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Abstract Pesticide residues in breeding ponds can cause
avoidance by at least some amphibian species. So far,
outdoor experiments have been performed only with arti-
ficial pools in areas where the focus species usually occur
and new colonization has been observed. Results of this
kind of study are potentially influenced by natural distur-
bances and therefore are of limited comparability. We used
an easily manufactured and standardizable arena approach,
in which animals in reproductive condition for some hours
had a choice among pools with different concentrations
of a contaminant. Because there has been much debate on
the potential environmental impacts of glyphosate-based
herbicides, we investigated the impact of glyphosate
isopropylamine salt (GLY-IS), Roundup LB PLUS
(RU-LB-PLUS), and glyphosate’s main metabolite ami-
nomethylphosphonic acid (AMPA) on individual residence
time in water. The following European amphibian species
were tested: Common frog (Rana temporaria), Palmate
newt (Lissotriton helveticus), and Alpine newt (Ichthy-
osaura alpestris). The residence time in water was not
significantly affected by concentrations below or slightly
above the European Environmental Quality Standards for
AMPA or the German “worst-case” expected environ-
mental concentrations for GLY-IS and RU-LB-PLUS.
Occasionally, microclimatic cofactors (nightly minimum
ground temperature, water temperature) apparently influ-
enced the residence time. The major drawback of such
quick behavior studies is that results can only be trans-
ferred to perception and avoidance of contaminated water
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but not easily to site selection by amphibians. For example,
testing oviposition site selection requires more natural
water bodies and more time. Hence, to develop a standard
procedure in risk assessment, an intermediate design
between an arena approach, as presented here, and previ-
ously performed field studies should be tested.

Amphibian populations are decreasing at alarming rates
worldwide (Houlahan et al. 2000; Stuart et al. 2008).
Environmental contamination is one of the supposed cau-
ses for the observed decreases (Boone et al. 2007; Stuart
et al. 2008). Pesticides are especially suspected to affect
freshwater systems, which are exploited by most amphib-
ian species for reproduction and/or part of their annual
activity phase (Relyea and Hoverman 2006). Contamina-
tion of aquatic but also terrestrial amphibian habitats with
pesticides can occur by way of direct over-spraying
(Relyea 2005; Dinehart et al. 2009), drift (Davidson et al.
2002, 2004), or runoff (Browner 1994). Acute (Relyea
2005; Relyea and Jones 2009) and chronic effects (Cauble
and Wagner 2005; Howe et al. 2004) on amphibian health
have been reported. However, we currently know little
about indirect effects, e.g., how pesticides can alter aquatic
site selection (Vonesh and Buck 2007). Chemically con-
taminated ponds were avoided by some anuran (i.e., frogs
and toads) species (Takahashi 2007; Vonesh and Buck
2007). Thereby, one of the supposed causes for amphibian
decline, e.g., environmental contamination (Boone et al.
2007), can act simultaneously with others, especially the
main problem of habitat loss (Stuart et al. 2008). Con-
versely, adults of the species, which apparently are able to
perceive pesticides, could protect themselves as well as
their offspring from the effects of contaminants (Vonesh
and Kraus 2009).
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Up until now, data on amphibian responses to contam-
inated water bodies have resulted from field experiments.
Artificial ponds were created within the area where the
focus species occurs and reproduces, and subsequent col-
onization (measured by number of eggs per water body)
was investigated (Takahashi 2007; Vonesh and Buck 2007,
Vonesh and Kraus 2009). Such field studies are effective
and useful, but they are of limited comparability because
their design must fit the given landscape architecture.
Furthermore, they are potentially influenced by nonas-
sessable and unpredictable factors. Apart from this poten-
tial uncontrolled disturbance, some aspects that might
affect animals’ responses remain unknown or are difficult
to assess, e.g., population size, sex ratio, etc. Therefore, we
tested the effects of contamination on aquatic site selection
by amphibians under standardized conditions. Arena
approaches can be used to standardize animal behavior
experiments. For example, these are widely used in ori-
entation studies in which a defined number of animals can
choose among different sources (Landler and Gollmann
2011). We transferred this design to test residence time of
amphibians in water in response to different grades of
contamination with a substance, i.e., potential avoidance of
contaminated water. We chose three widespread European
species as test organisms. Apart from one anuran species,
the Common frog (Rana temporaria), we included for the
first time two newt species: the Palmate newt (Lissotriton
helveticus) and the Alpine newt (Ichthyosaura alpestris).
All tested animals were adults in reproductive condition so
they were attracted by water. Hence, experiments took
place during the particular breeding time of the test species.
The two newts have a prolonged aquatic phase during
several months that exceeds their breeding activity. In
contrast, the Common frog is an “explosive breeder,” i.e.,
most adults of a population reproduce within a short time
period (see Wells 1977).

We chose to relate our study to glyphosate-based her-
bicides (GBHs). These have been suggested to dominate
the worldwide herbicide market, and their use is increasing
(Duke and Powles 2008). Several studies are available on
the effects of glyphosate (GLY) and GBHs on anuran
embryos (Perkins et al. 2000), larvae (Relyea and Jones
2009; Fuentes et al. 2011), and juvenile or adult animals
(Mann and Bidwell 1999; Relyea 2005; Dinehart et al.
2009), and they include chronic effects (Howe et al. 2004)
and indirect impacts (Jones et al. 2010). Interestingly, no
studies are available on the effects of GLY’s main
metabolite, aminomethylphosphonic acid (AMPA; Ruep-
pel et al. 1977).

In our arena approach with newts, we chose glyphosate
isopropylamine salt (GLY-IS), which is the active ingre-
dient of most GBHs (Chemical Abstracts Service [CAS]
no. 38641-94-0), and a GBH formulation named Roundup

LB PLUS (RU-LB-PLUS), which includes 16 % of an
unknown surfactant. Common-frog experiments were per-
formed using AMPA, which is not only the main metab-
olite of GLY but also of other phosphonate compounds
(CAS no. 1066-51-9) (Skark et al. 1998).

Material and Methods
Common Frog Experiments

Effects of contamination with AMPA on residence time in
water were tested for male frogs. Fifty male Common frogs
were sampled on March 10 and 11, 2012, when they
migrating to their breeding site, a small pond near Trier,
Germany. Their reproductive condition was recognized by
the presence of black nuptial pads (Schliipmann and
Giinther 1996).

Frogs were immediately taken to an experimental site
within the area of Trier University. Each 10 male animals
were kept in buckets (approximately 1 m in diameter)
outdoors until the start of the experiment (the latest one
started on March 28). The bottom of the buckets contained
humid soil, and pieces of turf served as hiding places.
Plenty of fresh water was sprayed daily to prevent dehy-
dration of animals.

AMPA (995 % purity) was purchased from
Dr. Ehrenstorfer GmbH (Augsburg, Germany). Stock
solutions were prepared daily with distillated water, and
four concentrations were tested: 0, 5, 50, and 500 pg/L.
The highest concentration corresponded to AMPA’s
European Environmental Quality Standard (EQS) for the
protection of aquatic biota and against which monitoring
data should be assessed. The Water Framework Directive
of the European Union (Directive 2000/60/EC) provides a
procedure to set EQS. The annual average EQS for AMPA
is 450 pg/L. In line with the rounded guide value for sur-
face water proposed by the Swedish authorities, we chose
the highest test concentration of 500 pg/L (http://www.
egeis.org). To the best of our knowledge, 400 pg/L is the
highest environmental concentration that has been reported
in water (Coupe et al. 2012). Based on the high concen-
tration, we tested two lower concentrations (50 and 5 pg/L).
These concentrations are more frequently found in surface
waters, including amphibian ponds (Struger et al. 2008;
Battaglin et al. 2009). Hence, the tested concentrations are
not only legally but also environmentally relevant.

Experiments were performed in arenas with 10 repli-
cates/night from March 12 to 28. An arena (1.5 x 1.5 m)
was defined by an amphibian drift fence and consisted of a
hiding place (leaves and planks) and four artificial pools
[plastic pans of 34 x 34 cm? each with a 10-L capacity
and a 13-cm maximum depth (Fig. 1)]. Arenas were
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Fig. 1 Composition of one arena (surrounded by an amphibian drift
fence). Gray quadrates indicate the artificial pools, and the cross
indicates the animals hiding place

located in a sunny location. This design was chosen per
Common frog reproduction behavior, i.e., the size of the
breeding water is less important, and shallow sunny water
is preferred (e.g., Schliipmann and Giinther 1996). During
heavy rain, a roof protected against decrease of the tested
concentrations. The artificial pools contained well water
(average pH 7.7, 341 ps/cm, 10.4 mg O,/L, 8.7°dH). The
four concentrations were applied randomly, one to each of
the four pools in an arena. Concentrations were renewed
every 24 h because AMPA has a half-life of 7-14 days in
water depending on local conditions (Giesy et al. 2000). In
addition, we are aware that AMPA can adsorb to plastic
and that plastic can release substances over time.

To avoid the influence of conspecifics, site selection was
investigated by setting just one male animal into an arena.
Because the species is primarily nocturnal, animals were
set into the arenas at 19:00. After an adaption period of 1 h,
the position of each male animal was recorded every
30 min to 01:00 the following day (i.e., residence time of
each individual within 5 h was recorded). After 01:00, the
activity in these poikilothermic animals was remarkably
decreased or had even stopped. After the experiments, all
animals were released to their natural habitat.

Newt Experiments
Effects of water contamination with GLY-IS and RU-LB-
PLUS on residence time were tested with both newt spe-

cies. A total of each 120 Palmate and Alpine newts were
sampled in two ponds near Trier, Germany, using water
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traps. Sampling was performed between March 29 and
April 13, 2012, and always when animals were “required.”
Because these sexually dimorphic species are common,
sexes could easily be balanced. Study design and methods
were the same as described for Common frogs because
both newt species are known to accept small water bodies,
e.g., cartwheel traces (Winkler and Heunisch 1997).
However, newts were set pairwise in each arena (male,
female) because it is widely unknown which sex chooses
suitable water bodies first or if these animals can perceive
the presence of an animal of the other sex in water.
Depending on the species, half of the animals (n = 60)
were tested with one of the two substances. GLY-IS was
purchased from Dr. Ehrenstorfer GmbH (Augsburg, Ger-
many), and RU-LB-PLUS was purchased from a local
hardware store. In Germany, the estimated worst-case
concentration of GLY in surface water after application of
the highest approved rate and without buffer strip is
approximately 0.9 mg a.e./L (BVL 2010). Based on this
worst-case expected environmental concentration, we used
1 mg a.e./L as a high concentration (again with two lower
and more environmentally relevant concentrations of 0.1
and 0.01 mg a.e./L) for both the formulation and the active
ingredient. The annual average EQS for GLY is approxi-
mately 100 pg/L (http://www.egeis.org), i.e., our second
highest concentration.

Statistical Analyses

We used Kolmogorov—Smirnov tests to test for normal
distribution of the data. To compare the residence time
(min) of individuals in the four groups of contamination,
we used Kruskal-Wallis tests followed by Wilcoxon rank-
sum tests (because these data were not normally distrib-
uted). Furthermore, we tested with generalized linear
models (GLM) if the different concentrations or considered
environmental cofactors influenced the percentage resi-
dence time of animals of each trial (i.e., percentage resi-
dence time of all individuals tested in 1 night) as proposed
for such behavioral studies where uninteresting behavior
(here time spent on land) is excluded from analysis (Everitt
and Howell 2005). Considered environmental cofactors
were average water temperature (as measured with a lab-
oratory thermometer; TFA, Wertheim, Germany), nightly
minimum ground temperature, precipitation, relative air
humidity (all data were obtained from the weather station
Petrisberg, which is situated approximately 1 km airline to
the experimental site). Animals that did not enter the water
(n = four frogs) were excluded from analysis. The soft-
ware R was used for statistical analyses (R Development
Core Team 2009).
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Results

All frogs and newts survived the experiments, except for
one frog, an individual of such poor body condition that we
did not link its death to our experiment.

Experiments With Common Frogs

On average, male Common frogs stayed on land 54 % of
the total observed time, 14.6 % in the control, 10.2 % in
the low concentration, 11.8 % in the medium concentra-
tion, and 9.4 % in the highest AMPA concentration
(Fig. 2). The frogs usually started calling after staying in a
pool for more than half an hour, but they also changed pools
during observation. On land, they were sitting or migrating
most of the time. Some individuals occasionally tried to
climb out of the arena, but they usually did not hide.

Kruskal-Wallis and the Wilcoxon rank-sum tests on the
residence time in the four contamination groups did not
show significant differences; likewise, the GLM for per-
centage residence time did not show a significant influence
of any predictor.

Newt Experiments
Palmate Newt

In the experiments with GLY-IS, animals stayed on land
65.2 % of the total observed time, 7 % in the control,
11.2 % in the low concentration, 7.8 % in the medium
concentration, and 8.8 % time in the highest GLY-IS
concentration (Fig. 3a). On land, animals were hiding most
of the time; the rest of the time they were walking on the
grass. No animal tried to climb out of the arena. Male
animals usually followed female animals into the same
pool, but occasionally they were the first to enter the water.

3.5
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0.0
0 5 50 500 land

AMPA concentration [ug/L]

average residence time [h]

Fig. 2 Average residence time (£SE) of individual male Common
frogs (n = 50) in the control, in each of the three AMPA concen-
trations, and on land

After staying several minutes in a pool together, male
animals often started courtship behavior.

In the experiments with RU-LB-PLUS, Palmate newts
stayed on land for 62.1 % of the total observed time, 7.7 %
in the control, 12.2 % in the low concentration, 7.3 % in
the medium concentration, and 10.7 % in the highest
RU-LB-PLUS concentration (Fig. 3b). Animals showed
the same behavior on land and in the water as in the pre-
vious experiment. For the results of both experiments,
Kruskal-Wallis and the Wilcoxon rank-sum tests on the
residence time did not show significant differences, and
GLM on percentage of residence time did not show sig-
nificant impacts of any predictor.

Alpine Newt

Behavior of Alpine newts was similar to that of Palmate
newts. During the experiments with GLY-IS, animals
stayed on land for 63.9 % of the total observed time,
11.2 % in the control, 8.7 % in the low concentration,
10.2 % in the medium concentration, and 6 % in the
highest GLY-IS concentration (Fig. 3c). No significant
differences between residence time in the four contami-
nation groups were found, but the GLM showed a signifi-
cantly positive impact of air temperature (p < 0.001,
z =4.53) and a significantly negative impact of water
temperature (p < 0.05, z = —3.11) on percentage of resi-
dence time in the pools.

In the experiments with RU-LB-PLUS, newts stayed on
land 76 % of the total observed time, 8.5 % in the control,
3 % in the low concentration, 6 % in the medium con-
centration, and 6.5 % in the highest RU-LB-PLUS con-
centration (Fig. 3d). Here again, neither Kruskal-Wallis
and the Wilcoxon rank-sum tests on residence time nor
GLM for percentage of residence time showed significant
impacts of any predictor.

Discussion
Species Responses to Contaminants

High survival rates were expected because AMPA is con-
sidered to be no more toxic than its parent GLY to fish and
other standard test organisms (Carey et al. 2008), and LCs,
values of diluted GLY on adult anurans are approximately
100 mg a.e/L (Mann and Bidwell 1999). Toxicity data of
diluted Roundup formulations on metamorphs and adult
amphibians range between 49.4 and 88.7 mg a.e./L (Mann
and Bidwell 1999).

Frogs and newts entered artificial pools but remained on
land for more than half of the total observed time. In all
cases, water contamination with the tested environmentally
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Fig. 3 Average residence time (£SE) of individual Palmate newts (a, b; n = 120) and Alpine newts (¢, d; n = 120) in the control, in each of the

three GLY-IS and RU-LB-PLUS concentrations, and on land

relevant concentrations did not seem to lead to avoidance
of contaminated pools. Conversely, all three species tested
in these experiments entered water contaminated at con-
centrations that slightly exceeded the annual average
European EQS (AMPA) or EEC (GLY [Roundup]).
Whether this may cause chronic effects remains to be
studied. It is also notable that the surfactant in the Roundup
formulation was either not perceived by the animals or the
animals were not bothered by it. In one case, microclimatic
cofactors were found to have significant effects on per-
centage of residence time in newts. This is not surprising
because the activity of most amphibians is weather-
dependent (Duellman and Trueb 1986). For example,
positive and negative effects of greater air and water
temperature could be related to greater activity rates in the
newts such that they did not hide on land but entered or
changed pools more often.

It must be first said that comparability between our study
and other amphibian site-selection studies is hampered
because in all previous studies artificial ponds were created
in known breeding areas. Furthermore, explicitly female
responses (i.e., oviposition site selection) were not studied,
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and male site selection (as studied by us for frogs) and
female oviposition site selection are not mandatorily cor-
related in anurans (Resetarits and Wilbur 1991).

In other anuran site-selection studies, species responded
differently to contamination with GBH. North American
Gray tree frogs (Hyla versicolor—chrysoscelis complex)
strictly avoided ponds contaminated with Roundup
(Takahashi 2007). However, only one relatively high
concentration (2.4 mg a.e./L) was tested; only five female
animals oviposited; and it was not observed if animals
entered the contaminated ponds by night time. Both the
active ingredient and the formulation of an insecticide
(Sevin and its active ingredient carbaryl, also tested at
worst-case scenario concentrations) decreased oviposition
site selection by Gray treefrogs compared with water and
acetone (solvent) controls (Vonesh and Buck 2007; Vonesh
and Kraus 2009). Here, the sample size was large, i.e.,
>100 female animals accepted the newly created ponds,
but again a relatively high concentration was used (7 mg/L).
Conversely, no effects of the active ingredient and the for-
mulation on site selection by Northern cricket frogs (Acris
crepitans) were found by Vonesh and Kraus (2009).
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The European newt species tested in our study appar-
ently did not perceive the tested concentrations or did not
mind them, but results from Gertzog et al. (2010) suggest
that terrestrial Eastern red-backed salamanders (Plethodon
cinereus) were able to detect a Roundup formulation as
well as two other herbicides sprayed on soil at approved
application rates.

It is possible that some amphibians can perceive con-
tamination due to the olfactory sense, which plays a main
role in the orientation and communication behavior of most
amphibians (Duellman and Trueb 1986). There is also
(indirect) evidence that Wood frogs (Lithobates sylvaticus)
use chemical cues from predators (fish) for site selection
(Hopey and Petranka 1994), which partly support the
above-mentioned explanation. Another explanation could
be that some species perceive contamination through their
permeable skin, so they must enter the water to assess its
quality. For example, it has been suggested that amphibians
can “taste” and examine water with their skin before
absorbing it (Smith et al. 2007).

Suitability of the Arena Approach

It may be taken into account that the studies by Takahashi
(2007), by Vonesh and Buck (2007), and by Vonesh and
Kraus (2009) not only used different contaminants but also
used relatively high concentrations (e.g., estimated after
direct applications on the water’s surface), whereas our
experimental design was based on relatively low but
environmentally and legally relevant concentrations. We
did not have a “clear” positive control—e.g., Roundup
concentrations >2.4 mg a.e./L, which were avoided by
treefrogs in Takahashi’s (2007) study—to demonstrate.
Such a positive control was not possible in our case due to
wild animal welfare rights in Germany; furthermore, they
may be far from realistic concentrations in most cases.
Furthermore, the absence of statistically supported
effects could simply be an artifact of the experimental
design. For instance, the animals could have been stressed
(artifact no. 1); the arenas could have been too small such
that animals did not perceive the four pools as distinct
water bodies (artifact no. 2); the sample size or scoring
procedures could have been inadequate (artifact no. 3);
Common frogs have relatively strong home site fidelity,
which could have influenced their selection (artifact no. 4);
and the used pools were too unnatural (artifact no. 5).
Calling activity in frogs and courtship behavior of newts
argue for lack of stress, so artifact no. 1 can be disregarded.
In addition, artifact no. 5 can disregarded because of our
arena approach; however, in a parallel experiment, frog
pairs were tested and only 2 of 50 females spawned (data
not shown). This could have several reasons, among others
(e.g., artifacts no. 4 and 5). Further arena approaches

should address artifacts no. 2 and 3, although it may be
noted that in terrestrial site—selection studies with different
vertebrates, animals were usually smaller or similar arenas
were used (e.g., Keen 1982; Smith et al. 2003). A larger
sample size (arenas, nights, and animals) may change the
results. This may be appreciated with the help of a power
analysis. In our study design (four different concentrations
in one replicate), a power analysis was impossible.

Because animals stayed longer on land than in the water,
a longer observation time during the night would be
desirable: Before 20:00 and after 1:00, no or nearly no
movement could be observed because all three species are
only active at night and are poikilothermic. In summary, it
seems necessary to validate the arena approach with further
experiments.

Perception and avoidance (shown by residence time) of
contaminated water bodies should be investigated by arena
approaches; however, to study other (relevant) behavior,
such as oviposition site selection, more sophisticated
designs are needed (at least for some species). The alterna-
tive to arena approaches would be mesocosm approaches,
field tests (as have already been performed with North
American species), or contamination of natal ponds. Con-
tamination of natal ponds would be unethical. Regarding
field tests, one could not rely on a sufficiently high sample
size for comparability, they are relatively work- and cost
intensive, and the performance is difficult in many cases.
Hence, mesocosm experiments with (semi)natural ponds,
more space, longer time, and more animals should be pre-
ferred. In conclusion, assessing the risk of environmental
contaminants on habitat selection of amphibians under
standardized conditions remains a difficult task.
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