https://knepublishing.com/index.php/Kne-Life/issue/view/90

The Second International Conference on Amphibian and
Reptiles Anomalies and Pathology
The Second International conference on "Amphibian and reptiles anomalies and pathology: Methodology,
evolutionary significance, monitoring and environmental health” was held on 6–10 September 2016 in
Ekaterinburg at the Ural Federal University. The conference brought together a number of experts in the
fields of zoology (herpetology), evolutionary morphology, taxonomy, ecology, molecular genetics, cytology
and conservation, scientific centers of 6 countries (Russia, Kazakhstan, Ukraine, Japan, Germany and France)
and 18 cities. Twenty-eight reports and nine posters were presented during the academic seminar and a
roundtable discussion.
Conference topics: The topics discussed in the conference were about coordination, unification, and
definition of research priorities in the field of fundamental and applied aspects of the innovative areas
related to the problems of evolutionary teratology, morphogenesis ecology, and environmental quality.
Conference date: 6–10 September 2016
Location: Ekaterinburg, Ural Federal University
Editors: V. L. Vershinin and S. D. Vershinina
Organizer: Ural Federal University
Sponsor: Russian Foundation of Basic Research, Project No. 16-04-20603, supported by Act 211, Government
of the Russian Federation, Agreement No. 02.A03.21.0006
Published: 3 May 2018
ISSN: 2413-0877

Table of Contents
The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 1–6

Morphological Variability of Larval Mouthparts of the Marsh Frog Pelophylax ridibundus
(Pallas, 1771) (Anura, Ranidae) in Natural Populations of Southeastern Kazakhstan
I I Arifulova, M A Chirikova

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 7–12

Anomalies of the Smooth Newt Lissotriton vulgaris (L., 1758) in the Gradient of
Urbanization
D L Berzin, V L Vershinin

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 13–16

To the Problem of Terminology Unification in Amphibian Anomaly Classifications
M N Danilova

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 17–28

Anomalies in Natural Populations of Amphibians: Methodology for Laboratory Studies
A Dubois, A Ohler

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 29–35

New Data on the Anomalies of Tailless Amphibians of the Volga Basin
A I Fayzulin, I V Chikhlyaev, A K Mineev, A E Kuzovenko, R A Mihaylov, F F Zaripova, A I Popov, O A Ermakov

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 36–41

The Life and Works of Jean Rostand
J-L Fischer

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 42–48

Ecological and Geographical Gis-Analysis of Anomalies in Amphibians of Ukraine
V M Tytar, O D Nekrasova, A Y Marushchak

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 49–54

Parameters of the Transmembrane Transport of Pelophylax ridibundus in the Conditions
of Thermal Reservoirs
A N Gurvich

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 55–64

A Global Database of Anomalies in Natural Populations, with an Illustration of Emerging
Patterns Focussing on Countries of the Former Soviet Union
K Henle

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 65–69

Comparative Analysis of Moor Frog Anomalies (Rana arvalis Nils., 1842) in Different
Areas of Surgut City
D V Ibragimova, N V Nakonechnyi

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 70–74

The Effect of Incubation Temperature on Deviations of Pholidosis and Malformations in
Grass Snake Natrix natrix (L. 1758) and Sand Lizard Lacerta agilis (L. 1758)
L A Idrisova

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 75–79

Deviations in Pholidosis of the Grass Snake Natrix natrix (L. 1758) from the Tatarstan
Republic
L A Idrisova

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 80–86

New Occurrences of Anomalous Specimens of Anuran Amphibians in Northwest Upper
Poochye
V A Korzikov, A I Faizulin, O A Ermakov, S K Alekseev, V V Aleksanov

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 87–91

Pholidosis Abnormalities and Injuries in the European Pond Turtle (Emys orbicularis) in
the Conditions of the Khopersky Nature Reserve
G A Lada, M P Boldyreva

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 92–96

Testicular Anomalies in the Hybridogenetic Frog Pelophylax esculentus (Amphibia:
Anura: Ranidae)
S N Litvinchuk

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 97–107

Anomalies in the Coloration of Japanese Amphibians and Their Applications in Genetic
Research
I Miura

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 108–116

Rare Color Variants in Lacertidae on the Example of Zootoca vivipara (Jacquin, 1787) in
Ukraine
O D Nekrasova

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 117–122

Researching Malformations in Frogs of the Pelophylax esculentus Complex (Amphibia:
Anura) in the Natural Populations of the Trakhtemyriv Peninsula (Ukraine)
O D Nekrasova, V V Kuibida

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 123–132

Anomalies in natural populations of amphibians: Methodology for field studies
A Ohler, A Dubois

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 133–139

Skeletal Anomalies of Juvenile Smooth Newts - Lissotriton vulgaris
E V Perekhrest, A G Trofimov, D L Berzin

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 140–144

Anomalies and Pathology in the Bones of the Late Cenozoic Ectothermic Tetrapods
V Y Ratnikov

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 145–149

Regularities in Phenotypic Variation as a Property of the Developmental System:
Evidence from the Evolution of Early Amphibians
M A Shishkin

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 150–155

Morphological Deformities in Anuran Amphibians from the Khoper River Valley in the
“Privolzhskaya Lesostep’” Nature Reserve and Adjacent Territories
A O Svinin, I V Bashinskiy, L

Neymark, E A Katsman, V V Osipov

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 156–160

About the Applicability of Bone and Cartilage Acid-free Staining for Anura
A G Trofimov, S D Vershinina

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 161–168

The theoretical Significance of Amphibian Anomalies from the Standpoint of the Module
Principle
V L Vershinin

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 169–174

Studying Cell-like and Humoral Factors of Immunity and the Definition of Immune
Status in Sheltopusik Lizards (Pseudopus apodus) with the Helminthiasis Caused By
Entomelas Sp. Nematodes
R V Zhelankin

The Second International Conference on Amphibian and Reptiles Anomalies and Pathology | pages 175–176

The Using of Electron Microscopy in the Diagnosis of Amphibian Pathologies
I V Zubarev, I A Sitnikov

Amphibian and Reptiles Anomalies and Pathology
The Second International conference
“Amphibian and reptiles anomalies and pathology: methodology, evolutionary
signiﬁcance, monitoring and environmental health”
Volume 2018

Conference Paper

Morphological Variability of
Larval Mouthparts of the Marsh Frog
Pelophylax ridibundus (Pallas, 1771) (Anura,
Ranidae) in Natural Populations of
Southeastern Kazakhstan
I.I. Arifulova1 and M.A. Chirikova2
1

Seismology Institute, Almaty, Kazakhstan
Zoology Institute, Almaty, Kazakhstan

2

Abstract
This report presents the results of the analysis of the morphological variability of
the larval mouthparts of the marsh frog Pelophylax ridibundus from various natural
populations in Southeastern Kazakhstan.
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Information on the morphological variability of amphibian larval mouthparts is scarce
[1–4, 6]. We believe that a study of the variations of larval mouthparts, especially in
natural populations, is highly useful. It is known that the condition of natural populations or habitats may be determined based on an analysis of the morphological
variability of species. A study of anomalies and the preparation of a catalogue about
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the larval mouthparts of the marsh frog Pelophylax ridibundus from natural populations
in Southeastern Kazakhstan.
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The habitats of tadpoles are listed in Figure 1: 1. low ﬂow of River Aksu (14.08.2014)
– 37 specimens; 2. medium ﬂow of River Aksu, near Matai station (20.05.2014) – 31
specimens; 3. unnamed river to the west of River Aksu (21.06.2014) – 31 specimens;
4. low ﬂow of River Tentek (3.07.2014) – 26 specimens; 5. Tentek River delta, upper
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Figure 1: Locations of the studied groups.

ﬂow of River Krasnaya Rechka (29.06.2014) – 41 specimens; 6. River Malaya Bizhe (End
of April 2013 and May 2014) – 60 specimens; 7. Akeshke water reservoir (30.04.2013)
– 41 specimens; 8. Lake Linkovoe (1-3.05.2013) – 32 specimens; 9. River Kaskelenka
(25.06.2013) – 31 specimens. Tadpoles with well-developed mouth parts (stages 3041) were selected for analysis.
Marsh frog tadpoles were ﬁxed in a 10% formalin solution. The description of the
tadpoles’ external morphology and staging were conducted using MBS-9 binocular
microscop. The stages tadpole development were determined according to the normal
development table for P. ridibundus (earlier Rana ridibunda) [7].
Anomalies (or deviations) in larval mouthparts were understood to be any deviations from the mouthparts described in the normal development table at the relevant
stage. The occurence of specimens frequency with morphological anomalies was calculated according to the formula Рas=Nas/N*100% [5]. Designation of tooth row is
presented according to McDiarmid, Altig (1999): A – anterior, P – posterior.

3. Results
P. ridibundus larval mouthparts are presented in Figure 2 (I-A, II-B) in line with the
development stage as it is denoted in the normal development table [7]. It is worth
noting that the normal development table of P. ridibundus shows the ﬁrst lower tooth
row P-1 as consisting of two sections of similar length located along one line. We have
DOI 10.18502/kls.v4i3.2095
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discovered that a lack of break in P-1 (Figure 2-II-A, II-B) is most characteristic for the
tadpoles in the target groups, as this pattern was discovered in most cases (51.6%96.9% cases). Bibik (2010) also noted both types of the labial teeth row formula (LTRF)
for marsh frog tadpoles in two target groups (96 species) from natural populations in
the Donetsk region (Ukraine). Taking this data into account, a break in tooth row P-1
and an unbroken P-1 are considered to be variants of the norm. Thereby, tadpoles in
stages 31-33 have an LTRF of 1/3(1) or 1/3, while tadpoles in stages 34-41 have an LTRF
of 2(2)/3(1) or 2(2)/3.

Figure 2: Normal larval mouthparts of P. ridibundus. А – stages 31-33; B – stages 34-41; I – tooth row Р-1
with break; II – tooth row Р-1 without break, unbroken.

The analysis of the studied materials demonstrates that the mouthpart structure of
P. ridibundus tadpoles does not always correspond to norm. As a rule, the variations
concern tooth rows; however, in some cases, deformation of other mouth parts was
observed, for example, the beak (Figure 3).

Figure 3: Variations of the mouthparts of marsh frog tadpoles from the studied groups.
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The occurrence of specimens with anomalies in the mouthpart structure varied in
various water ponds (Figure 3): 1. low ﬂow of River Aksu – 5.4%; 2. near Matai station –
25.8%; 3. unnamed river to the west of River Aksu– 19.4 %; 4. low ﬂow of River Tentek
– 3.8%; 5. upper ﬂow of River Krasnaya Rechka – 14.6%; 6. River Malaya Bizhe – 16.7%;
7. Akeshke water reservoir – 7.3%; 8. Lake Linkovoye – 12,5%; 9. River Kaskelenka–
22.6%.
However, Borkin et al. (2012) suggested a level of 5% anomaly occurrence for the
target group, which accounts for no less than 100 specimens. As the volume of our
materials is inadequate, to ensure easy evaluation of the differences between target
groups we propose to accept a level of variability as low as less than 10% of specimens,
an average of 10% to 20% and a high of over 20%. As such, a high level of variability
is observed in tadpoles near River Kaskelenka and Matai station in the medium ﬂow of
River Aksu. As the most signiﬁcant anthropogenic impact is observed in these regions,
we assume that this factor could have had an impact on the morphology of tadpoles
and tadpole mouth parts. However, this assumption requires additional study.
In the course of analysing larval LTRF of the marsh frog at various stages of development, we discovered four types of deviations from the LTRF as described in the
normal development tables for this species [7]: 1. Breaks (sometimes with partial
displacement) of tooth rows (39, 1% of total number of anomalies); 2. full or partial
reduction of tooth rows (26.1%); 3. joining of tooth rows (4.3%); 4. deviation and
deformation of tooth rows (2.2%).
Single or multiple breaks of tooth rows were discovered most often. The reduction
of tooth rows, joining and deformation were rare events. In our opinion, the least
signiﬁcant is the ﬁrst type of anomaly, as breaks of tooth rows may take place as
a result of mechanical injuries. The other three types certify breaches in the formation
of these structures. On several occasions (28.3%), the LTRF included a combination of
two or more deviations. When observing several anomalies of the LTRF in one species,
they were single-sided in 50% of the cases, symmetrical in 23% and unsystematic in
27%.

4. Conclusion
As such, the analysis of the LTRF of marsh frog tadpoles from natural populations
in Southeastern Kazakhstan demonstrated a high degree of variability. Four types of
deviations were singled out in the normal LTRF. It was observed that while one species
had LTRF several anomalies, most of them were one-sided. Differences were detected
DOI 10.18502/kls.v4i3.2095

Page 4

Amphibian and Reptiles Anomalies and Pathology

in the occurrence of species with anomalies between the target groups. It was proved
that variability in the ﬁrst lower tooth row P-1, expressed in the lack or presence of a
break in the central part, was typical for the normal LTRF of marsh frog tadpoles.
Based on the above, an external morphological indicator like the structure of tadpoles’ mouth parts may serve as a convenient indicator of the condition of marsh frog
populations. In similar future experiments, it would be better to use tadpoles with
well-developed mouth parts (up to stage 39 of their development).
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Abstract
The paper addresses the inﬂuence of environmental transformation and water
pollution on the number and frequency of abnormalities. Comparative analysis
shows that the range and frequency of morphological anomalies of juveniles was
signiﬁcantly poorer than adult. Also, difference in the anomalies spectra mentioned
in populations of the smooth newt in European and Asian parts of the area were
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Tailed amphibians are sensitive to chemical pollution (the speciﬁcs of the geochem-
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test; reﬂects the degree of contamination by carcinogens [5].
Information on the speciﬁc spectra and frequency of the morphological anomalies is
an essential signaling characteristic of local geochemical speciﬁcs and environmental
health [6]. The main objective of this study was a comparative analysis of the morphological abnormalities in juvenile and adult populations of L. vulgaris on the territory
of a large urban agglomeration (Yekaterinburg). One of the tasks of the research was
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to assess the impact of geochemistry on the persistence of deviant forms in postmetamorphic and adult L. vulgaris along with a gradient of urbanization, as well as to
evaluate the uniqueness of the spectrum of anomalies for smooth newt populations
living in the European and Asian part of the area. The research also sought to assess
the range and frequency of the occurrence of anomalies with the help of biodiversity
indices.

2. Methods
This work was completed between 2010 and 2015 in the city of Yekaterinburg and
its suburbs. 39 amphibian habitats in the city were studied, and the common newt
was found in 10 of them. The total number of animals under investigation was 1345
smooth newts, including 982 adults and 363 juveniles. The degree of the anthropogenic
transformation of habitats was assessed on the basis of landscape typiﬁcation [7]: this
was conﬁrmed annually by means of the hydrochemistry of spawning ponds (analyses
were performed in the Laboratory of Physical and Chemical Analyses of the Ural State
Mining University). The urban territory was subdivided into four zones depending on
the degree of land use: zone I - the central part of the city with multi-storey buildings, bodies of water with heavy pollution, small rivers (in this area there are no
amphibians); zone II - multi-storey buildings; zone III - low-storey buildings; zone IV –
forest-park zone. As a control (K), a population living 30 km from Yekaterinburg (near
Mramorskoye village of Sysert district) was used.
The amphibians were collected manually in aquatic and terrestrial habitats: juveniles
were caught shortly after metamorphosis. All the animals were researched for the
presence of morphological abnormalities. An analysis of the spectrum and frequency
of anomalies was performed using a classiﬁcation of external morphological abnormalities [7–9]. After analysis and measurement, all the adults were released in the same
places. Analyses of variance were conducted in the program Statistica for Windows
7.0. Biodiversity indices were calculated in the PAST program.

3. Results
The distribution of the smooth newt is related to the degree of water acidity. So,
common newts inhabit ponds with pH 6.0 – 9.0, while none were observed at pH <6.0,
although some specimens were occasionally encountered in pH 5.8 [1, 4]. When there
are values of pH <3.9, common newts disappear [11]. In city ponds in the multistory
DOI 10.18502/kls.v4i3.2096
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building area with a level of pH=7.9, the most diversity in and frequency of deviant
forms were observed.
High concentrations of pollutants in the ponds of the residential part of the city
(zones II - III) are an explanation for increases in abnormalities and the abnormal
regeneration frequency. The widest range of variants and a high percentage of morphological abnormalities were found in habitats with high water mineralization, which
represents the integral parameter of pollutant accumulation. In the city and suburbs,
the mineralization range of newt spawning ponds was 81-962 mg/dm3 , but for the
multistorey building area it was 324-666 mg/dm3 , with an average of 443.6 mg/dm3
(from 2010 to 2015).
In the urban area, the widest range and frequency of morphological anomalies were
noted. The range and frequency of morphological anomalies in juveniles was significantly poorer than in adult newts. However, the range and deviant form frequency
in residential areas increases. In adults, the range and frequency of morphological
anomalies compared with juveniles increases: urban areas also have the highest deviation rate in juveniles and the richest spectrum of anomalies. This pattern clearly reﬂects
in changes in the biodiversity indices (Figure 1).
Some of the specimens can simultaneously carry joint abnormalities, like syndactyly
and polydactyly, pigment deviation and tumors. Acting as a traumatic factor, the
bivalve mollusc Sphaerium sp. can accidentally injure the ﬁngers of adult newts during
feeding (the injury can lead to abnormal regeneration with the presence of pollution;
Figure 2).
The spectra of morphological abnormalities in the European and Asian parts of the
area are close to 42.8% - 9 abnormalities are common. In the European populations
observed, 11 abnormalities are present which are not found in populations of L. vulgaris
in Asia: depigmentation of the iris, skull deformation, albinism, melanism, polimely,
amely, skinfold ﬁnger, thickening of phalanges, brachydactyly, bifurcation of the tail
and neoteny. In turn, in Asian populations six abnormalities not mentioned in the
literature on Europe were found: ceratobranhyale, hernia, tumors, ectromely, taumely
and oligodactily.

4. Conclusion
The high rate of anomaly variants in adult smooth newts compared with juveniles
may be caused by abnormal regeneration and the accumulation of the results of this
DOI 10.18502/kls.v4i3.2096
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Figure 1: Assessment of the spectrum and frequency of anomalies by biodiversity indexes (II – multi-storey
building, III – low-storey building, IV – forest park, K – forest; a - juveniles, b – adults).

in the presence of environmental pollution. The distribution and frequency of external morphological abnormalities increase along a gradient of urbanization due to the
accumulation of developmental abnormalities and regeneration caused by pollution
DOI 10.18502/kls.v4i3.2096
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Figure 2: Smooth newt injured by Sphaerium sp.

and urban environment destabilization. A number of unique morphological abnormalities were discovered in the Asian habitats of L. vulgaris. The deviation spectra in the
European part is considerably higher than in the Asian part (11 unique variants versus
6, respectively).
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The creation of large databases collected by many researchers inevitably requires
a uniﬁed approach to the description and registration of the studied processes and
phenomena. The necessity of a uniﬁed method of naming abnormal structure and
morphology is not questioned. This was evidenced by some recent publications [2,
4, 5, 7].
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If skeletal anomalies often retain their connection with traditional medico-zoological
nomenclature (polymelia, olygodactylia, poyphalangia, microcephalia, etc. [1, 4, 5]),
external symptoms of defects often have English names (iris absent, bone bridge, skin
web, domed head, pigment lacking, curved jaw etc. [5]). This creates a nomenclatural
heterogeneity that, in our opinion, needs to be adjusted.
Our proposal is that the description of amphibian abnormalities fully return to basic
scientiﬁc nomenclature based on ancient languages. This could rely on a well-designed
and regularly audited medical terminology, as used in veterinaries [1]. Modern medical
research often provides an answer about the reasons for anomalies that could be useful in the case of amphibians [3, 6, 8]. To avoid linguistic errors, it would be advisable
to involve scientists who know ancient languages better than others to take over the
function of nomenclature correction. In the future, it will be possible to create a term
dictionary with synonyms in different languages.
Another suggestion is to use a description of defects as a formula with abbreviations
of terms commonly used in zoology and medicine. The structure of the formula consists
of the name of the anomaly according to nomenclature, the type of its symmetry and
localization on the body.
For identifying the location of the abnormality relative to the axis of the body, it is
possible to use the following abbreviations: D (dexter) for a location on the right and
S (sinister) for one on the left. A symmetric abnormality might be registered without a
sign or as DS.
In the description of the provisions of skeletal anomalies, abbreviated names of the
divisions of the spine or extremities parts can be applied:
Cr (cer) - ceruicisfor neck, Pc (pec) - pectoralis for chest, Sc (sac) - sacrails for croup
and Pl (pel) - pelvisfor pelvic, Hm -humerus,Fm - femur,Rd-ul - radius - ulna,Tb-fb tibia-fibula,An - antebrachium,Tr - tarso,Mn - manus,Pd - pedibus.
For ﬁngers and toes, abbreviations might be used - Dg (digitus) 1-5, for the number
of the phalanges - PhDg (phalanx digitorum) 1-5 (or Greek synonyms). To indicate the
quantitative changes of properties, it is possible to use numbers.
Here are potential examples of the formal description of abnormalities:
polymelia 2 D Tb-fb - double lower leg of right hindlimb,
hemymelia S Fm - incomplete hip of the left hindlimb,
polyphalangia 2 S Pd Dg 3 PhDg 2 - double second phalanx of the third toe of the
left hindlimb, aniridia D - iris is absent in the right eye.
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We believe that for more accurate registration of anomalies in shared databases, it
would be better to specify in detail the elements of the structures listed in the table.
Sections of the table with morphological and skeletal disorders should be organized
on the basis of division of the body (skeleton) sequentially, from head to tail, with
as many details as possible. Internal abnormalities ought to characterize every organ
system with all parts of the structure from beginning to end.
Problems with the translation of English terms for traditional medico-zoological
nomenclature can be avoided by using a combination of terms. This will facilitate
the recording of data for researchers who are not very ﬂuent in ancient languages,
allowing them to master an alternative terminology gradually.

3. Conclusion
In this work, we offer some modiﬁcations in terminology such as using medicozoological nomenclature for all kinds of abnormalities. Describing malformations as a
formula containing disorder name, its symmetry and the location on the body seems
to be more useful because it is shorter than the full name. A table containing as much
detail as possible allows us to register anomalies in shared databases completely
accurately. English terminology could be used in databases as alternative terms to
make recording easier. We believe that our propositions could be applied and will not
be rejected by the scientiﬁc community.
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The distinction between germinal and somatic cells is crucial for understanding the
causes of anomalies. Germinal cells are the ova and spermatozoa, and their precursor
stages (oogonia, oocytes, ootids; spermatogonia, spermatocytes, spermatids): their
DNA is transmitted to offspring. In contrast, the DNA of somatic cells (all other cells)
is not transmitted. During the development of an organism, somatic cells may exert
an epigenetic inﬂuence on the functioning of germinal cells and their DNA, but this
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information is not passed to offspring. Therefore, although it is possible to categorise
anomalies under many detailed headings, the most important difference is by far
between genotypic anomalies (transmitted to offspring) and phenotypic anomalies
(not transmitted to offspring).
Genotypic anomalies are determined by (genetic or chromosomal) mutations, which
in their turn may have various causes (physico-chemical factors, ‘spontaneous’ mutations). Anomalies observed in some cases in hybrids also have genetic causes, being
often due to perturbation of genetic regulation in composite organisms, but they are
rarely transmitted to the offspring simply because hybrids are often sterile.
Phenotypic anomalies may have a much wider range of causes. These include accidents during development (traumatisms), physico-chemical aggressions (e.g. by pesticides or radiations), biological aggressions (e.g., by predation, parasitism, diseases,
hormones, viruses) and, much more rarely, composite organisms like chimeras (resulting from partial fusion of eggs).
Of particular relevance to the study of the impact of human activities on the environment are all the anomalies caused by DNA damage due to major physico-chemical
aggressions (mostly by radiation and chemicals). Two main categories of mutations
must be distinguished here. Genic or chromosomal mutations induced in the DNA of
somatic cells, which will not be transmitted to offspring, may be termed ‘somatomutagenetic effects’, whereas the term ‘germinomutagenetic effects’ may be used
to designate genic or chromosomal mutations induced in DNA of germinal cells and
liable to be transmitted to offspring. Somatomutagenetic effects include pathogenetic
and carcinogenetic effects (physiological dysfunctioning, diseases, death) and teratogenetic effects (perturbation of growth and ontogenesis resulting in phenotypic
anomalies). Germinomutagenetic effects include lethal mutations, sterility, aneuploidy
and various phenotypic anomalies

3. The sources of variation in natural populations
Every natural population shows a range of variation in most morphological, anatomical and other characters. This variability has a double origin, genetic and epigenetic.
For ‘quantitative’ characters showing a continuous variability, the distribution of this
variation usually follows a normal distribution, with most specimens being close to a
modal value for many characters. For ‘qualitative’ characters showing a discontinuous
variability, with discrete character states, one often observes a polymorphism, i.e., the
DOI 10.18502/kls.v4i3.2098
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presence within the population of different phenotypes in various proportions. Regarding so-called ‘anomalies’, the question is then: when should we speak of polymorphism
and when should we speak of a rare mutation, possibly caused by an exceptional
cause?
There is no clear-cut and ‘scientiﬁc’ reply to this question, as this is often just a matter of a priori convention. The most frequent convention states that an allele present
at a frequency below 1% in a population is not considered as belonging to the natural
polymorphism of this population but as an exceptional anomaly or mutation, as such
a rate would correspond to spontaneous mutations likely to occur in each generation.
But concretely, in studies of natural populations, the samples studied are often too
low (below 100 specimens) to allow us to observe such rates, so in many cases the
convention has moved up to 5%.

4. Main categories of anomalies
Although anomalies can potentially affect all aspects of the phenotype of organisms,
as most of the surveys of anomalies in natural populations are carried out through
study of specimens in the ﬁeld, the great bulk of observations concern phenotypic
anomalies that can be detected by macroscopic external inspection of specimens.
In such conditions, the most frequently detected anomalies belong to the following
categories:

4.1. Developmental anomalies
They include neoteny, paedogenesis, dwarﬁsm, gigantism, etc. They result from phenomena of heterochrony (dissociation of development of different parts of the phenotype) or more generally of aneuchrony (acceleration of retardation, total or partial,
of development).

4.2. Pigmentary anomalies
They include albinism, melanism, ﬂavism, etc. They result from the absence of pigmentary cells or of the pigments themselves in these cells (e.g., melanin in albinism).
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4.3. Limb and digit anomalies
They include polydactyly, ectrodactyly, syndactyly, polymely, etc. They result from
perturbations in the development and growth or in the regeneration of the limb.

5. Anomalies as warning signals of
environmental aggression or disruption
For a long time the study of anomalies in natural populations of amphibians has elicited
little interest from institutional biologists, who considered it as ‘anecdotal’, especially
as observations of anomalies were often isolated and as the causes of the anomalies
often proved difﬁcult to establish. Developmental biologists showed more interest in
the production of anomalies in the laboratory (experimental teratology), which could
shed light on the processes of development, differentiation and growth. But the growing interest in recent decades in the impact of human activity on ecosystems and their
organisms has drawn attention to the study of anomalies in amphibian populations
as potential warning signals of pollution or other kinds of environmental aggressions
or disruptions (by radiation, chemicals, biological molecules, etc.). As a matter of fact,
with their complex life cycle in different habitats, their direct contact with water, soil
and air at all stages of their development and their large populations directly accessible
to study, amphibians constitute an excellent group for the study of these questions.

6. The search for the causes of anomalies
Six main approaches may be used to try and clarify the causes of the anomalies: (1)
phenotypic study; (2) breeding experiments (crossings); (3) gynogenesis; (4) regeneration experiments; (5) study of development and growth; and (6) survey of potential
external factors.

6.1. Phenotypic study
The careful study of abnormal phenotypes and their comparison with normal phenotypes may be rich in information. For example, an abnormal phenotype may be
‘harmonious’ or not: an ‘harmonious’ phenotype points to it being the result of a
spontaneous development, not of accidents, injuries, etc. The same is true of the
DOI 10.18502/kls.v4i3.2098
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bilaterality and symmetry of the anomaly (for paired structures), and for gradients
of severity (e.g., postero-anterior).
Information can also be derived from the association of anomalies in individuals or
in populations. Some syndromes having identical or similar causes, like the anomaly
P of Pelophylax frogs or some limb anomalies caused by mutations (see ﬁg. 1), show
a variability of severity in their expression and/or gradients of severity. They may be
identiﬁed through the presence of diagnostic combinations of different anomalies having peculiar morphological characteristics. But not all associations of anomalies constitute syndromes. The presence of several distinct anomalies having clearly distinct
causes (e.g., concerning the limbs and the coloration), in some individuals or in some
populations of the same or different species, should particularly raise attention, as they
may indicate the presence in the environment of strong mutagenetic or teratogenetic
factors such as chemicals or ionising radiations.

Figure 1: Some characteristic phenotypes of amphibian feet: (A) normal foot of Bufo bufo; (B) 6-toes
polydactyly (6 toes) of genetic determinism in Bufo bufo (supernumerary toes shorter than ﬁrst toe);
(C) normal foot of Pelophylax sp.; (D) 7-toes polydactyly due to anomaly P in Pelophylax sp.; (E) 8-toes
polydactyly due to anomaly P in Pelophylax sp. (internal supernumerary toes longer than ﬁrst toe).
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However, great caution is necessary in phenotypic study to avoid misleading
assumptions.
First, one should beware of phenocopies. Developmental pathways of organisms
are quite constrained and cannot take any direction, so very similar phenotypes can
result from very different causes. For example, polydactyly (additional digits) may
result from dominant or recessive alleles or from non-genetic causes (e.g., anomaly
P, hyperregeneration). Albinism, the absence of pigment, may result from mutations
affecting the chain of pigment synthesis at different stages, from the absence of
pigmentary cells or from hormonal causes (leading to pigment contraction around cell
nuclei).
Statistics should also be treated with caution, as probabilities are not causes and
may be misleading. More generally, a correlation is not a cause. Two phenomena
that are correlated may be due to a third, unknown or unidentiﬁed one. Phenotypic
studies often suggest possible causes for anomalies, but then the latter should be
demonstrated.

6.2. Breeding experiments
Crossings involving abnormal specimens may be very informative. Several kinds of
crossings may be carried out.
(1) A crossing between an abnormal specimen S𝐴𝑎 from population A and a normal
specimen S𝐵𝑛 from remote population B may suggest the existence in S of a
dominant allele responsible for the anomaly observed (50% of the offspring
will then exhibit the anomaly), but the absence of abnormal specimens in the
offspring is inconclusive.
(2) A crossing between an abnormal specimen S𝐴𝑎 and a normal specimen S𝐴𝑛 from
the same population A may suggest the existence in S𝐴𝑎 of either a dominant
mutant allele or a recessive allele also present but ‘hidden’ in S𝐴𝑛 (50% of abnormal offspring in both cases), but the absence of abnormal specimens in the offspring is inconclusive.
(3) A crossing between two specimens S𝐴1 and S𝐴2 from population A showing similar
anomalies may be informative in case of dominant mutation (75% of the offspring
affected, or 67% if homozygosity for this allele is lethal) or of recessive mutation
(100% affected), whereas the absence of abnormal specimens in the offspring
suggests a non-genetic cause.
DOI 10.18502/kls.v4i3.2098
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(4) In all the previous cases, deﬁnitive conclusions will require backcrosses between
themselves or with their parents of the F1 specimens obtained from the initial
crosses.
Breeding experiments can often be done easily with specimens just collected during
the breeding season: it is often sufﬁcient to place a pair in water in captivity to recover
fertilised eggs the next morning. But this unsophisticated method has a drawback: it
does not allow us to make control crosses.
As a matter of fact, for clear results which avoid misinterpretations, it is highly
advisable to care for making control crosses. For this, recourse to artiﬁcial fertilisation
is useful, as it allows us to fertilise the ova of several females by a single male and vice
versa. A female can be induced to ovulate by hormonal injections, and spermatozoa
from a male can be recovered by crushing its testicles in distilled water or in physiological saline solution. If possible, it is better to use control specimens from different
populations: controls from the same population as the abnormal specimen always
carry the risk of using a seemingly ‘normal’ specimen heterozygous for a recessive
allele responsible for the anomaly whenever in a homozygous condition.
Other precautions should be taken in the interpretation of the results of crosses.
Here also, the possibility of phenocopies should be considered. For example, when two
albino specimens are crossed, it is not unusual to recover 100% normally pigmented
specimens in the offspring. This may be due to albinism in the two parents being
caused by non-homologous mutations affecting pigmentation, for example for cutting
the chain of synthesis of the pigment at different stages. In such cases, the absence
of albinotic specimens in the F1 should not be interpreted as meaning that albinism
in the parents was not due to genetic causes. In such cases, F1 specimens should
be crossed among themselves or backcrossed with the parents, which allows us to
recover albino specimens homozygous for one or both recessive alleles. Interpretation
of crosses should beware of variability and incomplete genic expression (variability in
penetrance), often linked to epigenetic inﬂuences (see ﬁg. 2).

6.3. Experimental parthenogenesis and gynogenesis
Natural parthenogenesis exists in nature in various zoological groups. Experimental
parthenogenesis has been obtained by biologists through various techniques since
the end of the 19𝑡ℎ century. Most of these techniques (e.g., pricking frog eggs with a
needle) are quite hard to implement and have a very low rate of success. But a very
efﬁcient technique is that of experimental gynogenesis. It can be realised by different
DOI 10.18502/kls.v4i3.2098
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Figure 2: Variability of the No syndrome of ectrodactyly and hypophalangy in Rana temporaria.

methods. One of them consists in irradiating some sperm (in order to destroy the nuclei
of the spermatozoa) and putting it in contact with haploid ova. In such conditions,
the spermatozoa may stimulate the development of ova without introducing genetic
material into them. The development of such haploid ova usually does not go very
far. But their chromosomal complement can be doubled just after their stimulation, for
example by heat shock or hydrostatic pressure. Such diploid ova are then homozygous
for all their alleles (except for mutations occurring after their diploidisation) and they
DOI 10.18502/kls.v4i3.2098

Page 24

Amphibian and Reptiles Anomalies and Pathology

can then undergo a complete development (except when they carry recessive alleles
that are lethal in a homozygous condition).
This technique of experimental gynogenesis is very efﬁcient for the exploration of
the gene pools of individuals or even populations. Table 1 compares the respective
efﬁciency of inter-individual crosses and gynogenesis to establish whether an anomaly
is determined by a dominant or recessive allele of a non-genetic factor. Whereas two
generations are necessary to establish this by crosses, gynogenesis allows us to do
it in one generation. Of course, these approaches are not sufﬁcient to understand the
causes of all anomalies: those which have a polygenic determinism, are linked to sex or
are determined by mitochondrial genes (or by a combination of genetic and epigenetic
factors) require more study, but at least these approaches allow to clarify the simple,
monofactorial cases.
Table 1: Comparison of the efﬁciency of inter-individual crosses and experimental gynogenesis to
distinguish three simple determinisms of anomalies (dominant allele, recessive allele, non-genetic).
Crossing
Genetic:
dominant allele
Genetic:
recessive allele

Gynogenesis

F1: A × N

F2: A × A

A

50% A

75% A

50% A

50% N

25% N

50% N

100% N

25% A

100% A

75% N
Non-genetic

100% N

100% N

100% N

(N: normal phenotype; A: abnormal phenotype.)

So far, the gynogenetic approach had been used in studies of amphibian anomalies
only to elucidate the determinism of anomalies observed in amphibian females. But
this approach could also be used much more widely in order to evaluate the ‘mutation
loads’ of amphibian populations, through applying it to hundreds of eggs from many
different individuals. This could allow us to compare this load between populations
living in different environments and to formulate hypotheses regarding the respective
‘mutagenicity’ of these populations or of their environment.

6.4. Regeneration experiments
In all larval anuran and urodelan amphibians, as well as in adult urodelans and a few
adult anurans, the amputation of a limb, of digits, of tail or of a few other parts of
body (e.g. eyes) is normally followed by the regeneration of this structure (ﬁg. 3).
The artiﬁcial amputation of an abnormal organ (e.g., a polydactylous limb) may bring
DOI 10.18502/kls.v4i3.2098
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useful information on the cause of the anomaly (ﬁg. 4): if the regenerated structure
still shows the anomaly, this indicates that the factor responsible for it is still active
in the individual (which is compatible with a genetic cause) but if the anomaly is not
present in the regenerated organ, this suggests that this factor has disappeared and
therefore that was not of a genetic but epigenetic nature.
For such experiments, attention should be given to the developmental stage at
which the amputation is effected (in most anurans there is no regeneration after
metamorphosis), and hyperregeneration must be considered as a possible cause for
anomalies (especially when these are not ‘harmonious’ in aspect). Anyway, in such
experiments like crosses, it is always important to care about having controls

Figure 3: Schematic representation of regeneration following amputation of hand in an amphibian.

6.5. Study of development and growth
Some anomalies may change during development and growth. They may have a
delayed appearance or, on the contrary, disappear after some time, or they may
go through different subsequent stages. The latter case is particularly frequent with
anomalies of coloration: in some cases, the skin may be transparent in early stages
and become pigmented after some time (weeks, months or years), or the distribution
of zones of abnormal coloration on body may change. This may occur both with
genetic anomalies (such as black eyes and associated pigmentary anomalies) and in
non-genetic ones (caused by hormonal disruptions, parasites, viruses, etc.). For this
reason, abnormal specimens found in the ﬁeld or obtained from eggs in the laboratory
should preferably be kept alive in captivity for years. Beside the fact that this will
allow us to use them in crossing or gynogenesis experiments, this is by itself much
more informative than just photographing them once and releasing them, or killing
and ﬁxing them for morpho-anatomical study.
DOI 10.18502/kls.v4i3.2098

Page 26

Amphibian and Reptiles Anomalies and Pathology

Figure 4: Schematic representation of ablation of the right hind limb bud in a normal tadpole of Pelophylax
(A, C) and in one affected by anomaly P (B, D). Note that in D the right hind limb regenerated as normal
whereas the left one showed polydactyly.

6.6. Survey of potential external factors
As discussed in the companion paper by Ohler & Dubois in this volume, it may be
useful to carry out a survey of potential external factors in the environment that might
act as causes for phenotypic anomalies (e.g., chemicals, fertilisers, hormones, viruses,
diseases, parasites, predators).
Care should however be exerted to avoid the major pitfalls of such approaches. The
most important (and often overlooked) one is that a correlation is not a cause. The
presence of a potentially mutagenic, teratogenic or pathogenic factor in a habitat is
not sufﬁcient evidence by itself that it is responsible for an anomaly observed in the
population. A causal relationship between the two observed facts must be demonstrated.

7. Laboratory equipment and facilities
Some laboratory equipment and facilities are indispensable for carrying out efﬁciently
serious scientiﬁc studies on anomalies in amphibian populations. They include breeding facilities for amphibians (from egg to adult) in which the main environmental
DOI 10.18502/kls.v4i3.2098
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conditions (e.g., temperature and light) are controlled, breeding facilities for prey and
devoted technical staff.
Equipment is needed for spontaneous crosses, artiﬁcial fertilisation and gynogenesis
(e.g., for the irradiation of sperm and for heatshock and hydrostatic pressure): this
includes a cytogenetic facility (to check ploidy) and good quality optical equipment. In
order to have these facilities and equipment at hand whenever abnormal specimens
are collected in the ﬁeld or obtained in captivity, a laboratory should be conceived,
prepared and equipped. Serious study in this poorly known and complex ﬁeld cannot
be improvised suddenly when ‘strange’ specimens are found, or the conclusions drawn
from their study may be fragile or misleading.
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Abstract
This paper presents new ﬁndings on abnormal specimens of amphibians in the Volga
basin. Some anomalies have been noted for the ﬁrst time: macrophthalmia, eardrum
anomalies in marsh frogs (P. ridibundus), the absence of a tympanic membrane in
green toads and ectromelia in spadefoot Pallas samples (P. vespertinus).
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on abnormal individual anurans from the Volga basin.

2. Methods
An analysis of amphibians with ﬁxed anomalies was conducted among samples collected from 2011 to 2016. Collections were conducted in 82 localities in the Volga basin.
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The total sample size was 1,938 individuals from 9 species of tailless amphibians: the
European ﬁre-bellied toad Bombina bombina (Linnaeus, 1761), the spadefoot Pallas
Pelobates vespertinus (Pallas, 1771), the common toad Bufo bufo (Linnaeus, 1758), the
green toad Bufotes viridis (Laurenti, 1768), the common frog Rana temporaria (Linnaeus,
1758), the moor frog Rana arvalis (Nilsson, 1842) the pool frog Pelophylax lessonae
(Camerano, 1882), the marsh frog Pelophylax ridibundus (Pallas, 1771) and the edible
frog Pelophylax esculentus (Linnaeus, 1758). Morphological identiﬁcation of amphibian
species was conducted. For hybrid and cryptic forms, molecular genetic typing was
conducted, allowing us to determine the haplotypes, MT and nuclear DNA belonging
to the “eastern” or “western” frog types. [12] We used two molecular genetic markers:
mitochondrial DNA (mtDNA), inherited through the maternal line - a fragment of the
ﬁrst subunit gene cytochrome oxidase the COI, for nuclear DNA (nDNA), Mendelian
inheritance the mode of inheritance - intron 1 of the gene serum albumin SA1 [13]. To
classify anomalies, we used the work of V.L. Vershinin and colleagues [14, 15]. We took
into account the structure of the aberrations in the stage after metamorphosis.

3. Results
In 19 localities, we discovered 10 types of morphological abnormalities in the 9 species
of amphibians living in the Volga basin (Table 1). As a result, the study noted that the
predominant abnormalities in the structure of the limbs were brachydactyly (Fig. 1,
locality number 1), polydactyly (Fig. 2, locality number 2) and ectrodactyly. We can say
that mass anomalies in the Volga basin are rare [1–12], being noted in only two species
of amphibians: the common toad [1, 5] and the marsh frog [6, 8].

Figure 1: Brachydactyly B.bufo.
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Figure 2: Asymmetric polydactyly B.bufo.

Figure 3: Abnormalities of pigmentation in eye and body color P.vespertinus.

Rare anomalies, such as ectromelia (Fig 3, locality № 13), pigmentation disorders and
eye color (Fig 4, locality № 14), were ﬁrst observed in the spadefoot Pallas. Previously,
this type of ectromelia, in which a part of the forelimb/forearm is hidden under the skin,
was observed in the European ﬁre-bellied toad [8], the Litoria aurea Lesson, 1827 and
the Bombina variegata (Linnaeus, 1758) [16].
Macrophthalmia (Fig. 5, locality number 10) was recorded in the “Western” forms
of the marsh frog and was identiﬁed by nuclear and mitochondrial DNA (mtR-nRR
type) markers. Symmetrical polydactyly was observed in “Western” hybrids in the
mitochondrial and nuclear DNA (mtB-nRB type). The population in locality № 19 was
the only “Eastern” form of the marsh frog discovered to have duplicate ﬁngers. There
DOI 10.18502/kls.v4i3.2099
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Figure 4: Ectromelia P.vespertinus.

Figure 5: Macrophthalmia P. ridibundus.

was a deviation in the structure of the eardrum - green toads lacked it, while it took
an irregular shape (triangle) in the marsh frog. We noted the incomplete development
of the ear in the swimming marsh frog (Table 1).
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Table 1: External anomalies in tailless amphibians by the study area.
Locality

year

N

E

species

n

Anomalies

Mordovia Republic:
1

Settlement Lesnoy

2008 54.462 42.711

B. bufo

17

1 – brachydactyly (Sh)

2

Saransk city

2006 54.214 45.249

R. temporaria

13

1 – ectrodactyly (ARh)

3

Mordovia reserve,
Pavlovsky cordon

2011 54.748 43.402

R. temporaria

22

1 – polydactyly (ALh)

16

1 – polydactyly (ARh)

Chuvash Republic:
4

B. bufo

National Park
2009 55.012 47.189
”Chavash Varmene”
Samara Region:

5

Settlement Birinsk

2011 53.573 48.655

P. ridibundus

15

1 – syndactyly (ALh)

6

v. Klimovka

2010 53.487 49.018

P. ridibundus

16

1 – polydactyly (ARh)

7

v. Verchnii Suskan

2011 53.818 49.311

P. esculentus

17

1 – polydactyly (ALh)

8

Togliatti city, lake
“Lesnoe”

2014 53.500 49.439

P. ridibundus

15

1 – the triangular
shape of the eardrum
(AL)

9

Togliatti city,
Settlement.
Fedorovka

2014 53.466 49.665

P. ridibundus

15

1 – ectrodactyly (ALh)

1 – polydactyly (Sh)
10

Samara city, Lake
Shishiga

2012 53.269 50.229

P. ridibundus

23

1 – macrophthalmia
(AL)

11

Samara city, pond
Botanical Garden

2012 53.215 50.179

P. ridibundus

19

1 – polydactyly (Sh)

12

Samara city, a park

2016 53.194 50.201

B. viridis

19

1 - hypoplasia of the
eardrum (AL)
1 – syndactyly (ARh)

13

near Settlement
Kryazh

2012 53.151 50.177

P. vespertinus

37

14

v. Kinel -Cherkassy

2015 53.467 51.503

P. vespertinus

20

1 – ectromelia (ARa)

15

v. Ekaterinovka

2012 52.668 48.430

B. bombina

15

1 – polydactyly (ALh)

16

Settlement Gornyi

1999, 52.997 51.061
2011

P. lessonae

10

1 – polydactyly (ARh)

R. arvalis

15

1 – polydactyly (ALh)

P. ridibundus

23

1 – hypoplasia
swimming
membranes (ARh)

2 – depigmentation
eye (S), coloring
anomalies

Orenburg region:
17

Settlement
Koltubansky

2010 52.918 51.932

Republic Bashkortostan:
18

Ufa city, Zaton Park

2009 54.788 55.876

P. ridibundus

32

1- ectrodactyly (АRh)

19

Ufa city, p. Lokotki

2009 54.542 55.931

P. ridibundus

26

1 - duplication of
ﬁngers (АRh)

Note: “S” - symmetrical expression, “A” - asymmetrical, “R” - on the right side, “L” - on the left side, “a”
- forelimbs; “H” - hindquarters.
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4. Conclusion
Based on the data presented, the deviations in internal and external structures are
present in areas with low levels of anthropogenic transformation (nature reserves and
national parks) and areas with high anthropogenic inﬂuence, including urban areas.
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Abstract
Jean Rostand est né à Paris le 30 octobre 1894, il meurt à Ville d’Avray (banlieue de
Paris) le 4 septembre 1977. Deux personnages vont jouer un rôle important dans la
formation de l’esprit du jeune Jean Rostand: son père pour la passion de l’écriture et
des Lettres, Jean-Henri Fabre (1823-1915), l’entomologiste spécialiste de l’éthologie
des insectes, et Eugène Bataillon (1864-1953). Rostand utilise la technique de la
gynogenèse pour connaître chez le crapaud le déterminisme chromosomique du sexe
et rechercher les anomalies génétiques récessives. La pratique de la gynogenèse
lui permet de mettre en évidence des anomalies d’origine génétique comme
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monstres» [1]. Rostand pensait que l’anomalie P tenait ses origines dans un virus.
Mais, aujourd’hui, on ne connaît toujours pas cet agent possédant un tel degré
d’activité tératogène. Rostand ce n’est pas seulement le naturaliste, le chercheur
scientiﬁque, c’est aussi un biologiste engagé qui a milité pour de nombreuses causes.
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1. Introduction

Conference Committee.

Nous devons à Jean Rostand la fondation d’une génétique des batraciens instaurée sur
l’expérimentation (la gynogenèse) et la recherche sur le terrain. Il découvre, dans la
nature, une anomalie produite par un agent tératogène particulièrement puissant dont
on ignore encore aujourd’hui l’origine; il nomme cette anomalie: l’anomalie P. Rostand
fut un chercheur indépendant et un biologiste engagé.
How to cite this article: J.-L. Fischer, (2018), “The Life and Works of Jean Rostand” in The Second International conference “Amphibian and
reptiles anomalies and pathology: methodology, evolutionary significance, monitoring and environmental health”, KnE Life Sciences, pages 36–41.
DOI 10.18502/kls.v4i3.2100

Page 36

Amphibian and Reptiles Anomalies and Pathology

Figure 1: Jean Rostand (1893-1977)

Jean Rostand est né le 30 octobre 1894 à Paris, dans le 17𝑒 arrondissement, au
2 de la rue Fortuny. Son père est l’écrivain Edmond Rostand (1868-1918); sa mère,
Rosemonde Gérard (1871-1953) est poétesse. Il a un frère aîné, Maurice Rostand (18911968) homme de lettres bien connu à son époque. Après la première guerre mondiale
il s’installe avec sa femme à Ville d’Avray: il y meurt le 4 septembre 1977. La gloire des
Rostand tient essentiellement aux pièces de théâtre écrites par Edmond Rostand, dont
certaines connurent un succès considérable à l’exemple de Cyrano de Bergerac (1897)
qui fut traduite en russe en 1898 par Tatiana Lvovna Shchepkina-Kupernik (1874-1952).
Deux personnages vont jouer un rôle important dans la formation de l’esprit de Jean
Rostand: son père et Jean Henri Fabre (1823-1915). Son père pour la pratique des lettres
et J.H. Fabre pour le métier de naturaliste.
Jean Rostand laissera une œuvre écrite importante, livres de pensées moralistes
dans ses critiques de la bourgeoisie de son époque ou concernant la science, publications scientiﬁques de ses résultats de recherches fondamentales [6] et celles dans
un but de vulgarisation de la biologie, enﬁn écrits de citoyen engagé [7]… et c’est
l’Académie Française qui reçoit Jean Rostand parmi ses membres en 1959. Quant à
J.H. Fabre il le découvre à l’âge de 9 ans et il comprendra, en le lisant, que l’on peut,
d’une passion, celle de naturaliste, en faire un métier. Aussi pourra-t-il écrire: «Les deux
œuvres qui ont le plus compté pour moi, ce sont les Souvenirs entomologiques de Fabre
et Chantecler d’Edmond Rostand: «une œuvre de naturaliste qui était tout imprégnée
de poésie, une œuvre de poète qui était tout imprégnée d’histoire naturelle». (7 février
1956). Si Jean Rostand doit à son père la passion de l’écriture, J.H. Fabre lui enseigne
le métier de naturaliste, de chercheur observateur et expérimentateur; il lui aaussi
DOI 10.18502/kls.v4i3.2100
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inculqué le goût de l’indépendance: devenir un chercheur ‘solitaire’, libre de toutes
les contraintes administratives et universitaires. L’univers dans lequel Jean Rostand va
évoluer sera comparable à celui de Fabre: la maison de vie est aussi maison laboratoire
et bibliothèque, elle s’ouvre sur la jardin qui est un lieu de conservation, d’observation
du matériel scientiﬁque (les insectes, les Amphibiens) et alentours se situe la nature,
c’est-à-dire le terrain qui offre au chercheur ses sujets d’études et d’expérimentation, la
garrigue pour Fabre et les étangs pour Rostand. Le naturaliste ou le biologiste expérimentateur retourne à la maison avec son matériel prélevé dans la nature, matériel
nécessaire pour ses recherches scientiﬁques. La maison c’est aussi le lieu d’écriture, et
J. Rostand comnie Fabre, a laissé une œuvre littéraire et scientiﬁque importantes.
Nous ne pouvons vraiment comprendre l’œuvre de Jean Rostand sans évoquer un
troisième personnage qui va l’inﬂuencer dans le choix d’un thème de recherche: la
parthénogenèse. Ce personnage c’est Eugène Bataillon (1864-1953). E. Bataillon c’est,
pour la première fois dans l’histoire de la biologie, la réussite de la parthénogenèse
expérimentale chez un vertébré (1910-1911). Cette réussite le conduit à formuler une
théorie de la fécondation devant se dérouler en deux temps: l’activation et la régulation. Sa méthode, la parthénogenèse traumatique correspondait pour lui à un plagiat
de la fécondation. Avec un ﬁn stylet de verre il pique des œufs vierges de grenouille
rousse. La piqure introduit «un» globule rouge (nucléé chez les amphibiens). La piqure
correspond à l’activation, comme doit le faire le spermatozoïde, et l’introduction d’un
élément nucléé permet une régulation par l’orientation correcte de la première division
en deux blastomères équivalents, comme devait l’initier le noyau spermatique.
C’est en 1947 que Jean Rostand réalise des expériences en employant la méthode
de la gynogenèse pour connaître la détermination du sexe chez le crapaud. Des ovules
de crapaude sont imprégnés de sperme irradié (UV, 30/40 mn) de grenouille rousse,
méthode développée par Oscar Hertwig et Günther Hertwig en 1913 (bibliographie in
E. Bataillon, 1955 [8]); puis placés dans l’eau à 1∘ pendant 3 à 4h. L’irradiation détruit
le patrimoine génétique des spermatozoïdes mais pas leur vitalité nécessaire pour
activité l’ovule, et le choc thermique permet à l’œuf (N) de doubler sont stock chromosomique par récupération d’un globule polaire (2N). Si les résultats expérimentaux
obtenus par J. Rostand montrèrent une homogamétie mâle, résultats opposés à ceux
de Kitty Ponse d’une homogamétie femelle, cette expérience lui révèle la présence de 3
crapauds polydactyles (orteil 1 doublé), alors que la crapaude était normale. La pratique
de la gynogenèse permettait de révéler les anomalies récessives. Tchou Su (19001962), un étudiant d’Eugène Bataillon La Montpellier, avait obtenu un résultat similaire en 1931 (ectrodactylie) dans une expérience de faux hybridisme (ovule de Bufo
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vulgaris, maintenant Bufo spinosus imprégné de sperme d’Hyla arborea, certainement
Hyla meridionalis). J. Rostand voit la possibilité d’élaborer, de fonder une génétique des
Amphibiens. Utiliser la gynogenèse pour déceler les anomalies récessives et pratiquer
le terrain dans le but de découvrir dans la nature des anomalies dans des populations
d’Amphibiens.

Figure 2: Polydactilie - l’anomalie P.

En 1948 il s’adresse à un laboratoire pharmaceutique, le «Bufox», qui utilise le
venin de crapaud pour des médicaments ayant des effets antidouleurs et décontracteur (ocytocique). Il reçoit environ 100 000 crapauds (que des mâles, le laboratoires interdisant la capture des femelles) parmi lesquels il trouve 8 crapauds
présentant une polydactylie (orteil 1 surnuméraire); chez 6 crapauds l’anomalie est
bilatérale et 2 ont une polydactylie unilatérale. J. Rostand réalisera différents croisements dont un seul (femelle normale X mâle polydactyles) lui apporta une descendante de type mendélien de 50% de normaux et 50% de polydactyle; les autres
croisements de ce type ne lui fournirent que des descendances normales. Dans ces
années 1960, Alain Dubois réunits une femelle avec un mâle de Bufo bufo (les deux
sont polydactyles) et obtient une descendance composée de 25% de polydactyles. Ces
recherches démontraient que la génétique des amphibiens n’était pas sans difﬁculté
dans l’interprétation de l’expression des gènes responsables de la polydactylie chez
le crapaud, mis à part l’expression d’une polydactylie non génétique qui nécessite la
DOI 10.18502/kls.v4i3.2100
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recherche causale de l’anomalie ayant ā l’origine, selon l’expression d’Etienne Wolff,
un «raté» du développement embryonnaire.
J. Rostand poursuit ses recherches sur les anomalies, chez le crapaud, quand un jour
de l’année 1949 il reçoit un colis, de «grenouilles vertes», en provenance d’un étang
du sud la Bretagne, l’étang de Trévignon près de la station maritime de Concarneau.
Dans ce lot de grenouilles, il découvre un nombre important (14,4%) de grenouilles
des deux sexes polydactyles: certaines ont 6 doigts et d’autres 6, 7, 8 orteils. D’autres
envois suivirent et parmi les polydactyles une grenouille à 9 orteils, femelles et mâles
présentant 7 orteils et 5 doigts! Rostand réalise des différents croisements entre mâles
et femelles polydactyles, imaginant tenir un matériel précieux pour avancer dans
l’établissement d’une génétique des Amphibiens. Mais tous les résultats de ces croisements entre grenouilles polydactyles ne donnèrent que des descendances normales
(1950). Rostand doit se rendre à l’évidence que la polydactylie n’est pas héréditaire
chez la grenouille verte. Un instant déçu, de constater que tous ses projets de recherche
concernant la génétique de la grenouille verte s’effondre. Déception passagère car il
se rend compte qu’il se trouve devant un phénomène jamais observée, celui de la
présence d’une anomalie massive dans une population naturelle de grenouille voire
chez d’autres espèces. Rostand abandonnant l’idée première d’ouvrir un chapitre de
la génétique des amphibiens, s’enthousiasme à l’idée «d’ouvrir un chapitre neuf de
la tératogenèse». Et son enthousiasme sera d’autant plus soutenu qu’en 1952 il reçoit
toujours en provenance de l’étang de Trévignons, des lots de têtards présentant des
anomalies encore jamais décrites: polydactylie (dépassant les 10 orteils), polymélie,
excroissances osseuses et d’aspect tumoral (ﬁg 2). Rostand nomme l’ensemble de ces
anomalies l’anomalie P.
Rechercher l’agent tératogène de l’anomalie P, devient pour le biologiste de Ville
d’Avray l’objectif premier de ses investigations expérimentales, tout en sachant que
l’une des difﬁcultés dans l’étude de l’anomalie P c’est sa présence temporaire dans un
étang. Le seul agent responsable de l’anomalie P serait contenu dans les déjections
de certains poissons (tanche, anguille). Cet agent tératogène perd son activité, après
quelques années, conﬁrmée par l’absence de sujets anormaux dans l’étang. Il existe
au sein des étangs, un agent tératogène encore inconnu, particulièrement puissant, à
effets polyvalents et variables en intensité (cette variabilité doit être attribuée au stade
du développement des bourgeons de membres pendant lequel l’agent tératogène
agit). J. Rostand écrit un ouvrage sur l’histoire de cette recherche exceptionnelle ayant
pour titre celui d’un concept qu’il inventa à ce sujet: Les étangs à monstres (1971) [1].
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Abstract
GIS modeling of 138 georeferenced point data of anomalies in amphibians in Ukraine
(data from both the literature and personal ﬁeld surveys) revealed a rather poor, but
statistically signiﬁcant correlation of the numbers of anomalies with the anthropogenic
impact measured by the Human Footprint (r=0,268, p=0,0025). We consider that in
certain cases the abundance of anomalies in amphibians could be used for purposes
of bioindication.
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For natural ecosystems in general and for amphibian populations in particular, anthropogenic impact is a very important factor. This factor is multidimensional, as it has
direct and mediated aspects of inﬂuence. The decline of amphibian populations and the
destruction of their natural environment are related to direct aspects of anthropogenic
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transformations of natural habitat.
Scientists have discovered, that morphological abnormalities originate more often
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in amphibians than in other terrestrial vertebrates [1, 3, 5]. Herewith an occurrence
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of amphibians with abnormalities in natural populations up to the level of 1.5-5% is
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considered normal [4, 9]. Such malformations could be genetically caused or acquired
during the lifetime. The observation, that in isolated urban populations of moor frogs
and marsh frogs, where the increased impact of mutagens cause abnormalities to
emerge more often, than in other populations in more preferable conditions, is evidence of the sensitivity of the species to the anthropogenic “burden” [13–15, 23]. But
this is not the only environment, where higher malformational rates occur. For example
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in agrocenosises there were also big quantity of abnormalities of intestines (including
gonads) observed among hybrids and edible frogs [13]. Pestidical pollution of water
reservoirs that leads to physiological and morphological changes in populations of
green frogs, does also have a direct impact on their genome [24]. Hydrochemical
water parameters (for example pH) have been found to inﬂuence the survival rate of
amphibians and their morphogenesis in combination with other factors. In particular
by forming of various morphological malformations [7].

2. Methods
To get a full picture of the effects of different possible factors on amphibian populations in the Ukrainian territory we used GIS-modeling and data visualization based
on various indicators and factors found online [22]. In the SAGA GIS (version 2.2.5)
package 138 georeferenced records of anomalies in amphibians (based on original and
literature data - Marushchak, Muravynets, 2013; Fedoniuk, 2008; Kurtiak, 2010; Mikitinets, 2014) have been used to extract the information contained in GIS environmental
layers reﬂecting the bioclimate, land use, anthropogenic impact etc. The extracted
information was kept in GIS layers. We got a 138X40 matrix, where the percentage
of abnormalities in each sample of amphibians was considered. This information was
analyzed in Statistica 8 pack using the method of multiple regression. The percentage
of abnormalities was regarded as a dependent variable, and the other 39 - as independent.
We also used the bioclimatic parameters that are derived from the data on average
monthly temperatures and precipitation. These variables are often used for modeling
ecological niches, for example, when using such algorithms as the BIOCLIM (Busby,
1991; [22]).
We analyzed the conﬁnement of habitats by comparing malformation levels in each
area to the degree of inﬂuence of anthropogenic factors. As the initial parameters of
anthropogenic burden the data from the interactive global map of human impact index
(Human Footprint, HF), created in the Columbia combined forces of Wildlife Conservation Society (WCS) and the International Information Centre for Geosciences (CIESIN)
in 2004 (Wildlife Conservation Society & Center for International Earth Science Information Network, Columbia University, 2005) [20] were used. This raster combines the
layers representing the demographic parameters, land use indicators, infrastructure
and access to territories.
DOI 10.18502/kls.v4i3.2101
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From the European system ESDAC (European Soil Data Centre), which provides the
European Union with all necessary soil information, we took GIS-maps showing the
spreading of different soil types (max – 28 types) and levels of soils’ pH.
For quantitative assessment of plant covering during the vegetation season (AprilSeptember) we used the normal derivative vegetation index (NDVI). This is an indicator
for photosynthetic active biomass.
Additionally special metrics were applied to textural pictures of plant layers to
understand the heterogenic patterns of the studied habitats [21].

3. Results
As a result of our work it can be concluded, that on huge territories it is hard to single
out particular factors of one-way inﬂuence. Ecological problems and their impact on the
occurrence of morphological abnormalities are best to be studied on a regional level.
Alternatively classiﬁcation principle could be used to combine territories and spheres
of impact (ecological problems). Only for the index of anthropogenic inﬂuence (Human
Footprint) we managed to show a particular impact on the variation of the dependent
variable (the percentage of abnormalities in samples), although the correlation is fairly
poor (r=0.268), however statistically signiﬁcant (p=0.0025).
For a visual representation of the spread of amphibian abnormalities in Ukraine,
using the spatial interpolation method (multilevel B-spline interpolation) in SAGA GIS,
a map was compiled, where different colors correspond to the estimated percentage
of abnormalities in amphibians (Figure 1).

4. Conclusion
It was concluded that, despite the fact that the nature of the abnormalities may be
different and have complicated patterns, it can also be associated with a set of factors
that are caused by human impact. It can be seen in relation to the index of human
impact (Human Footprint) correlating weakly (r = 0.268), but signiﬁcantly (p = 0.0025)
with the percentage of malformations. This underlines the possible impact of different
groups of anthropogenic factors, physical, chemical, biological, etc., acting on amphibian populations as multiple stressors, even an increase in dragonﬂy predators due to
warmer temperatures [19]. Most likely amphibians are being subjected to a variety
of human-induced impacts that are related to water quality. Special attention must be
given to the presence of pollutants, pathogens, and global environmental changes that
DOI 10.18502/kls.v4i3.2101
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Figure 1: The spatial interpolation model showing the frequency of abnormalities’ occurrence in
amphibians of Ukraine, compiled with the help of SAGA GIS program.

may affect amphibian growth and development, increase mortality, and eventually
lead to population declines [2].
In our opinion, from a methodical standpoint the occurrence of abnormalities in
amphibians may be used for bioindication and identiﬁcation of adverse trends in the
deterioration of the environment.
Since environmental factors have a strong spatial component, GIS is ideally suited
to investigating stressors that might be responsible and hence it is a powerful analytical tool to understand the causes of amphibian population declines in particular
environmental settings and stimulate further research [18].
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Abstract
Study of Pelophylax ridibundus skin physiological parameters in a thermal basin
shows that there are seasonal differences in PD (potential difference) and I𝑠𝑐 (active
transportation parameter). Amphibians studied in the summer time in a control
area showed some differences compared to specimens caught in summer time in a
basin with higher temperatures (River Malaya Kushva). We may suppose that this is
connected with the habitation adaptation of the population.
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Pelophylax ridibundus are from the complex of European green frogs with a semiaquatic
way of life. This is a species with a high tolerance for high concentrations of salts dis-
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an adaptation among species and populations to ambient inﬂuence [2].
Tissue heat resistance of this species has been frequently studied [3]. Studies of
geographical variability among the lake frog (P. ridibundus) have found differences in
this value among “European” and “Asian” forms of this species. Due to the aforemen-
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tioned characteristics (the unique combination of heat resistance among lake frogs
and the multifunctionality of their skin), the purpose of this paper is to study and
comparatively analyse the speciﬁc characteristic of transmembrane transportation in
the skin of lake frogs living in a cooling basin (River Malaya Kushva, NTMK plant) and
normal conditions. It also seeks to analyse skin transportation parameters depending
on various ecological conditions.
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Studies of the population-speciﬁc characteristics of the physiological parameters of
amphibian skin using an Ussing chamber system are very few: this is why the present
research is up-to-date and new. The research purpose is a comparative analysis of the
speciﬁc characteristics of transmembrane transportation in the skin of lake frogs living
in cooling basins and in normal conditions.

2. Methods
The selection of animals for the experiment was conducted by hand from natural
populations during their active life cycle phase. The materials were collected in the
city of Nizhny Tagil, Sverdlovsk region, in River Malaya Kushva, which ﬂows through a
production site of the Nizhnetagilsky metallurgical plant (founded in the 1970s). Waste
waters from this plant are discharged into the upper part of the in order to cool and
precipitate plant waste water discharges. The material in River Malaya Kushva river
was collected in early spring (March) and summer (August) in 2015-2016. 38 specimens
were caught over 2 winter periods, and 29 in summer. The total number of caught
and studied specimens is 68. In Kalinovskye razrezy forest park (the control water
reservoir) in 2015, we caught and studied 21 specimens.
The water temperature in the researched basins was measured with the help of
an aquarial thermometer with an external temperature sensor and a scale interval of
0.1С0 . In spring, the water temperature reached +24.7 C, and ambient temperature did
not exceed -18 C. In summer time, the water temperature reached +34.6 C.
For the experiments, we used the skin pieces of 89 individuals. In the Ussing chamber, silver chloride electrodes (AgCl) ﬁlled with NaCl – agar bridges were placed before
the experiment. We used belly skin (ventricular piece – “Belly”) and back skin (dorsal
piece – “Back”). The pieces were cut one by one and then placed into the Ussing
chamber “World Precision Instruments, Inc” (Germany) an with internal hole diameter
6 mm. The chamber was ﬁlled with Ringer’s solution for cold blood, containing (mm):
NaCl – 8.6g, KCl – 0.3g CaCl – 0.25g. The tests were conducted at room temperature (2223C). Using the Ussing chamber system, we recorded the following values for each skin
piece – I𝑠𝑐 (short circuit current), PD (potential difference). Furthermore, the data was
re-calculated according to the following formula:

2.1. Short circuit current
𝐼 𝑠𝑐 (𝜇𝐴/cm2 ) = 𝐼(𝑠)/𝜋𝑅2 (chamber diameter)
DOI 10.18502/kls.v4i3.2102
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The calculated values were processed by Statistica 6.0 and MS Excel. The comparison of values between the dorsal and ventricular pieces was based on the Student
criterium. Interspeciﬁc differences were assessed using ANOVA.

3. Results
In the initial research stage, we assessed the volt and ampere characteristics of each
skin piece (ventral and dorsal) for each specimen. We compared the ventral and dorsal
PD and Isc for each sample. This analysis (table 1) showed the difference between the
ventral and dorsal pieces of amphibians caught in the summer time in River Malaya
Kushva (p=0.05). It is noted that specimens caught in N. Tagil in cold periods are characterized by similar conductivity in the belly and back pieces, in contrast to the samples
caught in summer period. This may be linked to the abnormal thermal conditions in
River Malaya Kushva.
Table 1: Comparison of ventral and dorsal pieces from various locations and seasons.
Parameter
Location of the skin ﬂap

I𝑠𝑐 (mA/cm2 )

PD(mV)
Belly*

Back*

Belly

Back

Kushva (March)

-12±9.2

-9.6±8.5

17.9±9.69

17.4±13.4

Kushva (August)

-30.4±16.2**

– 13.8±10.1**

38.71±11.58Δ

32.26±11.02 Δ

12.01±13.4

– 9.5±3.9

16.73±12.1

12.54±2.43

Control
*Belly – dorsal ﬂap of skin
*Back – ventral ﬂap of skin

** - signiﬁcant differences (p<0.05)
Δ - signiﬁcant differences (p<0.05)

The analysis of the “short circuit current” - I𝑠𝑐 (mA) – of the dorsal and ventral pieces
in the studied samples registered maximum values among specimens caught in the
summer period in the basin with higher temperature conditions. We note that only this
sample has reliable differences between the dorsal and ventral skin pieces (p<0.000).
Animals caught in the spring at Kalinovskye razrezy (the control water reservoir) have
no differences between the dorsal and ventral pieces.
The “short circuit current” (Fig. 1) data show reliable differences among the studied
samples. So, the ventral and dorsal pieces I𝑠𝑐 of amphibians caught in summer in N.
Tagil reliably differ from all the other samples (р=0.95). We note the similarity of I𝑠𝑐 in
animals from the forest park and River Malaya Kushva (caught in spring). The data is
95% similar for ventral pieces and 45% similar for dorsal pieces.
DOI 10.18502/kls.v4i3.2102
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Figure 1: Comparison of the “short-circuit current” (I𝑠𝑐 mA/cm2 ) in the investigated samples.
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Figure 2: Comparison of potential difference (PD mV) in the investigated samples.

The comparative results of PD (mV) for dorsal and ventral pieces of the various samples are shown in Fig. 2. Minimal PD values are registered among amphibians caught in
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the summer in River Malaya Kushva. The average PD value of a ventral piece is -20.2
±6.8mV, while for a dorsal piece it is -20.8±10.2mV. An almost complete match of PD
values is noted in samples from the forest park and River Malaya Kushva. The analysis
showed similar potential difference values among animals from the forest park and
River Malaya Kushva (the data is 99% alike). It is important,that active transportation
differences in frog skin are found in the ventral pieces, as it is the belly skin that mainly
participates in active exchange with the environment [5].

4. Conclusion
We have assessed such skin transportation characteristic in terms of PD and I𝑠𝑐 for the
ventral and dorsal pieces of each Pelophylax ridibundus sample. A comparative analysis
showed reliable differences between the physiological characteristics of amphibian
belly and back skin only among the samples caught in the summer time (River Malaya
Kushva, August).
There are differences in skin PD and I𝑠𝑐 values between the samples caught in
the summer in River Malaya Kushva and the other two. There are no reliable differences found between samples caught in the winter period in River Malaya Kushva and
Kalinovskye razrezy.It is probable that the data on amphibian skin electrophysiology
reﬂects an abnormal operating mode for the sodium channels of animals living in the
thermal basin or a labile switch in their operation.
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Abstract
The literature on anomalies from natural populations of amphibians is enormous but
widely dispersed and difﬁcult to access. To ﬁll the gap I compiled a global database
that covers all extant and fossil amphibian species for which anomalies have been
reported. The database focuses on externally visible anomalies. The database is an
EXCEL ﬁle that provides data on: species, anomalies observed, class of anomalies,
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Anomalies in both humans and animals have attracted our attention for centuries and
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an enormous body of literature has accumulated [1]. Most of the literature is widely
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dispersed, published in many different languages and often difﬁcult to access, despite
a considerable number of reviews [2, 3]. Thus, it is not surprising that most recent
publications on the topic consider only a very restricted part of the published literature. This hampers not only progress of knowledge and resolving scientiﬁc and nonscientiﬁc disputes about the causes of elevated prevalences of anomalies in natural
populations, but also addressing and solving the concerns about environmental health.
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Faced with the lack of a comprehensive overview of the literature to resolve disputes about a major anomaly hotspot [4, 5], I started to collect any publication on
anomalies in natural populations of amphibians in the 1980s and conducted a comprehensive review of the topic [1]. While this review builds on a large database, the
database has not been published and a description of its content is not yet available.
The goal of this publication is to describe the database and its content and to provide
exemplary illustrations of patterns of anomalies that emerge from the databae for
countries of the former Soviet Union.

2. Database description
2.1. Taxonomic coverage
The database covers all extant and fossil species in the class Amphibia in the Kingdom Animalia for which externally visible anomalies have been reported from natural
populations.

2.2. Spatial coverage
The database covers all parts of the world that are inhabited by amphibians.

2.3. Methods
2.3.1. Review methods
I conducted a comprehensive literature review based on my own extensive literature,
the literature on amphibian anomalies compiled by The North American Reporting Centre for Amphibian Malformations, the literature on ﬁeld herpetology compiled by Schriftenschau für Feldherpetologie and a manual search for any anomalyrelated indexed word in the Zoological Record for 1945-1985 and in Biosis for 19451985 and 1996-1999. Volumes for other years, Schriftenschau für Feldherpetologie and the ISI and SCOPUS databases were searched online using the key words:
*amphib, *anur, *urodel and *gymnophio in combination with *polymel, *polydact,
*schizodact, *polyphalan, *ectromel, *amely, *hemimely, *phocomel, *brachymel,
*oligodact, *adactyl, *ectrodact, *brachydact, *brachyphalang, *taumel, *bifurcation,
*dicephaly, *syndactyl, *clinodactyl, *brachycephal, *microcephal, *anophthalm,
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*microphthalm, *macrophthalm, *cyclopy, (mandibular AND hypoplasia), *anteversion, *gigantism, *edema, *bloatedness, *tumour, *cysts, *albinis, *hypomelanis,
*erythris, *ﬂavis and *melanis. Furthermore, I attempted to trace any cited reference that might be relevant. For this study, I only extracted data that I could check
personally.
The database includes only those publications that I could check myself except for a
limited number of papers (primarily more than 100 years old) for which I found verbal
citations of relevant parts of the publication, or if at least two later publications cited
them consistently, with different details provided so that these authors were likely to
have examined the original source independently.

2.3.2. Sampling description: identifying anomalies
Compiling data on anomalies requires deciding what is an anomaly and what not. Even
gross morphological anomalies in a given species may be the norm in another one. I
followed the approach of Henle et al. [1] to decide what to regard as abnormal and what
not. The database also includes data from populations without anomalies, if sample
size was at least 50 individuals.

2.4. Dataset description
The database comprises two parts: an EXCEL database on anomalies reported from
natural populations and a pdf document of the full references of all data sources.
The language is English. The database is available upon request, conditional on the
database being cited in any publication derived from it and that users add their own
published data to the database.

2.5. Metadata descriptions
Our database consists of the following 14 columns:

Species
All species of amphibians are considered. Currently (August 2017) the data cover 509
living species (6 Gymnophiona, 117 Urodela, 386 Anura) and one, 2-4 and 1 fossil
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species of Urodela, Anura and Temnospondyli. Nomenclature follows Frost [6] for genera, name changes due to name priorities and synonymies, and for subspecies identiﬁed in the source reference that have been elevated to full species rank after the
publication of the source reference. Splitting of taxa into several species was followed
only if allocation of the data to the new species was obvious from morphological or
geographic information provided by the assessed source reference or was already
done by other authors. Subspecies names are added if provided by the source publication.

Anomaly
This column lists the anomalies reported in the source references. The terminology
follows Henle et al. [7]. I converted the terminology used in the source publication to
this terminology to the extent possible based on a reference to a particular terminology, descriptions or ﬁgures of the anomalies mentioned in the source publication. For
rarer types of anomalies not covered by terminologies and anomalies that have not
been precisely described, I used descriptive terms, such as “digits malformed”. A “–“
signiﬁes that no anomalies were observed in the population (only when sample sizes
were at least 50 individuals).

Types of anomalies
The different types of anomalies are grouped into the following categories: Alb
(albinism), Black-eyed (uniformly black eyes), Blue [individuals with (patches of) blue
colouration], Mela (melanism), Colour (other colour and pattern anomalies), Edema
(edema and bloatedness with gas), Sk (skeletal anomalies), Ano (other morphological
and anatomical anomalies).

N total
Total number of assessed individuals for a particular population or location. In case
of an uncertain overlap of data among samples and/or authors, I considered only the
most recent dataset. Sample sizes may be minimum sample sizes if the data provided
in the source publication were insufﬁciently precise. Entries may also be qualitative,
such as “thousands” or “several”. A “?” means that no sample size was provided. Dead
individuals were not included in the data extracted from publications.
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N abnormal
Total number of abnormal individuals for a particular population or location. In case
of an uncertain overlap of data among samples and/or authors, I considered only the
most recent dataset. Individuals injured upon capture were not scored as abnormal and
the presence of parasites was scored as an anomaly only if accompanied by explicitly
mentioned morphological anomalies induced by the parasite. Entries may be minimum
sample sizes if the data provided in the source publication was insufﬁciently precise.
Entries may also be qualitative, such as “dozens” or “several”. A “?” means that no
data on the number of abnormal individuals are available. Dead individuals were not
included in the data extracted from publications.

Frequency
Frequency is calculated by N abnormal / N total. Cases, in which only the frequency
was provided by the source reference, were also included. Entries may also be text,
such as “several” or “many”. A “?” means that no data on the percentage of individuals
that were abnormal were published.

Stage
Stage refers to the developmental stages to which the data apply and may comprise several stages or a single one. The following stages are differentiated: clutch,
egg, embryo, larva/tadpole, metamorph, juvenile, subadult, adult. Metamorph refers
to individuals that are in the ﬁnal stages of metamorphosis or recently completed
metamorphosis. Adults may be differentiated into males and females. I followed the
source publication to allocate individuals to stages. If the stage was not provided but
it was clear that individuals that had completed metamorphosis were studies, I used
“postmetamorph” as entry. A “?” means that the stage was not provided.

Cause
Cause is text and refers to the cause(s) of the anomalies assumed by the source
publication. Only in few cases, the causes suggested in the source publication were
tested experimentally. If the source publication was vague on the causes, did not
discuss causes or are inconsistent with knowledge from the literature [4], the cause
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was scored as “unknown”. A “–“ signiﬁes that no anomalies were observed in the
population (included only when sample sizes were at least 50 individuals).

Year
Year refers to the years in which data had been collected. If a range is presented, the
range represents the start and the end of the survey period but sampling may have
not occurred in each year. If the year of sampling was not provided in the source, the
year of publication was entered.

Median Year
Median year is the median of the years in which data were collected. If only the starting
year and ﬁnal year were available, we assumed that sampling was carried out annually
to calculate the median. If the number of sampling years was an even number, we used
the last sampling year of the ﬁrst half of the sampling years instead of the median.

Country
Country identiﬁes the country in which data had been collected. The designation of
geographical entities in the database does not imply the expression of any opinion
whatsoever on the part of the data compiler concerning the legal status of any country,
territory or area, or of its authorities, or concerning the delimitation of its frontiers or
boundaries.

Location
Location follows the site acronyms or site names used in the cited publication(s).
This information is included to facilitate tracing of the data in the source reference(s)
and was used in the data quality check to identify data that apply to the same location/population, allowing also the identiﬁcation of cases in which a source did not cite
other publications on the same location/population.

DOI 10.18502/kls.v4i3.2103

Page 60

Amphibian and Reptiles Anomalies and Pathology

Remarks
Remarks provide additional information on the study, such as additional details on the
anomalies reported, the number of sites surveyed, comparison to other sites or species
studied in the same site or about suggested causes.

Source
Source is the citations of the publications from which the data on anomalies and/or on
potential causes were extracted. The publications that were used for the collation of
the database are available as a separate pdf document that includes all publications
on amphibian anomalies that I have collated.

3. Exemplary illustrations of patterns
I present examples of patterns that I extracted from the database for countries of the
former Soviet Union. The database covers data from 143 publications that reported
anomalies for this geographic region. Figure 1 provides an overview of the history of
these publications. The ﬁrst publication dates back to 1896 [8]. I found few publications for the period until the 1970ies. Since then, the number of publications steadily
increased. This increase is slower than the global increase that started in the 1950s and
was exponential since the 1980s [1].

Figure 1: Temporal pattern of publications reporting or reviewing anomalies in natural populations of
amphibians in the territory of the former Soviet Union, with 5-years running average. Database accessed
on 12.9.2017.

Most of the data available were collected in Russia and the Ukraine. For all other
countries only few data have become available (Fig. 2). Besides less ﬁeld research
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efforts in these countries, this is presumably also due to higher difﬁculties to ﬁnd and
access local and regional publications from these countries.

Figure 2: Number of cases reported from the countries of the former Soviet Union. Database accessed on
12.9.2017.

The database covers nine species of urodeles and 22 species of anurans from the
territory of the former Soviet Union, whereas the number of species known for this
region is 15 and 33, respectively [9]. Thus, the fraction of species, for which anomalies
were reported, was very similar between anurans and urodeles (𝑋 2 = 0.2; 𝛼 > 0.8).
This differs from the data compiled by Lannoo [10] for North America, where for a
larger fraction of the known species of anurans anomalies were reported compared to
urodeles. He interpreted this pattern as indicating a higher sensitivity of urodeles to
obtain anomalies. In contrast, globally the fraction is higher for urodeles [1]. However,
one cannot derive any conclusion on a different sensitivity from these data, because
such an inference requires the strong assumption that both anuran and urodele species
were exposed to the same teratogenic factors and that the same percentage of species
and the same (average) number of populations have been assessed with sufﬁciently
large sample sizes. These assumptions are certainly violated.
Most of the observed cases reported are single abnormal individuals (Fig. 3). However, there is also a considerable number of cases, in which more than ten abnormal
individuals were found and two cases, in which even more than 1000 individuals were
abnormal. The frequency distribution of the number of cases observed for different numbers of abnormal individuals is similar to that for North America, whereas in
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Europe, the percentage of cases that involve a single abnormal individual is considerably higher.

Figure 3: Frequency distribution of the number of abnormal individuals observed in natural populations.
Database accessed on 12.9.2017.

In conclusion, the database contains valuable information that allows extracting a
range of patterns of reported anomalies for various regions and globally. However,
care is needed in interpreting the patterns and rigorous standards for data collection
is required to improve the power that is provided by such global databases.
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In the local populations of moor frogs in Surgut city, 30 types of morphological
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The research was conducted in Surgut city, Khanty-Mansyiskiy autonomous district,
from May to September 2009-2011 and from May to June 2016. The city is situated on
the right bank of the river Ob in the middle taiga subzone. We divided the territory of
the city into 4 zones according to economic development: I – multistoried, II – industrial,
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III – ﬂoodplain, IV – green. Trapping was performed with a catch cylinder (in 2009-2011)
and the path method (in 2016). Data were obtained from 855 frogs. Developmental
anomalies were recorded during the external examination of animals and after dissection. Evaluation of the quantity characteristics and anomaly classiﬁcation was carried
out according to recommendations from V.L. Vershinin [6].

3. Results
Thirty of known morphological anomalies were discovered in the moor frog population
in Surgut city. A wide range and frequency of anomaly were observed in zones with
high anthropological density (tables 1 and 2). Generally, ectrodactyly was found in
5.38% of moor frog subjects in the city, which could be referred to as divergence from
an anomalous norm [2]. All other forms of deviation were sporadic. However, zone I
of the city was distinct in terms of the norms for gonad asymmetry, phalangeal bone
deformation, untypical pigmentation and ectrodactyly (the same in zone II). This could
be determined by the inﬂuence of a host of factors. V. L.Vershinin called ectrodactyly
of this amphibian species a speciﬁc anomaly for an urban environment. The ﬂuctuations met only in zone I were kidney asymmetry, under-development of the liver,
brachymely and taumely, while those only met in zone II were hypertrophy of the
heart, liver deformation, the majority of skin and muscle anomalies and syndactyly. In
zone III, two anomalies were discovered to be typical to this area. This circumstance
was not surprising. The industrial and multistoried habitats of amphibia have a great
impact that involves changes in the population structure [7]. It is conceivable that
some isolated groups of moor frog in the industrial zone are close to an inbreeding
depression. For the ﬁrst time in this area anomalies such as swelling of the abdominal
wall, reduction of eyelids, outgrowth on bones (tarsus), deformation of the femoral
muscles and abdominal muscle tears were discovered. The proportion of combined
anomalies is 14.22%. Generally, double combinations were found, like anomalies in
the reproductive system and anomalies in the limbs. One subject could have from one
to four anomalies. The number of anomalies for one subject is 0.25.
Comparing these results with those of populations from other cities (for instance,
Yekaterinburg [5] and Kazan [8]), the occurrence rate was smaller in Surgut but the
range of anomalies was higher. There is probably a connection with the relative youth
of the city: intensive building started only at the end of the 1970s, so the amphibian
population has not adapted to urbanization.
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Table 1: Classiﬁcation of anomalous moor frog subjects by zones in Surgut city.
Zone

n

Individuals with an
anomaly

S 𝑎𝑝

P𝑎𝑠, %

I

80

25

14

31.25

II

551

117

21

21.23

III

198

32

13

16.16

IV

26

3

3

11.54

Remarks: S – quantity of anomalies; Р
subjects; n – sample size.

𝑎𝑠

– frequency of anomalous

The overlap grade of two anomaly spectra (by Morisita’s overlap index СM) by
double comparison groups of moor frog from different zones of Surgut city is: I – II
CM = 84%; I – III CM = 63%; I – IV CM = 47%; II – III CM = 78%; II – IV CM = 58%; III
– IV CM = 40%. Zones I and II were closer in terms of the diversity and frequency of
revealed anomalies: this could be connected with the high anthropogenic impact on
frog habitats in these zones. Only in these areas of the city did we record the quite
unusual occurrence of partial albinism (in two yearlings and a three-year-old male).
The overlap grade of anomaly spectra in these zones was lower than in the green
zone because moor frog diversity and habitat destruction was minimal in the green
zone.

4. Conclusion
The anomaly spectrum of moor frog in Surgut is higher than this characteristic from big
cities in the Ural. However, the percentage of anomaly combinations and the quantity
of anomalies for one subject was signiﬁcantly lower. In these Ural cities, increases in
the spectra are occurring more in green belts than heavily urbanized zones, while in
Surgut the reverse is the case. This illustrates the start of species urbanization here.
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Table 2: Frequency of anomaly occurrence (Р 𝑎𝑠 %) in moor frog populations in Surgut city.
Type of anomaly

Zone
I (n=80)

II (n=551)

III (n=198)

IV (n=26)

Asymmetry of the gonads

5

3.81

3.03

-

Asymmetry of the kidneys

1.25

-

-

-

Hypertrophy of the heart

-

0.18

-

-

Curvature of the liver

-

0.18

-

-

1.25

-

-

-

Internal organs

Under-development of the liver
Unequal auricles

-

-

0.51

-

Unpaired gonads

1.25

0.36

1.01

3.85

Deformation of the muscles

-

0.36

-

-

Growth on the skin

-

0.18

-

-

6.25

3.27

1.52

3.85

-

0.18

0.51

-

Skin and muscles

Untypical pigmentation
Tumours
Oedema of the abdominal wall

-

0.54

-

-

1.25

-

-

-

Break of the abdominal muscles

-

0.18

-

-

Reduction of the eyelid

-

0.18

-

-

1.25

0.36

-

-

3.75

1.45

1.01

-

-

0.18

0.51

-

-

0.18

-

-

Brachydactyly

1.25

0.54

-

-

Brahimely

1.25

-

-

-

Curvature of the falange

6.25

2.9

4.55

-

Outrowth on the bone

1.25

-

-

-

Oligodaktiliy

3.75

3.27

2.02

-

Polydactyly

1.25

-

0.51

-

Bifurcation of the foot

-

-

0.51

-

Syndactyly

-

0.73

-

-

-

-

Damages of the skin

Partial albinism
Axial skeleton
Deformation of the pelvic bones
Curvature of the rostrum
Extremity
Phalangeal bone deformation

Taumely

1.25

Ectrodactyly

8.75

6.17

2.02

3.85

-

0.54

0.51

-

Ectromely
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Abstract
This paper considers morphological deviations of reptiles and the inﬂuence of
incubation temperature on this phenomenon. 28 types of pholidosis deviations
and 5 types of malformations were observed in juvenile grass snakes. Sand lizards
demonstrated 26 types of deviations and 11 types of malformations. The most
common malformations in both species were spine and tail deformations. Hatchlings
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incubation temperature affect pholidosis deviations and malformations in reptiles?
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2. Methods
Eggs were incubated under ﬁve thermal regimes: an optimal temperature of 29∘ С,
constant temperatures 24∘ С and 34∘ С and ﬂuctuating temperatures with a mean of
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29∘ С and a ﬂuctuation of 5∘ С (29-5∘ С, 29+5∘ С). The temperature was maintained by
incubators. Eggs from each clutch were divided into ﬁve groups and were placed in
plastic containers (250 mL) with moist vermiculite (1,5 : 1g water / vermiculite by
mass). In total, 148 grass snake eggs and 142 sand lizard eggs were incubated; 134 and
76 juveniles were obtained, respectively. To evaluate the quantitative characteristics
of deviations and malformations, some indices and coefﬁcients recommended for the
evaluation of amphibian morphological anomalies were used [1].

3. Results
In total, 28 types of pholidosis deviations were observed in grass snakes; the most
common were deviations in the ventral, subcaudal and loreal scales and scales in
the posttemporal area (Fig. 1). Juvenile sand lizards demonstrated 26 types of deviations; deviations in the ventral, parietal, supraorbital, submaxillar, occipital and frontonasal scales were more common. In general, the following groups of deviations were
observed: segmentation (Fig. 1 c, g, k, o), incomplete separation (Fig. 1 h, j, l), fusion
(Fig. 1 a, d, e, i), reduction (Fig. 1 f), displacement of scales (Fig. 1 m) and the presence
of an additional small scale (Fig. 1 n).

Figure 1: The most common pholidosis deviations in grass snakes and sand lizards.

Deviations were more common in juvenile grass snakes incubated at extremely
high (93% of individuals) and extremely low (85%) temperatures. The frequency of
deviant hatchlings is minimal at the optimal temperature (65%). Lizards demonstrated
the same: deviations were more frequent in hatchlings incubated at high (91%) and
low (85%) temperatures. Other researchers have also noted an increased number of
hatchlings with scale anomalies at extremely high [6], extremely low [2] and both high
and low [5, 8] temperatures.
DOI 10.18502/kls.v4i3.2105
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The spectrum of deviations was affected by the incubation temperature in snakes
(H=21,74; df=4; p=0,0002) and lizards (H=12,8; df=4; p=0,012). Maximal values in the
population (S𝑎𝑝 =22) and individual (S𝑎𝑖 =3,3) spectra of deviations were observed in
snakes exposed to high temperatures. Minimal values were observed at the optimal
regime (S𝑎𝑝 =15; S𝑎𝑖 =1,2). In lizards, the maximal values in the individual and population
spectra of deviations were also observed at extremely high temperatures (S𝑎𝑝 =16;
S𝑎𝑖 =2,8).
Cluster analysis shows that snake samples incubated at high temperatures (34∘ С and
29+5∘ С) were distanced from those incubated at optimal and low temperatures. The
lizard sample incubated at the low temperature of 24∘ С was distanced from the others.
The spectra of deviations of all snake samples were similar (I𝑐𝑠 >50%), whereas most
lizards samples differed from each other (I𝑐𝑠 <50%).
Malformations occurred in 8.4% of snakes and 24% of lizards. 5 types of malformations were observed in grass snakes: scoliosis (2.7% of individuals), kyphosis
(4%), head deformation (0.4%), tail curvature (5.8%) and microphtalmia (0.4%)
(Fig. 2). 11 types of malformations were found in sand lizards: scoliosis (10.5%),
kyphosis (3.9%), shistosomia (1.3%), tail curvature (15.8%), incomplete tail (5.3%),
olygodactyly (3.9%), polydactyly (1.3%), inﬂexible limb (2.6%), micrognathia (5.2%),
microphtalmia (1.3%) and anophtalmia (1.3%). In both species, the most frequent were
spine and tail deformations. The maximum frequency of malformations was noted at
34∘ С (30% of snakes and 27% of lizards). Maximum values of S𝑎𝑝 and S𝑎𝑖 were observed
at 34∘ С in grass snakes (4 and 0.5 respectively) and at 29+5∘ С in sand lizards (8 and
0.9 respectively). Reptiles with spine deformations had a great number of segmented,
fused, incompletely separated and asymmetric ventral scales.
It should be noted that abnormal hatchlings were siblings in many cases. Moreover,
anomalies were more expressed in offspring incubated at high temperatures (they
usually failed to hatch, whereas siblings from low temperatures survive). Perhaps
there is a predisposition to anomalies, and extreme incubation temperatures induce
deviations, malformations and sometimes death. The fact that siblings of malformed
hatchlings have reduced survival rates compared to offspring from normal clutches is
known for sand lizards [4].

4. Conclusion
The experimental incubation of reptile eggs showed that:
DOI 10.18502/kls.v4i3.2105
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Figure 2: Malformations of grass snakes and sand lizards: а – kyphosis, b – scoliosis, c – tail curvature, d
– head deformation, e – microphthalmia, f – shistosomia, g – olygodactyly, h – polydactyly, i – incomplete
tail, j – micrognathia, k – anophthalmia, l – inﬂexible limb.

1. The studied species demonstrated several groups of deviations: segmentation,
incomplete separation, fusion, reduction, displacement of scales and the presence
of an additional small scale.
2. Hatchlings incubated at extremely high temperatures were characterized by the
largest spectrum of deviations (individual and population) and the highest frequency of deviations.
3. Malformations were more common in hatchlings exposed to high temperatures.
Juveniles with spine deformation had a great number of deviant ventral scales.
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This paper is devoted to the consideration of qualitative and quantitative
characteristics of pholidosis deviations in grass snakes and the intraspeciﬁc variation
of these features. 35 types of deviations were observed: segmentation, incomplete
separation, fusion, reduction of scales and the presence of an additional small scale.
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structure occur. Various terms are used to describe these structures: “scale anomalies”
[3, 9], “changes in pholidosis” [10], “variations of pholidosis” [2, 7], “deviations of pholidosis” [2] and others.
Today there is no uniﬁed system of deviation classiﬁcation in reptiles. There is a little
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different species and populations and the examination of the frequency allocation of

Conference Committee.

deviations in species area. This research presents data on pholidosis deviations in grass
snakes from the Tatarstan Republic and comparative data on samples from different
regions of the republic.
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2. Methods
The material for this research was gathered in 2009-2015 in the following regions
of the republic: Zelenodolsky (Raifsky area of the Volzhsko-Kamsky National Nature
Biosphere Reserve), Laishevsky (2 localities: Saralinsky area of the Volzhsko-Kamsky
National Nature Biosphere Reserve and the neighborhood of the recreation centre “Kordon”), Vysokogorsky (the neighborhood of the village of Alan-Bekser) and
Spassky (the National Nature Complex Reserve “Spassky”). In total, 641 individuals
were investigated: 488 adults (311 males and 177 females) and 153 juveniles. Three
samples were used for comparison between the regions because of the small sizes of
the samples from “Kordon” and “Raifsky” (less than 50 individuals). To evaluate the
quantitative characteristics of deviations, some indices and coefﬁcients recommended
for the evaluation of amphibian morphological anomalies were used [1].

3. Results
Pholidosis deviations occurred in 53% of grass snakes. 35 types of deviations were
observed: segmentation (Fig.1 a, b, o, t-v, z-c1 , f1 ), incomplete separation (Fig.1 e-g, n,
x, y, e1 ), fusion (Fig.1 h-m, p, q, s, g1 -i1 ), reduction (Fig.1 r) of scales and the presence of
an additional small scale (Fig.1 c, d). The most common were deviations of the ventral,
subcaudal and loreal scales and scales in the posttemporal area.
There were no sex differences in the quantitative indices of deviations. Age differences were noted: adult snakes demonstrate a higher frequency of individuals with
deviations (60% of individuals) than juveniles (30%) (χ²=27.78; p<0.0001). The values
of individual and population spectra of deviations were also higher in adults (0.9 and
35 respectively) than in juveniles (0.5 and 16 respectively). It is difﬁcult to determine
the cause of age differences. On the one hand, the developmental conditions of these
generations may differ. On the other, the juvenile sample is smaller than the adult
sample, so perhaps not all types of deviations are present there.
The comparison of grass snake samples from different regions of the republic
showed that minimal values of all indexes were observed in the Laishevsky region
(Table 1). The frequency of deviant individuals in the Laishevsky region was signiﬁcantly lower than those in the Vysokogorsky (χ²=10.6; p=0.001) and Spassky (χ²=7.38;
p=0.0066) regions. The population spectra of all samples were similar (I𝑐𝑠 >50%).
Cluster analysis showed that the sample from the Vysokogorsky region was distanced
from the others (Fig. 2).
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Analyzing data from other researchers, we can say that the deviations in grass
snakes observed during this research occur in other species of snakes, too. All six types
of division of the ventral scales noted by James Peters were found in grass snakes [6].
Several researchers have observed the segmentation of ventral scales and call these
structures “half-ventrals”, “half-ventral scales” [4, 6] or “bifurcation of scales” [10]. The
deviations in the subcaudal scales were also noted by other authors [3, 9]. Deviations
of the pileus are rarely mentioned [10]; most researchers note deviations in the ventral
and subcaudal scales, which, according to our data, are the most frequent deviations.
Whether deviations affect the health, activity and other aspects of the reptiles’ lives
is a difﬁcult question. It is known that deviations of the ventral scales are often seen
together with spine and rib anomalies in snakes [4, 6]. Some researchers note smaller
body length, lower locomotor performance [4] and fewer reproductive opportunities
[8] in snakes with “half-ventral scales”. Nevertheless, the question of the adaptive
signiﬁcance of pholidosis deviations remains open.

4. Conclusion
Pholidosis deviations in grass snakes are diverse and affect almost all the scales of
the pileus, the lateral side of the head and the abdominal side of the body. Deviations
in the ventral, subcaudal and loreal scales and scales in the posttemporal area were
more common for snakes from the studied area. The quantitative indices of deviations
varied among samples from different regions of the republic. Other researchers have
also observed deviations in different species of snakes, mostly deviations in the ventral
and subcaudal scales.
Table 1: Quantitative characteristics of pholidosis deviations in samples from different regions of the
Tatarstan Republic.
Indexes

Samples
Vysokogorsky (n=142)

P𝑎𝑠

DOI 10.18502/kls.v4i3.2106

Laishevsky (n=168)

Spassky (n=256)

n

%

n

%

n

%

89

62.7

73

43.5

147

57.4

S𝑎𝑝

23

20

30

S𝑎𝑖

1.0

0.6

0.9

M/
min-max

0-4

0-4

0-5
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Figure 1: Pholidosis deviations in grass snakes.

Figure 2: Cluster analysis of samples from different regions of the Tatarstan Republic.
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[5]. Equally, scientiﬁc positions about the origin of anomalies vary [6].
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The aim of this paper is to summarise the data about new catches of anomalous
specimens of anuran amphibians and to clarify the localities of catches and the names
of anomalies from our previous paper [7].
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2. Methods
Amphibians were collected during their active periods between 2011 and 2014. They
were caught with pitfall traps on land and with nets in the water [8]. We took as our
framework the classiﬁcation of amphibian anomalies proposed by Nekrasova [9] and
Vershinin [10]. Genetic typing of the water frogs to determine whether their mitochondrial and nuclear DNA haplotypes fell into the “Western” or “Eastern” forms was
performed with the procedure used by Zaks and collaborators [11].

3. Results
Anophthalmia (Fig. 1) was detected in a singular specimen of the European Firebellied Toad (Bombina bombina (L.)) collected in 2011 in xeric grassland near Tish Lake,
N54∘ 21’46.0” E36∘ 08’24.3”. It was a specimen with a defective eye. It constituted 3.1%
of the sample of this species in this locality, or 0.3% of all specimens from the region.
Dyscoria and Corectopia (Fig. 2) were detected in a singular specimen of the Edible
Frog Pelophylax esculentus (L.)). It was caught in 2014 in a very eutrophic oxbow lake
of Ugra River, N54∘ 40’37.17” E35∘ 55’39.15”. It was probably triploid. This anomaly was
shown by a decreased and atypical left pupil dislodged from the dorsolateral fold
towards the dorsal part. Morphometric measures identiﬁed this specimen as the Marsh
Frog P. ridibundus (Pallas). Via molecular analysis, we found that the mitochondrial
DNA of this frog was a haplotype of the “Western” form of the Marsh Frog, and its
nuclear DNA originated from the “Eastern” form of the Marsh Frog and the Pool Frog
(P. lessonae (Camerano)). The abundance of the RE complex among water frogs in this
habitat was low – 4.2 specimens per 100 m. In total, this anomaly amounts to 4.7%
of all specimens of Edible Frogs caught in the region. This anomaly is singular in other
regions of Russia (the Mari El Republic [12] and Samara oblast (unpublished data of the
authors)).
An abnormal pattern (Fig.3) was detected in a specimen of the Pool Frog (P. lessonae
(Camerano) collected in June 2014 in a waste deposit belonging to the “Aromasynthes”
Company, N54∘ 35’39.44” E36∘ 21’00.80”. It amounts to 10% of the specimens from
this locality and 0.9% of all pool frogs caught in the region. The anomaly is located
on the dorsal right part of the femur and tibia and close to the contact point of the
DOI 10.18502/kls.v4i3.2107
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femur with the corpus. It was covered with dark spots, which were of great size, wellconnected and asymmetrical, although their color was typical of water frogs. There
was a noticeable enlarged spot on the margin of dorsolateral fold.

Figure 1: Anophtalmia in the European Fire-bellied Toad.

Figure 2: Dyscoria and corectopia in the Edible Frog.

According to Nekrasova [13], anomalies in amphibian coloration are possibly
explained by the effects of many physical, chemical and biological factors in wetlands.
In our data, the anomalous amphibian specimen was found in the waste deposit
belonging to the “Aromasynthes” Company, where the phenol concentration in water
was 4,000 times greater than its background concentration and where the iron
concentration was 16 times greater [14].
This kind of anomaly was also detected in a Pool Frog specimen in 2014 in a pond
near Gordikovo, N54∘ 12’11.23” E36∘ 09’27.35”. The specimen had distinct grey spots
around dark “maculate” spots – two on the right dorsal part of the corpus and one
DOI 10.18502/kls.v4i3.2107
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Figure 3: Abnormal pattern in the Pool Frog.

on the femur. It constituted 10% of the sample from this locality and 0.9% of total
number of pool frogs caught from the region.
Below, we give a checklist of the anomalies from our previous paper [7] with corrections and the geographic coordinates of localities.
Polymelia: a froglet specimen of the Marsh Frog, N54∘ 30’04.50” E36∘ 19’52.24”.
Xanthic: a froglet specimen of the Pool Frog, N53∘ 46’47.29” E35∘ 42’30.83”.
Oligodactyly: one specimen of the Common Frog (Rana temporariaLinnaeus, 1758),
N53∘ 46’53.50” E35∘ 44’12.69”.
Macrophthalmia: one specimen of the Common Toad (Bufo bufo (Linnaeus, 1758)),
N53∘ 46’39.81” E35∘ 43’48.40”.
Curved jaw: 6 specimens of the Common Toad, N53∘ 46’39.81” E35∘ 43’48.40”.
In the Volga region, there were varied data on the frequancy of anomalies among
water frog species. So, in the Mari El Republic the Pool Frog had the highest number of
kinds of anomalies and the Edible Frog had the lowest. In the Middle Volga region and
in the Republic of Tatarstan, the Marsh Frog had the greatest percentage of deviations
[15, 16, and 17]. The difference among water frog species probably can be explained
by their complex genetic structure, which is characterised by a nonequal distribution
of “Western” and “Eastern” forms of the Marsh Frog in European Russia [11, 18, and
19]. This problem needs to be surveyed in the future.

DOI 10.18502/kls.v4i3.2107

Page 83

Amphibian and Reptiles Anomalies and Pathology

4. Conclusion
All the explored amphibian anomalies, including those from our previous paper [7], are
background anomalies according to LJ Borkin and collaborators [20]. Only two kinds
of anomalies were found in urban areas – polymelia in one specimen and abnormal
patterns in one specimen. Consequently, we could not describe any trends in anomaly
frequency in relation to anthropogenic pressure.
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Abstract
Pholidosis abnormalities and injuries were studied through 194 specimens of European
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Most studied populations of the European pond turtle, Emys orbicularis (Linnaeus, 1758),
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demonstrate deviations from the standard pholidosis pattern [1–4, 8–15]. These mani-
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fest themselves in changes to the shape or size of the keratinous scutes, the presence
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of additional scutes, the absence of one or more scutes, the incomplete separation of
scutes or their connection [7].
The purpose of the investigation is to study pholidosis abnormalities and injuries
in the European pond turtle (Emys orbicularis) in the Khopersky state nature reserve
(Voronezh Province, Russia).
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2. Methods
Field investigations were carried out in Khopersky reserve in the following periods: 612 June, 22-26 August and 7-11 November 2008; 31 May – 12 June and 8-12 November
2009; and 16 June 2011. In total, 194 specimens of European pond turtle were studied:
167 alive (mainly during the period of egg laying in June and during the formation
of hibernation concentrations in November), which were subsequently release in the
same place, and 27 after death. The standard scheme for the description of pholidosis
in E. orbicularis was used [5].

3. Results
Six types of pholidosis abnormalities were detected in the European pond turtle population in Khopersky reserve (on the carapace only) (Fig. 1). They are: a) accessory
vertebral scutes, b) accessory costal scutes, c) accessory marginal scutes, d) absence
of some marginal scutes, e) duplication of nuchal scute, and f) absence of nuchal scute.
Abnormalities were founded in 15 of the 194 specimens. Thus, the occurrence of
individuals with abnormalities [6] was 7,7%. A similar index was detected in turtles
from Brandenburg, Germany (7.7%) [15] and in the south of the steppe zone in Ukraine
(7.8%) [10]. A higher rate was found in Polesye in Belarus (13.5%) [9], in Southern Hungary (14.2%) [4], in Genf, Switzerland (23.8%) [11], and particularly in Western Poland
(54.0%) [13]. Cordero et al. (2008) mentioned that this index has a very high level of
variability among Iberian populations of E. orbicularis: on the whole, it varied between
3% in Doñana National Park (SW Spain) to 69% in Porriño (NW Spain). Saçdanaku et
Haxhiu (2016) reported a low level of abnormalities in the turtles of Vlora Bay, Albania
– 3.5%.
The partial occurrence [6] of the various pholidosis abnormalities in the European
pond turtle population of Khopersky reserve are presented in Table 1. Only one type of
abnormality was detected in 12 specimens, while the simultaneous occurrence of two
types was found in 3 specimens in the following combinations:
• Accessory vertebral scutes + accessory marginal scutes;
• Accessory vertebral scutes + absence of some marginal scutes;
• Accessory vertebral scutes + accessory costal scutes.
The average number of abnormalities per individual [6] was 1.2.
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a

b

d

c

f

e

Figure 1: Types of pholidosis abnormalities among European pond turtles in the Khopersky reserve: a)
accessory vertebral scutes; b) accessory costal scutes; c) accessory marginal scutes; d) absence of some
marginal scutes; e) duplication of nuchal scute; f) absence of nuchal scute.

Table 1: Partial occurrence of various pholidosis abnormalities in European pond turtles in the Khopersky
reserve.
№

Type of abnormalities

Number of specimens
with abnormalities

Partial occurrence of
abnormalities, %

1

Accessory vertebral scutes

6

3.1

2

Accessory costal scutes

2

1.0

3

Accessory marginal scutes

5

2.6

4

Absence of some marginal
scutes

2

1.0

5

Duplication of nuchal scute

2

1.0

6

Absence of nuchal scute

1

0.5

Injuries were connected with predator pressure. Most individuals showed signs of
vertebrate predator attack, mostly on the carapace. During hibernation, animals with
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limb damage were registered. 22 specimens from the 167 living samples (13.2%) had
damaged tails.
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Abstract
Testicular anomalies in the hybridogenetic frog Pelophylax esculentus (586 adults)
and two parental species (193) were analyzed. The hybrids were characterized by
an increased number of males with testicular anomalies (61%) compared to the
parental species (17–20%). Diploid hybrids had more males with abnormal testes
when compared to triploid hybrids. Among the hybrids with asymmetrical testes,
males with a larger left testis were prevalent.
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The edible frog Pelophylax esculentus is widespread in temperate Europe and consists of numerous genetic lineages of hemiclonal or meroclonal di- and polyploid
hybrids [6]. The species originates from crosses of P. lessonae and P. ridibundus and
is characterized by a special mechanism of clonal inheritance named hybridogenesis
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poliploidy on the appearance of testicular anomalies in P. esculentus.

Conference Committee.

2. Material and methods
For the study, 539 diploid and 47 triploid adult males of P. esculentus from Russia,
Belarus’, Ukraine and Moldova were analyzed. For comparison, males of two parental
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species (127 P. ridibundusand66 P. lessonae) were used as well. Species and ploidy
level were determined via the use of ﬂow DNA cytometry [3]. The percentage of
males with the following testicular anomalies was calculated: 1) the absence of at
least one testis; 2) reduced testes (both testes less than 3 mm in length); 3) extremely
pronounced asymmetry; and 4) abnormal shape (elongated, ﬂattened, segmented,
lobed, lumpy, etc.). Finally, the percentage of males with any testicular anomaly was
counted. The correlation between the number of males with testicular anomalies in
the sample, the geographical coordinates and the signiﬁcance of differences (T-test
for independent samples) in the number of testicular anomalies were calculated via
Statistica 6.0. Males with black areas and/or cysts (metacercariae of the trematode
Codonocephalus urnigerus) were counted as well.

3. Results and discussion
The number of hybrid males (diploids plus triploids: 61%) with testicular anomalies
was more than three times higher than the parental species (17–20%; Table 1). These
differences were signiﬁcant (Table 2). Among the hybrids, the number of males with
anomalies was signiﬁcantly larger in diploids (63%) than in triploids (34%). In P. esculentus, the right testis was larger than the left in most cases (60%). The absence of
both testes was noted in 4% of diploid and 2% of triploid hybrid males. The absence
of both testes was found in one specimen (1%) of P. ridibundus from Valya Adynke
(Moldova; 48.00∘ N 28.83∘ E). Previously, only one such case has been mentioned in a
sample of P. ridibundus from the Rostov province of Russia [8].
There was no correlation between the number of males with testicular anomalies
and the geographical coordinates. Nevertheless, several samples of P. esculentus from
the southern part of the range had an increased number of anomalies. For example,
hybrids from Beryozovsky forest (Odessa province, Ukraine; 47.17∘ N 30.92∘ E; n=9) were
characterized by a large number of males with absent (33%), asymmetrical (55%) and
abnormally shaped testes (67%). Hybrids from the villages of Valya Adynke (n=7),
Rashkovo (47.95∘ N 28.83∘ E; n=3) and Kolbasnoe (47.77∘ N 29.20∘ E; n=3) in Moldova had
a large number of males with abnormally shaped testes (89, 67 and 67%, respectively).
All seven hybrids from Lisovschina village (Zhitomir province, Ukraine; 50.79∘ N 28.57∘ E)
had strongly reduced testes with large black areas.
Helminth invasions may have caused an increased number of testicular anomalies in
these localities. The metacercariae of C. urnigerus can change the form and color of frog
testes, or even castrate them [4, 7]. However, the obtained data did not support this
DOI 10.18502/kls.v4i3.2109
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assumption. Males of P. esculentus with C. urnigerus cysts on the testes were found only
in two localities, namely Gaydary village (Kharkov province, Ukraine; 49.63∘ N 36.33∘ E;
n=183, 2.7% of males) and Tiraspol’ city (Moldova; 46.85∘ N 29.63∘ E; n=5, 20.0%). Additionally, several males of P. ridibundus with such cysts were found in Gaydary village
(Kharkov province, Ukraine; 49.63∘ N 36.33∘ E; n=14, 7.1% of males), Doybany village
(Moldova; 47.41∘ N 29.20∘ E; n=1, 100%) and the settlement of Nikita (Crimea; 44.52∘ N
34.24∘ E; n=2, 50.0%).
Previously, Reminnyi (2005) analyzed the effect of natural hybridization on the number of gonadal anomalies in green frogs in Ukraine. This author revealed that specimens with anomalies were more frequent in hybrids (44%) than the parental species
(1–4%). Several other authors [1, 2, 11] have mentioned that natural hybrids are characterized by the absence of testes or their reduced size.
Pisanets (1992) studied the effect of natural polyploidy on the appearance of
gonadal anomalies in green toads of the genus Bufotes. He did not reveal any such
anomalies in diploid toads from Russia and Ukraine, but found several cases in polyploids, including four cases of hermaphroditism (18%) in triploid B. baturae (“B.
danatensis”) from Ishkashim village (Pamirs, Tajikistan).
Table 1: Percentage of males with various testicular anomalies, black areas and cysts in species of the
Pelophylax esculentus complex. 2n is diploids and 3n is triploids.
Type of anomaly

Esculentus (2n)

Esculentus (3n)

Lessonae

Ridibundus

Absence of testis

7.2

2.1

0

2.4

Reduced testes

50.1

29.8

5.1

10.8

Asymmetry

33.0

4.3

3.1

7.4

Abnormal shape

22.0

2.1

10.6

6.2

Anomaly (generally)

63.3

34.0

16.7

20.0

Black areas

1.7

2.1

0

0

Cysts

5.7

0

0

2.3

Table 2: Signiﬁcance of differences (p) in the number of testicular anomalies between species of the
Pelophylax esculentus complex. e2 is diploid P. esculentus, e3 is triploid P. esculentus, l is P. lessonae and r
is P. ridibundus. Signiﬁcant differences (p≤ 0.05) are indicated by underlining.
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Type of anomaly

e2/e3

e2/l

e2/r

e3/l

e3/r

l/r

Absence of testis

0.13

0.02

0.04

0.28

0.84

0.22

Reduced testes

0.58

0

0

0

0

0.25

Asymmetry

0

0

0

0.73

0.52

0.27

Abnormal shape

0

0.03

0

0.08

0.28

0.27

Anomaly (generally)

0

0

0

0.03

0.05

0.58
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4. Conclusions
1. In green frogs, hybridization is strongly inﬂuenced by the number of testicular
anomalies.
2. The number of testicular anomalies in diploid hybrids is higher than in triploid
hybrids.
3. Among the specimens of P. esculentus with asymmetric testes, males with a larger
left testis were prevalent.
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Abstract
Color mutations and variations in amphibians are often found in the wild. They are
potential subjects for genetic research, and are also a good indicator of environmental
changes, because they normally occur during two distinct stages of the amphibian life
cycle: in water, during the tadpole stage, and on land, after metamorphosis. However,
reviews and compilations on the mutations and variations in wild-caught amphibians
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The external coloration of organisms plays an important role in biological functions,
such as adaptation to the environment, reproduction and speciation. Coloration in
animals is expressed as a result of color pigments and their cumulative effects on
cells in scales, skin, feathers and hair. In the wild, color variations, in which coloration
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deviates from the species-speciﬁc range, are sometimes discovered. Since many frog
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species in Japan inhabit and breed in or near rice ﬁelds, which are located in close
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proximity to human habitations, color variations during the tadpole stage are discovered by people who then send the information to researchers at universities, aquariums and zoos. Therefore, frogs are the best materials next to humans for the collection of spontaneous variants and mutations in coloration. In fact, information on color
variations in Japanese frogs has been collected by several researchers ([1, 3–5]; see
http://home.hiroshima-u.ac.jp/amphibia/miura/ﬁrst.html).
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Although frogs have advantages for the collection of spontaneous variations and
mutations in coloration, the information on existing variations has never been compiled, possibly because the frogs in question are not always available for genetic
research. This is likely due to the difﬁculty in breeding and establishing a lineage by
accumulating successive generations in the laboratory. In this regard, the Amphibian
Research Center of Hiroshima University has been a unique and successful facility for
maintaining the genetic lineages of amphibians collected from the wild over the past
50 years. Thus, these lineages are available for use in genetic studies. In this study,
I present the color variations and mutations in Japanese frogs and the results of our
genetic studies.

2. Materials and Methods
The color variations and mutations were collected from the following localities in Japan:
Albinos of Pelophylax nigromaculatus from Kumamoto city (by Kikuo Matsumi) in 2013,
Ichinomiya city (by Masataka Tagami) in 2015, and from Kure city in 1979; Albinos of
Glandirana rugosa from Miyoshi city (by Yoshiharu Takeyasu) in 2000 and albinos of
Fejervarya kawamurai from Yukuhashi city (by Manji Yamamoto); black-eyed yellows
of Rhacophorus arborea from Shin-onsen-machi (by Kei Ichisawa); black-eyed yellows
of P. nigromaculatus from Matsumoto city (by Akira Nakahira) in 1999; white egg mass
of Rana japonica from Tsukuba city (by Atsushi Mori) in 2008; pinkish F. kawamurai
from Tosayamada machi (by Sumio Hara) in 1999; blue P. nigromaculatus from Aioi city
(by Hiroyuki Kobayashi) in 2008 and from Wajima city, Mihama city and Kaga city (by
Kazunori Kawauchi) in 2011; and sex-linked color mutations of G. rugosa from Iwakuni
city (by Masao Matsumoto) in 2005.

3. Results and Discussion
3.1. Mechanism of color expression through pigment cells in
the frog skin
The color of frog skin is expressed through the dermis, which includes three different
types of pigment cells: xanthophores, iridophores and melanophores. These cells are
arranged vertically, and include yellow carotenoid particles and pteridine, reﬂecting
platelets that reﬂect light to the upper surface and black melanin, respectively (Fig.
DOI 10.18502/kls.v4i3.2110
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1). The lack of or degeneration of pigments and pigment cells causes changes in skin
color.

Figure 1: Mechanisms of color expression in frog skin. Dermal chromatophore unit (A). The xanthophores,
which include yellow pigments (carotenoid vesicles and pteridine), are located in the uppermost dermis,
while melanophores, including melanin, are at the bottom (B). Iridophores containing reﬂecting platelets
are in the middle (C).

3.2. Albino
A typical coloration anomaly found in frogs in the wild is albinism, caused by a mutation
in the tyrosinase gene, which is involved in the biosynthesis of melanin (black or brown
pigment molecules deposited in pigment cells in the skin and eyes). The albinos of
ﬁve frog species are shown in Figure 2A-E. The skin color of albino frogs is basically
yellow, while the eyes (pupils) are pink. However, the albino morph of the green frog
Rhacophus arboreus differs in coloration: the skin of albino adults is normally green. The
albino tadpoles are white or yellow, similar to those of other species, and juveniles are
yellow for a few months after metamorphosis, but, gradually, the skin color changes to
green, which is the normal color of wild-type frogs. This is due to the unique pigment
cell, violeophore, which replaces the melanophore and contains violet pigments. Thus,
a lack of melanin does not affect the coloration of the adult skin of albinos of this
DOI 10.18502/kls.v4i3.2110
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Figure 2: Albinos of ﬁve frog species and a black-eyed yellow mutant lacking violeophores of the green
frog Rhacophorus arboreus. Albinos of Glandirana rugosa (A), Pelophylax nigromaculatus (B), Dryophytes
japonicus (C), Fejervarya kawamurai (D) and R. arboreus (E1, young, and E2, adult), and a black-eyed
yellow mutation of R. arboreus (F). Box in E2 shows the pigment cells of the skin of a wild-type green
frog observed under a microscope. Pictures C and F were provided by Toshitada Higaki and Kei Ichisawa,
respectively.

species. If violet pigments or violeophores are lost through mutations, the phenotype
is changed to yellow skin, which is similar to that of albinos of other species; however,
the eyes (pupils) are normal and black (Fig. 2F).
We investigated the mutations of the tyrosinase gene in the albinos of three frog
species: Pelophylax nigromaculatus (collected from three different localities), Glandirana rugosa, and Fejervarya kawamurai, with specimens of the latter two collected from
each one locality.The mutations found in P. nigromaculatus were unique. Thymine was
DOI 10.18502/kls.v4i3.2110
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Figure 3: Black-eyed yellow mutation of Pelophylax nigromaculatus. An adult (A), pigment cells in the skin
observed under a microscope (B) and ovulated eggs (C).

inserted in exons 1 and 4, respectively, out of the ﬁve exons in the tyrosinase gene of
the former two albinos; three nucleotides coding one amino acid were deleted from
exon 1 in the other albino. In addition, two isoforms of mRNA were identiﬁed in the
former two albinos: one is normal in size and the other is shorter, and these were
missing one and three exons, respectively. In the other two frog species, G. rugosa
and F. kawamurai, one nucleotide substitution changed the highly conserved amino
acids in exons 3 and 1, respectively, into other amino acids [3]. The mutations in the
tyrosinase gene identiﬁed in all these albinos were unique and different from those
found in humans.

DOI 10.18502/kls.v4i3.2110
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Figure 4: The brown frog mutation of Rana japonica, with normal colored skin and eyes and white eggs.
White egg mass found in the wild (A), F1 and F2 adult frogs (Ee, ee) with normal colored skin and eyes.
The eggs of a homozygous female (ee) and heterozygous female (Ee) are shown in C and D, respectively.
The picture of the white egg mass was provided by Atushi Mori.

Figure 5: Pinkish mutation of the rice frog Fejervarya kawamurai with black spots on the back.

DOI 10.18502/kls.v4i3.2110
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Figure 6: Sex-linked color mutation of Glandirana rugosa. The wild-type males are heterozygous for the
color mutation (Cc), while yellow females are homozygous (cc). There is no recombination between the
C locus and a male determining locus. The color differences between genetic females and males are
apparent early in the development process, at 6 days post-fertilization [2].

3.3. Independent control of melanization in skin, eyes and eggs
Among the color mutations found in frogs, an interesting phenotype of one P. nigromaculatus mutation is the black-eyed yellow, which shows whitish yellow coloration
in the skin and normal coloration in the eyes, and is controlled by a single recessive
gene (Fig. 3). In addition, the eggs of the female of this type of mutant are normally
black. This phenotype indicates that the regulation of melanization is independently
controlled between cells of the skin and eyes/eggs. In another color mutation of the
brown frog Rana japonica, the phenotype of which is also controlled by a single recessive gene, the skin and eyes are completely normal, but the eggs are white (Fig. 4).
This indicates that melanization in eggs is independently controlled from that in skin
and eyes. In conclusion, melanization in frogs is controlled independently between the
skin, eyes and eggs.

DOI 10.18502/kls.v4i3.2110
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Figure 7: Blue variations of Pelophylax nigromaculatus (A) and Dryophytes japonicus (B). The wild-type
frogs of the two species are also shown in C and D. The blue color is expressed due to a lack of yellow
pigments in the xanthophores, shown in E. Pictures A and B were provided by Hiroyuki Kobayashi and Kei
Kinugawa, respectively.

3.4. Epigenetic regulation of pigment cell differentiation
In 1999, we found a color mutation of the rice frog Fejervarya kawamurai. The phenotype is controlled by a single recessive gene. Its skin is pinkish with several black spots
on the back, and the eyes are almost normal. Under the microscope, melanophores
or xanthophores cannot be visibly identiﬁed in the pinkish regions of the skin, but
iridophores are visible, which are round and contain highly condensed pigments. In
the black spots, melanophores and sometimes xanthophores are identiﬁed together
with almost normal differentiation. The spot patterns on the backs of the mutants
differ among individuals of the same brood, and thus the deposition of pigments in
the skin seems to be epigenetically controlled (Fig. 5).

3.5. Sex linkage of color locus
In all amphibians examined to date, sex is determined genetically, but sex chromosomes are homomorphic in both sexes in most species, indicating that genetic differences between the sexes are few. If the color locus is linked with sex, it is very
DOI 10.18502/kls.v4i3.2110
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Figure 8: F1 offspring from crossings between a blue female and blue males of Pelophylax nigromaculatus.
Offspring of the blue female (F) and the blue males No.1 (D), No.2 (E) and No.3 are shown in A, B and C,
respectively. Pictures D, E and F were provided by Kazunori Kawauchi.

useful to identify the genetic sex of embryos and tadpoles at the early stages of
their development, before sex determination and the onset of sexual differentiation
of the gonads. In 2005, we studied a female color mutant of Glandirana rugosa from
Yamaguchi prefecture. The skin was yellow and a little melanized; this phenotype is
controlled by a single recessive gene, designated C locus (C is the wild-type allele and c
is the mutation allele). We established a lineage of color mutation by repeating sibling
crosses in which the male was wild-type and heterozygous (Cc) for the color locus,
while the female was yellow and homozygous (cc). When the males and females were
crossed, all of the male offspring were wild-type and all female offspring were yellow
(Fig. 6). Additionally, the different coloration between sexes appeared at a very early
DOI 10.18502/kls.v4i3.2110
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developmental stage, just 6 days post-fertilization [2]. Finding more mutations linked
to sex is desirable for studies on sex determination, and also applicable to research on
the inﬂuence of environmental disruptors on gonadal sex-differentiation.

3.6. Blue color
One of the most frequently discovered color variation in the wild frog is ‘blue’. The
‘blue’ variation is reported in the tree frog Dryophytes japonicus, the pond frog P.
nigromaculatus, the green forest frog Rhacophorus arboreus, and Ishikawa’s frog, Odorrana ishikawae (Fig. 7; see the web site: http://home.hiroshima-u.ac.jp/amphibia/
miura/first.html). Diploid gynogenesis was induced using blue females of D. japonicus; all the resulting offspring showed wild-type in color, but none were blue, indicating
that the blue phenotype is not genetically inherited [4]. Recently, I studied the blue
variation in P. nigromaculatus from Ishikawa and Fukui prefectures (the specimens
were provided by Kazunori Kawauchi), crossing the three blue males with one blue
female. The offspring from the three different crosses did not show any blue color
but were of a faintly greenish coloration, which was close to blue (Fig. 8). This result
indicates that the blue phenotype is not inherited in P. nigromaculatus, as in D. japonicus,
but that the unusual coloration, a bright greenish close to blue, was dominant in the
offspring (Fig. 8). The inheritance mechanism of the blue color remains unknown.
On the other hand, the expression of the blue color is suggested to be inﬂuenced
by environmental factors in the wild. In Shimane prefecture of western Japan, many
blue variants of the tree frog Dryophytes japonicus have been found in regions close
to the western edge of Lake Shinji, which has recently been polluted [6]. In Ishikawa
prefecture, more than ten blue color variants of P. nigromaculatuswere simultaneously
found in the same rice ﬁeld, which is located close to a chemical plant. Thus, these
ﬁndings suggest that some chemical reagents induce reduction or degradation in the
deposition of yellow pigments or in the differentiation of xanthophores. Thus, further
studies on cases of blue coloration are required.
In conclusion, I have summarized the color variations and mutations in Japanese
frogs found in the wild. All are genetically inherited via a single recessive mutation,
with the exception of the ‘blue’ variant, the inheritance of which remains unknown.
Molecular analysis of albino frogs could contribute to research on albinism in humans
and vertebrates by providing new information on the structure and transcript processing of tyrosinase gene. The application of color mutation for genetic sexing is prevalent
in amphibians because their sex chromosomes are homomorphic, and thus genetic
DOI 10.18502/kls.v4i3.2110

Page 106

Amphibian and Reptiles Anomalies and Pathology

differences between the sexes are few. Color variations and mutations are frequently
discovered in wild frogs in Japan, and probably throughout the world. These variations
could be potential subjects for genetic research and also as indicators of environmental
changes.
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Abstract
We used GIS modeling (DIVA-GIS, Maxent) to simulate the potential distribution of
Zootoca vivipara. For modeling, we used a database including information from our
studies and literature, comprising 190 points of lizard samples (including 7 points for
melanistic lizards). It can be concluded that the distribution of Z. vivipara in Ukraine
depends on the following environmental variables related to solar radiation and
precipitation: “Radiation of wettest quarter” (BIO24; 34.2%), “Precipitation of driest
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week” (BIO14; 18.1%), “Lowest weekly radiation” (BIO22; 15.7%) and “Mean diurnal
temperature range” (BIO2; 12.8%). For habitats where melanistic lizards were found,
“Mean moisture index of coldest quarter” (BIO35; 18.9%) was also signiﬁcant in
addition to BIO24 (50.4%) and BIO22 (17.3%).
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and amphibians are the result of the disturbed function of chromatophores and other
elements which form the coloring [24]. For example, melanophores (black and brown),
xanthophores (yellow), erythrophores (red), iridophores (iridescent, blue, silver or
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gold), cyanophores (blue) and leucophores (dull, whitish) are widespread [8]. Reptiles
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exhibit varying chromism, which is deﬁned by partial or complete absence of different
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types of pigment cells. Melanism, the opposite of albinism, is the development of
a dark-colored melanin pigment in the skin. The presence, absence, density and
distribution of melanocytes and chromatophores within each layer determine the
color of the reptile: for example, the color variants “nigra” or “platini” in Lacerta agilis
Linnaeus, 1758 [19]. A mosaic of combined black and brown colors is described in the
literature as “brown melanism” [25, 26]. Pseudo-melanism, also called abundism, is
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another variant of pigmentation, one characterized by dark spots or enlarged stripes
which cover a large part of animal’s body, making it look melanistic. For some reptilian
species, a completely black body is normal and is maintained by natural selection, for
example, Vipera (Pelias) nikolskii Vedmederja, Grubant et Rudaeva, 1986 (V. berus
nikolskii). The frequency of the occurrence of rare color variants among reptiles
depends on the uniqueness of their population. If the black color version is common,
then the morph (or variant) is written as “var. nigra” [10] (more than 5%). Isolated
cases of deviations from the normal state are called aberrations — ”aber. nigra”
— from the normal color (less than 5%). For example, in Ukraine such aberrations
were found among melanistic L. agilis on Island Biruchiy [33, 39] and in the Molochnij
estuary [15]; among specimens of Lacerta viridis (Laurenti, 1768), they were found in
Mykolaiv region [23]; among Podarcis taurica (Pallas, [1814]) in Crimea [14]; among
Darevskia lindholmi (Lantz et Cyrén, 1936) in Crimea [19]; and among Darevskia dahli
(Darevsky, 1957) (“brown melanism”) in the Zhytomyr region [25]. Melanistic morphs
were described among L. agilis and Zootoca vivipara ( Jacquin, 1787) in Russia. Singular
melanistic specimens of L. agilis were found in Krasnodar krai [35], Western Altai
[19, 39] and the Stavropol krai of Samara province [7]. Melanistic morphs have been
found among Z. vivipara more often than in other reptile species in Russia. In Sverdlovsk
province, the frequency of melanistic individuals in populations in forests was 1.15%,
and in countryside it ranged from 0.95% to 1.1% [37]. Up to 5.5% of specimens were
melanistic (more among the females more) in the Cherdyn district of Perm province
[7]. Melanistic individuals are also reported in Leningrad province [21] and near Tomsk
[20]. In Europe (the United Kingdom, Spain, Germany, Ireland, Switzerland, Poland,
Slovakia, Montenegro, etc.), melanistic specimens are more common in Z. vivipara than
in other species of the Lacertidae family [1, 10, 12, 27, 28, 38]. In the Czech Republic,
up to 8% of Z. vivipara specimens were melanistic, and this variant of coloring is much
more likely to be found among males [11]. In Denmark, 10% of lizards were melanistic
[9]. Earlier in the literature, in 1805, black variant lizards (Lacerta nigra) were described
in Wolf in Sturm (the type locality is “Schneegebirge, so genannte Wenger Alpe”, in the
canton of Berne, Switzerland; Schmidtler, Böhme, 2011). In July 1850, the L. nigra (“L.
Fitzingeri”) was found near Kharkov (Ukraine; [3]). Chromium is known for Z. vivipara
(male) to be green in the UK (Bowles, 2003; [5, 37]). Rare cases of melanism in the
Balkan Peninsula, near the southern range limits for this species, were described in
the literature [12]. Studies of rare abnormalities (or variants) in the coloration of lizards
have not been conducted in Ukraine yet. Therefore, the aim of our work is to compile
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information about the cases of melanistic Z. vivipara in Ukraine in order to identify the
potential bioclimatic factors that could lead to such color manifestations.

2. Methods
To explore this issue, we used GIS modeling of the potential distribution of Z. vivipara
revealed in the territory of Ukraine (183 points and 7 points of melanistic ﬁndings). Z.
vivipara var. nigra were found in regions of Ukraine like: Ivano-Frankivsk (Polonyna
Bryusny; reported Zelenchuk Ya., Smirnov N., 2015; Fig. 1: №1; 47.84∘ N, 24.74∘ E),
Sumy (Desnyansko-Starogutsky NNP, near the village of Ochkino according to Kotserzhinskaya, 2003; Fig. 1: №2; 52.24∘ N, 33.38∘ E), Kyiv (the village of Pluty; Fig. 1: №3;
50.16∘ N, 30.71∘ E), Cherkassy (Sytnіk, 2004; Fig. 1: №4; 49.72∘ N, 31.49∘ E), Poltava NNP “Pyryatynsky” (Udaj River, 2014; Fig. 1: №5; 50.23∘ N, 32.53∘ E), around the village
of Kamyshnaya (Khorol River, 2012; Fig. 1: №6; 50.18∘ N, 33.72∘ E) and Kharkiv (NNP
”Slobozhansky”; reported Biatov A.; Fig. 1: №7; 50.05∘ N, 35.18∘ E).

Figure 1: The results of GIS modeling of potential distribution of Z. vivipara (DIVA-GIS and Maxеnt) (No.
1-7 marking in the text).

These data were collected from the results of original research (ﬁndings, veriﬁed
information) and the literature [16, 29, 40]. They were the basis for a database. Mapping, modeling and calculations were carried out using OziExplorer v.3.95.4 m, DIVA-GIS
v.5.2. (19 bioclimatic factors from WorldClim database, Domain algorithm) and Maxеnt
v. 3.3.3k. (35 bioclimatic factors) [36].
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Figure 2: Melanistic viviparous lizard from the Poltava region.

3. Results
Viviparous lizards are widely distributed throughout the whole Eurasian forest zone.
Its range extends to the north of the Arctic Circle, so it is tolerant of low temperatures. These lizards may appear very early in spring, before the snow melts away (in
March, when the air temperature is around +4∘ C). The southern range limit runs at
48∘ northern latitude. In these areas, viviparous lizards live in damp locations, often
near water (along rivers and in swamps and damp forests). The background coloration
among these lizards is very variable - most animals are basically brown (chocolate
colored), and grey or olive is less likely. In contrast to the relatively low morphological
variability characteristic of this species, there is usually a high interpopulation variation
in patterns [1]. Juveniles start by being black or chocolate colored, and slowly acquire a
pale green ventral coloration on becoming yearlings. We recorded melanistic Z. vivipara
(young-adults) in 7 localities (Fig. 1., Fig. 2.). In the Poltava region near the Khorol River,
only one lizard specimen was black (n=15; Fig. 1: №6). Most of the ﬁnds were singular.
Along River Khorol, 3-5 to 10 lizards per km were found.
GIS modeling showed that the distribution of Z. vivipara in Ukraine depends on
the following parameters related to solar radiation and precipitation: “Radiation of
wettest quarter” (BIO24; 34.2%), “Precipitation of driest week” (BIO14; 18.1%), “Lowest weekly radiation” (BIO22; 15.7%) and “Mean diurnal temperature range” (BIO2;
12.8%). For habitats where melanistic lizards were found, “Mean moisture index of
coldest quarter” (BIO35; 18.9%) was also signiﬁcant in addition to BIO24 (50.4%) and
BIO22 (17.3%). The model presented a high ﬁt - AUC = 0.996. Functions of coloration
DOI 10.18502/kls.v4i3.2111
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may be very different, for example: camouﬂage, UV protection, behavioral adjustments, ecology, thermobiology, etc. Melanism is thought to have thermoregulatory
signiﬁcance and is considered to be a result of ecological adaptation to a certain environment [4, 12, 34]. Also, some scholars have opined about the thermobiological beneﬁts of a melanistic (dark-colored) reptile, arguing that such animals heat up faster,
which allows them to be more active in adverse conditions. The skin reﬂectivity of
melanistic wall lizards was 2% higher than that of non-melanistic ones in a short
wavelength range 0.38-0.80 u [34]. There are different opinions about “the thermal
melanism hypothesis (TMH)” and its speciﬁcity with regards to various regions [4].
Exploring some thermobiological features of melanistic Z. vivipara (heating rate, body
size and habitat) in the Czech Republic, researchers could not conﬁrm the expected
beneﬁt of melanistic color. It was suggested that the occurrence of melanistic specimens among viviparous lizards is due to the characteristics of the habitat (vegetation,
background color, habitat, etc.) [11]. So, the manifestation of melanism and changes
in the color and body shape in different reptilian species is also associated with a
complex of factors – extreme and edge effects, height above sea level, composition
of the soil (e.g., excessive quantities of substances that stimulate melanin production:
manganese and iron), etc. [6, 30]. For example, lizards inhabiting more humid, dark
areas are darker than species in dry open habitats [37]. Also, the light color of Vipera
(Pelias) berus (Linnaeus, 1758) has more xerophiles and thermophiles (forest edges,
southern slopes) than black snakes (river banks or swamp edges) [22].

4. Conclusion
It can be concluded that black skin color can be inﬂuenced by a complex of factors
(physical, chemical, ecological, marginal, biological and climatic). In some cases, the
occurrence of rare colors in lizards may be seen as an adaptation to a certain environment. Each case should be considered individually and regionally. We also observed
the possible inﬂuence of climatic features on the occurrence of melanistic forms among
viviparous lizards: in addition to factors associated with solar radiation and precipitation (“Radiation of wettest quarter” (BIO24; 34.2%) and “Lowest weekly radiation”
(BIO22; 15.7%)), “Mean moisture index of coldest quarter” (BIO35; 18.9%) is also signiﬁcant. In fact, all such specimens were discovered near the southern border of the
area (Fig. 1: №1, 3-7): in similar habitats, there are live black reptile species, such as V.
nikolskii. Therefore, we can assume that the expression of melanism is not accidental
and not subject to selection. Since data on the occurrence of melanistic forms among
DOI 10.18502/kls.v4i3.2111
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viviparous lizards is not adequate, research should continue. However, according to
preliminary data, it is important to note that in some regions where melanistic specimens are quite common (over 5%), especially among young individuals, this manifestation can be considered a variation on the normal color of the viviparous lizard of Z.
vivipara var. nigra [10].
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concern among scientists. The literature describes amphibian anomalies in Eastern
Ukraine [2], Western Ukraine [1, 3, 10], Southern Ukraine [5], and in Ukraine generally
[4]. In the middle Dnipro region, we previously registered malformations in limbs,
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heads (craniofacial), spines, skin, etc. [6]. According to the literature, anomalies are
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rarer in natural populations than in populations in an anthropogenic environment (Ver-

Anomalies and Pathology
Conference Committee.

shinin, 1997; Nekrаsova, 2002; Borkin et al., 2012), and therefore there is huge interest
in the natural biotopes of the Trakhtemyriv Peninsula. The peninsula is situated in the
middle of the Dnieper River and is surrounded on three sides by the waters of the
Kaniv water storage plant. In the mid-1970s, the construction and opening of the water
storage plant had a signiﬁcant inﬂuence on the ﬂora and fauna of this region. The
regional landscape park “Trakhtemyriv” is located on the territory of the peninsula.
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2. Methods
We sampled abnormal anurans belonging to Pelophylax esculentuscomplex from the
Trakhtemyriv Peninsula (Cherkasy region) near the village of Buchak (49∘ 51′53″ N,
31∘ 26′21″ E). During the ﬁeld work, material was collected by the student-biologists of
Pereiaslav-Khmelnytskyi State Pedagogic University named after Hryhorii Skovoroda
in 2012 (57 species collected in July) and in 2013 (45 species collected in July). The
total amount of the material collected and researched was 102 frog species (ad &
sad). In 2014 – 2016, only the number of amphibians was studied. The frogs were
examined according to standard methods during their life cycles. They were classiﬁed
in terms of their morphological traits [6]. The anomalies were studied according to the
classiﬁcation system we developed earlier ([7]; Fig.1).

Figure 1: The proportion of the occurrence of various types of abnormalities in lake frogs on the
Trakhtemyriv Peninsula (2012-2013, subscriptions in the text).

3. Results
As a result of the research, it was found that all members of the green frog Pelophylax
esculentuscomplex can be found in the investigated territory – parents of the marsh
frog Pelophylax ridibundus (Pallas, 1771) (in 2012 - 71%; in 2013 – 93%); the pool frog
Pelophylax lessonae (Camerano, 1882) (in 2012 – 5.2%; in 2013 – 4.4%);and their hybrid
Pelophylax kl. esculentus (in 2012 – 23.8%; in 2013 – 2.6%). Therefore, it was indicated
that in mixed population systems (LER type) there were fewer hybrids and pool frogs.
The total number of frogs was two times lower. Anomalies were found only in P.
DOI 10.18502/kls.v4i3.2112
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ridibundus:in 2012, they were found in 5.2% of the specimens, and in 2013 in 13.3%
(3 frogs each had 2 anomalies).
Limb Malformations (Fig.1, 2).

Figure 2: The proportion of frogs with abnormalities on the Trakhtemyriv Peninsula.

Phocomelia (L2В) - absence of the proximal portion of a limb, found in 8.3% (f, 2013).
Rotation(L3C) - rotation different parts of the limbs, often found in 33.4% (m, f, 20122013).
Ectrodactyly (L4А) - missing part of limb or digits. Found in 33.4% (m, f, 2013).
Mixed patterns (L4D) - Brachydactyly (short toes or missing phalanges) and Ectrodactyly, found in 8.3% (f, 2012).
Polyphalangy (L5В) - extra bones in a digit, found in 8.3% (2013).
Polymelia (L6) - with one extra hind limb, found in 8.3% (f, 2013; Fig. 3). A similar number of cases of polymelia were found in lake frogs (P. ridibundus) from the
park “Kin-Grust” in Kyiv. In 2001, up 42% of specimens had additional limbs (up to 7;
Nekrasova et al., 2007).
The artiﬁcial lake Buchak emerged in place of the lower pit of the incomplete Kaniv
Pumped Storage Plant. The construction of the plant started in 1984 and was suspended after the Chornobyl NPP accident. In 1992, all construction works were completely stopped for economic reasons. During the construction, part of the village of
Buchak was partially relocated and demolished, with the oak forest being uprooted and
the existing ecosystem disrupted. It is worth mentioning that some oaks 1.5 meters in
DOI 10.18502/kls.v4i3.2112
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Figure 3: Picture of polymelia (L6) - P. ridibunduswith one extra hind limb.

diameter were preserved in certain areas (400 m from the ﬁsh farm). Lake Buchak is
a drainage lake ﬁlled by waters from springs. It was here that we found for the ﬁrst
time a new kind of reptilian - Natrix tessellata - for the Cherkasy region [6]. Recently,
tourist activities have had a strong inﬂuence on the lake. The number of amphibians
is in gradually decline.

4. Conclusion
As a result of this work, we came to the conclusion that hybrids and pool frogs were
the most sensitive to the changing conditions, as their populations decline with each
year. Meanwhile, the number of marsh frogs with anomalies increased to 13.3%, and
the range of the anomalies has increased to 6 variants. Possible explanations for the
emergence of anomalies in natural waters could be parasitic invasions, natural background factors (the general deterioration of water conditions in the Dnipro River and
radioactive background from the gamma radiation in granite outlets) and signiﬁcant
recreational activities during amphibian breeding and development. In the near future,
we plan to study this phenomenon more precisely.
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Abstract
To be really efﬁcient and conclusive, studies on the anomalies in natural populations
of amphibians must be carried out in a perspective clearly centered on this topic rather
than being a side product of works dealing with other questions. Recommendations
are offered here on the methodology for such studies.
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The term ‘anomaly’ is derived from the Greek term άνομος (anomos), meaning ‘lawless, wicked’. It designates any deviation of the phenotype (morphological or nonmorphological) outside the range of variation of the phenotype considered to be ‘nor-
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concern form (e.g., coloration anomalies). The terms ‘mutation’ and ‘mutant’ concern
only anomalies with a genetic transmission. The term ‘anomaly’ is preferable to the
preceding ones, as it has both a more general and more neutral meaning, referring
just to ‘normality’, to ‘abnormal’ or ‘deviant’ specimens, without limiting this to some
aspects of the phenotype or to some kinds of causes.
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2. Studies of anomalies in natural amphibian populations:
what are our aims?
Studies of anomalies in natural amphibian populations have several aims: (1) to evaluate the ‘health’ of these populations through the study of anomalies; (2) to establish
the causes of the anomalies observed; and (3) to make predictions and recommendations. But in such studies the aim is not: (1) to create anomalies in the laboratory that would ‘resemble’ those found in the natural populations; and (2) to study
the anomalies ‘for themselves’, for embryological, morphogenetic, teratogenetic or
genetic purposes.
These distinctions have methodological consequences. Such studies should concentrate on the natural populations themselves and on animals collected in these
populations, not on ‘model organisms’ from laboratory stocks. They should therefore
be composed of two main steps: (1) ﬁeld studies of the populations (including their
environment) and (2) laboratory studies of specimens coming from these populations.

3. Study of anomalies in natural amphibian populations:
methodological recommendations and
warnings for ﬁeld work
3.1. General recommendations
For the study of the causes of anomalies, morpho-anatomical descriptions (even very
detailed ones) of isolated cases are of very limited, often merely ‘anecdotal’, interest.
To be fully informative, the data should concern high numbers of animals (hundreds,
preferably thousands or tens of thousands). Before starting anything, care should be
taken to obtain all the necessary permits and legal documents allowing one access to
the study sites and the right to handle large quantities of animals.
The coverage of a ﬁeld survey for the study of anomalies should be well deﬁned
from the start. In a given area, the study should concern as many localities as possible
(i.e., not only those where abnormals were found) to ascertain the distribution of the
anomalies studied. It should cover all amphibian species in each locality (not only the
‘target’ species) in order to ascertain the presence or absence of taxonomic speciﬁcity
in the anomalies studied.
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3.2. Species speciﬁcity
As a matter of fact, many anomalies show species speciﬁcity. Of course, anomalies due
to ‘natural’, random mutations are species-speciﬁc and often population-speciﬁc. But
this is also the case for some ‘phenotypic’ anomalies like the anomaly P of Pelophylax
(European green frogs). In contrast, anomalies due to severe environmental aggressions or disruptions (radiation, chemicals, pathogens, parasites) may concern several
sympatric species and, depending on the factor involved, may occur in a single locality
or over a larger area. This requires that we take into account all the amphibian species
of a site, and not only those in which anomalies may have been discovered.

3.3. Study site
Any ﬁeld survey must include a precise localisation of the site, with its coordinates,
the ‘ofﬁcial’ names (as they appear in maps and other published documents) and
their ‘local’ names, and a precise description of the site and means of access (roads,
paths). This description should cover the various environments found on the site (lentic
and lotic aquatic habitats, forested and agricultural lands, roads, human settlements,
topography, elevation), and not only the habitats where amphibians were found. The
distribution of all amphibian species on the site at the time of the study should be
noted, as well as those of other organisms likely to interfere with amphibians, such as
predators, parasites, vectors of pathologies and competitors.

3.4. Sampling
It is not enough to collect and examine the abnormal specimens found during such a
survey. Statistical data may be very useful for the interpretation of the observations,
and the higher the number of amphibians examined, the better. Among about 100,000
specimens of Bufo bufo examined by our team in the Paris region from 1966 to 1975,
several dozen anomalies were detected, but the ‘background rate’ of specimens showing anomalies due to genetic causes (mutations) was often below 1 or 0.1%, or even
0.01%. Therefore any higher rate should provoke attention, as it suggests the possibility of unusual causes of anomalies, but the estimate of this rate is meaningful only
if based on more than 100 specimens, preferably more than 1,000. In many temperate
species, such numbers are relatively easy to collect and examine during the breeding
season.
DOI 10.18502/kls.v4i3.2113
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During such surveys, sampling should always be random. Looking especially for
abnormal specimens (e.g., albinotic or melanistic specimens, which are easily recognisable) would produce biased estimates of their frequency in the population. Random
collection by hand or by net with small mesh is recommended. Trapping often introduces a collecting bias and should be avoided.
For an efﬁcient ﬁeld survey, appropriate equipment is needed, including boots, nets,
headlamps, paper and pen, computer, recorder, camera, GPS, maps and containers.
Also useful may be a magnifying glass, a chair and table, protection against rain, cold
and/or sun, gloves, food and drink.
In order to study as many specimens possible (a minimum of 100 if possible, preferably above 1000), night surveys by teams of several researchers are more efﬁcient,
not only because amphibians are easier to collect when dazzled by electric light, but
also because most species are active only or mainly at night. The best period for such
studies is of course the breeding season, when thousands of specimens gather for
reproduction.

3.5. Storage of specimens during study
Until the survey of a population is ﬁnished, the specimens should be provisionally
stored in containers and not released immediately on the spot of collection: this prevents them from being examined and counted twice or more. Storage should allow
specimens to move and be spacious enough to prevent overcrowding, along with the
injuries and deaths that overcrowding causes.
During this storage period, if the study is made in the breeding season, males and
females should be separated, and there should not be too many females in a container
in order to prevent them from releasing their eggs. For such studies, it is not recommended to store the specimens, especially females, in plastic or tissue bags, as this
also may induce the release of eggs. Large basins are appropriate containers. If it is
technically possible to store them in a cold room (e.g. in a truck), this will contribute
to the retention of the eggs by the females until they are released with the males
in a habitat. All these precautions require that one maintain in a good condition the
appropriate equipment for short-term stocking of living specimens.
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3.6. Information acquisition and recording
Methodological recommendations are also useful concerning the acquisition and
recording of information. Collection and examination of the specimens should be
separated. It is much more efﬁcient and ergonomic to catch and store the specimens
ﬁrst, and examine them altogether immediately after the end of collecting. Examination may also be conducted during the collecting, but this requires several teams of
observers in different parts of the habitat. At any rate, examination of the specimens
should not be postponed to a later date, as captive specimens may develop injuries,
lay eggs or die.
For the examination of specimens, comfortable conditions should be preferred: a
chair, table, and, if possible, protection from wind, rain, cold, etc. The best system consists of dividing the work between at least two persons: one examining the specimens
and one noting the observations. For comparison purposes, it is better to examine all
the specimens of one species ﬁrst, then those of a second species, etc., and it is better
if all the specimens in each of these categories are examined by the same person. For
visual examination, the specimens should be held ﬁrmly in hand and the observations
always made in the same order, e.g.: dorsal view of head and body, lateral views of
each side of head (including eyes) and body, ventral view of head and body, dorsal
and ventral views of each hand and foot. With some experience, the examination of a
specimen without any external anomalies takes less than half a minute.
What information should be recorded during a ﬁeld survey for anomalies? All individuals of each stage and sex collected should be carefully examined. Their taxonomic
status, sex, stage or age, and all anomalies, should be recorded. All phenotypic anomalies, including ‘tiny’ anomalies and apparently ‘accidental’ ones (wounds), should be
noted. Detailed descriptions, photographs and sketches should be made. This requires
efﬁcient ergonomics for information recording
To save time, it is also useful to have an ergonomic and standardised system for
noting observations. Each specimen surveyed should be taxonomically identiﬁed, at
least at some supraspeciﬁc level (genus, subgenus, species group). For brevity, the use
of a three-letter code for each taxon is recommended, such as TEM for Rana temporaria,
CRI for Triturus cristatus, PEL for Pelophylax sp., LIS for Lissotriton sp. or URO for Urodela
sp. (this may be necessary for eggs or larvae).
Ergonomic data recording can also be facilitated through the use of standard symbols or abbreviations for sex and stage, such as: ♂, male; ♀, female; ad., adult; sub.,
subadult; juv., juvenile; im., imago ( just metamorphosed, before ﬁrst hibernation or
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another landmark event in development); tad., tadpole (0L, 0 leg; 2L, 2 legs; 4L, 4
legs); lar., larva; ω, egg.
The use of standard abbreviations and symbols facilitates the description of anomalies. They can be used to designate the limbs (LFL, left fore limb; RFL, right fore limb;
LHL, left hind limb; RHL, right hind limb) and some frequent anomalies: e.g., ← for
clinodactyly towards the body axis and → for clinodactyly towards the exterior of
body. The numbers of digits can be abbreviated as follows: 5-5/4-4 (LHL-RHL/LFL-RRL).
Figure 1 shows some digit anomalies and some possible abbreviations for them.

Figure 1: Examples of standard descriptions of anomalies using abbreviations and symbols.

On the other hand, in such studies it is not necessary to record details that would
be useless for the purpose of the work. Thus, it is not useful to spend time describing
all other particularities which do not belong to the domain of anomalies and wounds:
e.g. size, coloration within the range of ‘normal’ variation, etc. Of course, this requires
some knowledge of the ‘normal’ phenotypic variation of the species studied, which
can be obtained only through practice and the examination of many specimens. This
remark has a wider application: studies of anomalies require a ‘good eye’, which is
often obtained after the examination of thousands of specimens over years.
Figures 2 and 3 show ﬁeld notes taken with standard abbreviations during a night
survey of an amphibian population in France and its subsequent ‘transcription’ in words
in a more explicit document.
DOI 10.18502/kls.v4i3.2113
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Figure 2: Example of ﬁeld observation sheet on anomalies in amphibian populations.

Other potentially useful data should also be recorded. They include biological and
ecological data on sympatric amphibian and non-amphibian species, which may be
DOI 10.18502/kls.v4i3.2113
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Figure 3: Example of transfer of the ﬁeld observation sheet in Figure 2 to a more explicit document.

involved in predation, parasitism or competition or may be responsible for some nongenetic anomalies. Data on the biotic and abiotic environment should also be recorded,
including descriptive data (particularly of ‘unusual’ characteristics of the habitat), a
physico-chemical survey (especially if some data or observations suggest that they
DOI 10.18502/kls.v4i3.2113
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can be relevant for the causation of anomalies) and data on the history and changes in
the habitat. One should always beware of ‘ofﬁcial’ information (from owners, authorities, etc.), which may be incomplete, biased, misleading or completely wrong. It is
always preferable to count on one’s own observations and enquiries than on secondhand data of unveriﬁed origin.
Whenever possible, the population size of the studied species should be estimated
(e.g. by capture-recapture methods). This may prove important as small populations
may have a higher inbreeding rate, which may have an impact on the rate of mutant
specimens. Data on the history of the site, especially if there were changes in the
habitat, may also be relevant, as recent populations or populations that may have
suffered a recent demographic bottleneck may also have a higher inbreeding rate.

3.7. Specimens kept for laboratory study
At the end of the process of examination of specimens in the ﬁeld, all specimens which
appear ‘interesting’ for further study (growth, regeneration experiments, crossings,
gynogenesis, etc.) should be kept alive and brought to the laboratory. This of course
requires one to have all the necessary permits. All other specimens should be released
on the spot of capture but only after having examined them all in order not to examine
the same specimens several times.
The specimens that should be kept for laboratory work are those for which observations or experiments in captivity can bring additional information, notably on their
causes. This includes, ﬁrstly, coloration anomalies due to the absence or unusual distribution of some pigments or pigmentary cells (albinism, melanism, blue or golden
frogs, translucent belly skin, etc.): these are often caused by simple mutations, as can
be ascertained in one generation by gynogenesis or in two generations by crosses.
For some ‘well-known’ pigmentary anomalies (like albinism or black eyes), specimens should be kept even when the anomaly is unilateral or partial (concerning only
some regions of the body). All bilateral (and preferably symmetrical and harmonious)
anomalies of limbs and eyes are also likely to be caused by mutations and should
be kept for study. This also applies to other ‘harmonious’ anomalies of legs and the
head that suggest they are the result of a developmental process and not an accident
having occurred after development (due to predation, disease, parasitism, etc.). A few
‘normal’ specimens of both sexes from the same population should also be kept for
use as controls in experimental studies of the abnormal ones (e.g., for crossings or
gynogenesis; see Dubois & Ohler, this volume).
DOI 10.18502/kls.v4i3.2113
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4. Conclusion
In the recent years, many publications have been devoted to studies of anomalies
in amphibian populations in various countries of the world. Unfortunately, an significant proportion of these works are disappointing, as the methodologies followed
were unsatisfying and quite far from the recommendations presented above. One
of the reasons for this situation is that few studies clearly centered on the study of
anomalies were carried out. The data on anomalies were collected ‘incidentally’ as a
side-result of studies centered on other questions (ecology, behaviour, conservation
biology, mapping, etc.). However, as shown above and in other contributions to this
volume, the study of anomalies in natural amphibian populations is a research domain
of its own, which should follow its own methodology and use appropriate equipment.
The quality of research on this matter will improve when the biologists undertaking
them understand this need.
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is to explore the skeletal anomalies of juvenile smooth newts (Lissotriton vulgaris Linnaeus, 1758) following the gradient of urbanisation.
Tasks:

1. Learn the alizarin-alcian method of staining skeletons.
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2. Explore the skeletal morphology of yearlings from populations of areas with different urbanization levels.
3. Compose spectrums of deviant forms for the explored samples.
4. Make a comparative analysis of identiﬁed spectrums.

2. Methods
The material was collected in the Yekaterinburg conurbation and in the countryside
in 2011-2015. The animals were caught manually soon after the completion of metamorphosis. The total amount of samples was 72 juvenile L. vulgaris: 18 individuals from
zone II, 15 from zone III, 17 from zone IV and 22 from the control pool. During the exploration, the overall skeleton structure of the smooth newt was learnt. A classiﬁcation
of skeletal anomalies was compiled based on the available methodical elaborations
and data received during the survey of collected material. Hydrochemical indicators
were identiﬁed in the physical and chemical analysis laboratory of Ural State Mining
University. The analysis of the content of the gastrointestinal tract was conducted by
Dmitry Berzin. The skeletons were studied via the alizarin-alcian method of staining
skeletons [1].

3. Results
The basic variants of skeletal anomalies are represented in table 1. The stages of
median seam overgrowth were studied. After the analysis of the interconnection
between water chemical cosist and the content of the gastrointestinal tract of juvenile
newts with stages of median seam overgrowth was made in urbanization gradient (ﬁg.
1), a direct positive correlation between the occurrence of animals with completely
overgrown seams and water mineralization was noted (R=0,99, p=0,0003). A similar
tend was noted for the occurrence of shellﬁsh in newts’ gastrointestinal tracts and
several other environmental parameters (temperature and pH). In this way, one can
assume the synergies of the effects of the above factors on seam overgrowth speed.
Spectra composed for each population have speciﬁcity and similarity (ﬁg. 2). So the
high occurrence of rib anomalies is noted, particularly bifurcation, for all the samples.
Equally, in the urbanized area the frequency of this variant changes by 50 to 82%: in
the countryside population, it changes from 35 to 45.45%. It should be noted that in the
countryside population, the biggest number of unique anomalies were found (anomaly
DOI 10.18502/kls.v4i3.2114
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Figure 1: The changing biotic and abiotic characteristics of explored populations and habitats along an
urbanization gradient.

Figure 2: Spectra of skeletal anomalies of juvenile smooth newts along an urbanization gradient.

of atlas, anomalies of trunk vertebrae, fusion of vertebrae and aschistodactylia). The
number of axial anomaly variants in the countryside is much higher, while in the
urbanized areas there are more peripheral sceleton deviations. Maybe this is the result
of regeneration after injuries from more predators. Extra seams in cranial bones are
found in zone III and the control area. Perforated bones with a honeycomb structure
are most noted in zone III (Shartash) with maximal mineralization. The occurrence of
DOI 10.18502/kls.v4i3.2114
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Figure 3: Distances between compared spectra (Euclidean distances).
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Figure 4: Percentage ratio of abnormal and normal animals.

this deviation decreases to zero in the habitat with the decrease of mineralization (in
Shartash 7, where mineralization is below 100 mg/l). Maybe this formation of the bone
structure is caused by high mineral substance content in the habitat. The frequency of
anomalies of the pelvic vertebrae and the violation of the articulation of the pelvis
DOI 10.18502/kls.v4i3.2114
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Table 1: Types of anomalies and their occurrence.
Type of anomaly / Habitat

IV (Shartash)

C (Mramorskoe)

Extra seams in cranial bones

II (Dekabristov str.) III (Razyezd)
0

6.67

0

4.55

Anomalies of atlas

0

0

0

4.55

Anomalies of trunk vertebrae

0

0

0

4.55

Anomalies of pelvic vertebrae

22.22

13.33

5.88

4.55

Anomalies of caudal vertebrae

5.56

6.67

0

0

0

0

0

4.55

Ribs on atlas

0

6.67

0

0

Anomalies of ribs

50

80

82.35

45.45

22.22

13.33

5.88

4.55

0

13.33

0

0

Anomalies of pelvic girdle

5.56

0

5.88

0

Ectromely of hind limbs

5.56

0

5.88

4.55

0

0

0

4.55

Brachyphalangy

5.56

0

5.88

0

Extra bony elements

5.56

0

0

4.55

Perforations and thin areas in
bones

5.56

53.33

0

4.55

Vertebrae fusion

Deviation in articulation of
pelvis and spine
Ectromely of front limbs

Syndactyly

Table 2: Degrees of spectra overlap according to the Morishita index.
II (Dekabristov str.)
II (Dekabristov str.)

III (Razyezd)

IV (Shartash)

C (Mramorskoe)
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III (Razyezd)

72.52

\\\\\\\\\\\\\\\\\

IV (Shartash)

84.25

79.98

\\\\\\\\\\\\\\\\\

C (Mramorskoe)

85.79

66.16

82.87

\\\\\\\\\\\\\\\\\

and spine increases as urbanization does, from 4.5 to 22,2% in zone II. Perhaps several
deviant forms are able to survive in urbanized areas, which have a lower number
of predators. Anomalies of the caudal vertebrae were found in zones II and III. It is
possible that the appearance of forms like these is connected with an increase of myco
infections. The boosting of fungal lesions is caused by the alkaline condition of the
habitats in these zones. Ribs on the atlas were noted in one individual in the population
of zone III. This phenomenon might be connected with genetic changes, not habitat.
Among anomalies of the peripheral skeleton, the most common one is ectromelia,
which reached its highest frequency in the sample from the low-rise building zone
(Razyezd). Ectromelia might appear as a result of injury. Anomalies of the pelvic girdle
(in zones II and IV) were only noted in urbanized areas, where brahifalangiya was
noted. Extra bony elements were found in the populations of zones II and III.
DOI 10.18502/kls.v4i3.2114
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The cluster analysis of identiﬁed spectrums (ﬁg. 3) shows that the sample from
Razyed is much more distanced from all the others. This is conﬁrmed by the fact
that zone III has the smallest overlap with the other populations (table 2). One of
the reasons for this is the increased mineralization of the surface water. The sample
from Shartash made the 2𝑛𝑑 level cluster. The low distancing of Mramorskoye and
Decabristov was noted, as well as the high overlap of these zones according to the
Morishita index. Perhaps this is connected with the similar anamolies of abnormal
animals in these populations.
According to the diagram (ﬁg. 4), the highest percentage of abnormal animals was
noted in zone II and the least one in the control area. Differences in calcium content
in the studied zones should be noted. The highest concentration of this element is
observed in zones II and III. It can be assumed that the most common anomaly of
abnormal animals, the overgrowth of the median seam on the skull, is connected with
the level of mineralization of the surface water and other factors considered in Fig. 1.

4. Conclusion
1. 16 variants of anomalies were found in the skeletons of smooth newts: 9 in the
axial skeleton, 6 in the peripheral skeleton and one in different parts.
2. The acceleration of the intergrowth of interparietal sutures was mentioned in
juvenile habitats of the residential part of the city (zones II and III). Possible
reasons for these phenomenon are the high mineralization of the surface water
and the increase in the percentage of calciphilic organisms (Mollusca) in the food
of juvenile L. vulgaris.
3. The analysis of changes in the deviant form spectra under effect of urbanization
shows an increase of the general frequency of deviations along the gradients of
anthropogenic habitat transformation, anomaly diversity, reduction in the variants of axial skeleton anomalies and the increase of peripheral ones.
4. 5 unique skeletal deviations not found in the forest population were noted in
urbanized areas, while 3 not found in urbanized areas were found in the forest
population.
5. The mentioned differences and speciﬁcity of the explored populations are related
to the “environmental sieve” effect, or the proﬁling of the deﬁnitive morphology
of a new generation through a complex of conditions in a certain habitat.
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Abstract
Anomalies and pathologies can be observed in fossil animals. Among these
pathologies are tumors, callus in fractures and the underdevelopment of skeleton
elements. Anomalies often occur in the spine and are represented by the fusion
of the vertebrae, variations in the joints and the deformation of skeletal elements.
Sometimes anomalies and pathology combined in a single element of the skeleton.
These anomalies and pathologies may not always be recognized in fossil material,
especially if it is small in size. In this case, anomalies can be described as new taxa.
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Deviations in the spines of anura are observed most often. They were registered in
about 15% of all investigated individuals of common frogs, and this indicator in some
populations reached 21.9% [2]. These anomalies can be found in fossil bones, too. The
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Anomalies and pathology in fossil materials are not rare. Apparent samples have been
found in all major locations of tailless amphibians containing 1000 or more bones, such
as Voroncha [1], Rudny, Zmeyovka-2 [3] and Tologoi [4]. However, there are no clear
boundaries between the three concepts: norm, abnormality and pathology [2]. It is not
always possible to say what is represented in the observable exemplars.
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Figure 1: Pathology and anomalies in the bones of anurans: a-c - tumors at Rana temporaria bones,
Voroncha: a-b – scapula, inner and outer views; c – radioulna; d-f – fractures of Rana temporaria radioulna,
Rudny: d – with displacement, e-f – without displacement, from two sides; g-h – underdevelopment of
Rana temporaria ilium, Voroncha, inner and outer views; i – biconvex vertebra of frog, Voroncha, ventral
view; j – opisthocoelous vertebra of toad, Voroncha, ventral view; k – fusion of anterior frog vertebrae,
Voroncha, dorsal view; l-m - fusion of presacral frog vertebrae, Voroncha, ventral and dorsal views; n-o
– transversal processes at frog urostyles, Voroncha, lateral views.
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Figure 2: Anomalies in the bones of amphibians: a-b – deformation of frog sacrum, Voroncha, dorsal and
posterior views; c-d – deformation of toad sacrum, Voroncha, anterior and posterior views; e – deformation
of spadefoot sacrococcygis, Chirkovo, ventral view; f – combination of vertebral fusion with deformation
of diapophyses form, Tepke, ventral view; g-h – combination of vertebral fusion with deformation of their
form, Zmeyovka-2, dorsal and ventral views; i-j – combination of vertebral fusion with tumor, Zmeyovka2, dorsal and ventral views; k - amphicoellous trunk vertebra of Triturus cristatus; l-m - fused rib and
asymmetry in vertebra of Lissotriton vulgaris.
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Figure 3: Variability of Rana temporaria sacrums from the Voroncha locality, dorsal views.

Obvious pathologies observed on fossil bones are tumors on various skeletal elements and their various parts, healed fractures and hypoplasia of bones (Fig. 1 ah). Anomalies in the spine include the unusual shape of the articular surfaces of the
vertebral bodies, fusion of the bodies and neural arcs of the vertebrae, the presence of
transverse processes on urostyle (Fig. 1 i-o) and the deformation of skeletal elements
(Fig. 2 a-e). Sometimes there are combinations of different abnormalities (Fig. 2 f-h)
or abnormalities with pathologies (Fig. 2 i-j).
Although there are far few ﬁndings of tailed amphibians compared to tailless ones,
there are also deformities among them (Fig. 2 k-m).
I would like to particularly discuss the cases when is not clear whether there is an
anomaly in front of us or not. Fig. 3 shows the variability of the transverse crest shape
in the sacrum of common frogs. The form of the transverse process in Figure 3e is not
inherent to the common frog, and we can talk about the abnormality only because
this vertebra is among the mass of normal vertebrae. However, if we found only
this vertebra, it would be possible to describe a new species or genus. Nevertheless,
bones with unusual morphology can occur in a few collections, too. A paleontologist
must decide what status to give the unusual morphology of bones: you can describe
DOI 10.18502/kls.v4i3.2115
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it as a new species or consider it an abnormal variant. Usually, we attribute more
ancient ﬁndings to extinct species, while younger ones are more often considered as
anomalies. The nature of this phenomenon is the same: the formation of new species
begins with the appearance of the abnormal morphology of the ancestor.

3. Conclusion
Perhaps parts of the described new fossil species represent only anomalies in the
morphology of other species. Unfortunately, it is very difﬁcult to distinguish them. It
is necessary to involve all colleagues to resolve such issues. For this, descriptions and
images of all unusual remains must be published to attract the attention of specialists.
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Abstract
An evident non-randomness in the variability of living organisms is caused by
the integrity of their developmental systems, which undergo the evolutionary
transformation as a whole. The commonest manifestation of such orderliness is the
occurrence of homologous variations in related forms. The evolution of the dominant
group of early amphibians (Temnospondyli) provides numerous examples of this
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The pattern of the variability of a living organism is obviously predetermined by its
evolutionary history. In line with this, the assessment of the array of possibilities
which a given type of organization can realize depends on one’s understanding of
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that such parallel variations may occur regardless of whether they represent the stable
(heritable) features or just induced effects. In the history of evolutionary thinking, this
point was long used to ground Lamarckian views
Attempts that were made attribute parallel variability to an action of homologous
or related genes naturally exclude from consideration all non-hereditary variations.
Another proposed suggestion (known as the nomothetic approach) tends to assign
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the discussed phenomenon to universal laws of shaping which operate in the physical
world. Such an attempt to reduce a given category of biological orderliness to some
non-biological causes looks like an appeal to ignorance.

2. Methodology
The only way to ﬁnd an integral historical explanation of parallel variability is the
organism-focused approach implying that the subject of evolution is a holistic living
organization. In this case, all the properties of the latter should result from its systemic
nature. This approach is based on the concept of the reaction norm as a speciesspeciﬁc array of developmental trajectories realizable with the present constitution
of the zygote.
The fundamental implications from this approach were revealed by Goldschmidt (1),
who found that ontogeny is controlled by the integral reaction system determining
all the range of phenotypic deviations available for such a system. These cannot be
divided into the effects of mutations and those of external agents, but form instead a
single set of system responses to disruptions to the due coordination of the formative
processes. This set is stated to undergo the evolutionary transformation as a whole.
This principle in turn underlies the epigenetic theory of evolution (ETE), based on
generalizations by Schmalhausen (2) and Waddington (8); cf. Shishkin (5,6).
According to ETE, understanding the nature of individual variations proceeds from
the following premises. The balance of organisms with their setting is expressed as a
uniformity (equiﬁnality) of their adult norm, which is maintained due to the regulation
of development within a wide range of ﬂuctuations of external and internal factors.
Outside the conditions allowing such regulation, the norm is replaced by a range of
unstable variations indicating the loss of system equilibrium.
Taken as a whole, the space for such potential aberrations of the living system
is regarded as its speciﬁc property, in the same way as this holds for the normal
course of development. It is just that the speciﬁc pattern of such alternatives allows
the researcher to recognize some orderliness in variability. In a simpliﬁed form, the
overall set of developmental trajectories realizable for a system can be expressed as
the model of the epigenetic landscape by Waddington (8).
Evolutionary change of the developmental system is a transformation of its epigenetic landscape. The driving force behind this shift is the restructuring of the system (by
selection) towards the reparation of its stability under new environmental conditions.
The sequence of steps in this process is as follows. 1. The triggering event is the loss
DOI 10.18502/kls.v4i3.2116
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of stability of the terminal state of system (replacement of the adult norm by its
aberrations). 2. The system begins to search for a new equilibrium by selecting carriers
of the most viable aberration. Hence, the nearest model of the new adult norm is one
of deviations of the previous developmental pattern. 3. The stabilization of this morph
as a newly formed noise-resistant norm converts its developmental pathway into a
standard trajectory of development. This process, i.e. the stabilization of the formative
mechanism of the novelty, spreads with the generations towards earlier ontogenetic
stages (cf. “phylembryogeneses-consequences” by Severtsov (4)).
In this light, a comparison of a given developmental system with the results of
its closest changes (expressed in terms of the space of potential pathways) allows
us to predict the following effects. 1. In closely related taxa, the general design of
developmental trajectories (valleys of the landscape) should be essentially similar,
with the main differences concerning the frequency of their individual realization. 2.
A character state known in a certain taxon as an absolute norm may show different
grades of stability in other related forms, with ranging from a variant of the norm
to a random variation. 3. In line with effect 1, the developmental systems of close
relatives must show similar domains (watersheds of the landscape valleys) of the most
unlikely or “forbidden” formative events. All these expectations are well known as real
properties of homologous variability in modern organisms.

3. Results
The above rules can be also readily exempliﬁed by the morphology of early amphibians, whose commonest fossil group, Temnospondyli, ranged from the Carboniferous
to the Early Cretaceous. One of the most remarkable events in its evolution was the
formation of a Mesozoic (“stereospondylous”) structural pattern, which was underlain
by the ousting of the group from terrestrial biotopes. Most of the basic features of this
change relate to a strengthening of the exoskeletal ossiﬁcations (along with increasing
reduction of endocranial bones). In particular, notable are the backward extension of
the cheek-skull roof suture and the pterygo-parasphenoid suture; the loss of both the
pterygo-vomerine contact and occipital exposure of the otic capsule; the appearance
of the postglenoid division of the mandible, etc. The Triassic groups that realized these
changes in parallel are (at least) the Capitosauromorpha, the advanced Trimerorhachomorpha (including metoposaurs), the Plagiosauria and the Rhytidostea. The current
uniform trend to unite these lineages into a monophyletic clade Stereospondyli (3,9)
is based on the cladistic presumption that constructing a credible phylogeny should
DOI 10.18502/kls.v4i3.2116
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rely on minimizing the number of homoplasies. But this belief can be countered with
the evident fact that the formation of major organization novelties (such as the rise of
arthropods, mammals or birds) proceeded as extensive homoplastic evolution. Turning
to the morphotypes of Mesozoic temnospondyl lineages, it may be reasonably concluded that their basic uniformity indirectly testiﬁes the similarity of variation patterns
of their immediate progenitors.
An overall proximity of variation ranges in temnospondyls is equally evidenced
by the fact that the individual deviations occurring in many taxa may correspond to
the stable characters of their more or less distant relatives, up to remote ancestors.
Although some such features may be of pedomorphic origin, this does not necessarily
mean that they are directly derivable from the standard early ontogeny of the forms
compared; instead, they may result (in parallel) from the reactivation of the latent
potencies of the given developmental systems. An example of such a novelty is the
appearance of the “interfrontal” bone in the skull roof. Known commonly as a sporadic
variation, it is stabilized in the family Eryopidae and seems to be produced by the
reactivated capability to form the postrostral complex peculiar to the crossopterygians.
A similar example is the occasional retention of a median ﬁssure in the adult parasphenoid body. This rare anomaly, only vaguely inferable from the standard temnospondyl
ontogeny, reﬂects the presence of paired paraotic plates behind the true parasphenoid
in ﬁsh-grade ancestors (7).
One more parallel between the stable adult character (known in some groups)
and its abnormal equivalent (sporadically occurring elsewhere) is exempliﬁed by the
position of the frontal bone with respect to the orbital margin. In the temnospondyl
archetype, the bone is excluded from the margin; the reverse state normally takes
place only at the juvenile stages, when the pre- and postfrontal anlagen are too
small to isolate the frontal from the orbit. This provisional condition can be pedomorphically retained in the adult in such groups as the Dissorophoidea and, primarily,
the Capitosauroidea. On the other hand, the same feature may occur as an anomaly
in those taxa that normally demonstrate an alternative (typical) condition. That the
derived state seen in capitosaurids evolved from a corresponding variation is indirectly
evidenced by the fact that the early members of the family may show both mentioned
alternatives of the frontal position as a distinction of generic level.
Spectacular evidence of the changeable status of a given evolutionary novelty is the
loss of the intertemporal bone, which evolved in a number of lineages by the bone’s
fusion with either the postfrontal or postorbital. Assessed as whole, the role of the ﬁrst
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fusion mode ﬂuctuates from being a norm in the overwhelming majority of advanced
temnosponyl lineages to an intraspeciﬁc variation within the genus Dvinosaurus.

4. Conclusion
The above parallels in the polymorphism of the discussed fossil group, along with
ﬂuctuations in the stability and organizational role of the particular implemented variations, conﬁrm the integrity of the evolution of the developmental system. This is one
reason why the spectra of potential developmental alternatives in related forms retain
a great deal of resemblance and continuity.
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Abstract
In summer 2016, we investigated Ostrovtsovskaya Lesostep’ (Penza region, Russia)
and caught more than 130 specimens belonging to 4 species of anuran amphibians.
We found a symmetric case of “hyperxanthism” of the eyes (a new type of anomaly
among amphibians) in one Rana arvalis specimen, one asymmetric amely in Bombina
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Anomalies are very common in amphibians and they can be caused by different reasons, such as water chemistry, pH, parasites, inbreeding, etc. [3, 8]. The occurrence
of anomalies may serve as an indicator of homeostasis of natural populations [2].
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Amphibian and Reptiles
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various reasons [2]. However, their appearance can be an alarm signal associated with
various processes within a population. In this paper, we discuss the possible reasons
for numerous anomalies of amphibians and one of the ﬁrst cases of mass occurrence
of anomaly P in pure populations of marsh frogs from the Russian Federation.
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2. Methods
The study was held from June to August, 2016 in the Privolzhskaya Lesostep’ nature
reserve (Russian Federation). We investigated the part of the reserve called Ostrovtsovskaya Lesostep’, which is located in Kolyshley district of Penza region
(N52∘ 48’58.4” E44∘ 27’40.4”). The territory has forest-steppe landscapes and includes
the valley of the small river Selimutka (width about 1–2 m, depth 0.3–1 m) and its
tributary Yuzhnaya (width about 0.5–1 m, depth 0.3–0.5 m), which is surrounded by
agricultural ﬁelds. The rivers are inhabited by beavers, so most of the streams are
impounded. The area of ponds varies from 400 to about 8000 m2 with depths up
to 2 m. Besides the water regime, beavers affect the level of dissolved oxygen – in
ponds, it amounts decrease to 1 –2 mg/l. In the upper parts of these rivers, there are
anthropogenic dams and some old artiﬁcial reservoirs. The reserve borders with the
upper ﬂow of the Khoper River (the width here is just 10 – 15 m). Also, there is the
oxbow system of the Khoper, which consists of two main parts – “forest” and “open”.
The forest part consists of waterbodies in the centre of mixed forest: they never dry,
have ﬁsh fauna and are used by a couple of beaver families. Open oxbows are situated
on the edge of the forest and are partly surrounded by meadows, shrubs and ﬁelds:
during some years, they are dry.
Sample collection and species identiﬁcation were conducted using standard methods [1, 4], as were the registration and classiﬁcation of anomalies [5, 6]. 129 individuals
from 4 anuran amphibian species were caught.

3. Results
In Ostrovtsovskaya Lesostep, we found 6 amphibian species – Lissotriton vulgaris (Linnaeus, 1758), Bombina bombina (Linnaeus, 1761), Pelobates vespertinus (Pallas, 1771),
Pelophylax ridibundus (Pallas, 1771) and Rana arvalis (Nilsson, 1842). Anomalies were
found only in Anura species. The most types of anomalies were found in Pelophylax
ridibundus (Table 1): the other species had only one. For Rana arvalis, a new form of
anomaly was discovered (Fig. 1). We call it “hyperxanthism of the eyes”. Also, we found
several forms of polydactyly/polyphalangy (P. ridibundus), mandibular hypoplasy (P.
ridibundus), asymmetric amely (B. bombina) and oedema of the eyes (larvae of Pelobates vespertinus) (Fig. 2). Anomaly P was recorded for 5 individuals (3 larvae and 2
juveniles) (Fig. 3), one of the ﬁrst pieces of evidence for the mass occurrence of such
DOI 10.18502/kls.v4i3.2117
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an anomaly in Russia and a unique case for pure populations of the marsh frog and
population systems of R-types [3, 4].
Also we have noted the unusual behavior of spadefoot toad tadpoles. During the
taking of air, they began to spin; some kept at the surface and unsuccessfully trying to
dive to the bottom, making circular motions.
Table 1: Anomalies of P. ridibundus of Privolzhskaya Lesostep nature reserve (S – Selimutka, BP – beaver
ponds, AP – anthropogenic ponds, K – Khoper, OO – open oxbows, FO – forest oxbows; HL – hindlimbs, FL –
forelimbs, the number of phalanges or ﬁngers is shown in parentheses; l. – tadpoles; juv. – froglets; sad.
– subadultus; ad. – adultus).
Site

Amount of samples
Total

OO

5 l.

1 l.,

1 l.

anomaly P

50 juv.

3 juv.,

2 juv.

polydactyly HL (6)

10 sad.

5 sad.

1 juv.

mandibular hypoplasy

1 sad.

brachydactyly + polydactyly (6) +
polyphalangy (2) HL

3 sad.

polydactyly (6) and polyphalangy (2) HL

1 sad.

polydactyly (6) HL + polyphalangy (5) FL

5 ad.

FO

2 l.

2 l.

1 juv.

polydactyly HL (6)

9 juv.

6 juv.

1 juv.

polydactyly HL (7) + polyphalangy FL (5)

3 juv.

anomaly “cross”

1 sad.
2 ad.
BP

S

2 juv.

7 juv.

1 juv.+ 2 l.

anomaly P

1 juv.

polydactyly HL (6 )

1 juv.

polydactyly HL (6) + polyphalangy FL (5) +
anomaly P

1 juv.

polydactyly HL (6)

1 juv.

polydactyly HL (6) + polyphalangy FL (5)

–

–

–

–

–

–

2 juv.

2 juv.

2 sad.
K

Anomalies (amount of ﬁngers)

With anomalies

8 juv.
1 sad.
3 ad.

AP

3 ad.

Total 7 l., 76 juv., 14 3 l., 13 juv., 5 sad.
sad., 13 ad.

(21 from 110, 19.1%)

One of the reasons for these anomalies could be chemical pollution. In May and
August, the amount of biogenic elements was measured in all types of habitat. During
this period, the concentrations of phosphates increased about twice (from 6.17–7.89
to 10.11–16.74 mg/l, threshold limit value (TLV) is 3.5). Obviously, this is connected
with anthropogenic activities and the fertilization of nearby ﬁelds. Another important
observation is the large concentrations of nitrites (up to 3.56–5.14 mg/l with TLV –
3.3) and ammonia (up to 2.39–8.29 mg/l with TLV – 2). High amounts of NO2 − , along
DOI 10.18502/kls.v4i3.2117
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Figure 1: The hyperxanthism of the eyes in Rana arvalis is a new type of anomalies among amphibians.

Figure 2: Anomalies of amphibians in “Privolzhskaya Lesostep’” nature reserve (a – amely of Bobmina
bombina; b – mandibular hypoplasy of Pelophylax ridibundus; c - oedema of the Pelobates vespertinus
larvae eyes; d – anomaly “cross” in the Pelophylax ridibundus juveniles; and the cases of polydactyly and
polyphalangy of the forelimbs (e) and hindlims (f and g) in Pelophylax ridibundus).

with small NO3 − concentrations, show that a lot of organic matter does not reach ﬁnal
mineralization.

4. Conclusion
In forest-steppe landscapes, waterbodies are usually surrounded by a lot of agricultural
landscapes, so anthropogenic pollution and fertilization easily drains into them. Since
almost all the oxbows are framed by road embankments and dams, meltwater could
not reach the main river, causing the spring ﬂoods to be too low to ﬁll the oxbows. This
situation led to the accumulation of old water and dead organic matter in such pools.
DOI 10.18502/kls.v4i3.2117
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Figure 3: The cases of Rostand’s anomaly P in Pelophylax ridibundus.

The aquatic habitats are also densely populated by beavers, which heavily inﬂuence
the water quality.
As for anomaly P, Jean Rostand experimentally showed that such deviations probably were caused by an infectious agent that could be teratogenic virus transmitted by
ﬁsh or any components of their diet [3, 4, 7]. Perhaps the manifestation of anomaly P
is enhanced by the combined effect of some agrochemicals and the infectious agent
that could explain its rare occurrence in Europe [4].
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Abstract
The article describes the ﬁrst use of acid-free alcian-alizarin staining for tailless
amphibians in comparison with the standard method of acid staining on the example
of the moor frog. The acid-free protocol is applicable for Anura and it has a number
of advantages, such as the absence of decalciﬁcation, safety for the researcher and
others. However, this method also has limitations, such as the binding of alcian blue
with soft tissues.
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Whole-mount staining of vertebrate is applied to the study of organism development,
the teratology effect of substances and various other factors. Traditionally, the staining
protocol of Wassersug [1] has been used to study the skeletal structures of amphibians.
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because it combines whole-mount staining and immunohistochemical staining.
The root problem of these methods is the use of acetic acid in a concentration from
20 to 40%, which can result in bone stain loss because of decalciﬁcation, which is
especially critical in the early development stages of the studied samples. In 2007,
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the acid-free staining method was developed for zebraﬁsh larvae [5]. According to
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the database “Scopus”, this article has 195 citations from 2007 to 2016: only three of
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these were not associated with ﬁsh (data relevant to 2 September 2016) and they deal
with chicken embryos, Anolis lizards and chameleons [6-8].Based on all the above, the
purpose of this study is to check the applicability of the acid-free method for staining
anuran skeletons and to compare it with standard protocol.
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2. Methods
In April 2016, three fertilized clutches of moor frog (Rana arvalis, Nilsson, 1842) were
collected in the Yekaterinburg Botanical Garden of the Academy of Sciences and grown
in a laboratory. The animals were collected at different stages in their development,
which were identiﬁed according to Gosner’s [9] developmental table. The tadpoles
were placed into vapor ethyl acetate or ethanol: prior to staining they were frozen in
a refrigerator at -80∘ C.
Whole-mount and double staining followed the two methods with modiﬁcations.
The protocol of Wassersug [1]:
1. Fixation in 4% neutral-buffered formalin for 2–3 days.
2. Evisceration and skin.
3. Washing in distilled water for 2–3 days.
4. Cartilage staining for 12 hr.
Solution: 10 mg alcian blue 8GX, 60 ml 96% ethanol, 40 ml glacial acetic acid.
Final concentration of alcian blue 0.01% (w/v).
5. Dehydration in 96% alcohol for 2–3 days.
6. Bone staining for 12–24 hr.
Solution: 100 ml 0.5% potassium hydroxide, 0.3 ml 0.5% water solution of alizarin
red S.
7. Bleaching and maceration 2–3 days or longer.
Solutions: 0.25–1% potassium hydroxide with 20–50% glycerin (with addition a
few drops of H2 O2 ).
8. Clearing for 1 to 3 days.
Transfer via a graded series of glycerin-water solutions.
9. Storage in pure glycerin with addition of formalin.
Acid-free protocol [5]:
1. Evisceration and skin.
2. Fixation in 4% paraformaldehyde (PFA) in phosphate buffered saline (PBS) for 2
hours.
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3. Washing from ﬁxator in 50% alcohol for 10 min.
4. Cartilage staining 12 hr.
Stock solution: 0.4 g alcian blue 8GX dissolve in 100 ml 50% alcohol with warming,
then added alcohol and water to ﬁnal volume 200 ml 70% alcohol.
Staining solution: 10 ml stock solution of alcian blue, 100–200 mM MgCl2 , 70 ml
96% alcohol and added water to obtain 100 ml. Final concentration of alcian blue
0.02% (w/v).
5. Bone staining 12–24 hr.
Solution: 100 ml 0.25–0.5% KOH, 0.3–0.5 ml water solution of alizarin red S.
6. Bleaching 20–30 min.
Solution: 50 ml 2% KOH and 50 ml 3% H2 O2 .
7. Maceration and clearing for 2–3 days or longer.
Solutions: 0.25–1% potassium hydroxide with 20–50% glycerin.
8. Storage in pure glycerin with added formalin.
1-6 animals were placed in 30 ml tubes for staining: the amount of solution ranged
from 5 to 20 ml, depending on the number and size of the samples. Treatment was
carried out at room temperature (26±2 ∘ C). The preparations were examined under
the stereo microscope Leica EZ4 HD in Petri dishes with pure glycerin.

3. Results
Total time of acid-free staining for the fresh material is about 2-3 times lower than the
standard method (minimum 3–4 days). It also eviscerated and removed the skin of the
specimens beginning at stage 43 of development in an easier and safer way.
Concentration of magnesium chloride affects the binding of alcian blue with tissues
[5], but even when using 200 mM MgCl2 , this dye settled on soft tissue of some
samples, especially in the head and thighs. This greatly complicates the examination
of cartilage compared to the protocol of Wassersug.
In Wassersug’s protocol for acid staining, nothing is said about the temperature at
which cartilage staining occurs. The majority of researchers do it at room temperature,
if they mention this detail. In our research, we carried out treatment in the same
conditions, but the temperature was kept sufﬁciently high therefore we observed
DOI 10.18502/kls.v4i3.2118
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intense decalciﬁcation in the samples stained via the method of Wassersug. At the
same time, cartilage staining with the acid-free protocol was not sensitive to this
parameter (within limits).
Besides, the acid-free method helps avoid the chaos associated with possible demineralization and with the difference in the rates of development of individuals who,
according to their external characteristics, are at the same stage of development.
Advantages of the acid-free method:
1. The researcher does not need to worry about decalciﬁcation;
2. Short ﬁxation greatly reduces processing time of the material;
3. Cartilage and bone staining of individuals in the last development stages is similar
to the standard method of R. J. Wassersug;
4. This technique is safer for the researcher because glacial acetic acid is not used:
there is no need to work in a dry box for the same reason (except during the
preparation of the PFA solution).
Disadvantages of the acid-free method:
1. Alcian blue can bind excessively to the soft tissues of sample, especially in tadpoles, which are in the early stages of development.

4. Conclusion
The use of standard acid protocols is not particularly difﬁcult for professionals, but can
bring many problems for beginner researchers. The acid-free method of staining is as
good as the standard method of R. J. Wassersug and can be applied to Anura.
It is probable that the use of trypsin digestion is necessary for embryos, early tadpoles and museum material after staining them to obtain transparent soft tissues.
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Abstract
The morphological deviations of amphibians are analyzed from the standpoint
of the module principle of biological systems and mechanisms of evolution. This
predetermines the similarity of evolutionary changes in different groups and limits
the number of possible ways for evolutionary development. The populations of eight
Uralian species of amphibians are analyzed for deviation variants that are norms
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Anomalies have attracted human attention for a long time. However, besides admiring
the phenomena, we need an explanation for their possible reasons. The ﬁrst attempts
to use anomalies in ideas about the appearance of new species and the transformation
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of species were made by K. Linnaeus in 1744 [1], V. Goethe in 1790 [2], Etien Saint-
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Hilaire in 1822 [3] and Isidore Geoffroy Saint-Hilaire in 1932 [4]. They were the ﬁrst
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to say that “anomalies is not a disorder, but a different order, subjected to the same
laws”. At the begining of the 20𝑡ℎ century, scientists began to speak about internal
reasons that the determine direction and forms of variability [5]. Despite external conditions, evolution moves in a particular direction due to “…internal constitutional reasons related to the chemical structure of the protoplasm” [5]. The principle of releasing latent endogenous “prescribed potentials” is to give original credit where is due,
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in referring to both ontogeny and phylogeny … without room for chance“. This is
“widespread and caused by internal factors, the method of evolutionary transformation” [5]. At the foundation of these parallelisms is the isomorphism of living matter,
i.e. similarity in the structure of the substance [6]. The base of the module principle
of biological systems structure and mechanisms of evolution (which is actually aimed
at the search for a periodic system in biology) was laid in 1922 by N.I. Vavilov [7].
Scientists began to understand that the chance for mutation lie within the biochemical
potential of the species. Point mutations cannot provide rapid evolution: “…It’s difﬁcult
to mend the clock by shooting it…” [8].
Now we have the information that “… molecular evolution is characterized by high
repeatability: different organisms have independently moved in the same ‘approved’
evolutionary trajectories” [9]. Susumu Ohno [10] showed that in evolution hybridization, parthenogenesis and polyploidy are closely related (the idea of genome duplication). At the end of the 20𝑡ℎ and beginning of the 21𝑠𝑡 centuries, the module principle
of evolution was formed [7]: “…all existing things arose from the small number of
certain covariant [here exactly not invariant but covariant] domains, which were then
connected in different combinations” [11]. This is why variability is limited and similar.
This predetermines the similarity of evolutionary changes in different groups and limits
the possible ways of evolutionary development. Through diversiﬁcation, evolution
travels along the main path to morphogenesis realization [12]. In other words, the
norm changes [13]. This is why the abnormal features of one species are, in some
cases, the norms of others.
The main objective of our research was to analyze the real situation in amphibian populations in the Urals in terms of the distribution of deviation variants in one
species that are norms for another. We also seek to determine their frequencies in
natural populations and plan to revise existing information on the spectra of potentially
widespread anomalies for all amphibian species in the region.

2. Methods
We analyzed long-term data on the external anomalies detected in amphibian populations in the urban and rural territories of the Urals from 1977 to 2015. The anomalies were detected in samples of juveniles and adults from 8 amphibian species
(Salamandrella keyserlingii, Lissotriton vulgaris, Bufo bufo, Bufo viridis, Rana temporaria,
R. arvalis, R. amurensis, Pelophylax ridibundus (total number under investigation – 32,071
specimens)). To identify anomaly variants, we have used the classiﬁcation systems
DOI 10.18502/kls.v4i3.2119
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of J. Rostand [14], A. Dubois [15], M. J. Tyler [16], V. L.Vershinin [17] and K. Henle et al.
[18]. For the spectra used to evaluate possible deviations, we have used the term
“potential spectrum”, by which we mean all the abnormal variants found in the region.

3. Results
An important feature of the spectra of morphological abnormalities are the deviant
variants present as the norm in another species (Table. 1). We identiﬁed 19 such variants: 8 cases in the moor frog, 4 in the common frog, 2 for the marsh frog, 2 in the
Siberian salamander and 1 in the common newt.
We revised information about the deviation spectra of eight of the amphibian
species under research (Table 2). Thus for S. keyserlingii the presence of 13 deviant
forms are currently established, for L. vulgaris – 13, for B. bufo – 7, for B. viridis – 4, for
R. arvalis– 24, for R. temporaria – 19, for R. amurensis – 8 and P. ridibundus – 19.
Table 1: Frequency of abnormalities that can be norms for other species.
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N

Feature

Anomaly
frequency % (n)

Species

Species norm

1

Open opercular chamber

1.4 (1995)

P. ridibundus

Leiopelma sp.,

2

Urostyle with vertebrae

4.91 (509)

Rana arvalis

Triadobatrachus massinoti

3

Urostyle with vertebrae

1.09 (275)

R. temporaria

Triadobatrachus massinoti

4

Urostyle with vertebrae

0.34 (294)

P. ridibundus

Triadobatrachus massinoti

5

Atavistic tail

0.1 (976)

R. arvalis

Leiopelma sp., Ascafus sp.

6

Absence of eyelids

0.036 (5617)

R. temporaria

Xenopus sp.

7

Absence of eyelids

0.041 (17119)

R. arvalis

Xenopus sp.

8

Oligodactyly

0.071 (4859)

R. temporaria

Psyllophryne hermogenesi

9

Brachycephaly

0.047 (17119)

R. arvalis

Breviceps mossambicus

10

Brachymely

0.07 (1995)

P. ridibundus

Breviceps adspersus

11

Brachymely

0.13 (17119)

R. arvalis

Breviceps adspersus

12

Ectro- oligo- syndactyly

7.3 (1247)

S. keyserlingii

Bolitoglossa dofleini

13

Hind limbs absence

0.0058 (17119)

R. arvalis

Siren lacertina

14

Polydactyly

0.056 (1247)

S. keyserlingii

Ichthyostega sp

15

Polydactyly

0.023 (17119)

R. arvalis

Acanthostega gunnari

16

Macrophtalmy with
brachycephaly

1.49 (134)

R. amurensis

Bufo lemur

17

Macrophtalmy with
brachycephaly

0.005 (17119)

R. arvalis

Bufo lemur

18

Ceratobranchialia

0.42 (981)

L. vulgaris

Brachyciormus noachicus

19

Depigmented ventral skin

0.27 (5617)

R. temporaria

Centrolenidae
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Table 2: Spectra of external morphological anomalies.
Variants

S.k

L.v

B.b

B.v

R.t

R.a

P.r

R.am

Brachycephaly

–

–

–

–

–

+

–

+

Microphtalmy

+

–

–

–

+

+

+

+

Macrophtalmy

–

–

–

–

–

+

–

+

Lack of eyelids

–

–

–

–

+

+

–

–

Blackeye

–

–

+

–

+

+

+

–

Eye deformities

+

+

+

–

+

+

+

–

Mandibular hypoplasy

–

–

–

–

–

+

–

–

Oedema

+

+

–

–

+

+

+

–

Axial deformities

+

+

+

–

+

+

+

–

Opercular chamber
anomaly

–

–

–

–

–

+

+

–

Ceratobranchiale

+

–

–

–

–

–

–

–

Dissipation of melanin

–

–

–

–

+

+

+

–

Pigmentation anomaly

+

+

–

–

+

+

+

+

Arthrogryposis

–

–

–

–

+

+

+

–

Hemimely

–

–

–

–

+

+

+

+

Brachimely

+

+

+

+

+

+

+

–

Ectromely

+

+

–

–

+

+

+

+

Taumely

+

+

–

–

+

+

+

–

Polymely

+

–

–

–

+

+

+

–

Ectrodactyly

+

+

+

+

+

+

+

+

Syndactyly

+

+

+

+

+

+

–

+

Oligodactyly

+

+

–

–

–

+

+

–

Shizodactyly

+

+

+

+

+

+

+

–

Polydactyly

+

+

–

–

+

+

+

–

Internal defects

–

–

–

–

+

+

+

–

Neoplasm

–

+

–

–

–

–

–

–

(Notes: + - the presence of anomaly, – - absence; S. k - S. keyserlingii, L. v - L. vulgaris,
B. b. – B. bufo, B.v. – B. viridis, R. t - R. temporaria, R. a - R. arvalis, P. r - P. ridibundus,
R. am - R. amurensis).

The distancing of the quality spectra (Fig. 1) is related to taxonomic position and the
volume of information on concrete species (the number of analyzed specimens).
Morphogenesis diversiﬁcation under effect of the same environmental conditions
can be differ in different families of the same order. For example, take the frequency
of oligomerization variants in juvenile and adult S. keyserlingii and the frequency of
polymerization variants in L. vulgarisunder the effect of urbanization [19].
A comparison of the anomaly spectra in juveniles from the 4 Ranidae family species
under investigation shows that the morphogenetic diversiﬁcation of related species
DOI 10.18502/kls.v4i3.2119
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S.keyserlingii

Figure 1: Distances of the interspecies anomalies spectra (complete linkage, Pearsons -r).

differs. The morphology of the new generation can be proﬁled in terms of environment, but the proﬁle is unique for any one species (Figure 2).

Figure 2: Speciﬁc “gates” in phenotype realization for juveniles of the investigated Ranidae species
(“ecological sieve”).

We also found that urban environmental fragmentation leads to an increase in the
frequency of iris depigmentation, mandibular hypoplasy and dissipation of the skin
melanin rate, along with urbanization degree. However, the former is not limited by a
natural physical border (River Iset). So, the geographical distribution of anomalies and
DOI 10.18502/kls.v4i3.2119
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their frequencies are related to some natural barriers, factors and gradients, as well as
anthropogenic environmental transformation and the extent of pollution.
It is evident that ecological mechanisms play a signiﬁcant role in ontogenesis and
phylogenesis. Morphogenesis is ruled by the interaction of the genetic base and epigenetic regulators in accordance with the reaction-diffusion model of A. Turing [20],
where the environment plays the role of a mediator. This is why the same phenotypes
can be determined by different interacting (synergetic) factors. Similar deviations in
morphology can be induced for different reasons: microphtalmy can be related to a
mutation in one of the forms of beta-integrine [21] and changes the function of heat
shock protein 90 [22]. Parasites can also induce an increase in the number of skeletal
deviations thanks to synergetic effects [23].
Ecological mechanisms play a signiﬁcant role in the diversiﬁcation of morphogenesis
pathways. This is why a deﬁnitive phenotype is not computable only through its initial
parameters: it is an integrative result of the complicated interaction of existing internal
and external factors that works as a base for proﬁling the most adaptive and functionally perfect form in particular environmental conditions. Our knowledge on the genetic
determination of morphological speciﬁcs is developing towards the ecological epigenetic regulation of phenotypes: morphological deviations can be signiﬁcant indicators
for discovering the reality of a population’s morphogenesis.

4. Conclusion
1. Morphogenesis is carried out in accordance with the module principle of the
organization of biological systems.
2. Variability is initially limited and deﬁnitely vectored by the molecular basis of each
of the signs, the infragenomic interaction unity of the functional organization of
the latent potentiality and epigenetic regulation.
3. Phenotypic variability is proﬁled by the expression of morphogenesis regulators
under environmental conditionsand the state of co-evolutionary systems.
4. The potential range of deviations contains information on the evolutionary potential of the taxon and its adaptive capacity.
... Terats are not “promising monsters”, but rather the “distorting mirror of evolution”.
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Abstract
Sheltopusik lizards (Pseudopus apodus) are natural carriers of the nematode Entomelas
sp., which are capable of striking the majority of lizard species, quite often causing
their deaths. In this article, the parameters of the immune status of the sheltopusik
lizard with helminthiasis are described, as are the changes when deworming is
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1. Introduction
Scientists have established that reptiles are capable of having both a cell-like and
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and avermektins was shown in mammals (rabbits, mice and calfs) [9]. An increase in
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immunologic indexes upon the application of immunomodulators was shown in calfs
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[10]. The parameters of the immune status of the sheltopusik lizard are determined for
the ﬁrst time in this research. The treatment of a nematodosis of the sheltopusik lizard
with the medicine “Reptilife-plus” and immunocorrection with the medicine Immunofan were carried out for the ﬁrst time.
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2. Methods
The objects of the research were 4 male sheltopusik lizards (Pseudopus apodus) weighing 300 to 340 g. All the animals were caught in Adler in the territory of Sochi (hilly terrain) and were kept captive for 2 years. Blood for analysis was taken from a ventral tail
vein by means of the syringe with a heparin: the amount taken was 0.6 ml for 100 g of
body weight. During a leukogram conducted on the dabs of blood from the lizards, the
quantity of heterophils and lymphocytes was considered [6]. To conduct research on
the phagocytic activity of heterophils from lizard feces, a test culture of Escherichia coli
bacteria was marked out. The research technique is based counting the englobing cells
in the dabs of blood and deﬁning the indices of absorption and digestion in relation to
a test-microbe [3]. During microscopy, we deﬁned 25 heterophils (the main englobing
blood cells of reptiles) and the quantity of microbes captured by them. The absorbing
ability of blood cells is characterized by the following indices: phagocytosis percentage
and the relation of the number of heterophils which participate in the absorption of
microbial bodies to the number of all the counted heterophils. A phagocytic index is the
quantity of the microbes taken by one heterophil. The digesting ability was estimated
by ﬁnding an index of the completeness of a phagocytosis, which was deﬁned in the
following way. During the microscopy of the dabs of blood, the numerical relation
of the damaged microbial bodies to the number of those absorbed (“A” index) was
found in 25 englobing leukocytes. The same relation was deﬁned in dab prints (“B”
index). The index of the completeness of a phagocytosis can be expressed as the
difference between indices “B” and “A”. The rate of an index of the completeness of a
phagocytosis to 1 is closer: the phagocytic activity is estimated above. Research on the
common haemolytic activity of a complement of lizard blood serum was conducted:
this involved preparing an isotonic veronal buffer, Olsver’s preservative, sensibilized
erythrocytes, and connecting erythrocytes with serums. Haemolytic activity was estimated by calculating the not-split erythrocytes in Goryaev’s camera. The calculation
of results was carried out according to the formula: Х = ((В-а) / В) × 100, where X
is the common haemolytic activity of a complement; a – the number of erythrocytes
in the experiment test tubes; and B – the number of erythrocytes in the control test
tubes. The result was expressed in lytic units (4). When determining the number of T
- and B – lymphocytes, the selection of the lymphocytic fraction in accordance with a
gradient of ﬁkoll - verograﬁnum and environment 199 was carried out. Determining
the quantity of T - lymphocytes was carried out by means of E-socket formation: this
involved preparing 0,5% of a suspension of erythrocytes of a ram and connecting them
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with lymphocytes with application of a glutaraldehyde.. Determination of the quantity
of B-lymphocytes was carried out by the formation of an EAC- socket, which included
the preparation of an EAC-complex (the erythrocytes of a ram, rabbit haemolytic serum
and a complement) and its connection with lymphocytes through the application of a
glutaraldehyde. T- and B-cells were counted out with a microscope, with dabs ﬁxed
according to the method given by Romanovsky - Gimza [3]. The electrophoresis of
lizard serum proteins was carried in order to assess the gamma-globulin fractions of
lizard blood serum in agarous gel (Cormay gel protein 100). 10 mkl of serum in gel
was subjected to electrophoresis for 20 minutes at 100 B, painted: it was then dried
and scanned in a densitometer at 600 nanometers. The relative and absolute (g/dl)
size of the proteinaceous fractions was determined on the basis of data on the level
of the common protein [7]. The complex injection antiworm medicine “Reptilife-plus”
(developed by the department of herpetology at Moscow Zoo and the scientiﬁc center
Agrovetzashchita) was applied to treat nematodosis in all the lizards. Prasiquantel,
Dexamethazonum and Ivermectin are parts of this medicine. The drug was injected in
a intramusculary single-passly at a dose of 0.4 ml/kg [5]. The medicine “Immunofan”
was applied 5 days later to produce an intramusclary immunocorrection at a dose of
0,1 ml/kg: it was then applied every other day for 2 weeks.

3. Results
To diagnose helminthiasis, the feces and an aspirate from the trachea where larvae of
pulmonary nematodes Entomelas sp. are found, was conducted from the Rhabdiasidae
family. The puberal forms of these helminths live in wild lizards, causing exudative
inﬂammation [5, 8]. In the table, it is visible that a heterophil proﬁle of the blood
was revealed in most of the animals. After applying an anthelmintic, the quantity
of lymphocytes decreased by 59.5% in comparison with the tentative level, while
the heterophil quantity increased by 29.3%. After the application of Immunofan, the
quantity of lymphocytes increased by 36%, while the heterophils decreased by 12%.
In the further description, we provide a comparison of the results on reptiles with
references to mammals.
The anthelmintic medicine “Reptilife-plus” had an antiparasitic effect on Entomelas
sp. and the expressed immunosupressor action on reptiles (tab. 1), causing a falloff
in the indices for the phagocytic activity of heterophils. The phagocytosis percentage
was (PP) 37.5% (in rabbits – 12.8%), the phagocytic index (PI) was 44% (in rabbits
– 2%), the index of the completeness of a phagocytosis (ICP) was 94.5% (in rabbits
DOI 10.18502/kls.v4i3.2120
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Table 1: The Hematological and immunologic indexes of the blood of sheltopusik lizards (Pseudopus
apodus) during infection with nematodes (before treatment), after the use of the medicine “Reptilifeplus” (after treatment) and after the use of the medicine “Immunofan” (after immunostimulation).
Indices

Units of
measure

Before
treatment

Quantity of
lymphocytes

% in a
leukocytic
formula

42±7

25±5

34±3

Quantity of
heterophils

% in a
leukocytic
formula

58±7

75±5

66±3

Phagocytosis percent

%

91±2

67±6

85±2

Phagocytic index

-

16.8±2

9.3±0.8

14.2±1.6

Index of
completeness of a
phagocytosis

-

0.22±0.05

0.04±0.01

0.05±0.01

Quantity of
B-lymphocytes

% of all
lymphocytes

21±3

13±1

20±3

Quantity of
T-lymphocytes

% of all
lymphocytes

18±3

13±2

21±2

Lytic units

70.1±1.3

24.2±2.2

35.2±2.8

% of all proteins
of serum

3.3±0.5

0.8±0.1

2.0±0.4

Activity of a
complement
Quantity of gamma
globulins

After
After immune
treatment stimulation

– 51%), the haemolytic activity of a complement was 69%, the number of T - and
B-lymphocytes was 33% (in rabbits –20%), quantity of gamma-globulins was 75%
(in rabbits – 8%), the increase in the quantity of heterophils was 29% (in rabbits
the quantity of neutrophils increased by 16%) and the decrease in the quantity of
lymphocytes was 40.5% (inrabbits – 7.7%).
The “Immunofan” immunomodulator activates cell-like and humoral factors in the
congenital immunity of reptiles. The indices of the phagocytic activity of heterophils
were as follows. The phagocytosis percentage (PP) was 10% (in calfs - 43%), the
phagocytic index (PI) 30% (in calfs - 90%), the index of the completeness of a phagocytosis (ICP) was 50%, the haemolytic activity of a complement was 60%, the quantity
of lymphocytes increased by 36% (in calfs - 16%) and the quantity of heterophils
decreased by 22% (in calfs - 12%). Immunofan caused a sharp increase in the indices
of adaptive immunity: the number of T - and B-lymphocytes increased by 50% (in calfs
- 56%) and the gamma-globulins by 30% (in calfs - 36%).
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4. Conclusion
1. The multifold clinical inspection of the lizard Pseudopus apodus (sheltopusik)
showed that captivity for 2 years led to an aggravation of the pulmonary nematodosis caused by Entomelas sp nematodes.
2. The anthelmintic medicine “Reptilife-plus” had an antiparasitic effect on Entomelas sp. and the expressed immunosupressor action on reptiles.
3. The “Immunofan” immunomodulator activates the cell-like and humoral factors
of reptile congenital immunity and causes a sharp increase in the indices of adaptive immunity.
4. Within this research, the applied immunomodulator did not allow us to restore
activity to the majority of factors in the immune protection of the lizard Pseudopus apodus to a datum level. This suggests the need to work off the courses of
treatment.
1. The approbation of the methods for assessing the immune status accepted in
the veterinary medicine of mammals showed that the deﬁning methods (the
phagocytic activity of heterophils, the assessment of the haemolytic activity of
a complement, the quantitative deﬁnition of B-lymphocytes in blood) can be
applied to research on the immune status of reptiles. However, the method for
determining the quantity of T-lymphocytes demands further optimization for reptiles.
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and 3D reconstruction of cells and organelles opens new possibilities for assessing
functional changes in the animal’s organism.
Transmission (TEM) and scanning (SEM) electron microscopy methods are used as
important diagnostic tools for screening tissue pathologies and additional combination
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with other techniques is possible: light microscopy, immunohistochemistry and so on.
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Electron microscopy plays an important role in the diagnosis of viral infections.
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Obtaining information about size and morphology of viral particles leads to rapid
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identiﬁcation of infectious agents. Digital reconstruction of the three-dimensional
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structure of viruses makes it possible to show in detail the ultrastructure of viral
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particles, including characteristic diagnostic features, such as surface ﬁlaments of
parapoxvirus C-particles and internal strands of the nucleoprotein of the Newcastle
disease virus.
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One of the major threats is the pollution of the environment by nanoparticles of
metals and their compounds. Such particles can aggregate in cells, causing the deposition of insoluble granules or dissolve in the hyaloplasm and cause a direct toxic effect
on organisms. Electron microscopy allows to reveal and localize metal nanoparticles,
to show the mechanisms of their penetration into tissues and the disturbances caused
by them.
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