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Abstract. Amphibian decline is one of the most severe and well-documented examples of immediacy of the ongoing 
biodiversity crisis. In this study we analyze the scientific literature on amphibian declines with a view to identifying and 
analyzing emerging patterns within this large, and growing, body of knowledge. Focussing on peer-reviewed papers 
published between 1977 and 2018, we identified a total of 2,619 scientific publications, from the Scopus database. Using 
a visual-clustering approach, which allows us to investigate patterns and trends of research topics, we developed term-
maps to identify how key terms cluster into research areas, and whether geographic patterns exist in the scientific litera-
ture on this subject. Overall, the average annual growth rate of the number of studies published on amphibian declines 
was 109.3%, with a decisive increase since 2001. The term map analysis revealed four main research areas: i) ecolo-
gy; ii) causes and consequences of pollution; iii) global threats and extinction risk; and iv) pathogens (which includes 
many current publications, especially those focused on chytridiomycosis). We confirm the existence of a geographical 
research bias in the study of amphibian decline, with studies mainly located in western countries, which harbour a 
smaller number of threatened species. In contrast, studies on threatened species are consistently underrepresented. The 
literature on amphibian declines has increased at a greater rate than general amphibian literature, highlighting the pos-
sibility that the observed amphibian decline has been a driver for amphibian research.

Keywords. Global amphibian decline, chytridiomycosis, scientific literature, term map, threatened species.

INTRODUCTION

In the framework of Holocene extinction (see, e.g. 
Ceballos et al., 2017), the global amphibian decline is like-
ly one of the most severe examples of a clade specific bio-
diversity crisis (reviewed in Ficetola, 2015). Its severity is 
due both to the number of species that have already gone, 
or are likely to become, extinct (e.g. Alroy, 2015) and to 
widespread ongoing population declines (Houlahan et al., 
2000). Amphibian declines are multifactorial, including 
global changes (climate change, emerging infectious dis-

eases, …), local causes (habitat destruction, invasive spe-
cies, …), and meso-scale agents (environmental toxins, 
habitat fragmentation). Furthermore, due to their typical 
life history, ecology and physiology, amphibians are sen-
sitive to changes of both aquatic and land environments, 
making them bio-indicators at global level.

In view of their ecological importance and suscepti-
bility to anthropogenic driven change, it is striking that 
the relative importance of amphibian decline as a topic in 
scientific literature has largely increased since 1973 (Fig. 
1), when the first paper dealing with the subject was pub-
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lished (Beebee, 1973). The purpose of our paper is to pro-
vide an analytical overview of the production of scientific 
research that has dealt with amphibian declines in this 
time period. To our knowledge, there are only few biblio-
metric/scientometric studies on amphibians (Gardner et 
al., 2007; Ohmer and Bishop, 2011; Campos et al., 2014; 
Ficetola, 2015; Mormul et al., 2017), and those that do 
exist are all focused on quantitative elements of amphib-
ian declines’ studies. Such kind of studies can be useful 
for making a point and addressing future researches.

Rather than being a purely quantitative analysis of 
the literature, our analysis takes a different approach, 
using science mapping (or bibliometric mapping), which 
is a methodology that produces a spatial representation 
of the relations among the units of interest extracted 
from literature (key-words, authors, countries of ori-
gin, …) (Costa et al., 2019). Basically, such analytical 
approach produces a bibliometric network which allows 
us to spatially structure patterns and trends of research, 
which is the aim of our study. Research trends are detect-
ed by bibliometrics and by quantitative methods that 
analyze scientific publications as an information process. 
Once patterns and dynamics in scientific publications are 
identified, they can be used as a proxy for the develop-
ment of the investigated disciplines (van Raan, 2004). 
Thus, bibliographic analysis is a powerful tool to measure 
scientific production of research and trends, facilitating 
better direction of science-based strategy to fill knowl-
edge gaps and better complete the scientific informa-
tion upon which policies are developed. By using such 
approach we aim to describe how the interest on amphib-
ian declines has changed over time, accounting for topics’ 
trends and geographic pattern which accompanied such 
changes. In doing so, it is inevitable referring to IUCN 
Red List Threat categorisation, which is a point of refer-
ence in the field of conservation. Our aim is not to dis-
cuss the IUCN strategies and monitoring, rather we used 
IUCN categories for a better comprehension of our find-
ings, in particular for evaluating wheter research efforts 
are consistent with species’ conservation status. While, 
of course, we can only depict what has been done, we 
expect that understanding patterns and trends underlying 
published research will help the planning of future stud-
ies and bring new questions.

MATERIALS AND METHODS

Database search

The Scopus database was consulted on July 20th 2018 and 
used to retrieve bibliographic records related to Amphibian 
Decline research for the period 1977-2018. To identify relevant 

amphibian decline publications, the following keywords were 
used in the combined fields of title, abstract and keywords (per 
publication): “Amphibian” AND “Decline”. As the Scopus search 
was conducted in July 2018, publications from that year were 
not present in the Scopus database and as a consequence, the 
frequency of word occurrence in our search may be underes-
timated. The search was restricted to publications (Articles, 
Reviews, Book Chapter and Books) written in English. Before 
starting with the analysis in VOSviewer, a thesaurus file (sup-
plementary text file S4) was created to ensure consistency for 
different term spelling and synonyms (an example: we used 
“agriculture” for more terms, such as “agricultural activity”, 
“agricultural landscape”, “cattle”). Only terms occurring at least 
nine times were extracted from the retrieved publications.

Bibliometric mapping and clustering

Bibliometric maps were created on retrieved publications, 
using the VOSviewer software version 1.6.5.0 (freely available at 
www.vosviewer.com). The software was specifically developed for 
creating, visualizing and exploring sciences’ bibliometric maps 
basing on VOS (Visualization Of Similarities) mapping technique, 
that is closely related to the multidimensional scaling method (van 
Eck and Waltman, 2010; for further explanation on the method 
see van Eck and Waltman, 2011; van Raan, 2014; Nardi et al., 
2016; Costa et al., 2019). Using VOSviewer we produced term 
maps. A term map, also called co-word map, is a two-dimensional 
representation of a research field, in which strongly related terms 
are located close to each other and the weaker the relationship 
between terms, the larger the distance is between them. The diam-
eter of the circle representing a given term indicates the number 
of publications where it appears (in order to avoid overlapping 
labels, only a subset of all labels is displayed in the maps).

Once terms are in the map, the next step was to iden-
tify clusters of related terms. The software uses a weighted and 
parameterized variant of modularity-based clustering called 
VOS clustering technique (Waltman et al., 2010; Waltman and 
van Eck, 2013). The assignment of terms to the same cluster 
depends on their co-occurrences in the title or abstract of pub-
lications. A cluster that is made up of terms of the same colors 
represents a research theme in which one or more research top-
ics can be identified. The same approach was applied on the 
bibliographic information on the same publication dataset to 
observe the countries of the co-authorship map with the aim of 
observing the collaborative clustering of the countries based on 
amphibian decline publications.

A term citation map was produced; this map analyzes the 
scientific impact of specific topic, whereas a term year map per-
forms a timeline analysis of the research topics. More specifical-
ly, in the term citation map, the color of a term is determined by 
the normalized average citation impact of the publications where 
the term occurs, thus reflecting the average citation impact for 
the term. Therefore, a blue (cold) or red (hot) term indicates that 
publications in which the term occurs have low and high average 
citation impacts, respectively (van Eck et al., 2013).

A term year maps was also produced; in this map the color 
of a term indicates the average publication year of all the pub-
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lications in which the term occurred. As for the term citation 
map, we used colors that range from blue (mean year term 
presence 2008 or earlier), to green (2010) to red (2012 or lat-
er). Therefore, blue terms were those occurring mainly in older 
publications, while red terms occur mainly in publications that 
were more recent.

Maps of amphibian decline publications both globally, and 
restricted to only EU countries and the UK (which for the dura-
tion of this study was part of the EU) were constructed using 
color intensities to illustrate the number of publications. The 
number of publications was counted considering the host insti-
tution of all the co-authors of a paper, hence a single paper may 
include multiple countries as its country of origin for this pur-
pose. Further, a collaborative clustering map of the countries 
based on amphibian decline publications was also produced 
reporting the spatial relationship among countries.

In order to evaluate if and how the conservation status of 
species biased the scientific production about species or geo-
graphic areas, we used the I.U.C.N. Red List Threat category of 
the species and the I.U.C.N. spatial data for species’ ranges; in 
the following we will refer to this information as IUCN (2019). 
Specifically, we evaluated the percentages of papers dedicated to 
species belonging to the different IUCN categories, and evalu-
ated the relation between the numbers of threatened species a 
given continent harbours and the number of papers actually 
dedicated to species harboured in that continent.

RESULTS

Amphibian decline publication trends

A total of 2619 scientific publications fitted our search 
method based on relevance for the terms “amphibian” and 
“decline”: 91.2% of the publications were regular articles, 
7.4% review papers, 1.3% book chapters and the remain-
ing 0.1% were books. The studies were published in 157 
journals. Most commonly reported journals were Bio-
logical Conservation (n = 120; 5.8%), PLoS One (n = 106; 
5.1%), Diseases of Aquatic Organisms (n = 103; 5.0%), 
Conservation Biology (n = 101; 4.9%) and Journal of 
Herpetology (n = 90; 4.3%). Figure 1 depicts the num-
bers of publications about amphibian declines from 1977 
to 2018 July and their relative contribution to the total 
amount of literature about amphibians (i.e., number of 
publications in the Scopus database from a search with 
only “amphibian” as a keyword). It is possible to observe a 
decisive increase since 2001, with a light reduction in the 
frequency of keyword terms in 2014 followed by a recov-
ery. The average annual growth rate (geometric mean) 
for the whole period has been 109.3%, being 107.8% 
until 2000 and 111.3% thereafter. Although the literature 
about amphibians increased by a factor of five in 40 years, 
the percentage of publications on amphibian declines 
increased more than four times in the same time period.

The species which occurred in at least 10 publica-
tions were 37, representing 12 families of amphibians. 
Eight species (belonging to four families) appear in half 
of the total number of studies in which single species 
were cited (Fig. 2), 75% is achieved with eight more spe-
cies; 81% of the species have been assessed as Least Con-
cern in the IUCN Red List. No caecilian species occurs 
more than 10, “caecilian” occurs 13.

Amphibian decline research topics and their citation 
impacts

In the term map (Fig. 3) the 579 terms displayed 
on the map are grouped in four clusters, which partial-

Fig. 2. Occurrences of amphibian species in the publication ana-
lyzed (analysis is based only on species with more than 10 occur-
rences; only the first eight species and non-Least-Concern species 
are shown; arrows mark the 50% and 75% of total occurrences); 
red dots are for anurans, blue dots for urodeles, no caecilian species 
occurs in more than 10 studies.

Fig. 1. Trend in amphibian publications from 1977 to 2018. Con-
tinuous (red) line is for the number of publications including both 
“amphibian” and “decline” (left y-axis), dotted (blue) line is for the 
number of publications including “amphibian” only (right y-axis), 
dotted (grey, with empty circles) line is for the annual percentage 
of “amphibian” and “decline” studies out of the total “amphibian” 
studies (some reference percentages is reported in the graph) (2018 
publications were underestimated being not yet all inserted in the 
Scopus database at the time we consulted it).
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ly overlap and whose colors were arbitrarily chosen for 
visual purposes. The red cluster is characterized by terms 
related to ecology (e.g., “habitat”, as well as various kind 
of habitats, habitat features and alterations, “population 
dynamics”, “climate”, “relationship”), but also “diversity” 
and “cause”. Amphibian groups most typical of this clus-
ter are Salamandridae, Ambystomatidae and “salaman-
der” in general, whereas the geographic regions present 
are Europe and North America.

Green cluster is characterized by terms expressing 
altered environment (“agrochemical”, “pollution”, “stress-
or”, …), and its “negative effect” on “amphibian popula-

tion” (“mortality”, “survival”, “toxicity”) as well as “physi-
ology” and body organs (“muscle”, “kidney”, “liver”, “mal-
formation”), based on studies mostly on “larval stage” and 
“embryonic stage” and which take into account amphibian 
populations. Ranidae, Bufonidae and Hylidae characterize 
this cluster, which is not clearly geographically distinct. 

The blue cluster is related to “extinction” and “risk” 
and “threat” to “amphibian species” and their “distribu-
tion”, as well for “biodiversity”, and what can be done 
to counteract them (“conservation”, “conservation plan-
ning”). Important terms in this cluster are also “climate 
change” and “temperature”. Apart from “Anura”, no sys-

Fig. 3. Term map based on amphibian decline publications. Different colors represent the terms belonging to different clusters.
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tematic group is typical of this cluster. All continents (but 
Europe and North America, which are in the red cluster) 
are represented in this cluster.

The yellow cluster can be considered as the “disease” 
and “pathogen” cluster. Chytridiomycosis, and related 
terms (such as “Bd dynamics”, “chytrid fungus”, “zoo-
spore”) especially characterize this cluster. “Iridoviridae” 
and “virus” are present too. Techniques used for studying 
diseases are represented (“PCR”, “culture”, “swab”, …), as 
well as body organs and structures targeted by diseases. 
“Population decline” and “global amphibian decline” are 
two important terms in this cluster. No families are rep-

resented in this cluster, but “frog” is the term with most 
weight in the analysis. No geographic area is represented 
in this cluster.

Figure 4 shows the term year map (the terms main-
tain the same position of the term map, Fig. 3). The 
colors show that terms used in early publications about 
amphibian declines (blue) are terms related to the proxi-
mate anatomical and physiological evidences of threats 
to amphibian (“cell”, “tissue”, “metabolism”,…), Bufo-
nidae and Ranidae were the most represented amphib-
ians taxa, Oceania has been mostly studied in these early 
publication, as well as the occurring of “decrease”, fishes 

Fig. 4. Term year map based on amphibian decline publications. The scale represents the earlier (blue) or more recent (red) years when the 
term appeared.
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and UV radiations decreased later. The terms covered 
in more recent publications (red) were mostly related to 
chytridiomycosis and diseases in general, but important 
terms are also “extinction”, “amphibian conservation”; 
Asia and South America have been studied only recently. 
Terms covered in the middle (green) of the referred peri-
od (2010) are related to distribution, habitat, amphibian 
population, larval stage and frog. 

The term citation map (Fig. 5) revealed as highly aver-
age age normalized cited terms (reddish colors) “inter-
national trade”, “mass mortality” (in the yellow cluster in 
Fig. 3), “spatial pattern”, “global scale”, “alien species” (blue 

cluster), “rapid decline”, “local population”, “time series”, 
“metapopulation” (red cluster), “ecological community”, 
“field experiment” (green cluster). Although the “hot” 
term are rather scattered among the clusters, the red clus-
ter in Fig. 3 appears to be the one with more terms having 
medium-low average normalized citation rate.

Geography of literature

Studies were carried out mainly in North America 
(40%), then in Europe (17%) and Oceania (12.6%) (Fig. 

Fig. 5. Term average normalized citation map based on amphibian decline publications. The scale represents the average normalized citation 
rate, lower (blue) or higher (red).
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6). Figure 6 also shows that the number of studies is not 
commensurate with the number of IUCN threatened 
species (i.e., assessed as Critically Endangered, Endan-
gered or Vulnerable) per continent (Spearman R = -0.61, 
P = 0.15), and even less with their continental richness 
(Spearman R = -0.71, P = 0.07). A consistent bias is evi-
dent when considering the species’ ranges of species with 
more than 10 occurrences in amphibian declines litera-
ture (supplementary figure S1).

Amphibian declines research was published by 
authors working in 106 different countries, many of 
which based in EU (supplementary figure S2), with three 
main collaborative clusters (supplementary figure S3).

DISCUSSION

Our analyses outline how scientific papers on the 
subject of amphibian research have increased greatly in 
the past four decades. Further, our analyses highlight 
the important topics underpinning this increase, and 
the geographic and taxonomic trends within it. The first 
paper we found in the Scopus database which know-
ingly dealt with amphibian declines dates back to 1973 
(Beebee, 1973; it was not included in the analyses), but 
papers per year were still few until the first half of ‘90. 
Then, the explicit interest in this topic increased: the 
studies increased to more than 50 per year in 2001 - it 
is worth highlighting that B. dendrobatidis was first dis-
covered in 1998 (Berger et al., 1998) - and then doubled 
in 2007 and almost quadrupled in 2013, being produced 
at a consistent rate of approximately 200 per year since 

then. Notably, although the interest about amphibians 
steadily increased in the last 40 years, the contribution of 
amphibian decline studies to amphibian literature show a 
positive “allometric mean” (Fig. 1). The observed increase 
in papers on amphibians highlights the raised profile and 
interest in this global phenomenon, which is probably 
one of the most serious current biodiversity crises. It is 
also possible to consider that the observed amphibian 
declines of the past decades have been a driver for the 
general interest in amphibian research.

The vast majority of papers deal with Least Concern 
species (IUCN, 2019). This is even more surprisingly 
considering that LC species are about 50% of the amount 
of assessed species. On the other hand, this is not neces-
sarily a negative sign, because the status of any species 
requires studies to be conducted, and the stages of spe-
cies can change over time. Furthermore, information 
from most commonly abundant and widespread species 
are applicable also for the conservation of other species 
more difficult to be studied. It is also worth considering 
that many species that are listed as Least Concern on the 
Red List may have suffered serious localized declines, and 
even extinctions (such as the European midwife toad, 
Alytes obstetricans; Bosch et al., 2001; Rosa et al., 2013).

Geography seems to be a very important reason for 
Threatened species to be less studied then LC ones, as the 
areas which harbour a greater number of Threatened spe-
cies were underrepresented in the literature: most publi-
cations were about North America, Europe and Australia, 
even if they harbour only 6.5% of the total amount of 
Threatened amphibian species (IUCN, 2019). Such bias, 
which has already been highlighted (see Ficetola, 2015, 
for a review), is rather consistent with the country of ori-
gin of researchers (Fig. S2), suggesting the relevance of 
economic influence on research. Wealthier countries will 
generally have most funds available for research, and the 
cost of conducting research outside of the funding coun-
try is more expensive and operationally difficult. The 
collaborative cluster mostly reflects geographic distance 
and historic relationships with those funding countries 
(Fig. S3). Interestingly, Asia and South America are get-
ting more attention in recent years (Fig. 4), and Central 
America has high citation impact (Fig. 5), likely as a 
result of close relationships with the USA. 

We identified four main research clusters in amphib-
ian decline studies. One is mostly about ecology (red 
cluster, Fig. 3), with studies mostly based in North Amer-
ica and Europe and especially focused on the decline of 
newts and salamanders. It is an “evergreen” area of stud-
ies, but with some current topics of interest related to 
advance in ecology and methodology, such as landscape 
ecology, species distribution, CMR and occupancy stud-

Fig. 6. Number of publication about amphibian decline (histogram) 
according to the continent were the studies have been carried out 
(NA: North America, EU: Europe, OC: Oceania, SA: South Amer-
ica, CA: Central America, AS: Asia, AF: Africa; analysis is based 
only on species with more than 10 occurrences), and the respective 
number (continuous red line) and richness (species per km2, dotted 
green line) of threatened species (according to IUCN, 2019).
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ies (Fig. 4). A second area groups studies mostly about 
causes and consequences of pollution on amphibians, 
especially frogs and toads (green cluster). It is a rather 
“cold” area of interest, meaning that its topics have been 
less studied in recent years. A third area clusters studies 
on global threats to amphibians and extinction risk, and 
conservation of biodiversity. The topics this group clus-
ters together are relatively new (e.g., the first systematic 
categorization of amphibian extinction risk was only con-
ducted as recently as 2004), and are much more com-
monly investigated in current times than they were his-
torically. However, the most current topics are grouped in 
the yellow cluster, representing the area of studies about 
pathogens, especially chytridiomycosis, and their role in 
amphibian declines.

In his review paper on the subject of amphib-
ian declines, Storfer (2003) suggested four major areas 
of research in order to understand and facing decline, 
namely: well-grounded statistically monitoring tech-
niques, metapopulation- and landscape-level research-
es, using molecular genetics, and using multi-factorial 
approaches in research. Actually, “detectability”, a basic 
fact to be taken into account when monitoring decline, 
has few occurrences (47), as do “occupancy” (78) “cap-
ture-mark-recapture” (10), and “long-term monitoring” 
(52). Nevertheless, detection probability is increasingly 
taken into account, as we have seen just above. This is 
consistent with the finding of Ficetola (2015), who pin-
points that methods for taking into account detection 
probability have been developed relatively recently, and 
not immediately implemented in accessible softwares. 
However, those detection probability terms strongly char-
acterize the red cluster, being far in the left corner of the 
graph (due to low occurrence, their labels are not visible 
in the figures). This means that almost exclusively eco-
logical studies use robust methods for quantifying the 
scale of amphibian declines at a population level. “Land-
scape” as a term gets more attention (161), and even if it 
characterizes ecological studies, as well as less commonly 
occurring “land use” (69), “connectivity” (40) and “meta-
population” (15), it has connection with other research 
areas. Terms relative to molecular ecology have in general 
low occurrences; however, this term is present in eco-
logical studies (red cluster, seven terms for an amount of 
219 occurrences) and in studies about pathogens (yellow 
cluster, seven terms for an amount of 320 occurrences). 
Assessing whether multi-factorial approaches have been 
used is not feasible basing on our analyses.

The causes of amphibian declines are still under 
research, and complex interactions and local-scale fac-
tors make it difficult to identify precisely the drivers 
underpinning a given decline. However, there is a gen-

eral agreement that climate change, land-use change and 
chytridiomycosis (as well as other parasites and patho-
gens) play a role (Hof et al., 2011). It has been debated 
whether chytridiomycosis (and climate change) has 
received more attention than other threats to amphibians, 
in particular habitat change (Gardner et al., 2007; Ohmer 
and Bishop, 2011), thus producing a research-bias. The 
term-map analysis shows that actually chytridiomycosis 
is a very important and ongoing topic of research, earn-
ing - de facto - its own cluster. Climate change received 
less research attention, but remains an important term, 
as well as “temperature”, in the global-threat blue clus-
ter; furthermore climatic variables may also be taken into 
account in ecological studies (red cluster). Terms linked 
to land use change, such as “habitat alteration” and “habi-
tat loss”, appear in ecological studies, although the lower 
occurring “deforestation” is considered a global threat for 
amphibians (blue cluster).

Amphibian decline has an ongoing increasingly sci-
entific interest for researchers, so it is likely to be a driver 
for more general, fundamental amphibian research. Our 
analyses partly confirm previous findings based on dif-
ferent statistics and on literature surveys focused on spe-
cific topics, and partly identify additional information 
and research trends, identifying gaps in our knowledge 
too. We characterized four main areas of research: ecol-
ogy, cause and consequence of pollution, global threat 
and conservation of biodiversity, and pathogens. The last 
one, mostly identifiable with studies on chytridiomyco-
sis, appears as the most active area of research, in spite of 
direct threats to amphibians, such as altered environment 
and pollution, mostly acting at local scale, which got 
more attention in the past. Likely, the interest in local-
ised threats has downsized because there is an increas-
ing body of evidence that global changes are happening 
at unprecedented rates, and that they represent concrete 
threats for natural systems, including amphibians (IPBES, 
2018). Nonetheless, detecting local threats is still impor-
tant, because amphibian declines have not only multiple 
causes, but they also interact differently at different geo-
graphic scales (Campbel Grant et al., 2016). A second 
finding of our analyses is that species and population 
monitoring increasingly takes into account detectability, 
but that using such robust approaches is mostly limited 
to ecological studies. Instead, incorporating detectability 
into studies on, for example, infectious disease will fur-
nish information on the actual occurrence of infection 
among populations, on real prevalence within popula-
tions, and a more reliable representation of both infected 
population and host-pathogen dynamics.

Our analyses confirm a geographical research bias 
which appears the main reason for Threatened species 
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being less studied than LC ones. Filling this gap requires 
specific attention, both because of the vulnerability of the 
species to be studied and the ecosystems they inhabit, 
and because they occur mainly in less well-developed 
countries, with less access to research funds. Increas-
ingly, the disparity in funds available for western coun-
tries’ researchers could cause a kind of colonialism in sci-
ence (Hodgetts et al., 2019). Co-production of research 
(Nature, 2018), that is - in this case - the carrying out of 
researches jointly with local researchers and communi-
ties, from planning the study to publication and follow-
up, could be a way to avoid this form of colonialism.

Lastly, despite the role the amphibian decline is play-
ing in herpetological and biodiversity and conservation 
studies more in general, and despite the relative impor-
tance of “mainstream” topics as climate change and land-
use change we found in these studies, it is noteworthy 
the very low frequency and importance in our survey 
of word as “government”, “mitigation”, “urbanization”, 
“human health”, “risk assessment”, “culture”, “(internation-
al) trade”, “pet”, and even the absence in our network of 
word such as “education” and “policy” (or related terms). 
This shows that the social and political impact of (studies 
devoted to) amphibian declines is still insufficient.

SUPPLEMENTARY MATERIAL

Supplementary material associated with this article 
can be found at <http://www.unipv.it/webshi/appendix> 
manuscript number 8478.
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