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Abstract

The fish assemblage of major lentic habitats of the Balaton catchment were analysed in the
first study of this theses, including local environmental parameters and land use variables in
order, to find relationships between these variables and the distribution and abundance of non-
indigenous fish species. The studies have led to the conclusion that although at least one non-
indigenous fish species was present in every examined site, the abundance of non-natives and
also the deviation of the fish fauna from the natural state is the highest in the wetlands and the
fish ponds under operation. Periodical dry-outs could be highlighted from the explanatory
variables, which seemed to have positive relationships with the abundance of non-natives,

especially with gibel carp (Carassius gibelio).

The long-term (1992-2011) changes of fish assemblage in the Lake Fenéki (Kis-Balaton
Waterquality Protection System) were analysed in the second study, in order to assess the
effects of the gibel carp invasion, which occurred after the impoundment. Although the
invasion affected negatively the native assemblage, especially crucian carp (Carassius
carassius) - which was completely outcompeted - the increase in the number of species and in
diversity was not influenced in the examined period. Successive change in the fish
assemblage was detected, however it showed a completely different pattern than former
literature had indicated was from reservoirs of Central-Europe. Three phases were identified
in the fauna development: a (1.) marsh phase, a (2.) invasion phase and a (3.) stabilization

phase, instead of the formerly described 5 stages.

An Ecological Risk Assessment of non-indigenous species was conducted in the third
study of this thesis, using the Fish Invasiveness Scoring Kit (FISK). Four of the 12 recently
occurring non-native species were highlighted as of ‘high risk’ or invasive species, after the
calibration of the method to the local conditions, from which gibel carp is considered to be the
most dangerous, characterized by the highest score. Validation of the methodology was also
carried out using the cumulative relative abundance and frequency of occurrence data, but no

significant relationships have been found.



Kivonat

Az értekezés elsé vizsgéalatdban a Balaton-vizgyiijtd jelentdsebb allovizi éléhely-tipusait
elemezte a szerzé a halallomany Gssztétele, a helyi szinten hatd kornyezeti tényezok, és a
teriilet hasznalatat jellemz6 valtozok bevonasaval, legfoképpen arra keresve a valaszt, hogy
mely tényezOk befolyasoljak leginkabb az idegenhonos halfajok elterjedését. A szerzd
megallapitotta, hogy bar minden vizsgalt él6helyen el6fordult legalabb egy idegenhonos faj, a
fauna természetessége a mikodo halastavakban €s a vizsgalt berekteriileteken a legkisebb, az
idegenhonos fajok relativ abundanciaja ugyanitt a legnagyobb. A vizsgalt magyarazo valtozok
koziil kiemelendd, szignifikans hato tényezd az ¢l6hely kiszaradasa, amellyel ugy tlinik az
idegenhonos fajok, de kiilondsen az eziistkarasz (Carassius gibelio) tomegessége pozitiv

kapcsolatban van.

Az értekezésben bemutatott masodik vizsgalat a Kis-Balaton Vizmindség-védelmi
Rendszer Fenéki-tavan hosszi-tava  (1992-2011) halallomany-osszetétel — dinamikai
elemzésével foglalkozik, vizsgalja az ott lezajlott eziistkarasz-invazid hatasait. Ez a kutatas
ravilagitott arra, hogy bar az eziistkdrasz invazid negativan hatott a teriileten korabban
eléforduld 6shonos faunaelemekre, teljesen kiszoritotta a széles karaszt (Carassius carassius),
a frissen eldrasztott viztarozoban nem gatolta a fajszam és diverzitds novekedését a vizsgalt
idszakban. Megallapitasra keriilt, hogy a tarozoban a halfauna szukcessziven valtozott, de a
folyamat nem volt megfeleltethetd a kozép-eurdpai viztarozok esetére korabban leirt
modellnek. A korabban meghatarozott 6t fazis helyett csak harmat lehetett elkiiloniteni: (1.) a
lapi fazist; (2.) az invazids fazist és (3.) a stabilizécios fazist.

A harmadik vizsgalatban a Fish Invasiveness Scoring Kit (FISK) segitségével keriilt
értékelésre a Balaton-vizgyiijtéon recensen megtalalhatdo idegenhonos halfajok oOkologiai
kockazata. A modszer helyi viszonyokra vald kalibralasa utan megallapithato volt, hogy a 12
eléforduld idegenhonos faj koziil 4 sorolandd a magas kockazatu, invaziv kategoridba, ezek
koziil is kiemelendd az eziistkardsz, amely a legmagasabb pontszamot kapta. A moddszer
validalasra is keriilt: az elsé vizsgalatbol szarmazé kumulativ relativ abundancia és
el6fordulasi gyakorisag adatok korrelacidvizsgalata a FISK elemzésekbdl szarmazo

pontszamokkal megtortént, de szignifikans 0sszefiiggés nem mutatkozott.



Auszug

In der vorlegenden Dissertation analysieren wir die signifikanten Lebensraum-type von
stehendes Gewésser von dem Einzugsgebiet des Plattensees mit die Verwendung variablen
der Fischvorrite, der lokalen Umgebungsfaktoren und der Landnutzung, hauptsdchlich um
eine Antwort zu finden, welche Variablen die Verbreitung von nicht-heimische Fischarten
meist beeinflussen. Unsere Erkennungen zeigten darauf zu, dass obwohl in Fall jeder
gepriiften Lebensraum mindestens eine die nicht-heimische Fischarte vorkommt, die
Natiirlichkeit der Fauna ist bei aktive Fischteichen und Haingebiete die Minderwertigste, die
relative Abundanz der nicht-heimischen Fischarte hier jedoch die grofite ist. Von die
gepriiften Erklarungsvariablen scheint die Austrocknung des Lebensraumes eine signifikante
positive Verbindung mit der Masse die nicht-heimischen Arte, insbesondere mit der Masse

des Giebels (Carassius gibelio) zu zeigen.

In unserer zweiten Untersuchung fiihrten wir die langfristige Analyse der Dynamik der
Fischbesatz-Zusammensetzung an Fenéki-teich des Kis-Balaton Wasserschutzsystems durch,
untersuchten die Effekte der dort abgegangenen Giebel-Invasion. Diese Untersuchung zeigte,
dass zwar die Giebel-Invasion ein negativer Einfluss auf die an diesem Gebiet frither
vorkommenden Fauna Elemente hatte, vollig verdringte den Bauernkarpfen (Carassius
carassius), in fall der kiirzlich iiberfluteten Reservoir inhibierte es nicht die Zunahme der
Artenanzahl und Diversitdt in der Betrachtungszeitraum. Unsere Ermittlungen zeigten, dass
die Fischfauna zeigte sukzessive Anderungen in Fall der Wasserspeicher, jedoch, der Ablauf
des Prozesses passte in die frither flir Mittel-Europédische Wasserspeicher vorgelegte Modelle
nicht ein. Wir konnten nur 3 der frither definierte 5 Phasen trennen: (1.) Sumpf Phase; (2.)

Invasionsphase; (3.) Stabilisationsphase.

In unserer dritten Untersuchung analysierten wir den Risikofaktor die im Plattensee
Einzugsgebiet befindliche nicht-heimische Fischarten mit der Hilfe des Fish Invasiveness
Scoring Kit (FISK). Nach der Kalibration der Methode zur Lokalverhdltnisse haben wir
festgestellt, dass 4 von 12 hervorkommende Fischrassen bedeuten ein grof3es Risiko, konnen
als Invasiv klassifiziert werden. Unter diesen ist der Giebel ausprigend, mit der hochsten
Punktzahl. Wir fiihrten auch die Validierung der Methode durch: die kumulative
Relativabundanz-, und Haufigkeitsdaten von unsere erste Untersuchung wurden mit
Punktzahle des FISK-analyse vergleicht, jedoch eine signifikante Korrelation war nicht

feststellbar.



1. Introduction

The problem of non-indigenous species and biological invasion has been widely discussed
since the book entitled ,,7he Ecology of Invasions by Animals and Plants” by Elton (1958)
was published. In recent times, biodiversity of freshwaters has been decreasing at an alarming
rate, faster than in terrestrial ecosystems (Dudgeon et al. 2006). In this process, exotic and
invasive species were the second leading cause after habitat destruction and fragmentation
(Rainbow 1998, Williamson 1999, Erds 2007). Freshwaters are considered as the most
invaded habitats by alien species in the world (Cohen 2002). Biological invasions may cause
not only ecological cataclysms, but also heavy economical costs (Pimentel et al. 2000,
Perrings et al. 2002). These species can disturb native communities in many ways, e.g. by
hybridization, competition, predation or parasitic interactions, either directly or indirectly
(e.g.: Carmona-Catot et al. 2013, Kreps et al. 2012, Emde et al. 2012, Wouters et al. 2012,
Preston et al. 2012). These effects are generally difficult to measure in economical terms,
however the cost of defense against invasive species or the loss in the yields of agricultural

product is increasing (Oreska and Aldridge 2011, Scalera 2010).

The introduction of fish species is a common phenomenon worldwide since the ancient
Roman times, due to numerous reasons, such as aquaculture utilization or aquarium rearing
(Balon 1995, Strecker et al. 2011). Although the generally negative effect of such
introductions have been recognised, the number of intentional introductions (and the
additional accidental ones) most probably will not show decreasing tendency, due to the
increasing protein-need of the human population (Casal 2006).

In Hungary, exotic species have reached 25% ratio in the ichtyofauna (Harka and Sallai
2004), which is one of the highest ratios in Europe (Economidis et al 2000, Copp et al. 2006,
Lusk et al 2010, Leunda 2010) but there is only scarce usable ecological or even up to date
distribution information about the species. The need for and the significance of such studies is
growing in parallel with the developing EU regulation on the prevention and management of

the introduction and spread of invasive alien species (European Commision 2013).

In my opinion, the chance of controlling such an invasion, given the recent level of
general knowledge, is limited. Hence, studies on the role of non-indigenous fish species in our

waters and revealing the factors limiting or affecting their distribution patterns are needed.
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Lake Balaton with its catchment is one of the most important and prominent regions of
Hungary. Not only in the view of its natural heritage and beautiful landscapes, but also in its
economical role. As the economic consequences of the spread of non-native species have

been growing, he most detailed understanding of their present status is of high priority.

1.1 Aims

1. In the first part of my thesis, the status of non-indigenous species in the Balaton catchment

was analyzed to:

1.1: describe the distribution patterns of non-indigenous species in the typical lentic

habitats of the catchment.

1.2: reveal whether there are any spatial patterns in the distribution of non-native species

in species composition or at assemblage structure level.

1.3: reveal the role of environmental and land use parameters in affecting the patterns of

non-indigenous fish abundances.

2. The second main objective was an invasion scenario analysis of gibel carp (Carassius
gibelio) in the Kis-Balaton Waterquality Protection System (KBWPS), regarding:

2.1 the temporal patterns in the change of fish assemblage structure between 1992 and
2011.

2.2 the effect of gibel carp invasion on the qualitative (species) composition of the native

fish assemblage.

2.3. the effect of gibel carp invasion on the successive processes of the fish assemblage.

3. In the third study, the asymmetric adverse effect of non-natives was quantified using an
Ecological Risk Assessment Protocol, based on recent information on the distribution and

assemblage level role of non-natives. In this analysis:

3.1 the risk posed by non-indigenous fish species was quantified using the FISK (Fish
Invasiveness Scoring Kit) algorithm.

3.2. the FISK was calibrated for the Balaton-catchment.

11



3.3 the FISK was validated for the catchment using relative abundance and frequency of

occurrence data.

3.4 the results of the original (FISK v1.19) and revised (FISK v2.03) versions of FISK

were compared.

4. In the fourth study, numerous sites were surveyed in the Balaton-catchment between
2011 and 2013. Five of these sites are wetlands (“berek™) being situated by the southern
shoreline of the lake and are under the Ramsar convention and members of Natura2000
network. Prior to our studies, the fish fauna of these habitats was almost unknown, hence my

objective was to provide the first ichtyofaunistic data from these areas.
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1.2 Definitions

The most important definitions of terms, which are used in the thesis are described and

explained here:

Biological invasion: Successful establishment and spread of species outside their native range
(Facon et al. 2006).

Invasive species: This definition is considered the most complicated and diverse one, thus
here we present three formulations: (1) species with strictly monotonously expanding
population (abundance) size at a given locality (Botta-Dukat et al. 2004). (2) A non-
indigenous species that spreads from the point of introduction and becomes abundant
(Richardson et al. 2000, Kolar and Lodge 2001). (3) Indigenous or non-indigenous species
which spreads with or without the aid of humans, in natural or semi-natural habitats,
producing a significant change in composition, structure or ecosystem processes or causing
severe economic loss to human activity (Copp et al. 2005a). In my opinion spreading of a
species without any kind of human help (for example building a canal between two river

basins) is area expansion, not invasion.

Established species: a species with self-sustaining population, outside of its native range
(Richardson et al. 2000, Kolar and Lodge 2001)

Indigenous species: a species found within its native range (Richardson et al. 2000, Kolar and
Lodge 2001)

Non-indigenous species (=alien species, non-native species): a species introduced to areas
beyond its native range by human activity (Richardson et al. 2000, Kolar and Lodge 2001)

Non-invasive species: a non-indigenous species that remains localized within its new
environment (Richardson et al. 2000, Kolar and Lodge 2001)

Transition: One step in the invasion process (Richardson et al. 2000, Kolar and Lodge 2001)

Casual species: a species, which is introduced, but unable to sustain its presence without
human intervention (Copp et al. 2005a), despite the ability to reproduce in the novel

environment (Richardson et al. 2000).

Decision tree: Type of tree diagram used in determining the optimal strategy of action, in
situations having several possible alternatives with uncertain outcomes. The resulting chart or

diagram (which looks like a cluster of tree branches) displays the structure of a particular

13



decision, and the interrelationships and interplays between different alternatives, decisions,

and possible outcomes (Snyder et al. 2012)

Ecological Risk Assessment (ERA): Estimates the likelihood of negative impact of a given

stressor (here: non-indigenous species) on a recipient (here: ecosystem).

Introduction: is the deliberate (intentional) or unintentional (accidental) transfer and/or
release, by direct or indirect human agency, of an organism into the wild, or into locations not
completely isolated from the surrounding environment, by humans in geographical areas
where the given taxon is not native. This applies to translocations within and between political

states (countries) (Copp et al. 2005a).
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2. Literature review

2.1 The biological invasion as a process

Biological invasion is a complex process. There are some more or less distinguishable
phases or stages in the scenario (Kolar and Lodge 2001, Sakai et al. 2001, Heger and Trepl
2003). The stages are not rigid; they could also be described as a continuum (Williamson
2006). No real consensus in the literature can be found about the names and principally the
definitions of the phases, hence, here we introduce one sequence of stages based on a review
of fish invasions (Garcia-Berthou 2007):

1. Transport to a new geographical region
2. Escape or release to the wild

3. Establishment

4. Dispersal or spread

5. Interaction or integration (becoming a problem)

The probability of a transition between stages is low. It is generally argued that only 1% of
the incoming species are able to become invasive. This phenomenon is named “The Rule of
Tens” (or the Tens Rule) (Williamson and Brown 1986, Williamson and Fitter 1996). The
rule was first realized by the study of plant invasion in Great-Britain, but the adaptability to
other cases was revealed (Richardson and Pysek 2006). Recent papers, however, suggest that
the vulnerability of freshwater ecosystem is considered higher, therefore introduction risk
estimates from the Tens Rule are not reliable (Lapointe et al. 2012, Jaric and Cvijanovic
2012)

There is no recipe or general rule for a species to make each transition. A characteristic
feature which enables or helps a successful transition can be a disadvantage, or even defeat
for another (Kolar and Lodge 2001).

15



2.2 Possible mechanisms of an invasion

As cited above, the general characteristics of invasive species could not yet been
identified, but some mechanism of an invasion could be characterized (Kolar and Lodge
2001). Two major sorts of goals could be identified in research papers searching for the
general causes of invasions: (1) What enables a species to became an invader or a community
to be invaded? (2) Comparison of successful and failed introductions in order to find a
definitive list of characters that define a good invasion strategy or a vulnerable community
(Facon et al. 2006). In spite of dozens of studies, carried out by the leading invasion
biologists, these approaches failed (or only partly worked), because they focused separately
either on the properties of the invaders or the communities (Alcaraz et al. 2005, Olden et al.
2006). Invasions mean matches or interactions between the species and ecosystems (Shea and
Chesson 2002). A non-indigenous species is able to displace a native one due to two kinds of
reasons: (1) It has ‘a priori’ natural pre-adaptations to exploit particular environments. In such
cases, invasion is only limited by migration abilities (Allendorf and Lundquist 2003). (2) If
there are no ‘a priori’ adaptations, some eco-evolutionary changes are needed (Lee 2002,
Lambrinos 2004). With the combinations of these mechanism types, Facon et al. (2006)
described a migration-based conceptual framework which could be useful to understand the

invasion processes. They described three theoretical invasion scenarios:

(1) Migration change. According to this scenario, the pre-existing match between the
invading organism and environment is essential. After a rapid change in the migration regime
(eg. human help), the introduced species becomes capable of spreading in the new
environment. Species with low natural migration abilities belong to this scenario. In the new
environment, the invasive species performs better than natives, due to the reasons which are
collectively discussed in the “enemy release hypothesis”. Shortly, it means that invading
species benefit from the lack of specific native or natural enemies (Elton 1958, Keane and
Crawley 2002).

(2.) Environmental change. This scenario becomes possible, when there are no migration
limits and a new match between the environment and the organism occurs due to
environmental change. In such situations, it is difficult to separate whether the event is
invasion or range expansion. There are three potential types of environmental changes: (1)

climate change (subtypes: natural and human induced), (2) human induced local scale

16



disturbances, and (3) the case when an already running invasion process opens the door for

another alien species (invasion meltdown) (Simberloff and VVon Holle 1999).

(3.) Evolutionary change. The invasion starts with an internal change in the genom of the
presumptive invader. It can be a simple mutation or even evoked by different evolutionary
forces. This scenario occurs with high likelihood, if the founder population of the introduced
species is small. In this case, genetic variation is low, which enables genetic drift and
sometimes the population can gain evolutionary potential from this. In another situation,
genetic variation can be increased by multiple introductions from spatially distant source
populations. Higher genetic diversity sometimes results in a new invasive lineage (Facon et al.
2006).

2.3 Human modified aquatic habitats: seedbeds of invasions

2.3.1 Biological invasions in disturbed watersheds

Successful biological invasions involve complex interactions between the invading species
and the recipient habitats (Hayes and Berry 2008). Biologists noticed a long time ago that
certain regions and habitats appear to be particularly susceptible to invasions and several
hypotheses have been constructed in order to find general rules (Marchetti et al. 2006). Site
characteristics suggested to favor successful invasion include (1) similar environment to the
native range of invader, (2) low to moderate environmental variability, (3) high degree of
disturbance, especially by human activity, and (4) low native species richness (Elton 1958,
Lodge 1993).

However, many species may get established in one habitat but fail to invade adjoining
areas despite continous opportunity. By examining such an invasion on landscape or even
catchment scale, we may be able to determine the reasons of their success or failure in given
habitats, and afterwards, implement management efforts and make predictions regarding
similar systems (Light 2003). According to the traditional view, the increasing intensity or
frequency of disturbance facilitate invasions (Elton 1958, Moyle and Light 1996, Hierro et al.
2006, Johnson et al. 2008). However, some recent regional-scale studies indicated the inverse
effect of disturbances. For example, Light (2003) found negative correlation between the
occurrence of wet years and the abundance of the invasive signal crayfish (Pacifastacus
lenisculus) in the Tucknee River basin (USA, California), and concluded that unpredictable

17



flow regime and occurrence of heavy floods affect negatively the abundance of the crayfish.
Similarly negative effect of hydrological disturbance on invasion success of brown trout
(Salmo trutta L.) was found in the Manuherikia catchment (New-Zealand) (Leprieur et al.
2006). These and similar results imply that disruption of natural disturbance regimes will

increase the likelihood of successful invasions (Moret et al. 2006).

The effect of local and landscape variables on the distribution and assembly of native and
non-indigenous fish species and assemblages in the streams of the Balaton-catchment were
examined by Saly et al. (2011) and Saly (2013). These studies, in contrary to the former
results of Wang et al. (2003) concluded that local variables have a higher role in predicting
assemblage patterns than landscape variables. The pattern explaining power of local
environmental variables have been negatively affected by the non-indigenous species,
however on the other hand, they concluded that the effect of landscape variables on fish
assemblages depended strongly on the level of disturbance, even though the types and level of

disturbances were not exactly assessed.

2.3.2 Long-term fish fauna development and invasion scenario analysis in reservoirs

The importance of long-term (>10 years) research in fish ecology is unguestionable, but
only relatively few such papers are available (Smokorowski and Kelso 2002). The importance
of reservoirs is growing all over the world, in parallel with the expansion of the human
population and increasing demand for energy or drinking water. (Arnell 1998, Christensen et
al. 2004, Williamson et al. 2009). Although these type of waterbodies are the target of most
biomanipulation experiments (e.g.: Scharf 2008, Seda and Kubecka 1997), the relevance of
reservoir studies is not 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 their deep
and oligotrophic representatives (Gido et al. 2000, Riha et al. 2009). Their assemblage
structure changes are characterized by successive processes with the participation of native
species. These processes are well documented and usually well predictable. Based on several
case studies, Kubecka (1993) divided the assemblage development of Central European
reservoirs into five phases, according to the change in dominant fish species during reservoir
ageing: (1) riverine species phase; (2) pike (Esox lucius L.) phase; (3) perch (Perca fluviatilis
L.) phase; (4) transient perch-cyprinid phase; and (5) cyprinid-dominated phase. These studies
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(e.g.: Hladik et al. 2008, Riha et al. 2009), even though some of them are quite recent, do not
deal with the role of invasive species in such processes. Although numerous studies
demonstrate the connection between the disturbance and invasibility even in the case of
reservoirs (Havel et al. 2005, Johnson et al. 2008, Tarkan et al. 2012a), limited amount of data
is available on the assemblage structuring function of an invasive species throughout longer

periods.

2.4 Ecological Risk Assessment of non-indigenous species

Risk analysis has originally been used for the assessment of human health risk and
typically restricted to hazard identification and dose-response measurements (Stohlgren and
Schnase 2006). Risk assessment has also been used to quantify the consequences of (mainly
chemical) contaminants, for example the effect of DDT on different bird species was assessed
(Ratcliff 1967). In the 1990s, the basic concepts of risk analysis were used more frequently in
the assessments of ecological risks (Stohlgren and Schnase 2006). Non-indigenous species
can be considered as such ecological hazards, since their occurrence might cause damage or
extinction of native communities or species. In risk assessment protocols designed for
chemicals, the risk is defined as the ratio of the predicted environmental concentration (PEC)
to the predicted no effect concentration (PNEC). In case of biological stressors, this ratio is
incalculable, while the exposure might increase (or even fluctuate) in time and/or in space for
example by migration and reproduction. These special features require special algorithms,

protocols designed for the screening and assessment the role of non-indigenous species.

In many cases, the risk associated with already established non-indigenous species should
also be assessed (retrospective assessment). On local scale, risk of dispersion from one habitat
to another can be an issue of key importance, especially when there is any risk management
option available to control within-country dispersal. The negative effect of non-indigenous
species (also within the invasive category) is strongly asymmetric. Retrospective ecological
risk assessment (ERA) might be able to make such differentiations between the species
introduced formerly.
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2.4.1 Protocol types

There are five commonly used types of risk assessment protocols, dealing with non-
indigeous species: scoring systems, decision-tree models, combination of scoring-decision-

tree systems, probabilistic models and niche modelling.

2.4.1.1 Scoring systems

Scoring systems prioritize the risk or threat posed by non-indigeous species. Scores are
assigned based on the answers to a series of questions about the species, such as: species
biology and ecology; potential to arrive, establishment and spread in an area; and potential
impact on the invaded environment. Scores assigned to individual questions are combined in
some manner, typically by addition or multiplication, by taking the mean or an extremum of
sub-scores or by a combination of these to come up with an overall score for the species. An
uncertainty rank is often assigned to the score for each question. These scores can then
generate a prioritized list of high to low priority species and indicate the certainty associated

with each score.

Scoring systems can be used for screening in both introduced/established and not yet
introduced situations. Species that receive a score below a given threshold may be deemed to
pose such a sufficiently low risk that no management actions, preventative measures or
prohibitions on importation are necessary. Alternatively, a high score may indicate that

preventative measures or prohibitions are necessary (Snyder et al. 2012).

2.4.1.2 Decision-tree models

A decision-tree is designed to screen species in or out of the class of invasive species in a
systematic manner. In most cases, a dichotomous tree structure is used. A series of
dichotomous questions must be answered leading the risk assessor to a decision: screen in;

screen out; or assess further.

Decision-trees are not typically considered to be methods of prioritization or ranking. A
screened out species is qualified as posing no risk and a screened in species poses some risk.

Most decision-trees in the invasive species literature do not address prioritizing species.
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Nonetheless, since decision-trees employ an iterative process, they could also be modified to
prioritize screened in species based on the different decision-tree paths that led to the
determination (Tucker and Richardson 1995, Snyder et al. 2012).

This family of methods assumes that (potentially) invading species differs from non-
invasive species in some way. If a sort of differences between invasives and others could be
found, the potential invaders could be identified (Kolar 2004). The differentiation might be
based on species life history characteristics, such as: r-selected traits, high dispersal,
parthenogenetic or vegetative reproduction, high genetic variability, phenotypic plasticity,
large native range, eurytopy, polyphagy, human commensalism (Lodge 1993). (One could
argue with the usefulness of these characters in special cases, when an invasive makes a

transition in the cascade!)

The method involves multivariate statistical analyses (discriminant analysis (DA), CART
analysis) based on every available data about life history characters, collected from literature
sources. The major limitation of this method is that it can only predict those potential
invaders, which already made a successful invasion elsewhere (Kolar 2004).

In practice, this approach was used in the case of the historical fish invasions in the
Laurentian Great Lakes. Kolar and Lodge (2002) were able to differentiate fish species
introduced successfully from those that failed. They used 26 variables (14 life history traits, 5
environmental factors, 6 aspects of invasions history and the degree of human use). The DA
and classification and decision trees (CART) analyses identified 4 variables that discriminated

a successful invader with 87 — 96% accuracy.

2.4.1.3 Scoring-Decision-Tree Systems

Occasionally , scoring and decision-tree approaches have been combined, typically with
the scoring system embedded within a decision-tree framework where the score leads the
assessor through a series of decisions and, ultimately, a certain screening decision (Snyder et
al. 2012). Probably the widely used protocol of this type is the European Plant Protection
Organization Prioritization Protocol (EPPO) (Brunel 2009).
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2.4.1.4 Probabilistic modelling

Probabilistic systems use prior knowledge on species biology and invasion history
elsewhere to form invasion probabilities for the assessment area in question, and incorporate
quantitative uncertainty and variation (Diez et al. 2012). Probability thresholds related to risk
are determined using known invasive and non-invasive species in the assessment area. For
example, Keller et al. (2007) used a nuisance probability model within a decision-tree

framework to assess the risk of freshwater molluscs.

2.4.1.5 Niche modelling

This methodology is based on a general machine learning algorithm, used to predict the
distribution of species from geographical and ecological data (Stockwell and Peters 1999,
Drake and Bossenbroek 2004). Input parameters consist of presence/absence (PA)
information of species in discreet localities and spatially explicit niche parameters such as
temperature, precipitation or elevation for example. During the modeling process, an iterative
search for nonrandom correlations between the distribution data (PA datasets) and niche
parameters is carried out. The outputs are identified areas where the investigated species may
become established. The accuracy of the models could be tested using datasets from the native
range of the species to be investigated. This tool is powerful enough to be used for any taxon
and allows predictions about the potential distribution with fairly fine resolution. There are
some disadvantages too: the result predicts only the potential ranges, and gives no information
about impacts, nevertheless, it needs precise geospatial data distribution information
(Stockwell and Peters 1999, Stockwell and Peterson 2002, Payne and Stockwell 2002, Kolar
2004).

Niche modelling was successfully used for predicting the potential range of zebra mussel
(Dreissena polymorpha) in the USA (Drake and Bossenbroek 2004), distribution of 12 fish
species in Kansas (McNyset 2005), and recently for modelling the potential holarctic

distribution of amur sleeper (Perccottus glenii) (Reshetnikov and Ficetola 2011).
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2.4.2 The Fish Invasiveness Scoring Kit (FISK)

For the Ecological Risk Assessment of non-native fish in the Balaton-catchment, the Fish
Invasiveness Scoring Kit (FISK) was selected (Copp et al. 2005b, Copp e al. 2009). The
reason for choosing this protocol was multiple: between the ERA tools reviewed, this was the
most widely used (United Kingdom, Belarus, Japan, Australia, Florida (US), Iberian
Peninsula, Finland, Turkey and Balkans), least complicated, but scientific-based one, with a
well-understandable, “policy maker friendly” output (Copp et al. 2009, Mastitsky et al. 2010,
Verreycken et al. 2009, Onikura et al. 2011, Vilizzi and Copp 2012, Almeida et al. 2013,
Puntila et al. 2013., Lawson et al. 2013, Simonovi¢ et al. 2013, Tarkan et al. 2013). The
baseline of FISK is the WRA (Weed Risk Assessment) system, developed by Pheloung et al.
(1999) and according to Snyder et al. (2012) belongs to the Scoring system type ERA tools.
The FISK is using 49 questions to assess the potential risk related to 8 topics, like:
domestication/cultivation; climate and distribution; invasive elsewhere, undesirable traits,
feeding quild; reproduction; dispersal mechanism and persistence attributes. These topics

cover the whole sequence of invasion process.

2.5 Non-indigenous fish species in the Balaton catchment: a brief review

In this section, the introduction history of non-indigenous fish species, which are
permanently and recently inhabiting the Balaton catchment was revieved. According to recent
and comprehensive surveys, 12 non-native fish species can be found in the catchment (Table
1, Specziar 2009, Erds et al. 2009, Takécs et al. 2011, Saly et al. 2011, Ferincz et al. 2012).
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Table 1.: Introduction history, origin and occurrence of non-indigenous fish species currently inhabiting
the Balaton catchment (*: not yet reported from the reservoir spaces, only from tributaries)

Other
. i . (wetlands,
Taxon Original Intr_o Way Lake KBWPS Tr'k.)u marshes,
area duction Balaton taries fish
ponds)
Prote.rorhln.us Pont_o- mid-19th ballast water? + ) + )
semilunaris Caspian  century
Oncorhynchus North- 1885 introduction - - + -
mykiss America
introduction to
Anguilla anguilla | Europe 1890s Balaton (1963- + + + -
1991)
Lepomis gibbosus North- 1897/1905 introduction + + + +
P 9 America
. .| North- introduction to
Gambusia holbrooki America 1939 Lake Héviz - - + -
Pseudorasbora Far-East 1962 _ acudent_al + + + +
parva introduction
Ctenop.haryngodon Far-East 1965 |ntr.oduct|on to + + + +
idella fish ponds
. ... | Ponto-
Neogobius fluviatilis Caspian 1970 ballast water + + + -
Carassius gibelio | Far-East 1970s accidental + + + +
Hypgphthalmlcht_h_ys Far-East 1972 _mtrod.uctlor.w + + + +
molitrx x H. nobilis (biomanipulation)
. North- introduction to
Ameiurus melas America 1980s fish ponds + + + +
Percottus glenii Far-East 2008 accidental - -* + -

More information about failed introductions and non-natives which disappeared could be
found in the works of e.g.: Entz and Sebestyén (1942), Bir6 (1997), Bir6 et al. (2003), Harka
and Sallai (2004). The first standardized surveys of fish fauna were started only in the late
1980s by examining the lake (Paulovits et al. 1994), the KBWPS (Bir6 and Paulovits 1994),
and the tributaries (Szipola and Végh 1992). The fish fauna of such important and abundant
habitats like marshlands, abandoned or even functioning fish ponds are still only partially
known (Ferincz et al. 2014).

Traditionally the book of Herman (1887) has been handled as reference condition
regarding the fish fauna. It has also mentioned the most probably first non-native species from
the lake: the tubenosed goby (Proterorhinus semilunaris). Three other species, pumpkinseed
(Lepomis gibbosus), rainbow trout (Oncorhynchus mykiss) and eel (Anguilla anguilla) were
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introduced to the catchment until the end of the 19th century for aquaculture and ornamental
purposes (Herman 1890, Gonczy and Tolg 1997, Vutskits 1897, Gyore 1995). The
introduction of mosquitofish (Gambusia affinis) into the thermal lake of Héviz remained

local, as the species cannot overwinter outside the lake (Specziar 2004).

The next wave of introductions started in the 1960s and lasted for a decade: several
species with Far-Eastern origin were stocked. Topmouth gudgeon (Pseudorasbora parva) was
a typical free rider, which was introduced with an uncontrolled stock of common carp
(Cyprinus carpio) (Pintér 1987). The first stock of grass carp (Ctenophayngodon idella)
arrived in 1965 into a fish pond in the catchment. It needs to be mentioned that grass carp has
never been stocked directly (and verifiably) to the lake (Harka and Sallai 2004). The
taxonomical status of the stock silver and bighead carps (Hypophthalmichthys molitrx; H.
nobilis) is unclarified in the lake. H. molitrix was introduced in order to maintain the
euthrophication problem of Lake Balaton, but the origin of the recent population is
unclarified. The hybridisation of the two species was indicated by recent studies (Takacs et al.
2011, Boros et al. 2012), thus | refer them as hybrids in this theses. This large-scale
biomanipulation experiment was a major mistake and caused more problems than benefits
(Virdg 1995, Boros et al. 2012, Boros et al. 2013).

The monkey goby (Neogobius fluviatilis) was found in the lake in 1970, but due the low
intensity of ichtyological investigations in this period, the exact date of its establishment is not
known (Bir6 1972). The species most probably arrived through the Si6 canal, in a ballast tank
of a ship. Our knowledge on the introduction of gibel carp (Carassius gibelio) into the
Catchment is limited. The gynogenetic form of the species has occurred since the 1970s (To6th
1975, Specziar 2009). The first specimen most probably came accidentally with the stock of

other species.

As such, the last intentional introduction can be dated to the early 1980s, when black
bullhead (Ameiurus melas) were stocked into a fish pond near Fonyod. The species escaped
rapidly, then began to spread and outcompeted the formerly introduced congener brown
bullhead (Ameiurus nebulosus) (Harka 1997). Last of the introduced species, amur sleeper
(Perccottus glenii) appeared in 2008 in a tributary of the KBWPS. This small bodied
Odontobutiid species is considered the main threat for the native, strictly protected
mudminnow (Umbra krameri), spreading continously in the vegetated canal (Erds et al. 2008,
Takacs et al. 2012a).
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The speed and stages of introductions are illustrated in Figure 1. The slope of the curve is
slightly lower than it was found in the case of the Hungarian section of the Danube for the
same period (Weiperth et al. 2013), but this could be explained with the accessibility of the
watershed. The Balaton catchment is still considered as a quite closed system, which could be
an advantage in the future. Conservation management can benefit from this isolation, if
appropriate regulations allow. Two main periods of mostly intentional introductions can be
distinguished on the graph. The first occurred in the late 19th century and meant two
aquaculture utilized species (eel, rainbow trout) and the pumpkinseed which was stocked for
ornamental purposes. The second wave of intentional introductions in the 1960s and ’70s is

considered more problematic and resulted altogether in 4 new species.

12 14
|

10

Cumulative number of species

1850 1900 1950 2000

Year

Figure 1: Cumulative number of established non-indigenous species between 1850 and 2010 (2nd degree
polynomial regression, R?=0.9314, F=61.07, p<0.00001)
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2.6 The “berek” areas: Almost unknown marshlands in the neighborhood of Europe’s
most well investigated lake

Before the water conditions of Lake Balaton were regulated, the wetland areas recently
lying in the southern shoreline of Lake Balaton had belonged to the lake as shallow bays
(these specific wetlands are called berek in Hungarian). After the opening of the Si6-floodgate
in 1863/64, the water level was lowered by app. 2 m, these bays which were usually situated
behind a sand bar got disconnected. The still water covered areas behind the bar have only
been drained partially after further channalization and suction (Dovényi 2010, Zlinszky and
Timar 2013). The remained wetland areas and their huge canal system provided refugia for
the flora and fauna to survive, at least partially. These marshland areas in general are
considered to be almost unknown in the view of their ichtyofauna, which is surprising because
ichtyological studies have been intensive in the catchment at least since 2006 (Saly et al.
2011, Takacs et al. 2011). The review of Majer and Bir6é (2001) mentioned these areas as
potentially characterized by valuable ichtyofauna, however, no exact data have been provided.
Only sporadic literatural data exist regarding the fish fauna of these areas. Faunistical datasets
from some reports, based on non-standardized methods indicated the presence of 6 species in
the Ordacsehi-berek (Figure 3.), including the protected sunbleak (Leucaspius delineatus)
(Ferincz 2005, 2006). The presence of mudminnow (Umbra krameri) was also published by
Harka and Sallai (2004) from the Ordacsehi-berek. The presence of 5 species was verified in
the Nagyberek by Ferincz et al. (2010) and an additional species, weatherfish (Misgurnus

fossilis) was noticed in 2013 (Ferincz et al. 2013).

Regarding their role in nature conservation and international conventions (Natura2000,
Ramsar Convention), the description and monitoring of the ichtyofauna of these marshlands

would be necessary.
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3. Materials and methods

3.1 Survey of the non-indigenous fish species of the catchment: factors affecting the
distribution of non-indigenous species

3.1.1 Study area and sampling campaign

Altogether 15 lentic sampling localities were chosen in different parts of the catchment

(Figure 2). Fish samples were collected from April of 2011 to November of 2011.

0 40 km 4TA BAL

River Danube

Figure 2.: Map of the Balaton catchment, with the sampling sites surveyed in 2011 (Abbreviations: HEV:
Héviz-pahoki Canal, Fenékpuszta; FEN: Lake Balaton, Fenékpuszta; BAL: Lake Balaton, Sajkod; TOR:
Pond 10., Si6fok-Toreki Pond System; OSZ: Osziéd-marshland, Balatonészod; IRM: Pond 7., Balatonlelle-
Irmapuszta Pond System; NAG: Nagyberek; GYO: Pond 2., Marcali-Gyoétapuszta Pond System; CSO:
Csombardi — pond, Csombard; MAR: Mardétvélgyi-Canal, Fonyed; RAD: Inner Reservoir Space of
KBWPS-I (Kis-Balaton Water Protected System).; KAN: Inner Reservoir Space of KBWPS-1.; POG:
Outer Reservoir Space KBWPS — I.; ING: KBWPS-11., 4TA: Interconnecting canal between KBWPS I.-

1)
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The whole catchment area can be considered to be highly modified by human land use
(e.g. Saly et al. 2011). As described in Section 2.5, the fish fauna of the small watercourses
and the lake itself is quite well known. The sampling sites of this study were selected to
represent mostly unexplored, but typical lentic wetlands of the catchment: intensively
managed fish ponds (2 sites); extensively managed, nature reserve ponds (2 sites); marshes
(or wetlands) (2 sites); canals (2 sites); the reservoirs of Kis-Balaton Waterquality Protection
System (KBWPS) (5 sites); and the littoral zone of Lake Balaton (2 sites) Sampling sites were

as follows:

Héviz-pahoki Canal, Fenékpuszta (HEV): This canal carries the outflowing water of the
thermal lake of Héviz into River Zala. The estuary is situated close to the outflow of River
Zala from the second stage of Kis-Balaton Water Protection System. Sampling area is located
1 km upstream from the estuary. The vegetation of the shorezone is mostly reed, and massive

submerse vegetation.

Lake Balaton, Fenékpuszta (FEN): Detailed description of Lake Balaton can be found e.g.
in Istvanovics et al. (2007). The sampling site was situated app. 1.5 km north of the Zala

estuary and can be characterized by semi-natural, wide vegetation on the edge.

Lake Balaton, Sajkod (BAL): This site is located in the most protected and most natural bay
of Lake Balaton. It can be characterized by high quality, wide reed and reed-mace belt and
dense submerse vegetation in patches.

Siofok-Toreki Pond System (TOR), Pond 10: This relatively small (12.4 ha) valley-dam
pond is a part of a fish pond system (altogether 11 ponds), recently used as a recreational
(angling) pond. Native and non-native species (carp (Cyprinus carpio); pikeperch (Sander
lucioperca); grass carp (Ctenopharyngodon idella)) are often stocked. The shoreline has a
narrow vegetation line, with some fallen trees. The water supply originates from the Cinege-

creek, flowing to Lake Balaton.

Oszod-marshland, Balatonészod (OSZ): This area (app. 70 ha) formerly had belonged to
Lake Balaton, but after the opening of the Sio-floodgate it became disconnected. A peat mine
was operated until the 1970s and afterwards, the borrow pits were inundated. The water
supply is provided mainly from precipitation and the level is regulated by suction to Lake

Balaton. The open water surface is spotted by reed islands. Shoreline vegetation is developed.

Balatonlelle-lrmapuszta Pond System (IRM), Pond 7: This pond is a typical fish farming
pond in this area. The 46 ha open water surface is surrounded by a developed reed belt. The
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water supply is provided by the Tetves-creek which is connected to Lake Balaton, but

sometimes inadequately.

Nagyberek (NAG): This area is the largest remain of a former bay of Lake Balaton. The
sampling area is situated in the northern part of the app. 350 ha reconstructed wetland (mostly
open water surface with reed islands and inundated willow bushes). Water supply mostly

comes from precipitation, water level is controlled by a floodgate.

Marcali-Gyoétapuszta Pond System (GYOQO), Pond 2: The oldest pond system in the
watershed, with a dam. Area of the sampling pond is 36 ha, with reed in the littoral, dense
submerged vegetation in the whole area of the pond. Its water supply comes from the
Boronka-creek. Since 2002, only extensive fish management has been implemented, with the

aim of nature conservation.

Csombardi Pond (CSO): One of the most southern ponds in the watershed. It is connected to
the Poganyvolgyi Stream system. Approximately 2/3 of its 7 ha area is covered by vegetation
(mostly cattail, reed to less extent), the submerged vegetation is also dense. Since 2008, only

extensive fish management has been implemented, with the aim of nature conservation.

Marotvolgyi-Canal, Fényed (MAR): The canal is one of the most important tributaries of
the 2nd phase of the Kis-Balaton Water Protection System, and has several intensely managed
fish ponds in its watershed. Although its area is heavily modified, its vegetation has a natural
character: the shorezone is covered by reed, the submerged vegetation is very dense. It is the
first site of occurrence of the amur sleeper (Perccottus glenii) in the watershed (Erds et al.
2008).

KBWPS - 1, Lake Hidvégi (Kis-Balaton Water Protection System) (KAN; RAD; POG):
For detailed descrition of KBWPS, see e.g. Pomogyi 1993; Tatrai et al. 2000; Korponai et al.
2010. Sampling was carried out in the moderately developed reed-cattail vegetation in the
littoral of the reservoir which was inundated in 1985. Submerged vegetation is not typical, the

bottom is normally muddy.

Interconnecting canal of KBWPS — 1 and I1. (4TA): An approximately 20-30 m wide canal
in the former bed of River Zala, with a dense macrophyte (willow bushes, reed) coverage in

the shoreline.

KBWPS — 11, Lake Fenéki (ING): See in details in section 3.2.1.
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Unfortunately, due to the drought inducated waterlevel decrease in case of the Fenékpuszta
site (FEN) and the complete drying out of Nagyberek (NAG), the dataset of these sampling
sites included only 1 or 2 samplings. Hence, these places were excluded from the further

analyses.

3.1.2 Sampling methods: Source of fish datasets

Electrofishing was carried out seasonally, 3 times in each site: in spring (April/May),
summer (June/July) and autumn (October) in 2011. Sampling was conducted along the same
transect in every season near the vegetated shoreline from a small, 12 V electric motor
powered rubber boat using a SAMUS 725 MP, 12 V battery-powered device (used at Pulse
DC 380-580 V; 50-70 Hz). Based on the methodological investigations of Erds et al. (2009)
and Specziar et al. (2012), this method has adequate power to obtain reliable information
regarding the assemblage structure. The duration of each sampling occasion was 60 minutes,
which represented a transect length of 1606 = 210 m, in average. Each captured fish was
identified at species level and then released, except the non-natives. The data of 0+ (YQOY)

fish were excluded from the analyses.

3.1.3 Environmental Data

The sampling sites were charactized by 13 habitat and 6 land use characteristics (Table 2).
For littoral macrovegetation cover (Reed, Rmace, LOther), percentage ratios were calculated
based on visual estimation for every 50 m segment of the transects we electrofished. For the
calculation of percentage ratios for bottom quality and means for water depth, they were
measured at 10 randomly selected points close to the transects. These measurements were
conducted during summer sampling. A HORIBA U-10 water quality checker was used to
measure turbidity, conductivity and pH at each sampling occasion. Surface area and land use
data were gathered from digitalized topographical maps using GIS software or from literature
sources (Dovényi 2010, VKKI 2010). In some cases (mainly for the assessment of the
occurrence of droughts), the managers of the watersheds (staff of the national park

directorates) were interviewed.
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Table 2: List of the environmental variables used in the RDA and variance partitioning (all habitat characteristic data were log(x+1) transformed)

Name Abbreviation Measure Mean+SD
Reed (Phragmites communis) Reed Shoreline coverage (%) 58.46+27.69
Reed-mace (Typha sp.) Rmace Shoreline coverage (%) 29.76+26.03
Other macrophytes in the littoral zone (e.g.: Carex sp., Juncus sp.) LOther Shoreline coverage (%) 9.61+13.65
Submerse macrophytces (Potamogeton sp., Myriophillum sp., Smerse Coverage (%) 27 07428 85
eratophyllum sp.)
. Area Area km? 52.06+156.7
Hablte_\t : Silt Silt Bottom coverage (%) 62.3+30.92
characteristics
(Local effects) Sand Sand Bottom coverage (%) 18.46+21.07
Gravel Gravel Bottom coverage (%) 10.38+18.24
Clay Clay Bottom coverage (%) 8.84+11.46
Turbidity Turbid NTU 117+118.7
Conductivity Cond pS/cm 703.38+136.3
pH pH 8.41+0.41
Average depth Depth cm 105.38+44.99
Activity of commercial fisheries Fishing
Water level managed by suction Suction
Land use Water supply from inflow/tributary Inflow
characteristics Watershed dried out at least once in the last 10 years Drought Binary data
Human made habitat Constructed
Protected habitat Protected
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3.1.4 Statistical Analysis

Spearman rank correlation was applied to test the relationship between the total
abundance (mean/cumulative number of specimen) and spatial frequency of occurrence data.
The taxonomic diversity of each sampling site was assessed by using Shannon-index. The
incrimination or stress of Shannon’s H, caused by the non-indigenous species was assessed
using the Assemblage Naturalness Index (ANI) (Saly 2007, 2009). The relationship between
ANI and total relative abundance of non-native species was tested with Spearmann’s rank

correlations. These analyses were conducted in PAST software (Hammer et al. 2001).

The arcsin-sgrt transformed fish datasets based on relative abundance (RA) data,
summarized for each site were used for the assemblage level analyses. The pattern of species
composition (PA) was assessed in a PCA ordination. A Bray-Curtis dissimilarities based
nearest neighbour cluster analysis was performed in paralel and its results were displayed on
the ordination diagram. Another PCA was performed on the RA dataset. All environmental
variables listed in Table 2 were used in a forward selection procedure of redundancy analysis
(RDA) to select variables that significantly explain the distribution of the non-indigenous
species. Forward selection revealed significant effects both among habitat characteristics
(reed coverage, clay bottom coverage, turbidity, area) and land use variables (drought
occurrence), which were used in a variance partitioning model (Borcard et al. 1992). A similar
model was built for the native species only, to investigate the potential effect of the
investigated variables on the native fish assemblage. These analyses were made in R software
(R Development Core Team 2013), with the package *packfor’ (Dray et al. 2013) and *vegan’
(Oksanen et al. 2013).
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3.2 Invasion scenario analysis of gibel carp in Lake Fenéki (Kis-Balaton Waterquality
Protection System)

3.2.1 Study Area

The Ing6-marsh (N: 46°38°46.68”, E: 17°11°24.10”) is the first inundated part of the
shallow (1.1-1.2 m deep) hypertrophic (Hatvani et al. 2011; Kovacs et al. 2010) Lake Fenéki
(also called: Kis-Balaton Waterquality Protection System (KBWPS), 2nd stage), being
situated a few kilometres southwest from Lake Balaton (Figure 2, ING). Originally, this area
belonged to Lake Balaton as its most western basin. After 1863, the Sio-floodgate started to
operate and the water level lowered by approx. 2 meters, and Kis-Balaton became
disconnected. The area continued to dry out, and the complete disappearance of open water
surfaces happened only in the 1950s. The remains of the native fish fauna could only survive
in some draining canals and two small ponds (Bir6 and Paulovits 1994, Korponai et al. 2010).
In the 1970s, after the recognition of the accelerating euthrophication of Lake Balaton, the
reconstruction of KBWPS began (Lotz 1988).

The system is made of two reservoirs: the first (Lake Hidvégi, 21 km?), which is
characterized as open watersurface gives ideal conditions for algae to reproduce and has been
operating since 1985. The second (Lake Fenéki), which was the 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 nutrients carried by the River Zala (Pomogyi 1993). The water in
KBWPS is slightly alkaline (pH=7.5-8.5); characterized by 600—700 puS/cm conductivity (see
more: Kovacs et al. 2010, Hatvani et al. 2011).

3.2.2 Sample collection

Seasonal samplings have been carried out from 1992 to 2011 (3 samplings annually:
April/May, June/July and October). Altogether, data from 12 years were included in the
analysis as data were lacking or not standard in some years (1998; 2002; 2004-2008 and
2010). I was involved to these surveys only in 2009 and 2011, other datasets was provided by
my supervisor. A standard locality near the vegetated (reed and reed-mace) shoreline and
inundated willow-bushes was electrofished from a boat, using a 12 V battery powered device
(used at Pulse DC 300-500 V; 50-70 Hz). This sampling site represents all of the typical
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habitats of the Ing6-marsh. The duration of each sampling occasion was 60 minutes, which is
equal to 1606 + 210 m transects, in average. Each individual caught has been identified at
species level, and then released.

3.2.3 Statistical analysis

Ordinary Least Square (OLS) regression has been used for temporal trend detection in the
cumulative number of specimen. Logarithmic regression has been used for yearly total species

number and Shannon-diversity, calculated for the whole sample for the year.

Relative abundances were calculated as the ratio of number of individuals of a given
species to the total number of individuals in the catch. Cumulative relative abundances of
species groups (eg. non-indigenous species; natives) were calculated as summarized relative
abundances of species belonging each group. Relative abundance data were arcsin-square root
transformed. Centered Principal Components Analysis (PCA) was carried out on the relative
abundance data matrix to explore the patterns of assemblage level changes, at first on the
whole time-series. As huge contrast between the first two years (1992 and 1993) and latter
years were recognized, another PCA on the datasets of years between 1994 and 2011 was
performed. An Analysis of Similarities (ANOSIM) on the Morishita dissimilarity matrices
was performed on the two most possible groups, revealed by the PCA, to test whether their
assemblage structures differs significantly. Analyses were performed with vegan package in R

statistical environment (Oksanen et al. 2013, R Development Core Team 2013).

The functional composition (i.e. ‘trophic guild’) of fish assemblages was determined
based on the work of Erés et al. (2009). Species missing from this study were categorized by
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.

3.3 Ecological Risk Assessment of non-indigenous fish species of the Catchment using
the FISK (Fish Invasiveness Screening Kit) algorithm

The FISK questionnaire has two versions. The orignal (FISK v1.19, FISK I, Appendix 1)
was developed and first time used in the UK, by Copp et al. (2009), then successfully adopted
in Belarus (Mastitsky et al. 2010), Belgium (Verreycken et al. 2009) and Japan (Onikura et al.
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2011). Although the usability of the scoring system was excellent in the temperate zone, the
reliability was proved to be not enough under mediterranean or sub-tropical climate. To solve
this problem, the questionnaire was modified (FISK v2.03, FISK I, Appendix 2) and tested

for the first time in the Penninsular Florida (Lawson et al. 2013).

The FISK 1 assessments were undertaken independently by three researchers (Addm
Staszny, Andras Weiperth and Arpad Ferincz). Each person calculated the total FISK scores
for each species. Altogether 12 species (Carassius gibelio; Perccottus glenii; Anguilla
anguilla; Lepomis gibbosus; Neogobius fluviatilis; Gambusia holbrooki; Hypophthalmichtys
molitrix x nobilis; Ameiurus melas; Pseudorasbora parva, Proterorhinus semilunaris,
Ctenopharyngodon idella, Oncorhynchus mykiss) have been assessed, as currently present
non-indigenous species of the catchment according to Takacs et al. (2011). The FISK 11

assesments were performed by only the author.

Receivers operating characteristic (ROC) curves were used to assess the predictive ability
of the FISK test, with the final objective to determine a ‘cut-off value’ which is a threshold
for discriminating invasive and noninvasive species. Since ‘a priori’ categorization of the
species is needed for this test, the database of Invasive Species Specialist Group
(http://www.issg.org/) and FishBase (http://www.fishbase.org/home.htm) were used for this
issue (Table 3). Independent ROC curves were constructed for the min. FISK | (lowest scores
from the three assessments), the mean FISK | and Il score, to determine the difference
between the cut-off values. For statistical testing the difference of two ROC curves, the
Venkatraman method was used (Venkatraman 2000). Statistically, a ROC curve is a graph of
sensitivity versus 1 minus specificity (1 - specificity), and in the present context the sensitivity
of the FISK test will be the proportion of invasive fish species that are correctly identified by
the test, whereas specificity refers to the proportion of noninvasive fish species that are
correctly identified as such. An important measure of the accuracy of the calibration analysis
is the area under the ROC curve. If this area is equal to 1.0, then the ROC curve consists of
two straight lines, one vertical from 0.0 to 0.1 and the next horizontal from 0.1 to 1.1. In such
cases, the test is 100% accurate because both the sensitivity and specificity are 1.0, so there
are no false positives or false negatives. On the other hand, a test is not accurate if the ROC
curve is a diagonal line from 0.0 to 1.1. The ROC area for this line is 0.5, with ROC curve
areas typically being between 0.5 and 1.0 (Copp et al. 2009). The best FISK threshold (cut-
off) value that maximizes the true positive rate (true invasive classified as invasive) and

minimizes the false positive rate (true non-invasive classified as invasive) was determined
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using a combination of Youden’s J statistic (Youden 1950) and the point closest to the top-left
part of the plot with perfect sensitivity or specificity. For the global ROC curve, a smoothed
mean ROC curve was also generated and bootstrapped confidence intervals of specificities

computed along the entire range of sensitivity points (0 to 1, at 0.1 intervals).

Spearman rank correlations were used to find relationships between the log-transformed
FISK scores and characteristic indicators of non-native distribution (frequency of occurrence,
cumulative relative abundance). The mean of FISK | and FISK 1l scores was compared using

paired t-tests.

Analyses were carried out with package pROC for R statistical environment (R

Development Core Team 2013, Robin et al. 2011) and 2000 bootstrap replicates were used.

3.4 Faunistical surveys of five marshland (berek) areas in the southern shoreline of Lake
Balaton

3.4.1 Study area

The situation of the five marshland areas in the Balaton-catchment is showed in Figure 3.

f 1 km

Lellei-berek
Ordacsehi-berek

Nagyberek

N

*

Figure 3: The marshland habitats in the Balaton catchment sampled between 2011 and 2013.
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Nagyberek: The first sampling was in the spring of 2011, but as the area dried out (partially,
fishes were still found in refugia in the deeper points) in the summer, the next fishing was in
May of 2012, then July of 2012. Another drying out occurred in the autumn of 2012. Three
samples (May, July, October) were taken during 2013. The sampling point is located near the
main draining floodgate (Nekota-floodgate, (N46°39.313 E17°30.170)).

Ordacsehi-berek: Altogether 4 sampling points were laid in the Ordacsehi-berek. One of
them, a peat borrow pit was sampled both in 2012 and 2013 (twice a year: in July and in
October). Two samples in 2013 were taken from the other three points (N46°45.842
E17°37.258. 46°44.968 E17°35.980 and N46°45.784 E17°37.255): two peat borrow pits and a

draining canal.

Lellei-berek: The main draining canal (N46°47.454 E17°43.977) of this marsh was sampled
two times in 2013 (July and October).

Oszodi-berek: The sampling point is identical to the one described in 3.1.1. Samples were

taken seasonally (May, July, October) between 2011 and 2013.

Brettyé (Zamardi): The main draining canal crossing the marshland was sampled once in
July 2011.

3.4.2 Sampling methods

Sampling was conducted along the same transect each time, close to the vegetated
shoreline from a small, 12 V electric motor powered rubber boat using a SAMUS 725MP, 12
V battery-powered device (used at Pulse DC 380-580 V; 50-70 Hz) The duration of each
sampling was 60 minutes, which represented a transect length of 1606 £ 210 m. Each
captured fish was identified at species level and then released. Sampling point coordinates

were registered using a Garmin GPSMAP 78HCx GPS receiver.

3.4.3 Statistical analysis

Data on the number of specimens were transformed to RA datasets. As the sampling effort
was inequal, individual based rarefaction analyses was used to assess representativity (Brettyo

was excluded due to N=1) (Gotelli and Colwell 2001). The ANI was used to assess the stress
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of diversity caused by non-indigenous species (Saly 2007, 2009). A PCA on the arcsin-sqrt
transformed RA data was used to compare the fish assemblages of the wetlands. Analyses
were made with vegan package in R statistical environment and PAST software (Hammer et
al. 2001, Oksanen et al. 2013., R Development Core Team 2013).
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4. Results

4.1 Survey of the non-indigenous fish species of the catchment: factors affecting the non-
indigenous fish distributions

4.1.1 Species composition, diversity and naturalness

The total number of specimens caught was N = 10739. Altogether 29 fish species were
identified at the 14 sampling sites, of which 10 (34.5%) were non-indigenous (Table 3). At
least 1 non-native species was recorded at each sampling site (min.: 1 in Poganyvari-viz),
with the highest number of 6 (Toreki) (Figure 4). Gibel carp (Carassius gibelio) was
observed at every sampling site. The monkey goby (Neogobius fluviatilis) and mosquitofish
(Gambusia holbrooki) were found only in one habitat. The latter species is capable of

overwintering only in Lake Hévizi, due to its high temperature requirements (Specziar 2004).

= Non-indigenous
84 = Native

Number of Species
S

RAD POG KAN 4TA ING HEV MAR 0SZ BAL CSO GYO IRM  TOR
Sample Site

Figure 4: Total number of species in the sampling site
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Table 3: Species composition, relative abundance, diversity and Assemblage Naturalness index of the examined habitats

Species Sampling site Status
Scientific name C%'meo” Abbreviation | RAD POG KAN 4TA ING HEV MAR 0SZ BAL CSO GYO IRM TOR
Rutilus rutilus Roach RUT RUT |59.29 35.85 76.86 29.86 28.48 1.83 2478 000 2152 920 41.16 007 008 Native

Carassius gibelio Gibelcarp CAR_GIB |18.18 8.96 8.42 28.98 21.69 8293 516 93.14 0.66 26.71 0.47 47.30 64.06 Alien
Lepomis gibbosus  Pumpkinseed LEP_GIB | 0.26 0.00 182 0.00 232 000 0.00 0.29 0.22 2938 395 0.87 059 Alien

Cyprinus carpio COC”;:BO” CYP.CAR | 1.32 212 224 071 629 061 000 000 336 089 326 7.46 546 Native
Perca fluviatilis Perch PER FLU | 1.84 1.18 351 018 149 006 006 000 416 1098 4.88 0.00 0.0 Native
Abramis brama Bream  ABR_BRA | 158 283 070 654 7.95 061 000 000 095 000 047 000 017 Native
Aspius aspius Asp ASP_ASP | 356 755 056 124 166 0.00 000 0.00 036 0.00 0.00 0.00 0.00 Native
Silurus glanis Wels SIL_GLA | 040 024 140 212 530 183 000 000 022 000 000 007 008 Native

Blicca bjoerkna ~ White bream  BLI_BJO | 7.91 4.72 0.28 11.13 381 0.00 0.00 0.00 1.60 0.00 0.00 0.00 0.00 Native
Alburnus alburnus Bleak ALB_ALB | 158 33.73 281 247 1738 183 0.00 0.00 56.60 0.00 0.00 0.33 160 Native

Scardinius Rudd SCA ERY | 224 212 000 1307 099 061 040 049 343 1039 11.86 0.13 0.00 Native
erythrophthalmus -
Tinca tinca Tench TIN.TIN | 026 000 000 000 000 061 018 149 022 000 18 000 017 Native

Sander lucioperca Pikeperch  SAN_LUC | 1.32 0.00 0.70 0.00 0.00 0.00 0.00 0.00 0.73 297 0.00 0.00 050 Native

Gymnocephalus Ruffe  GYM_CER | 013 000 000 000 000 000 000 000 000 000 000 007 000 Native

cernuus
Esox lucius Pike ESO_LUC | 013 000 000 124 050 122 132 243 044 000 233 067 000 Native
Pseudorasbora  Topmouth o bap | 000 000 056 212 099 061 000 216 000 861 000 4270 2326 Alien
parva gudgeon -

Rhodeus sericeus Bitterling RHO_SER | 0.00 0.00 0.14 035 0.66 0.00 0.00 0.00 5.32 0.00 2558 0.27 0.08 Protected

Neogobius Monkey

NEO_FLU | 0.00 0.00 0.00 000 050 0.00 000 0.00 007 0.00 0.00 0.00 0.00 Alien
fluviatilis goby
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Table 3 continued

Species Sampling site Status
Scientific name C%'meon Abbreviation [ RAD POG KAN 4TA ING HEV MAR OSZ BAL CSO GYO IRM TOR
Perccottus glenii SIAe?;;r PER_GLE [ 000 000 000 000 000 122 030 000 000 000 000 000 000 Alien
Anguilla anguilla Eel ANG_ANG | 000 000 0.00 000 000 1.22 000 000 000 000 000 000 000 Alien
Gambusia holbrooki Mosquitofish GAM_HOL | 0.00 000 000 000 000 3.05 000 000 000 000 000 000 000 Alien
Umbrakrameri ~ Mudminnow UMB_KRA | 0.00 0.00 000 000 000 1.22 67.19 000 000 000 000 000 000 Protected
Misgurnus fossilis ~ Weatherfish ~MIS_FOS | 0.00 0.00 000 000 000 061 036 000 000 000 000 000 000 Protected
Cte”"ﬂg@ﬁ’;gogo” Grasscarp CTE IDE | 0.00 0.0 000 000 000 042 042 000 015 059 070 000 076 Alien
Squalis cephalus Chub SQU_CEP | 0.00 000 000 000 000 006 000 000 000 000 000 000 000 Native
Cobitis elongatiodes Spined loach COB_ELO | 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0,00 0,00 Protected
Carassius carassius Cruciancarp CAR_CAR | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 030 1.63 0,00 0,00 Native
Ameiurus melas bl'fl'l‘:‘fe'; 4 AME_MEL | 000 000 000 000 000 000 000 000 000 000 18 007 042 Alien
Hypo"r?]t:l?t':‘i”'):"hthys Silvercarp HYP_MOL | 0.00 0.00 000 000 000 000 000 000 000 000 000 000 277 Alien
Number of species 15 10 13 13 15 18 11 6 17 10 13 12 14

Shannon diversity

1.414 1.625 1.000 1.837 2.023 0.977 0.934 0.297 1.444 1.815 1.741 1.049 1.105

Cumulative number of individuals

759 421 713 567 601 167 1673 1009 1370 337 430 1501 1191

Assemblage Naturalness Index (ANI)

0.025 0.009 0.025 0.072 0.072 0.244 0.016 0.483 0.003 0.261 0.021 0.303 0.394
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The numerical interpretation of stress is the Assemblage Naturalness Index (Figure 5). Stress
is correlated with the relative number of non-indigenous species (Spearman r=0.97;
p<0.0001). The highest stress (ANI) values were found in IRM, TOR, OSZ, CSO and HEV.

20

B Shannon diversity
B ANI

RAD POG KAN 4TA ING HEV MAR 0sz BAL CSs0O GYQ IRM TOR

Figure 5: Shannon-diversity and its stress with non-indigenous species (ANI)
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Positive relationship was found between the spatial frequency of occurrence and
cumulative abundance (Figure 6.). The non-indigenous Carassius gibelio was the most
abundant and at the same time, the most frequent member of the fish fauna. This species
could be found at all (13) sampling sites and with 3278 specimens, it represented 30.52% of
all the fish that were caught. The most frequent and either abundant native species was Rutilus
rutilus, which was found at all but one sites. Regarding the other species, 15 occurred at at
least 6 sampling sites, hence were considered to be frequent in the whole sample. Among non-
indigenous fishes, six (60%) occurred at less than 3 sites (Anguilla anguilla, Gambusia
holbrooki, Ameiurus melas, Perccottus glenii, Neogobius fluviatilis and Hypophthalmichtys
sp.), while the others could be considered frequent members of fish assemblages in the
investigated habitats. The number of protected species in the samples was 4. Among them,
Rhodeus sericeus was the most frequent with 7 occurrences, while the most abundant was the

strictly protected Umbra krameri.
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Figure 6: Compositional structure of fish fauna in the examined watersheds, based on the spatial
frequency of occurrence and abundance (based on the summarized dataset; the abbreviations of fish
species were constructed using the Latin name of the fish, see Table 3)

The PCA analysis of species compositions in the surveyed habitats revealed three main
groups (Figure 7). Relatively high number of species, with relatively low number of non-
natives characterized the first group. Habitats from the two reservoirs of KBWPS and Lake
Balaton belonged here (KAN, RAD, POG, ING, 4TA, BAL). The sampling site of two canals
(HEV and MAR) formed the second group with relatively high number of species and also
relatively high number of non-indigenous fishes. The third group could be divided into two
subgroups: the subgroup of fish ponds (CSO, GYO, IRM, TOR) and the subgroup of the
marshland Oszodi-berek (0SZ). All of these could be characterized by low number of species
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and relatively high number of aliens, but the most possible reason for the statistical division of

OSZ was its extremely low species number (6), of which 50% was non-indigenous.
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Figure 7: Patterns of species composition based on a PCA ordination (green scattered line indictes the
fitted polygons based on the cluster analysis; see: 3.1.1 for abbreviations of sites)

4.1.2 Patterns in relative abundances

Carassius gibelio was dominant at every site, except for the fish pond of Csombard
(CSO), where Lepomis gibbosus was the most abundant species (Table 3, Figure 8). The
relative abundance of this cyprinid exceeded 50% at 3 localities (OSZ, TOR, HEV). The
second most important and abundant exotic species was Pseudorasbora parva, which reached

high abundance in the two intensively managed fish ponds (TOR: 23.26%, IRM: 42.7%). The
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cumulative relative abundance of non-indigenous species exceeded that of the natives in 5
sites of the total 13 (38.5%). It should be noted, that most of the non-indigenous species (7 of

10) could not become dominant at any sampling site.
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Figure 8: Relative abundances of non-indigenous species (see Table 3 for details)

Most of the species in the PCA ordination were associated with the centroid (Figure 9),
and only Rutilus rutilus, Alburnus alburnus, Umbra krameri and Carassius gibelio were
clearly separatable, hence these species can be regarded the discriminative agents between the
sites. Five main groups of habitats could be discriminated according to the biplot. The C.
gibelio (CAR_GIB) dominated group (1) consisted of four sites (TOR, IRM, HEV, OSZ): the
two intensive fish ponds, the marshland and a canal. Sites belonging to the (2) group (KAN,
RAD, GYO) could be characterized by semi-natural fish fauna with the dominance of Rutilus
rutilus (RUT_RUT). Two of them are located in the KBWPS-I (KAN, RAD) and one is an
extensive fish pond, managed by the Duna-Drava National Park Directorate for more than 10
years. The next (3) group of habitats (BAL, POG, ING) was also characterized by natural-like
fish fauna, but their dominant species was Alburnus alburnus (ALB_ALB). There was a
transitionary group (4) of sites with two members (4TA, CSO), which were rather associated
to the centroid then other groups. The last group (5) was a unique one (MAR), with the
extreme dominance of the strictly protected Umbra krameri.
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Figure 9: Differences in the assemblage structures of habitats, based on the arcsin-square-root
transformed relative abundances (PCA; the full names of sites can be found in 3.1.1; the abbreviations of
fish species were constructed using the Latin names of the fish, see Table 2.)

4.1.3 Effect of local environmental and land use pattens on the relative abundance of non-
indigenous fish species

The first two axes of the RDA model based on the whole assemblage explained 61.5% of
the total variance (Figure 10). The forward selection resulted in 5 significant environmental
variables: 4 from the ’Habitat characteristics’ and 1 from the ‘Land use’ group (Table 4).
From these variables ‘Drought” (Occurrence of dry-out in the last decade), ‘Clay’ (Percentage
ratio of clay bottom) and ‘Reed’ (Percentage ratio of reed in the littoral zone) correlated
positively with the first canonical axis, while ‘Area’ and ‘Turbidity’ correlated negatively.
The habitats of the (1) group (described in 4.1.2) seems to be discriminated by this main
gradient. The assemblages of group (3) show difference between the gradient determined by
‘Area’ and ‘Turbidity’.
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Table 4: The significant environmental variables resulted from the forward selection procedure. Dataset:
whole assemblage

Variable group Significant R’ Fvalue P value
variables
Land use Drought 0.301 4.743 0.004
Habitat Clay 0139 2505  0.004
characteristics
Reed 0.109 2.206 0.023
Area 0.1 2.314 0.034

Turbidity 0.085 2.296 0.029
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Figure 10: RDA ordination of the whole fish assemblage, based on the RA data. Red arrows represents the
significant ones after the forward selection procedure. (The full names of sites can be found in 3.1.1; the
abbreviations of fish species were constructed using the Latin names of the fish, see Table 2.)

The first two axes of RDA explained 56.19% of the total variance in the analysis of the native

assemblage, which was still relatively high (Figure 11.). The forward selection resulted only
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in 3 significant environmental parameters: ‘Turbidity’ from the ‘Habitat characteristics’ group

and ‘Suction’ (Water level managed by suction) together with ‘Drought’ (Occurrence of dry-

out in the last decade) (Table 5).

Table 5: The significant environmental variables resulted from the forward selection procedure. Dataset:

native assemblage

Significant

Variable group ariables R’ Fvalue Pvalue
Habitat Turbidity ~ 0107 4134 0,003
characteristics
Land use Suction 0.191 3.562 0.001
Drought 0.107 2.25 0.009
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Figure 11: RDA ordination of the native fish assemblage, based on the RA dataset. Red arrows represents
the significant ones after the forward selection procedure. (The full names of sites can be found in 3.1.1;
the abbreviations of fish species were constructed using the Latin names of the fish, see Table 2.)
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Occurrence of drying out showed strong association with the first axis of the RDA, and
two groups of habitats could be discriminated along this gradient. Ponds and marshes (TOR,
IRM, OSZ) seemed to be positively correlating. All other habitats showed no or a negative
relationship with this parameter. The two other significant environmental variables (‘Suction’

and ‘Turbidity’) correlated negatively. This gradient had much less discriminative power.

Land use
(Drought)

Habitat
characteristics

8%

Figure 12: Variance partitioning of the RDA model (Figure 7) constructed for the whole fish assemblage
and the significant environmental variables (listed in Table 4). Unexplained variance: 45%

According to the variance partitioning of the RDA model of the whole fish assemblage,
significant environmental variables explained 55% of the total variance (Figure 12). Altough
the pure variance explained by the ‘Habitat characteristics’ variable group was much higher
(31%, see also in Table 4), the explanatory value of the only significant ‘Land use’ variable
‘Drought” was also high (8%). The shared effect of the two groups was 16%.

Completely different results have been observed by partitioning the variance based on the
RDA model of the native fish assemblage (Figure 13). The only significant ‘“Habitat
characteristics” variable was ‘Turbidity’, which explained 7% of the total variation.
Significant ‘Land use’ variables (see in Table 5) explained 36% of variation. No significant
shared effect could be observed in this case and the total expalined variation was a bit less

than in the case of the whole assemblage (43%).
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Figure 13: Variance partitioning of the RDA model (Figure 7) constructed for the native fish assemblage
and the significant environmental variables (listed in Table 5). Unexplained variance: 57%

4.2 Invasion scenario analysis of Gibel carp (Carassius gibelio) in the KBWPS-I1 (Lake
Fenéki)

4.2.1 Species number, diversity

2149 specimen of 23 species (Table 6) were caught in the sampling period between 1992
and 2011. The cumulative number of individuals caught varied annually and showed a
significantly increasing trend (R*=0.654; P=0.001) during the period (Figure 14).
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Figure 14: Relationship between the age of Lake Fenéki and cumulative number of specimen caught in a
sampling year (y=107.7+9.63x; R?=0.654, P=0.001)
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Figure 15: Relationship between the age of Lake Fenéki and cumulative number of species caught in a
sampling year (y=107.7+9.63x; R°=0.654, P=0.001)

Significantly increasing logarithmic trend could be observed in the number of fish
species (R?=0.759; P<0.0001), which increased from 3 to 18 (Figure 15). The same
increasing trend could be observed in case of the Shannon indices (R?=0.772; P<0.0001)
(Figure 16).
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Figure 16: Relationship between the age of Lake Fenéki and the Shannon index (y=0.414In(x)+0.852;
R?=0.772; P<0.0001)
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Table 6: The species composition, relative abundance and trophic guilds in KBWPS-II Lake Fenéki between 1992 and 2011

Species Year Trophic guild
Scientific name Common name 1992 1993 1994 1995 1996 1997 1999 2000 2001 2003 2009 2011

Esox lucius Pike 000 000 000 000 000 000 059 064 161 052 1.07 0.91 Piscivore
Umbra krameri Mudminnow 80.93 6560 119 000 000 000 000 0.00 0.00 000 0.00 0.00 Invertivore
Rutilus rutilus Roach 0.00 480 952 1727 23.08 33.77 1538 14.65 24.19 26.29 1250 36.25 Omnivore
Scardinius erythrophthalmus ~ Rudd 000 0.00 o000 18 110 088 710 000 430 11.86 2.86 0.60 Omnivore
Aspius aspius Asp 000 000 238 091 220 132 473 127 269 206 1.07 0.60 Piscivore
Alburnus alburnus Bleak 000 000 595 000 549 3.07 296 1720 0.00 11.34 2750 3.93 Planktivore
Ballerus ballerus Zope 000 000 000 000 549 044 000 000 0.00 0.00 0.00 0.00 Omnivore
Blicca bjoerkna White bream 000 000 000 091 o000 044 118 064 108 155 0.00 3.02 Omnivore
Abramis brama Bream 0.00 0.00 2857 20.00 440 044 1006 318 430 9.28 500 12.39 Omnivore
Carassius carassius Crucan carp 1134 1280 119 000 110 0.00 000 000 0.00 052 000 0.00 Omnivore
Carassius gibelio Gibel carp 0.00 16.00 39.29 4273 4286 46.05 49.70 4841 44.62 21.13 31.07 18.73 Omnivore
Cyprinus carpio Common carp 000 0.00 1219 273 0.00 307 000 255 6.99 258 321 8.76 Omnivore
Tinca tinca Tench 0.00 0.00 000 0.00 000 000 000 064 000 155 0.00 0.00 Omnivore
Pseudorasbora parva Topmouth gudgeon 0.00 0.00 476 1364 989 482 29 701 591 361 107 181 Planktivore
Hypophthalmichthys molitrix ~ Silver carp 000 000 119 000 000 000 000 000 000 0.00 0.00 0.00 Planktivore
Rhodeus sericeus Bitterling 0.00 000 000 000 o000 307 118 000 000 258 143 0.60 Invertivore
Misgurnus fossilis Weatherfish 773 080 000 000 000 000 000 000 000 000 000 0.00 Omnivore
Silurus glanis Wels 000 0.00 000 000 220 000 000 064 161 1.03 1143 4.83 Piscivore
Anguilla anguilla Eel 000 000 476 000 220 000 000 0.00 000 052 0.00 0.00 Invertivore
Lepomis gibbosus Pumpkinseed 000 0.00 000 000 000 088 29 127 269 155 143 272 Invertivore
Sander lucioperca Pikeperch 000 0.00 000 000 000 088 118 064 000 052 0.00 211 Piscivore
Perca fluviatilis Perch 000 000 000 000 000 088 000 127 000 155 036 211 Invertivore
Neogobius fluviatilis Monkey goby 000 000 000 000 000 000 000 000 000 000 000 0.60 Invertivore
Number of species 3 5 11 8 11 14 12 14 11 18 13 16

Shannon diversity 0616 1.017 1707 1517 1.737 1485 1699 1.653 1.704 2.202 1.875 2.033

Number of Individuals 194 125 84 110 91 228 169 157 186 194 280 331
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4.2.2 Changes in the assemblage structure

The annual changes in the relative abundance of dominant species determined three phases
of assemblage development (Figure 17). A dramatic and rapid change appeared after the
second year of flooding: the original marshland fish fauna, which survived in draining canals
and was characterized by mudminnow (Umbra krameri) and crucian carp (Carassius
carassius), disappeared rapidly in parallel with the beginning of the gibel carp (Carassius

gibelio) invasion (Figure 18).
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Figure 17: Relative abundance of dominant fish species in the investigated years (see Table 6 for details)

The second phase could be characterized by the strong dominance of non-native species,
mainly gibel carp. The transition between the the second (invasion) and third phase
(stabilization) was not so fast and easily determinable, but it can be observed in Figure 19.
The years of the invasion phase are located in the 1:1 quarter, while the years of the
stabilization phase located mostly 2:2 quarter of the biplot. The position of the year 1997 is
somewhat confusing, however, it can be explained by the high abundance of gibel carp and
the co-dominance of roach, therefore, it can 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) and bleak (Alburnus alburnus).
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Figure 18.: PCA biplot of the arcsin-square root transformed relative abundance data of the whole
sampling period (1992-2011) (Variables: Sampling years; Objects: Relative abundances)

The speed of transition between the first and second phase is visible in Figure 18, as the
position of the first two years (1992-1993) was strongly positively associated with PC1,
which explained most of the total variation (70%). The separation of these samples was
caused by the high relative abundance of mudminnow and crucian carp. Considering the
assemblage structure of the other years, the discrimination of these samples with PC1 is

almost impossible. Regarding PC2, a trend-like pattern could be recognized.
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Figure 19: PCA biplot of the arcsin-square root transformed relative abundance data from the period of
1994-2011 (Variables: Sampling years; Objects: Relative abundances)

On the biplot of this second ordination (Figure 19), the transition after the invasion phase
is illustrated, although it is not that clear as it was in the case of the first phase. Based on this
PCA, the second phase, characterized by the dominance of gibel 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 (ANOSIM: R=0.821,
p=0.0082).
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Figure 20: Trends in the relative abundance of trophic guilds in Lake Fenéki (Piscivores: y=0.06+0.003x;
R?=0.757; P>0.00001)

The rapid assemblage composition changes of the first two years caused functional
changes as well (Figure 20). The OLS analysis resulted in significant positive correlation in
the case of reservoir age and relative abundance of piscivores (R?=0.757; P<0.0001) for the
whole examined period, even though their relative abundance was very low (<2%). Although
no significant linear trends were observed in the other trophic guilds, the first transition in the
assemblage structure resulted in a considerable decrease in the relative abundance of
invertivores (from 80% to 0.05%), due to the disappearance of mudminnow and an increase
of omnivores (from 19% to 79%), as a consequence of the expansion of cyprinids. This

situation was stable during the later periods.

4.3 Ecological Risk Assessment of Non-indigenous Species

The Area Under the Curve (AUC) for the Recievers Operating Characteristics (ROC)
curves examined is presented in Table 7. Since the values of the AUC varied between 0.8571
and 0.9714 (Figure 21 and 22), this indicated that FISK was generally able to discriminate

reliably between invasive and non-invasive species.
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Table 7: The AUC and treshold values of different ROC curves constructed based on the FISK scores

Treshold ("Cut
0,
AUC 95% ClI off vale™)
FISK | (Mean) | 0.9714 0.089 195
FISK'I (Min.) | 0.8571 0.057 19.75
FISK I(Max.) | 0.9714 0.089 26.75
FISK 11 0.9571 0.086 18.5
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Figure 21: Receiver operating characteristic (ROC) curves for 12 freshwater fish species assessed with the
FISK v1 tool for the Balaton catchment, with smoothing line and confidence intervals of specificities for
the mean scores (,,Min FISK” represents the minimum outcome scores of three independent researchers;
Mean FISK represents the mean scores of the three assessors)

The Venkatraman permutation test used to compare the ROC curves constructed for each
FISK score dataset found no statistically significant difference between the curves (see Table
8). Based on that the mean FISK | and FISK Il scores were included in further analysis.
Paired t-test found differences between the mean of FISK | and FISK 11 scores, with the latter
being significantly lower (Students paired t-test: t=3.947, df=9, p=0.00337, Figure 23).
Youden’s and closest point statistics provided similar best threshold of 19.5 for the mean
FISK I and 18.5 for FISK Il, which were therefore chosen as the calibration thresholds of

FISK risk outcomes for the Balaton catchment, and thus to distinguish between medium risk
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and high risk species. (Species with score below the threshold are considered ‘medium risk’,

and above the treshold ‘high risk’ species.)
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Figure 22: Receiver operating characteristic (ROC) curves for 12 freshwater fish species assessed with the
FISK v2 tool for the Balaton catchment, with smoothing line and confidence intervals of specificities

Table 8: Results of Venkatraman permutation tests to determine the difference between the ROC curves

FISKI1  FISK1 FISKI
ISK e Meah FISK I
FISK 1. Min -
E=8
FISK 1. Max 0=0.755
E=8 E=0
FISKI. Mean | 5496  p=1 _
E=8 E=2 E=2
FISK II. p=0.75 p=0.6895 p=0.742

First, the categorization was processed independently in the case of FISK | and FISK 1l

results, then the two categorizations were paired. When consensus was found between the two
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results, the species was grouped into the appropriate risk category. For those species where no

consensus was found, the new intermediate ‘Medium/High’ category was introduced.
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Figure 23: Difference between the mean scores of two FISK assessments (Students paired t-test: t=3.947,
df=9, p=0.00337)

The final result of the risk assessment is presented in Table 9. Six of the twelve (50%)
species were rated as posing medium risk (Proterorhinus marmoratus, Onchorhynchus
mykiss, Neogobius fluviatilis, Gambusia holbrooki, Hyphophthalmichtys molitrix x nobilis, C.
idella). The number of species in the intermediate ‘medium/high’ category was 2 (16.67%)
and altogether 4 species (33.33%; Lepomis gibbosus; Angiulla anguilla) were characterized as
of high risk (Ameiurus melas, Carassius gibelio, Perccottus glenii, Pseudorasbora parva).
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Table 9: Fish species assessed with FISK for the Balaton catchment. For each species, a priori invasiveness (as per http://iwww.issg.org and www.fishbase.org) and
protection status (as per www.iucnredlist.org); the result of the assessment (Risk category, see the text for details), and reference scores from: UK: United Kingdom
(Copp et al. 2009), FL: Flanders (Verreycken et al. 2009); BY: Belarus (Mastitsky et al. 2010.); TR: Turkey (Tarkan et al. 2013); FIN: Finland (Puntila et al. 2013);
ESP: Iberian Peninsula (Almeida et al. 2013); Balkans: four counties of the Balkan Penninsula (Simonovié¢ et al. 2013.)

,,A priori” categoy Risk Category F|\I/|Se|;nl FIISIK UK FL BY TR FIN ESP Balkans
_ '”VaS:"e/ ﬁ‘)t High 3217 25 |288 25 27 18 327 245
Ameiurus melas evaluate
Non-Invasive/ . .
Anguilla Anguilla Critically Endangered Medium/High | 2150 16 | - - - - - 20 -
o Invasive/ Not High 3467 30 |365 34 34 38 34 378 305
Carassius gibelio evaluated
_ Non-Invasive/ Not Medium 1850 16 | 24 16 14 29 21 313 175
Ctenopharyngodon idella evaluated
Invasive/ Not :
Gambusia holbrooki evaluated Medium 1400 1351 - - - 30 i 24.7 19
Hyp_ophthalmlchthysmolltrxxH. Invasive/ Near Medium 1750 16 | 23 11 15 293 ) ) 16.4
nobilis threatened
o Non-Invasive/NOt | \yoiimyHigh | 1967 16 |27.5 25 - 263 13 287 213
Lepomis gibbosus evaluated
. Non-Invasive/ Not Medium 1933 10 | 19 10 155 - 24 - 18
Neogobius fluviatilis evaluated
. Invasive/ Not Medium 1433 8 | - - 21 135 155 207 153
Oncorhynchus mykiss evaluated
Non-Invasive/ .
Percottus glenii Vulnerable High 2633 24 | 28 27 38 16 27 - 18.8
. Non-Invasive/ L east Medium 1800 10 185 13 20 - 12 - 13
Proterorhinus marmoratus concern
Invasive/ Not High 2817 21 | 35 26 37 20 28 313 183
Pseudorasbora parva evaluated
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To validate the FISK results, the recent (2011) datasets of frequency of occurrences and

cumulative relative abundances (see 3.1 and 4.1 for details) were used. Spearman rank

correlations indicated no relationship between the FISK scores and these attributes of non-

indigenous species (Figure 23, Table 10).
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Figure 23: Corelation between FISK scores and distribution indicators (frequency of occurrence,
cumulative reative abundance) of non-indigenous fish species

Table 10: Results of Spearman correlation tests between FISK scores and distribution indicators
(frequency of occurrence, cumulative reative abundance) of non-indigenous fish species.

Cumulative  Frequency
relative of
abundance  occurrence
r=0.382 r=0.534
FISKT | hm0279  p=0.112
r=0.557 r=0.342
FISKI p=.094 p=0.334

62



4.4 Faunistical examination of five marshland (berek) areas in the southern shoreline of
Lake Balaton

Altogether 3790 specimens of fifteen species were caught during the samplings, of which
mudminnow (Umbra krameri) was strictly protected and two other species were protected
(Table 11). The number of non-natives was four, of which gibel carp was the most abundant.

Table 11: Fish fauna of the 5 marshland areas (Lellei-berek, Oszodi-berek, Ordacsehi-berek, Nagyberek
and Brettyd) investigated between 2011 and 2013 (relative abundances)

Species Protection Origin IE)ZIrIeelI(- O;;gli(l' Nagyberek OrgZiih" Brettyd

Carassius gibelio non-native 49.00 92.99 94.17 17.36 100.00
Pse“gg:ssbora non-native 2061  0.67 2.58 5.79 0.00
Ameiurus melas non-native 0.27 0.00 0.00 0.00 0.00
Alburnus alburnus Native 0.27 0.00 0.68 0.00 0.00
Lepomis gibbous non-native 11.42 2.76 0.00 0.83 0.00
Perca fluviatilis Native 0.13 0.00 0.00 0.00 0.00
Rutilus rutilus Native 1.46 0.00 1.56 0.00 0.00
Rhodeus sericeus + Native 6.51 0.00 0.00 0.00 0.00
Cyprinus carpio Native 0.13 0.00 0.27 0.00 0.00
eryt?](;?)g?]ltnr::fmus Native 106 119 0.20 0.00 0.00
Esox lucius Native 0.13 1.94 0.00 0.00 0.00
Misgurnus fossilis + Native 0.00 0.22 0.54 0.83 0.00
Tinca tinca Native 0.00 0.22 0.00 0.00 0.00
Umbra krameri + Native 0.00 0.00 0.00 58.68 0.00
Carassius carassius Native 0.00 0.00 0.00 16.53 0.00

The ANI and Shannon-diversity values are presented in Table 12. Lellei-berek is
characterized by the highest Shannon-diversity, but the naturalness is the highest in
Ordacsehi-berek.
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Table 12: Number of species, diversity and naturalness of the fish fauna of the investigated wetlands

Lellei-berek Oszodi-berek Nagyberek Ordacsehi-berek Brettyd
Number of species 11 7 7 6 1
Number_ of non- 4 3 2 3 1
natives
Number of specimen 753 1340 1474 121 102
Shannon-diversity 1.303 0.357 0.3067 1.158 0
ANI 0.329 0.415 0.276 0.119 +inf

The representativity of our sampling was very high in Oszodi-berek and Nagyberek, based
on the rarefaction analysis (Figure 25). In the other habitats, more effort could have resulted

in finding some new species.
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Figure 26: Individual based rarefaction curves of 4 wetland habitats surveyed between 2011 and 2013
(Brettyo is excluded from this analysis)

The five habitats could be divided into 3 groups based on the PCA. The three habitats
belonging to the first group were characterized by low number of species and the strong
dominance of gibel carp. In the second group (Lellei-berek) the gibel carp was still dominant,
but the group was characterized by relative high number of species. In the third group, the

Ordacsehi-berek was a unique habitat, with the dominance of mudminnow.
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Figure 26: PCA ordination of the 5 wetland habitats surveyed between 2011 and 2013 (abbreviations are
constructed using the first 3 characters of the name of the habitat)
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5. Discussion

5.1 Occurrence and distribution patterns of non-indigenous species

5.1.1 Species composition, diversity, naturalness and assemblage structure

Approximately 70% (29 species) of all fish species currently inhabiting of the Balaton
catchment were found during the surveys (Takacs et al. 2011). This number could be
considered moderate, but after taking into consideration the fact that stream systems, with
their characteristic species (eg. Phoxinus phoxinus, Barbatula barbatula, Onchorhynchus
mykiss), were missing from the survey, compared to previous researches the
representativeness of this survey was good (Takacs et al. 2011, Saly 2013). The effectiveness
of catching non-natives was good: 10 from the formerly reported 12 species (83%) were
found, which is a high figure. The methodological investigations conducted in Lake Balaton
reported 20 species, of which 3 (15%) were non-native inshore and 15 species including 3

(20%) non-indigenous species offshore (Erds et al. 2009, Specziar et al. 2009)

Patterns in the ichtyocoenological structure (Figure 6) and the positions of non-natives in
the frequency-abundance plot in the lentic habitats of the catchment were similar to those in
the small watercourses investigated by Saly (2013). The positions of rare non-indigenous
species, which have no self-sustaining populations (Anguilla anguilla, Hypophthalmichtys
sp.) or need special habitat conditions (Gambusia holbrooki) is similar to those natives which
are generally not characteristic for lentic habitats (Cobitis elongatoides, Squalius cephalus).
These species have no real effect on the structure of the fish assemblages. The major
difference from the results of Saly (2013) is the position of Ctenopharyngodon idella. This
species, together with Ameiurus melas, Neogobius fluviatilis and Lepomis gibbousus, is in a
more or less central position in the graph. The latter species have self-sustaining populations
in the catchment, while Ctenpharyngodon idella have not. The most probable reason is that
fish ponds and abandoned fish ponds were included in this survey, where these species had
been stocked intentionally. Carassius gibelio and Pseudorasbora parva were the most
abundant and, at the same time, the most frequent non-native fish species of the lentic systems

of the catchment, with influential role in the structure of assemblages.

A naturalness gradient could be recognized in the separation of the three main groups

regarding their species composition, where the sub-group of the third group (Oszodi-berek)
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could be characterized as having the most heavily-modified species composition and the third
group (habitats of KBWPS and Lake Balaton) with the most natural fauna. The second group
of the two canal habitats, (in their examined section) is considered to stagnating waters.
However, in wetter periods or at the time of the autumn timed fish harvesting drought of fish
ponds, they might be characterized by slowly running or sometimes with running water, as
they are the recipients of these waters. With the high amount of water, valueless ‘junk-fishes’
(mostly non-natives) also arrive. The intermediate position of the second group may be

explained by this phenomenon.

Fish ponds of the Balaton catchment were assumed to be major sources of non-native
species by Saly et al. (2011) and Er6s et al. (2012, 2014). They found high abundance of non-
indigenous species, especially C. gibelio and P. parva in the neighbouring, connected sections
of small watercourses in the examined area. Area covered by fish ponds in the catchment of
the investigated stream segments was the most important human disturbance variable, being
positively associated with the abundance of non-native species in the surveyed streams (Erds
et al. 2012). This observation has not been studied adequately regarding the communities of
fish ponds. More evidence on the high persistence of C. gibelio and P. parva in aquaculture
systems and especially in their water supporting canals were provided from South Moravia
region of Chech Republic (Musil et al. 2007).

The analyses of RA datasets provided indirect evidence for this ‘polluting ponds’
hypothesis (sensu Erds et al. 2012). The association between the most abundant non-native
species (Carassius gibelio) and the fish ponds (Toreki, Irmapuszta) on the PCA biplot
(Figure 9.) supports the theory that masses of non-native species might escape from the fish
ponds and contribute to the degradation of natural waters of the catchment. Two other habitats
are associated with Carassius gibelio on the PCA: the Héviz-Pahoki-canal and the Oszodi-
berek. The position of the former habitat could be explained with the same effect of fish
ponds, but the latter one is not connected to any pond, therefore, its position might be
explained by environmental or land use characteristics. The position of the other sites was
associated mostly with native species (Rutilus rutilus or Alburnus alburnus) on the PCA, or
they were in transient position, as Csombardi-pond, which had been functioning as a fish

pond years before our survey.

The relationship of fish ponds and non-native species has a long history. One of the
most typical reasons for introduction and therefore, a pathway for a non-native fish is

aquaculture or fish farming (Hickley and Chare 2004, Copp et al. 2005a, Gozlan et al. 2010).
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C. gibelio was e.g. originally imported to Hungary for fish farming purposes (Szalay 1954),
and numerous similar examples from all over the world could be mentioned (e.g.: Naylor et
al. 2005, Casal 2006).

The invasion facilitating role of reservoirs has been demonstrated worldwide (e.g.
Moyle and Light 1996, Clavero and Hermoso 2011, Tarkan et al. 2012a). Results discussed
here, however, were contrary to this theory: the surveyed reservoir (ING, POG, RAD, KAN)
and shallow lake (BAL) habitats were dominated by native species. Management history of
these sites may provide explanation for this finding. The surveyed reservoirs are parts of the
KBWPS which were inundated more than 20 years ago (22 and 29), and no notable human
disturbance (e.g. fish stocking, heavy water level fluctuations) have happened since then. The
decline and stabilization of C. gibelio abundance after its invasion are described in a long-
term study in the second reservoir of Kis-Balaton (Ing6-marsh, ING) (Ferincz et al. 2012).
The invasion of the species peaked 8 years after the impoundment, with the relative
abundance of 56.4%. Afterwards, a quite fast decreasing tendency could be observed from the
10th year of the impoundment resulting in a relative abundance of 18% by 2011. It should be
noted, however, that although the abundance of non-natives was low, they were present in all
reservoirs during our study, meaning potential source populations.

The difference of fish community between the intensively (productive; TOR, IRM)
and the extensively (non-productive; CSO, GYO) managed fish ponds was also visible. The
latter ponds were characterized by near natural (GYO) or transitional (CSO) fish fauna, in line

with the time since they had been abandoned (see 3.1.1).

5.1.2 Effect of local environmental and land use patterns on the relative abundance of non-
indigenous fish species

High RA of C. gibelio in the Oszodi-berek (and in other wetlands, see 4.4 and 5.4) could
not be explained by the effect of fish ponds. Additionally, the reason for the high abundance
of non-indigenous fish species is still unknown. The RDA model constructed for the whole
fish assemblage revealed the occurrence of drying outs (within the ‘land use’ variable group)
as a significant factor, which additionally showed a positive linkage with the C. gibelio
abundance. Although the variance partitioning of this RDA model (Figure 10.) revealed only
8% of explained variance for this variable, there was no other significant local environmental

variable that would have showed a similar relationship with the RA of this species in the
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RDA. Hence, it can be suggested that this variable plays an important role in the abundance
patterns of C. gibelio. A series of local invasion events were assumed, mediated by the
periodical dry-outs. In case of wetland areas it is a semi-natural process, potentially facilitated
by the climate change. The drying out of a waterbody does not necessarily mean the complete
extinction of the local fish fauna. There are usually some refugia, for example, a deeper hole
in the bottom, where a small portion of fish might survive. As C. gibelio have an effective
oxygen deficiency tolerance mechanism (Lutz and Nilsson 1994), it can tide over
unfavourable periods. After the re-flooding of the habitat, re-colonization starts, and the
alternative gynogenetic reproduction mechanism of the species can become advantageous
(Kalous et al. 2004, Tarkan et al. 2012b) and results in large monodominant populations until
the next drying out. From the habitat point of view, these desiccations can be interpreted as
disturbances. And since the wetland areas of the Balaton catchment are not adapted to such
events, this process is an alteration in their natural disturbance regime, which could facilitate
invasions (Moret et al. 2006, Clarck and Johnston 2011). This scenario is similar in fish
ponds, where desiccation occurs in 1-5 year periods, associated with fish harvesting,
depending on the type of the pond. Small-bodied fish might find refugia in the fish bed, until
the pond is refilled.

When another RDA model was constructed without the data of non-natives, the ‘drought’
variable was still significant, as along with ‘suction’. These two land use variables were
accounting for 36% of the total variance, while among local variables, only ‘Turbidity’ was
significant (accounting for 7%). The occurrence of drying outs is only related to the two
examined fish ponds. The native fish fauna of these ponds is strongly dominated by Cyprinus
carpio, which is a strong discriminating factor from other habitats in the RDA (Figure 11).
This species is stocked intentionally, being considered the most important species for fish
farming. The variance explained by land use variables is therefore mostly probably

attributable to this species.

5.1.3 The role of local invasions on catchment level and management opportunities

The local invasions of gibel carp are probably the main drivers of the source-sink
dynamics of non-native species on the catchment level (Erds et al. 2012). Fish ponds, angling
ponds and wetlands are source populations of non-natives (mainly C. gibelio and P. parva),

providing continuous pressure for the streams and other semi-natural habitats of the system.
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Such dynamics were also reported not only in human-modified and non-native-stressed
habitats (Woodford and MclIntosh 2010, Glowaczki and Penczak 2013), but also in case of a
beaver-influenced natural landscape (Schlosser 1998).

The management possibilities on non-native fish invasions are reviewed by Britton et
al. (2010a). The limited possibilities of complete eradication (by piscicides or removal) are
obvious, as the methods impose substantial collateral damage on native species and need huge
effort (Simberloff 2002, Koehn 2004). As this study revealed the role of a management
related disturbance factor (occurrence of drying-out), this implies the opportunity to control
individual invasion events simply by providing continuous water cover in wetlands, and by
alternative management of fish ponds. The potential decline of C. gibelio in the studied

habitats might result in a simultaneous decrease of its abundance in adjoining streams.

5.2 Invasion scenario analyisis of Carassius gibelio in Lake Fenéki (KBWPS-I1)

The present fish assemblage of Lake Fenéki is the result of mostly natural processes, as
fishing is prohibited in the Nature Conservation area. The number of species and diversity
showed an increasing trend throughout the whole study period, seemingly not affected by the
gibel carp invasion. The same trend was described in other Central European reservoirs
(Penczak et al. 1998, Riha et al. 2009). The trend in diversity suggests that gibel carp invasion
did not strongly influence the colonization of native fish species.

The development of fish assemblage structure can be divided into three stages. The first
stage (marsh phase; 1992-1993) could be characterized by bog-dwelling species (mudminnow
and crucian carp), which survived in draining canals formerly presented in the study area. The
transition from the first to the second stage was fast and dramatic, but this can be considered
usual in such modified, disturbed and artificial waterbodies (Seda and Kubecka 1997, Wolter
2001).

The second phase (invasion phase), characterized by the constantly high relative
abundance of gibel carp, lasted from 1994 to 2001. The fast expansion of this species is often
reported not only from artificial and disturbed waters (Gaygusuz et al. 2007, Markovic et al.
2007, Paulovits et al. 1998), but also from natural waters (Tarkan et al. 2012b, Vetemaa et al.
2005). Numerous hypotheses were formulated for the reason for this fast invasion, for

example, a special tolerance mechanism for oxygen deficiency (Lutz and Nilsson 1994),
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omnivorous feeding (Balik et al. 2003, Specziar et al. 1997), effective predator avoidance
(Gere and Andrikovics 1991), and an alternative gynogenetic spawning strategy (Beukeboom
and Vrijenhoek 1998, Kalous et al. 2004). Only a few comparative datasets are available
regarding the magnitude and duration of such gibel carp invasions. Markovic et al. (2007)
investigated the fish assemblage changes in the Gruza Reservoir (Serbia), and still found high
(>40%) gibel carp relative abundance after 20 years. A constantly increasing gibel population
has been described 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 parallel, an increase
of native roach and bleak populations has occurred. The reason for the collapse of the gibel
carp population 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 successive process described by Kubecka (1993). This phase is
usually characterized by the dominance of cyprinids, mostly roach (Riha et al. 2009, Scharf
2008, Seda and Kubecka 1997).

The results suggest that among non-natives, only gibel carp reached such a high relative
abundance that may have considerably affected fish fauna development. The most serious
qualitative impact of the gibel carp invasion was the displacement of the native congener,
crucian carp. This process has long been known (Lelek 1980, Tarkan et al. 2009), and the
possible underlying mechanisms may be hybridization (Haenfling et al. 2005, Téth et al.
2005) and reproductive/interference competition (Kalous et al. 2004, Tarkan et al. 2012b).
gibel carp is known to exhibit gynogenetic reproductive strategy, exploiting the males of other
species to activate egg development (Beukeboom and 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 became more and more
similar to the fauna of the reed habitats of Lake Balaton (Erés et al. 2009), which latter could

be used as a natural reference.

In conclusion, the most significant impact of the gibel carp invasion was the displacement
of native Crucian carp. Although the magnitude of invasion was high, it was only able to

delay the natural successive process, and could not completely alter it.
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5.3 Ecological Risk Assesment using the FISK algorithm

5.3.1 Calibration of FISK and Risk Assessment of non-indigenous fish species in the
catchment

The scores obtained here (18.5 and 19.5) were consistent with most of the cut-off values
across the globe (17 in southern Australia — 23 in Turkey) (Copp et al. 2009, Mastitsky et al.
2010, Verreycken et al. 2009, Onikura et al. 2011, Vilizzi and Copp 2012, Almeida et al.
2013, Puntila et al. 2013, Tarkan et al. 2013). The only exception is the Balkans region, where
a cut-off value of 9.5 was determined (Simonovi¢ et al. 2013). In the Balkans, where the
number of local endemic species is high, many species have become invasive and caused
adverse effects on the native fish assemblage as a result of within region, between catchment
translocations. These species have no real invasive profile in general, that is why low output
scores have been gained from the FISK, which influenced the cut-off value negatively
(Simonovic¢ et al. 2013).

Taxonomic patterns of the highest score species show similarity to the former studies.
Cyprinids and ictalurid catfishes fell also in this category (Mastitisky et al. 2010, Almeida et
al. 2013, Puntila et al. 2013, Tarkan et al. 2013).

Carassius gibelio received the highest score (both in FISK | and FISK II), similarly to all
other examined areas in Europe and Asia Minor (Copp et al. 2009, Mastitsky et al. 2010,
Verreycken et al. 2009, Almeida et al. 2013, Puntila et al. 2013, Tarkan et al. 2013). The
species has a long history of invasiveness and according to results presented in 4.1 and 5.1, it
was the most common non-native species in the lacustrine ecosystems of the Balaton
catchment. It has been reckoned as native to Far-East (Banarescu 1990). Establishment of the
species in the Danube - water system could have occurred in two ways. The first is natural
area expansion over Romania (Holcik 1980), the second is anthropogenic and well
documented. For aquaculture utilization, the species was imported from Bulgaria to HAKI
(Halgazdalkodasi és Ontdzési Kutatéintézet, Szarvas) in 1954 (Szalay 1954). Subsequently, a
fast invasion began. The first report from the Hungarian section of the Danube is from 1975
(T6th 1975), but no similar data is available on the first observation in Lake Balaton. Biré

(1997) dated the introduction of Carassius gibelio to the mid 1970s.
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Ameiurus melas is characterized by the second highest scores both in FISK | and FISK 11
assessments. The species is categorized into the ‘high risk’ category in all European and Asia
Minor studies where it was assessed, except for Finland (Copp et al. 2009, Mastitsky et al.
2010, Verreycken et al. 2009, Almeida et al. 2013, Puntila et al. 2013, Tarkan et al. 2013).
The black bullhead occurred (imported for aquaculture) in Europe first in France in 1871
(Coucherousset et al. 2006). The species expanded relatively slowly; however, nowadays this
is the most widespread North American ictalurid catfish in Europe (Pedicillo et al. 2008). The
expansion was human-mediated in some cases, for example, it was imported to Hungary from
Italy in 1980 (Harka 1997). In other situations, a slow, self-managed spreading was observed:
e.g. in Spain (first recorded in 1984 (Elvira 1984)) and Portugal (first recorded in 2002 (Gante
and Santos 2002)). The black bullhead is tolerant of harsh water conditions (e.g. water
pollution, low dissolved oxygen levels), is omnivorous, aggressive, and has parental care and
prolonged reproduction period (Braig and Johnson 2003, Novomenska and Kovac 2009, Scott
and Crossman 1973). Although characterized by a high score, its abundance and frequency of

occurrence is generally low in the examined waters of the Catchment.

The third ‘top’ species is Perccottus glenii. The reputation of the species is confusing:
while it is classified as “Vulnerable” in the IUCN red list, it is also rated as of ‘medium risk’
in Turkey (Tarkan et al. 2013). The invasion of amur sleeper (or rotan, from Russian) is a
hotspot in freshwater fish biology. The expansion of this small odontobutid (Perciformes:
Odontobutidae) species is well documentated in Eastern and Central Europe (Nalbant et al.
2004, Kosco et al. 2003, Simonovi¢ et al. 2006, Reshetnikov 2004, Nowak et al. 2008,
Terlecki and Palka 1999, Harka and Sallai 1999, Erds et al. 2008, Jurajda et al. 2006),
probably because of the lesson gained from the former gibel carp invasion. The native range
of the species is situated in the Russian Far East and in the northern part of Korean
Penninsula. The Eurasian expansion started with two introduction events (St. Petersburg,
1912 and Moscow 1948, released from aquaria) (Kosco et al. 2003). The first Hungarian
specimen of the amur sleeper was collected in 1997, in the Tiszafiired section of River Tisza
(Harka 1998). After that date, the spread of the species was a continous natural-like (non-
human mediated) process. The amur sleeper invaded the highly vegetated canals, oxbows and
other lentic habitats along the Tisza valley (Harka and Sallai 1999, 2004, Takacs 2007). In
this period, ichtyologists expected, that the species needs decades to reach the Transdanubian
region (Erés et al. 2008). On the 22th April 2008, one specimen of amur sleeper was caught in
the Kisvid section of the Marotvolgyi canal (N46 30.556 E17 17.314 (see Figure 27), flowing
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into the Kis-Balaton section of River Zala, which is the main inflow of Lake Balaton (Erds et
al. 2008).

5. Zala-inflow,
June, 2012

3.Fenckpsz.,
October, 2011

| 6. Boronka-stream
June, 2012

2. Fényed, June, 2008

1. Kisvid, April, 2008

N

4

Figure 27: Distribution map of the amur sleeper (Perccottus glenii) in the Balaton catchment

!

An other specimen of the species was identified in the Marotvolgyi canal nearby Fonyed
(N46 38.024 E17 15.756, ca. 15 km lower section) on 25th June 2008 (Harka et al. 2008). The
next finding of the species from the system was from the Fonyed-site, mentioned above
(Antal et al. 2009). On 11th October 2011, our working group sampled the Héviz-Pahoki
(N46 42.051 E17 14.252) canal nearby Fenékpuszta and caught two specimen of the species
(Ferincz et al. 2012). This occurrence is interesting, because the amur sleeper spreads
typically downhill within river basins. The species reached the inflow of the River Zala (N46
42.109 E17 15.494) in 2012 and in paralel, it was caught in another inflow, in the Boronka-
stream (N46 39.467 E17 25.979) (Takacs et al. 2012a). The last occurrence is quite
unexpected. Two hypotheses were built for its explaination: (1) the possibility of multiple
introductions and (2) the possibility of spontancous spreading (Takacs et al. 2012a). The amur
sleeper was introduced to the catchment most possibly via an uncontrolled fish transport from
the Tisza Valley and similar invasion pathways are often described worldwide (Cohen 2002,

Garcia-Berthou 2007). In the case of the first hypothesis, a second, accidental introduction
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was assumed. In the second case, the process is natural area expansion. In my opinion, the
first hypothesis is more realistic, because the inflow of River Zala (N46 42.365 E17 15.888)
and Boronka-stream (N46 42.470 E17 22.922) are quite far from each other (approx. 10 km)
and the metaphytic amur sleeper could not be able to bridge this distance. The diet of the
amur sleeper includes wide range of animal species from all trophic levels and quite similar to
that of the native endangered Umbra krameri (Reshetnikov 2003, Kosco et al. 2008, Kati et
al. 2013). Moreover, the habitats of these species are the same, and hence interference through

larval predation can occur (Kosco et al. 2008, Kati et al. 2013).

Pseudorasbora parva is also ranked in the ‘high risk’ category, similarly to all European
and Asia Minor countries (Copp et al. 2009, Verreycken et al. 2009, Almeida et al. 2013,
Puntila et al. 2013, Tarkan et al. 2013). This small mainly planktivorous fish species (also
called: stone moroko) is described as the most invasive fish species of Europe (Gozlan et al.
2005). It is native in the Far East: China, Korea and even in the western regions of Japan
(Pinder et al. 2005). The introduction to Europe (and Middle Asia) happened accidentally in
1960-1962 (same time in Hungary), when larvae of large herbivorous cyprinids
(Hyphophthalmichtys sp. and Ctenopharyngodon idella) were imported from China
(Boltachev et al. 2006, Perdices and Doadrio 1992). The continental-scale invasion happened
in the 1970-80’s (Anhelt 1989, Pintér 1987, Bianco 1988), and currently, the species is
widespread throughout Europe and locally abundant in every suitable habitat (Pollux and
Korosi 2006). Extremely high abundances often occur in small angling ponds, nursing ponds
and canals of pond aquaculture facilities (Britton et al. 2010b, Adamek and Siddiqui 1997,
Rosecchi et al. 2001). There is little available information about its effect on native fish
assemblages, but competition for spawning with the endangered Pseudorasbora pumila was
observed in Japan (Konishi and Takata 2004), and trophic overlaps with Rutilus rutilus and
Scardinius erythrophthalmus was described, which resulted in trophic level shifts (Britton et
al. 2010c).

The status of Hypophthalmichtys molitrix x Hypophthalmichtys nobilis is special in Lake
Balaton. In the current assessment, it was classified into the ‘medium risk’ category, as in
Flanders and Belarus (H. molitrix was used for reference; Mastitsky et al. 2010, Verreycken et
al. 2009). The species was introduced in 1973, and until 1983, 889 metric tons of silver carp
were released in the water. The recapture was not efficient enough, and therefore, one third of
the total fish biomass of the Lake is “Asian carp” (Virag 1995, Tatrai et al. 2005, Boros et al.

2012). There are several proofs, which confirm that the ‘Asian carps’ recently inhabiting Lake
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Balaton have escaped from aquacultures and fish ponds located in the southern region of the
Catchment. (1) The length distributions of the samples collected by the commercial fisheries
suggest that most of the fish have an age of maximum 10+. (2) Juvenile specimen were only
caught in the upstream of the southern inflows, where the aquacultures are located. (3.) The
analyses of the ovaries of female fish found only crude eggs in the spawning period and
athretising eggs in autumn (Boros et al. 2012). Assessments in this study were strongly based

on these findings, and the FISK scores are in coherence with it.

There is a seemingly incosistent pattern in the results at species level in international
context. Gambusia holbrooki is usually rated as ‘high risk’ species (Almeida et al. 2013,
Simonovi¢ et al. 2013, Tarkan et al. 2013), but it was only a ‘medium risk’ species for the
Balaton catchment. This means that even though its invasive potential is high, the climatic
conditions of the Catchment are now able to control the spread of this species. This species is
able to reach the Lake during one average summer, because of its effective ovoviviparous
spawning strategy (Specziar 2004) and this small and feline-looking fish usually has serious
negative impact to the recipient environment mainly through the fish, macroinvertebrate and
amphibian fauna (Vidal et al. 2010, Smith et al. 2008, Englund 1999). With the increasing
frequency of warmer winters (as a consequence of climate change), the limitation of

mosquitofish might decrease.

5.3.2 Validation of FISK for the Catchment

No significant correlations were observed between the average relative abundances of the
assessed species and the FISK | or FISK Il scores. Two alternative explanations can be
possible: (E1) the assessed species had — in some cases — not enough time to invade the
catchment yet, and this masked the statistics, or (E2) the integrity and biotic resistance of the

ecosystem is high, and not easily invadeable.

E1l is seemingly supported by the case of Perccottus glenii and maybe the Ameiurus
melas. P. glenii was described from the catchment only 5 years ago (Erés et al. 2008). Such a
short time probably was not enough to perform a real invasion, however, it is spreading fast
(see 5.3.1 for details). A. melas has been present in the catchment for a much longer period
(Wilhelm 2013). The spread of the species was not well documented and its case is more
confusing due to the other ictalurid catfish Ameiurus nebulosus, which was introduced in the
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early 20th century, but was completely displaced by A. melas lately (Harka and Sallai 2004,
Wilhelm 2013). The reason for the displacement is mostly unknown, but competition between
the two congeners can be assumed, which might have caused a lag-phase in the expansion of
A. melas. This assumption is supported by numerous recent observations of anglers
throughout the catchment, while the occurrence of A. melas has increased in their catch in the
last 1-2 years.

The question of the catchment-scale invadeability is complex, as habitats of the catchment
are diverse. The results described in 4.1 and 5.1 indicated that ‘invadedness’ of the examined
habitats are strongly asymmetric. High abundance of invasive non-indigenous species is
characteristic only in habitats in which disturbance occurs with high frequency. Non-natives
could be found in other places with much less abundance. These findings might support the
second theory, while the biological resistance of less disturbed habitats is enough to resist the
propagule pressure of non-natives from the other invaded habitats. E2 could be invalidated by
the examples of invasive mussels. Rapid and prominent invasion of of the zebra mussel
(Dreissena polymorpha), then quagga mussel (Dreissena bugensis) in Lake Balaton indicates
no such biotic resistance, as before the establishment of D. bugensis, D polymorpha became
the most abundant bivalve (both in abundance and biomass) in the lake (Balogh et al. 2008,
Balogh and Purgel 2012). The situation with chinese pond mussel (Sinanodonta woodiana) is
similar. It was described from the lake in 2006 (Majoros 2006) and until 2011, it became the
dominant species and displaced the native Anodonta species, especially in the Keszthely
Basin (Benk6-Kiss et al. 2013)

5.3.3 Comparison of FISK I and FISK 11 systems

Although no significant difference was found between the ROC curves of FISK | and
FISK Il assessments, at the species level, the mean of scores were significantly lower in the
case of FISK Il. This difference is most possibly due to the slight methodological changes
between the two versions, more precisely in the ‘Feeding guild’ related questions and by the
‘Ultimate body size’ (for example, L. gibbosus and P. glenii reach 10 cm, but not 15 cm)
(Lawson et al. 2013). In my opinion, the usability of FISK | under temperate climate is still

appropriate, but FISK Il is more user friendly and gives more comparable results.
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5.4 Faunistical examination of five marshland (berek) areas in the southern shoreline of
Lake Balaton

The fish assemblage of each habitat is species-poor, compared to the other studied
lacustrine habitats in the catchment (4.1). Most of these wetlands are connected to streams
flowing into Lake Balaton at least periodically. There is no evidence for the mixing of their
fish fauna, but the species numbers characterizing these waterflows are much higher (Saly et
al 2011, Takacs et al. 2011). This species-poorness could be explained by the special features
of these habitats: the fishes of such a wetland are affected by both environmental stress
(habitat conditions: high temperature, low amount dissolved oxygen) and frequent
disturbances (periodical drying-outs). (Terminology has been used after: Borics et al. 2013).
These two factors decrease species number and increase the dominance of opportunistic
species (Gray 1989).

Within these generally low species numbers, the number of non-indigenous species was
high. The most abundant one was gibel carp, as it was reported from the whole catchment (see
4.1). This species is dominant in all investigated wetlands, and its RA is above 90% at 3 out
of 5 sites. The reason for this extreme dominance is probably the same what we described in
5.1.2.

| have to point out that although protected species could be found in 4 habitats, in Lellei-
berek this species was bitterling (Rhodeus sericeus), which is not a typical bog-dwelling
species (Harka and Sallai 2004). Based on the species composition and the high density
characterizing this habitat, the effect of the nearby Irmapuszta fish pond system can be
assumed, similarly to the ‘polluting ponds’ hypothesis discussed above (5.1.1), originally

described by Takécs et al. (2007) and Saly et al. (2011).

The fish fauna of the Ordacsehi-berek was separated clearly based on the PCA. The
strictly protected mudminnow was its dominant species (58.7%), which makes it a valuable,
although not unique habitat of this species (see 4.1, Takacs et al. 2012b). The RA of crucian
carp was also high. The gibel carp was only the third on the dominance list, and its abundance
was low compared to the other wetlands. In the current situation, this habitat is the most
valuable and probably refers best to the disappeared, historical fish assemblage of the
wetlands described by Herman (1887).
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6. Summary

The negative effect of non-native, invasive species on their recipient ecosystem is a
widely discussed, commonly recognised fact nowadays. The size of this effect is largely
asymmetric, either between the species, or the habitats being invaded. The reckonassiance of
these effects is considered a hard and complex work. At first, the distribution pattern of non-
native fish species and the effect of 19 explanatory variables were examined in the Balaton
catchment. The second work included in this dissertation is a case study, which addressed to
assess the effect of the Carassius gibelio invasion on the fish assemblage of a given habitat.
In the third part, non-indigenous species were ranked based on an ecological risk assessment

protocol.

The fish fauna of lentic habitats of the catchment were studied directly on the field.
Multivariate statistical analyses were used to display the rules in the distribution patterns.
RDA ordination and variance partitioning have been used to determine the relationship
between the most abundant and most frequent fish species (C. gibelio) and the occurrence of
desiccations. This species is able to perform a series of local invasions, mediated by the

desiccation events, due to its stress tolerance and colonization ability.

Mostly basic ordination tools were used in the second examination to analyze a long-term
(19 years) dataset of the KBWPS II. This study aimed to reveal the effect of the C. gibelio
invasion on the assemblage development of the newly impounded reservoir. The increase in
the number of species and diversity was continous despite the invasion. Successive dynamics
of colonization was detected, which could be characterized by three stages: 1. marsh phase, 2.
invasion phase, 3. stabilization phase. The fish fauna was restructured completely during the
examined period, and the displacement of C. carassius by C. gibelio was confirmed for the

first time in natural water.

Ecological Risk Assessment of non-indigenous species was preformed using the Fish
Invasiveness Scoring Kit (FISK). After the calibration of the method to the local conditions, 4
of the 12 recently occurring species were highlighted as of ‘high risk’ or invasive species, of
which gibel carp was considered to be the most dangerous, characterized by the highest score.
Validation of the methodology was also carried out using the cumulative relative abundance

and frequency of occurrence data, but no significant relationships were found.
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The study of the fish fauna of five wetlands (berek), lying in the southern shore of the lake
revealed that these habitats were mostly characterized by degraded fish fauna and the

dominance of non-native species.

The most problematic non-native fish species of the Balaton catchment was C. gibelio,
while each analysis concluded that independently. The best protection and management tool
of a non-native species is prevention, but the results of this thesis might provide further help

to the handling of this problem.
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7. Osszefoglalas

Az idegenhonos, invaziv fajok negativ hatasa az Oket befogadd Okoszisztémakra, nativ
¢l6lény kozosségekre mara kozismert tény. A hatds nagysdga azonban korantsem egyforma,
sem a fajok kozotti Osszevetésben, sem példaul a benépesitett €élohelyet tekintve. Ezen
aszimmetrianak felderitése viszont nem konnyt feladat, komplex vizsgélatokat igényel. A
disszertaci6 négy, a Balaton-vizgyiijtén végzett vizsgalat eredményein keresztiil értékeli a
megtalalhat6 idegenhonos fajok elterjedési mintazatat, az ezt magyarazo6 valtozokat, majd egy
esettanulmanyon keresztiill mutatja be az eziistkarasz (Carassius gibelio) hatasat a
halallomany Osszetételére, ennek szervezddésére, végezetiil pedig 6koldgiai kockazatbecslo

modszert alkalmazva kategorizalja az idegenhonos halfajokat.

Els6 vizsgalatomban kozvetlen terepi felméréseket alkalmazva megismertem a vizgy(ijté
allovizi 6koszisztémaiban eléforduld idegenhonos fajokat, majd tobbvaltozds mintazatelemzd
modszereket alkalmazva képet kaptam az egyes €él6hely-tipusok haladlloményaiban eléfordulo
szabalyszertiségekrol. Kotott kanonikus ordindciot és variancia-particiondldst alkalmazva
megallapitotam, hogy a leggyakoribb és legabundansabb eziistkarasz tomegességi mintazatat
jol magyardzza az ¢l6hely esetenkénti (periodikus) kiszdraddsa, mivel a faj stressztolerancidja

¢s kolonizacios képessége kiemelkedd.

Masodik vizsgalatomban fOként egyszerli ordinacidés technikat alkalmazva egy
hosszutavl, 19 évet atfogd adatsort elemeztem, hogy kideritsem, milyen hatassal van az
eziistkarasz invazidja egy Ujonnan elarasztott viztarozd benépesiilési dinamikajara.
Megallapitottam, hogy az invazio lezajlasa ellenére a fajszdm és a diverzitas ndvekedése nem
volt gatolt. A népesiilés szukcessziv dinamikaval jellemezhetd, amely 3 szakaszra oszthato: 1.
lapi fazis, 2. invazids fazis, 3. stabilizacios fazis. A haldllomany a vizsgalt iddszak alatt
teljesen atstrukturalodott, a legfigyelemreméltobb, hogy az eddig feltételezett folyamatot,
mely szerint az eziistkarasz kiszoritja a széles karaszt, természetes vizi koriilmények kozott a

Hidvégi-tavon igazoltam.

Harmadik vizsgalatomban a Fish Invasiveness Scoring Kit (FISK) segitségével elemeztem
a Balaton-vizgyiijtén recensen megtalalhaté idegenhonos halfajok okologiai kockazatat. A
modszer helyi viszonyokra valé kalibralasa utan megallapitottam, hogy a 12 eléforduld
idegenhonos faj koziil 4 sorolandé a magas kockazata, invaziv kategoridba, ezek kozil is

kiemelendd az eziistkarasz, amely a legmagasabb pontszamot kapta. Elvégeztilk a modszer
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validalasat is: az elsd vizsgalatunkbol szarmazé kumulativ relativ abundancia és eléfordulasi
gyakorisdg adatokat korrelaltattam a FISK elemzésekbdl szarmazd pontszamokkal, de

szignifikans 6sszefliggést nem kaptam.

A negyedik vizsgalat soran a Dél-Balatoni-berkek Natura2000-es és Ramsari teriiletek
haladlloményat vizsgalva ravilagitottam, hogy ezen teriiletek — haldllomanyukat tekintve —
erdsen degradaltak, de megfeleld természetvédelmi beavatkozassal ez az allapot javithatd

lenne.

Osszegzésként elmondhatd, hogy minden elemzésem kiilon-kiilon is ravilagitott arra, hogy
a Balaton-kornyéki allovizi ¢€léhelyek leginkabb problematikus halfaja az eziistkarasz.
Véleményem szerint a dolgozatban kozzétett eredmények hatékonyan hozzajarulhatnak a faj

karokozasa elleni gyakorlati védekezéshez is.
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8. Thesis points

1. The first faunistical data from the southern-shore marshy Natura2000 sites (Oszodi-berek,
Brettyo, Lellei-berek, Nagyberek) were provided. The fish fauna of these sites was generally

species-poor and dominated by non-indigenous species.

2. Standardized fish sampling protocol was used to assess the fish assemblage of fish ponds
under operation, hence the formerly hypothesized source-habitat role of these waters has
finally been proved indirectly. High abundance of non-indigenous species was observed in all

examined fish ponds.

3. Significant correlation between the relative abundance of non-indigenous species
(especially the Gibel carp (Carassius gibelio)) and the utilization of the waterbody was

revealed: the occurrence of drying-outs was correlated with the abundance.

4. The analysis of long-term datasets revealed successive-like process in the fish fauna
development in Lake Fenéki between 1992 and 2011. This was proceeded off different way as
it had been published previously, mainly due to the Gibel carp invasion, which occurred in the

early years.

5. The gibel carp invasion that occurred in the first part of the study period did not inhibit the
colonization of new species. The number of species and Shannon-diversity could be

characterized by saturation-curve.

6. The long time hypothesized phenomenon, that non-native gibel carp (Carassius gibelio) is
able to outcompete the native congener crucian carp (Carassius carassius) has been proved
first time under natural water conditions, in Lake Fenéki between 1992 and 2011.

7. Of available Ecological Risk Assesment algorithms, Fish Invasiveness Scoring Kit (FISK)
was used in Hungary for the first time to assess the 12 non-indigenous species, recently
reported from the catchment. The method was calibrated to the local conditions, and a species

was considered to be ‘high risk’ if its FISK score was above 19.5.

8. The efficiency of the FISK algorithm was tested using the recent relative abundance and
frequency of occurrence datasets. No correlations have been found between the FISK scores

and these characteristics.
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9. Tézispontok

1. Els6é alkalommal kozoltem halfaunisztikai adatokat az Oszodi-berek, a Brettyo, a Lellei-
berek ¢és a Nagyberek Natura 2000-es és Ramsari-teriiletekrél. Megallapitottuk, hogy ezen

¢l6helyek halfaunaja altalaban meglehetOsen fajszegény és idegenhonos elemekben gazdag.

2. A vizgyljtét tekintve elsd alkalommal végeztem munkatarsaimmal standardizalt
halmintavételeket miikodé halastavakon, aminek segitségével igazoltuk a korabbi
feltételezést, mely szerint a vizgyljton az idegenhonos fajok elterjedésében forras-

¢léhelyeknek tekinthetdk, mivel benniik az idegenhonos fajok relativ abundancidja magas.

3. lgazoltam, hogy a Balaton vizgyiijtén az idegenhonos halfajok elterjedési mintazata
kapcsolatba hozhat6 az adott viztest hasznositdsaval, kiilonosen pedig a kiszaradasok
gyakorisdgaval. Az idegenhonos fajoknak, ezeken beliil leginkdbb az eziistkarasznak

(Carassius gibelio) kedvez, ha az él6hely idénként kiszarad (kiszaritjak).

4. Hosszu tava adatsort elemezve megallapitottam, hogy a KBVR-II. (Fenéki-t6) Ingoi-
berekben a halallomany szukcessziv jellegii folyamatban alakult at 1992 és 2011 kozott. Ez a
folyamat azonban a szakirodalomban korabban kozdltektdl eltérden zajlott. Az eltérés egyik

oka a frissen elérasztott teriileten lezajlott eziistkarasz-invazié volt.

5. Megallapitottam, hogy a Fenéki-tavon a vizsgalt idOszak elején, az eldrasztast kdvetden
tapasztalt eziistkarasz-invazi6 nem gatolta meg az 0j fajok betelepiilését. A teljes vizsgalati

idGszakra vonatkoztatva mind a fajszam, mind a diverzitas telitési gérbével volt jellemezhetd.

6. A Fenéki-td6 példijan, természetes vizi korlilmények kozott igazoltam azt a
szakirodalombdl régbdta ismert nézetet, mely szerint az invaziv eziistkdrasz kiszoritja az

o0shonos széles karaszt.

7. Magyarorszagon elsoként alkalmaztam 6kologiai kockdzatbecsld eljarast az idegenhonos
fajok negativ hatasanak értékelésére. A Fish Invasiveness Scoring Kit (FISK) segitségével 12,
a vizgyljtén recensen megtalalhatd idegenhonos fajt vizsgéaltunk. A modszert a vizgytijtre
kalibraltam, igy egy adott halfaj akkor tekintendd magas kockdzatinak, ha FISK pontszama
nagyobb mint 19,5.
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8. A FISK hatékonysagat sajat, a Balaton-vizgy(ijtd allovizi rendszereire vonatkozo relativ
abundancia ¢és relativ gyakorisag adatokkal tesztelve nem kaptam osszefliiggést a FISK

pontszam ¢és ezen két valtozd koszott.

85



10. Acknowledgements/Koszonetnyilvanitas

A dolgozat lezarasaval egyidejlileg egy igen jelentés mérfoldkohoz érkeztem. Azt gondolom,
hogy ez a dolgozat nem csak az elmult harom és fél év, sokkal inkabb az elmult 20 év
terméke, igy nagyon-nagyon sok emberenek tartozom halaval. Senkit nem szeretnék kihagyni,

igy kdszonom mindenkinek.

Kiemelt koszonettel tartozom témavezetdmnek Dr. Paulovits Gabornak, hogy 2008 nyaran
nyari gyakorlatra fogadott az MTA-BLKI-ban, és azdta is toretleniil tdmogatja szakmai

fejlédésem és biztositja a MTA OK BLI felszereléseit munkamhoz.

Ko6sz6ndm témavezetdmnek Dr. Kovats Noranak, hogy 2010-ben ismeretleniil is kitiintetett
bizalmaval, betekintést nyujtott az Okotoxikoldgia viladgéaba, tlirelemmel lektoralta angol

nyelvii dolgozataimat €s megteremtette a zavartalan munka anyagi feltételeit.

Koszonettel tartozom a Pannon Egyetem Limnologia Tanszék vezetéjének, Prof. Dr. Padisak

Juditnak és a tanszék adminisztratoranak és motorjanak Siki Andreanak.

Koszonettel tartozom allandd tarsszerzOimnek, barataimnak ¢és kollégaimnak, Staszny
Adamnak és Weiperth Andrasnak a mintazasokon, konferencidkon és sorozéseken a jo

tarsasagot és sok nevetnivalot.

Ko6szonom Dr. Horvath Eszternek, Kovacs Anikonak, Dr. Karadi-Kovacs Katanak és Vad

Csabanak a sok szakmai és nem szakmai beszélgetést, kozos munkat.

K6sz6n6m barataimnak és kollégadimnak Dr. Acs Andrasnak, Preiszner Balintnak, Krassovan
Krisztinanak és Csaba Juditnak azt a sok Oriiltséget amit egyiitt elkovettiink Balatonfiireden és
térségében az elmult években, amelyek nélkiil nemcsak a munka fesziiltségét nem lehetett

volna levezetni, de az élet is unalmas lett volna.

Ko6szonom Dr. Takdcs Péternek a sok ko6zds mintavételt €s atélt kalandot az orszag

legkiilonbdzdbb pontjain az Szalafétél Csokvaomanyon at Tiszamogyorosig.

Ko6szondm Dr. Saly Péternek és Dr. Horvath Zsofinak, hogy segitettek kibékiilni a

“misztikus” R-programcsomaggal. Most mar élvezem...

Koszononettel tartozom Siitd Szandranak, hogy végig mellettem volt a kéziratok helyesiras
ellendrzésétdl a hdségriadoban végrehajtott nyari vagy éppen metszéen szeles 0szi

86



mintavételekig. Megadoan tlirte, hogy gyakorta dolgoztam é&jjel is, vagy hétvégén is csak a
“hatamat latta”. Koszondm neki, hogy elviseli a nem mindig kifinomult stilusomat és vigaszt

nyujt a mélypontokon.

Formailag a végén, de szivem szerint els6 sorban kdszonom Sziileimnek és Nagysziileimnek a

tanulmanyaimat végigkiséro, sokszor erdn feliili anyagi és erkodlcsi tamogatast.

A kutatomunka anyagi hatterét (eszkozok, lizemanyag) 2010 és 2012 kozott az Eulakes
projekt, 2013-ban “Az éghajlatvaltozasbol eredd idbjarasi sz€lsGségek regionalis hatasai és a
karenyhités lehetéségei a kovetkezd évtizedekben” cimii TAMOP-4.2.2.A-11/1/KONV-2012-
0064 projekt timogatta. A szerz6t az Apaczai osztondij (a TAMOP 4.2.4.A/2-11-1-2012-0001
azonositd szdmu: Nemzeti Kivalosag Program — Hazai hallgatoi, illetve kutatoi személyi

tamogatast biztosito rendszer kidolgozdsa és miikodtetése konvergencia program) tamogatta.

87



11. References

Adamek, Z., Siddiqui, M. A. (1997): Reproduction parametres in a natural population of
topmouth gudgeon, Pseudorashbora parva, and its condition and food characteristics with
respect to sex dissimilarities. Polish Archives of Hydrobiology 44: 145-152.

Alcaraz, C., Vila-Gispert, A., Garcia-Berthou, E. (2005): Profiling invasive fish species: the
importance of phylogeny and human use. Diversity and Distributions, 11: 289-298.

Allendorf, F. W., Lundquist, L. L. (2003): Introduction: population biology, evolution, and
control of invasive species. Conservation Biology, 17: 24-30.

Almeida, D., Ribeiro, F., Leunda, P. M., Vilizzi, L. Copp, G. H. (2013): Effectiveness of
FISK, an Invasiveness Screening Tool for Non-Native Freshwater Fishes, to Perform Risk
Identification Assessments in the Iberian Peninsula. Risk Analysis 33 (8): 1404-1413.

Anbhelt, H. (1989): Zum Vorkommen des asiatichen Griindlings Pseudorasbora parva (Pisces:
Cyprinidae) in Osterreich. Osterreichs Fischerei 42 (7): 164—168.

Antal, L., Csipkés, R., Miiller, Z. (2009): Néhany viztest halallomanyanak felmérése a Kis-
Balaton térségében. Pisces Hungarici 3: 95-102. (In Hungarian with English summary)

Arnell, N. W. (1998) Climate change and water resources in Britain. Climatic Change 39: 83—
110.

Balik, I., Karasahin, B., Ozkdk, R., Cubuk, H., Uysal, R. (2003): Diet of silver crucian carp
(Carassius gibelio) in Lake Egirdir. Turkish Journal of Fisheries and Aquatic Sciences 3 (2):
87-91.

Balogh, Cs., Musko, 1.B, Toth, L. G., Nagy, L. (2008): Quantative trend of zebra mussels in
Lake Balaton (Hungary) in 2003-2005 at different water levels. Hydrobiologia 613: 57-69.

Balogh, Cs., Purgel, Sz. (2012): A kvagga kagylé (Dreissena bugensis) térhoditasa a
Balatonban = Rapid spread of kvagga mussel (Dreissena bugensis) in Lake Balaton.
Hidrologiai Kozlony 92 (5-6): 6-8. (in Hungarian with English summary)

Balon, E.K. (1981) Additions and amendments to the classification of reproductive styles in
fishes. Environmental Biology of Fishes 6: 377-389.

Balon, E. K. (1995): Origin and domestication of wild carp, Cyprinus carpio: from Roman
gourmets to swimming flowers. Aquaculture 129, 3-48.

Banarescu P. (1990): Distribution and dispersal of freshwater animals in North America and
Eurasia. Wiesbaden: Aula-Verlag, Zoogeography of frehswaters (2): 91-92.

Benké-Kiss, A., Ferincz, A. Kovats, N., Paulovits, G. (2013): Spread and distribution pattern
of Sinanodonta woodiana in Lake Balaton. Knowledge and Management of Aquatic
Ecosystems 408 (09): 1-7.

Beukeboom L.W., Vrijenhoek R.C. (1998) Evolutionary genetics and ecology of sperm-
dependent parthenogenesis. Journal of Evolutionary Biology 11: 755-782.

Bianco, P.G. (1988): Occurrence of the Asiatic gobionid Pseudorasbora parva (Temninck
and Schlegel) in south-eastern Europe. Journal of Fish Biology 32: 973-974.

Bir6, P., Paulovits, G. (1994): Evolution of the fish fauna in Little Balaton Water Reservoir.
Verhandlungen Internationale Vereinigung fiir theoretische und angewandte Limnologie 25:
2164-2168.

88



Bir6, P. (1972): Neogobius fluviatilis in Lake Balaton—a Ponto-Caspian goby new to the
fauna of central Europe. Journal of Fish Biology 4 (2): 249-255.

Bir6, P. (1997): Temporal variation in Lake Balaton and its fish population. Ecology Of
Freshwater Fish 6: 196-216.

Bir6, P., Specziar, A., Keresztessy, K., (2003): Diversity of fish species assemblages
distributed on the drainage area of Lake Balaton (Hungary). Hydrobiologia 506-509: 459-464.

Boltachev, A. R., Danilyuk, O. N., Pakhorukov, N. P., Bondarev, V. A. (2006): Distribution
and Certain Features of the Morphology and Biology of the Stone Moroco Pseudorasbora
parva (Cypriniformes, Cyprinidae) in the Waters of Crimea. Journal of Ichthyology 46 (1):
58-63.

Borcard, D, Legendre, P., Drapeau, P. (1992): partialling out the spatial component of
ecological variation. Ecology 73 (3): 1045-1055.

Borics, G., Varbird, G., Padisak, J. 2013: Disturbance and stress: different meanings in
ecological dynamics? Hydrobiologia 711: 1-7.

Boros, G., Mozsar, A., Petes, K., Matyas, K., Jozsa, V., Tatrai, I. (2012): A busa ¢él6helye,
taplalkozasa, novekedése és szaporodasa a Balatonban = Habitat, feeding, growth and
reproduction of introduced Asian carps in Lake Balaton. Hidrologiai Kézlony 92 (5-6): 12-14.

Boros, G., Mozsar, A., Vital, Z., Nagy, A. S., Specziar, A. (2013): Growth and condition
factor of hybrid (Bighead Hypophthalmichthys nobilis Richardson, 1845xsilver carp H.
molitrix Valenciennes, 1844) Asian carps in the shallow, oligo-mesotrophic Lake Balaton.
Journal of Applied Ichtyology DOI: 10.1111/jai.12325

Botta-Dukat, Z., Balogh, L., Szigetvari, Cs., Bagi, I., Dancza, I., Udvardy, L. (2004): The
overlook of definitions used in connection with plant invasions, and proposal for new notions.
In.. Mihaly B. & Botta-Dukat Z. (eds.) Invasive Plants. A KvVM Természetvédelmi
Hivatalanak tanulmanykotetei 9. TermészetBUVAR Alapitvany Kiado, Budapest, 408 pp. (in
Hungarian)

Braig, E. C., Johnson, D. L. (2003): Impact of black bullhead (Ameiurus melas) on turbidity
in a diked wetland. Hydrobiologia 490: 11-21.

Britton, J. R., Davies, G. D., Harrod, C. (2010c): Trophic interactions and consequent impacts
of the invasive fish Pseudorasbora parva in a native aquatic foodweb: a field investigation in
the UK. Biological Invasions 12: 1533-1542.

Britton, J. R., Davies, G. D., Brazier, M. (2010b): Towards the successful control of the
invasive Pseudorasbora parva in the UK. Biological Invasions 12: 125-131.

Britton, J. R., Gozlan, R. E., Copp, G. H. (2010a): Managing non-native fish in the
environment. Fish and Fisheries 12 (3): 256-274.

Brunel, S. (2009) EPPO Prioritization Process for Invasive Alien Plants. Draft report 08-
14452, revised 04-09 for the European Plant Protection Organization, Paris, France.

Carmona-Catot, G., Magellan, K., Garcia-Berthou, E. (2013): Temperature-Specific
Competition between Invasive Mosquitofish and an Endangered Cyprinodontid Fish. PLoS
ONE 8(1): €54734. doi:10.1371/journal.pone.0054734

Casal, C. M. V. (2006): Global documentation of fish introductions: the growing crisis and
recommendations for action. Biological Invasions 8: 3—11.

89


http://onlinelibrary.wiley.com/doi/10.1111/jai.12325/abstract
http://onlinelibrary.wiley.com/doi/10.1111/jai.12325/abstract
http://onlinelibrary.wiley.com/doi/10.1111/jai.12325/abstract

Christensen, N. S., Wood, A. W., Voaisin, N., Lettenmaier, D. P., Palmer, R. N. (2004): The
effects of climate change on the hydrology and water resources of the Colorado river basin,
Climatic Change 62: 337-363.

Clarck, G. F., Johnston, E. L. (2011): Temporal change in the diversity—invasibility
relationship in the presence of a disturbance regime. Ecology Letters 14: 52-57.

Clavero, M., Hermoso, V. (2011): Reservoirs promote the taxonomic homogenization of fish
communities within river basins. Biodiversity and Conservation 20 (1): 41-57.

Cohen, A. N. (2002): Success factors in the establishment of human-dispersed organisms. in
Bullock J. M., Kennard R. E., Hails R. S. (Eds). - Dispersal Ecology, London, Blackwell. pp.
374-394.

Copp, G. H., Bianco, P. G., Bogutskaya, N. G., Er6s, T., Falka, I., Ferreira, M. T., Fox, M. G.,
Freyhof, J., Gozlan, R. E., Grabowska, J., Kova¢, V., Moreno-Amich, R., Naseka, A. M.,
Penaz, M., Povz, M., Przybylski, M., Robillard, M., Rusell, 1. C., Stakénas, S., Sumer, S.,
Vila-Gispert, A., Wiesner, C. (2005a): To be or not to be, a non-native freshwater fish?
Journal of Applied Ichthyology 21: 242-262.

Copp, G. H., Garthwaite, R., Gozlan, R. E. (2005b): Risk identification and assessment of
non-native freshwater fishes: concepts and perspectives on protocols for the UK. Cefas
Science Technical Report. Cefas, Lowestoft (http://www.cefas.co.uk/publications/
techrep/tech129.pdf)

Copp, G. H., Stakénas, S., Davison, P. I. (2006): The incidence of nonnative fishes in water
courses: Example of the United Kingdom. Aquatic Invasions 1: 72—75.

Copp, G. H., Vilizzi, L., Mumford, J., Fenwick, G. V., Godard, M. J, Gozlan, R. E. (2009):
Calibration of FISK, an invasiveness screening tool for non-native freshwater fishes. Risk
Analysis 29: 457-467.

Coucherousset, J., Paillisson, J. M., Carpentier, A., Eybert, M. C., Olden, J. D. (2006):
Habitat use of an artificial wetland by the invasive catfish Ameiurus melas. Ecology of
Freshwater Fish 15: 589-596.

Diez, J. M., Hulme, P. E., Duncan, R. P. (2012): Using prior information to build probabilistic
invasive species risk assessments. Biological Invasions 14 (3): 681-691.

Dovényi, Z. (2010): Magyarorszag kistdjainak katasztere. Masodik, atdolgozott és bdvitett
kiadas. MTA Foéldrajztudomanyi Kutatointézet, Budapest, 876 p. (in Hungarian)

Drake, J. M., Bossenbroek, J. M. (2004): The potential distribution of zebra mussels
(Dreissena polymorpha) in the U.S.A. BioScience, 54 (10): 931 — 941.

Dray, S., Legendre, P., Blanchet, G. (2013): packfor: Forward Selection with permutation
(Canoco p.46). R package version 0.0-8/r109. http://R-Forge.R-project.org/projects/sedar/

Dudgeon D., Arthington A. H., Gessner M. O, Kabawata, Z. I., Knowler, D. J., Leveque C,
Naiman, R. J., Prieur-Richard, A. H., Sota, D., Stiasszny M., Sulliavan, C. A. (2006):
Freshwater biodiversity: importance, threats, status and conservation challenges. Biological
Reviews 81: 163-182.

Economidis, P. S., Dimitriou, E., Pagoni, R., Michaloudi, E., Natsis, L. (2000) Introduced and
translocated fish species in the inland waters of Greece. Fisheries Management and Ecology,
7: 239-250.

Elton, C.S. (1958): The ecology of invasions by animals and plants. London: Methuen and
Co. Ltd.

90


http://www.cefas.co.uk/publications/

Elvira, B. (1984): First record of the North American catfish Ictalurus melas (Rafinesque,
1820) (Pisces, Ictaluridae) in Spanish waters. Cybium 8: 96-98.

Emde, S., Rueckert, S., Palm H. W., Klimpel, S. (2012): Invasive Ponto-Caspian amphipods
and fish increase the distribution range of the acanthocephalan Pomphorhynchus tereticollis
in the River Rhine. PLoS ONE 7(12): €53218. doi:10.1371/journal.pone.0053218

Englund, R. E. (1999): The impacts of introduced Poeciliid fish and Odonata on the endemic
Megalagrion (Odonata) damselflies of Oahu Island, Hawaii. Journal of Insect Conservation
3:225-243.

Entz, G., Sebestyén, O. (1942): A Balaton ¢lete. M. Kir. Természettudomanyi Tarsulat Bp.,
366 pp. (in Hungarian)

Erds, T. (2007): Partitioning the diversity of riverine fish: the roles of habitat types and non-
native species. Freshwater Biology 52: 1400-1415.

Er6s, T., Takacs, P., Saly, P., Specziar, A., Gyorgy, A. 1., Biro, P. (2008): Az amurgéb
(Percottus glenii Dybowski, 1877) megjelenése a Balaton vizgyiijt6jén, Haldszat 101: 75-77.
(in Hungarian)

Erds, T., Specziar, A., Bird, P. (2009): Assessing fish assemblages in reed habitats of a large
shallow lake—A comparison between gillnetting and electric fishing. Fisheries Research 96:
70-76.

Erds, T., Saly, P., Takacs, P., Specziar, A., Bird, P. (2012): Temporal variability in the spatial
and environmental determinants of functional metacommunity organization —stream fish in a
human-modified landscape. Freshwater Biology 57 (9): 1914-1928.

Erés T., Saly P., Takacs P., Higgins C. L., Bir6 P., Schmera D. (2014): Quantifying temporal
variability in the metacommunity structure of stream fishes: the influence of non-native
species and environmental drivers. Hydrobiologia 722: 31-43.

European Commision (2013): Proposal for a regulation of the European Parliament and of the
Council on the prevention and management of the introduction and spread of invasive alien
species, Brussels, 36 pp.

Facon, B., Genton, B. J., Shykoff, J., Jarne, P., Estoup, A., David, P. (2006): A general eco-
evolutionary framework for understanding bioinvasions. Trend in Ecology and Evolution 21
(3): 130-135.

Ferincz, A (2005): Kutatasi Jelentés (2004): Vizi gerincesek biomonitoringja a Nagyberekben
— Halak, kétéltiiek és hiillok, kézirat, BENPI. 19 pp. (in Hungarian)

Ferincz, A (2006): Kutatasi Jelentés (2005): Vizi gerincesek biomonitoringja a Nagyberekben
— Halak, kétéltiiek és hiillok, kézirat, BFNPI, DD-KTVF. 21pp. (in Hungarian)

Ferincz, A., Staszny, A., Acs, A., Weiperth, A., Tatrai, 1., Paulovits, G. (2012): Long-term
development of fish assemblage in Lake Fenéki (Kis-Balaton Water Protection System,
Hungary): succession, invasion and stabilization, Acta Zoologica Scientarum Academiae
Hungarica, 58 (Supplementum 1): 3-18.

Ferincz, A., Staszny, A., Eszterbauer, E., Santa, B. és Paulovits, G. (2013): Réticsik
(Misgurnus fossilis) a Nagyberekben. Halaszat 106 (2): 12. (in Hungarian)

Ferincz, A., Staszny, A., Paulovits, G. (2012): Amurgéb (Perccottus glenii) a Héviz-Pahoki-
csatornaban, Haldaszat 105 (1): 18. (in Hungarian)

91



Ferincz, A., Staszny, A., Weiperth, A., Siit6, Sz., Soczo, G., Acs, A., Kovats, N., Paulovits, G.
(2014): Adatok a Dél-Balatoni berekteriiletek halfaunajahoz. Natura Somogyiensis 24: 279-
286. (in Hungarian with English summary)

Ferincz, A., Weiperth, A., Staszny A., Paulovits G. (2010): Eziistkarasz (Carassius gibelio
BLOCH) populaciok novekedésének vizsgéalata a Balaton-vizgyjtd négy kivalasztott
¢lohelyén. Hidrologiai Kozlony 90 (6): 26-28. (in Hungarian with English summary)

Gante, H. F., Santos, C. D. (2002): First records of North American catfish Ictalurus melas
(Rafinesque, 1820) in Portugal. Journal of Fish Biology 61: 1643-1646.

Garcia-Berthou, E. (2007): The characteristics of invasive fishes: what has been learned so
far? Journal of Fish Biology 71 (Supplement D): 33-55.

Gaygusuz, O, Tarkan, A. S., Giirsoy Gaygusuz, C. (2007): Changes in the fish community of
the Omerli Reservoir (Turkey) following to introduction of non-native gibel carp Carassius
gibelio (Bloch, 1782) and other human impacts. Aquatic Invasions 2: 117-120.

Gere, G., Andrikovics, S. (1991) Untersuchungen {iiber den Ernahrungsbiologie des
Kormorans (Phalacrocorax carbo sinensis) sowie deren Wirkung auf den trophishen Zustand
des Kisbalaton. Opuscula Zoologica Budapest 24: 115-127.

Gido, K. B., Matthews, W. J., Wolfinbarger, W. C. (2000): Long-term changes in a Reservoir
Fish Assemblage. Ecological Applications 10: 1517-1529.

Gido, K. B., Schaefer, J. F., Falke, J. A. (2009): Convergence of fish communities from the
littoral zone of reservoirs. Freshwater Biology 54: 1163-1177.

Glowaczki, L. B., Penczak, T. (2013): Drivers of fish diversity, homogenization/
differentiation and species range expansions at the watershed scale. Diversity and
Distributions 19 (8): 907-918.

Gonczy, J., Tolg, 1. (1997): Az angolna Magyarorszagon (mult, jelen és javaslat a jovore),
Halaszatfejlesztés 20: 83-89. (in Hungarian)

Gotelli, N., Colwell, R. (2001): Quantifying biodiversity: procedures and pitfalls in
measurement and comparison of species richness. Ecology Letters 4: 379-391.

Gozlan, R. E., St-Hilaire, S., Feist, S. W., Martin, P., Kent, M. L. (2005): An emergent
infectious disease threatens European fish biodiversity. Nature 435: 1046.

Gozlan, R. E., Britton, J. R., Cowx, I., Copp, G. H. (2010): Current knowledge on non-native
freshwater fish introductions. Journal of Fish Biology 76: 751-786.

Gray, J. S. (1989): Effect of environmental stress to species poor assemblages. Biological
Journal of the Linnean Society, 37: 19-32.

Gyore, K. (1995): Magyarorszag természetesvizi halai. Kornyezetgazdalkodasi Intézet, pp.1-
339. (in Hungarian)

Haenfling, B., Bolton, P., Harley, M., Carvalho, G. R. (2005): A molecular approach to detect
hybridisation between crucian carp (Carassius carassius) and non-indigenous carp species
(Carassius spp. and Cyprinus carpio). Freshwater Biology 50: 403-417.

Hammer, @., Harper, D.A.T., Ryan, P. D. (2001): PAST: Paleontological Statistics Software
Package for Education and Data Analysis. Palaeontologia Electronica 4 (1): 1-9.

Harka, A. (1997): Terjed vizeinkben a fekete torpeharcsa. Haldszat 90 (3): 109-110. (in
Hungarian)

92



Harka, A. (1998): Magyarorszag faunajanak 0j halfaja: az amurgéb (Perccottus glehni
Dybowski, 1877). Haldszat 91 (1): 32-33. (in Hungarian)

Harka, A., Megyer, Cs., Bereczki, Cs. (2008): Amurgéb a Balatonnal. Haldszat 101: 62.

Harka, A., Sallai, Z. (1999): Az amurgéb (Perccottus glehni Dybowski, 1877) morfologiai
jellemzése, él6helye és terjedése Magyarorszagon, Haldszat 92. (1), 33-36. (in Hungarian)

Harka, A., Sallai, Z. (2004): Magyarorszag halfaunaja. Nimfea Természetvédelmi Egyesiilet,
Szarvas, 269 pp. (in Hungarian)

Hatvani, 1. G., Kovacs, J., Kovacsné, Sz, I, Jakusch, P., Korponai, J. (2011): Analysis of long-
term water quality changes in the Kis-Balaton Water Protection System with time series-,
cluster analysis and Wilks’ lambda distribution. Ecological Engineering 37: 629-635.

Havel, J. E., Lee, C. E., Vander Zanden, M. J. (2005): Do reservoirs facilitate invasions into
landscapes? BioScience 55 (6): 518-525.

Hayes, K. R., Barry, S. C. (2008): Are there any consistent predictors of invasion success?
Biological Invasions 10: 483-506.

Heger, T., Trepl, L. (2003): Predicting biological invasions. Biological Invasions 5: 313-321.

Herman, O. (1887): A magyar halaszat konyve, Magyar Természettudomanyi Tarsulat
Budapest, reprint 2008, Homonnai kiado, 642 pp.

Herman, O. (1890): Angolna a Balatonban és a Velenczei-toban, Természettudomdnyi
Kozlény 255: 603-604.

Hickley, P., Chare, S. (2004): Fisheries for non-native species in England and Wales: angling
or the environment? Fisheries Management and Ecology 11: 203-212.

Hierro, J. L., Villarreal, D., Eren, O., Graham, J. M., Callaway, R. M. (2006): Disturbance
facilitates invasion: the effects are stronger abroad than at home. The American Naturalist 168
(2): 144-156.

Hladik, M., Kubetka, J., Mrkvi¢ka, T., Cech, M., Drastik, V., Frouzova, J., Hohausova, E.,
Maténa, J., Maténova, V., Kratochvil, M., Peterka, J., Prchalova, M., Vasek, M. (2008):

Effects of the construction of a reservoir on the fish assemblage in an inflow river. Czech
Journal of Animal Sciences 53 (12): 537-547.

Holcik, J. (1980): Carassius auratus (Pisces) in the Danube River. Acta Scientarum Naturale
Brno 14 (11): 1-43.

Istvanovics, V., Clement, A., Somlyodi, L., Specziar, A., Toth, L.G. & Padisak, J., (2007):
Updating water quality targets for shallow Lake Balaton (Hungary), recovering from
eutrophication. Hydrobiologia 581: 305-318.

Jaric, 1., Cvijanovic, G.(2012): The Tens Rule in Invasion Biology: Measure of a true impact
or our lack of knowledge and understanding? Environmental Management 50 (6): 979-981.

Johnson, P. T. J, Olden, J. D., Vander Zanden, M. J. (2008): Dam invaders: impoundments
facilitate biological invasions into freshwaters, Frontiers in Ecology and Environment 6(7):
357-363.

Jurajda, P., Vassilev, M., Polacik, M, Trichkova, T. (2006): A first record of Perccottus glenii
(Perciformes: Odontobutidae) in the Danube River in Bulgaria, Acta Zoologica Bulgarica 58
(2): 279-282.

93


http://www.matarka.hu/cikk_list.php?fusz=10769

Kalous, L., Devrin, M., Bohlen, J. (2004): Finding of triploid Carassius gibelio (Bloch, 1780)
(Cypriniformes, Cyprinidae) in Turkey. Cybium 28: 77-79.

Kati, S., Mozsar, A., Arva, D., Cozma, N. J., Czeglédi, 1., Antal, L., Erds, T., Nagy, S. A.
(2013): Az amurgéb (Perccottus glenii Dybowski, 1877) egy allo- és egy folyovizi

crer

with English summary)

Keane, R. M., Crawley, M. J. (2002): Exotic plant invasions and the enemy release
hypothesis. Trends in Ecology and Evolution 17: 164-170.

Keller, R. P., Drake, J. M., Lodge, D. M. 2007. Fecundity as a basis for risk assessment of
nonindigenous freshwater mollusks. Conservation Biology 21: 191-200.

Koehn, J. D. (2004): Carp (Cyprinis carpio) as a powerful invader of Australian waterways.
Freshwater Biology 49: 882—-894.

Kolar, C. S. (2004): Risk assessment and screening for potentially invasive fishes. New
Zealand Journal of Marine and Freshwater Research 38: 391-397.

Kolar, C. S., Lodge, D. M. (2001): Progress in invasion biology: Predicting invaders, Trends
in Ecology and Evolution, 16 (4): 199-204.

Kolar, C. S., Lodge, D. M. (2002): Ecological Predictions and Risk Assessment for Alien
Fishes in North America. Science 298: 1233-1236.

Konishi, M., Takata, K. (2004): Size-dependent male-male competition for a spawning
substrate between Pseudorasbora parva and Pseudorasbora pumila. Ichthyological Research
51:184-187.

Korponai, J., Braun, M., Buczko, K., Gyulai, 1., Forr6, L., Nédli, J., Papp, 1. (2010):
Transition from shallow lake to a wetland: a multi-proxy case study in Zalavari Pond, Lake
Balaton, Hungary. Hydrobiologia 641: 225-244.

Kosco, J., Lusk, S., Halacka, K, Luskova, V. (2003): The expansion and occurrence of the
Amur sleeper (Perccottus glenii) in eastern Slovakia. Folia Zoologia 52 (3): 329-336.

Kosco, J., Manko, P., Miklisova, D., Kosuthova, L. (2008): Feeding ecology of invasive
Perccottus glenii (Perciformes, Odontobutidae) in Slovakia, Czech Journal of Animal
Sciences 53 (11): 479-486.

Kovacs, J., Hatvani, I. G., Korponai, J., Kovacsné Sz. I. (2010): Morlet wavelet and auto-
correlation analysis of long term data series of the Kis-Balaton Water Protection System
(KBWPS). Ecological Engineering 36: 1469-1477.

Kreps, T. A., Baldridge, A. K., Lodge, D. M. (2012): The impact of an invasive predator
(Orconectes rusticus) on freshwater snail communities: insights on habitat-specific effects
from a multilake long-term study. Canadian Journal of Fisheries and Aquatic Sciences 69:
1164-1173.

Kubecka J. (1993) Succession of fish communities in reservoirs of Central and Eastern
Europe. In: M. Straskraba, J.G. Tundisi & A. Duncan (eds.): Comparative Reservoir
Limnology and Water Quality Management. Amsterdam: Kluwer Academic Publishers
Group, pp. 153-168.

Lambrinos, J. G. (2004): How interactions between ecology and evolution influence
contemporary invasion dynamics. Ecology 85: 2061-2070.

94



Lapointe N. W. R., Pendleton, R. M., Angermeier, P. L. (2012): A comparison of approaches
for estimating relative impacts of nonnative fishes. Environmental Management 49: 82—95.

Lawson, L. L., Hill, J. E., Vilizzi, L., Hardin, S., Copp, G. H. (2013): Revisions of the Fish
Invasiveness Scoring Kit (FISK) for its Application in Warmer Climatic Zones, with
Particular Reference to Peninsular Florida. Risk Analysis: DOI: 10.1111/j.1539-
6924.2012.01896.x

Lee, C. E. (2002): Evolutionary genetics of invasive species. Trends in Ecology and Evolution
17: 386-391.

Lelek, A. (1980): Threatened freshwater fishes of Europe. Nature and Environment Series No.
18. Strasbourg: Council of Europe. 269 pp.

Leprieur, F., Hickey, M. A., Arbuckle, C. J., Closs, G. P., Brosse, S., Townsend, C. R. (2006):
Hydrological disturbance benefits a native fish at the expense of an exotic fish. Journal of
Applied Ecology 43: 930-939.

Leunda, P. M. (2010): Impacts of non-native fishes on Iberian freshwater ichthyofauna:
Current knowledge and gaps. Aquatic Invasions 5: 239-262.

Light, T. (2003): Success and failure in a lotic crayfish invasion: the roles of hydrologic
variability and habitat alteration. Freshwater Biology 48: 1886-1897.

Lodge, D. M. (1993): Biological invasions: lessons for ecology. Trends in Ecology and
Evolution 8: 133-136.

Lotz, G., (1988): A Kis-Balaton Vizvédelmi Rendszer. Hidrologiai Tdjekoztato 10: 20-22. (in
Hungarian)

Lusk, S., Luskova, V., Hanel, L.(2010): Alien fish species in the Czech Republic and their
impact on the native fish fauna. Folia Zoologica 59: 57-72.

Lutz P. L., Nilsson G. E. (1994): The brain without oxigen, causes of failure and mechanisms
for survival. Austin: R.G. Landes Company, 117 pp.

Magyari, M. (2009): A természetmeg6rzési célil természetesvizi halgazdalkodas lehetdségei a
Kis-Balatonon — Possibilities of nature conservation aimed fishery in Kis-Balaton
Waterquality Protection System, MSc. thesis, University of Kaposvar, 77pp. (in Hungarian)

Majer J., Bir6 P. (2001): Somogy megye halainak katalogusa (Halak — Pisces). Natura
Somogyiensis 1: 439-444. (in Hungarian with English summary)

Majoros, G. (2006): Az amuri kagylo [Anodonta (Sinanodonta) woodiana (Lea, 1834)]
megtelepedése a Balatonban és elszaporodasanak varhatd kovetkezményei. Halaszat 99: 143-
150.

Marchetti, P. M., Light, T., Moyle, P. B., Viers, J. H. (2006): Fish invasions in California
watersheds: testing hypotheses using landscape patterns. Ecological Applications, 14 (5):
1507-1525.

Markovic G., Lenhardt M., Gacic Z., (2007): Successions of the ichtyofauna in an eutrophic
Serbian reservoir. Acta Ichtyologica Romanica 2: 151-160.

Mastitsky, S. E, Karatayev, A. Y., Burlakova, L. E., Adamovich, B. V. (2010): Non-native
fishes of Belarus: diversity, distribution, and riskclassification using the Fish Invasiveness
Screening Kit (FISK). Aquatic Invasions 5: 103-114.

95



McNyset, K. M. (2005): Use of ecological niche modelling to predict distributions of
freshwater fish species in Kansas. Ecology of Freshwater Fish 14 (3): 243-255.

Moret, T. J., Snyder, J. D., Collins, J. P. (2006): Altered drying regime controls distribution of
endangered salamanders and introduced predators. Biological Conservation 127: 129 —138.

Moyle, P. B., Light, T. (1996): Biological Invasions of Fresh Water: General rules and
assembly theory. Biological Conservation 78: 149-161.

Musil, J., Adamek, Z., Baranyi, C. (2007): Seasonal dynamics of fish assemblage in a pond
canal. Aquaculture International 15: 217-226.

Nalbant, T., Battes, K. W., Pricope, F., Ureche, D. (2004): First record of the amur sleeper
Perccottus glenii (Pisces: Perciformes: Odontobutidae) in Romania, Travaux du Museum
National d'Histoire Naturelle 47: 279-284.

Naylor, R., Hindar, K., Fleming, I. A., Goldburg, R., Williams, S., Volpe, J., Whoriskey, F.,
Eagle, J., Kelso, D., Mangel, M. (2005): Fugitive Salmon: Assessing the Risks of Escaped
Fish from Net-Pen Aquaculture. BioScience 55 (5): 427-437.

Novomeska, A., Kovag, V. (2009): Life-history traits of non-native black bullhead Ameiurus
melas with comments on its invasive potential. Journal of Applied Ichthyology 25: 79-84.

Nowak, M., Popek, W., Epler, P. (2008): Range expansion of an invasive alien species,
Chinese sleeper, (Perccottus glenii Dybowski, 1877) (Teleostei: Odontobutidae) in the
Vistula river drainage, Acta Ichthyologica et Piscatoria 38 (1): 37-40.

Oksanen, J., Blanchet, F. G., Kindt, R., Legendre, P., Minchin, P. R., O'Hara, R. B., Simpson,
G. L., Solymos, P., Stevens, H. H., Wagner, H. (2013): vegan: Community Ecology Package.
R package version 2.0-9.http://CRAN.R-project.org/package=vegan

Olden, J. D., Poff, L. N., Bestgen, K. R.. (2006): Life-history strategies predict fish invasions
and extirpations in the Colorado river basin. Ecological Monographs 76 (1): 25-40.

Onikura, N., Nakajima, J., Mizutani R. I. H., Fukuda, M. K. S., Mukai, T. (2011): Evaluating
the potential for invasion by alien freshwater fishes in northern Kyushu Island, Japan, using
the Fish Invasiveness Scoring Kit. Ichthyological Research 58: 382-387.

Oreska, M. P. J., Aldridge, D. C. (2011): Estimating the financial costs of freshwater invasive
species in Great Britain: a standardized approach to invasive species costing, Biological
Invasions 13: 305-319.

Paulovits, G., Tatrai, 1., Bird, P., Perényi, ., Lakatos, Gy. (1994): Fish stock structure in the
littoral zone of Lake Balaton. Verhandlungen des Internationalen Verein Limnologie 25:
2162-2163.

Paulovits, G., Tatrai, I., Kélmén M., Korponai, J., Kovats, N. (1998): Role of prussian carp
(Carassius auratus gibelio BLOCH) in the nutrient cycle of the Kis-Balaton reservoir,
International Review of Hydrobiology 83: 467-470.

Payne, K.; Stockwell, D. R. B. (2002): GARP modelling system user’s guide and technical
reference. San Diego, United States, San Diego Supercomputing Center. (Online at:
http://biodi.sdsc.edu/Doc/ GARP/Manual/manual.html)

Pedicillo, G., Bicchi, A., Angeli, V., Carosi, A., Viali, P., Lorenzoni, M. (2008): Growth of
black bullhead Ameiurus melas (Rafinesque, 1820) in Corbara Reservoir (Umbria — Italy),
Knowledge and Management of Aquatic Ecosystems 389: 05.

96



Penczak, T., Gtowacki, L., Galicka, W., Koszalinski, H. (1998) A longterm study (1985-
1995) of fish populations in the impounded Warta River. Poland, Hydrobiologia 368: 157—
173.

Perdices, A., Doadrio, I. (1992): Presence of the Asiatic Cyprinid Pseudorasbora parva
Schlegel 1842 in acque interneltaliane. Rivista di Idrobiologia 29: 461-467.

Perrings, C., Williamson, M., Barbier, E. B., Delfino, D., Dalmazzone, S., Shogren, J.,
Simmons, P., Watkinson, A. (2002): Biological Invasion Risks and the Public Good: an
Economic  Perspective, Conservation Ecology 6 (1): 1. [online] URL:
http://www.consecol.org/vol6/iss1/artl/

Pheloung, P. C, Williams, P. A., Halloy, S. R (1999): A weed risk assessment model for use
as a biosecurity tool evaluating plant introductions. Journal of Environmental Management
57: 239-251.

Pimentel, D., Lach, L., Zuniga, R., Morrison, D. (2000): Environmental and economic costs
of non-indigenous species in the United States. BioScience 50: 53-65.

Pinder, A.C., Gozlan, R. E., Britton, J. R. (2005): Dispersal of the invasive topmouth gudgeon
Pseudorasbora parva in the UK: a vector for an emergent infectious disease. Fisheries
Management and Ecology 12: 411-414.

Pintér, K. (1987): Jovevényhalunk: a kinai razbora (Pseudorasbora parva Schlegel, 1842).
Halaszat 33 (6): 187 — 188. (in Hungarian)

Pollux, B. J. A., Korosi, A. (2006): On the occurrence of the Asiatic cyprinid Pseudorasbora
parva in The Netherlands. Journal of Fish Biology 69: 1575-1580.

Pomogyi, P. (1993): Nutrient retention by the Kis-Balaton Water Protection System.
Hydrobiologia 251: 309-320.

Preston, D. L., Jeremy, L. J., Henderson, S. Johnson, T. J. (2012): Community ecology of
invasions: direct and indirect effects of multiple invasive species on aquatic communities.
Ecology 93 (6): 1254-1261.

Puntila, R., Vilizzi, L., Lehtiniemi, M, Copp, G. H. (2013): First Application of FISK, the
Freshwater Fish Invasiveness Screening Kit, in Northern Europe: Example of Southern
Finland. Risk Analysis 33 (8): 1397-1403.

R Development Core Team (2013): R: A language and environment for statistical computing.
R Foundation for Statistical Computing, Vienna, Austria. http://www.R-project.org (January
2014).

Rainbow, P. (1998): Impacts of invasions by alien species. Journal of Zoology 246: 247-248

Ratcliff, D. A. (1967): Decreases in eggshell weight in certain birds of prey. Nature 215: 208—
210.

Reshetnikov, A. N. (2003): The introduced fish, rotan (Perccottus glenii), depresses
populations of aquatic animals (macroinvertebrates, amphibians, and a fish). Hydrobiologia
510: 83-90.

Reshetnikov, A. N. (2004): The fish Perccottus glenii: history of introduction to western
regions of Eurasia. Hydrobiologia 522: 349-350.

Reshetnikov, A. N., Ficetola, G. F (2011): Potential range of the invasive fish rotan
(Perccottus glenii) in the Holarctic. Biological Invasions 13: 2967-2980.

97



Richardson, D. M., Pysek, P., Rejméanek, M., Barbour, M. G., Panetta, F. D., West, C. J.
(2000): Naturalization and invasion of alien plants: concepts and definitions. Diversity and
Distributions 6: 93-107.

Richardson, M. D., Pysek, P. (2006): Plant invasions: merging the concepts of species
invasiveness and community invasibility. Progress in Physical Geography 30 (3): 409-431.

Riha, M, Kubecka, J., Vasek, M., Seda, J., Mrkvicka,, T., Prchalova , M., Matena, J., Hladik,
M., M. Cech, M., Drastik, V., Frouzova, J, Hohausova, E, Jarol, O., Juza, T, Kratochvil, M.,
Peterka, J., Tuser, M. (2009): Long-term development of fish populations in the Rimov
Reservoir. Fisheries Management and Ecology 16: 121-129.

Robin, X., Turck, N., Hainard, A., Tiberti, N., Lisacek, F. Sanchez, J. C., Miiller, M. (2011).
“pROC: an open-source package for R and S+ to analyze and compare ROC curves”. BMC
Bioinformatics, 12, p. 77. DOI: 10.1186/1471-2105-12-77

Rosecchi, E., Thomas, F., Crivelli, A. J. (2001): Can life-history traits predict the fate of
introduced species? A case study on two cyprinid fish in southern France. Freshwater Biology
46: 845-853.

Sakai, A. K., Allendorf, F. W., Holt, J. S., Lodge, D. M., Molofsky, J., With, K. A,
Baughman, S., Cabin, R. J., Cohen, J. E., Ellstrand, N. C., McCauley, D. E., O’Neil, P.,
Parker, 1. M., Thompson, J. N.,Weller, S. G. (2001). The population biology of invasive
species. Annual Review of Ecology and Systematics 32: 305-332.

Saly, P. (2007): A faunakomponens fogalomrendszer és alkalmazasa halfajegyiittesek
természetességének becslésére. Pisces Hungarici 1: 93-101. (in Hungarian with English
summary)

Saly, P. (2009): Helyesbités A faunakomponens fogalomrendszer ¢és alkalmazasa a
halfajegylittesek természetességének mindsitésére cimii dolgozathoz (Saly Péter, 2007, Pisces
Hungarici 1: 93-101.). Pisces Hungarici 3: 175. (in Hungarian)

Saly, P. (2013): Lokalis és tajléptékii valtozok hatasa a jovevény halfajok elterjedésére a
Balaton vizgyiijtdjének kisvizfolyasaiban. Doktori Ertekezés, Szent Istvan egyetem, Godolls,
127 pp., https://szie.hu/ile/tti/archivum/Saly_Peter_doktori_disszertacio.pdf (in Hungarian)

Saly, P., Takacs, P., Kiss, 1., Bir6, P., Erds, T. (2011): The relative influence of spatial context
and catchment- and site-scale environmental factors on stream fish assemblages in a human-
modified landscape, Ecology of Freshwater Fish 20: 251-262.

Scalera, R. (2010): How much is Europe spending on invasive alien species? Biological
Invasions 12: 173-177.

Scharf, W. (2008): Development of the fish stock and its manageability in the deep,
stratifying Wupper Reservoir. Limnologica 38: 248-257.

Schlosser, 1. J. (1998): Fish recruitment, dispersal, and trophic interactions in a heterogeneous
lotic environment. Oecologia 113: 260-268.

Scott, W. B., Crossman, E. J. (1973): Freshwater fishes of Canada, Fisheries Research Board
of Canada. Bull 184. Ottawa, Ont., Canada

Seda, J., Kubecka, J. (1997): Long-term biomanipulation of Rimov Reservoir (Czech
Republic). Hydrobiologia 345 (2-3): 95-108.

Shea, K., Chesson, P. (2002): Community ecology theory as a framework for biological
invasions. Trends in Ecology and Evolution 17: 170-176.

98


http://www.springerlink.com/content/v7894x3x5tg86710/
http://www.springerlink.com/content/v7894x3x5tg86710/

Simberloff, D. (2002): Today Tiritiri Matangi, tomorrow the World! Are we aiming too low
in invasives control? In: Turning the Tide: The Eradication of Invasive Species (eds C.R.
Veitch and M.N. Clout). IUCN, Gland, Switzerland and Cambridge, UK: 4-13.

Simberloff, D., Von Holle, B. (1999): Positive interactions of nonindigenous species:
invasional meltdown? Biological Invasions 1: 21-32.

Simonovi¢, P., Mari¢ S., Nikoli¢, V. (2006): Records Of Amur sleeper Perccottus glenii
(Odontobutidae) in Serbia and its recent status. Archives of Biological Sciences Belgrade 58
(1): 7-8.

Simonovi¢, P., Tosi¢, A., Vassilev, M., Apostolou, A., Mrdak, D., Ristovska, M., Kostov, V.,
Nikolic, V., Skraba, D., Vilizzi, L., Copp, G. H. (2013): Risk assessment of non-native fishes
in the Balkans Region using FISK, the invasiveness screening tool for non-native freshwater
fishes, Mediterranean Marine Science, DOI: http://dx.doi.org/10.12681/mms.337

Smith, G. R., Boyle, A., Dayer, C. B., Winter, K. E. (2008): Behavioral responses of
American toad and bullfrog tadpoles to the presence of cues from the invasive fish, Gambusia
affinis. Biological Invasions 10: 743-748.

Smokorowski, K. E., Kelso, J. R. M. (2002): Trends in fish community structure, biomass,
and production in three Algoma, Ontario, lakes. Water, Air, and Soil Pollution: Focus 2: 129—
150.

Snyder, E., Mandrak, N. E., Niblock, H., Cudmore, B. (2012): Developing a Screening-Level
Risk Assessment Prioritization Protocol for Aquatic Non-Indigenous Species in Canada:
Review of Existing Protocols, Canadian Science Advisory Secretariat, Fisheries and Oceans
Canada, 75 pp.

Specziar, A. (2004): Life history pattern and feeding ecology of the introduced eastern
mosquitofish, Gambusia holbrooki, in a thermal spa under temperate climate, of Lake Héviz,
Hungary. Hydrobiologia 522: 249-260.

Specziar, A. (2009): A Balaton halfaunaja: a haladllomany Osszetétele, az egyes halfajok
¢életkoriilményei és a halallomany korszeré hasznositasanak feltételrendszere. Acta Biologica
Debrecina Supplementum Oecologica Hungarica, 23: 1-185. (in Hungarian)

Specziar, A., Télg, L., Bird, P. (1997): Feeding strategy and growth of cyprinids in the littoral
zone of Lake Balaton. Journal of Fish Biology 51: 1109-1124.

Specziar, A., Erés, T., Gyorgy, A. 1., Tatrai, 1., Biro, P. (2009): A comparison between the
benthic Nordic gillnet and whole water column gillnet for characterizing fish assemblages in
the shallow Lake Balaton. Annalaes de Limnologie — International Journal of Limnology 45:
171-180.

Specziar, A., Takacs, P., Czeglédi, 1., Erés, T. (2012): The role of the electrofishing
equipment type and the operator in assessing fish assemblages in a non-wadeable lowland
river. Fisheries Research 125 126: 99— 107.

Stockwell, D. R. B.; Peters, D. (1999): The GARP modelling system: problems and solutions
to automated spatial prediction. International Journal of Geographical Information Science,
13: 143-158.

Stockwell, D. R. B., Peterson, A. T. (2002): Effects of sample size on accuracy of species
distribution models. Ecological Modelling 148: 1-13.

Stohlgren, T. J., Schnase, J. L. (2006): Risk Analysis for Biological Hazards: What We Need
to Know about Invasive Species. Risk Analysis 26 (1): 163-173.

99



Strecker, A.L., Campbell, P. M., Olden, J. D. (2011): The aquarium trade as an invasion
pathway in the Pacific Northwest. Fisheries 36 (2): 74-85.

Szalay, M. (1954): Uj halfaj Magyarorszagon — eziistkarasz. Haldszat 1 (3): 4. (in Hungarian)

Szipola I, Végh Gabor (1992): Védett és veszélyeztetett halaink dllomanyanak felmérése a
Balaton vizrendszerében. A halhustermelés fejlesztése 15: 28-33. (in Hungarian)

Takécs, P. (2007): Kisvizfolyasok haldllomanyanak Gsszetétele és valtozasai, PhD doktori
értekezés, Debrecen 115pp. (in Hungarian)

Takécs, P., Bereczki, Cs., Saly, P., Moéra, A., Bir6, P. (2007): A Balatonba torkoll6
kisvizfolyasok halfaunisztikai vizsgalata. Hidrologiai KozIony 87(6): 175-178. (in Hungarian
with English summary)

Takacs, P., Specziar, A., Erdés, T., Saly, P., Biro, P. (2011): A balatoni vizgyQjto
halallomanyainak osszetétele. Ecology of Lake Balaton 1: 1-21. (in Hungarian)

Takécs, P., Vital, Z., Poller, Z., Paulovits, G., Ferincz, A., Erés, T. (2012a): Az amurgéb
(Perccottus glenii) Gj lel6helyei a Balaton vizgytjtéjén, Haldszat, 105 (3): 16. (in Hungarian)

Takacs, P., Saly, P., Specziar, A., Bir6, P., Er6s, T. (2012b): Within year representativity of
fish assemblage surveys in two small lowland streams. Folia Zoologica 61(2): 97-105.

Tarkan, A. S., Copp, G. H., Top, N., Ozdemir, N., Onsoy, B., Bilge, G., Filiz, H., Yapici,
Ekmekei, F. G., Kirankaya, S. G., Emiroglu, O., Gaygusuz, O., Giirsoy Galgusuz, C., Oymak,
A., Ozcan, G., Sac, G. (2012a): Are introduced gibel carp Carassius gibelio in Turkey more
invasive in artificial than in natural waters? Fisheries Management and Ecology 19 (2): 178-
187.

Tarkan, A. S., Copp, G. H., Zieba, G., Godard, M. J., Coucherousset, J. (2009) Growth and
reproduction of threatened native crucian carp Carassius carassius in small ponds of Epping
Forest, south-east England, Aquatic Conservation: Marine and Freshwater Ecosystems 19:
797-805.

Tarkan, A. S., Ekmekei, G. F., Vilizzi, L., Copp, G. H. (2013): Risk screening of non-native
freshwater fishes at the frontier between Asia and Europe: first application in Turkey of the
fish invasiveness screening kit. Journal of Applied Ichtiology, doi: 10.1111/jai.12389

Tarkan, A. S., Gaygusuz, O., Giirsoy Gaygusuz, C., Sac, G. & Copp, G. H. (2012b):
Circumstantial evidence of gibel carp Carassius gibelio reproductive competition exerted on
native fish species in a mesotrophic reservoir. Fisheries Management and Ecology 19 (2):
167-177.

Tatrai, 1., Kalman, M., Korponai, J., Paulovits, G., Pomogyi, P. (2000): The role of the Kis-
Balaton water protection system in the control of water quality of Lake Balaton. Ecological
Engineering 16: 73-78.

Tatrai, 1., Gyorgy, A., Jozsa, V., Szabo, 1. (2005): A busa biologiai szerepének és hatasanak
vizsgélata a Balatonban IN: Mahunka, S., Banczerovski, J.: A Balaton kutatdsanak 2004-es
eredményei. MTA Budapest, 93-101. (in Hungarian)

Terlecki, J., Palka, R. (1999): Occurrence of Perccottus glenii Dybowski 1877 (Perciformes,
Odontobutidae) in the middle stretch of the Vistula river, Poland. Archives of Polish
Fisheries, 7 (1): 141-150.

Toth J. (1975): A brief account on the presence of the silver crucian carp (Carassius auratus
gibelio BLOCH 1873) in the Hungarian section of the Danube, Budapest. Annales
Universitati Scientis Budapestiensis Section Biologica 18-19: 219- 220.

100


http://www.matarka.hu/cikk_list.php?fusz=109461

Téth, B., Varkonyi, E., Hidas, A., Edviné Meleg E. & Varadi, L. (2005): Genetic analysis of
offspring from intra- and interspecific crosses of Carassius auratus gibelio by chromosome
and RAPD analysis. Journal of Fish Biology 66: 784-797.

Tucker, K.C., Richardson, D.M. (1995): An expert system for screening potentially invasive
alien plants in South African fynbos. Journal of Environmental Management 44: 309-338.

Venkatraman, E. S. (2000) A Permutation Test to Compare Receiver Operating Characteristic
Curves. Biometrics 56: 1134-1138.

Verreycken H., Van Thuyne G., Belpaire C. (2009): Nonindigenous freshwater fishes in
Flanders: status, trends and risk assessment. PowerPoint presentation, Science Facing . 11
May 2009, Brussels. http://www.academia.edu/2878630/Non-indigenous_freshwater_fishes_
in_Flanders_status_trends_and_risk_assessment (last accessed: 11.01.2014)

Vetemaa, M., Eschbaum, R., Albert, A., Saat T. (2005): Distribution, sex ratio and growth of
Carassius gibelio (Bloch) in coastal and inland waters of Estonia (north-eastern Baltic Sea),
Journal of Applied Ichthyology 21: 287-291.

Vidal, O., Garcia-Berthou, E., Tedesco, P. A., Garcia-Marin, J. L. (2010): Origin and genetic
diversity of mosquitofish (Gambusia holbrooki) introduced to Europe. Biological Invasions
12: 841-851.

Vilizzi, L., Copp, G. H. (2012): Application of FISK, an Invasiveness Screening Tool for Non-
Native Freshwater Fishes, in the Murray-Darling Basin (Southeastern Australia). Risk
Analysis 33 (8): 1432-1440.

Virag, A. (1995): A balatoni busa allomany kalkulalt tomege. Haldszat 88 (3): 105-107. (in
Hungarian)

VKKI (2010): Vizgylijté-gazdalkodasi terv — Balaton részvizgyiijté, Vizigyi ¢és
Kornyezetvédelmi Kozponti Igazgatdsag, 160 pp. (in Hungarian)

Vutskits, Gy. (1897): A Balaton halai és gyakorisaguk. Természettudomanyi Kézlony 29: 593-
595.

Wang, L., Lyons, J., Rasmussen, P., Seelbach, P., Simon, T.,Wiley, M., Kanehl, P., Baker, E.,
Niemela, S., Stewart, P.M. (2003): Watershed, reach, and riparian influences on stream fish
assemblages in the Northern Lakes and Forest Ecoregion, U.S.A. Canadian Journal of
Fisheries and Aquatic Sciences 60 (5):491-505.

Weiperth, A., Staszny, A., Ferincz, A. (2013): Idegenhonos halfajok megjelenése és terjedése
a Duna magyarorszagi szakaszan - Torténeti attekintés, Pisces Hungarici 7: 103-112. (in
Hungarian with English summary)

Wilhelm, S. (2013): A torpeharcsa, Erdélyi Mtzeum Egyesiilet, Kolozsvar, 120 pp.
Williamson, M., Fitter, A. (1996): The varying success of invaders. Ecology 77: 1661-1666.
Williamson, M. (1999): Invasions. Ecography 22: 5-12.

Williamson, M. (2006): Explaining and predicting the success of invading species at different
stages of invasion. Biological Invasions 8: 1561-1568.

Williamson, M., Brown, K.C. (1986): The analysis and modelling of British invasions.
Philosophical Transactions of the Royal Society London B 314: 505-521.

Williamson, C. E., Saros, J. E., Vincent, V. F., Smol, J. P (2009): Lakes and reservoirs as
sentinels, integrators, and regulators of climate change. Limnology and Oceanography 54 (6):
2273-2282.

101



Wolter, C. (2001): Rapid changes of fish assemblages in artificial lowland waterways.
Limnologica 31: 27-35.

Woodford, D. J., Mcintosh, A. R. (2010): Evidence of source-sink metapopulations in a
vulnerable native galaxiid fish driven by introduced trout. Ecological Applications 20 (4):
967-977.

Woulters, J., Janson, S., Luskova, V., Olsén, K. H. (2012): Molecular identification of hybrids
of the invasive gibel carp Carassius auratus gibelio and crucian carp Carassius carassius in
Swedish waters. Journal of Fish Biology 80: 2595-2604.

Youden, W.J. (1950): Index for rating diagnostic tests. Cancer 3: 32-35.

Zlinszky, A., Timar, G. (2013): Historic maps as a data source for socio-hydrology: a case
study of the Lake Balaton wetland system, Hungary. Hydrology And Earth System Sciences
17(11): 4589-4606.

102



12. Data of Scientific activities

12.1 International SCI-IF papers related to the topics of the theses

Ferincz, A., Staszny, A., Acs, A., Weiperth, A., Tatrai, 1., Paulovits, G. (2012): Long-term
development of fish assemblage in Lake Fenéki (Kis-Balaton Water Protection System,
Hungary): succession, invasion and stabilization, Acta Zoologica Scientarum Academiae
Hungarica, 58 (Supplementum 1): 3-18. (IF=0,473)

Staszny, A., Ferincz, A., Weiperth, A., Havas, E., Urbanyi, B., Paulovits, G. (2012): Scale-
morphometry study to discriminate gibel carp (Carassius gibelio BLOCH 1782) populations
in the Balaton-catchment (Hungary), Acta Zoologica Scientarum Academiae Hungarica, 58
(Supplementum 1), 19-27. (IF=0,473)

Benké-Kiss, A., Ferinez, A. Kovats, N., Paulovits, G. (2013): Spread and distribution pattern
of Sinanodonta woodiana in Lake Balaton, Knowledge and Management of Aquatic
Ecosystems, 408 (09), 1-7. (IF=0,467)

Bauer-Haaz, E., Ferincz, A., Szegvari, Z., Széles, L. G., Lanszki, J. (2014): Fish preference
of the Eurasian otter (Lutra lutra) on an abandoned fish pond and the role of fish sampling
methods, Fundamental and Applied Limnology, in press (IF=1,19)

Weiperth, A., Ferincz, A, Kovats, N., Hufnagel, L., Staszny, A., Szabo, I, Tatrai, .,
Paulovits, G. (under review): Effect of water level fluctuations on fishery and angler’s catch
data of economically utilised fish species of Lake Balaton between 1901 and 2001, Applied
Ecology and Environmental Research, (IF=0,586)

12.2 Other international lectored papers, related to the topics of the theses (without IF)

Ferincz, A., Kovats, N., Benk4-Kiss, A., Paulovits, G. (2014): New record of the spiny-cheek
crayfish, Orconectes limosus (Rafinesque, 1817) in the catchment of Lake Balaton (Hungary),
Biolnvasions Records 3: 35-38.

Ferincz, A., Staszny, A., Weiperth, A., Paulovits, G. (2011): Biological invasion of Prussian
carp (Carassius gibelio BLOCH): Magnitude and effect on fish fauna of Kis-Balaton Water
Protection System IN: Mocsy et al. VII. Karpat-Medencei Kornyezettudomanyi Konferencia,
L. kotet, 288-292.

Paulovits, G., Kovats, N., Ferincz A., Acs, A. (2012): Fish-based assessment of the
ecological status of the Kis-Balaton — Balaton reservoir-lake system, Hungary, International
Journal of Nature and Design & Ecodynamics, 7 (2), 166-172.

103



12.3 Peer-reviewed papers in Hungarian, related to the topics of the theses

Ferincz, A., Staszny, A., Weiperth, A., Siit6, Sz., Soczo, G., Acs, A., Kovats, N., Paulovits,
G. (2014): Adatok a Dél-Balatoni berekteriiletek halfaunajahoz, Natura Somogyiensis 24:
279-286.

Ferincz, A., Erés, T., Staszny, A., Specziar, A., Paulovits, G. (2012): Ujra elokeriilt a tarka
géb (Proterorhinus semilunaris Heckel, 1837) a Balatonbol, Haldszat, 105 (3), 27-28.

Ferincz, A., Staszny, A., Paulovits, G. (2012): Amurgéb (Perccottus glenii) a Héviz-Pahoki-
csatornaban, Haldszat, 105 (1): 18.

Ferincz, A., Weiperth, A., Staszny A., Paulovits G. (2010): Eziistkarasz (Carassius gibelio
BLOCH) populaciok novekedésének vizsgalata a Balaton-vizgy(ijté négy kivalasztott
¢léhelyén, Hidrologiai Kozlony, 90 (6), p. 26-28.

Ferincz A., Weiperth A., Staszny A., Paulovits G. (2009): Az eziistkarasz (Carassius gibelio,
BLOCH) novekedése és szaporodasi stratégidja a Kis-Balaton vizmindségvédelmi rendszer
I1. iitemén. Hidrologiai Kozlony. 89. 6. 110 - 111.

Weiperth, A., Staszny, A., Ferincz, A. (2013): Idegenhonos halfajok megjelenése és terjedése
a Duna magyarorszagi szakaszan - Torténeti attekintés = Occurrence and spread of nonnative

fish species in the Hungarian section of River Danube — A historical review, Pisces Hungarici
7:103-112.

Benké-Kiss, A., Ferincz, A. Kovats, N., Paulovits, G. (2012): Az amuri kagyl6 (Sinanodonta
woodiana LEA, 1834) balatoni elterjedésének vizsgalata, Acta Biologica Debrecina
Supplementum Oecologica Hungarica, 28: 9-15.

Takacs, P., Vital, Z., Poller, Z., Paulovits, G., Ferincz, A., Erés, T. (2012): Az amurgéb
(Perccottus glenii) Gj leléhelyei a Balaton vizgyijtéjén, Haldszat, 105 (3), 16.

Weiperth, A., Ferincz, A., Staszny, A.,Keresztessy, K., Paulovits, G.(2010): A lapi poc
(Umbra krameri) Gj eléfordulasai a Kis-Balaton teriiletén, Haldszat, 103 (4), 127-128.
Weiperth, A., Szivék, 1., Ferincz, A., Staszny, A., Paulovits, G., Keresztessy, K. (2()09): A
vizszintingadozas hatdsa a balatoni haldsz-horgdsz fogasok alakuldsara, Allattani
Kozlemények, 94 (2):199-213.

Staszny, A., Ferincz, A., Weiperth, A., Urbanyi, B., Paulovits, G. (2010): Pikkely-
morfometriai vizsgalatok eziistkaraszon, Hidrologiai Kozlony, 90 (6), p. 134-135.

12.4 Conference abstracts, related to the topic of the dissertation

Ferincz A., Staszny A., Weiperth A., Acs A., Kovats N., Paulovits G. (2013): Idegenhonos
halak a Balaton-vizgy(ijton: az elterjedési mintazat szabalyszeriisiigeinek nyomaban, LV.
Hidrobiologus Napok, 2013.oktober 2-4, Tihany (el6adas)

Ferincz, A., Staszny, A., Acs, A, Kovats, N., Paulovits, G. (2013): Non-indigenous fish
species of the Balaton-catchment (Hungary): finding the rules in the distribution patterns,
32nd Congress of the International Society of Limnology, Budapest, Hungary, 4-9. August
2013. (eléadas)

104


http://www.matarka.hu/cikk_list.php?fusz=109461
http://www.matarka.hu/cikk_list.php?fusz=109461

Ferincz A., Staszny A., Weiperth A., Acs A., Kovats N., Paulovits G. (2013): Idegenhonos
halak o6kolégiai kockdzatanak elemzése: egy lehetséges eszkdz, a FISK (Fish Invasiveness
Screening Kit) hazai alkalmazhatdsagéanak tesztelése a Balaton-vizgytjton, XXXVII. Halaszati
Tudomanyos Tandcskozas, Szarvas, 2013. majus 22-23. (eléadas)

Ferincz, A, Staszny, A, Weiperth, A, Acs, A. Kovats, N. Paulovits, G. (2013): Idegenhonos
halak o6kolégiai kockdzatanak elemzése: egy lehetséges eszkdz, a FISK (Fish Invasiveness
Screening Kit) hazai alkalmazhatdsaganak tesztelése a Balaton-vizgyiijton, V. Magyar Haltani
Konferencia, Debrecen, 2013. méarcius 21. (el6adas)

Ferincz, A, Staszny, A, Weiperth, A., Acs, A, Kovats, N. Paulovits, G. (2013): Long-term
development of fish assemblages in Lake Fenéki (Kis-Balaton Water Protection System,
Hungary): invasion, succession and stabilization, 3rd Fresh Blood for Freshwater, Lunz am
See, Ausztria, 2013 februar 27-marcius 1.(eloadas)

Ferincz, A., Staszny, A., Acs, A., Kovats, N., Paulovits, G. (2013): Status and risk
assessment of non-indigenous fish species in the Balaton catchment, Quality and sustainable
use of water resources in Lake Garda and in other large water bodies in Europe: experiences
within the project EULAKES, Gardone Riviera, Brescia, Italy, 30th May 2013. (eléadas)

Ferincz, A., Staszny, A., Acs, A., Kovats, N., Weiperth, A., Tatrai, 1., Paulovits, G. (2012): A
halallomény-szerkezet hosszuidejii valtozésai a Kis-Balaton Vizmindség-védelmi Rendszer
Fenéki-tavan: invazio - szukcesszid — stabilizacid, LIV Hidrobiologus Napok, Tihany, 2012.
oktober 4-6.

Ferincz, A, Staszny, A., Acs, A., Weiperth, A., Tétrai, 1., Paulovits, G.: Long — term
development of fish fauna in Lake Fenéki (Kis-Balaton Water Protection System, Hungary):
succession, invasion and stabilization, EuLakes Orszagos Konferencia, 2012.03.09, Veszprém

Ferincz, A., Paulovits, G., Acs, A., Kovats, N. (2011). Ecological Risk Assessment of non-
indigenous fish species in Lake Balaton — a conceptual framework, EuLakes Meeting and
Science Day, Wien, Austria, 2011.11.28-30.

Ferincz, A., Kovats, N., Staszny, A., Weiperth, A., Paulovits, G. (2011): Long-term changes
in the fish asssemblage structure and diversity of Lake-Hidvégi (Kis-Balaton Waterquality
Protection System, Hungary), 1st International Conference on Fish Diversity of Carpathians,
Stara Lesna, 21-25 September 2011.

Ferincz, A., Staszny, A., Weiperth, A., Kovats, N., Paulovits, G. (2011): A Comparative
Study of Prussian Carp (Carassius Gibelio) Populations in The Balaton Catchment (Hungary),
Fish Diversity and Conservation: Current State of Knowledge, Bournemouth, 18-22. July
2011.

Ferincz, A., Paulovits, G., Acs, A., Kovats, N.(2011): Characterization of non-indigenous
species inhabiting Lake Balaton: a risk based approach, Ecological Problems of Tourist Lakes
Conference, Tihany 20-23. June 2011.

Ferincz A., Weiperth A., Staszny A., Paulovits G. (2009): Az eziistkarasz (Carassius gibelio
BLOCH, 1782) novekedésének kapcsolata a halfauna dsszetételével a Balaton-vizgy(ijté négy
kivalasztott él6helye alapjan. LI. Hidrobiologus Napok Tihany, 2009. Absztrakt kétet: 24.

Ferincz, A., Staszny, A., Weiperth, A., Paulovits, G., (2008): Az eziistkarasz (Carassius
gibelio Bloch, 1782) novekedése ¢és szaporodasi stratégiaja a Kis-Balaton Vizmindség-
védelmi Rendszer II. itemén. L. Hidrobioldgus Napok Tihany, 2008. oktéber 1-3.

Kovats, N., Benk6-Kiss, A., Horvath, E., Ferincz, A., Paulovits, G. (2013): Ecological risk of
the invasive alien Chinese pond mussel in Lake Balaton, Quality and sustainable use of water

105



resources in Lake Garda and in other large water bodies in Europe: experiences within the
project EULAKES, Gardone Riviera, Brescia, Italy, 30th May 2013. (eléadds)

Santa, B., Ferincz, A., Paulovits, G., Eszterbauer, E. (2013): Kiilonboz6 él6helyeken
eléforduld eziistkaraszok (Carassius gibelio) 0Osszehasonlitdo parazitologiai vizsgalata,
Akadémiai Beszamolok, Budapest, 2013. januar. 30. (el6adas)

Kovats, N., Ferincz, A., Acs, A. (2012): Effect of Climate Change on aliens in Lake Balaton,
CC adaptation of European water-based ecosystems, Drezda (Németorszag), 2012.12. 4-5.
(eldadas)

Benké-Kiss, A, Ferincz, A, Kovats, N., Paulovits, G. (2012): Az amuri kagyl6 (Sinanodonta
woodiana Lea, 1834) balatoni elterjedésének vizsgalata, 9. Makroszkopikus Vizi Gerinctelen
Kutatasi Konferencia, 2012.04.12-14, Gyula

Kovats, N., Ferincz, A., Acs, A., Paulovits, G. (2011): Assessing Ecological Status of the
Kis-Balaton — Balaton reservoir-lake system, based on selected metrices, EuLakes Meeting
and Science Day, Wien, Austria, 2011.11.28-30.

Paulovits, G., Kovats, N., Ferincz, A., Acs, A.(2011): Fish-based assessment of the
ecological status of the Kis-Balaton — Balaton reservoir-lake system, Hungary, 1st
International Conference on Lake Sustainability, New Forest, 13-15 September 2011.

Staszny A., Béres B., Kanainé S. D., Weiperth A., Ferincz A, Urbanyi B., Paulovits G.
(2009): Pontyfeélék elkiilonitése pikkelyeik morfometriai elemzése alapjan. XXXIII. Halaszati
Tudomdanyos Tandcskozas Szarvas, 2009. Absztrakt kotet: 57.

Staszny A., Weiperth A., Ferinez A., Paulovits G. (2009): Pikkely morfometriai vizsgalatok
ezlistkaraszon. LI. Hidrobiologus Napok Tihany, 2009. Absztrakt kotet: 35.

12.5 Research reports, related to the topics of the dissertation

Kovats, N., Benk8-Kiss, A., Paulovits, G., Ferincz, A., Kakasi, B. (2012): Ecological risk
assessment of non-indigenous species in Lake Balaton: a pilot study, EuLakes Final Report,
University of Pannonia, Veszprém, pp. 146.

Paulovits, G., Ferincz, A., Staszny, A. (2012): Ecological Risk Assessment on Non-
Indigenous Fish Species Inhabiting the Balaton drainage, Balaton Limnological Institute,
Centre for Ecological Research, Hungarian Academy of Sciences, 46 pp.

Paulovits, G., Kovats, N., Ferincz, A. (2011): History of introduction of alien fish species
into Lake Balaton, Hungary, EULakes Progress Report WP5.2.1, BLRI — HAS, Tihany, 17
Pp.

Paulovits, G., Ferincz, A., Staszny, A. (2011): Status of non-indigenous fish species in the

Balaton Catchment — Supporting examinations for Ecological Risk Assessment (REPORT),
BLRI-HAS, Tihany, 59pp.

106



12.6 SCI-IF papers in other topic

Acs, A., Ferincz, A., Kovécs, A., Turdczi, B., Gelencsér, A, Kiss, Gy., Kovats, N. (2013):
Ecotoxicological characterisation of exhaust particulates from diesel-powered light-duty
vehicles, Central European Journal Of Chemistry, 11 (12): 1954-1958. (IF=1,167)

Kovats' N., Acs' A., Ferincz' A., Kovacs' A., Horvath' E., Kakasi' B., Turdczi' B., Gelencsér
A. (2013):Ecotoxicity and genotoxicity assessment of exhaust gases from diesel-powered
buses, Environmental Monitoring and Assessment, 185:(10) pp. 8707-8713. (IF=1,592)

Staszny, A, Havas, E., Kovacs, R., Urbanyi, B., Paulovits, G., Bencsik, D., Ferincz, A.,
Miiller, T., Specziar, A., Bakos, K., Csenki, Zs. (2013): Impact of environmental and genetic
factors on the scale shape of zebrafish Danio rerio (Hamilton 1822): a geometric
morphometric study, Acta Biologica Hungarica, 64 (4), 462-475. (IF=0,504)

Koviats, N., Reafey, M., Varanka, B., Reich, K., Ferincz, A., Acs, A. (2012): The comparison
of Vibrio fischeri bioassays for the assessment of municipal wastewater toxicity,
Environmental Engineering and Management Journal, 11 (11): 2073-2076.(1F=1,117)

Turdczi, B., Hoffer, A., Toth, A., Kovats, N., Acs, A. Ferincz A., Kovéacs, A. Gelencsar, A.
(2012): Comparative assessment of ecotoxicity of urban aerosol, Athmospheric Chemistry
and Physics, 12, 7365-7370. (IF=5,51)

Kovats, N., Acs, A., Kovécs, A., Ferincz, A., Turdczi, B., Gelencsér, A. (2012): Direct
contact test for estimating the ecotoxicity of aerosol samples, Environmental Toxicology and
Pharmacology, 33, 284-287. (IF=2,005)

Paulovits, G., Kovats, N., Acs, A., Ferincz, A., Kovacs, A., Kakasi, B., Nagy, Sz., Kiss, Gy.
(2012): Ecotoxicological characterisation of sedimentation in the Kis-Balaton Water
Protection System, Acta Biologica Hungarica, (63), 268-276.(1F=0,504)

Kovécs, A., Abdel-Hameid, N., Acs, A., Ferincz, A., Kovats, N. (2012): Novel Protocol for
assessing aquatic pollution, based on the feeding inhibition of Daphnia magna, Knowledge
and Management of Aquatic Environment,404, Paper 07: 1-7 (1IF=0,467)

Gelencsér, A., Kovats, N., Turéczi, B., Rostasi, A., Hoffer, A., Imre, K, Nyir6-Kosa, 1.,
Csakberényi —Malasics, D., Toéth, A., Czitrovszky, A., Nagy, A., Nagy, Sz., Acs, A., Kovacs,
A., Ferincz, A., Hartyéani, Zs, Posfai, M. (2011): The Red Mud Accident in Ajka (Hungary):
Characterization and Potential Health Effects of Fugitive Dust, Environmental Science and
Technology, 45 (4), 1608-1615. (IF:5,228)

12.7 Peer reviewed papers in Hungarian in other topics

Szepesi Zs., Er6s T., Saly P., Ferincz A., Takacs P. (2013): Paducok (Chondrostoma nasus)
¢s magyar bucok (Zingel zingel) a Zagyva vizrendszerében. Haldszat 106 (4): 14.

Staszny, A., Ferincz, A., Weiperth, A., Paulovits G. (2013): Kurta baing (Leucaspius
delineatus) a Lesence-Nadasmez6bdl. Haldszat 106(4): 15.

107



Rozner, Gy., Ferincz, A., Miokovics, E. (2012): Adatok a hegyi szitakotd (Cordulegaster
bidentata Sélys, 1843) és a kétcsikos hegyiszitakotd (Cordulegaster heros Theischinger, 1979)
elterjedéséhez a Bakonyban. Természetvédelmi Kozlemények, 18, 447-455.

Kovats, N., Acs, A., Ferincz, A.Kakasi, B., Kovacs, A. (2012): Lumineszcens
baktériumteszt egyes valtozatainak alkalmazasa iiledék-toxicitds vizsgalatara, Hidrologiai
Koszlony, 92 (2): 35-38.

Kovats, N., Acs, A., Ferincz A., Kovacs, A. (2011): Szilard fazist mintak 6kotoxicitdsanak
becslése Flash rendszerrel, Laboratoriumi Informdcios Magazin, 20 (3), 10-11.

Lokkos, A., Fabics, A., Kondorosy, E. , Ferincz, A., Vari, A., Rozner, Gy. (2010): A balatoni
hinarbogar (Macroplea mutica ssp. balatonica SZEKESSY, 1941) elterjedésének vizsgalata,
Hidrologiai Kozlony. 90 (6), p. 94-95.

Rozner, Gy., Lékkés, A., Ferincz, A. (2010): Perliminary studies on distribution of Large
Golden Ringed Dragonfly (Cordulegaster heros Theischinger, 1979) and Golden Ringed
Dragonfly (Cordulegaster bidentata Sélys, 1843) in Kdészeg-mountains, Folia Historico
Naturalia Musei Matraensis, 34: 37-40

Staszny, A., Ferinez, A., Weiperth, A., Havas, E., Paulovits, G., Url?ényi, B. (2009): Pikkely-
morfometriai vizsgélatok fajok illetve populédciok elkiilonitésére, Allattani Kozlemények, 94
(2), 159-166.

Csordas, L., Ferincz, A., Lokkos, A., Rozner, Gy. (2009): New data on the distribution of
Large Golden Ringed Dragonfly (Cordulegaster heros Theischinger, 1979) (Odonata) in
Zselic hills, Natura Somogyiensis 15, p 52-56.

Staszny A., Weiperth A., Ferincz A., Urbanyi B., Paulovits G. (2009): Halpopulaciok
Osszehasonlitdsanak j modszerei. Hidrologiai Kozlony. 89. 6. 172 - 174.

Weiperth A., Ferincz A., Staszny A., Paulovits G., Keresztessy K. (2009): Védett halfajok
elterjedése és populaciodinamikaja a Tapolcai-medence patakjaiban. Pisces Hungarici IlI:
115 - 132.

12.8 Conference abstracts related to other topics

Staszny, A., Ferincz, A., Vital, Z., Takéacs, P. (2013): A pikkely-morfometriai vizsgalatok
akkuratussaganak és szubjektivitdsdnak elemzése. LV. Hidrobioldgus Napok, 2013.oktober
2-4, Tihany (poszter)

Ferincz, A., Soczo, G., Paulovits, G., Staszny, A. (2013): Scale-morphometric examinations
on Mudminnow (Umbra krameri Walbaum, 1792) in the Balaton-catchment (Hungary),
Workshop on ,, Identifying of main threats of threatened limnophilous freshwater fish in
Danube basin”, 12. december 2013.

Rozner Gy., Ferincz A., Miokovics E. (2012): El6helypreferencia vizsgalatok a kétesikos
hegyiszitakotonél (Cordulegaster heros Theischinger, 1979), 9. Magyar Okologus
Kongresszus, Keszthely 2012. 09.5-7. (poszter)

Midkovics E., Ferincz A., Boédis, J. (2012): Eszak-somogyi foldvarak vizsgalata
természetvédelmi szempontok alapjan, 9. Magyar Okoldgus Kongresszus, Keszthely 2012.
09.5-7. (poszter)

108



Staszny, A., Ferincz, A., Miiller, T., Urbanyi, B., Paulovits, G., Csenki, Zs. (2012):
Kornyezeti tényezok hatasa a halpikkely formajara, LIV Hidrobiol6gus Napok, Tihany, 2012.
oktober 4-6.

Staszny, A., Ferincz, A., Miiller, T., Specziar, A., Urbanyi, B., Paulovits, G., Csenki, Zs.
(2012): Usability of scale-morphometric methods for population biology studies of protected
species, 2012, majus 30, Vila Nova De Cerveira Portugélia, ECFF2012

Kovics, K., Kovats, N., Ferincz, A. (2012): Edesvizi kagylofaj (Sinanadonta woodiana)
glochidiumanak érzékenysége rézre (Cu) EuLakes Orszagos Konferencia, 2012.03.09,
Veszprém

Kakasi, B., Kovacs, A., Kovats, N., Horvath, E., Acs, A., Ferincz, A. Turdczi, B. (2012):
Dizel lizemil gépjarmiivek kipufogogéazainak okotoxikologiai és genotoxikologiai elemzése,
VIII. Kérpat-medencei Kornyezettudomanyi Konferencia, Veszprém 2012 4prilis 18-21.:
254-259.

Staszny, A., Ferincz, A, Weiperth, A., Havas, E., Urbanyi, B., Paulovits, G. (2011): Scale-
morphometry studies to discriminate species and populations, Fish Diversity and
Conservation: Current State of Knowledge, Bournemouth, 18-22. July 2011.

Staszny, A., Ferincz, A., Miiller, T., Specziar, A., Urbanyi, B., Paulovits, G., Csenki, Zs.
(2012): Usability of scale-morphometric methods for population biology studies of protected
species, 2012, majus 30, Vila Nova De Cerveira Portugélia, ECFF2012

Kovacs, K., Kovats, N., Ferincz, A. (2012): Edesvizi kagylofaj (Sinanadonta woodiana)
glochidiumanak érzékenysége rézre (Cu) EuLakes Orszadgos Konferencia, 2012.03.09,
Veszprém

Kakasi, B., Kovacs, A., Kovats, N., Horvath, E., Acs, A., Ferincz, A. Turdczi, B. (2012):
Dizel tizemi gépjarmiivek kipufogoégédzainak dkotoxikologiai és genotoxikologiai elemzése,
VIII. Karpat-medencei Kornyezettudomanyi Konferencia, Veszprém 2012 aprilis 18-21.:
254-259.

Staszny, A., Ferincz, A, Weiperth, A., Havas, E., Urbanyi, B., Paulovits, G. (2011): Scale-
morphometry studies to discriminate species and populations, Fish Diversity and
Conservation: Current State of Knowledge, Bournemouth, 18-22. July 2011.

Weiperth, A., Paulovits, G., Staszny, A., Farkas, J., Ferincz, A., Keresztessy, K. (2009):
Population dynamics of endangered fish in streams of the Tapolca basin. 1. ECCB
(European Congress of Conservation Biology) Prague, 01 — 05 September 2009. Book of
Abstracts 223.

Weiperth A., Ferincz A., Staszny A., Paulovits G., Keresztessy K. (2009): Védett halfajok
elterjedésének és néhany populaciddinamikai jellemzoinek vizsgalata a Tapolcai-medence
patakjaiban. /I1. Haltani Konferencia, Debrecen, 2009. Absztrakt kétet: 20.

Rozner, Gy., Ferincz, A., Sudar, V. (2009): Jellegzetes lapi élihelyek Osszehasonlitd
értékelése a Balatoni Nagyberekben a futdbogar kozosségek (Coleoptera, Carabidae) alapjan,
8. Magyar Okolégus Kongresszus, Eldad4sok és Poszterek dsszefoglaldi, p.188

Csordas, L., Ferincz, A, L3kkos, A., Rozner, Gy. (2009): A fokozottan védett ritka hegyi
szitakotd (Cordulegaster heros, THEISCHINGER,1979) ¢él6helyeinek vizsgalata, LlI.
Hidrobiologus Napok, Tihany, Absztrakt Kotet 24.

Staszny A., Béres B., Kénainé S. D., Weiperth A., Ferincz A, Urbanyi B., Paulovits G.
(2009): Pontyfélék elkiilonitése pikkelyeik morfometriai elemzése alapjan. XXX7II. Haldszati
Tudomanyos Tandacskozas Szarvas, 2009. Absztrakt kotet: 57.

109



Staszny, A., Weiperth, A., Ferincz, A., Urbanyi, B., Paulovits, G., (2008): Halpopulaciok
Osszehasonlitdsanak uj modszerei. L. Hidrobioldgus Napok Tihany, 2008. oktéber 1-3.

110



13. Appendices

Appendix 1: The FISK I (v.1.19) Questionnaire

ID Risk query:
Biogeography/historical
1 Domestication/cultivation
1 101 Is the species highly domesticated or cultivated for commercial, angling or ornamental
purposes?
2 1.02 Has the species become naturalised where introduced?
3 1.03 Does the species have invasive races/varieties/sub-species?
2 Climate and Distribution
Is species reproductive tolerance suited to climates in the risk assessment area (1-low, 2-
4 2.01 ; . .
intermediate, 3-high)?
5 2.02 What is the quality of the climate match data (1-low; 2-intermediate; 3-high)?
6 2.03 Does the species have broad climate suitability (environmental versatility)?
7 204 Is the species native to, or naturalised in, regionsr)with equable climates to the risk assessment
area?
8 2.05 Does the species have a history of introductions outside its natural range?
3 Invasive Elsewhere
9 3.01 Has the species naturalised (established viable populations) beyond its native range?
10 302 In the species' naturalised range, are there impacts to wild stocks of angling or commercial
species?
11 303 In the species' naturalised range, are there imp_acts to aquacultural, aguarium or ornamental
species?
12 3.04 In the species' naturalised range, are there impacts to rivers, lakes or amenity values?
13 3.05 Does the species have invasive congeners?
B. Biology/Ecology
4 Undesirable (or persistence) traits
14 4.01 Is the species poisonous, or poses other risks to human health?
15 4.02 Does the species out-compete with native species?
16 4.03 Is the species parasitic of other species?
17 4.04 Is the species unpalatable to, or lacking, natural predators?
18 4.05 | Does species prey on a native species (e.g. previously subjected to low (or no) predation)?
19 406 Does the species host, and/or is it a vector, fort_recggnised pests and pathogens, especially non-
native?
Does the species achieve a large ultimate body size (i.e. > 10 cm FL) (more likely to be
20 4.07
abandoned)?
21 4.08 | Does the species have a wide salinity tolerance or is euryhaline at some stage of its life cycle?
22 4.09 Is the species desiccation tolerant at some stage of its life cycle?
23 4.10 Is the species tolerant of a range of water velocity conditions (e.g. versatile in habitat use)
24 411 Does feeding or other behaviours of the species reduce habitat quality for native species?
25 412 Does the species require minimum population size to maintain a viable population?
5 Feeding guild
26 501 Is the species a piscivorous or voracious predator (e.g. of native species not adapted to a top
predator)?
27 5.02 Is the species omnivorous?
28 5.03 Is the species planktivorous?
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29 5.04 Is the species benthivorous?

6 Reproduction
30 6.01 Does it exhibit parental care and/or is it I_<nown to reduce age-at-maturity in response to

environment?
31 6.02 Does the species produce viable gametes?
32 6.03 Does the species hybridize naturally With_ native species (or uses males of native species to
activate eggs)?
33 6.04 Is the species hermaphroditic?
34 6.05 Is the species dependent on presence of aqoth_er species (or specific habitat features) to
complete its life cycle?
35 6.06 Is the species highly fecund (>10,000 eggs/kg),’jteropatric or have an extended spawning
season’

36 6.07 What is the species' known minimum generation time (in years)?

7 Dispersal mechanisms
37 7.01 Are life stages likely to be dispersed unintentionally?
38 702 Acre life stages likely to be dispersed intentionally by humans (and suitable habitats abundant

nearby)?
39 7.03 Avre life stages likely to be dispersed as a contaminant of commodities?
40 7.04 Does natural dispersal occur as a function of egg dispersal?
Does natural dispersal occur as a function of dispersal of larvae (along linear and/or 'stepping
41 7.05 Lo
stone' habitats)?

42 7.06 Are juveniles or adults of the species known to migrate (spawning, smolting, feeding)?
43 7.07 Are eggs of the species known to be dispersed by other animals (externally)?
44 7.08 Is dispersal of the species density dependent?

8 Tolerance attributes
45 8.01 Any life stages likely to survive out of water transport?
16 8.02 Does the species tolerate a wide range of water quality conditions, especially oxygen

' depletion & high temperature?
47 8.03 Is the species susceptible to piscicides?
48 8.04 Does the species tolerate or benefit from environmental disturbance?
49 8.05 Avre there effective natural enemies of the species present in the risk assessment area?
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Appendix 2: The FISK 11 (v.2.03) questionnaire

ID Question

A. Biogeography/Historical

1. Domestication/Cultivation

1 1.01 | Is the species highly domesticated or widely cultivated for commercial,
angling or ornamental purposes?

2 1.02 | Has the species established self-sustaining populations where introduced?

3 1.03 | Does the species have invasive races/varieties/sub-species?

2. Climate and Distribution

4 2.01  What is the level of matching between the species’ reproductive tolerances
and the climate of the RA area?

5 2.02 | What is the quality of the climate match data?

6 2.03 | Does the species have self-sustaining populations in three or more (Képpen-
Geiger) climate zones?

7 2.04 | Is the species native to, or has established self-sustaining populations in,
regions with similar climates to the RA area?

8 2.05 | Does the species have a history of being introduced outside its natural
range?

3. Invasive elsewhere

9 3.01 | Has the species established one or more self-sustaining populations beyond
its native range?

10 3.02 | In the species' introduced range, are there impacts to wild stocks of angling
or commercial species?

11 3.03 | In the species' introduced range, are there impacts to aquacultural, aquarium
or ornamental species?

12 3.04 | In the species' introduced range, are there impacts to rivers, lakes or
amenity values?

13 3.05 | Does the species have invasive congeners?

B. Biology/Ecology

4. Undesirable traits

14 4.01 | Is the species poisonous/venomous, or poses other risks to human health?

15 4.02 | Does the species out-compete with native species?

16 4.03 | Is the species parasitic of other species?

17 4.04 | Is the species unpalatable to, or lacking, natural predators?

18 4.05 | Does the species prey on a native species previously subjected to low (or
no) predation?

19 4.06 | Does the species host, and/or is it a vector, for one or more recognised non-
native infectious agents?

20 4.07 | Does the species achieve a large ultimate body size (i.e. >15 cm total
length) (more likely to be abandoned)?

21 4.08 | Does the species have a wide salinity tolerance or is euryhaline at some
stage of its life cycle?

22 4.09 | Is the species able to withstand being out of water for extended periods (e.g.
minimum of one or more hours)?

23 4.10 | Is the species tolerant of a range of water velocity conditions (e.g. versatile
in habitat use)

24 4.11 | Does feeding or other behaviours of the species reduce habitat quality for
native species?

25 4.12 | Does the species require minimum population size to maintain a viable
population?

5. Feeding guild

26 5.01 | If the species is mainly herbivorous or piscivorous/carnivorous (e.g.

amphibia), then is its foraging likely to have an adverse impact in the RA
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area?

27 5.02 | If the species is an omnivore (or a generalist predator), then is its foraging
likely to have an adverse impact in the RA area

28 5.03 | If the species is mainly planktivorous or detritivorous or algivorous, then is
its foraging likely to have an adverse impact in the RA area?

29 5.04 | If the species is mainly benthivorous, then is its foraging likely to have an
adverse impact in the RA area?

6. Reproduction

30 6.01 | Does the species exhibit parental care and/or is it known to reduce age-at-
maturity in response to environment?

31 6.02 | Does the species produce viable gametes?

32 6.03 | Is the species likely to hybridize with native species (or use males of native
species to activate eggs) in the RA area?

33 6.04 | Is the species hermaphroditic?

34 6.05 | Is the species dependent on the presence of another species (or specific
habitat features) to complete its life cycle?

35 6.06 | Is the species highly fecund (>10,000 eggs/kg), iteropatric or has an
extended spawning season relative to native species?

36 6.07 | What is the species' known minimum generation time (in years)?

7. Dispersal mechanisms

37 7.01 | Are life stages likely to be dispersed unintentionally?

38 7.02 | Are life stages likely to be dispersed intentionally by humans (and suitable
habitats abundant nearby)?

39 7.03 | Are life stages likely to be dispersed as a contaminant of commodities?

40 7.04 | Does natural dispersal occur as a function of egg dispersal?

41 7.05 | Does natural dispersal occur as a function of dispersal of larvae (along
linear and/or 'stepping stone' habitats)?

42 7.06 | Are juveniles or adults of the species known to migrate (spawning,
smolting, feeding)?

43 7.07 | Are eggs of the species known to be dispersed by other animals
(externally)?

44 7.08 | Is dispersal of the species density dependent?

8. Persistence attributes

45 8.01 | Are any life stages likely to survive out of water transport?

46 8.02 | Does the species tolerate a wide range of water quality conditions,
especially oxygen depletion and temperature extremes?

47 8.03 | Is the species readily susceptible to piscicides at the doses legally permitted
for use in the risk assessment area?

48 8.04 | Does the species tolerate or benefit from environmental disturbance?

49 8.05 | Are there effective natural enemies of the species present in the risk

assessment area?
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