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ABSTRACT

Amphibians are good indicators of human impact, declining steadily worldwide. We
explored the relationships between the ponds and nearby landscape parameters and
population size of the Agile Frog (Rana dalmatina), estimated from the number of egg masses,
in a cultural landscape within the central section of Tarnava Mare Basin, Romania. Forty-
three permanent ponds were surveyed in a 2600 km? area. The average number of egg
masses per pond was 211.13 (SD = 426.41). The egg mass number was significantly and
positively related to the emergent aquatic macrophyte cover (its effect peaks at around 50%)
and the green connecting corridors between the ponds and forests, and negatively related to
the extent of nearby urban areas. The proximity of the forest (positive effect) and the
presence of high traffic roads (negative effect) were highly correlated with green corridors
and further eliminated from the model due to multicollinearity. Both these variables had
significant effects when incorporated in univariate models and multivariate models without
green corridors. Since a large part of our study area was currently declared as Natura 2000
site, there is an increased need for management proposals and conservation applications for
biodiversity, including amphibians. Rana dalmatina is an important species for monitoring
because it is common in the studied area and is suited for short surveys.

© 2008 Elsevier Masson SAS. All rights reserved.

1. Introduction

landscapes (Palang et al., 2006). Because this landscape is
expected to further undergo drastic changes as result of

Ecosystems are substantially altered by human activities
through several interacting processes (Vitousek et al., 1997).
However, the intensity of the human impact is not uniformly
distributed. In many parts of Central and Eastern Europe land
use is still traditional, resulting in highly diverse cultural/rural
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infrastructural development, understanding what principal
characteristics are important for various amphibian species is
crucial. Pond breeding amphibians are important candidates as
bioindicators of environmental health and for conservation
because of their complex life cycles. Moreover, amphibians are
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in global decline (Stuart et al., 2004) due to various causes such
are: habitat loss and fragmentation (Cushman, 2006), the
introduction of non-indigenous species, especially fish (Kats
and Ferrer, 2003), including invasive amphibians (Ficetola et al.,
2007), emerging infectious diseases, climate change and
increased UV-B radiation (Pounds et al., 2006). Because of their
specific need for a high level of habitat complementation
(aquatic and diverse terrestrial habitats inter-connected),
amphibian species distribution and population sizes may notbe
accurately predicted using only habitat variables that describe
the quality of a single habitat, most frequently the pond itself
(the “ponds as patches approach”, Marsh and Trenham, 2001).
Since most pond breeding amphibians spend most of their
post-metamorphic life in terrestrial habitats, except for the brief
annual reproductive events, the quality of these habitats is
extremely important for their persistence (Rittenhouse and
Semlitsch, 2007). Thus, for a more complete description of the
range of environmental factors that determine the distribution
and abundance of amphibians, variables related both to pond
and terrestrial areas should considered (i.e. Van Buskirk, 2005).

The Agile Frog (Rana dalmatina) is widely distributed in Europe
(Grossenbacher, 1997). It is recorded in a number of landscape
types; the most important being mixed deciduous forests up to
800 m altitude (Grossenbacher, 1997). The species is an explosive
breeder, and within the study area is reproducing usually in the
end of February - second part of April (Hartel, 2008). Breeding
habitats include a wide range of aquatic habitats from temporary
to permanent ponds and floodplains of temporary streams
(Pavignano et al., 1990; Morand and Joly, 1995; Vignoli et al., 2007).
In Romania, Rana dalmatina is listed as strictly protected accord-
ing to the national legislation (Ministerial Order 1198/2007),
requires a system of strict protection according to the European
Council Directive 97/62/EC - Habitat Directive (Annex IV) and is
endangered according to the Bern Convention (Annex II).

The aim of this paper is to evaluate the importance of
relationships between the pond characteristics, the
surrounding landscape parameters and the reproductive
output of Rana dalmatina in a rural landscape from Romania. In
particular, we hypothesize a positive relationship between the
egg mass number and the pond characteristics such as the
percentage of shallow water in the ponds, the emergent
macrophyte vegetation cover, the total coverage of the other
water bodies in the landscape, the extent of grasslands and
pastures around the ponds. Moreover, we hypothesize a posi-
tive relationship with three variables related to the forest: the
proximity of the pond to the forest, the forest cover and the
connectivity with the forest. By contrast, we expect to observe
negative associations between the egg mass number of R.
dalmatina and the presence of predatory fish, the presence of
high traffic roads, the extent of arable lands and urban areas
within the landscape, and the water quality (acidity and
conductivity).

2. Materials and methods
2.1. Study area and methods

The study area (center-point coordinates: N 46.22794;
E 24.78053) is located in the middle section of the Tarnava

Mare Valley, Romania, and covers 2600 km?. The area was
described in detail in Hartel et al. (2007, 2008). The entire
middle section of the Tarnava Mare basin is representative for
the Continental bioregion, consisting of a mixture of decid-
uous forests and grasslands that was maintained by the
traditional land use from the Middle Ages to our days.

The localization of the ponds was described in detail in
Hartel et al. (2008). The surveys were made between 2000 and
2007 in 43 permanent ponds, whereas in the case of one pond,
the egg masses were counted beginning with 1997 (Hartel,
2008). We used egg mass counts as proxies of the population
size, since they are a measure of the reproductive female
population size. We assumed that each female lays only one
egg mass per year. Since such surveys need to be carried out in
a relatively short time (i.e. before the larvae hatch), sampling
was performed each year from the end of February until the
second half of April. Egg masses were easily detected as they
are deposited in the shallow, warm areas of the pond. The
permanent ponds were selected in a way to represent
a random sample of the overall ponds available but also
according to their accessibility (to make possible reliable
counts of the egg masses). A single pond was surveyed for only
lyear (reproductive season), 17 ponds were surveyed for
2 years, 15 ponds for 3 years, three ponds for 4 years, two
ponds for 5 years, four ponds for 6 years and one pond for
7 years. The average number of days per pond was 3.29
(minimum value = 3, SD = 1.05).

To better understand the relative importance of pond and
landscape features in amphibian habitat use and population
size, both pond and landscape variables have been used. In
our approach, the landscape means the totality of patches
(land cover types) that can be easily delimited and relatively
easily visualized on maps and/or identified in the field. The
land cover types are described at various distances (usually
between 100 and 3000m) around the ponds (potential
breeding sites) in radius circles. These radiuses are considered
based on the terrestrial migration distance of amphibians (e.g.
Laan and Verboom, 1990; Joly et al.,, 2001; Houlahan and
Findlay, 2003).

We considered six aquatic habitat (pond) and nine land-
scape variables for each sampled pond. The aquatic variables
were: the pond area (m?), the percentage of emergent aquatic
vegetation cover (macrophytes: e.g. Phragmites sp. and Typha
sp.), the percentage of shallow water (<50cm depth), the
presence/absence of non-predatory and predatory fish (see
their description in Hartel et al., 2007, 2008), the water acidity
(pH) and the water conductivity (uS/cm). Landscape variables
were recorded within 800 m radius around individual ponds.
We chose this distance because it encompasses the maximum
movement distance recorded in R. dalmatina (Smith Alex and
Green, 2005). These variables were: elevation (m), distance of
pond from forest (m), presence/absence of green connecting
corridors, forest cover in the landscape (%), pastures and
grasslands cover in the landscape (%), arable land cover (%),
urban area cover (%), wetland cover (%) and the presence/
absence of high traffic roads (traffic intensity of up to 300 cars/h
at night; Hartel et al., 2008). We defined as green corridors
the areas (vegetation stripes, small springs) situated between
ponds and forests that assumingly had more favorable condi-
tions for the movement of R. dalmatina as opposed to bare
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arable land, roads, and urbanized areas. Land use composition
around the ponds was analyzed using the GIS software Mani-
fold 7x, based on data from the CORINE Land Cover map
(European Environmental Agency, 2006) occasionally corrected
by our ground estimations (Hartel et al., 2008).

2.2. Statistical procedures

Because of the highly significant correlation between the
minimum, maximum and average number of egg masses
recorded in the individual ponds (r varying from 0.92 to 0.99)
we used the maximum number of counted egg masses in the
statistical analysis. When ordinary linear regression cannot be
used as an exploratory tool, Generalized Linear Models (GLM)
can be used to transform the explanatory model to a linear
scale. In the case of count data (positive integers) following
a Poisson distribution, Poisson GLM can be used. However, our
dataset violates the characteristic structural relationship
between mean and variance thus Negative Binomial GLM was
used to accommodate the overdispersed data.

A backward variable selection strategy was adopted based
on Akaike Information Criterion. A full model with all cova-
riates was build and then we tested how the removal of each
parameter would influence the model. We also tested whether
there is evidence against the removal of variables by Likeli-
hood Ratio Test. To assess the effect of the final covariates on
the removed ones, the final multivariate model was extended
by adding one removed covariate and fitting a new multivar-
iate model. The parameter estimates, regression coefficients
and associated statistics of dispersion were then compared
with the parameter estimates of the univariate models.
Genuine changes in magnitude or a change in sign indicate
strong effect of the final variables on the removed ones,
presumably due to multicollinearity. All statistical analyses
were carried out using R 2.61 (R Development Core Team,
2007) following Long (1997), and Faraway (2006).

3. Results

Rana dalmatina was present in 79.06% of the studied ponds.
The average number of egg masses was 211.13 (SD = 426.41)
and the median was 35 (minimum: 0, maximum: 2500, lower
quartile = 4, upper quartile = 256). There was no correlation
between the maximum number of egg masses recorded and
the number of years in which each pond was surveyed
(r=—0.003, P > 0.05).

Three predictor variables (urban area cover, green corri-
dors, and macrophyte cover) influenced significantly the
variability in the R. dalmatina egg masses. These three
predictors had genuine predictive power (LRT x?=41.26,
df = 2, P < 0.0001) and their predictive capacity did not differ
from the model incorporating all considered explanatory
variables (LRT x? = 15.43, df = 10, P = 0.11). Removal of further
explanatory variables reduced significantly the goodness of fit
of the estimated model (Table 1).

The proportion of urban areas was associated with
a significant decrease in the number of egg masses (with an
urban coverage of 40% or more, Fig. 1) while the presence of
green corridors led to an increase (Table 2). The third significant

Table 1 - Influence on residual deviance and AIC of the
removal of further variables from the whole model

(see Section 2). Likelihood Ratio Test against the removal
is provided

df Deviance AIC LRT y2 P
No removal 46.90 406.19
Urban area cover 1 60.89 418.18 13.99 <0.0001
Macrophyte cover 1 80.86 438.16 33.97 <0.0001
Green corridor 1 52.99 410.28 6.09 <0.0001
Quadratic effect 1 69.69 426.98 22.79 <0.0001

of macrophyte

predictor was the macrophyte cover which had a significant
quadratic effect. The addition of the quadratic term genuinely
improved the models goodness of fit (Aa;c = — 20.79). Thus the
number of egg masses increased with increasing macrophyte
cover until a threshold was reached (roughly a coverage of
50%), then its number decreased (Fig. 1). Based on changes in
residual deviance and AIC values, macrophyte cover had the
largest influence on the egg mass number, followed by the
negative impact of urbanized areas then the positive effect of
green corridors (Table 1).

The extended multivariate model and comparisons with the
univariate models evidenced two noteworthy differences.
Univariate model fitting showed significant negative effect for
both distance from the forest (distance from the forest: 8 + SE:
—0.0023 +0.00079, Z = —2.89, P=0.004) and roads (8 SE:
—2.08 £ 0.53, Z = — 3.86, P = 0.0001). In the extended multivar-
iate models the coefficient estimates of both predictors show
substantial change. The effect of distance from the forest
became positive and non-significant (8 + SE: 0.00092 + 0.00094,
Z =0.97, P =0.33). Similarly, the relationship between the egg
mass number and roads becomes positive and non-significant
(8 + 1SE: 0.94 = 0.67, Z = 1.40, P = 0.16).

Thorough examinations indicate that effects of pond
distance from forest and presence of road were masked by the
effect of green corridors. Distance from the forest is highly and
negatively correlated with green corridors (r=— 0.794,
t=—8.24, df =39, P < 0.0001) while the parameter estimates
from the extended multivariate model are positively corre-
lated (rg =0.78). Again, the pattern is similar for the roads:
roads and green corridors were highly and negatively corre-
lated (r=—-0.797, t=—8.24, df =39, P < 0.0001) while their
regression coefficients from the extended multivariate model
are positively correlated (r; = 0.78). No significant relationship
was found between the number of egg masses and the other
variables measured.

4, Discussion

The most important pond and landscape elements that best
predict the distribution of R. dalmatina were identified using
multivariate statistical tools. This allows the proposal of
specific management measures in order to efficiently protect
amphibian populations (see for example Vos and Chardon,
1998; Houlahan and Findlay, 2003; Van Buskirk, 2005; Eigenbrod
et al., 2008).
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Fig. 1 - Relationship between the distribution of Rana dalmatina egg masses and (a) the variation of macrophyte cover, (b) the
urban area coverage (upper row) and the smoothed effect of the two covariates on the egg mass number (lower row).

The constructed regression models showed that four
landscape related variables (the extent of urban areas, the
pond connectivity with the forest, the distance of the ponds
from the forest and the presence of the high traffic roads) and
one pond variable (the emergent aquatic vegetation cover)
influence the egg mass number. Information-theoretic model
selection approach based on Akaike Information Criterion
demonstrated that the effect of macrophyte cover is stronger
than that of the landscape related variables. Since a large area
was currently declared as Natura 2000 site, there is an
increased need for management proposals and conservation
applications for biodiversity, including amphibians. Identi-
fying the main habitat and landscape predictors of the egg
mass counts offer practical solutions in this direction.

4.1.  The importance of pond variables

A recent study carried out on a larger sample of permanent
ponds (85) in this area (Hartel et al., 2007) showed the impor-
tance of the reed coverage for the amphibian communities and
the pond occupancy of six species, including Rana dalmatina.

Table 2 - Estimates of the Negative Binomial regression
on the effect of predictors for the number of egg masses

B SE (B) z Pr(>|z|)
(Intercept) 0.575 0.557 1.032 0.3022
Urban area cover —6.759 1.615 —4.185 <0.0001
Macrophyte cover 0.156 0.024 6.346 <0.0001
Green corridor 1.244 0.5171 2.404 0.0162
Quadratic effect —0.001 0.0002 —-5.295 <0.0001

of macrophyte

Associations between the spawning site selection by R. dal-
matina and the aquatic vegetation cover were also demon-
strated by Pavignano et al. (1990), Kecskés and Puky (1992) and
Ficetola et al. (2006). Vegetation cover may have a series of
benefits for amphibians. Emergent vegetation may limit the
impact of predators. The developmental stages most exposed
to predation in amphibians are the egg and larval stages, the
later being the most documented one as well. To coexist with
predators, special adaptations are required like decreasing
activity, behavioral avoidance using chemical cues, toxic
compounds and phenotypic plasticity (see for example Sem-
litsch and Reyer, 1992; Van Buskirk, 2001; Teplitsky et al., 2003).
All these adaptations are efficient in the context of habitat
structural complexity (Tarr and Babbitt, 2002). The lack of
relationships between the presence/absence of fish (both
predatory and non-predatory) and the egg mass number of R.
dalmatina may be caused by the large reed coverage and the
behavioral adaptations of larvae (Hartel et al,, 2007). The
presence of habitat refugia secured by vegetation increases the
survival of R. dalmatina tadpoles when the fish Pseudorasbora
parva (a fish species that is abundant in these ponds (Hartel
et al., 2007)) is present (Teplitsky et al., 2003). Moreover, reed
may represent support for the egg masses (Kecskés and Puky,
1992; Lesbarreres and Lodé, 2002; Ficetola et al., 2006) and may
provide surface for algal development (that constitutes food
for the tadpoles). Our study showed that the effect of the
macrophyte cover is positive until a threshold (around 50% in
our study) after which the macrophyte cover has a negative
effect on the number of egg masses. A long term study carried
out in a R. dalmatina population from the Tarnava Mare basin
(Hartel, 2008) suggests that when available, R. dalmatina
females select parts of the breeding pond where the vegetation
is in an early succesional stage. In R. lessonae populations, it
was shown that the vegetational overgrowing of the ponds
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may cause deterministic extinctions (Sjogren-Gulve, 1991).
Additionally, Oldham et al. (2000) observed that T. cristatus has
the highest pond occupancy in ponds with emergent vegeta-
tion cover between 25 and 50% and submergent vegetation
between 50 and 75%. Although the space available for newt
activity was suggested as a limiting factor (Oldham et al., 2000),
we suspect that the changes in the ecological conditions
linked with the increase of the reed coverage (temperature,
light conditions and productivity) may also affect the selection
of ponds suitable for spawning. As the reed cover may increase
in time through natural succession, management interven-
tions should be done to allow the maintenance of the reed
cover that allows breeding conditions for R. dalmatina.

Barton and Rafinski (2006) found that the eggs of R. dalmatina
degenerated at pH of around 4.3. In our study area the pH
values measured in the ponds are well beyond this value (mean
7.56, min-max: 6.02-8.94) and no relationship was observed
between the amphibian species richness and the water acidity
and conductivity in this area (Hartel et al., 2006), showing that
there is no acidification threat for amphibians in this area.
Similarly, Loman and Lardner (2006) showed in a field experi-
ment that the acidity and conductivity were not responsible for
the absence of R. temporaria and R. arvalis from the intensively
used farmlands, although the ponds situated in these land-
scapes had higher acidity and conductivity. Finally, we failed to
find a relationship between the percentage of shallow water
and the number of egg masses in this area, most likely due the
wide extent of the shallow zones within the ponds.

4.2. The importance of landscape variables

The number of egg masses in R. dalmatina was positively
associated with two variables that are related to the avail-
ability of a forest patch in the landscape: the connectivity and
proximity of the forest. As the distances from forest increase
(as a result of forest clearings for agricultural and urban
expansion), and new roads are built, there is an increasing
need for the presence of green corridors to counteract this
negative effect. The distance of the breeding ponds from the
forest is particularly important for R. dalmatina. In a study
conducted by Ponséro and Joly (1998) on this species, the
majority of egg masses were found in ponds situated within
50-100 m distance from forest. According to Lesbarreres and
Lodé (2002) the size of both the egg masses and the number of
eggs of R. dalmatina were larger in the forested ponds than in
ponds situated in open areas. The type of the deciduous
forests is also important for R. dalmatina: the body condition
index of the Agile Frogs was higher in the humid forests
(Stellario-Carpinetum) than in the dryer forests (Galio odorati-
Fagetum) (Stiimpel and Grosse, 2005). The importance of the
forested areas and/or variables related to forests for amphib-
ians is highlighted by many studies on different species that
used a similar approach to ours. European examples are
B. bufo (Scribner et al., 2001), R. temporaria (Van Buskirk, 2005),
newts species from Triturus genera (Joly et al.,, 2001; Van
Buskirk, 2005). Studies from North America that used multiple
species approaches (e.g. Hecnar and M’'Closkey, 1998; Guerry
and Hunter, 2002; Houlahan and Findlay, 2003) also
demonstrated the importance of the forest proximity and/or
coverage for different species at different spatial scales.

Estimates of the Negative Binomial regression showed
a negative relationship between the egg mass number and the
urbanized areas. The univariate analysis evidenced the nega-
tive association between the egg mass number and high traffic
roads. Both may cause habitat loss and may have isolation
effects on the critical habitats and the populations. Pellet et al.
(2004) showed that the urban areas affect the pond use of the
European Tree Frog (Hyla arborea) in a distance of up to 1 km. In
our study, the urban area effect is negative after a rough
coverage of 40%. The traditionally managed human settlements
in the cultural landscapes may not represent habitat destruc-
tion for amphibians in this area. Amphibians may use different
landscape elements from the villages as summering (for
example the small orchards nearby the houses) and wintering
(the cellars). The negative impact of roads on amphibian
populations is demonstrated by an increasing number of
studies. Roads may increase the likelihood of inbreeding, local
extinction and lead to high level of population differentiation
(as demonstrated for R. dalmatina by Lesbarreres et al., 2003,
2006), increase mortality during seasonal movements (Vos and
Chardon, 1998; Hels and Buchwald, 2001). The effect of road
traffic may be at least as strong as the effect of deforestation
(Eigenbrod et al., 2008) and habitat split (Becker et al., 2007). A
recent survey carried out on a 83 km long road transect in the
area of our study estimated up to 1400 R. dalmatina road-kills in
2 weeks during the breeding season along high traffic roads
(Hartel unpublished results).

We did not find any significant effect of the amount of
arable lands and the grassland/pasture cover in the landscape
on the number of egg masses. When intensively applied, both
land use practices may reduce the terrestrial habitat available
for frogs and disrupt the connectivity between critical habitats
(feeding, breeding and hibernating; Joly et al., 2001; Rubbo and
Kiesecker, 2005). In our study area both land use types are
traditional. However, R. dalmatina uses open habitats mostly
during seasonal migrations (in spring and autumn) in this area
and the forest during the summer months making the iden-
tification of potential effects of these land uses (arable lands
and grasslands) more difficult.

Similarly, we expected a positive relationship between the
water body coverage in the landscape around the studied
ponds and the number of egg masses (Laan and Verboom,
1990; Houlahan and Findlay, 2003; Ficetola and De Bernardi,
2004) but failed to find such relationship. This may be
explained by the fact that the water bodies around ponds are
represented by running waters in almost all cases (springs and
the Tarnava Mare river). The small flooded areas along these
streams may be used by Agile Frogs (excepting the river), but
are not stable habitats and do not allow the formation of larger
populations (always less than 10 egg masses per site, Hartel,
pers. obs.). Furthermore, in the case of ponds from Vanatori
and Albesti regions, the pond availability is large but the lack
of terrestrial habitats may limit the size of the population.

5. Conclusions and implications for
conservation management

The number of R. dalmatina egg masses in this landscape can be
predicted by the emergent aquatic macrophyte vegetation
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cover but notin a linear way: the positive effect of macrophytes
peaks at around 50% and after this percentual coverage, its
effect on the egg masses is negative. As many ponds become
private properties and the fish introduction are becoming more
and more popular (Hartel et al., 2007), the necessity for the
aquatic vegetation as buffer against fish predation is enhanced.

The critical landscape elements that should be maintained
to allow the persistence of high R. dalmatina population
numbers are the green corridors and the proximity of the forest.
These may counteract the effect of habitat loss caused by roads
and settlements. As amphibians may disperse at considerable
distances and their population sustainability depends both on
the dispersal success and colonization process (Smith Alex and
Green, 2005) conservation measures should go beyond the
800 m radius considered in this study. Further studies should
identify these landscape elements on maps in order to make
scientific results available to landowners and involve landscape
planners in the effective management and conservation of
amphibians in this area. We suggest that R. dalmatina may be an
important target species for long term monitoring in the studied
area because itis common, it is easily to be identified in the field
and a long term database is already available for one population
of this species (11 years, Hartel, 2008).
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