Carassius sp. from Georgia can be easily differentiated from
those of Turkey indicating high intraspecific variability. This is the first time discussion on the current knowledge of the present
distribution of invasive carp in Georgia with identifying current problems and future research directions needed [Current Zoology

59 (6): 732-739, 2013].
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Carassius carps have been a popular freshwater fish
from ancient times as a valuable food source and as the
basis of sport fisheries. The goldfish, Carassius auratus
(Linnaeus, 1758) is also likely the most popular aquari-
um fish species in the world. Because of its popularity
and ability to deal with a wide range of aquatic condi-
tions, species of the genus Carassius have also become
one of the most successful invader fish species of the
last century, which makes it a group for ecological con-
cern as well. However because of high morphological
variation and genetic complexity, species level taxono-
my for this group can be controversial (Vasilieva and
Vasiliev, 2000; Goryunova and Skakun, 2002; Iguchi et
al., 2003; Toth et al., 2005; Kottelat and Freyhof 2007,
Jung at al., 2009; Sakai et al.,, 2011; Kalous et al.,
2012).

In Georgian waters Carassius sp. was first recorded
by Kessler 1877-1878 (cited by Elanidze, 1983) from
Lake Paliastomi (western Georgia) and attributed as
crucian carp (Carassius carassius (Linnaeus, 1758)).
This reference has been widely cited (Kamenskii, 1899;

! Satunin KA, 1914. Freshwater fishes on the Caucasian Black
Russian).
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Satunin, 1914'; Sadovskii, 1930; Burjanadze, 1940;
Barach, 1941; Berg, 1949; Sharvashidze, 1960; Elanidze,
1983) for the occurrence in the waters of western Geor-
gia (namely Lake Paliastomi). No further finds appeared
from inland waters of Georgia (Elanidze, 1983) until
1985 when the existence of C. carassius was reported
again in Lake Paliastomi (Daraselia, 1985). This author
mentioned that crucian carp was rare in Lake Paliastomi
and suspected that the population may have originated
from unintentional release with the fry of common carp
(Cyprinus carpio L.). In the beginning of 21st century
the report of Wetland International mentioned that the
coastal waters of Georgia harbor C. auratus gibelio and
C. carassius (Goradze et al., 2003), without, however,
any relevant literature citation. The next published data
about Carassius species appeared in 2004 (Japoshvili et
al., 2004) when Carassius sp. collected from Lake
Paravani (south-east Georgia) was compared morpho-
logically to Carassius gibelio (Bloch, 1792) from Tur-
key (Lake Egirdir). The authors did not find significant
morphological differences between the populations and

sea shore. Proceedings of Conference of Caucasian Black Sea shore III (In
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it was suggested that the Carassius carp species from
the Lake Paravani should be considered as a variant of
C. gibelio complex rather than C. carassius. However,
the most recent fish check-list of Georgia (Ninua and
Japoshvili, 2008) and the newly published “Fishes of
Georgia” (Nunua et al., 2013) does not address these
taxonomic ambiguities but report the wide distribution
of the Carassius sp. within Georgia.

Apart from the references described above, there
have been no other published data about Carassius carp
species in Georgia and it is unclear which Carassius
species occur in Georgian inland waters and when they
invaded. Considering that species invasions can be in-
fluential factor in environmental changes (Kolar and
Lodge, 2001; Gozlan et al., 2010 and references therein),
there is an urgent need to study biological peculiarities
of the Carassius carp species and their impact on the
freshwater ecosystems in Georgia.

In the present work based on the comparative genetic
and morphometric study of samples collected in Geor-
gia and Turkey it was attampted to clarify the taxo-
nomic status of the Carassius carp in Georgian waters.
There were also summarized and discussed all available
information about the Carassius carp in Georgia which
could be base of new research and management strate-

gy

1 Materials and Methods

1.1 Data collection

Gibel carp C. gibelio collected from Egirdir Lake
(Turkey) were used for genetic and morphometric
comparisons with Georgian Carassius samples. In the
spring 2011, 37 specimens of Carassius from Jinvali
and Jandara reservoirs (Georgia, 19 specimens) and
from Egirdir Lake (Turkey 18 specimens) were col-
lected (Fig. 1; Table 1). All of them were used for mor-
phological studies whereas eight specimens (four from
Egirdir Lake, and two from each of the two lakes from
Georgia) were subjected to DNA analysis.
1.2 Analysis of mtDNA

To clarify the taxonomic status of Carassius sp. from
Georgia, part of the mtDNA control region — D-loop
(CR hereafter) was analyzed. Total cellular DNA was
extracted from dorsal fin tissue using QIAGEN®
QIAamp DNA Mini Kit followed by a slightly modified
standard protocol (QIAGEN® 2007). Partial mtDNA
CR was amplified and sequenced for four specimens of
gibel carp form Turkey (CGT1-4) and four specimens of
Carassius sp. from Georgia (CJI1-2 from Jinvali Lake
and CJA1-2 from Jandara Lake) with primers CarU32
(5'-CCAAAGCCAGAATTCTAAAC-3") and CarL509
(5'-GCATGTGGGGTAATGA-3") (Vetesnik et al., 2007).
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Fig. 1 Major river and lake systems of Georgia

Red lines indicate rivers from where Carassius carp is known. All blue shapes with red outlines represent major lakes and artificial reservoirs

which also harbor Carassius carp. Dashed lines indicate parts of the major rivers with absence of relevant information. Abbreviations stand for LJI

— Jinvali Lake, LJA — Jandara Lake (our Georgian sampling localities). Numbers indicate rivers: 1 - Bzyb; 2 - Kodori; 3 - Enguri; 4 - Khobi; 5 -
Rioni and Kvirila (tributary); 6 - Chorokhi and Acharistskali (tributary); 7 - Mtkvari and its tributaries (8 - Aragvi; 9 - Liakhvi; 10 - Khrami); 11 -
Tori; 12 - Alazani. The arrow in the left-bottom corner indicates the directions where Egirdir Lake (our Turkish sampling point) is situated.
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Table 1 Coordinates and altitude of major lakes harbor-
ing Carassius carp in Georgia

Lake Longitude Latitude Altitude
Kartsakhi 43.2326 41.2163 1799
Basaleti 44.6779 42.0394 881
Jandara 45.2100 41.4343 294
Shaori 43.0672 42.4133 1131
Sioni 44.9843 42.0116 1043
Khnachali 43.5327 41.2644 1931
Kumisi 44.8394 41.5845 472
Paliastomi 41.7273 42.1219 0
Paravani 43.8042 41.4426 2078
Saghamo 43.7337 41.3070 1999
Tabatskuri 43.6229 41.6477 1992
Thilisi reservoir 44.8464 41.7443 540
Tsalka 44.0420 41.6202 1503
Bebesiri 41.5835 42.6881 18
Jinvali 44.7704 42.1496 780
Tkibuli reservoir 42.9283 42.2979 523
Lisi 44.7339 41.7450 650

Amplification conditions and temperature profiles were
as follows: The denaturation 95°C 1 minute, 32 cycles
94°C 45 second / 50°C 30 second / 72°C 45 second,
final extension 72°C for 7 minute. Double stranded se-
quencing was performed on the automatic sequencer
ABI 3130 with the polymerase chain reaction primers,
using the Big-Dye Terminator v3.1. DNA sequences
were edited using SEQSCAPE v2.5 (Applied Biosys-
tems Inc. Foster City, California, U.S.A.). Derived se-
quences were deposited in Gen-Bank under accession
numbers KC243407 to KC243414.

Obtained sequences were aligned with published se-
quences for C. auratus (CAl - Vetesnik et al., 2007,
GenBank accession number AY940118; CA2 - Komi-
yama et al., 2009, AB379923), C. gibelio (CG1 - Wout-
ers et al., 2012, JN117599; CG2 - GQ985480, unpub-
lished; CG3 - GU138989, unpublished), C. carassius
(CC1 - Cheng et al., 2012, JQ911695; CC2 and CC3 -
Wouters et al., 2012, IN117596 - JN117597) and C.
carpio (CYC - Yang et al., 2011, JX122531) as an
out-group. Gaps were treated as missing data. Neighbor-
Joining (NJ), Maximum Parsimony, Maximum Likeli-
hood methods (Nei and Kumar, 2000) and median-
joining network (Bandelt et al., 1999) were used to infer
phylogenetic relationships assuming differences be-
tween transition/transversion rates (Kimura, 1980). To
test phylogenetic dendrograms a bootstrap method
(Felsenstein, 1985) was applied with 1000 iterations.

Sequence alignment and phylogenetic analysis where
performed using programms MEGAS (Tamura et al.,
2011) and Network 6.4.1.1. (Bandelt et al., 1999).
1.3 Morphological comparisons

Univariate and multivariate methods were used to
explore the relationship of morphological features be-
tween Georgian and Turkish specimens. It is suggested
that the specimen/variable ratio in multivariate mor-
phometric analysis should be more than 2:1 to indicate
species level differentiation (Pimentel, 1979). As the
sample contained only 37 specimens, multivariate
analysis of truss network system were chosen which is
based on inter-landmark distances (Bookstein et al.,
1985). The truss network analysis is a powerful method
which allowed lower dimensionality than might be the
case for geometric-morphometric methods. Morphome-
tric data were collected by digitizing the left side of all
collected specimens and 9 landmarks were placed on
each image (Fig. 2) using tpsDig v2 (Rohlf, 2005). Prior
to the analysis landmark coordinates was transformed
using generalized least squares procrustes superimposi-
tion by which all specimens were scaled to unit centroid
size. From transformed landmark coordinates 15 linear
distance measures were extracted (Fig. 2) which were
used in the principal component analysis (PCA). Re-
gression residuals for PCs with eigenvalues exceeding 1
were tested for significance using the parametric t-test
(Sokal and Rohlf, 1995). Coordinate transformation and
statistical analysis were performed using the statistical
software SPSS v16 (SPSS Inc., Chicago, IL, USA) and
PAST (Hammer et al., 2011).

Fig. 2 Picture of the Carassius carp with the 9 anatomical
landmarks and 15 distances used in the analysis

The landmarks (numbered points) are: 1 - snout; 2 - dorsal tip of
cleithrum; 3 - origin of dorsal fin; 4 - origin of first ray of dorsal cau-
dal fin; 5 - origin of first ray of ventral caudal fin; 6 - anterior inser-
tion of anal fin; 7 - anterior insertion of pelvic fin; 8 - dorsal insertion
of pectoral fin; 9 - ventral tip of cleithrum.

2 Results

Sequences of 438 bp length mtDNA control region
were obtained from eight Carassius samples. In total 32
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variable sites were detected from which 31 were parsi-
moniously informative. Concerning only Georgian-
Turkish sample, four unique haplotypes were identified,
one from Jinvali Lake (Georgia) and one from Egirdir
Lake (Turkey) and two from Jandara Lake (Georgia)
(Fig. 3).

All phylogenetic analysis methods (including the
median-joining network) produced identical results and
only the haplotype network and NIJ tree are shown with
high statistical significance (Fig. 3). Ten unique haplo-
types are grouped in 5 well separated haplogroups of
which all three C. carassius haplotypes - CC1 - from
China and CC2, 3 from Sweden - grouped together (Fig.
3) whereas C. auratus and C. gibelio created diverse
haplotype distribution. Samples from Lake Egirdir
(CGT1-4) grouped with C. auratus from China (CA2)
and C. gibelio from Russia (CG2). Haplotypes from
Lake Jandara (C-JA1, 2) grouped with C. gibelio from
Sweden (CG1) and China (CG3). Haplotypes from Lake
Jinvali produced separate haplogroup which was most
close to the C. auratus from Czech (Fig. 3). In general
all Georgian-Turkish samples with GenBank data pro-
duced one complex Carassius auratus-gibelio clade
whereas C. carassius samples were united in a different
and well separated clade. It must be noted here that our
result of mtDNA comparison does not support the exis-
tence of significant differences between two C. auratus
and C. gibelio forms as a separate species.
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Fig. 3 Phylogenetic trees of analyzed Carassius sample

All collected specimens were females. PCA based on
15 size-adjusted inter-landmark distances for 37 speci-
mens produced five PCs with eigenvalue >1. These four
components explained 79% of total variation. Two in-
dependent sample t-test revealed significant differences
between Georgian and Turkish samples only for residu-
als of second and third PCs at the 0.05 level (Table 2).
These two components most successfully (but not per-
fectly) separated between Georgian and Turkish sample
(Fig. 4). First PC did not differentiate significantly
Georgian and Turkish samples and represented an over-
all body size (perimeter) indicator as highest loadings
were on the outer inter-landmark distances. The
strongest and significant differences were found at PC2
describing body height (highest loadings were for dis-
tance d2-8 and d3-8; Table 2; Fig. 2), indicating that
fishes from Turkey tended to be taller at gill cover. The
third PC seems to be associated with caudal shape and
body length. Georgian sampled fishes tended to have
elongated head and shortened caudal region compared
to fishes from Turkish sample (distances with highest
loadings: d2-3, d4-5, d5-6, d6-4; Table 2; Fig. 2) along
the third PC.

3 Discussion

3.1 Characterization of Georgian Carassius carp
Fishes are phenotypically among the most variable
animals at the intraspecific level (e.g. Thssen et al., 1981;
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Left panel - Median joining network showing the relationships between haplotypes. Node sizes are proportional to haplotype frequencies in the

dataset. Line lengths between nodes are proportional to nucleotide changes; Right panel - NJ bootstrap consensus phylogenetic tree (inferred from
1000 replicates). Supporting bootstrap values are shown next to the branches. Branch length indicates the number of substitution according to scale
bar. Ten unique haplotypes are grouped in five haplogroups a,b,c,d,e which are relevant to the groups in the median joining tree on the left panel.

For further explanation see the text.
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Hinder and Jonsson, 1993; Peres-Neto and Magnan,
2004; Grunbaum et al., 2007), showing particularly
much environmentally induced variation (Hubbs, 1926;
Lindsey, 1988; Lovell, 1998). Species of the genus
Carassius (especially C. auratus) are characterized by
incredible intraspecific phenotypic variability and high

Table 2 Results of PCA of interlandmark distances

Variable PC1 PC2 PC3 PC4 PCs
d1-2 0.82 -0.31 -0.03 -0.23 0.13
d2-3 0.01 0.44 -0.67 0.29 -0.04
d3-4 -0.08 -0.47 0.58 0.01 0.36
d4-5 0.11 0.29 0.62 0.08 -0.39
ds-6 0.42 0.27 0.62 0.16 -0.09
de6-7 -0.90 0.15 -0.18 -0.06 0.00
d7-8 0.55 -0.53 -0.38 0.31 -0.04
ds§-9 -0.10 0.56 -0.03 -0.63 0.38
do-1 0.76 -0.22 -0.10 -0.12 -0.09
d2-9 0.76 0.16 -0.06 -0.27 0.08
d2-8 0.22 0.77 0.11 -0.37 -0.22
d3-7 0.60 0.32 -0.29 0.18 0.56
d3-8 0.40 0.60 -0.44 0.31 -0.19
d6-4 0.56 0.37 0.60 0.36 0.10
d4-7 -0.50 0.43 0.23 0.46 0.40

F 2.4 8.2 0.05 4.7 0.04
df 35 35 35 35 35
P 0.06 0.001 0.04 0.15 0.19

Each row represents distances and its contribution (loadings) on
each of five PC (with eigenvalues exceeding unit). Last three rows
represent the results of t-tests for each PCs were F — differences, df —
degrees of freedom, P — two tailed significance value.
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Fig. 4 Regression residuals of first vs. second PCs are
shown for 15 distance variables (truss system)

Open circles - Carassius sp. from Georgia; Filled circles — C. gibelio
from Turkey.

interspecific similarity (Wheeler, 2000; Kottelat and
Freyhof, 2007). It is well documented that the environ-
mental conditions has a significant influence on pheno-
typic variation in crucian carps (Bronmark and Miner,
1992; Nilsson et al., 1995; Holopainen et al., 1997),
often making it difficult to identify of Carassius species
(Iguchi et al., 2003; Jung et al., 2009). Our results indi-
cate that the C. carassius is not as common in Georgian
inland waters as previously thought. Comparison of
meristic characters and the molecular genetic analysis
did not support the existence of C. carassius in Paravani
Lake (Japoshvili, 2004). Jandara and Jinvali Lakes har-
bors lineages more closely related to C. gibelio than to
C. carassius. Morphometric analysis using the truss
system showed that populations of Carassius sp. from
Georgia were significantly differentiated from Turkish
gibel carp population. The methods of morphometric
study (either geometric morphometric or truss network
analysis) can be used to distinguish between intraspeci-
fic stock/populations or even to reveal interpopulation
differentiation (Dwivedi and Dubey, 2012). Taken to-
gether, our genetic and morphometric results show that
the most successful invasive fish in Georgian inland
waters most probably is a gibel carp — C. gibelio. How-
ever additional study of larger sample and reproductive
strategy is needed to make a comprehensive picture of
the distribution and identity of Carassius carp in Geor-
gia as the C. auratus-gibelio system is very complex
system itself (Takada et al., 2010; Kalous et al., 2012).
The true identity of Kessler’s (1877-1878 cited in
Elanidze (1983) or Daraselia’s (1985) specimens also
remains doubtful. Further research in Lake Paliastomi is
needed to answer this question.
3.2 Invasion history, current distribution and
implications for future strategies

There is no data available about the introduction
pathways of gibel carp in Georgia. One of the most
likely method of introduction were the unintentional
releases with the fry of common carp (or other cypri-
nids). After its initial establishment, people started to
introduce it in other water bodies intentionally (which is
still continuing in some areas in order to either support
existing Carassius population or establish new ones).
There is a common belief among the public and con-
servation managers that gibel carp has been spread by
birds that carry their eggs from one place to another (e.g.
NACRES, 2000). This way of dispersion is possible
although there is no evidence to support this. There is
no available information about the exact date when
gibel carp were initially introduced. It is highly likely
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that Daraselia (1985) reported one of the first newly
established gibel carp populations but soon after gibel
carp quickly spread to all accessible water bodies in
Georgia. Currently gibel carp can be found in most
lakes and rivers of Georgia (personal observation, Fig. 1)
and is one of the most abundant and frequently caught
species in sport fisheries.

Invasive species are considered a primary driver for
loss of native biodiversity (for the review see Gozlan et
al., 2010). However this may not be universally true
(Didham et al., 2005). There is evidence that actual
costs to native species and ecological functions will
depend on the characteristics of the host system and
invader (Fraser and Adams, 1997; Davis, 2009). A ma-
jor challenge may be detection of the invader and early
signs of the effects on the ecosystem. Some early signs
of the effects of an invasive species altering a system
include interspecific interactions with native species
such as competition for food and space, hybridization,
habitat modification or distribution of new disease (for
review see Gozlan et al., 2010). Invasive species are not
the only factor currently affecting aquatic ecosystems in
Georgia. Uncontrolled deforestation, water and air pol-
lution and illegal harvest are some of the other forces
occurring in Georgian waters (Fourth National Report to
the United Nations Convention on Biological Diversity:
Georgia, 2010 - FNPG). To date, there have been no
investigations on invader ecology or the risks they pose
to our aquatic systems (FNPG, 2010). For example, the
Georgian National Biodiversity Strategies and Action
Plan (NBSAP-Georgia, 2005) does not discuss the ne-
cessity of developing legislative basis to deal with inva-
sive species nor developing of control mechanisms to
reduce the negative effects of different stocking activi-
ties. It can be argued that regular monitoring programs
are needed within the national legislative framework
before more harm occurs (which is obligate for Georgia
as a partner country of CBD — Conservation Biological
Diversity). To overcome the problems associated with
the invasion of gibel carp, it is suggested to conduct
four initial actions: 1) catalogued and organize the ex-
isting information on the distribution of indigenous and
invasive fish populations; 2) conduct surveys to deter-
mine the current distribution of gibel carp in Georgian
waters; 3) select several model watersheds to study the
ecological interactions between native and invasive
species to better determine risks and potential mitiga-
tion actions; and 4), either in combination with (3) or
separately, select a subset of water bodies as index sites
to monitor for biodiversity and other measures of sys-

tem integrity (Parker et al., 1999). Since developing
countries, like Georgia, may not have the sufficient ex-
pertise and resources to support such an effort, (Gozlan
et al., 2010), it may be important to receive international
assistance in the form of expertise and financial support
(Gaygusuz et al., 2007; Leonardos et al., 2008a,b;
Economidis et al., 2000; Zenetos et al., 2009; Koutrakis
et al., 2007; Perdikaris et al., 2012).
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