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Reports of amphibian declines have highlighted the urgent need for long-term data sets to increase understanding of

population changes. To detect population changes in the agile frog Rana dalmatina in Vendée, western France, counts

were made of spawn masses over 16 years and road mortalities over 13 years. Long-term trends were evaluated using

regression analysis of the logarithmic transforms of annual mortalities and egg masses as dependent variables against year

as the independent variable. Tests of the regressions against a 0 hypothetical coefficient, indicative of population stability,

gave coefficients that were positive for road mortalities and negative for spawn counts. However, neither was significantly

different from 0, indicating a stable population. Further analysis using jackknifing produced a series of pseudo-regression

coefficients, which agreed with the true regressions. Results from both datasets were therefore congruent and indicated

wide annual fluctuations, with a major increase in numbers between 2009 and 2014. Data from spawn deposition in a

recently established pond suggested that the presence of invasive crayfish Procambarus clarkii influenced both deposition

sites and long-term population changes.
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INTRODUCTION

mphibians are widely reported as the vertebrate class

most affected by the worldwide biodiversity decline
(e.g. Blaustein et al., 1994; Alford & Richards, 1999;
Hitchings & Beebee, 1997; Houlahan et al., 2000; Fischer,
2000; Cushman, 2006). No single contributing factor has
been identified in the decline, although multifaceted
interactions have been proposed (e.g. Collins & Storfer,
2003). These include time lags in density dependent
responses leading to chaotic dynamics (e.g. Wilbur,
1990), climatic effects and habitat alterations by humans
(e.g. Hartel, 2005; Gollmann, et al., 2002). Given the
role of amphibians as both predator and prey in many
ecosystems, insightinto changesintheir population status
provides key ecological information. Current knowledge
indicates frequent widespread population fluctuations
with high increases in certain years, offset by moderate
decreases over periods of several years (Pechmann et al.,
1991; Pechmann and Wilbur 1994; Meyer et al. 1998).
This suggests that short-term monitoring may introduce
a degree of error when attempting to evaluate trends
and hence, longer time series are required.

The primary objective of this study was to examine
for changes in the numbers of agile frog Rana dalmatina,
a species found across Europe and listed as under threat
in Appendix Il of the Bern Convention. It is an example
of a pond-breeding amphibian that moves widely

across the landscape. Population studies in several
regions of Europe including Romania (Hartel, 2008a;
2008b), Sweden (Stromberg, 1995), Austria (Gollmann
et al., 1998, 2002), Greece (Sofianidou et al., 1983) and
France (Combes et al., 2018) have shown that numbers
fluctuate widely but none showed evidence of major
long-term declines. There have been few studies of
R. dalmatina in fragmented landscapes (Wederkinch,
1988), environments that are universally implicated
in the biodiversity decline (e.g. Fischer, 2000). This
paper describes changes in R. dalmatina numbers in
a fragmented habitat in western France that includes
areas of extensive agriculture bisected by hedgerows,
woodland and urban areas. Additionally, in the
agricultural areas, fertilisers and pesticides are applied
annually, including during the breeding season (Fig. 1)
and have been implicated as contributing to population
decline (Beebee & Griffiths, 2005).

The data are derived from two sources; counts of
spawn masses and road mortalities. Egg mass counts
have been used in previous studies of R. dalmatina and
employed as proxies to estimate the size of breeding
populations. As the spawn moves to the pond surface
(see example in Meek, 2012b), itis relatively easy to count
compared to breeding females (e.g. Pechmann & Wilbur,
1994: Grant et al., 2005) and so reduces observer error. In
addition, these frogs are frequently killed on roads and in
the study locality, second only to Bufo bufo in this respect
(Meek, 2012a). However, they differ from sympatric
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Figure 1. Google Earth map of the study locality showing sampling areas for spawn masses and surrounding habitat consisting
of agricultural fields, hedgerows, woodland and urban areas. Continuous lines indicate ditches adjacent to hedgerows or
woodland, broken lines ditches alongside roads. New Pond and Old Pond locations are also highlighted.

amphibians in that the peak period for road mortalities
is during the summer months and hence appear not to
be primarily associated with migration (Meek, 2012a).
Road mortalities have been used previously to estimate
population changes in amphibians (e.g. Meyer et al.
1998), snakes (Capula et al., 2014; Rugiero et al., 2018),
and mammals (e.g. Mallick et al., 1998; Baker et al., 2004;
Widenmaier & Fahrig, 2006). Road mortalities give only
an index of abundance but are independent of spawn
count and avoids double counting and autocorrelation.

METHODS

The study area (46°27°N;1°53°'W) is a fragmented
landscape dominated by agriculture that had experienced
little or no major changes in land use during the study
period from 2003 to 2018. The climate is mild oceanic
(June, July and August monthly mean air temperature
= 26°C; November through to February monthly mean
= 10.2°C), with a period of high precipitation usually
falling from October until January (monthly mean =
85.7 mm). During the summer months of June, July, and
August when rainfall is low (monthly mean =51.3 mm) it
is normal for all but the largest water bodies to dry up.
Figure 1 shows a map of the area where spawn masses
were counted with key areas identified.

Spawn is readily visible rising to the surface of the
water within days of deposition (see examples in Meek,
2012b). Daily counts were made by a single observer
each spring beginning February 2003 along the edge
of ditches and ponds until the end of March 2018 after
which no spawn masses were deposited. Annual peak
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counts were derived from the maximum number of
spawn masses counted at a site in a given year. Spawn
deposition was recorded in three ditches and two ponds
in a woodland/wetland area on the edge of the village of
Chasnais (Fig. 1). Total ditch length, using the measuring
toolin Google Earth, was 1,377 m of which 1,081 m was at
the roadside and 296 m next to hedgerow or woodland.
New Pond (see Fig. 1) had an approximate surface area
of 945 m? and was created during the summer/autumn
of 2009, with the first spawn recorded in February 2010.
The smaller pond (Old Pond) with a surface area of 64.1
m? had been established prior to 2003.

Data on road mortalities were collected on roads
(total distance =16 km) between a wetland area close to
the village of St Denis du Payre and the wetland next to
Chasnais. The distance between the two is approximately
6 km (see Meek, 2012a for a schematic view). Surveying
for road mortalities commenced in January 2005 and
was undertaken between four and six times every month
throughout each year until December 2017 in both study
localities. Surveys were carried out by a single observer
on a bicycle travelling at 5-10 km/hour. Road traffic
volume increased slightly during the 13 year period from
initial surveying 2005-2017 (see Meek (2012a) for traffic
volumes).

Statistical analysis

Road mortalities and spawn masses were tested for
departures for equality of annual counts using a G-test
goodness-of-fit at n-1 d.f.. This gives the expected annual
probability for spawn mass across 16 years of sampling
as 1/16 = 0.0625 and for 13 years of road mortality data
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Figure 3. Histograms showing annual numbers of spawn mass (A) and road mortalities (B) as black bars. Open bars represent
expected frequencies under a null hypothesis of equality of year counts. See text for further details.

as 1/13 = 0.077. The data for road mortalities were not
normally distributed (Anderson-Darling; a?> = 0.996, P =
0.008). Therefore to compare variation in annual counts
of road mortalities with spawn masses, the data sets
were subjected to a Leven'’s test for homoscedasticity.
This is less sensitive to departures from normality and
considers the distances of the observations from their
sample medians. The test is robust for smaller samples
(Box & Jenkins, 1976) and rejects equality of variance
when
W> Fa, k-1, Nk

where W is the test statistic, Fa, ,, , the upper critical
value of the F-distribution k-1 and N-k degrees of freedom
with significance a.

Toidentifylong-termtrendsin population parameters,
regression analysis was applied to the logarithms of
annual mortalities and spawn masses as dependent
variables with year as the independent variable giving

log N = b+m*year,

where log N, represents either numbers of spawn
masses or road mortalities, m the regression coefficient
and b the y-intercept. The null hypothesis is that log N is
stable when m = 0; significant departures from m indicate
population change. Departures from 0 were evaluated
using a t-test at n-2 d.f. (Bailey, 1995). Since unusually
high or low year counts may have an inordinate effect on
m, a test for influence function (Gotelli & Ellison, 2004)
to estimate the errors of the true regression coefficients
was made using jackknifing (Sahinler & Topuz, 2007). This
method has the advantage of giving exact repeatable
results by systematically removing one-year data sets
from the sample. Regression analysis was re-applied
to produce a series of pseudo-m values that were then
compared against the true coefficients.

RESULTS

A total of 836 road mortalities were found in the
surrounding area between 2005 and 2017, consisting of
338 large adults and 498 smaller frogs (mean number per
year = 64.3142.2). Sexing adults was usually not possible
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Table 1. Regression analysis of the logarithms of temporal changes in annual numbers of frog spawn masses or road mortalities
as dependent variables against year as an independent variable. The regression coefficient m is shown with standard errors.
The t-tests and P-values are derived from tests of the true coefficients against a hypothetical of m = 0, which would indicate
long-term population stability. For comparison, data for R. dalmatina given by Stromberg (1995) and Hartel (2008b) has
been subject to the same analysis. Length of the study in years is shown as n and actual numbers of spawn masses or road

mortalities as 2n. See text for further details.

m * t p n source >n Reference
France -0.048 0.023 1.98 0.07 16 Spawn counts 678 This study
France 0.03 0.04 0.87 0.40 13 Rd/mortalities 836 This study
Sweden 0.067 0.037 1.18 0.10 12 Spawn counts 1692 Stromberg (1995)
Hungary -0.013 0.03 0.46 0.66 11 Spawn counts 4484 Hartel (2008b)

due to carcass degradation due to the time present on
roads. Snout to vent lengths ranged from 18 and 92 mm
(mean =49.7+14.1) with the distribution skewed towards
smaller individuals (s = 0.34, a? = 2.19 P<0.0001). Spawn
masses totalled 678 between 2003 and 2018; 397 in 3
ditches, 139 in Old Pond and 141 in New Pond; hence the
majority (58.6%) were found in ditches (Fig. 2).

Annual road mortalities differed significantly from
equal year counts G = 304.09, df =12, P<0.0001). The
regression of log annual road mortalities against year
gave a coefficient of m = 0.03+0.04, which did not differ
significantly from O (t = 0.87, p = 0.40) suggesting general
long-term population stability. Mean of the tests for
pseudo-m was 0.03+0.038, which was in agreement
with the true m. The test for influence function of road
mortalities highlighted 2012 and 2010 as unusually high
observations, 2.41 and 2.2 times greater than expected
respectively (Fig. 3b). None of the pseudo-m values
exceeded the 95% confidence interval (P-values 0.06—
0.67).

Spawn mass counts differed significantly from annual
regularity (G = 120.9 P<0.0001, d.f. = 15). Regression
analysis of log spawn masses against year gave a negative
coefficient -0.048+0.023 that, although not significantly
different from 0, was close to the 95% confidence
interval (t = 1.98, P = 0.07). Jackknifing produced a mean
pseudo-m of 0.046+0.06 with the test for influence
function indicating 2011 as unusually high (x2.0) and
2013 as unusually low (+2.64) years (Fig. 3a). Re-analysis
after first removing 2011 and then 2013, gave marginally
significant results (P = 0.04 in both). This represents
12.5% of the 16 samples and suggests a possible
moderate long-term decline in numbers. Variances of
annual road mortalities and annual spawn mass counts
were not significantly different (W = 3.3, p = 0.08).

DISCUSSION

Road mortality and egg mass counts showed similar
levels of population fluctuation and long-term trends.
Spawn mass counts were closer to the 95% interval in
the regression and might suggest moderate population
decline but the jackknife analysis supported the true
regression. Changes in population levels indicating
decline in amphibians have been misinterpreted in
earlier studies, especially when data sets are gathered
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over limited time periods and populations fluctuate
widely (Pechmann et al., 1991). For example, Pechmann
& Wilbur (1994) suggested that amphibian populations
are likely to be in decline most of the time, followed by
short increases after a period of high recruitment (but
see Alford & Richards, 1999). This agrees with the general
pattern of change found here and with R. dalmatina in
other areas where wide annual variation appears to be
the norm, including in France (e.g. Combes et al., 2018).
Application of coefficients of variation (Cv = 6/mean,
where 6 is the standard error; Scherer & Tracey, 2011)
to other R. dalmatina time series gave 0.5 for Sweden
(Stromberg, 1995) and 0.29 for populations in Romania
(Hartel, 2008b). This compares to 0.46 for egg mass
counts and 0.64 for road mortalities in the present study
indicating similar levels of fluctuation and long-term
trends (Table 1). Values ranging from 0.29 to 1.29 have
been found in North American time series for anuran egg
masses cited in Scherer & Tracey (2011).

Breeding phenology showed little change during the
study period and Combes et al. (2018) found no effect of
precipitation and temperature on egg-clutch abundance
during the active period leading up to reproduction.
However, climate data from the weather station at La
Rochelle-Le Bout Blanc (around 25 km from the study
locality) indicated rainfall from 2009 — 2011 was higher
than average, which is in good agreement with high frog
numbers from 2009-2014. The subsequent years of a
general decline in frog numbers could involve these high
densities, since increases in intra-specific competition in
larvae may impact on metamorphosis (Scott, 1990; Scott
1994). Periods of extreme cold can increase embryo
mortality by encasing floating egg masses in ice. This was
observed during February 2012 (Meek, 2012b) and 2018.
Estimates of larval mortalities in two spawn masses in
a period of freezing during 2012 that lasted for several
weeks indicated survivorship of 2.7 and 3.4% (Meek,
2012b) but inspection of several ice-impacted spawn
during a 7 day freezing in 2018 indicated fewer eggs were
affected, especially those positioned lowest in the egg
mass.

Frequent cohort failure in amphibians is often
connected to pond hydroperiod and cited as an
underlying cause of population fluctuation (Beebee
& Griffiths, 2005; Denoel & Ficetola, 2008). Extensive
dry periods with low precipitation, especially during
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February, may impact on the survival of R. dalmatina
larvae through ditch drying. This has been observed in
other R. dalmatina populations (Hartel 2005; 2008b).
Throughout the study period water was present in the
ditches until around June /July but from 2016 through
to 2017, low precipitation resulted in early ditch drying.
Additionally, topsoil from agricultural fields (see Fig.
1) drifting into ditches during dry summers and bank
burrowing activities of Coypu (Myocastor coypus) result
in ditch silting and early drying. Larval survival was more
likely affected by hydroperiod in ditches than in deeper
ponds where reasonable levels were usually present
later into summer.

In other areas of France, introduced predators
have been cited as partly influencing the reproduction
dynamics of R. dalmatina (Combes etal., 2018), whichisin
agreement with the present study. Spawn mass number
decline in New Pond were likely due to the presence of
alien crayfish Procambarus clarkii, which is known to
impact on adult and especially the larvae of R. dalmatina
and other amphibians (Ficetola et al., 2011). The decline
in spawn mass numbers began 2012 and continued to
2015 when they reached zero. This trend coincided with
first sightings of P. clarkii in New Pond during 2012 with
numbers peaking in 2015. However, breeding female R.
dalmatina returned in small numbers in spring 2018 (see
Fig. 3) coinciding with P. clarkii absence from at least 2017.
The return of algae and some macrophytes, which are
heavily grazed by P. clarkii and mostly not present during
peak numbers, suggests the decline/absence was real.
Although its natural dispersal capability has been cited as
low (e.g. Geiger et al., 2005), P. clarkii fulfils the criteria
of Article 4(3) of Regulation (EU) No 1143/2014 of the
European Parliament—a species wide spread in Europe
and impossible to eradicate in a cost-effective manner
(Souty-Grosset et al., 2016). However, an adaptive trait
in R. dalmatina may be wide foraging behaviour (up to
1,100 m from the egg deposition site; Blab, 1986) and lack
of site fidelity (Waringer-Loschenkohl, 1991; Gollmann
et al., 2002; Ficetola et al., 2006) enabling breeding site
selection and avoidance of P. clarkii. Five out of nine
European species of anurans showed behaviour changes
in response to P. clarkii presence, signalled by chemical
cues from predated or injured conspecifics (Nunes et al.,
2013). Removal of alien species, for example introduced
goldfish (Carassius auratus), successfully restored
Triturus carnifex populations in Central Italy (Mori et al.,
2016) and trout removal enabled rapid recovery of Rana
muscosa in North America (Vredenberg, 2004).

A potential weakness in any long-term study of
amphibian populations concerns funding limitations
and time factors involved in field work. There is also the
question of whether or not the study populations form
a series of meta-populations with boundaries that are
difficult to delimit. Wide foraging and lack of breeding
site fidelity suggests that individual R. dalmatina may
reproduce in areas outside the study locality in certain
years. However, the data for road mortalities were
collected up to 6 km from the spawning area and when
split into an approximate 50/50 east—west geographic,
were congruent in both fluctuations and long-term
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trends. Hence, breeding aggregations may have some
continuity and are valuable as sampling sites. Continual
monitoring of spawn mass and road mortality in addition
to collecting potentially important environmental/
climatic data alongside monitoring to try and identify
population drivers remains a useful tool in monitoring
population trends (Temple & Cox, 2009).
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