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In the last decades increasing records of morphological abnormalities in many amphibian popula-

tions have become subject of scientific interest. Once considered a mere curiosity, this worldwide 

phenomenon has been highlighted as a potential local conservation issue, for it appears to be yet 

another threat to amphibian diversity. Our study reports the first cases of amphibian deformities 

for North-Central Portugal, which are put in context with a review comprising European records 

since the 18th century. Amphibian populations (Lissotriton boscai, Triturus marmoratus and Pelophy-

lax perezi) were sampled for four sampling years at Serra da Estrela Natural Park. With approximately 1400 

post-metamorphic individuals examined, we found 12 cases of deformity including anophtalmy, 

brachydactyly, ectrodactyly, ectomely, polydactyly and polyphalangy. Deformity prevalence var-

ied between years and species, rarely exceeding 2%. Our results are in accordance with European 

trends, since the majority of the recorded cases were found in limbs of urodeles. The presence of 

deformities in three different species points toward environmental causes, with predation as the 

most parsimonious explanation. Although not alarming, we reinforce the need for continuous 

monitoring of amphibian communities, from an interdisciplinary perspective, since even protected 

and pristine areas are not immune to new emerging threats that can act in synergy. 

Key words: Lissotriton boscai; malformations; morphology; Pelophylax perezi; Triturus marmoratus. 

De una observación local a un fenómeno paneuropeo: malformaciones de anfibios en el Parque 

Natural de la Serra da Estrela, Portugal. Durante las últimas décadas, el creciente número de 

registros de malformaciones morfológicas en anfibios ha suscitado el interés de la comunidad 

científica. Si bien al principio este fenómeno se consideraba apenas por mera curiosidad, el hecho 

de que se repita en todo el planeta lo ha convertido en un asunto de interés para la conservación a 

nivel local al postularse como una amenaza para la diversidad de anfibios. Nuestro estudio 
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Amphibians are particularly sensitive 

to perturbations of the surrounding eco-

system, being considered by some authors 

as bio-indicators of environmental health 

(Tejedo, 2003; García-MuÑoz et al., 2010). 

In fact, this group of animals currently 

faces global declines and range reductions 

worldwide (Stuart et al., 2004; Hof et al., 

2011). In addition, reports of populations 

with severe morphological abnormalities 

increased, reaching an unprecedented rate 

(García-MuÑoz et al., 2010). Literature from 

the last decade is focused on population 

level analyses and descriptions of mass 

occurrences of deformities (e.g. Hoppe, 

2005). However, the most common types 

of records, described since the 18th century, 

are those of isolated cases of morphologi-

cal abnormalities in adult amphibians 

(Ouellet, 2000; Henle et al., 2012). Despite 

the amount of available data, field sam-

pling and intensive investigation of the 

problem are not homogeneously distribut-

ed across geographic range, leading to bias 

and gaps in data records (Reeves et al., 

2013). Although abnormalities resulting 

from both genetic and environmental fac-

tors are expected in any amphibian popu-

lation, the proportion of this natural emer-

gence is usually about 2% (Reeves et al., 

2013). Higher deformity rates have been 

associated with noxious environmental 

modifications, which also led to massive 

mortality of eggs, larvae, and adults 

(Flyaks ӕ Borkin, 2004; Hayden et al., 

2015), evidence that is causing debate over 

the possibility of a rising conservation 

problem (Burkhart et al., 2000; Blaustein 

ӕ Johnson, 2003). While no single cause 

can explain all deformities, numerous fac-

tors have been proposed as explanations 

for these phenomena, with environmental 

stressors being more frequently mentioned 

than genetic causes. 

The causal factors behind morphologi-

cal deformities often remain unclear 

(Johnson et al., 1999; Blaustein ӕ Johnson, 

2003), since synergistic interactions be-

tween two (Kiesecker, 2002) or multiple 

factors (Reeves et al., 2010) may occur. The 

genetics of vertebrate limb abnormalities is 

relatively well known and a considerable 

presenta los primeros casos de anfibios con malformaciones en la zona centro-norte de Portugal, y 

los pone en contexto con una revisión de los registros a nivel europeo desde el siglo XVIII. Duran-

te cuatro años de trabajo, muestreamos poblaciones de diferentes especies de anfibios (Lissotriton 

boscai, Triturus marmoratus y Pelophylax perezi) en el Parque Natural de la Serra da Estrela. Tras exami-

nar aproximadamente 1400 individuos pos-metamórficos, hallamos 12 casos de malformaciones 

incluyendo anoftalmia, braquidactilia, ectrodactilia, ectomelia, polidactilia y polifalangia. Las pre-

valencias de malformaciones variaron entre años, aunque raramente superaron el 2%. Nuestros 

resultados coinciden con las tendencias a nivel europeo, apareciendo la mayoría de los casos en 

extremidades de urodelos. La presencia de malformaciones en tres especies distintas apunta a los 

factores ambientales, y en particular a la depredación, como la explicación más factible. Aunque 

no parece un problema alarmante, señalamos la necesidad de realizar seguimientos continuados 

en las comunidades de anfibios desde una perspectiva multidisciplinar, dado que incluso aquellas 

áreas prístinas y protegidas podrían no ser inmunes a nuevas amenazas que pueden actuar de 

forma sinérgica. 

Key words: Lissotriton boscai; malformaciones; morfología; Pelophylax perezi; Triturus marmoratus. 
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number of genes have been linked to con-

genital limb deformities (e.g. Manouvrier-

Hanu et al., 1999; Hill ӕ Lettice, 2013). 

Notwithstanding, natural mutation rates 

or inbreeding do not seem plausible expla-

nations when high frequencies of abnor-

mality are observed for multiple species, 

and across broad geographic range 

(Blaustein ӕ Johnson, 2003; Williams et 

al., 2008). Instead, biotic interactions and en-

vironmental factors are often highlighted 

as the cause. Predation can give rise to de-

formities due to problems in the regenera-

tion process (epimorphosis) following 

trauma (Ballengée ӕ Sessions, 2009). 

Equally, infection by teratogenic viruses, 

fungi and other parasites have been associ-

ated with the emergence of deformities. 

Special attention has been paid to the 

trematode Ribeiro ia ondatrae , which has 

been considered a cause for limb deformi-

ties, particularly supernumerary limbs, in 

North America (e.g. Sessions ӕ Ruth, 1990; 

Johnson et al., 1999; Lannoo, 2009). Even if 

we consider that the increasing number of 

reports may not be linked to a higher fre-

quency of malformation occurrences, an 

increment in the stressors seems to be oc-

curring in nature. Ubiquitous stressors like 

UV-B radiation, ground-level ozone, acid 

precipitation and extreme temperatures, as 

well as products of anthropogenic activi-

ties such as chemical contaminants and 

radioactive mineral deposits, and even 

proximity to roads (Reeves et al., 2008) are 

considered to play a role in the appearance 

of morphological abnormalities.  

The most frequently reported amphibi-

an deformities affect post-metamorphic 

limbs, and appear to fall into two broad 

categories: absent limbs or limb portions 

(ectomely or ectrodactyly), and supernu-

merary limbs / digits (polymely or poly-

dactyly) (Ouellet, 2000). Several types of 

malformations have been described for 

various species of Iberian amphibians, for 

both Anura (e.g. Cisternas, 1865; Galán, 

2011) and Urodela (Héron-Royer, 1884; 

Fernández-Álvarez et al., 2011). However, 

the great majority of these observations 

have been episodic, single species cases, 

and purely descriptive, with no analysis of 

possible causative factors, and no concert-

ed effort to evaluate the effects of deformi-

ties on amphibians. 

The present work reports new cases of 

post-metamorphic deformities, affecting 

both urodeles and anurans from north-

central Portugal, which are put in context 

with a review of other European records of 

amphibian abnormalities. Additionally, 

our records expand the geographic range 

of observed deformities in amphibians, 

and contribute to the understanding of 

possible causes of this phenomenon. 

Materials and Methods 

Study sites 

Serra da Estrela is the highest mountain 

in Portugal’s mainland territory, with a 

maximum altitude of 1993 m. Integrated in 

the Iberian Central Range, it is located in 

the eastern part of north-central Portugal 

(Daveau, 1971; Mora et al., 2001), and com-

prises the largest protected area in Portu-

gal: Serra da Estrela Natural Park (PNSE).  

The cases here reported took place in 

two concrete tanks originally created for 

forestry purposes, filled with spring water 

in constant flow, and a natural pond situ-

ated within the borders of PNSE (Fig. 1). 
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Both tanks, one situated near the village of 

Folgosinho (Gouveia) (40°29’37.09’’N, 7°

31’47.61’’W, 1079 m; Fig. 1a) and the other 

in Sazes da Beira (Seia) (40°20’39.7’’N, 7°

42’52.63’’W, 985 m; Fig. 1b) were surveyed 

two to three times per year between 2011 

and 2014. The pond located in Salgadeiras 

(40°20’18.80’’N, 7°36’55.21’’W, 1850 m; Fig. 

1c) was surveyed in 2010 and 2014. 

Survey 

Sampling was performed during an 

ongoing amphibian-monitoring project 

focused on emerging diseases (Rosa et al., 

2013) covering three different seasons 

(spring, summer and autumn). On each 

occasion, sites were sampled by two re-

searchers (using hand nets) for a total of 

two hours. All specimens were returned to 

the habitat after sampling. 

Throughout the four sampling years a 

total of 100 post-metamorphic (p-m) and 

68 larvae of Triturus marmoratus, and 811 

p-m and 255 larvae of Lissotriton boscai 

were identified at Folgosinho tank. At the 

Sazes tank, a total of 177 p-m and 321 lar-

Figure 1: Sites at Serra da Estrela Natural Park (Portugal), where we report cases of 

abnormalities in amphibian species, Lissotriton boscai, Triturus marmoratus and Pelophylax perezi 

between 2011 and 2014. (a) Tanque de Folgosinho. (b) Tanque dos Serviços Florestais de Sazes. (c) 

Salgadeiras pond. Photos (a) and (b) by M. Madeira, photo (c) by G.M. Rosa.  
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vae of T. marmoratus, and 304 p-m and 

577 larvae of L. boscai were found. Re-

garding Salgadeiras pond, 40 p-m individ-

uals of Pelophylax perezi were sampled 

throughout the two years. No animals 

were sacrificed in order to obtain the data 

presented in this paper. Classification of 

the deformity type followed the nomencla-

ture described in Rothschild et al. (2012).  

The baseline (under which the preva-

lence is considered normal and of little 

concern) adopted for the interpretation of 

the prevalence of deformity found in the 

present analysis was 2%, as established by 

Reeves et al. (2013) in a recent study compris-

ing a dataset of almost 50 000 anuran spec-

imens. 

Hydrochemical analysis 

Recently, livestock pressure is low in 

the study area and water sources do not 

show any signs of eutrophication, being 

continuously supplied with spring water. 

Nevertheless, in order to exclude possible 

contamination by remnant pesticides or 

fertilizers, water samples were collected in 

2012 to assess water parameters. pH was 

measured in the field with a portable kit 

(precision 0.1) and the concentrations of 

nitrites, nitrates and ammonium was de-

termined with spectrophotometry, using 

the methods described in Grasshoff 

(1976). Suspended particulate matter was 

determined by filtering water through pre-

weighed GF / C Whatman filters, which 

were subsequently dried at 80°C for 24 

hours and reweighed. Heavy metal con-

centrations were determined through 

Flame Atomic Absorption Spectrometry 

(Duarte ӕ Caçador, 2012). 

European literature review 

In order to better comprehend the con-

text and impact of the herein described 

and investigated malformations, we re-

viewed the available literature document-

ing any amphibian morphological deform-

ities in European territory from 1816 to 

2014. Records from Russia have been ex-

cluded from the analyses due to imprecise 

locality of the reports. Nonetheless, see 

Borkin ӕ Pikulik (1986) and Lada (1999) 

for polymely and polydactyly records in 

natural populations of Anura, in Russian 

Eurasian territory. 

We considered one record the report of 

a certain malformation at a certain time 

per species, per site: e.g. 1) two different 

manuscripts mentioning a tail deformity 

in a salamander population in the same 

Figure 2: Polymely in adult 

Triturus marmoratus from 

Serra da Estrela NP pre-

senting an extra limb 

emerging from its right 

forelimb with reduced 

limb segments (May 2011). 

(a) and (b) provide differ-

ent angles of the emerging 

limb. 
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year would count as one record; 2) one 

manuscript reporting on two different 

malformations (polymely and ectrodac-

tyly) in a single population would count as 

two records. Additionally, in our analyses, 

reports from captive specimens or result-

ing from experimental work were not con-

sidered. All the reviewed literature is 

listed in the Supplementary Material 

(Section S1). 

Results 

Amphibian deformities in north‐central 

Portugal 

Between May 2011 and June 2014 we 

recorded 12 cases of deformities out of 

almost 1400 post-metamorphic individuals 

examined across three different species of 

amphibians from Serra da Estrela. Despite 

the fact that no larvae were found with 

obvious deformities, detectability of limb 

and digit deformities is rare in larval stag-

es, due to reduced limb sizes. Additional-

ly, due to the importance of returning the 

individuals unharmed to their locations, 

with minimal interference, our analysis 

was restricted to external examination of 

each individual.  

Limb and digit abnormalities were the 

most often observed (see Table 1 for more 

details), where five of the cases corre-

sponded to supernumerary limbs or digits: 

the first was a female T. marmoratus 

found in 2011 with a third arm emerging 

from the right forelimb, fused at the hu-

merus (Fig. 2). The supernumerary fore-

limb is overall shrunken in size, appearing 

to be composed of humerus and radio-

ulna, with two fingers at the distal end. 

Later on (May 2013), two individuals of 

this same species were caught presenting 

digit duplication in the hindlimbs. The 

same deformity had been already record-

ed in Folgosinho, on a L. boscai male cap-

tured in 2012 (Fig. 3a). A case of 

polyphalangy was observed in a female L. 

boscai with an extra segment, orthogonally 

oriented in relation to the normal digit, 

emerging at the boundary between distal 

Figure 3: Three types of abnormalities in 

adult Lissotriton boscai at Serra da Estrela 

NP. (a) Polydactyly (with bifurcation) in toe 

IV of right hind-limb (May 2013).  (b) 

Polyphalangy (partial duplication) in toe IV 

(dehydrated toe-clip) (March 2012). (c) Brach-

ydactyly in an adult individual with webbing 

development (June 2012). (d) Ectomely with 

blastema in right hind-limb probably result-

ing from injury or predation attempt (June 

2014).  (e) Eye abnormality in a female miss-

ing the left eye (Anophthalmia) (November 

2011). Arrows point to the malformations.  
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and intermediate phalanx (Fig. 3b). 

Absence and atrophy or shortness of 

digits was also observed in Serra da Es-

trela. In 2012-2013 three adult individuals 

of L. boscai showed digit deformities, spe-

cifically adactyly: digits were missing on 

hindlimbs, without any trace of scarring 

tissue, visible blastema or epidermal pig-

mentation alteration. None of the cases 

presented visible signs of epimorphosis 

and there was not abnormal spacing be-

tween the remaining digits, unlike adac-

tyly described in other studies, where the 

missing digits result in surplus space (e.g. 

see Fig. 1(a) in Williams et al., 2008). An-

other individual of L. boscai, sampled in 

June 2012, presented abnormally short dig-

its (brachydactyly). The deformity began 

at the zeugopod with increasing severity at 

the autopod (Fig. 3c). Inter-digital webbing 

could be observed, suggesting an ongoing 

process of epimorphosis that could origi-

nate this phenotype. An additional case of 

brachydactyly was reported in a post-

metamorphic P. perezi captured in 2014 

(Fig. 4): Calcanium and Talus seemed to be 

present and digits individualized, while 

the others were united by abnormal web-

bing, being shorter than usual (Fig. 4b). 

Lastly, two other L. boscai were found 

with rarer conditions: one in Sazes pre-

senting ectomely, where the autopod was 

absent but signs of epimorphosis were vis-

ible (specifically the regeneration blaste-

ma), suggesting a deformity caused by 

trauma (Fig. 3d); and another with a cranio

-facial deformity (Fig. 3e). The latter indi-

vidual exhibited unilateral anophthalmia, 

missing the left eye; the eye-socket was 

covered with skin, with no indication of 

scarring or pigmentation abnormalities. 

Overall, notwithstanding the described 

phenotypic abnormalities, the animals did 

not show abnormal behaviour when in 

water or when handled by the experiment-

ers.  

Deformities prevalence for amphibians at 

PNSE 

Deformity prevalence varied over the 

years. Prevalence at the individual breed-

ing sites ranged from 0.69% to 2.38% for L. 

boscai, and from 2.08% to 4.17% for T. mar-

moratus (Table 1). Highest prevalence was 

detected in 2013 in Sazes for T. mar-

moratus with 4.17% polydactyly (which repre-

sents two individuals out of 48 sampled), 

and in the following year in P. perezi with 

Figure 4: Brachydactyly in 

juvenile Pelophylax perezi 

from Serra da Estrela NP 

with webbing formation in 

its right hind-limb (August 

2014). (a) Dorsal view of 

the malformed individual. 

(b) Close up of right foot 

showing the details of ab-

normal webbing for-

mation. 
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5% brachydactyly observed in that sam-

pling event in Salgadeiras (single individ-

ual in 20 analysed). Although with rela-

tively low frequency of occurrence, the 

most common malformations recorded 

across time, space and species were the 

supernumerary deformities. Anophtalmy 

was the least commonly recorded malfor-

mation and the only one not affecting 

limbs and / or digits. Overall, rates of de-

formity met the estimated 2% baseline 

(Reeves et al., 2013), with those two previous-

ly mentioned exceptions. Nevertheless, we 

must take into account the small sample 

sizes, particularly the sampled population 

of P. perezi in summer 2014 (Table 1). 

However, when looking at the annual 

prevalence we see a drop in the frequency 

and an approximation to the expected val-

ues.  

Hydrochemical analysis 

Hydrochemical analysis of Folgosinho 

and Sazes sites did not provide any unu-

sual values, falling within water quality 

standards (Table 2). Our results are similar 

to standard values of natural pond water 

quality, being different from values corre-

lated with deformity outbreak scenarios. 

Moreover, there is no indication of pH 

alteration or chemical contamination. Lev-

els of nitrates and ammonium, which can 

result from fertilizer usage, are regular. 

Contamination by heavy metals is also 

Compound Standards Case studies 

  USSR USA Dnepropetrovsk 

District (1995) 

Folgosinho, 

PNSE (2012) 

Sazes, 

PNSE (2012) 

Ammonium (NH4+) up to 0.50-1.50 - 2.50 0.32 - 

Nitrite (NO2−) up to 0.01-0.10 0.1 (soft water) 0.025 < 1 < 1 

Nitrate (NO3-) 1.0-2.0 0.00-0.30 1.470 0.5 0.5 

pH 6.5-8.0 6.5-8.0 5.0-6.8 6.8 6.3 

Hardness - 10-400 - 216.7 200 

Zinc (Zn) 0.01 < 0.005 4.66 ± 0.050 < LOD < LOD 

Manganese (Mn) - < 0.01 0.39 ± 0.030 < LOD < LOD 

Copper (Cu) 0.01 0.03* 0.15 ± 0.050 < LOD < LOD 

Lead (Pb) 0.10 < 0.02 0.06 ± 0.004 < LOD < LOD 

Nickel (Ni) 0.01 < 0.1 0.19 ± 0.060 < LOD < LOD 

Cadmium (Cd) 0.005 0.005* 0.02 ± 0.005 < LOD < LOD 

Table 2: Water quality standards for some compounds for fish-breeding ponds in the former 

USSR (Kosyreva, 1971) and for aquaculture in USA (Lawson, 1995). Comparative data from a site 

at the Dnepropetrovsk District (eastern Ukraine) where mass abnormalities were attributed to 

high levels of heavy metals (Flyaks ӕ Borkin, 2004), in contrast to the levels obtained for Serra da 

Estrela Natural Park (PNSE) are shown. LOD: limit of detection of the method. Values in mg / l 

except for pH. 

*At alkalinity levels > 100 mg/l.  
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negligible, since all values are below the 

detection limit of the method (Table 2).  

European literature review 

A review of the literature shows that 

over 20 European species of anurans and 

16 species of urodeles with morphological 

abnormalities have been documented, 

since the 18th century. The majority of re-

ports, especially for Iberian Peninsula, are 

of anecdotal nature and comprise individ-

ual specimens, with no further investiga-

tion of population impact, and environ-

mental or developmental causes of malfor-

mation. Within Europe, the number of re-

ports is unevenly distributed regarding 

both countries and species, reflecting the 

global geographical distribution of records 

(Ouellet, 2000; Lannoo, 2009; Fig. 5; Sec-

tion S1).  

In Portugal, more urodeles than anu-

rans are reported bearing deformities. Por-

tuguese reports represent 1.2% and 16.9% 

of Anura and Urodela European reports, 

respectively (Fig. 5).  

Regarding the affected body parts, limb 

abnormalities are by far the most com-

monly reported and seem to primarily in-

volve the hindlimbs, whether in the form 

of missing, extra, or malformed limbs 

(Hebard ӕ Brunson, 1963; Ouellet et al., 

1997; Hoppe, 2005). 

Discussion 

Deformity prevalence is influenced by site 

and species ecological dynamics 

Morphological abnormality naturally 

arises in all organisms, but the definition 

of a prevalence baseline for amphibians 

Figure 5: Records of amphibian deformities across Europe reported in literature between 1864 

and 2014. (a) deformity records and number of species affected by Order, highlighting the records 

from Portugal within Europe. (b) Body parts affected by Order; limbs also include toes and fin-

gers; tail in Anura refers exclusively to the larval stage deformities; head also includes mouth and 

eye deformities; others include body axes, vertebral and spine deformities. Records from Russia 

have been excluded from the bar charts (see Borkin ӕ Pikulik (1986) and Lada (1999) for polyme-

ly and polydactyly records in natural populations of Anura in Russian Eurasian territory). 
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has been subject of much discussion due to 

variation caused by geographic region, 

species under study, type of abnormalities 

being considered, and method of detection 

(Johnson et al., 2010; Lunde ӕ Johnson 

2012). 

When studying Portuguese popula-

tions of both T. marmoratus and L. boscai, 

M. H. Caetano found no abnormalities on 

individuals from central and northern Por-

tugal. Contrastingly, 7.4% of the studied 

specimens from the south presented limb 

deformities, including polydactyly, 

polymely and adactyly (Caetano, 1988). 

However, no further investigation was 

conducted and no cause was associated 

with the elevated deformity prevalence 

described. We found deformities of similar 

nature as those reported, more than 20 

years after, but this time for the north-

central part of the country and with lower 

rates. Geographically located between pre-

viously surveyed areas in continental Por-

tugal, Serra da Estrela is thus an essential 

piece of the puzzle given the high preva-

lence found in the south and the absence 

of deformity records in the north, suggest-

ing a north-south gradient of decreasing 

prevalence. 

Possible causes and consequences for am‐

phibian conservation 

The variety of causes, either natural or 

anthropogenic, and the potential interac-

tion of stressors preceding morphological 

deformities in amphibians is vast 

(Lannoo, 2009; Lunde ӕ Johnson, 2012). 

Habitats where similar abnormalities are 

found may be affected by unrelated causes 

and, conversely, multiple interacting 

stressors may be operating within a single 

wetland (Johnson et al., 2010; Reeves et al., 

2011; Hayden et al., 2015). Consequently, 

finding the origin of amphibian malfor-

mations is a complex task (Blaustein ӕ 

Johnson, 2003; Johnson ӕ Bowerman, 

2010). 

In the absence of a clear cause-effect 

relationship, some conclusions can be 

drawn by ruling out implausible causes 

based on available data. Environmental 

stressors, such as aquatic eutrophication, 

can promote pathogenic infection in am-

phibians (Johnson et al., 2007), enhancing 

the chances of arising deformities caused 

by parasites. However, none of the sam-

pled study sites ever showed signs of eu-

trophication. Another possible cause are 

genetic mechanisms, but then it is ex-

pected that individuals from the same 

population exhibit similar malformations 

(Lannoo, 2009), which was not the case in 

the accessed study areas. The hypothesis 

of parasites being the cause of the found 

abnormalities is improbable, especially 

since the deformity prevalence found is 

low, comparatively to what is expected 

when parasites such as the trematode Ri-

beiroia ondatrae are present (Lannoo, 2008). 

Additionally, aquatic snails from genera 

Helisoma, Planorbella or Biomphalaria 

(Johnson et al., 2004; Johnson ӕ McKenzie, 

2008) are necessary vectors for this trema-

tode parasite, and even though genus 

Planorbella is described for Portugal (SimÕes, 

2005), it has not been reported to the area 

of Serra da Estrela (Albuquerque de Ma-

tos et al., 2014).  

Xenobiotic substances such as fish ex-

crement and lathyrogens (Lannoo, 2008, 

2009) have also been pointed as causative 

factors of deformity. Notwithstanding, no 
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fish species are present in any of the habi-

tats sampled and Lathyrus odoratus, 

which naturally produces lathyrogens, is 

not included in the flora inventory of Serra 

da Estrela Natural Park (Talavera et al., 

2001; Jansen, 2002). Outbreaks of amphibi-

an deformity have also been associated 

with agricultural soils, where chemical 

contamination frequently occurs due to 

heavily used fertilisers and pesticides (e.g. 

Bacon et al., 2006, Gurushankara et al. 

2007, Reeves et al., 2008). However, this 

seems an improbable scenario for the here-

in reported deformities since Folgosinho 

tank showed no signs of chemical or heavy 

metal contamination. 

Of all possible causes, trauma is usual-

ly a main suspect in deformity scenarios 

(Ballengée ӕ Sessions, 2009; Bowerman et 

al., 2010), mainly resulting from failed preda-

tion attempts (Lannoo, 2009). In urodeles, 

after an injury event, regeneration of the 

lost tissue requires coordinate reactivation 

of developmental and pattern signalling 

pathways, and recent trauma may pro-

duce evidence of epimorphosis or scar-

ring. These signs were absent in all indi-

viduals, except for the one presenting ec-

tomely, which exhibited a typical blaste-

ma, indicating ongoing regeneration 

(Whited ӕ Tabin, 2009). However, devel-

opmental responses of the injured or am-

putated limb can range from no regenera-

tion to hyper-regeneration, with interme-

diate conditions represented by various 

types of limb deformities (Ballengée ӕ 

Sessions, 2009). This abnormal regenera-

tion process could actually justify most of 

the deformities we found in Urodela speci-

mens here described. This is not an outly-

ing hypothesis since selective predation by 

dragonfly nymphs and other aquatic pred-

ators has been associated with the most 

common kinds of limb deformities found 

in natural populations of anurans 

(Ballengée ӕ Sessions, 2009). Moreover, 

Odonata nymphs of various species, 

which have been indicated as predictors of 

skeletal abnormality frequency (Ballengé 

ӕ Sessions, 2009; Bowerman et al., 2010; 

Reeves et al., 2010), and diving beetles 

(Dysticidae), are abundant in Serra da Es-

trela, particularly in the surveyed sites 

(Rosa et al., 2012). Interspecific predation on 

adult L. boscai by T. marmoratus has also 

been observed at Folgosinho (Baptista et 

al., 2015), reinforcing the idea of predation as a 

key stressor in these habitats. But even 

with predators appearing as the most 

plausible cause, multiple factors are al-

most certainly responsible for the amphib-

ian abnormalities documented since the 

early 1990s (Johnson et al., 2010), and by 

studying causative factors in isolation we 

may be missing essential cues regarding 

the environmental conditions that result in 

amphibian deformity. 

Climate change has been pointed as 

one of the major global causes of amphibi-

an population declines (Hof et al., 2011), 

being able to mediate the impact of other 

factors such as predation rate. Tempera-

ture has been shown to influence abun-

dance of predatory invertebrates, leading 

to increased predatory activity (Anderson 

et al., 2001; Reeves et al., 2010; Hayden et 

al., 2015). It has also been linked to the occur-

rence of chytridiomycosis outbreaks in 

Spain (Bosch et al., 2007), which is alarming, 

since chytrid fungi have been detected at 

Serra da Estrela mediating a significant 

decline on the population of midwife 
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toads, Alytes obstetricans (Rosa et al., 

2013). Furthermore, exposure to UV-B may 

also increase susceptibility to predation 

and to infections (Kiesecker et al., 2001; 

Romansic et al., 2009), leading to higher 

prevalence of malformation and mortality, 

especially during embryonic development 

(Blaustein et al., 2003). Although preda-

tion seems the most plausible cause for the 

new records we present, dragonfly 

nymphs and other aquatic predators are 

ubiquitous in wetlands inhabited by am-

phibians worldwide. 

The data presented show that the num-

ber of reported deformities should be care-

fully monitored, and should not be disre-

garded as simply an increase in the num-

ber of reports alone. In fact, predators, 

emerging infectious diseases and climate 

change, which could have a lesser impact 

individually, can cause severe problems 

when acting synergistically (Blaustein et 

al., 2003; Lannoo et al., 2003; Reeves et al., 

2010). 

Literature review: context for new Portu‐

guese records 

The review of the available literature 

allowed us to validate that the herein de-

scribed are the first records of malfor-

mation in the studied amphibian popula-

tions. The majority of Iberian reports are 

focused on isolated specimens, with no 

recurrent sampling of the study sites, be-

ing unclear how many historical records 

were part of a population phenomenon, 

which hinders the establishment of an ac-

curate baseline. Once again, the need for 

deeper analysis of this phenomenon from 

a population perspective is evident, with 

environmental assessment of possible 

causes. 

The present review is in agreement 

with the global hypothesis of deformity 

being naturally more frequent in anurans 

(Lannoo, 2009). However, contrary to the 

general European trend, more urodeles 

than anurans are reported bearing deform-

ity for Portugal. Nonetheless, this result 

can be biased due to more intensive demo-

graphic studies regarding urodeles per-

formed in this country. 

By looking at the newly reported cases 

in Serra da Estrela in a European context, 

it is evident that they fit the tendency for 

higher frequency of limb malformations, 

particularly affecting hindlimbs. In fact, 

excluding a single case of head deformity, 

every individual herein reported present-

ed limb deformity, among which 81.8% 

affected hindlimbs. Ballengé ӕ Sessions 

(2009) attributed this fact was, at least par-

tially, to the exposure of hindlimbs to pre-

dation. Regarding head deformities, the 

fact that they appear rare when compared 

to limb deformities can probably be relat-

ed to a high mortality incidence when 

head or spinal cord are affected by malfor-

mation (Lannoo, 2008). 

Final considerations 

Deformities might impair mobility, de-

crease food intake, increase susceptibility 

to predators and parasites, and may even-

tually impact entire populations, leading 

to high levels of mortality (Blaustein ӕ 

Johnson, 2003), with deformed amphibi-

ans only rarely surviving to adulthood 

(Johnson et al., 2001). Despite of that, wildlife 

malformations only become a serious con-

servation issue if mediated by human ac-

tions, directly or indirectly. 
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To date, no physical abnormality crisis 

has been reported in Europe. However, 

several European species face alarming 

declining rates and range reductions. In 

the Iberian Peninsula, where a great frac-

tion of the herpetofauna is endemic, there 

is a considerable lack of studies regarding 

this phenomenon.  

Despite being treated multiple times in 

the recent literature as a global alarming 

phenomenon, the increase in the number 

of malformation records most likely re-

sults from increasing interest and more 

extensive population surveys. Further-

more, both the methodology to establish 

baselines and the study of causative fac-

tors behind the observed patterns lack uni-

formity across the literature, thus leading 

to bias in the perception of local phenome-

na. Nevertheless, we consider that even 

isolated records should not be ignored, 

since these may add valuable information 

to the geographic range of amphibian ab-

normalities, drawing attention to potential 

hotspots of deformity that will otherwise 

remain unnoticed. 
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