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Amphibians play an important role in ecosystems and are one of the most threatened taxa worldwide. In order to protect their 
populations, it is essential to understand the factors affecting their distribution, abundance and diversity. Baixo Vouga Lagunar 
is a heterogeneous, human-modified, coastal wetland in north-west Portugal, with seasonal or permanently flooded habitats. 
We characterised the patterns of distribution, abundance and diversity of amphibians and aimed to identify its environmental 
drivers. Species richness was best explained by distance to the nearest well, followed by presence of temporary water bodies. 
Distance to the nearest well was also the most important driver of the composition of local amphibian assemblages, followed 
by the distance to forested areas. Our results reflect the findings of other studies in the Mediterranean region that have 
revealed the importance of seasonally available habitats, and stress the need for conservation of natural as well as artificial 
water bodies and traditional agricultural practices which promote a mosaic of amphibian habitats. 
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INTRODUCTION

Around 40% of amphibian species are threatened 
with extinction, and even a larger number present 

negative population trends (Hoffmann et al., 2010; IUCN, 
2014). In Europe, about 25% of amphibian species are 
endangered (Temple & Cox, 2009). The high vulnerability 
of amphibians is in part due to features such as relatively 
low vagility (Weyrauch & Grubb Jr., 2004), dependence 
on highly specific microhabitat conditions (Cushman, 
2006), and high philopatry (Wind, 1999). Because of their 
complex life cycle, amphibians are also susceptible to 
changes in aquatic and terrestrial environments such as 
habitat loss and fragmentation (Wilbur, 1980; Lehtinen 
et al., 1999).

Landscapes across Europe and, in particular, in the 
Mediterranean region have experienced significant 
changes in recent decades (Atauri & de Lucio, 2001; 
Moreira & Russo, 2007). Frequently, agricultural 
intensification can be harmful to amphibians (Beja 
& Alcazar, 2003; Pellet et al., 2004). However, there 
is evidence that some amphibian populations can 
also benefit from agricultural activity, and decline as 
a consequence of the abandonment of agricultural 
practices (Gray et al., 2004; Moreira & Russo, 2007).

In order to efficiently preserve amphibian populations, 
it is essential to understand the factors influencing their 
distribution. In the Mediterranean region, landscape 

heterogeneity generates areas of high environmental 
value (Atauri & de Lucio, 2001; Martins et al., 2014). Due 
to a lifecycle that is tightly bound to water, amphibian 
distributions are influenced by the specific characteristics 
of aquatic sites (Beebee, 1983). For example, permanent 
water bodies characterised by a diversity of habitats can 
harbour rich amphibian communities conditionally that 
they are free of predatory fish (Laan & Verboom, 1990; 
Ficetola & Bernardi, 2004). Terrestrial habitats are further 
important for pond-breeding amphibians, providing 
feeding, overwintering or nesting sites (Marnell, 1998; 
Guerry & Hunter, 2002; Semlitsch & Bodie, 2003; Denoël 
& Ficetola, 2008). The occurrence of amphibians can 
be negatively affected by the presence of roads (Hels & 
Buchwald, 2001; Ficetola et al., 2009; Beebee, 2013) and 
positively influenced by the presence of habitat corridors, 
the extent of open areas, or riparian woodlands (Hartel 
et al., 2008, 2010; Ficetola et al., 2009; Hamer & Parris, 
2011). In agricultural areas, small patches of forest 
combined with ponds located at the interface between 
cultivated areas and more natural landscape components 
have been shown to be favourable (Beebee, 1983; Beja 
& Alcazar, 2003; Weyrauch & Grubb Jr, 2004). Amphibian 
species richness generally decreases with increasing 
human population density (Pellet et al., 2004; Hamer & 
Parris, 2011), although for example constructions built 
for water retention such as wells and tanks can have a 
positive effect (Laan & Verboom, 1990).
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In the present study, we aim to identify the drivers 
of the distribution and diversity of amphibians in 
the human-altered Mediterranean wetland of Baixo 
Vouga Lagunar, Portugal. We predict that amphibian 
abundance and diversity will be negatively influenced 
by (i) the presence of the exotic crayfish Procambarus 
clarkii, a known predator of amphibians, and (ii) human 
activities such as urbanization, agriculture or forestry. 
We further predict that natural habitats will harbour a 
high diversity of amphibians. To test both predictions, we 
relate amphibian diversity measures with the distance 
and area of landscape features. We also predict that 
amphibian abundance and diversity will be enhanced by 
the abundance of insects, which represent part of their 
prey spectrum. Our study area comprises a mosaic of 
salt, brackish and freshwater, and we also predict that 
amphibian diversity will be higher where freshwater is 
more readily available.

MATERIALS AND METHODS

Study Area
The study area, Baixo Vouga Lagunar, is located 
approximately between 40°41–40°50’N and 8°–8°41’W, 
and covers around 12,000 ha. This area corresponds 
to the north-east region of the Ria de Aveiro, a coastal 
lagoon wetland in north-west Portugal integrated in the 
Natura 2000 Network (PTZPE0004, PTCON0061).  

The landscape of Baixo Vouga Lagunar consists of a 
mosaic of natural and human-modified habitats (Fig. 1). 
Natural habitats consist mainly of reedbeds (Phragmites 
australis, 4.5% of the study area), saltmarshes (mostly 
Spartina maritima, 12.8%) and rushes (Juncus maritimus, 
6.7%). Anthropogenic habitats comprise forests (15%) 
mainly dominated by the exotic Eucalyptus globulus 
and the native maritime pine, Pinus pinaster. Farmlands 

(29%) include maize fields (Zea mays, 28%) and rice 
paddies (Oryza sativa, 1%), and bocage (7.1%) consisting 
of cropland, pastures or fallow land divided by water 
ditches and hedgerows dominated by native trees and 
shrubs such as Salix alba and Rubus ulmifolius (Brito et 
al., 2010), harbouring high faunal richness (terrestrial 
mammals: Bandeira et al., 2013; bats: Mendes et al., 
2014; birds: Special Protection Area for Birds PTZPE0004). 
The climate is Mediterranean, with a strong Atlantic 
influence (Bonmatí et al., 2006), with an annual average 
temperature of approximately 15–16°C and an annual 
average rainfall of 950 mm (IPMA, 2013). Air humidity 
ranges between 79% and 88% throughout the year, 
varying little throughout the day (Bonmatí et al., 2006).  
Strong winds are common during most of the year.

Data Collection 
Fieldwork took place between October 2011 and 
September 2012. Sampling was performed at 21 sampling 
points, divided into groups of three replicates for each 
of the seven dominant habitats in the landscape mosaic 
(saltmarshes, rushes, reedbeds, rice paddies, maize 
fields, forests and bocage). Sampling points were at least 
1 km apart in order to maximise sample independence.
Several methodologies were applied. At each sampling 
point we installed a line of four pitfalls (with 3 m 
between buckets connected by a 50 cm high drift fence; 
Heyer et al., 1994; Machado, 2008), six arboreal pipe 
refuges (Johnson, 2005; Ferreira et al., 2012), and two 
aquatic funnel traps (Heyer et al., 1994). All traps were 
active for five nights every two months, and checked 
every morning. Additionally, we employed 500 m line 
transects, and sampled water bodies with a fish net at 
dusk and early in the night once a month (30 minutes/
person each, Heyer et al., 1994; Machado, 2008). During 
the reproductive season of most species (March–May), 

Fig. 1. A) Location of the study area in the 
Iberian Peninsula. B) Land cover of the study 
area with sampling points.
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an additional daytime sampling was performed on water 
bodies. Tadpoles were identified using Almeida et al. 
(2001).  

In order to evaluate the effect of predation by the 
invasive crayfish species P. clarkii on amphibians, 
crayfishes captured in funnel traps and during water 
body sampling with fish nets were recorded and divided 
into adults and juveniles. The influence of the abundance 
and diversity of insects on the amphibian community 
was also assessed. Flying insects were recorded during 
nocturnal samplings with light traps placed on the 
ground, sufficiently far from amphibian traps and 
transects to reduce bias in amphibian sampling and 
active for a minimum of 2 hours per sampling occasion 
(Nabli et al., 1999). Insects were collected, stored in vials 
of 70% alcohol and subsequently identified to the level 
of Order. 

Mapping of the study area and measurement of 
environmental descriptors
A detailed GIS database for the study area was developed 
in ESRI® software ArcGIS v.10.1. Mapping was primarily 
based on land-cover maps produced by Instituto 
Geográfico Português (COS2007) and complemented 
with information available from military maps (Instituto 
Geográfico do Exército, Portugal), satellite images (®ESRI 
Imagery Data) and field surveys. From the resulting GIS 
database, a set of environmental variables likely to affect 
the distribution of amphibians was measured within 
a buffer area of 250 m around each sampling point 
following Trenham (2001) and Trenham & Shaffer (2005). 
Initially, 59 environmental descriptors (Online Appendix 
1) were quantified and grouped into six categories: 

anthropogenic influence (all variables directly related 
to human presence in the area); distance to habitats 
(distance of each sampling point to the nearest point 
of each considered habitat); habitats (area of each 
considered habitat within the buffer and the Shannon 
Habitat Diversity Index of each buffer); water availability 
(all variables related to fresh and salt/brackish water); 
predation by crayfish (mean number of juveniles, adults, 
and the total number of individuals of P. clarkii); and insect 
availability (insect prey: average number of individuals 
(N), number of insect orders (S), diversity (Shannon-
Wiener H index), and evenness (Pielou J index)).

Data Analysis
Data collected with all methods and from all sampling 
periods were pooled by sampling point. Analyses were 
based on tables of (1) abundance per species and 
sampling point (only adult captures), and (2) presence-
absence (incidence) of each species (adults and larvae). 
We assessed the level of correlation between the different 
environmental descriptors for each category using the 
Spearman correlation coefficient estimated in R v. 2.15.3 
(R Core Team, 2011). For each pair of descriptors that 
were highly correlated (Spearman correlation coefficient 
above 0.6), only the descriptor with the higher level of 
correlation with three different response variables (S, 
Shannon-Wiener H index, Pielou J index) was retained 
(taking the biological meaning of the correlation into 
account, Mladenoff et al., 1999). This approach resulted 
in a set of 21 variables used for GLMM analysis. The 
descriptors pertaining to P. clarkii numbers were tested 
separately. Environmental descriptors were not divided 
into classes for the ordination analysis. Therefore, we 

Table 2. Selected environmental descriptors and best models (ΔAICc<2) explaining the variation in amphibian species 
richness, from different categories, with reference to the weight (ωi) of the models in each category and to the 
percentage of explained deviance relative to the null model. The way each descriptor affects the species richness is 
given by the -/+ signal. Environmental descriptors with a significant effect on each of the best models: p<0.1 (º); p<0.05 
(*); p<0.01 (**); p<0.001 (***).

Environmental descriptors by category Best Models  (ΔAICc<2) ωi in category % explained deviance

Anthropogenic influence 
L_asph; Urban; D_well

- D_well**

- D_well** - L_asph
49%
31%

11.5%
14.5%

Distance to habitats 
D_forest; D_fallow;D_bocage

- D_forestº

+ D_Bocage
48%
18%

4.9%
2.3%

Area of habitats 
Maize; Fallow; Bocage; Salt; Reedbed

+ Maizeº - Bocageº

+ Maize**

- Bocage*

- Bocage* - Reedbed

19%
16%
16%
7%

12.0%
7.4%
7.3%
9.6%

Water availability 
N_well; D_brack; L_fresh; Temp_water

+ Temp_water**

- L_fresh + Temp_water*
32%
14%

9.0%
11.1%

Predation 
PC_Juv; PC_Adul; PC_Tot

- PC_Adult
- PC_Tot
- PC_Juv

35%
33%
32%

1.3%
1.1%
1.1%

Food availability (Insects) 
N_insect; Hyme; Dipt + N_insect* 51% 6.8%
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also tested for correlation between environmental 
descriptors from different categories. We were able to 
further exclude five more variables (Maize, D_Bocage 
and D_fallow, PC_Tot and PC_Juv) that were highly 
correlated with at least two other descriptors.

Constrained analysis of principal components (CAPC) 
was performed with R software using the commands step, 
anova.cca and capscale from the package vegan (Oksanen 
et al., 2011), based on the set of 16 environmental 
descriptors mentioned above. The following approach 
was done separately for the incidence and the abundance 
data matrices. For selecting the most relevant set of 
descriptors, we performed a forward model selection 
(commands step and capscale) based on an increasing 
number of descriptors and weighted the models using 
Akaike’s information criterion. This approach generated 
a best model with a subset of the environmental 
descriptors. We then tested the significance of the 
effect of each descriptor on the constrained ordination 
(command anova.cca, permutation test on each term). 
We retained the descriptors with a significant effect and 
repeated the previous analysis without these descriptors. 
We stopped the procedure when no more descriptors 
with significant effects were found. Finally, we performed 
a CAPC including only the environmental descriptors with 
significant or marginally significant effects. 

In order to understand which environmental 
descriptors affect amphibian species richness, generalized 

linear mixed models (GLMM) were performed using R 
and the glmer function of the Lme4 package (Crawley, 
2012). Models were built using a Poisson distribution of 
the error and a Log link function. Information on the a 
priori assignment of each point to one of the seven most 
representative habitats was included in the analysis as a 
random effect in order to discard its possible influence 
from the analysis (Crawley, 2012).  First, models within 
each category (Online Appendix, Table 2) were sorted 
using the corrected Akaike Information Criterion (AICc, 
Burnham & Anderson, 2004), calculated from AIC 
estimated by the package Lme4. All models within each 
category that exhibited a ΔAICc lower than 2.0 were 
selected as plausible best models (Burnham & Anderson, 
2004). In a second stage, we assessed the level of 
significance of the contribution of each environmental 
descriptor in each of the selected models in each category. 
We retained as plausible best models only those models 
where all the descriptors had a significant or marginally 
significant contribution to the model. Best models from 
all categories were sorted together by ΔAICc, after their 
relative weight and ΔAICc was re-estimated based on 
this set of best models. These best models were then 
compared based on their ΔAICc, weight and percentage 
of explained deviance relative to the deviance of the null 
model.

Fig. 3. Bidimensional plot resulting from the constrained 
analysis of principal components, based on abundance 
species data and a set of environmental descriptors 
with a significant effect – D_well (p=0.002); D_forest 
(p=0.01) – on the constrained ordination. Sites are 
represented in bold grey font, species in black italic 
font and environmental descriptors by black vectors 
with regular black font.

Fig. 2. Bidimensional plot resulting from the constrained 
analysis of principal components, based on species 
incidence data and a set of environmental descriptors 
with significant – D_well (p=0.001); D_forest (p=0.003) – 
or marginally significant effects – Urban (p=0.065) – on 
the constrained ordination. Sites are represented in bold 
grey font, species in black italic font and environmental 
descriptors by black vectors with regular black font.
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RESULTS

Relationship between environmental descriptors and 
the local amphibian assemblages 
Over the 12 sampling months, we captured 1534 
amphibians from 12 species (Table 1; 449 larvae and 1085 
metamorphosed individuals), largely corresponding to 
the species found by Loureiro et al. (2010). Pelophylax 
perezi and Hyla molleri were recorded in 15 and 11 
of the 21 sampling points, respectively. Pleurodeles 
waltl, Pelobates cultripes and Alytes obstetricans were 
detected only once. Local species richness (Table 1) at 
the sampling points varied between zero (points J3 and 
S2) and eight (point M1).

Three environmental descriptors had a significant 
or marginally significant effect on the constrained 
ordination (CAPC) of the local species assemblages, 
represented by the matrix of the incidence of twelve 
species over the sampling sites: distance to closest well 
(p=0.001), distance to forest (p=0.003) and extent of 
urban area in the buffer (p=0.065, Fig. 2). The CAPC with 
this set of environmental descriptors explained a highly 
significant amount (47%, p<0.001) of the total variation 
in the species incidence data. Only two environmental 
descriptors had a significant effect on the constrained 
ordination (CAPC) of the local species assemblages, 
represented by the matrix of the abundance of adults of 
ten species over the sampling sites (Fig. 3): distance to 
closest well (p=0.002) and distance to forest (p=0.010). 
The CAPC with this set of environmental descriptors 
explained a highly significant amount (31%, p<0.001) of 
the total variation in the species abundance data.

Relationship between environmental variables and 
amphibian species richness 
The number of selected environmental descriptors 
in each category ranged from three (anthropogenic 
influence, distance to habitats, insect availability) to five 
(habitats). Among the different categories, 14 models 
showed ΔAICc values below 2.0 (Table 2). The weight 

of each model relative to all the models in the same 
category ranged from 7.0 to 49.0%. Explained deviance 
by each model relative to the deviance of the null model 
ranged from 1.1% to 12.0%. Not all models with ΔAICc<2 
included environmental descriptors with a significant 
effect on the model.

Of the 14 best models, seven included only 
environmental descriptors with significant or marginally 
significant effects (Table 3). The percentage of explained 
deviance varied between 4.9% and 12.0%. The ΔAICc of 
the models ranged from 0 to 5.19 (6.14 including the null 
model). Only two models (D_well and Temp_water) had 
a ΔAICc below 2. Taking these seven models into account, 
the weight of each model ranged from 3.3% (D_forest) 
to 43.9% (D_well), with the first two models (ΔAICc<2) 
accounting for 60.1% of the weight of the different models. 
Four additional models, related to the extent of maize 
fields and bocage within the buffer and to the abundance 
of insects, had ΔAICc values below 4.

DISCUSSION

Despite the high level of human influence, Baixo Vouga 
Lagunar is characterised by high levels of vertebrate 
diversity boosted by a mosaic of habitats (Alves et al., 
2014; Mendes et al., 2014; Marques et al., 2015). Our 
results support a high amphibian diversity for the area 
overall, although only four out of 21 sampling points 
harboured more than six species, and only two species (P. 
perezi and H. molleri) were recorded in more than half of 
the sampling points. We found that the main drivers of 
amphibian diversity were related to freshwater availability, 
in addition to other factors such as insect abundance.

The influence of predators and prey
Amphibians are predators and prey of both vertebrate 
and invertebrate species. Therefore, we expected that 
amphibian presence, abundance and species richness 
is negatively affected by the presence of an invasive 
predator, P. clarkii, and positively influenced by the 
abundance of prey such as insects. Procambarus clarkii is 

Table 3. Best models explaining the variation in amphibian species richness, from all categories of environmental 
descriptors, which include only significant or marginally significant descriptors. K - number of parameters in the model; 
AICc - corrected Akaike information criterion; ΔAICc - difference to the smallest AICc value; wi - weight of model i in 
the set of partial models. The way each descriptor affects species richness is given by the -/+ signal. Environmental 
descriptors with a significant effect on each of the best models: p<0.1 (º); p<0.05 (*);  p<0.01 (**); p<0.001 (***).

Best Models
 (environmental descriptors) K AICc ΔAICc wi deviance % explained

deviance

- D_well** 3 76.6 0.00 43.9% 69.01 11.5%
+ Temp_water** 3 78.6 1.99 16.2% 71.00 9.0%

+ Maizeº - Bocageº 4 79.5 2.91 10.3% 68.66 12.0%
+ Maize** 3 79.8 3.22 8.8% 72.23 7.4%
- Bocage* 3 79.9 3.27 8.6% 72.28 7.3%
+ N_insect* 3 80.3 3.69 6.9% 72.70 6.8%
- D_forestº 3 81.8 5.19 3.3% 74.20 4.9%
Null model (Intercept***) 2 82.8 6.14 2.0% 78.00 -
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widely recognised as a predator of amphibian larvae (Cruz 
et al., 2008). Food intake, on the other hand, positively 
influences amphibian development and reproductive 
performance (Wells, 2010) and may reduce also inter-
specific competition (Toft, 1985; DuRant & Hopkins, 
2008).

We found no effect of the abundance of P. clarkii on 
amphibian species diversity or composition, suggesting 
that the negative effects of predation are masked by 
other drivers of diversity. The abundance of insects as 
potential prey, on the other hand, was significant and 
explained almost 7% of species richness. None of the 
individual insect orders had a significant effect on its own, 
suggesting that the availability of nocturnal flying insects 
generally parallels favourable condition for amphibians 
(Davic & Welsh, 2004; Kovács et al., 2007).

The influence of human-altered and natural habitats
We expected amphibian assemblages to be more diverse 
in pristine habitats, and that, due to the combination 
of abundant freshwater, shaded areas provided by 
hedgerows and open areas provided by pastures, bocage 
landscapes would accommodate a wide variety of 
amphibians (Denoël & Ficetola, 2008; Hartel et al., 2008; 
Hamer & Parris, 2011). However, the extent of bocage 
area within buffer zones had a negative effect on the 
species richness. We observed that water in the bocage 
ditches was frequently stagnant and, perhaps, not 
suitable for amphibians. We also detected the presence 
of other aquatic predators such as fish (Hartel et al., 
2007) that might limit the presence of amphibians. 

Despite negative correlations between agricultural 
areas and amphibian diversity (Findlay & Houlahan, 
1997; Vallan, 2002; Beja & Alcazar, 2003; Pellet et al., 
2004), the negative effects of agricultural practices can 
be minimised if amphibians have access to less impacted 
areas (Knutson et al., 1999; Piha et al., 2007). Contrary 
to expectations, the extent of maize fields had a positive 
effect on species richness in our study. Maize fields in our 
study area are frequently associated with an abundance 
of fresh water bodies such as wells, since maize is a very 
water-demanding crop. We suspect that the positive 
influence of maize is actually determined by its close 
relationship with water availability. 

The distance to the nearest forest had a negative effect 
particularly on urodeles such as Salamandra salamandra 
and Triturus marmoratus. This was expected given the 
importance of forests for this group (Gustafson et al., 
2011, see also Welsh, 1990; Werner & Glennemeier, 
1999; Herrmann et al., 2005; Hartel et al., 2010). Forests 
provide shelter for amphibians outside of the breeding 
season, and the close relationship between amphibian 
presence and forests has been reported previously 
(Hecnar & M’Closkey, 1996; Demaynadier & Hunter, 
1998; Knutson et al., 1999; Guerry & Hunter, 2002; 
Rubbo & Kiesecker, 2005; Eigenbrod et al., 2008; Hamer 
& McDonnell, 2008). However, distance to forested areas 
had only a rather minor influence on species richness, 
which is likely due to some species (such as H. molleri) 
preferring open areas. The lack of a detectable effect by 
other habitats (fresh or brackish water, open or forested, 

agricultural or natural) might be related to the mosaic 
of small habitat patches characterising Baixo Vouga 
Lagunar, which makes it difficult to isolate the influence 
of specific habitat types on amphibian richness. 

The influence of habitat heterogeneity and key 
landscape features
Habitat heterogeneity is well known as a major driver 
promoting diversity (Pianka, 1966; Martins et al., 2014; 
see also Marques, 2013; Alves et al., 2014; Mendes et al., 
2014; Marques et al., 2015 for examples from the study 
area). However, the Shannon index applied to habitat 
areas (SHDI) was excluded from the analysis at an early 
stage due to low performance, which might be due to 
heterogeneity measured only based on the proportion of 
major habitat patches. Species occurrence and diversity 
might also be influenced by the presence of artificial 
landscape features such roads (Fahrig et al., 1995; Hels & 
Buchwald, 2001; with a negative influence) or wells and 
tanks (Galán, 1999; Almeida et al., 2001; with a positive 
influence). We found a positive correlation between the 
presence of several amphibian species and the distance 
to the nearest well, reinforcing the importance of these 
structures despite the presence of streams and ponds. 
Their importance has also been highlighted elsewhere 
(Hachtel et al., 2003; Knutson et al., 2004; Brand & 
Snodgrass, 2010; Ferreira & Beja, 2013). In Baixo 
Vouga Lagunar, five species (P. perezi, T. marmoratus, 
Discoglossus galganoi, P. waltl and Lissotriton boscai) 
were frequently found in wells and fountains. The extent 
of asphalt roads was included in the second best model 
of anthropogenic influence, and had a non-significant 
negative influence on amphibian species richness. None 
of the remaining landscape features related to human 
activities influenced patterns of assemblage composition 
and species richness.

The influence of freshwater availability
Wells are landscape features that provide a source of 
freshwater, and their positive effect is thus not surprising. 
Freshwater is generally abundant in the landscape, but 
does not appear to be equally suited for amphibians. 
The presence of temporary water bodies was the second 
best descriptor explaining patterns of species richness, 
confirming previous studies on their importance for 
amphibians (Pierce, 1993; Beja & Alcazar, 2003; Calhoun 
et al., 2005; Fonseca et al., 2008). However, temporary 
water bodies are disappearing in the Mediterranean 
region (Fonseca et al., 2008; Ferreira & Beja, 2013), 
although they are likely of particular importance for 
regions which are highly modified by humans, such as 
the Baixo Vouga Lagunar. 

Relevance for conservation 
Considering the current conservation status of 
amphibians and the high diversity of species present in 
Baixo Vouga Lagunar, it is essential to adopt management 
measures for this area, particularly considering key 
habitats such as freshwater bodies in the form of 
temporary ponds. Agricultural activity in Baixo Vouga 
Lagunar is characteristically low intensity, and our results 
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suggest that the abandonment of traditional agricultural 
practices could be harmful to amphibians (see also Hartel 
et al., 2010). Particularly in areas with a high abundance 
of brackish water bodies, one of the best management 
measures for the Baixo Vouga Lagunar may involve the 
promotion of traditional agricultural practices to increase 
the number of lentic waterbodies (Galán, 1999). 

This study also reinforces the importance of temporary 
water bodies for amphibians. This however requires that 
area of ponds must be maintained intact even when 
ponds are dry. Human activities which compress the soil 
change the local hydrology and have an impact upon 
the flooding regime (Calhoun et al., 2005). It is essential 
to adopt conservation measures to terrestrial areas 
surrounding temporary ponds, for example to promote 
microclimates suitable for juvenile amphibians (Dodd & 
Cade, 1998; Calhoun et al., 2005). The improvement of 
irrigation ditches, such as those existing in bocage could 
be achieved by, for example, preventing the disposal of 
branches from the pruning of riparian vegetation into 
the ditches. The control of wildfires in forested areas and 
the maintenance of riparian vegetation may generally be 
beneficial to the amphibians in the Baixo Vouga Lagunar. 
We suggest that conservation guidelines for the area 
should be compiled into an integrated management plan 
to be implemented with the collaboration and training 
of local communities and stakeholders, following the 
strategy proposed by the European 2020 Biodiversity 
Strategy for local action. 

ACKNOWLEDGEMENTS 

We thank University of Aveiro (Department of Biology) 
and FCT/MEC for the financial support to CESAM RU 
(UID/AMB/50017) through national funds co-financed by 
the FEDER, within the PT2020 Partnership Agreement. 
We thank Câmara Municipal de Estarreja and OHM 
Estarreja for logistical and financial support. We also 
thank Eduardo Mendes, Sara Marques, Rita Rocha and 
Victor Bandeira for helping in fieldwork; Daniela Maia for 
sorting and identifying the collected insects, and Joaquim 
Pedro Ferreira, Maria João Pereira and Rita Torres for 
their helpful suggestions on data analysis. We appreciate 
the very useful comments that were made by anonymous 
reviewers and by the Editor, Dr. Robert Jehle, which 
helped to improve our manuscript. We also acknowledge 
John O’Brien for carefully reading and proofreading this 
manuscript. Milena Matos and Eduardo Ferreira were 
supported by post-doc grants from Fundação para a 
Ciência e a Tecnologia (SFRH/BPD/74071/2010 and 
SFRH/BPD/72895/2010, respectively). All animals were 
captured and handled according to Portuguese law 
(licenses 136/2011/CAPT and 100/2012/CAPT issued 
by ICNF – Institute for the Conservation of Nature and 
Forests).

REFERENCES

Almeida, N., Almeida, P., Gonçalves, H., Sequeira, F., et al. 
(2001). Anfíbios e Répteis de Portugal. Porto.

Alves, M., Ferreira, J.P., Torres, I., Fonseca, C., et al. (2014). 

Habitat use and selection of the marsh harrier Circus 
aeruginosus in an agricultural-wetland mosaic. Ardeola 61, 
351–366.

Atauri, J.A.,de Lucio, J.V. (2001). The role of landscape structure 
in species richness distribution of birds, amphibians, 
reptiles and lepidopterans in Mediterranean landscapes. 
Landscape Ecology 16, 147–159.

Bandeira, V., Azevedo, A.,Fonseca, C. (2013). Guia de Mamíferos 
do BioRia. Estarreja, Portugal.: Câmara Municipal de 
Estarreja.

Beebee, T.J. (1983). Habitat selection by amphibians across an 
agricultural land-heathland transect in Britain. Biological 
Conservation 27, 111–124.

Beebee, T.J. (2013). Effects of road mortality and mitigation 
measures on amphibian populations. Conservation Biology 
27, 657–668.

Beja, P.,Alcazar, R. (2003). Conservation of Mediterranean 
temporary ponds under agricultural intensification: an 
evaluation using amphibians. Biological Conservation 114, 
317–326.

Bonmatí, M.A., Martín, B.G., Lopes, L., Pinho, R., Keizer, J. 
(2006). Monitorización de la flora y vegetación de las 
zonas húmedas en el Baixo Vouga Lagunar (Ría de Aveiro, 
Portugal). Revista Ecosistemas 15.

Brand, A.B., Snodgrass, J.W. (2010). Value of artificial habitats 
for amphibian reproduction in altered landscapes. 
Conservation Biology 24, 295–301.

Brito, R.C., Pereira, A., Quadrado, J. (2010). Estarreja - 
Património Natural - BioRia. Estarreja, Portugal.: BioRia. 
Câmara Municipal de Estarreja.

Burnham, K.P., Anderson, D.R. (2004). Multimodel inference 
understanding AIC and BIC in model selection. Sociological 
Methods & Research 33, 261–304.

Calhoun, A.J., Miller, N.A., Klemens, M.W. (2005). Conserving 
pool-breeding amphibians in human-dominated landscapes 
through local implementation of Best Development 
Practices. Wetlands Ecology and Management 13, 291–304.

Crawley, M.J. (2012). The R book: John Wiley & Sons.
Cruz, M., Segurado, P., Sousa, M., Rebelo, R. (2008). Collapse of 

the amphibian community of the Paul do Boquilobo Natural 
Reserve (central Portugal) after the arrival of the exotic 
American crayfish Procambarus clarkii. Herpetological 
Journal 18, 197–204.

Cushman, S.A. (2006). Effects of habitat loss and fragmentation 
on amphibians: a review and prospectus. Biological 
Conservation 128, 231–240.

Davic, R.D., Welsh Jr, H.H. (2004). On the ecological roles of 
salamanders. Annual Review of Ecology, Evolution, and 
Systematics 35, 405–434.

Demaynadier, P.G., Hunter, M.L. (1998). Effects of silvicultural 
edges on the distribution and abundance of amphibians in 
Maine. Conservation Biology 12, 340–352.

Denoël, M., Ficetola, G.F. (2008). Conservation of newt guilds 
in an agricultural landscape of Belgium: the importance 
of aquatic and terrestrial habitats. Aquatic Conservation: 
Marine and Freshwater Ecosystems 18, 714–728.

Dodd, C.K.J., Cade, B.S. (1998). Movement patterns and the 
conservation of amphibians breeding in small, temporary 
wetlands. Conservation Biology 12, 331–339.

DuRant, S.E., Hopkins, W.A. (2008). Amphibian predation on 
larval mosquitoes. Canadian Journal of Zoology 86, 1159–



285

Amphibian d ivers i ty  dr ivers  in  a  wet land

1164.
Eigenbrod, F., Hecnar, S.J., Fahrig, L. (2008). The relative effects 

of road traffic and forest cover on anuran populations. 
Biological Conservation 141, 35–46.

Fahrig, L., Pedlar, J.H., Pope, S.E., Taylor, P.D., Wegner, J.F. (1995). 
Effect of road traffic on amphibian density. Biological 
Conservation 73, 177–182.

Ferreira, E., Rocha, R.G., Malvasio, A., Fonseca, C. (2012). 
Pipe refuge occupancy by herpetofauna in the Amazonia/
Cerrado ecotone. Herpetological Journal 22, 59–62.

Ferreira, M., Beja, P. (2013). Mediterranean amphibians and 
the loss of temporary ponds: Are there alternative breeding 
habitats? Biological Conservation 165, 179–186.

Ficetola, G.F., Bernardi, F.D. (2004). Amphibians in a human-
dominated landscape: the community structure is related 
to habitat features and isolation. Biological Conservation 
119, 219–230.

Ficetola, G.F., Padoa-Schioppa, E., De Bernardi, F. (2009). 
Influence of landscape elements in riparian buffers on the 
conservation of semiaquatic amphibians. Conservation 
Biology 23, 114–123.

Findlay, C.S., Houlahan, J. (1997). Anthropogenic correlates 
of species richness in southeastern Ontario wetlands. 
Conservation Biology 11, 1000–1009.

Fonseca, L.C., Cristo, M., Machado, M., Sala, J., et al. (2008). 
Mediterranean temporary ponds in Southern Portugal: key 
faunal groups as management tools? Pan-American Journal 
of Aquatic Sciences 3, 304–320.

Galán, P. (1999). Conservación de la herpetofauna gallega. 
Situación actual de los anfibios y reptiles de Galicia. 
Universidade da Coruña, Servizo de Publicacións, A Coruña, 
Spain.

Gray, M.J., Smith, L.M., Brenes, R. (2004). Effects of agricultural 
cultivation on demographics of Southern High Plains 
amphibians. Conservation Biology 18, 1368–1377.

Guerry, A.D., Hunter, M.L. (2002). Amphibian distributions in 
a landscape of forests and agriculture: an examination of 
landscape composition and configuration. Conservation 
Biology 16, 745–754.

Gustafson, D.H., Malmgren, J.C., Mikusinski, G. (2011). 
Terrestrial habitat predicts use of aquatic habitat for 
breeding purposes - a study on the great crested newt 
(Triturus cristatus). Annales Zoologici Fennici 48, 295–307. 

Hachtel, M., Schmidt, P., Sander, U., Tarkhnishvili, D., et al. 
(2003). Eleven years of monitoring: amphibian populations 
in an agricultural landscape near Bonn (Germany). 
Herpetologia Petropolitana: 150.

Hamer, A.J., McDonnell, M.J. (2008). Amphibian ecology and 
conservation in the urbanising world: a review. Biological 
Conservation 141, 2432–2449.

Hamer, A.J., Parris, K.M. (2011). Local and landscape 
determinants of amphibian communities in urban ponds. 
Ecological Applications 21, 378–390.

Hartel, T., Nemes, S., Cogălniceanu, D., Öllerer, K., et al. (2007). 
The effect of fish and aquatic habitat complexity on 
amphibians. Hydrobiologia 583, 173–182.

Hartel, T., Nemes, S., Demeter, L., Ollerer, K. (2008). Pond 
and landscape characteristics which is more important 
for common toads (Bufo bufo)? A case study from central 
Romania. Applied Herpetology 5, 1–12.

Hartel, T., Schweiger, O., Öllerer, K., Cogălniceanu, D., Arntzen, 

J.W. (2010). Amphibian distribution in a traditionally 
managed rural landscape of Eastern Europe: probing the 
effect of landscape composition. Biological Conservation 
143, 1118–1124.

Hecnar, S.J., M’Closkey, R.T. (1996). Regional dynamics and the 
status of amphibians. Ecology 77, 2091–2097.

Hels, T., Buchwald, E. (2001). The effect of road kills on amphibian 
populations. Biological Conservation 99, 331–340.

Herrmann, H.L., Babbitt, K.J., Baber, M.J., Congalton, R.G. 
(2005). Effects of landscape characteristics on amphibian 
distribution in a forest-dominated landscape. Biological 
Conservation 123, 139–149.

Heyer, W.R., Donnelly, M.A., McDiarmid, R.W., Hayek, L.A.C., 
Foster, M.S. (1994). Measuring and monitoring biological 
diversity: standard methods for amphibians. Smithsonian 
Institution Press, Washington and London. 364 pp.

Hoffmann, M., Hilton-Taylor, C., Angulo, A., Böhm, M., et al. 
(2010). The impact of conservation on the status of the 
world’s vertebrates. Science 330, 1503–1509.

IPMA. (2013). Instituto Português do Mar e da Atmosfera - 
Normais Climatológicas - 1971–2000 - Aveiro, Universidade. 
In.

IUCN. (2014). IUCN Red List of Threatened Species. Version 
2014.2. Available from: <http://www.redlist.org>.

Johnson, J.R. (2005). A novel arboreal pipe-trap designed to 
capture the gray treefrog (Hyla versicolor). Herpetological 
Review 36, 274–276.

Knutson, M.G., Richardson, W.B., Reineke, D.M., Gray, B.R., et al. 
(2004). Agricultural ponds support amphibian populations. 
Ecological Applications 14, 669–684.

Knutson, M.G., Sauer, J.R., Olsen, D.A., Mossman, M.J., et al. 
(1999). Effects of landscape composition and wetland 
fragmentation on frog and toad abundance and species 
richness in Iowa and Wisconsin, USA. Conservation Biology 
13, 1437–1446.

Kovács, É.-H., Sas, I., Covaciu-Marcov, S.-D.; Hartel, T., et al. 
(2007). Seasonal variation in the diet of a population of Hyla 
arborea from Romania. Amphibia-Reptilia 28, 485–491.

Laan, R., Verboom, B. (1990). Effects of pool size and isolation 
on amphibian communities. Biological Conservation 54, 
251–262.

Lehtinen, R.M., Galatowitsch, S.M., Tester, J.R. (1999). 
Consequences of habitat loss and fragmentation for 
wetland amphibian assemblages. Wetlands 19, 1–12.

Loureiro, A., Ferrand de Almeida, N., Carretero, M., Paulo, O. 
(2010). Atlas dos Anfíbios e Répteis de Portugal. Lisbon: 
Esfera do Caos Editores.

Machado, R.A. (2008). Biodiversidade e métodos de 
amostragem e marcação de anfíbios anuros. Coletânea de 
textos - Manejo e Monitoramento de Fauna Silvestre em 
Florestas Tropicais., 202–220.

Marnell, F. (1998). Discriminant analysis of the terrestrial and 
aquatic habitat determinants of the smooth newt (Triturus 
vulgaris) and the common frog (Rana temporaria) in 
Ireland. Journal of Zoology 244, 1–6.

Marques, S. (2013). Mammal choices in heterogeneous 
landscape of the Baixo Vouga Lagunar. University of Aveiro, 
Aveiro. MSc Thesis. University of Aveiro, Aveiro.

Marques, S.F., Rocha, R.G., Mendes, E.S., Fonseca C., Ferreira, 
J.P. (2015). Influence of landscape heterogeneity and 
meteorological features on small mammal abundance 



286

I .  Torres  et  a l .

and richness in a coastal wetland system, NW Portugal. 
European Journal of Wildlife Research 61, 749–761. 

Martins, I.S., Proença, V., Pereira, H.M. (2014). The unusual 
suspect: Land use is a key predictor of biodiversity patterns 
in the Iberian Peninsula. Acta Oecologica 61, 41–50.

Mendes, E., Pereira, M., Marques, S., Fonseca, C. (2014). A 
mosaic of opportunities? Spatio-temporal patterns of bat 
diversity and activity in a strongly humanized Mediterranean 
wetland. European Journal of Wildlife Research 60, 1–14.

Mladenoff, D.J., Sickley, T.A., Wydeven, A.P. (1999). Predicting 
grey wolf landscape recolonization: logistic regression 
models vs. new field data. Ecological Applications 9, 37–44.

Moreira, F., Russo, D. (2007). Modelling the impact of 
agricultural abandonment and wildfires on vertebrate 
diversity in Mediterranean Europe. Landscape Ecology 22, 
1461–1476.

Nabli, H., Bailey, W.C., Necibi, S. (1999). Beneficial insect 
attraction to light traps with different wavelengths. 
Biological Control 16, 185–188.

Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., et al. (2013). 
Package “vegan” – Community Ecology Package, Version 
2.0.7.

Pellet, J., Guisan, A., Perrin, N. (2004). A concentric analysis of 
the impact of urbanization on the threatened European 
tree frog in an agricultural landscape. Conservation Biology 
18, 1599–1606.

Pianka, E.R. (1966). Latitudinal gradients in species diversity: a 
review of concepts. The American Naturalist, 100, 33–46.

Pierce, B.A. (1993). The effects of acid precipitation on 
amphibians. Ecotoxicology 2, 65–77.

Piha, H., Luoto, M., Piha, M., Merilä, J. (2007). Anuran abundance 
and persistence in agricultural landscapes during a climatic 
extreme. Global Change Biology 13, 300–311.

R Core Team. (2011). R: a language and environment for 
statistical computing. Vienna, Austria: R Foundation for 
Statistical Computing; 2012. Open access Available from: 
<http:www.//cran. r-project.org>.

Rubbo, M.J., Kiesecker, J.M. (2005). Amphibian breeding 
distribution in an urbanized landscape. Conservation 

Biology 19, 504–511.
Semlitsch, R.D., Bodie, J.R. (2003). Biological criteria for buffer 

zones around wetlands and riparian habitats for amphibians 
and reptiles. Conservation Biology 17, 1219–1228.

Temple, H.J., Cox, N.A. (2009). European red list of amphibians. 
Luxembourg: Office for Official Publications of the European 
Communities.

Toft, C.A. (1985). Resource partitioning in amphibians and 
reptiles. Copeia 1985, 1–21.

Trenham, P.C. (2001). Terrestrial habitat use by adult California 
tiger salamanders. Journal of Herpetology 35, 343–346.

Trenham, P.C., Shaffer, H.B. (2005). Amphibian upland habitat 
use and its consequences for population viability. Ecological 
Applications 15, 1158–1168.

Vallan, D. (2002). Effects of anthropogenic environmental 
changes on amphibian diversity in the rain forests of eastern 
Madagascar. Journal of Tropical Ecology 18, 725–742.

Wells, K.D. (2010). The ecology and behavior of amphibians. 
Chicago: University of Chicago Press.

Welsh, H.H. (1990). Relictual amphibians and old-growth 
forests. Conservation Biology 4, 309–319.

Werner, E.E., Glennemeier, K.S. (1999). Influence of forest 
canopy cover on the breeding pond distributions of several 
amphibian species. Copeia, 1–12.

Weyrauch, S.L., Grubb Jr, T.C. (2004). Patch and landscape 
characteristics associated with the distribution of woodland 
amphibians in an agricultural fragmented landscape: an 
information-theoretic approach. Biological Conservation 
115, 443–450.

Wilbur, H.M. (1980). Complex life cycles. Annual Review of 
Ecology and Systematics 11, 67–93.

Wind, E. (1999). Effects of habitat fragmentation on 
amphibians: what do we know and where do we go from 
here. Proceedings. Biology and management of species and 
habitats at risk. British Columbia Ministry of Environment, 
Lands, and Parks, Victoria, British Columbia, Canada.

Accepted: 25 November 2015

Please note that the Appendix for this article is available online via the Herpetological Journal website
(http://www.thebhs.org/pubs_journal_online_appendices.html)


