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The article represent analytic review on types and frequencies
of amphibian anomalies in more than 2000 natural populations.
The review has shown that there are neither standards in the way
anomalies are assessed in the field, nor for the way they are scored
or reported, which considerably hampers our ability to compare
studies. To evaluate temporal trends, and to reveal underlying causes
is a field and laboratory experiments that should be designed to test
the effect(s) of hypothesized causes of abnormalities.
Ñòàòüÿ ïðåäñòàâëÿåò àíàëèòè÷åñêèé îáçîð î òèïàõ è ÷àñòîòàõ àíîìàëèé àìôèáèé â áîëåå ÷åì 2 òûñ. ïðèðîäíûõ ïîïóëÿöèé. Îáçîð ñâèäåòåëüñòâóåò, ÷òî íå ñóùåñòâóåò ñòàíäàðòíûõ ñïîñîáîâ îöåíêè àíîìàëèé â åñòåñòâåííûõ óñëîâèÿõ,
÷òî çíà÷èòåëüíî çàòðóäíÿåò íàøè âîçìîæíîñòè â ïðîâåäåíèè
ñðàâíèòåëüíûõ èññëåäîâàíèé. Äëÿ îöåíêè âðåìåííûõ òåíäåíöèé è âûÿâëåíèÿ îñíîâíûõ ïðè÷èí íåîáõîäèìû ïîëåâûå è ëàáîðàòîðíûå ýêñïåðèìåíòû, êîòîðûå äîëæíû áûòü ðàçðàáîòàíû äëÿ ïðîâåðêè ãèïîòåòè÷åñêèõ ïðè÷èí îòêëîíåíèé.

Amphibian anomalies have attracted human curiosity for centuries
[e. g., Vallisneri 1706, Geoffroy Saint-Hilaire, 1832–1836; Taruffi, 1881–
1886]. Amphibian anomalies also played a pivotal role in the emerging
of the science of developmental biology, aiming at understanding
morphogenesis [e. g., Hertwig, 1892; Brandt 1924] and they still have
this function today [e. g., Kovalenko & Kovalenko 1996; Nye et al. 2003].
Increased environmental awareness, the global decline in amphibians
[e. g., Henle & Streit 1990; Alford et al., 2001], and the recent rediscovery
in North America of populations exhibiting mass anomalies [Burkhart
et al., 2000; Lannoo, 2008; Helgen, 2012] have prompted renewed
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interest in amphibian anomalies as potential indicators for environmental
perturbations [e. g., Tyler, 1989; Mizgireuv et al., 1984; Souder, 2002;
Vershinin, 2002].
Not surprisingly, the literature on amphibian anomalies is enormous.
A considerable number of reviews of amphibian anomalies has been
published, the first comprehensive one more than a century ago [Taruffi,
1881–1886]. Most reviews focus on narrow topics [Ouellet, 2000] and,
with few exceptions (noticeably Rostand 1971), do not discuss to any
extent the potential and limits to infer causes from observed patterns
of anomalies. Many factors have been shown to cause developmental
anomalies in amphibians [Rostand, 1971; Tyler, 1989; Ouellet, 2000;
Henle et al., 2014a], but considerable controversy about the causes for
observed anomalies in natural populations remains [e. g. Lannoo, 2008;
Sessions, 2009; Helgen, 2012]. Linking cause to pattern is crucial for
the use of amphibian anomalies as an indicator of the nature of an environmental perturbation that has occurred in the habitat.
The goal of this contribution is to provide a short overview on anomalies in natural populations of amphibians at a global level and particularly for Russia and the Commonwealth States. I will introduce some
of the controversies that arose about the causes of malformation hotspots
and discuss potentials and limits of inferring cause from patterns of
anomalies. Finally, I will make some methodological recommendations
for the study of anomalies in natural populations that allow better comparison among studies and that may help elucidate causes for observed
anomalies. This publication is an extended summary of parts of a comprehensive review to be published elsewhere [Henle et al., 2014b].
Methods
My overview is based on a collation of 2780 publications collected
during the last 30 years that mention abnormal amphibians in natural
populations. I extracted relevant information into a database. Often, it is
difficult to decide whether a particular phenotype is part of the normal
variation, e. g. the high variability in digits of Salamandrella keyserlingii
[Borkin, 1999] or should be regarded as abnormal (in most species) as this
differs among taxa (Henle & Dubois in prep.). I tallied only those forms
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as anomalies that were called abnormal by the respective author(s). I included injuries as it is often difficult to differentiate them from teratogenic
anomalies (reviewed by [Henle et al., 2014b]).
If a publication contained information on several species, I regarded
each species as a separate case. The same applied for several populations
of a species, provided sample sizes and anomalies were tallied separately
for each population. Otherwise, the data were regarded as one «population».
If authors provided data for concrete populations and across sites, I used
only data for concrete populations. To allow comparison with Ouellet
(2000), I summed data across years and authors for the same population,
if the data did not overlap. Otherwise, and in case of unclear overlap
(which was the case in several recent North American publications),
I used only the data of the most recent publication.
To explore the potential and limitations of inferring cause form
patterns of anomalies I reviewed patterns of anomalies obtained
in experimental studies from 986 publications. For more information
on the methods applied, please consult the extensive reviews of Henle
et al. (2014, a, b).
Results and discussion
As of September 2013, the database covers 2239 natural populations
for which anomalies have been reported. Most cases involve only one
or two individuals (65 % of 1886 cases with data) and background rates
are usually around or well below 1 %. Likewise, the vast majority (88 %
of 2049 cases with data) involved only one or two types of anomalies.
Only four cases from single populations comprise more than 15 types
of anomalies. The highest number (32) was exhibited by a population
of the green toad (Bufo viridis) in Roβwag, Germany, and most likely
due to illegally deposited radioactive material [Henle et al., 2014a].
For Russia and the Commonwealth States, I obtained data for 82
populations in which the number of abnormal individuals was tallied.
Of these 45 % apply to cases in which only 1–2 individuals were affected
(Fig. 1), which is significantly less than for the global dataset (χ2 = 13;
α < 0,001). I further obtained data from 99 populations, in which
the number of different types of anomalies was tallied. Of these,
63 involved at most two types of anomalies (Fig. 2).
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Fig. 1. Histogram of the number of affected abnormal individuals reported
from Russia and Commonwealth States
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Fig. 2. Histogram of the number of different types of anomalies reported
from Russia and Commonwealth States

Again, in Russia and the Commonwealth States a significantly
larger percentage of published cases involve a larger number of types
of anomalies (χ2 = 47; α < 0,001). There are several mutually not
exclusive potential explanations for these differences: a) fewer naturalists
and naturalist journals in Russia that publish anectodal observations
on single animals; b) detailed studies are published in journals that are
more easily accessible outside Russia; or c) lower water pollution standards combined with a scientific interest in using amphibians as environmental indicators [Pliss & Khudolei, 1979; Vershinin, 2002].
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Hotspots of anomalies are known from all continents but especially
from North America, Europe, and Asia. In Russia and the Commonwealth
States hotspots are known from areas contaminated by sewage or industrial
effluents in the Dnepropetrovsk Province, eastern Ukraine [Flax & Borkin,
2004] and from Sakhalin Island [Mizgireuv et al., 1984]. In both cases,
the level of organic contamination correlated with the frequencies of
anomalies. In 1993, an accident at the Siberian Chemical Combinate in
Seversk (Tomsk) created another hotspot affecting S. keyserlingii and
Rana arvalis through irradiation [Kuranova, 2003]. In Belorussia,
Borkin & Piculik (1986) reported a case of mass polydactyly in Pelophylax
lessonae that may be a further case of anomaly P. Finally, Woitkewitsch
(1965) discovered an enigmatic hotspot in Kazakhstan that affected only
P. ridibundus but not syntopic ranid species. In all affected individuals
the right hind leg was duplicated and other anomalies were rare. The cause
for this hotspot remains unresolved.
The evaluation of the experimental literature showed that, contrary
to some previous beliefs [e.g. Meteyer et al., 2000; Ouellet 2000],
no single type of anomaly is diagnostic for a particular factor, as all types
of anomalies can be caused by two or several factors. However, colour
anomalies usually, but not always have a genetic basis (reviewed by [Henle
et al., 2014b]). Also, the pattern of anomalies induced differs among
factors and can be used as indicator for the potential cause(s). For example,
a population of Bufo viridis from a quarry in Germany exhibited 32 different types of anomalies [Henle et al., 2014a]. Only mutagenic chemicals or radioactivity can cause the range of anomalies observed. Whereas
no trace of mutagenic chemicals at elevated concentrations could be
found, a high level of radioactivity was found in a deposit of earth.
My extensive review of the literature has shown that there are
neither standards in the way anomalies are assessed in the field, nor for
the way they are scored or reported, which considerably hampers our
ability to compare studies, to evaluate temporal trends, and to reveal
underlying causes. For example, Levinskaya & Barinova (1978) provided
only the percentage of immature Rana amurensis affected by discharge
of a cellulose factory (37,5 %) but not sample sizes. However, it is a huge
difference whether sample size was 10 or 1000.
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In order to draw reliable conclusions about the distribution, frequency, and cause of a given anomaly in a population, data must be gathered
at all stages of the study, both in the field and in the laboratory. The field
survey protocol should consist in examining carefully all specimens of
all ages of all amphibian species collected in the studied population,
not only those showing gross anomalies. This will allow having data on
the frequency of anomalies, on their distribution among sexes and age
classes, and on their variation in time and space. If elevated frequencies
of abnormal individuals are discovered, sites should be examined for
the presence and association of potential causes of the observed anomalies with the patterns observed in the field. Field and laboratory experiments should be designed to test the effect(s) of hypothesized causes.
Dubois & Henle (2014) provide further detailed recommendations for
the assessment of individuals in the field and in the laboratory and Lunde
& Johnson (2012) guidelines for designing surveys for anomalies in the
field. I strongly recommend to follow these guidelines in order to produce
more robust and more comparable data on anomalies in future studies.
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