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Abstract

The outflow of the natural thermal Lake of Héviz is habitat of several fish species, with conservation relevance. In the past
few years, numerous thermophile (tropically originated) fishes were reported in this waterbody, from which two species
Parachromis managuensis (Giinther, 1867), Vieja melanurus (Giinther, 1862) characterized with strong, self-sustaining
population. The aim of our research was to provide basic population data and to study their individual growth. The standard
length of jaguar cichlid ranged from 37 to 283 mm (mean SL=110.21 +65.4 mm), the redhead cichlid standard length
varied between 30 and 203 mm (mean SL=93.91 +40.0 mm). Slightly positive allometry (b > 3) was found in the case of
both species. The von Bertalanffy Growth Function can be described as the following L,=343.6[1 —e 19040973 ip jaguar
cichlid and L,=298.9[1 —e~*!13+09977 ip the case of redhead cichlid. The Bertalanffy growth equations show slow growth
for both species. Fulton’s condition factor (K) values varied between 1.376 and 2.11 (mean K=1.701 £0.17) in the case of
jaguar cichlid, and between 1.391 and 3.033 (mean K=2.237 +0.24) for redhead cichlid. These baseline population biology
data from the first known self-sustaining, temperate-zone populations of two tropical cichlids provide information e.g., for
future ecological risk assessments or comparative growth analyzes.
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Europewide (e.g., Mueller et al. 2018; Irz et al. 2022).
Introduction of non-indigenous species is among the
most important components of this loss (Gherardi et al.
2009; Warren et al. 2022). According to studies from the
last decade, a high proportion of introduced fish species
are originated from the tropical climate zone, usually
introduced for ornamental purposes (Kalous et al. 2015;
Maciaszek and Sosnowski 2019). These non-indigenous
fish species most commonly released illegally, by aquarists
(Copp et al. 2005; Pandakov et al. 2021). The establish-
ment and spreading of these species are generally linked
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fish species are only affecting novel ecosystems in the
close proximity of warm water inlets, however their effects
may be substantially extended during the summer and can
also be further enhanced by climate change (Rubenson
and Olden 2017; Togaki et al. 2022). There are also many
examples of species showing exceptional ability to adapt
to temperate conditions within a few generations (Mar-
tinez et al. 2016; Yankova 2016). The negative effects of
these ornamental species on native fish assemblages may
be widespread, such as predation pressure, competition
for resources or hosting of diseases and parasites (Gozlan
et al. 2010; Gkenas et al. 2019).

The outflow canal of Lake Héviz, being the main outflow of
the largest thermal lake of Europe, is an excellent model area to
study population biology of several non-indigenous, thermo-
philous fish species. The outflow canal is a part of a unique
wetland habitat system (Kis-Balaton), which provides habitat
for a number of species of high conservation importance e.g.,
Umbra krameri (Walbaum, 1792), Triturus dobrogicus (Kiritz-
escu, 1903). The wetland system is connected to Lake Balaton,
the largest shallow lake of Central Europe, which is considered
sensitive to biological invasions (Ferincz et al. 2016).

The two most abundant introduced ornamental fish taxa are
redhead cichlid (Vieja melanurus) and jaguar cichlid (P. manag-
uensis) (Fig. 1). They were first observed in the area in 2015 and
since than have self-sustaining populations in the canal (Takacs
et al. 2017; Weiperth et al. 2022). Both species originate from
the tropical climate zone of Central America. The jaguar cich-
lid is native to Honduras, Costa Rica, Guatemala, Panama and
Nicaragua, while the redhead cichlid is common to Mexico and
Guatemala (Froese and Pauly 2023), and is therefore known as
a highly heat-demanding species. The water temperature in their
native area is consistently above 24 °C (Bussing 2002). Both
species inhabit lakes and slow running waterflows, preferring
waterbodies, which show signs of eutrophication (Kullander
2003). Jaguar cichlid have been introduced to many countries
around the globe and have typically shown signs of invasiveness
in these areas (e.g., Agasen et al. 2006; Hamiyati et al. 2019;
Kresnasari and Darajati 2020; Resende et al. 2020).

Some morphological characteristics may suggest that the
cichlid individuals in the study area hybrids of closely related
species (Takécs et al. 2015). Given specimens of jaguar cichlid
may show overlapping morphological features to Parachromis
dovii. In the case of redhead cichlid, some characteristics could
be confused with Vieja fenestrata and Vieja bifasciatus. Arti-
ficial and natural hybridization is a common phenomenon in
closely related, aquarium utilized cichlid species. Their eco-
logical function, population biology and behavior characteris-
tics are similar to parent species in most of the cases, therefore
the possible hydrid origin was neglected in this study (Duffy
et al. 2013; Agmal-Naser and Ahmad 2020).

Fish somatic growth corresponds well to environmental
changes (Denechaud et al. 2020) furthermore, it is expected
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Fig. 1 Jaguar cichlid (Parachromis managuensis) (A) and Redhead
cichlid (,Vieja melanurus) from outflow canal of Lake Héviz (B)
(photo: Arpad Ferincz)

that the life history traits of fish undergoing invasion process
will predictably change (Gutowsky and Fox 2012). There-
fore the aim of this study was to assess the individual growth
characteristics of the redhead and jaguar cichlids in a natural
thermal water habitat in temperate Central Europe to provide
a baseline for further (long-term) studies and provide new
information for the ecological risk assessment of these glob-
ally invasive species. Life history trait data, derived from this
study may further enhance the understanding of factors that
influence the spread of alien species, as well as the effects of
these species on native communities, since other life-history
metrics (e.g., fecundity, broods per season, longevity) are all
highly dependent on somatic growth (Top et al. 2018). Conse-
quently, studying how the growth rates differ between invasive
and native populations is an important knowledge to better
understand the ecology of invasions in general (Hierro et al.
2013).

Materials and methods

The study area of our research was the uppermost section
of the draining canal of Lake Héviz (N46.7822, E17.1961)
(Fig. 2). Lake Héviz is the biggest natural bathable thermal
lake of the World. The water of the lake originates from
two crater springs with temperatures: 26 °C and 41 °C.
The cumulative discharge of the springs is about 390 I/s
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(L6kkos et al. 2016). The average summer and winter tem-
peratures of the lake are 33-35 °C and 24-28 °C respec-
tively (Specziar 2004). The lake has two outlets, a larger
one (Héviz outflow canal) and a smaller one (Eszaki-éra—
paszt6-canal). The two outlets are confluent and both of
them discharge into the Kis-Balaton Water Protection Sys-
tem after app. 12 km. The sampling area was a 500 m long
stretch, starting directly at the main outflow sluice, where
redhead and jaguar cichlids are presented at the highest
density (> 50% relative abundance). This section has been
characterized by app. 6 m width and 1-1.5 m depth, water
temperature reaches 32 °C in summer and around 24 °C
in winter. The current velocity is low, the bottom is sandy
or muddy, the lower part of the section is densely covered
by submerse and emerse macrophytes, such as non-native
(Elodea sp., Vallisneria sp). and protected native (Nym-
phaea alba) species (L6kkos et al. 2016).

Fish were collected seasonally between February
and October 2020 (21 February 2020; 26 May 2020; 18
August 2020; 30 October 2020). Sampling was carried out
over a standard 500 m transect using a high performance,
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aggregator powered Hans-Grassl EL63II electrofisher. All
non-native fish individuals were immediately euthanized
with an overdose of clove oil. Standard (SL) and total body
(TL) length measured to the nearest 0.1 cm and in wet body
weight (TW) measured to the nearest 1.0 g. Captured speci-
mens were placed in a Dometic CFX40 12 V powered port-
able refrigerator and kept on — 20 °C until further examina-
tion. Sex was determined after dissection, if it was possible.

For age determination, 8—10 scales were removed
from each specimen, which were digitalized, using an
Epson V850pro upper-lighting scanner in high resolution
(2400dpi). Measurement of annual ring distances were car-
ried out on 1 scale/specimen using the ImageJ ver.1.53 k
software (Schneider et al. 2012). Measurements were carried
out by the same expert throughout the study (Staszny et al.
2021). The von Bertalanffy Growth Function (VBGF) was
used to model the growth of an average specimen. Accord-
ing to the model, the body length at any time (f) can be
described by the following relation L,= L, [1 —e K=,
In the equation, "L, " is the body length of the fish (in our
case, the standard body length) at age "t ", "L;; " is the

Kake Héviz
Héviz-canal

Fig.2 A, B: Location of sampling site in Hungary. D, C: habitat photo of the study area (photo: Vera Lente)
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asymptotic body length approximated by the body size of the
fish, "K" is the growth rate constant, "#," is the hypothetical
time at which the size of the fish is theoretically zero (practi-
cally, when scales are developed), and "e" is the base of the
natural logarithm (Bagenal and Tesch 1978). Condition of
individuals were also calculated using the formula of Fulton.
K =Wx 100/SL3, where "K" is the Fulton condition factor,
"W" is the weight of the fish in g, and "SL" is the standard
body length in cm (Bagenal and Tesch 1978).

Differences in condition factors between age groups were
tested with Welch ANOVA (normality was pre-checked
using Shapiro—Wilks test; homogeneity of variances were
tested using Levene-tests).

Results

In the present study, a total of 58 jaguar cichlid, and 159
readhead cichlid were analyzed. The standard length distri-
bution of jaguar cichlid ranged from 37 to 283 mm (mean
SL=110.21 +65.4 mm). Length distribution indicated that
app. 60% of the sample consisted of small fish, ranging from
37 to 100 mm (Fig. 3). The total wet weight of the fish varied
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between 1.7 and 738.8 g (mean W=107.91+189.6 g). The
weight distribution of the sample was similar to length dis-
tribution: more than 70.0% of the fish were under 100 g.

The standard lengths of redhead cichlid varied between
30 and 203 mm (mean SL=93.91 +40.0 mm) and more than
65% of the specimens were smaller than 100 mm (Fig. 3).
The total wet weights of fish specimens in the sample
ranged between 1.1 and 353 g (mean W=59.175+74.3 g).
The weight distribution was unbalanced as well: 75% of the
specimens weighed less than 100 g.

The fishes were not further grouped by sex, due to the
low number of identified adults. The length—weight relation-
ship of jaguar cichlid can be calculated as W=3E-05>%43!
(R*=0.9735) (Fig. 3). Quite a similar relationship can
be observed in case of redhead cichlid W=3E-05%
(R>=0.9578) (Fig. 3). Slightly positive allometry (b> 3)
was found in the case of the fishes. Fulton’s condition
factor (K) values varied between 1.376 and 2.11 (mean
K=1.701 £0.17) in the case of jaguar cichlid, and between
1.391 to 3.033 (mean K=2.237 +0.24) for redhead cichlid.

Age composition revealed that younger age groups have
dominated for both taxa. In jaguar cichlid the age class
0+ accounted for 50% of the individuals (Fig. 4), while for
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Fig.3 Length frequency histograms and length—weight relationships of jaguar cichlid (Parachromis managuensis) (A) and redhead cichlid

(Vieja melanurus) (B)
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redhead cichlid the 0+ and 1+ age groups accounted for
55% (Fig. 4). The longest (SL) jaguar cichlid proved to be
7+ years old, according to the annual rings counted on the
scales. In the case of redhead cichlid, the largest specimen
was 6+ years old. The mean annual standard length increase
for jaguar cichlid was 38.00 + 14.6 mm; while for redhead
cichlid it was 20.00 + 7.6 mm.

The length of jaguar cichlid at a given age proved to be L,
=343.6[1 — e 0196(+0.979)] anq | =208 [ ] — =0-1131+0997))
for the redhead cichlid according to the VGBF (Fig. 4.
respectively).

For the comparison of ages by condition factor (K),
three age groups have been determined in the case of
both species. Jaguar cichlids were grouped as following:
0+age (TL=77.97+17.4), 1+age (TL=131.40+21.3),
2+ <age (TL=237.11+74.3). No significant differences
could be observed in the condition factors of different age
groups (Welch ANOVA, P=0.139). Tested age catego-
ries were the following in case of redhead cichlid: O+ age
(TL=67.40+11.8), 14+age (T=94.82+11.9), 2+ <age
(TL=161.26 +£36.9). Significant differences were revealed
(oneway ANOVA: F=11.8, P <0.01, Tukey post hoc tests)
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between 2+ < and younger age groups: the condition of older
specimens was higher (Table 1.).

Discussion

Non-indigenous, thermophilous species cause growing
concerns in temperate climate zones along the increasing
effects of climate change (Riccardi et al. 2021; Campbell
et al. 2022). Self-sustaining, and dense populations of

Table 1 Fulton’s condition factors (K) of the Vieja sp. in 3 age classes
O+, 1+,2<)

Age group Mean (K) Std. deviation Tukey
post
hoc

0+ 2.15 0.20 a

1+ 2.17 0.24 a

2< 2.33 0.24

Different letters identify significantly different groups. (Tukey

p=<0.05)
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Fig.4 Age-frequency distributions, observed (blue) and predicted lengths (red, VBGF: L,=343.6[1—e 1960973y at age for jaguar cichlid
(Parachromis managuensis) (A); and B: redhead cichlid (Vieja melanurus) (VBGF: L,=298.9[1 — e 0-113+0.997))y
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jaguar cichlids and redhead cichlids were studied in the
outflow of Lake Héviz, in temperate Central-Europe.

The individual growth characteristics of P. managuen-
sis in its non-native range have previously been studied
in subtropical or tropical territories of Java (Hamiyati
et al. 2019; Kresnasari and Darajati 2020), and a tropical
semiarid region in Brazil (Resende et al. 2020). Despite
the limited sample size, the length range was wider
(TL =44-376 mm) than found in previous studies, most
possibly due to the less selective sampling method (elec-
trofishing). The jaguar cichlid population of the outflow
canal of Lake Héviz consisted of a higher proportion of
smaller individuals, compared to the basin of River Pajeti
(Brazil) (Resende et al. 2020).

In contrast to the results of Resende et al. (2020), the
length—weight curve of jaguar cichlids of outflow canal of
Lake Héviz showed a near allometric growth (b=3.043).
The allometric exponent of the population inhabiting Pen-
jalin-reservoir (Java) was similar (Kresnasari and Darajati
2020). This value indicates a balanced growth of individu-
als throughout their life cycle. A strongly positive allom-
etry (b=3.378) was found in a former study conducted
also in the Penjalin reservoir (Java), indicating a more
optimal weight gain of individuals (Hamiyati et al. 2019).
Condition factor values proved to be slightly higher in our
case than in River Pajed and Penjalin-reservoir (Resende
et al. 2020; Kresnasari and Darajati 2020 respectively).
L; s value derived from VBGF for the outflow canal of
Lake Héviz is similar to the Brazilian habitat (341.4 mm),
however the rate of individual growth was slower in our
case (Resende et al. 2020).

Individual growth of redhead cichlid has not been
studied yet, however in Singapore and China it has been
reported where self-sustaining stocks have been estab-
lished (Wilkinson et al. 2021; Zhu et al. 2022). Standard
lengths and weights measured in the cases of specimens
caught from the tropical River Nandu (Hainan, China)
ranged between 57-153 mm and 8.23-216.15 g, which
is narrower than found in present study (Zhu et al. 2022).

Climatic and other possible covariates of the recipi-
ent environment should always be considered in case of
fish growth rate assessments. Climatic conditions (mainly
temperature) in recently invaded waters can differ signifi-
cantly from those in the native range, this potentially leads
to changes in growth rates as well (Rypel 2014). This is
illustrated well in case of the invasive population of the
Mayan cichlid (Cichlasoma urophthalmus) in the subtropi-
cal Everglades (Florida, US). Growth rate of the species
was significantly slower than in its native range (tropical
Central America), however the species’ invasion poten-
tial was not affected negatively (Faunce et al. 2002). High
incidence of young specimens of both species also may
indicate the high invasive potential and ongoing expansion

@ Springer

of a given fish population (Carol et al. 2009; Teixeira et al.
2020).

Although winter temperature can considered a significant
barrier for cichlids at the Héviz outflow, there are numer-
ous cases where species have successfully established
populations well beyond their preliminarily known tem-
perature limitations (e.g., largemouth bass (Micropterus
salmonids) in Kenya, common carp (Cyprinus carpio) in
Canada and Wisconsin, and northern snakehead (Channa
argus) in Arkansas) (Rypel 2014). Moreover, increased
fishing (angling) pressure may also result such population
structure alterations, since “catch and take” anglers targets
larger specimens (e.g., Faunce et al. 2002; Evangelista et al.
2015). No exact data available regarding the fishing pres-
sure on Héviz-outflow, however the preference of jaguar and
redhead cichlid by anglers cannot be excluded, due to their
exotic nature.

Conclusions for future biology

This study provides the first individual growth data of jaguar
cichlid from a thermal water affected habitat of temperate
Central Europe (Hungary) and can be considered the first
growth analysis in a natural habitat of redhead cichlid. The
results suggest that the outflow canal of Lake Héviz is a
suitable habitat for the two non-indigenous cichlid species.
Stock size changes and distribution patterns along the ther-
mal gradient of the Héviz-outflow should be also studied,
to assess the potential ecological risk on native community.
The presence and activity of these thermophilous species in
this novel environment may also serve as model system for
climate change related adaptation studies as well.

Acknowledgements We are grateful to Kain Fabian for the linguistic
revision. We also thanks the suggestions and comments of anonymous
reviewers greatly improved the manuscript.

Author contributions All authors have seen and approved the manu-
script. Author contributions were the following: VL contributed to
sample design and methodology, investigation, data collection, data
analysis and interpretation, writing- original draft. AS contributed to
sample design and methodology, investigation and data collection, data
analysis and interpretation. AH contributed to investigation and data
collection. AW contributed to sample design and methodology, inves-
tigation and data collection, review and editing. ZsMB contributed to
investigation and data collection. BU contributed to ethics approval,
funding provision. AF contributed to Corresponding author, research
conceptualization, sample design and methodology, funding provision,
data analysis and interpretation, writing—review & editing.

Funding Open access funding provided by Hungarian University of
Agriculture and Life Sciences. This study was financially supported by
the TKP2020-NKA-16 project and the NKFIH PD138612 grant. Vera
Lente was supported by the UNKP-22-3-1I-MATE/18. grant. Anna
Hegediis was supported by the UNKP-23-4-1-MATE-10.



Biologia Futura

Declarations
Conflict of interest We declare no conflicts of interest.

Ethical approval Vera Lente: Hungarian Ministry of Agriculture,
Department of Fisheries. Contrywide license for fishing. Permit num-
ber: HaGF/172/2021. Arpéd Ferincz: Hungarian Ministry of Agricul-
ture, Department of Fisheries. Contrywide license for fishing. Permit
number: HaGF/154/2021. Permission for enter and work in the pro-
tected areas Lake Balaton Catchment: PE/KTFO/1401-11/2022.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Agasen EV, Clemente JP, Rosana MR, Kawit NS (2006) Biological
investigation of Parachromis managuensis (Gunther, 1867 in Taal
Lake, Philippines. J Environ Sci Manag 9(2):20-30

Agmal-Naser M, Ahmad AB (2020) First report of the hybrid blood
parrot cichlid from a rice agroecosystem in Seberang Perai Ten-
gah, Penang, Peninsular Malaysia, with notes on syntopic Midas
cichlid, Amphilophus citrinellus (Giinther, 1864). Biolnvasions
Rec 9(3):588-598. https://doi.org/10.3391/bir.2020.9.3.15

Bagenal TB, Tesch FW (1978) Age and growth. In: Bagenal TB (ed)
Methods for assessment of fish production in fresh waters. IBH
Handbook, Blackwell Scientific Publications, Oxford, UK, pp
101-136

Bussing WA (2002) Peces de las aguas continentales de Costa Rica
[Freshwater fishes of Costa Rica], 2nd edn. Editorial de la Uni-
versidad de Costa Rica, San José Costa Rica, p 468

Campbell SE, Hubbard JAG, Mandrak NE (2022) Changing commu-
nity dynamics and climate alter invasion risk of freshwater fishes
historically found in invasion pathways of the Laurentian Great
Lakes. Divers Distrib 28:1620-1634. https://doi.org/10.1111/ddi.
13530

Carol J, Benejam L, Benito J, Garcia-Berthou E (2009) Growth and
diet of European catfish (Silurus glanis) in early and late invasion
stages. Fundam Appl Limnol 174:317-328. https://doi.org/10.
1127/1863-9135/2009/0174-0317

Copp GH, Bianco PG, Bogutskaya NG, Er6s T, Falka I, Ferreira MT,
Fox MG, Freyhof J, Gozlan RE, Grabowska J, Kovac¢ V, Moreno-
Amich R, Naseka AM, Penaz M, Povz M, Przybylski M, Robillard
M, Russell IC, Stakénas S, Sumer S, Vila-Gispert A, Wiesner C
(2005) To be, or not to be, a non-native freshwater fish? J Appl
Ichthyol 21(4):242-262. https://doi.org/10.1111/j.1439-0426.
2005.00690.x

Denechaud C, Smolinski S, Geffen AJ, Godiksen JA, Campana SE
(2020) A century of fish growth in relation to climate change,
population dynamics and exploitation. Glob Change Biol
26(10):5661-5678. https://doi.org/10.1111/gcb.15298

Duffy R, Snow M, Bird C (2013) The convict cichlid Amatitlania
nigrofasciata (Cichlidae): first record of this non-native species in

Western Australian waterbodies. Rec West Aust Mus 28(1):7-11.
https://doi.org/10.18195/issn.0312-3162.28(1).2013.007-012

Evangelista C, Britton RJ, Cucherousset J (2015) Impacts of invasive
fish removal through angling on population characteristics and
juvenile growth rate. Ecol Evol 5(11):2193-2202. https://doi.org/
10.1002/ece3.1471

Faunce CH, Patterson HM, Lorenz JJ (2002) Age, growth, and mor-
tality of the Mayan cichlid (Cichlasoma urophthalmus) from the
southeastern Everglades. Fish Bull 100:42-50

Ferincz A, Staszny A, Weiperth A, Takacs P, Urbanyi B, Vilizzi L, Pau-
lovits G, Copp GH (2016) Risk assessment of non-native fishes in
the catchment of the largest Central-European shallow lake (Lake
Balaton, Hungary). Hydrobiologia 780:85-97. https://doi.org/10.
1007/s10750-016-2657-2

Froese R, Pauly P (2023) FishBase. World Wide Web electronic pub-
lication. www.fishbase.org. Accessed 02 2023

Gherardi F, Gollasch S, Minchin D, Olenin S, Panov VE (2009) Alien
invertebrates and fish in European inland waters. In: Handbook
of alien species in Europe. Invading Nature—Springer Series in
Invasion Ecology, vol 3. Springer, Dordrecht, pp 81-92. https://
doi.org/10.1007/978-1-4020-8280-1_6

Gkenas C, Magalhdes MF, Cucherousset J, Orjuela RL, Ribeiro F
(2019) Dietary niche divergence between two invasive fish in
Mediterranean streams. Knowl Manag Aquat Ecosyst 420:24.
https://doi.org/10.1051/kmae/2019018

Gozlan RE, Britton JR, Cowx I, Copp GH (2010) Current knowledge
on non-native freshwater fish introductions. J Fish Biol 76(4):751—
786. https://doi.org/10.1111/j.1095-8649.2010.02566.x

Gutowsky LFG, Fox MG (2012) Intra-population variability of life-
history traits and growth during range expansion of the inva-
sive round goby, Neogobius melanostomus. Fish Manag Ecol
19(1):78-88. https://doi.org/10.1111/j.1365-2400.2011.00831.x

Hamiyati I, Batu DTF, Yonvitner (2019) Biological reproduction
aspects of jaguar guapote (Parachromis managuensis) in Penja-
lin reservoir Brebes-Central Java, Indonesia. J Biodivers Environ
Sci 14(4):8-13

Hierro JL, Eren O, Villarreal D, Chiuffo MC (2013) Non-native condi-
tions favor non-native populations of invasive plant: demographic
consequences of seed size variation? Oikos 122:583-590. https://
doi.org/10.1111/5.1600-0706.2012.00022.x

Irz P, Vigneron T, Poulet N, Cosson E, Point T, Bagliniére E, Porcher
JP (2022) A long-term monitoring database on fish and crayfish
species in French rivers. Knowl Manag Aquat Ecosyst 423:25.
https://doi.org/10.1051/kmae/2022021

Kalous L, Patoka J, Kopecky O (2015) European hub for invaders:
risk assessment of freshwater aquarium fishes exported from the
Czech Republic. Acta Ichthyol Piscat. https://doi.org/10.3750/
AIP2015.45.3.03

Kresnasari D, Darajati AD (2020) Feeding habits of Marsela fish
(Parachromis managuensis) in Penjalin Reservoir Brebes Cen-
tral, Java. Adv Sustain Sci Eng Technol. https://doi.org/10.26877/
asset.v2i2.6222

Kullander SO (2003) Check list of the freshwater fishes of South and
Central America. EDIPUCRS, Porto Alegre, Brasil, pp 605-654

Lokkos A, Miiller T, Kovacs K, Véarkonyi L, Specziar A, Martin P
(2016) The alien, parthenogenetic marbled crayfish (Decapoda:
Cambaridae) is entering Kis-Balaton (Hungary), one of Europe’s
most important wetland biotopes. Knowl Manag Aquat Ecosyst
417:16. https://doi.org/10.1051/kmae/2016003

Maciaszek R, Sosnowski W (2019) First record of silver arowana
Osteoglossum bicirrhosum Cuvier, 1928 (Osteoglossidae) from
Central Poland. World Sci News 117:189-195

Martinez E, Porreca AP, Colombo RE, Menze MA (2016) Tradeoffs
of warm adaptation in aquatic ectotherms: live fast, die young?
Comp Biochem Physiol A Mol Integr Physiol 191:209-215.
https://doi.org/10.1016/j.cbpa.2015.07.014

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3391/bir.2020.9.3.15
https://doi.org/10.1111/ddi.13530
https://doi.org/10.1111/ddi.13530
https://doi.org/10.1127/1863-9135/2009/0174-0317
https://doi.org/10.1127/1863-9135/2009/0174-0317
https://doi.org/10.1111/j.1439-0426.2005.00690.x
https://doi.org/10.1111/j.1439-0426.2005.00690.x
https://doi.org/10.1111/gcb.15298
https://doi.org/10.18195/issn.0312-3162.28(1).2013.007-012
https://doi.org/10.1002/ece3.1471
https://doi.org/10.1002/ece3.1471
https://doi.org/10.1007/s10750-016-2657-2
https://doi.org/10.1007/s10750-016-2657-2
http://www.fishbase.org
https://doi.org/10.1007/978-1-4020-8280-1_6
https://doi.org/10.1007/978-1-4020-8280-1_6
https://doi.org/10.1051/kmae/2019018
https://doi.org/10.1111/j.1095-8649.2010.02566.x
https://doi.org/10.1111/j.1365-2400.2011.00831.x
https://doi.org/10.1111/j.1600-0706.2012.00022.x
https://doi.org/10.1111/j.1600-0706.2012.00022.x
https://doi.org/10.1051/kmae/2022021
https://doi.org/10.3750/AIP2015.45.3.03
https://doi.org/10.3750/AIP2015.45.3.03
https://doi.org/10.26877/asset.v2i2.6222
https://doi.org/10.26877/asset.v2i2.6222
https://doi.org/10.1051/kmae/2016003
https://doi.org/10.1016/j.cbpa.2015.07.014

Biologia Futura

Mueller M, Pander J, Geist J (2018) Comprehensive analysis of >30
years of data on stream fish population trends and conservation
status in Bavaria, Germany. Biol Cons 226:311-320. https://doi.
org/10.1016/j.biocon.2018.08.006

Pandakov P, Barzov Z, Moldovanski R, Hudek H (2021) First con-
firmed record of an established population of green swordtail
(Xiphophorus hellerii Heckel, 1848) in Europe. Knowl Manag
Aquat Ecosyst 422:31. https://doi.org/10.1051/kmae/2021031

Resende AGA, Franga EJD, Oliveira CDLD, Santana FM (2020) Matu-
rity, growth and natural mortality rate of the introduced fish Par-
achromis managuensis (Perciformes: Cichlidae) in the semiarid
region of Brazil. Acta Limnol Bras 32:29. https://doi.org/10.1590/
S2179-975X2820

Ricciardi A, Iacarella JC, Aldridge DC, Blackburn TM, Carlton JT,
Catford JA, Jaimie TA, Dick PE, Hulme JM, Jeschke AM, Lieb-
hold LL, Lockwood HJ, Maclsaac LA, Meyerson P, PySek DM,
Richardson GM, Ruiz D, Simberloff MV, Wardle DA (2021) Four
priority areas to advance invasion science in the face of rapid
environmental change. Environ Rev 29(2):119-141. https://doi.
org/10.1139/er-2020-0088

Rubenson ES, Olden JD (2017) Dynamism in the upstream inva-
sion edge of a freshwater fish exposes range boundary con-
straints. Oecologia 184(2):453-467. https://doi.org/10.1007/
s00442-017-3885-5

Rypel AL (2014) Do invasive freshwater fish species grow better
when they are invasive? Oikos 123(3):279-289. https://doi.org/
10.1111/5.1600-0706.2013.00530.x

Schneider CA, Rasband WS, Eliceiri KW (2012) NIH Image to Imagel:
25 years of image analysis. Nat Methods 9(7):671-675. https://
doi.org/10.1038/nmeth.2089

Specziar A (2004) Life history pattern and feeding ecology of the intro-
duced eastern mosquitofish, Gambusia holbrooki, in a thermal
spa under temperate climate, of Lake Héviz. Hung Hydrobiol
522(1):249-260. https://doi.org/10.1023/B:HYDR.0000029978.
46013.d1

Staszny A, Dobosy P, Maasz G, Szalai Z, Jakab G, Zs P, Szeberenyi
J, Molnar E, Pap LO, Juhasz V, Weiperth A, Urbanyi B, Kondor
ACs, Ferincz A (2021) Effects of pharmaceutically active com-
pounds (PhACs) on fish body and scale shape in natural waters.
PeerJ 9(e10642):24. https://doi.org/10.7717/peerj. 10642

Takacs P, Maasz G, Vital Z, Harka A (2015) Aquarium fishes in the
outflow of the thermal Lake Héviz. Pisces Hungarici 9:59-64.
https://doi.org/10.13140/RG.2.1.4403.4408

Takacs P, Czeglédi I, Ferincz A, Saly P, Specziar A, Vital Z, Weiperth
A, Er6s T (2017) Non-native fish species in Hungarian waters:
historical overview, potential sources and recent trends in their
distribution. Hydrobiologia 795:1-22. https://doi.org/10.1007/
s10750-017-3147-x

@ Springer

Teixeira DF, Neto FRA, Gomes LC, Beheregaray LB, Carvalho DC
(2020) Invasion dynamics of the white piranha (Serrasalmus
brandtii) in a Neotropical river basin. Biol Invasions 22:983-995.
https://doi.org/10.1007/s10530-019-02138-y

Togaki D, Inoue M, Ikari K (2022) Seasonal habitat use by warmwater
fishes in a braided river, southwestern Japan: effects of spatiotem-
poral thermal heterogeneity. Ichthyol Res 70(1):91-100. https://
doi.org/10.1007/s10228-022-00863-4

Top N, Karakus U, Tepekoy EG, Britton JR, Tarkan AS (2018) Plas-
ticity in life history traits of the native Proterorhinus semilunaris
suggests high adaptive capacity in its invasive range. Knowl
Manag Aquat Ecosyst 419:48. https://doi.org/10.1051/kmae/
2018032

Tuckett QM, Lawson KM, Lipscomb TN, Hill JE, Daniel WM, Siders
ZA (2021) Non-native poeciliids in hot water: the role of thermal
springs in facilitating invasion of tropical species. Hydrobiologia
848(20):4731-4745. https://doi.org/10.1007/s10750-021-04669-9

Warren BI, Pinder A, Britton JR (2022) Age and growth rates of a
translocated chub Squalius cephalus chalk-stream population
with comparison to indigenous riverine populations in England.
Knowl Manag Aquat Ecosyst 423:17. https://doi.org/10.1051/
kmae/2022013

Weiperth A, Lente V, Staszny A, Ferincz A. (2022) Jaguar Guapote
Parachromis managuensis (Giinther, 1867). In: Haraszthy L (Ed)
Invasive animal species in hungary. Duna—Ipoly National Park
Directorate—Ministry of Foreign Affairs and Trade of Hungary,
Budapest, pp 272-274

West A, Penk MR, Larney R, Piggott JJ (2021) Response of macroin-
vertebrates to industrial warm discharges: the River Shannon case
study (Ireland). Inland Waters 11(3):381-395. https://doi.org/10.
1080/20442041.2021.1904761

Wilkinson CL, Kwik JTB, Ow AMW, Lim RBH, Liu S, Tan CLY,
Saw ACY, Liew JH, Yeo DCJ (2021) Rehabilitation of a tropi-
cal storm-water drain creates a novel fish assemblage. Ecol Eng
161(35):106150. https://doi.org/10.1016/j.ecoleng.2021.106150

Yamada M, Shoji J, Ohsawa S, Mishima T, Hata M, Honda H, Fujii M,
Taniguchi M (2017) Hot spring drainage impact on fish communi-
ties around temperate estuaries in southwestern Japan. J Hydrol
Reg Stud 11:69-83. https://doi.org/10.1016/j.ejrh.2015.12.060

Yankova M (2016) Alien invasive fish species in Bulgarian waters: an
overview. Int J Fish Aquat Stud 4(2):282-290

Zhu R, Chen K, Cai X, Li G, Chen Y, Shen Z (2022) The first wild
record of invasive redhead cichlid Vieja melanura (Giinther, 1982)
Hainan Island, China. Bioinvasions Rec 11(1):244-249. https://
doi.org/10.3391/bir.2022.11.1.25


https://doi.org/10.1016/j.biocon.2018.08.006
https://doi.org/10.1016/j.biocon.2018.08.006
https://doi.org/10.1051/kmae/2021031
https://doi.org/10.1590/S2179-975X2820
https://doi.org/10.1590/S2179-975X2820
https://doi.org/10.1139/er-2020-0088
https://doi.org/10.1139/er-2020-0088
https://doi.org/10.1007/s00442-017-3885-5
https://doi.org/10.1007/s00442-017-3885-5
https://doi.org/10.1111/j.1600-0706.2013.00530.x
https://doi.org/10.1111/j.1600-0706.2013.00530.x
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.1023/B:HYDR.0000029978.46013.d1
https://doi.org/10.1023/B:HYDR.0000029978.46013.d1
https://doi.org/10.7717/peerj.10642
https://doi.org/10.13140/RG.2.1.4403.4408
https://doi.org/10.1007/s10750-017-3147-x
https://doi.org/10.1007/s10750-017-3147-x
https://doi.org/10.1007/s10530-019-02138-y
https://doi.org/10.1007/s10228-022-00863-4
https://doi.org/10.1007/s10228-022-00863-4
https://doi.org/10.1051/kmae/2018032
https://doi.org/10.1051/kmae/2018032
https://doi.org/10.1007/s10750-021-04669-9
https://doi.org/10.1051/kmae/2022013
https://doi.org/10.1051/kmae/2022013
https://doi.org/10.1080/20442041.2021.1904761
https://doi.org/10.1080/20442041.2021.1904761
https://doi.org/10.1016/j.ecoleng.2021.106150
https://doi.org/10.1016/j.ejrh.2015.12.060
https://doi.org/10.3391/bir.2022.11.1.25
https://doi.org/10.3391/bir.2022.11.1.25

	Growth of two invasive cichlids (Perciformes: Cichlidae) in a natural thermal water habitat of temperate Central Europe (Lake Hévíz, Hungary)
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions for future biology
	Acknowledgements 
	References


