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This analysis of long-term (1992-2011) changes in the fish assemblage of the partially operat-
ing shallow, hypertrophic reservoir (Ingéi-marsh, Lake Fenéki) was carried out on the occa-
sion of the planned completion of the impoundment. Samplings were performed in standard
localities with electrofishing. Three phases could be distinguished in fish fauna development.
The first phase is characterized by two allochtonous marsh-species: the Mud-minnow (Umbra
krameri) and the Crucian carp (Carassius carassius), and was fast replaced by the second in-
vasion phase, characterized by the invasion of non-native gibel carp (Carassius gibelio),and
the third phase by the dominance of roach (Rutilus rutilus) and bleak (Alburnus alburnus). The
cumulative relative abundance of non-indigenous species reached a peak in the third year of
the impoundment (1995; 56.4%), and remained high (>50%) until 2001. The number of spe-
cies, Shannon-Weaver diversity, and relative abundance of piscivorous species correlated
positively with the age of reservoir. The shift of the fish fauna between the two phases was dy-
namic and dramatic, since the all previously dominant species disappeared within 4 years. The
impact of invasive gibel carp is considered as high, because it has completely replaced its na-
tive relative (C. carassius), but in the other hand it only was able to delay the natural succes-
sive process, not completely transform it.
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INTRODUCTION

The role of long-term (>10 years) research in fish ecology is unquestionable,
but only relatively few papers have reported on this issue (SMOKOROWSKI &
KELSO 2002). The importance of reservoirs is growing all over the world in paral-
lel with the expansion of the human population and the increasing effects of cli-
mate change (ARNELL 1998, CHRISTENSEN ef al. 2004, WILLIAMSON et al. 2009).
Although these type of waterbodies are the target of most biomanipulation experi-
ments (e.g., SCHARF 2008, SEDA & KUBECKA 1997), the relevance of reservoir
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studies has not been restricted to application and management issues, and their role
in recognition of community assembling rules is fundamental (GIDO et al. 2009).

Information on the fish fauna development of reservoirs is restricted mostly
to the deep and oligotrophic lakes (GIDO et al. 2000, RIHA et al. 2009). Their as-
semblage structure changes have been characterized by successive processes with
the participation of native species. These processes are well documented and usu-
ally well predictable. Based on several case studies, KUBECKA (1993) divided the
assemblage development of Central European reservoirs into five phases, accord-
ing to the change in dominant fish species during reservoir ageing: (1) a riverine
species phase; (2) a pike, Esox lucius L., phase; (3) a perch, Perca fluviatilis L.,
phase; (4) a transient perch-cyprinid phase; and (5) a cyprinid-dominated phase.
These studies (e.g., HLADIK ez al. 2008, RIHA et al. 2009), although some of them
are considered recent, do not deal with the role of invasive species in such pro-
cesses. Although numerous studies report the connection between the disturbance
and invasibility even in case of reservoirs (HAVEL et al. 2005, JOHNSON et al.
2008, TARKAN et al. 2012a), little data could be found on the assemblage structur-
ing function of an invasive species throughout longer periods.

This study evaluated the development of fish assemblage structure in a
Pannonian Ecoregion impoundment, the Lake Fenéki (Kis-Balaton Waterquality
Protection System, 2nd stage), over a 19-year period from its flooding, between
1992 and 2011. The following questions were examined: (1) Is there any temporal
pattern in the change of fish assemblage structure during the 19-year period? (2)
How does the gibel carp invasion affect the qualitative (species) composition of
fish assemblage? (3) How does the gibel carp invasion affect the successive pro-
cesses of the fish assemblage?

MATERIALS AND METHODS

Study area

The Ingé-marsh (46°38°46.68”N, 17°11°24.10”E) is the first inundated part of the shallow
(1.1-1.2 m deep) hypertrophic (HATVANI ef al. 2011, KOVACS et al. 2010) Lake Fenéki (also called
Kis-Balaton Waterquality Protection System (KBWPS), 2nd stage) situated a few kilometres south-
west from Lake Balaton (Fig. 1). Originally this area belonged to Lake Balaton as its most western
basin. After 1863, the Sié-floodgate started to operate and the water level lowered by approx. 2 me-
ters, then Kis-Balaton was disconnected. The complete drought of this area lasted for decades, but fi-
nally resulted in the complete disappearance of open water surfaces until the 1950’s. The remains of
native fish fauna could only survive in some draining channels and two small ponds (BIRO & PAULO-
VITS 1994, KORPONALI et al. 2010). In the 1970’s, after the recognition of the accelerating euthro-
phication of Lake Balaton, the reconstruction began on KBWPS (LoTz 1988).

The system comprises two reservoirs: the first (Lake Hidvégi, 21 km?), which could character-
ized as open waterspace, gives ideal conditions for algae to reproduce and has been operating since
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1985. The second (Lake Fenéki), which was our study area, was inundated partly (16 km? from the
planned 54 km?) in 1992 (TATRAI et al. 2000). The main purpose of the KBWPS is to retain the nutri-
ents carried by the River Zala (POMOGYI 1993).

The water in KBWPS is slightly alkaline (pH = 7.5-8.5); characterized with 600-700uS/cm
conductivity (see more: HATVANI et al. 2011, KOVACS et al. 2010).

Sample collection

Samplings have been carried out seasonally from 1992 to 2011 (3 samplings yearly: April/May,
June/July and October). Altogether the data of 12 years were included in the analysis; data were lack-
ing or not standard in other years (1998; 2002; 2004-2008 and 2010). A standard locality, near the
vegetated (reed and reed-mace) shoreline and inundated willow-bushes was electrofished from a
boat, using a 12V battery powered device (used at Pulse DC 300-500 V; 50-70 Hz). Based on the re-
sults of SPECZIAR et al. (2012) this method is powerful enough to get reliable information regarding
the assemblage structure. This sampling site represents all of the typical habitats of the Ing6-marsh.
The duration of each sampling occasion was 60 minutes, which is equal to 1606£210 m transects.
Each individual caught was identified at species level, and then released.

Statistical analysis

Ordinary Least Square (OLS) regression has been used for trend detection in case of a cumula-
tive number of specimens. Logarithmic regression has been used for trend detection by species num-

40 km

Lake Fenéki, Ingé-marsh

Fig. 1. Overlooking map of the Balaton-catchment, with the sampling site (Dark rectangle marked by
the arrow indicates the flooded area of Lake Fenéki)
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ber and Shannon diversity. Individual based rarefaction analysis was used to examine the changes in
the estimated number of species over the years and to assess how the sampling efforts affected our es-
timates (EROS er al. 2008). The rarefaction analysis was carried out with PAST v. 1.91 software
(HAMMER et al. 2008).

Relative abundances were calculated as ratio of number of individuals of a given species to the
total number of individuals in the catch. A species considered to be dominant if its relative abundance
reached 5% at least in one year). Cumulative abundances of species groups (eg. non-indigenous spe-
cies; natives) were calculated as summarized relative abundances of species belonging each group.
Relative abundance data were arcsin-square root transformed. Centered Principal Components Anal-
ysis (PCA) was carried out on the relative abundance data matrix to explore the patterns of assem-
blage level changes. Analyses were performed with SYN-TAX2000 software (PODANI 2000).

The functional composition (i.e. ‘trophic guild’) of fish assemblages was determined based on
the work of EROS et al. (2009). Species which were lacking from this study were categorized using
the system of BALON (1981). In order to assess changes in the relative abundance of trophic guilds in
the sampling period, the OLS method was used.

RESULTS

2149 specimens of 23 species (Table 1) were caught in the sampling period,
between 1992 and 201 1. The cumulative number of individuals caught varied year
to year and showed a significant increasing trend (R? = 0.654; P = 0.001) during
this period (Fig. 2). Significant logarithmic increasing trend could be discovered
by the number of fish species (R? = 0.759; P < 0.0001), which was increased from 3
to 18 (Fig. 3).

The same increasing trend could be observed by the Shannon-Weaver indi-
ces (R2=0.772; P <0.0001) (Fig. 4). Rarefaction curves (Fig. 5) supported the in-

350 1
300 -
250 A
200 A

150 A

100 +

Number of individuals

50 4

0 T T T T )
1991 1996 2001 2006 2011 2016
Year

Fig. 2. Relationships between the age of Lake Fenéki and cumulative number of specimens caught in
a sampling year (y = 107.7 + 9.63x; R? = 0.654, P = 0.001)
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Fig. 3. Relationships between the age of Lake Fenéki and the number of fish species (y =4.141In(x) +
3.807; R*=10.759; P < 0.0001)

creasing trend in the number of species and showed that samplings were reliable in
most years examined, as most of the curves reached an asymptote, although the
sample sizes were relatively small.

Changes in the assemblage structure

The year by year changes of relative abundance ratios of dominant species
determined three phases of assemblage development (Fig. 6). A dramatic and rapid
change appeared after the second year of flooding: the original marshland fish
fauna, which survived in draining channels and was characterized by Mudminnow
(Umbra krameri WALBAUM, 1792) and Crucian carp (Carassius carassius L.,
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Fig. 4. Relationships between the age of Lake Fenéki and the Shannon—Weaver index (y = 0.414In(x)
+0.852; R*=0.772; P < 0.0001)
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Table 1 (continued)

Sta-

TG

Year

1996 1997

0.00 0.00 0.00 0.00 0.00 0.88

Species

tus

2003 2009 2011

1999 2000 2001

1993 1994 1995

1992

Common name

Scientific name

Na
Na

Pi

1.18 0.64 0.00 0.52 0.00 2.11

Pikeperch
Perch

Sander lucioperca

In

1.55 036 2.11

1.27  0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60

0.00 0.00 0.00 0.00 0.00 0.88 0.00

Perca fluviatilis

Al

In

Monkey goby

Neogobius fluviatilis

18 13 16
22

11

14
1.65
157

12
1.7
169

14
1.

11

1.74

11
1.71

Number of species

1.88 2.03

280

49

1.52
110

1.02
125

0.62
194

Shannon diversity

91 228 186 194 331

84

Number of individuals

1758) disappeared rapidly in parallel with the be-
ginning of the gibel carp (Carassius gibelio
BLocH, 1782) invasion (Fig. 7). The second
phase could be characterized by the strong domi-
nance of non-native species, mainly gibel carp.
The transition between the the second and third
phase was not so fast and easily determinable, but
it can be discerned in Figure 8. The years of the
invasion phase are located in the 1:1 quarter,
while the years of the stabilization phase mostly
in the 2:2 quarter of the biplot. The position of the
year 1997 is a little confusing, however, it could
be explained by the high abundance of gibel carp
and the co-dominance of roach (Fig. 6), then it
was to be grouped into the invasion phase. After
2001, in parallel with the collapse of gibel carp
invasion a stabilization phase began. This phase
could be characterized by the dominance of roach
(Rutilus rutilus L., 1758) and bleak (Alburnus
alburnus L., 1758).

The amplitude of transition between the
first and second phase is illustrated well in Figure
7, as the PCA of the arcsin-square-root trans-
formed relative abundances of the first two years
(1992-1993) showed positive correlation with
PC1, which explained most (70%) of the total
variation. The segregation of these variables
could be clearly caused by the high relative abun-
dance of Mudminnow and Crucian carp. Con-
sidering the assemblage structure of the other
years examined, the discrimination of these vari-
ables by PCl1 is almost impossible. Regarding
PC2, a, trend-like pattern could be recognized be-
tween years.

On the biplot of this second ordination (Fig.
8), the transition after the invasion phase could be
recognized, although not so intensively as in case
of the first one. Based on this PCA, the second
phase, characterized by the dominance of Gibel
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Fig. 5. Estimated number of species (SD’s ignored in order to improve visibility) as a function of
number of individuals collected in each sampling year

carp and co-dominance of roach and bleak lasted until 2000-2001 and after these
two intermediate years, the third phase began, characterized by the dominance of
native bleak and roach.

The role of non-indigenous species in fish fauna development

As Figure 6 indicates, the cumulative abundance of non-indigenous species
increased from 0% rapidly and peaked at 56.7% in 2000, the 8th year after the
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Fig. 6. Relative abundance of the fish species in Lake Fenéki in the sampling years
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flooding. Out of the 6 non-natives, gibel carp was the most abundant throughout
the years studied (Fig. 9), and only topmouth gudgeon (Pseudorasbora parva
TEMMINCK et SCHLEGEL, 1842) could become dominant species (relative abun-
dance reached 5%) at least in one year. After 2001, the cumulative ratio of non-na-
tives decreased in parallel with the collapse of the gibel carp invasion (Figs 6 & 9).

Changes in trophic guilds

The rapid assemblage composition changes of the first two years examined

caused functional changes as well (Fig. 10). However, the OLS analysis resulted in
significant positive correlation in case of reservoir age and relative abundance of
piscivores (R? = 0.757; P < 0.0001) for the whole examined period, their relative

PC 2:10%
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PC 1: 70%

Fig. 7. PCA biplot of the arcsin-square root transformed relative abundance data of the whole sam-
pling period (1992-2011) (Variables: Sampling years; Objects: Relative abundances) (abbreviations
were constructed from the Latin names of the species, using the first 3 characters of genus and species

names, like CAR_GIB= Carassius gibelio)
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abundance was very low (<2%) throughout the years. Although no significant lin-
ear trends were observed by the other trophic guilds, the first transition in the as-
semblage structure resulted in notable decrease in relative abundance of
invertivores (from 80% to 0.05%), due to the disappearance of Mud-minnow and
increase of omnivores (from 19% to 79%), due to the expansion of cyprinids. This
state became stable during the later periods.

DISCUSSION

The present fish fauna of Lake Fenéki is the result of mostly natural processes,
as fishing is prohibited in the Nature Conservation area. The number of species and
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Fig. 8. PCA biplot of the arcsin-square root transformed relative abundance data of the period
1994-2011 (Variables: Sampling years; Objects: Relative abundances)

Acta zool. hung. 58, 2012



FISH FAUNA DEVELOPMENT OF KIS-BALATON 13

100%

ez

N

.

90%

7

|
7))
7

Z 1l

80%

70%
7ZN. fluviatilis
BL. gibbosus
HA. anguilla

60%

50%

B H. molitrix
40%

NP. parva

30% mC. gibelio

20% -

10% +

0% -
1992 1993 1994 1995 1996 1997 1999 2000 2001 2003 2009 2011

Fig. 9. Proportion of each species in the cumulative abundance of non-native fish species in Lake
Fenéki

diversity showed an increasing trend throughout the whole period examined,
seemingly not affected by the gibel carp invasion. The same trends were described
for other Central European reservoirs (PENCZAK et al. 1998, RTHA et al. 2009). The
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Fig. 10. Trends in the relative abundance of trophic guilds in Lake Fenéki (Piscivores: y = 0.06 +
0.003x; R*=0.757; P > 0.00001)
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trends in diversity estimates suggest that the gibel carp invasion did not influence
the colonization of native fish species extremely.

The development of fish assemblage structure can be divided to three stages.
The first stage (marsh phase; 1992—-1993) could be characterized by bog-dwelling
species (Mud-minnow and Crucian carp), which survived in draining channels for-
merly located in the study area. The transition between the first and second stage
was fast and dramatic, but this could be considered usual in such modified, dis-
turbed and artificial waterbodies (SEDA & KUBECKA 1997, WOLTER 2001).

The second phase (invasion phase), characterized by the constant high rela-
tive abundance of gibel carp, lasted from 1994-2001. The fast expansion of this
species has often been reported not only from artificial and disturbed waters
(GAYGUSUZ et al. 2007, MARKOVIC et al. 2007, PAULOVITS et al. 1998), but from
natural waters, as well (TARKAN et al. 2012b, VETEMAA et al. 2005). Numerous
hypotheses were described as the reason for this fast invasion, for example a spe-
cial oxygen-deficit tolerance mechanism (LUTZ & NILSSON 1994), omnivorous
feeding (BALIK ef al. 2003, SPECZIAR et al. 1997), effective predator avoidance
(GERE & ANDRIKOVICS 1991), and an alternative gynogenetic spawning strategy
(BEUKEBOOM & VRIENHOEK 1998; KALOUS et al. 2004). Few comparative
datasets are available regarding the magnitude and duration of such gibel inva-
sions. MARKOVIC et al. (2007) investigated the fish assemblage changes in the
Gruza Reservoir (Serbia), and still found high (>40%) gibel carp relative abun-
dance after 20 years. A constantly increasing gibel population has been examined
in the Omerli Reservoir (Turkey), between 2002 and 2007 (TARKAN et al. 2012b).

After the year 2001, a notable decrease in gibel carp abundance and in paral-
lel an increase of native roach and bleak populations have occurred. The reason of
the collapse of the gibel carp invasion has not been clarified yet, since the selective
fishing of the species for nature conservation purposes started only in 2004, three
years after the decrease (MAGYARI 2009). The fish assemblage structure after the
second transition (stabilization phase) corresponds well with the last stage of suc-
cessive process described by KUBECKA (1993). This phase is usually characterized
by the dominance of cyprinids, mostly roach (RIHA et al. 2009, SCHARF 2008,
SEDA & KUBECKA 1997).

Our results suggest that among non-natives, only gibel carp reached as much
relative abundance, which probably could affect fish fauna development signifi-
cantly. The most serious qualitative impact of the gibel carp invasion has been the
displacement of the native congener, Crucian carp. This process has long been hy-
pothesized (LELEK 1980, TARKAN et al. 2009), and the possible mechanisms de-
scribed, such as hybridization (HAENFLING et al. 2005, TOTH et al. 2005) and re-
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productive/interference competition. As mentioned above, gibel carp is known to
exhibit gynogenetic reproductive strategy, exploiting the males of other species to
activate egg development (BEUKEBOOM & VRIJENHOEK 1998, KALOUS et al.
2004, TARKAN et al. 2012a,b).

Regarding the process of fish fauna succession, although the dominance of
gibel carp lasted for a decade, the recent assemblage structure of Lake Fenéki is
considered to have become more and more similar to the fauna of the reed habitats
of Lake Balaton (EROS et al. 2009), which could be used as a natural reference point.

In conclusion, the most significant impact of the gibel carp invasion was the dis-
placement of native Crucian carp. Although the magnitude of invasion was high, it
only was able to delay the natural successive process, not completely transform it.
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