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Morphological abnormalities in tailless amphibians (Amphibia, Anura) in Ukraine. — O. Y. Maru-
shchak, O. A. Muravynets. — The present work deals with external morphological anomalies in anuran
populations from Ukraine. The work is based on materials collected in 2013-2015, and on specimens from
the stock collection of the National Museum of Natural History, NAS of Ukraine (85 specimens from 21 re-
gions). The corresponding maps of Ukraine showing locations with different levels of abnormality were
created. Among anurans from Ukraine, a large number of external morphological abnormalities, described
in the latest classifications, was discovered. The total percentage of amphibians with anomalies tends to be
higher in areas with significant industrial pressure (e.g., Luhansk and Donetsk regions) that could be as-
sociated with the combined impact of chemical pollutants, range contraction and fragmentation, and other
factors. In addition, several cases of widespread anomalies were found in areas without notable industrial
impact (e.g., Zakarpattia). The highest range of malformations was discovered in common toads from the
Holosiivskyi district of Kyiv city. A tendency of prevailing of anomalies of traumatic origin was observed as well.
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Introduction

Morphological abnormalities are rather a common issue for almost all populations of amphib-
ians in Ukraine, which is the result of habitat preferences of this group of vertebrates. Inhabiting
different habitats during their ontogenesis, these animals suffer from direct and indirect influence
of pollutants, mostly of anthropogenic origin, that leads to the development of internal (spine de-
formation, changes in the morphology of inner organs, etc.) and external (polymelia, ectrodactyly,
etc.) morphological abnormalities. Based on their origin, anomalies are divided into several groups
such as ontogenetic (occurring because of violated gene expression on the early stages of ontogenesis
due to harmful environmental influences), genetic (due to inherited mutations), regenerative (viola-
tions during regeneration processes), traumatic (caused by predators), parasitic (provoked by various
parasites, e.g., Trematoda), and anomalies caused by illnesses. Finding out the reason of origin of a
particular anomaly is very hard, as they usually are phenotypically identical and can be a result of
combined effect of several factors (Vershinin, 2015).

Therefore, the aim of the present study was to detect the presence of widespread external morpho-
logical anomalies in different amphibian species from the territory of Ukraine.

The appearance of widespread abnormalities is usually induced by pollution of the amphibians’
natural habitats (Zamaletdinov, 2003; Kurtyak, 2005; Nekrasova et al., 2007; Borkin et al., 2012; Agu-
illon-Gutierrez, 2012). The importance of research on links between massive external abnormalities
and anthropogenic pollution is widely referred in the literature. Such studies not only rarely include
removal of animals from their natural environment, but also allow quickly and clearly show the pres-
ence of contamination of a given area with its subsequent localization and elimination. In addition,
detecting anthropogenic pressure on populations of amphibians is important in order to provide
the respective conservation status to separate populations of these animals. It would have a positive
impact on expanding the limits of existing and creation of new protected areas, in anticipation of
increasing control over the influence of industry and agriculture on wildlife.
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nytsky St. 15, Kyiv, 01601 Ukraine; e-mail: vse_okei@bigmir.net
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The frequency of morphological phenodeviations, as well as the level of fluctuating asymmetry are
important to measure the stability of ontogenesis and therefore to monitor amphibian populations
under the pressure of various factors. However, it must be mentioned that not only pollution can be
responsible for the occurrence of widespread anomalies. Biogeographic factors such as localization at
the range edge, presence of non-typical habitats, fragmentation of environment, availability of natural
hybridization (hybrid zones) etc. can also cause occurrence of widespread morphological malforma-
tions (Vershinin, 1989, 2015).

Material and methods

The material was collected in March-August 2013, April-August 2014, and May 2015 in Kyiv,
Rivne, Chernihiv, Cherkasy, Zakarpattia, and Volyn regions of Ukraine by randomized sampling. In
addition, data from fixed batrachological materials from the stock collection of the National Museum
of Natural History, NAS of Ukraine (NMNH, Kyiv), as well as results of similar studies conducted
by other Ukrainian authors (Flyaks, Borkin, 2004; Kurtyak, 2005; Fedonyuk, 2006; Nekrasova et al.,
2007) were used (Table 1). The Latin species names are given in accordance with recent nomenclature
surveys (Pysanets, 2007; Dubois, Bour, 2010).

Anomalies were considered any deviations from the mean value or parameter, common for a giv-
en species, beyond the limits of variation (Prisny, 2009) and noticeable with naked eye. To determine
and describe anomalies we used the classification proposed by O. D. Nekrsova (Nekrasova, 2008), as
well as the guidelines compiled by Borkin et al. (2012). To estimate the occurrence of malformations
we calculated the frequency of occurrence of individuals with abnormalities (P_, %) (the number of

Table 1. The total number of studied amphibian specimens from different regions of Ukraine
Tabnuys 1. 3aranpHa KiTbKicTh JOCTimKeHNX 3pa3KiB amibiit 3 pisHux obmacreit Ykpainn

Species
Ryl & 22 < 8
Ss | 3 . = RS £ = 2

Regions TE|EY| o | SF | 53 28|55 |55 B8 £ g8 g8
RE | RS & | &5 | T8 ||| 2| 2T | 2§ [ =S5| =8

Cherkasy — — — — — — — — 45 — — 34
Chernihiv 32 — — — — — — 96 — — — —
Chernivtsi — — — — — — — 61 36 — — 34
Dnipropetrovsk 507 — — 79 — — — — 395 24 — —
Donetsk — — — — — — — — 110 — — —
Ivano-Frankivsk 68 — — — — — — — — — — 26
Kharkiv — — — — — — 29 — — — — —
Kherson 60 — — 117 — — — — 23 88 — —
Kyiv 240 — 300 215 17 65 38 61 65 33 — 145
Luhansk — — — — — — — — 93 — — —
Lviv — 31 32— 3/ - - - = = = =
Mykolaiv — — — 38 — — — — 92 — — —
Odesa — — — — — — — — 97 — — —
Poltava — — — — — 67 — — — 15 — —
Rivne - - - 50 — 12 — 164 — 156 — @ —
Sumy — — — — — — — — 34 — — —
Vinnytsia — — — — — — — — — — — 48
Volyn 88 - - — — - — 123 — 27 — &
Zakarpattia — 184 — — — — 89 — 46 — 91 49
Zaporizhzhia — — — — — — — — 62 — — —
Zhytomyr 60 — — 31 — 30 — 28 — — — —
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individuals having various disabilities (N ) to the total individuals in the sample (N), P, =N_/N) and
the total spectrum of abnormalities (Sap) (the general set of variants of anomalies in a sample). In ad-
dition, such parameters were calculated as the partial frequency of occurrence of anomalies (A_, %),
which shows the proportion of an anomaly in the sample and in the general population. This param-
eter is calculated as a proportion of a certain type of anomaly (N, ) to the entire set of morphological
malformations in the sample or in the general population (N ) (A, = (N_/N_) * 100%).

Record localities were marked on the map of Ukraine using Google Earth. When using museum
collections or samples of other authors we determined the record locality according to the description
on the specimen’s label attached by the original. Points showing the frequency of anomalies occurring
in samples were displayed on maps of contamination of the territory of Ukraine by different pollut-
ants (http://www.rav.com.ua/).

Results and discussion

In total, 5014 specimens of anurans belonging to 12 species of 8 genera of 5 families were stud-
ied and examined for the presence of morphological abnormalities during the period from March
2013 to May 2015. Among them, 344 individuals (6.86 %) were discovered having a single kind or
a combination of various malformations. We allocated 409 anomalies likely to be caused by genetic
abnormalities and injuries acquired during post-metamorphic stage of the lifespan. In addition, the
significant predominance of the number of anomalies over the number of abnormal specimens indi-
cates the wide combinations of malformations (Marushchak, Muravynets, 2013).

As a result of combined investigation of our samples, collection materials, and literature data,
widespread anomalies were noted (P > 5 %) (Borkin et al., 2012) not only in the industrial regions
of Dnipropetrovsk (Pas =473 %, P _=33.0%,P_=6.3%, P =63.0%) (Flyaks, Borkin, 2004), Lu-
hansk (P =20.0 %), P_ = 23.53 %) and Kharkiv (P_ = 17.24 %), and in regions of suggested hybrid-
ization zones where local appearance of abnormal amphibians is expected such as in Zakarpattia
(P, =66.3 %) (Kurtyak, 2005), but also in the territory of Kyiv (P = 60.0 %, P _ = 42.0 % (Nekra-
sova et al., 2007), P_=19.33 %), Zaporizhzhia (P = 10.0 %), Zhytomyr (P_ = 10.71 %), Chernihiv
(P =10.81 %), Chernivtsi (Pas = 13.11 %), Ivano-Frankivsk (P_ = 16.22 %), Cherkasy (P_ = 24.0 %)
and Volyn (P_=11.11 %) regions, where anomalies appear locally. The maps of contamination of
the territory of Ukraine (https://sites.google.com/site/mygis22/academic-projects, accessed on
18.01.2016; https://bit.ly/2MBb2br, accessed on 18.01.2016) were used as template to shown the dis-
tribution of obtained parameters (P_, %) in different regions (Figs 1-3).

Deviations of limbs were found among all of the detected anomalies (see Table 2), including brachy-
dactyly, the shortening of fingers due to the absence of distal phalanges (A = 41.32 %), ectrodactyly,
an anomaly of the “claw;” only two fingers, (A_ = 1.22 %), oligodactyly, a lack of fingers, which does
not form a “claw” (A = 10.02 %; Fig. 4), abnormal skin folds as fold-like excessive proliferation of
the skin of extremities (A = 0.73 %), hemimelia, forelimb shortening (A = 0.24 %), ectromelia,
hindlimb shortening (A = 2.20 %; Fig. 6), rotated limb segments as various distorted parts of the
limbs at the joints (A = 2.44 %), polydactyly, appearance of additional fingers (A = 6.84 %; Fig. 7),
polyphalangia, doubled phalanges (A = 2.44 %), syndactyly, fused fingers (A = 2.20 %), clinodac-
tyly, curved digits (A = 4.40 %), phocomelia, absence of forelimbs (A_ =9.05%), amelia, lack of limbs
(A, =270 %).

Abnormalities of the head were detected as well, including “crocodile snout,” enlargement of the
upper jaw (A = 0.98 %; Fig. 8), eye malformations as blindness, pupil deformity and hypoplasia
(A,,=0.73 %; Fig. 4), as well as other forms of morphological distortions, such as anomalies of the
skin as its damage, appearance of atypical, differently coloured spots (A = 7.82 %), wounds and cuts
(A, = 1.71 %), wart-like structures (A_ = 0.24 %), ulcerative lesions near the resonator (A = 1.47 %),
atypical calluses (A = 0.73 %) and swelling of parts of the limbs (A = 0.24 %; Fig. 5).
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Table 2. The partial frequency of occurrence (A, %) of external morphological abnormalities in samples
with widespread manifestation of the detected anomalies

Tabnuys 2. TlapuianbHa YacToTa TPAmIAHHA (A , %) 30BHINIHIX MOpdonorivaux anomariit y Bubipkax,
Y AKMX Oy/10 3apeecTpOBaHO MacOBMII XapaKTep IPOsABY AaHOMaJIiil

*
sl 23| 0y =g g%
Anomaly (A, %) g E E 5 é E = & 'ME ':é’ s § § g

O O O |2m| M N M = = > N N N
Abnormal skin - o . o o l6 — - - o o
formation
Amelia — — — — — — — — — — 131 — —
Brachydactilia 50 75 727 625 91.6 853 555 75 417 334 — 25  66.7
Callus — — — — — 49 — — — — — — —
Damaging of reso-  _ _  _  _  _  _  _  _  _ 111 — _ o
nators
Ectrodactyly - - - - - - 28 - - = = 25 —
Ectromelia — — — — — 1.6 — — 83 — — — —
Eye malformations 167 — — — — — 55 — — - - — —
Jaw anomaly — — — — — — 28 — — — — — —
Clinodactyly - - - - — 66 139 25 - 111 - — —
hmbsegment o - - o o o -
Oligodactyly - - — 25 — — 28 — 84 — 26 50 —
Phocomelia — — — — — — — — — — 369 — 333
Polydactyly - - - - = = = = 25 = 274 — —
Polyphalangia - - — 125 84 — 28 — 83 - - — —
Syndactyly - - 273 - - - 28 - - - - - =
Skinmalforma- 57 55 83 — — 333 — — —
Wounds and cuts  16.6 — — — — — — — 83 111 — — —
* Note:

Cherkasy — P. ridibundus. Cherkasy region, Kaniv Nature Reserve farmstead, Dnipro riverbank, 2013.
Chernihiv — P. lessonae. Chernihiv region, Ozeriany village, No. A2868, Larionov L.

Chernivtsi — P. lessonae. Chernivtsi region, Storozhynets village, No. A660, 1978.

Ivano-Frankivsk — B. bombina. Ivano-Frankivsk region, Halych town, No. A507, 1978.

Kharkiv — P. esculentus. Kharkiv region, Gaidari village, No. A3378, 2005.

Kyiv-1 — P, fuscus. Kyiv region, Vyshcha Dubechnia village, 2014.

Kyiv-2 — B. bufo. Kyiv city, Didorivka lake, 2014.

Luhansk-1 — P. ridibundus. Luhansk region, Stanytsia Luhanska suburbs, Siverskyi Donets river, No. A1668, 1982.
Luhansk-2 — P, ridibundus. Luhansk region, Stanytsia Luhanska suburbs, Siverskyi Donets river, No. A1422, 1982.
Volyn — P. lessonae. Volyn region, swamp near Svitiaz lake, 2014.

Zakarpattia — P. esculentus. Zakarpattia region, Mynaj village (Kurtyak, 2005).

Zaporizhia — P, ridibundus. Zaporizhia region, Novi Petrivtsi village, No. A64, 1972.

Zhytomyr — P, ridibundus. Zhytomyr region, Vystupovychi village, No. A864.

The highest range of anomalies (S, = 9) was defined for B. bufo sample from the Holosiivskyi
district, Kyiv. S_ = 5 was found for P f%scus sample from Vyshcha Dubechnia village (Kyiv region),
P, ridibundus sample from the Siverskyi Donets river in the suburban area of Stanytsia Luhanska
(Luhansk region) and P. lessonae from Shatsk town (Volyn region). The vast majority of investigated
samples (48/85) had Sap value from 1 to 4.
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Fig. 1. The map of con-

tamination of the territory

of Ukraine with Cs-137
@ showing the distribution

of anomalies in different

regions. Only samples since

1986 are shown.

Puc. 1. Mana 3a6pynHeHHs

tepuropii Ykpainn 3 Cs-137
Ta MOIIMPEHHA aHOMaJliil B

pisHux perionax. Ilokasano
nvire Bubipkm 3 1986 p.

Fig. 2. The map of contami-
nation of the territory of

@ Ukraine with Sr-90 showing
the distribution of anoma-
lies in different regions.
Only samples since 1986 are
shown.

Puc. 2. Mamna 3a6pypHeHHs
TepuTopii Ykpainu Sr-90

Ta MOLIVPeHHs aHOMaJIill B
pisHux perionax. Ilokasano
nvire Bubipku 3 1986 p.

Conclusions

A large number of external morphological abnormalities, most of which were described in the
latest classifications in CIS (Vershinin, 2015) was found during the research. The discovery of a new
anomaly, namely the “crocodile snout” malformation of the upper jaw in the common toad had been
confirmed for 3 years in the same population (2013-2015). This anomaly was not described previ-
ously in the literature.

The total percentage of amphibians with morphological abnormalities tends to be higher in areas
with significant industrial anthropogenic pressure that might be associated not only with chemical
pollutants, but with limited spatial isolation of amphibian communities due to range fragmentation,
habitat reduction, delineation of their existence, and inbreeding depression (Vershinin, 1989). The
highest range of anomalies (S, = 9) was registered for B. bufo sample from the Holosiivskyi district,
Kyiv. A tendency of domination of anomalies of traumatic origin (injuries and their consequences)
was discovered, which possibly shows not only the direct influence of pollutants causing violation
of the ontogenesis hence leading mutations, but also their indirect effect, which leads to greater vul-
nerability to predators. Instances of locally frequent anomalies were also found in areas that do not
feature industrial impact.

Such studies are important and, despite the negative results in this study, in the future, might prove
the connection between a certain type of contamination and of morphological abnormalities or their
existence as a fact. This will play a significant role in monitoring the state of the environment, bioin-
dication, and species conservation in Ukraine.
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Fig. 3. The map of conta-
mination of the territory of
Ukraine with pesticides and
heavy metals showing the
distribution of anomalies in
different regions. Samples
before and after 1986 are
shown.

Puc. 3. Mara 3a6pynHeH-
HA TepUTOpil YKpainm
HeCTUIAMMA i BaXKKUMU
MeTajlaMI Ta TIOMINPEH-

Hs aHOMaJIili B pisHUX
perionax. [Tokasano Bubip-
KU SIK [0, TaK i micia 1986 p.

Fig. 4. Pupil deformity, B. bufo, male, Didorivka
lake, Kyiv.

Puc. 4. PostikanHs 3innui y camus B. bufo,

M. KuiB, 03. [ligopiska.

Fig. 5. Swelling of the hip, R. dalmatina, female,
Kamyanytsia, Uzhhorod district, Zakarpattia
region.

Puc. 5. Habpsik crerna y camuui R. dalmatina,
3akaprarcbka 0011., Y)XKTOpOChKIUII P-H,

c. Kam’ saumnis.

Fig. 6. Ectromelia and oligodactyly, B. variegata,
male, Mala Uholka, Tiachiv district, Zakarpattia
region,

Puc. 6. ExTpomernia Ta omirogakTuiia y camns

B. variegata, 3axapmarcpka o61., TaaiBcbkmit p-H,
c. Mana Yronbka.

Fig. 7. Symmetrical polydactyly, P. ridibundus,
female, Siverskyi Donets river, suburb of Stanytsia
Luhanska, Luhansk region.

Puc. 7. CuMmeTpnyHa NONMiAKTU/IiA Y CAMUIT
P, ridibundus, Jlyrancbka o611., p. CiBepcbkuit Jo-
He1b, okonuii cMt Crauuis JIyraHcpka.

Fig. 8. “Crocodile snout,” malformation of the
upper jaw, B. bufo, male, Kyiv, Didorivka lake.

Puc. 8. AHOMaTiA 1ieeny «KpOKOAUIAYe PUIO»
y camis B. bufo, Kuis, osepo lizopiBka.
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