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Glyphosate usage is increasing worldwide and the application schemes of this herbicide are currently
changing. Amphibians migrating through arable fields may be harmed by Glyphosate applied to field crops.
We investigated the population-based temporal coincidence of four amphibian species with Glyphosate
from 2006 to 2008. Depending on a) age- and species-specific main migration periods, b) crop species, c)
Glyphosate application mode for crops, and d) the presumed DT50 value (12 days or 47 days) of Glyphosate,
we calculated up to 100% coincidence with Glyphosate. The amphibians regularly co-occur with pre-sowing/
pre-emerging Glyphosate applications to maize in spring and with stubble management prior to crop
sowing in late summer and autumn. Siccation treatment in summer coincides only with early pond-leaving
juveniles. We suggest in-depth investigations of both acute and long-term effects of Glyphosate applications
on amphibian populations not only focussed on exposure during aquatic periods but also terrestrial life
stages.

T
he global decline of lowland amphibian populations around the world is clearly associated with habitat loss
and fragmentation due to both urbanisation of landscapes including increasing traffic and agricultural
expansion and intensification1–3. Agrochemical pollution, often interacting with other causes such as climate

change, UV-B radiation, diseases and alien species, is detrimental to amphibians4. For instance, impacts of
chemical fertilisers on amphibians in water bodies5 and on land6–8 have been well documented. Herbicide impacts
on amphibians have been even more thoroughly studied, in particular Glyphosate formulations9–11. Those
Glyphosate formulations containing the common surfactant POEA (polyethoxylated tallow amine) have been
shown to be considerably more toxic than the active ingredient (ai) Glyphosate alone9, in particular for aquatic
organisms. The effects of Glyphosate include osmotic instability, delayed or accelerated development, reduced
size at metamorphosis, malformations, stress, and death7,12. For terrestrial juvenile stages of Rana temporaria
(Linnaeus, 1758) severe toxic effects of direct overspray with several pesticides were documented under a ‘realistic
worst-case’ exposure scenario13.

Glyphosate formulations are the most common herbicides used worldwide, and also in Germany, covering a
wide range of crops and agronomic measures14–16. The application schemes of pesticides and particularly
Glyphosate are currently changing. The Glyphosate usage is continuously increasing for controlling not only
weeds but also the entire production process including reduced soil tillage and seed bed preparation, erosion
prevention, controlled ripening (siccation) and harvesting of crops, and stubble management16,17. Outside
Germany and the EU, Glyphosate application is closely linked to growing shares of genetically modified plants14.
Modified herbicide application schemes, however, may change the exposure risk to amphibian populations.
Furthermore, while adverse Glyphosate effects on the aquatic amphibian stages are well studied, less is known
about its effects and particularly its exposure on terrestrially active amphibians moving among breeding ponds
and terrestrial habitats during non-breeding periods of the year18.

Based on a field study from 2006 to 2008 on amphibian activity in a pond-rich agricultural landscape, we
quantitatively assessed the temporal exposure of amphibian populations to Glyphosate applied to arable fields,
documenting their migrations between terrestrial sites and breeding ponds. We selected those species covering a
wide range of different activity periods: fire-bellied toad (Bombina bombina (Linnaeus, 1761)), moor frog (Rana
arvalis (Nilsson, 1842)), spadefoot toad (Pelobates fuscus (Laurenti, 1768)) and crested newt (Triturus cristatus
(Laurenti, 1768)).
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Results
Glyphosate applications to crop species. Pre-sowing or pre-
emerging application of glyphosate in spring was used only with
maize, and siccation for harvest preparation only with winter
barley. For seed bed preparation in late summer and autumn prior
to crop sowing, Glyphosate was applied on the stubbles to all six
crops but not to every field. Stubble application was done on about
20% of the fields in 2006 and , 10% in 2007 (Table 1). Glyphosate
application on stubble fields depends on the type of previous crop
and its applicability for reduced soil tillage. Of all stubble fields
treated with Glyphosate, 45% were winter rape and 30% winter rye
(data not shown). Stubble fields regularly treated in late summer or
autumn were usually followed by winter crops (barley, wheat, rye and
triticale). The Glyphosate application frequency to crops varied
between years. While in late summer and autumn 2006 at least
40% of the fields were treated prior to sowing winter barley,
triticale and maize, in 2007 less than 25% or even no application
took place.

Overall coincidence of Glyphosate with amphibian populations.
Coincidences of amphibian populations with Glyphosate treatment
of crops ranged from zero to 100% (Table 2). For pre-sowing/pre-
emerging application in spring and stubble management in late
summer and autumn prior to crop sowing, we found coincidences
with amphibian populations for almost all fields treated. For
siccation with winter barley in summer, seven out of 12 treated
fields coincided with amphibians.

Amphibian species- and crop-specific coincidence with Glypho-
sate. The amphibian species as well as adult and/or juvenile amp-
hibians, respectively, showed various migration periods (Figure 1),
leading to a highly diverse picture of coincidence with Glyphosate
(Table 2). The application of glyphosate as a pre-emerging
application to maize in May 2008 coincided only with B. bombina
adults, whereas the application in March 2007 coincided with all four
species. Siccation during summer did not coincide with T. cristatus
but did with the other three species. Stubble management in late
summer and autumn prior to crop sowing coincided with juveniles
of all four species and the adults of only T. cristatus and B. bombina,
while the adults of P. fuscus and R. arvalis did not leave ponds at that
time. Depending on the date of Glyphosate application prior to crop
sowing, the level of coincidence differed between species. For
instance, only 3.4% of the T. cristatus juveniles leaving ponds in
summer and autumn 2006 coincided with stubble management
prior to winter rape, compared to 39.3% of the population with
winter wheat (12-day DT50, specifying the half-life of Glyphosate
in soils). Specifically for stubble management in 2006 and for
amphibians migrating from ponds we tested for species diffe-
rences. The coincidence levels decreased in the following order: B.
bombina (juveniles) . T. cristatus (juveniles) . R. arvalis (juveniles)
. T. cristatus (adults) . P. fuscus (juveniles)(12-day DT50, Kruskal-
Wallis-Test; p , 0.01).

Effect of DT50-values. The proportions of populations coinciding
with Glyphosate application to crops differed considerably depend-
ing on which of the two DT50-values was used (Table 2). Both the
average and maximum coincidences per field increased with the
47-day DT50, in some cases attaining 100% of the population. More-
over, coincidences occurred where none were present with the 12-
day DT50. The latter was particularly true for siccation of winter
barley in 2006 and 2007. The number of fields treated and coin-
ciding with amphibians also increased with the 47-day DT50. For
instance, stubble management with Glyphosate prior to winter rye
sowing applied on six fields in 2006 completely coincided with T.
cristatus juveniles using the 47-day DT50 but involved only three
fields with the 12-day DT50. The Kruskal-Wallis-Test for species
differences for the 47-day DT50 for stubble management in 2006
revealed a modified ranking of the coincidence levels: T. cristatus
(juveniles) . T. cristatus (adults) . B. bombina (juveniles) . R.
arvalis (juveniles) . P. fuscus (juveniles)(p , 0.001).

Discussion
Our results provide the first assessment of the potential temporal
coincidences of amphibians on fields with Glyphosate application to
crops. We used a standard daily migration distance of 100 m. The
real daily migration distances of individuals, however, are species-
and age-specific, and also depend on surface roughness and the
morphology, the fitness of individuals and their behavioural pat-
terns, for instance to directly migrate through field plots or to rest
in cultivated and noncultivated sites during foraging6. Our results are
based on the assumption that amphibians had to cross treated field
plots during their migration to and from breeding ponds or during
direct movements between them. We did not consider field sojourns
in crops around ponds for more or less stationary foraging. The
average distance from pond to next non arable land in the investiga-
tion area was estimated to be 300 m. This is in line with results from
the north-eastern plain of Germany, but it may differ between dif-
ferent landscapes19.

The temporal coincidences were high but depended on crop spe-
cies, herbicide management measures, amphibian species and age,
and the DT50 values assumed. Most Glyphosate applications coin-
cided with amphibian terrestrial activity. We identified particularly
high coincidences with a wide range of species during stubble man-
agement/seed bed preparation in late summer and autumn. This is
the predominant application mode of Glyphosate in Germany and is
designed to reduce soil tillage of crops following winter rape and
winter cereals17. In situ DT 50 values of Glyphosate may vary
depending on specific soil type and/or weather conditions. The
two DT 50 values we applied were used to cover varying conditions
within a range of different environments.

Amphibian species and age classes have different activity periods
(Figure 1) and, depending on the timing of Glyphosate application,
its effects will vary. In general, early Glyphosate applications (pre-
sowing) in early spring coincide with adults of all species investi-
gated. Later spring applications (pre-emerging) are likely to coincide
with later active adults of P. fuscus and B. bombina. In summer the

Table 1 | Analysed fields and proportion of fields treated with Glyphosate with respect to application types

Application type

N of investigated fields/proportion of treated fields (%) per crop

all crops maize triticale winter barley winter rape winter rye winter wheat

pre-sowing/pre-emerging application in spring 106/0.9 19/5.3 9/0 12/0 19/0 34/0 13/0
108/1.9 18/11.1 7/0 15/0 28/0 24/0 16/0

siccation in summer 89/2.2 5/0 7/0 5/40 28/0 23/0 21/0
106/6.6 19/0 9/0 12/58.3 19/0 34/0 13/0

stubble management in late summer/autumn prior to crop 89/21.3 5/80.0 7/42.9 5/60.0 28/7.1 23/26.1 21/4.8
106/7.5 19/0 9/0 12/25.0 19/0 34/14.7 13/0
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adults of early species leaving ponds such as P. fuscus do not coincide
with summer Glyphosate applications during their field passage.
Adults of species leaving ponds late and juveniles in general coincide
more often; depending on the time of application, considerable
population proportions may be affected. Late Glyphosate applica-
tions from October onwards were only relevant to T. cristatus indi-
cating the need of species specific knowledge and approaches in
conservation.

Agriculture is continuously changing17. Along with new technolo-
gies, for instance no till and reduced soil cultivation, there are mar-
ket-driven changes in crop shares such as for the renewable energy
plants maize and winter rape, which have significantly increased in
Germany and the EU. In Germany the area stocked with maize
increased by 47% from 1.74 million ha in 2006 to 2.57 million ha
in 201220. This in turn contributed to modified Glyphosate applica-
tion schemes and rates of farms in general. This is in line with a nearly
50% increase in its consumption in Germany from 2000 to 2010, with
an increasing share of ai Glyphosate compared to other herbicide
substances used from 19.7 to 30.3%21. In pond-rich agricultural land-
scapes these processes increase the exposure probability of amphi-
bians. They are also likely to lead to a shift from late summer/autumn
coincidences to higher spring coincidences. While in summer/late
autumn mostly juveniles of all species and adults of late pond-leaving
species are affected, the coincidence shift to spring may impact adults
migrating across fields towards breeding ponds. Depending on the
eco-toxicological impact of Glyphosate on these terrestrial stages the
viability of reproductive individuals could decrease22, potentially
affecting overall population viability.

The modified herbicide technology also entails other side effects.
For instance, until post-emergent Glyphosate spraying, more bio-
mass is available as shelter and food for amphibians23. After spraying,
however, biomass drops compared to selective herbicide application.
Furthermore, spraying is usually done before weed seed develop-
ment24, reducing both the weed seed bank and potential feeding

organisms in the long term. This can impact the food chain, includ-
ing arthropod food for amphibians25. Finally, the overall Glyphosate
exposure also depends on the proportion of each crop species grown,
the crop- and growing stage-specific interception for water and pes-
ticides26, the species-specific behaviour during resting and walking,
and the type of surfactant used9. The latter factors were not part of
our study. Environmental risk assessments (ERA) of herbicides to
amphibians do not yet take into account their terrestrial exposure10.
Recent eco-toxicological experiments on herbicide impacts on ter-
restrial amphibians18 as well as our results suggest that terrestrial
amphibian life stages should be regularly assessed during the ERA.
This would help reduce the amphibian population decline driven by
agriculture.

There are still many knowledge gaps related to the ERA of amphi-
bians. We recommend further research on the following issues: a)
The real exposure of amphibian individuals depends on the specific
landscape situation. In specific locations untreated plots could be
preferred for migration which could reduce population exposure.
What are the minimum requirements for the proportion and dis-
tribution of these features in intensively used and pond rich arable
landscapes to keep the exposure below critical values? b) There are
yet no findings on the toxicity of Glyphosate to terrestrial stages of
amphibians under field conditions. We recommend experiments
comparing amphibians’ health status on treated and untreated plots.
c) Our study dealt with amphibians migrating from and to ponds.
Both the foraging duration and numbers of amphibians in crop
fields may be higher. Hence, stubble applications during summer
may coincide with much higher proportions of amphibian popula-
tions than assumed for the migration. Furthermore, there is yet little
evidence on preferred crops for foraging. d) Glyphosate is an herbi-
cide which is part of a complex weed controlling strategy. The extent
of Glyphosate used can vary depending on the application schemes
of other herbicides. This may entail different eco-toxicological
effects.

Figure 1 | Migration periods of amphibians, N of captures investigated and corresponding periods of Glyphosate application (from February to
November).
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Methods
To quantify the proportion of amphibian populations coinciding with Glyphosate
application, we investigated amphibian activity using fence trapping. We installed 49
drift fences consisting of 26 open, 10-m-long cross-shaped fences and 23 enclosures.
The cross-shaped fences were regularly distributed in a 400 3 400 m grid to record
amphibian migration activity in fields. They were located between tramlines of field
machinery. Enclosures encircled biotopes (wood lots, small water bodies) located at
the field edge or completely within fields. The investigation area is shown in Figure S1
(supplementary information). Depending on the migration direction either inner or
outer traps were analysed. The individuals we caught were registered and released in
10–15 meters at the opposite site of the fence. We determined the species’ main
migration periods to and from ponds, analysed the total and daily active number of
captures, and calculated relative daily activity values of the population6. Our core
study area encompassed 700 ha in a pond-rich arable landscape in the north-eastern
plain of Germany, 50 km east of Berlin, with arable fields covering 85% of the area.
Using an extended area of 2850 ha belonging to the surrounding seven farms, tot-
alling up to 108 fields, we gained sufficient data on Glyphosate applications per single
field and crop as recorded in work documentaries. Based on individual amphibian
observations and literature studies, we assumed an average daily migration distance of
100 m per day, not distinguishing between species and age, and calculated three days
for amphibians to cross the average field edge-to-pond distance of 300 m in our study
area6. We investigated the migration of adults from and into ponds from 2006 to 2008.
Juveniles were studied in 2006 and only partly in 2007 because of reduced repro-
duction. The number of captures per investigated period ranged from 44 to 59,366
(Figure 1).

The half-life of Glyphosate in soils (DT50) ranges from 2 to 197 days, with a typical
field half-life of 47 days22, whereas that of the POEA surfactant (Monsanto’s MON
0818) has been conservatively estimated at 21–41 days10. The European Pesticide
Properties DataBase27 used by German Authorities provides DT50-values under field
conditions ranging from 5–21 days and recommends 12 days as an average value. We
therefore applied two DT50 (12 and 47 days) to determine the potential Glyphosate
exposure of amphibians. Thus, amphibians migrating over a field during three days
prior to and 12 resp. 47 days after application were assumed to temporally coincide
with a single Glyphosate application. The proportions of the coinciding populations
were calculated by summarising relative daily amphibian activities during these
periods. We applied the non-parametric Kruskal-Wallis-Test for species differences
in coincidence levels.

The investigations described here were approved by the Ministry of Environment,
Health and Consumer Protection, State of Brandenburg, Germany.
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