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Abstract.—The increasing prevalence of morphological anomalies has recently been suspected as a potential mechanism in
the global decline of amphibian populations and species. We studied the frequency of morphological anomalies in
postmetamorphic amphibians in the Egyek-Pusztakdcs marshes (Hortobagy National Park, east Hungary). The site was
a wetland and grassland complex used heavily by intensive agriculture until 1973 when it was protected, restored, and
managed for biodiversity. We examined 4,953 individuals of 11 species encountered in four monitoring schemes (pitfall
traps, bottle traps, dip netting, visual surveys) during 2010-2013. We found no evidence of malformation and a low
frequency (0.3%) of abnormalities, which did not differ from the background frequency of 0 to 5% estimated in previous
studies for wild populations in natural habitats. All observed abnormalities were found in 15 individuals of four species
and were consistent with injuries caused by predators, although the effects of parasites could not be excluded. It remains
uncertain whether the absence of malformations and the observed low frequency of abnormalities are related to the 40
years of protection and the long-term decrease in agrochemical use or to the more recent grassland restoration and
marsh management actions. Nevertheless, our study provides an example that large, healthy populations of amphibians

can exist in large protected wetland complexes restored and managed for biodiversity.
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INTRODUCTION

The global decline of amphibian populations has
become an established scientific consensus (Collins and
Storfer 2003; Stuart et al. 2004; Hof et al. 2011; Hussain
and Pandit 2012). Although reasons for the decline can
be related to negative processes in our environment, in
particular, to the loss and degradation of freshwater
habitats (Dodd and Smith 2003; Cushman 2006), the
exact factors and mechanisms of the decline are still not
well understood (Allentoft and O’Brien 2010; Blaustein
et al. 2011; Pittman et al. 2014). The global decline has
also led to increased attention to morphological
anomalies due to environmental effects as one potential
mechanism of the decline (Boone et al. 2007; Blaustein
et al. 2011).

Morphological anomalies in amphibians can be of
three types (Johnson et al. 2001): (i) abnormalities,
which include any traumatic or developmental gross
deviation from the normal range of morphological
variation;  (ii)  malformations, when  abnormal
development causes permanent structural defects; and
(iii) deformities, when an organ or a structure, which
was developed correctly, is modified by a mechanical
factor (e.g., hind limb amputation). Although the first
known observation of a morphological anomaly was
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reported in the early 18th century (Vallisneri 1733),
anomalies have been increasingly studied since the late
1990s (Blaustein et al. 1997; Gardiner and Hoppe 1999;
Gray 2000; Blaustein and Johnson 2003). Ouellet
(2000) reported anomalies observed in 93 amphibian
species worldwide, and at least 24% of these species are
found in Europe. Anomalies can occur in association
with a variety of factors. Environmental contamination
by pesticides (Hayes et al. 2006) or other chemical
compounds (Sessions et al. 1999; Hopkins et al. 2000)
often result in disruption of the endocrine system,
malformations, and/or extra limbs. UV-B radiation
reduces survival and increases developmental
abnormalities in tadpoles (Pahkala et al. 2001; Ankley et
al. 2002). Infection by trematode parasites of the hind
limbs was linked to increased limb malformations
(Johnson et al. 2002; Blaustein and Johnson 2003).
Finally, attempted predation by aquatic predators (e.g.,
leeches, dragonflies, crayfish, etc.) can lead to injury in
the developing limbs, which may resemble
malformations in post-metamorphic anurans owing to
partial regeneration (Bowerman et al. 2010; Johnson and
Bowerman 2010). The frequency of morphological
anomalies in a population can reach 80-90% due to
these factors and their synergistic or interactive effects
(Johnson and Bowerman 2010). In contrast, the endemic
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(expected) level or background frequency of anomalies
was estimated between 0 and 5% for postmetamorphic
frogs in wild populations in natural habitats (Vershinin
1989; Ouellet et al. 1997; Piha et al. 2006; Puky 2006;
Reeves et al. 2013). For adults, the background
frequency is probably much less than 1% (Piha et al.
2006; Puky 2007).

Amphibians have long been known to develop
anomalies due to increased exposure to pesticides and
nitrogenous fertilizers (Hayes et al. 2006; Brihl et al.
2013). Considering that the use of fertilizers and
pesticides is increasing worldwide due to the general
intensification of agriculture (Tscharntke et al. 2012), it
is reasonable to expect that amphibian decline will
further accelerate in regions where they are exposed to
these harmful effects. In theory, these effects will be
less prevalent in large, undisturbed protected areas,
which can thus host healthy populations of amphibians.
However, agricultural activities (crop production) are
present in a number of European protected areas, and
thus amphibians can be exposed to risks of fertilizer and
pesticide contamination. Although an evaluation of such
risks within Special Areas of Conservation (SACSs)
established for amphibian species of European
conservation importance based on the Habitats Directive
of the European Union generally found low risks for
globally threatened and European priority species
(Wagner et al. 2014), there were several exceptions. For
example, the risk of habitat contamination by pesticides
was above average for eight species of amphibians
(Pelobates fuscus insubricus, Rana latastei, Bombina
bombina, Discoglossus galganoi/jeanneae, Triturus
dobrogicus, T. carnifex, T. cristatus, T. karelinii) even in
such protected areas, and these species were thus
recommended for monitoring the future effects of
contamination (Wagner et al. 2014).

The Egyek-Pusztakdcs marsh system (EPMS, 4,073
ha) in eastern Hungary (Fig. 1) is part of Hortobagy
National Park (established as the first such park in
Hungary in 1973) and the Hortobagy SAC (established
in 2004). The EPMS has been an active floodplain of
rivers Sajo and Tisza since the Pleistocene (Aradi et al.
2003). After river regulation and flood control in the
1860s, the EPMS was gradually drained for agriculture,
mainly for crop production. By 1969, croplands covered
35% of the total surface area or 51% of the non-wooded
terrestrial habitats, and marshes almost completely dried
out (Lengyel et al. 2012). As part of a long-term
landscape rehabilitation program, marshes were restored
between 1976 and 1997 by the construction of water
supply canals (Aradi et al. 2003). The National Park
managed the restored marshes using cattle grazing and
burning to increase habitat diversity (Mér6 et al. 2015).
In the next step of the rehabilitation, 760 ha of cropland
were restored to grasslands between 2005 and 2008 to
decrease the areal proportion of croplands and to protect

the marshes and meadows restored previously by
establishing ecological corridors between and buffer
zones around them (Lengyel et al. 2007, 2012; Méré et
al., In press). Even though the fertilizer and pesticide
load on terrestrial and aquatic habitats decreased after
the national park was established (1973) and chemical
use was limited, it was still relatively high on the
croplands before grassland restoration. For example, in
2004, the mean concentration of phosphorus in the soil
of the croplands that were later restored was 370 + 459.0
(S.D.) mg'kg?; whereas, that of potassium was 552
320.2 mgkg? (Lengyel et al. 2012). As a result of
restoration, the proportion of croplands decreased to
14% of the surface area, grassland corridors and buffer
zones were created between marshes and croplands in
critical areas, and agricultural pollution and disturbance
were reduced in the restored areas (Lengyel et al. 2012).

Given this background, the aim of this study was to
survey morphological anomalies in amphibians of the
EPMS, especially in B. bombina and T. dobrogicus, two
of the eight species of concern identified by Wagner et
al. (2014), which are also among the most common
species in the EPMS and tend to show various
abnormalities in Hungary (Puky 2000, 2006; Henle et al.
2012). As in other countries, the systematic study of
amphibian anomalies was started in Hungary in the early
1990s, and only a few descriptions of additive anomalies
were published in Hungary previously (Mehely 1902;
Dely 1960). The first systematic surveys on rivers
Danube, Tisza, and Ipoly between 1987 and 2001 found
anomalies in 13 species (Puky and Fodor 2002; Puky
2006, 2007). However, little information was available
on anomalies in lowland wetlands. Thus, a more general
aim was to collect information on morphological
anomalies from an understudied ecosystem within
Hungary.

MATERIALS AND METHODS

The EPMS is a complex of marshes, meadows, alkali
and loess grasslands, croplands, and wooded areas
(Aradi et al. 2003; Lengyel et al. 2012). The entire area
is a Special Protection Area under the European
Commission Birds Directive and a Special Area for
Conservation under the EC Habitats Directive. Also, a
large portion of the park, including the EPMS, is listed
as an Important Bird Area, a Ramsar site, and a World
Heritage Site (Aradi et al. 2003; Lengyel et al. 2007,
2012). Although no specific herpetological surveys
were conducted in the EPMS before, previous
descriptions of the fauna of the greater Hortobéagy region
(Dely 1981; Endes 1988; Puky et al. 2005) mentioned 11
amphibian species that potentially occur in the EPMS:
the Common Newt (Lissotriton vulgaris), T. dobrogicus,
B. bombina, P. fuscus, the Common Toad (Bufo bufo),
the Green Toad (Bufotes viridis), the European Tree
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FIGURE 1. Location of Hungary in central Europe, and the Egyek-Pusztakécs marsh system (EPMS) in Hortobagy National Park (NP).

Frog (Hyla arborea), the Moor Frog (Rana arvalis), and
the Pelophylax species complex including the Eurasian
Marsh Frog (Pelophylax ridibundus), the Pool Frog
(Pelophylax lessonae) and the Edible Frog (Pelophylax
kl. esculentus). All these species are considered typical
in the Great Hungarian Plain (Marian 1963; Dely 1967).

As part of a long-term, large-scale landscape
rehabilitation program, several conservation
interventions were implemented in the EPMS between
2004 and 2013 (grassland restoration, marsh
management by burning and grazing, marsh
reconstruction). The effects of these interventions on
amphibians were followed up in four targeted
monitoring schemes between 2010 and 2013. First, in
the monitoring of grassland restoration (2010—2013), we
caught amphibians using two pitfall traps (0.5 L plastic
containers) installed at 45 sites (total n = 90) on 22 fields
of restored grasslands over the entire EPMS to sample
carabid beetles and ground-dwelling spiders from April
to September (Lengyel et al. 2013). Traps contained 100
ml of 25% ethylene-glycol in water with a few drops of
detergent as Kkilling liquid, which resulted in the
inadvertent death of most amphibians. We checked the
traps once in three weeks. Second, a baseline
monitoring of four major habitat types along a wet-dry
gradient (i.e., marshes, meadows, alkali and loess
grasslands), repeated once every three years, consisted of
installing two pitfall traps each in 50 habitat patches
surrounding Csattag marsh (about 450 ha, 47°35'N,
20°53'E) in the northwest part of the EPMS during the
growth season of 2010 and 2013. We also checked these
traps once per three week period. Although small (0.5

L) pitfall traps may be more efficient at collecting
amphibians of small body size such as juveniles and
newts, we occasionally found larger frogs and toads in
the traps as well. Third, in the monitoring of marsh
management and reconstruction in Fekete-rét marsh (c.
600 ha, 47°33'54"N, 20°55'51"E), we conducted visual
and call surveys along 30 randomly selected transects
(length: 100 m, width: 4 m) in April 2010 and 2011
(Heyer et al. 1994). During the summer (June/July) of
2011, we used visual encounter and call surveys at the
meadows around Fekete-rét and in the dense vegetation
of the marsh. Finally, in the dry summer of 2012, when
most of the marshes completely dried up, we visually
surveyed and installed bottle-traps to sample potential
refuge areas that remained wet throughout the summer.
Visual and call surveys in these monitoring schemes
were of various lengths depending on the area of the
habitat patch.

We caught individuals by hand or with a dip net
(Dodd et al. 2012). We thoroughly examined all
captured postmetamorphic individuals for the presence
of morphological anomalies. We identified the type of
anomaly using a field guide (Meteyer 2000) and
measured the individuals (snout-vent length, body mass).
We prepared detailed descriptions, took photographs of
the individuals and recorded the coordinates of the
locality using a Garmin Dakota 10 handheld GPS
(Garmin Ltd., Schaffhausen, Switzerland). We collected
individuals found dead in pitfall traps after the
examination, and we stored some of them in 70%
ethanol for further studies. We immediately removed
from the traps the specimens that were still alive, and we
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TABLE 1. Number of individual amphibians examined and anomalies found in species detected in the Egyek-Pusztakcs marsh system
2010—2013 with their EC Habitats Directive listing, [UCN conservation status (NT: Near Threatened, LC: Least Concern) and population
trend (Temple and Cox 2009). Annex IlI: species for which special conservation areas are to be designated by the member states; Annex IV:
species of community interest, strict protection status. All species are legally protected in Hungary.

EC Habitats
Directive Annex IUCN status and Number of juveniles/adults examined Anomaly
Species 1 v population trend 2010 2011 2012 2013 Total juv./ad.
Triturus dobrogicus X NT, decreasing 2[722 0/12 2137 0/1 4/772 0/4
Lissotriton vulgaris LC, stable 2/69 0/107 4127 2/0 8/203 -
Bombina bombina X X LC, decreasing 1292/1198  0/50 0/224 0/122  1292/1594 3/3
Pelobates fuscus - X LC, decreasing 0/78 0/71 1/25 0/32 1/206 0/1
Bufo bufo LC, stable 5/0 - - - 5/0 -
Bufotes viridis - X LC, decreasing 0/7 - - - 0/7 -
Hyla arborea - X LC, decreasing 713 - 0/21 0/12 7/36 0/1
Rana arvalis - X LC, stable - - 0/2 - 0/2 -
Pelophylax complex X* LC, decreasing 742/0 2/0 34/2 13/23 791/25 3/0
Total 2050/2077  2/240 41/338  15/190  2108/2845 6/9
* Pelophylax lessonae
carefully cleaned them and then released them at a safe DisCuUssION

area nearby after the examination. We released back all
other captured individuals at the location of the
encounter immediately after the examination.

RESULTS

We caught and examined 4,953 individuals of 11
species (Table 1). Only 15 individuals of five species
(11 individuals of four anuran taxa and four individuals
of one newt species) showed any morphological
anomalies, corresponding to a total frequency of 0.3%.
All anomalies were abnormalities and we found no
evidence of malformation. In all but one case we
observed individuals with complete or partial loss of
their hindlimb, forelimb, or tail. The most frequent
types of anomaly were ectro- and hemimelia (i.e., the
partial or complete loss of the left or the right hindlimb)
found in six B. bombina, three juvenile Pelophylax spp.,
one adult H. arborea, and one adult P. fuscus. One of
these anurans, a juvenile B. bombina, had multiple
abnormalities (partial loss of a hindlimb and a forelimb).
All limb losses of anurans were asymmetrical. Four T.
dobrogicus newts showed abnormalities. One subadult
had a partial loss of the tail, another had a partial loss of
the left hindlimb, and a third one had multiple
abnormalities (partial loss of right forelimb and tail).
Finally, one T. dobrogicus newt had a bifurcated tail,
which is described in detail elsewhere (Henle et al.
2012). We did not record mass abnormality (i.e.,
abnormality frequency above 30%), and the distribution
of individuals with abnormalities was sporadic
throughout the EPMS.

Our surveys detected no malformations and a low
frequency (0.3%) of abnormalities in almost 5,000
individuals of amphibian species in a large protected
wetland complex. This frequency is far below the high
prevalence of morphological anomalies reported in
several North American studies (reviewed in Blaustein
and Johnson 2003; Sessions 2003) and is at the lower
end of the background frequency of amphibian
morphological anomalies, estimated between 0 and 5%
in previous studies for postmetamorphic anurans
(Quellet et al. 1997; Puky 1999; Vandenlangenberg et al.
2003; Piha et al. 2006; Johnson and Bowerman 2010).
These results have conservation relevance especially
because the two most abundant species (B. bombina, T.
dobrogicus) of the EPMS are listed as priority species in
Annex Il of the EC Habitats Directive, and were also
predicted by Wagner et al. (2014) to have high risk of
pesticide exposure. In addition, all but two of the 11
species detected have a decreasing population trend and
are included either in Annex Il or IV of the EC Habitats
Directive (Temple and Cox 2009). We found large and
apparently healthy populations of these and other
amphibian species as well, which is relevant because
amphibians provide important ecosystem services (e.g.,
mosquito control) and vital food resources for a number
of aquatic birds and birds of prey for which the
Hortobagy region is most famous.

Most of the abnormalities occurred in the four most
common amphibians of the EPMS: B. bombina, and the
Pelophylax species. This is similar to what Puky (2006)
reported based on a study of 50,000 individuals along
the rivers Ipoly, Tisza, and Danube in Hungary. Bufo
bombina and Pelophyax species can show numerous
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types of abnormalities, such as ectromelia, ectrodactyly
(missing toe), unilateral anophthalmia (missing eye),
syndactyly (total or partial fusion of toes), synmely (total
or partial fusion of limbs), clinomely (curvature of
limbs), polymely  (supernumerary limbs), and
polydactyly (supernumerary toes; Puky 2006; Puky and
Fodor 2002). Other than ectro- and hemimelia, none of
these abnormalities were found in the EPMS. In
contrast, only a few observations were previously
available on morphological anomalies in T. dobrogicus
(Puky 2006; Henle et al. 2012), although it is also a
common species in Hungary, particularly along the
floodplains of rivers Danube and Tisza (Puky et al.
2005). In almost all cases, ectro- and hemimelia were
observed in T. dobrogicus, which, along with
ectrodactyly, is the most frequent type of abnormality in
Hungary (Puky 2007). Finally, we detected ectromelia
in an adult H. arborea, a species in which morphological
abnormalities have not yet been reported in Hungary.

Several explanations are possible for the
morphological anomalies found in the present study.
Because the most frequent anomaly was the loss of
hindlimbs, it is possible that anomalies were related to
predator attack of juveniles and adults (Bowerman et al.
2010; Johnson and Bowerman 2010). Potential
predators include birds (egrets, herons, storks, Kestrel,
Falco tinnunculus, and Red-footed Falcon, Falco
vespertinus), the European Pond Terrapin (Emys
orbicularis), predatory fish, and aquatic arthropods
(coleopterans, hemipterans, crayfish). Even though we
did not observe signs of injuries (e.g., because injuries to
the developing tadpole may not show obvious scarring
and wound signs once the animals have
metamorphosed), predation is a likely explanation for
the anomalies observed. Because we did not observe
more severe malformations, such extra limbs,
completely missing limbs, or misshapen limbs, it is
perhaps less likely that the observed abnormalities could
be explained by exposure to retinoid compounds or
infection by Ribeiroia parasites, which are often the
causal agents of such anomalies (Johnson et al. 2002;
Gardiner et al. 2003). Because infection of amphibians
by Trematoda, Nematoda and Acanthocephala parasites
was previously described in the Hortobagy region
(Edelényi 1974; Murai et al. 1983), parasites as possible
local factors of anomalies cannot be excluded, especially
if the effect of parasites is combined with other factors
(Reeves et al. 2010; Hof et al. 2011). Finally, because
all limb losses of anurans were asymmetrical, there was
probably little role of increased UV-B radiation, which
typically causes symmetric abnormalities (Pahkala et al.
2001).

Malformations in amphibians are known to occur due
to exposure to chemicals used in agriculture such as
nitrogenous fertilizers (Marco et al. 1999; Rouse et al.
1999) and pesticides (Hayes et al. 2006). Our results are

concordant with those of Piha et al. (2006), who also
found low frequencies of deformities in Common Frogs
(Rana temporaria) in agricultural habitats of Finland and
concluded that at the current levels of application,
agrochemicals were not a threat to amphibians.
Similarly, low frequencies of anomalies were found in
Green Frogs (Rana clamitans) in southwestern Michigan
(Gillilland et al. 2001) and in Japanese Fire-bellied Newt
(Cynops pyrrhogaster) exposed to agrochemicals
(Meyer-Rochow and Asashima 1998). Our findings of
no malformations and low frequencies of deformations
thus support the conclusions of the above studies that
agrochemicals did not represent threats to the
morphological development of frogs. Although
agrochemicals can still be a threat to amphibians even if
few deformities are observed, for example, if their
effects are lethal, the lack of dead individuals at our
study site showed that this was not likely. It remains
uncertain whether the absence of malformations and the
low frequency of abnormalities found here reflect
improvements in the chemical load due to -earlier
protection of the area (since 1973) or to the more recent
landscape-scale restoration and management actions
carried out in the EPMS between 2004 and 2013.

Other factors related to morphological anomalies in
Hungary include extremely high tadpole density, high
water temperature, and bacterial infection (Puky and
Fodor 2002). Such conditions regularly occur in the
study area because water levels regularly decrease to a
minimum in the EPMS during dry summers. During
such environmental bottlenecks, amphibian larvae
concentrate in high densities in refuges of permanent
water in canals or the deepest parts of the marshes,
which warm up quickly and provide good conditions for
bacterial infection and increased predation pressure. For
example, in summer 2012, which was dry, we found one
T. dobrogicus individual with an abnormality in a canal
that also hosted high numbers of the invasive Amur
Sleeper (Perccottus glenii) and the native European
Weather Loach (Misgurnus fossilis). However, mass
abnormalities were not observed in this study even in
year 2012, which was extremely dry and caused the
almost complete drying up of the marshes. Mass
abnormalities of amphibians in Hungary were observed
only at the Gemenc floodplain after the Danube had
flooded the area (Puky 2006, 2007), which shows that it
is a rare event. In Hungary, the occurrence of additive
morphological anomalies (e.g., polymelia, tail
bifurcation, etc.) is also generally rare, with only a few
cases known (Dely 1960; Henle et al. 2012). Additive
abnormalities can also be linked to injuries based on
their rarity and sporadic spatial occurrence in Hungary
(Puky 2007).

In conclusion, our four-year monitoring effort found a
lack of malformations and a low frequency of
abnormalities in a large protected wetland complex with
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several recent restoration and management actions. All
abnormalities could be related to injuries by predation
attempts, although the effect of parasites could not be
excluded. A full evaluation of whether the observed low
frequency is related to the protected status, restoration
and management of the study site is not possible due to a
lack of previous baseline data. Nevertheless, this study
provides an example that large, healthy populations of
amphibian species can exist in large protected wetland
complexes restored and managed for biodiversity
conservation.  Further studies should investigate the
expected potential causes of abnormalities and their
interactions at local and regional scales, focusing on
previously determined hotspots (Puky 2007; Reeves et
al. 2013).
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