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Abstract  Pollution from agrochemicals may be contrib-
uting to the global decline of amphibian populations.
Environmentally relevant concentrations of a fertiliser,
ammonium nitrate, and a commercial formulation of the
herbicide glyphosate Roundup Plus were tested on the
embryonic development of Chioglossa lusitanica. This
study introduces new data at three different levels. First, we
provide previously unknown information about hatchling
traits of C. lusitanica. Second, we present the first eco-
toxicological study of this endangered species, to which
environmental pollution is considered a major threat.
Third, we conduct the first experiment with an amphibian
species exposed to a mixture of a glyphosate-based herbi-
cide and a nitrogenous fertiliser. Control individuals hat-
ched with an average (£SD) total length of 18.77 (%2.02)
mm and at an average Harrison’s developmental stage of
44.58 (+1.24). Mean hatching time among controls was
11.52 (£1.29) weeks. None of the chemicals or their
interaction produced lethal effects; however, a significant
interaction was found when analysing total length at
hatching. Individuals exposed to the herbicide hatched at a
larger size than controls, and this effect was especially
clear when the fertiliser was added to the water. The
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absence of pollutant-related mortality or severe sublethal
effects is in agreement with most studies indicating a high
tolerance of amphibian embryos to agrochemicals. How-
ever, further research considering other life stages and
additional natural factors (i.e., predators, food availability)
is needed to estimate the ecological impact of chemical
mixtures on C. lusitanica.

Agricultural chemicals, acting singly or in combination
with other stressors, are receiving increasing attention as a
potential cause of amphibian declines (Mann et al. 2009).
Many studies support the idea that mixtures of chemical
substances originating from agricultural activities may
negatively affect amphibian populations, with combina-
tions of factors often having interactive effects not pre-
dicted from single-factor studies (e.g., Relyea and Mills
2001; Blaustein et al. 2003; Boone and James 2003; Boone
et al. 2005, 2007; Johnson et al. 2006). For instance, Relyea
(2009) analysed the effects of 5 herbicides and 5 pesticides,
either alone or in combination, on Rana pipiens and Hyla
versicolor tadpoles. He found that the toxicity associated
with the insecticides was greater than that associated with
the herbicides. Only two compounds, both insecticides,
decreased R. pipiens larval survival when applied alone:
endosulfan (16% of survival) and diazinon (76%). How-
ever, a mixture of all 5 insecticides and a mixture of all 10
pesticides eliminated almost 100% of tadpoles. Interest-
ingly, no effects on H. versicolor were detected and, as a
result, tadpoles of this species grew nearly twice as large
due to decreased competition with R. pipiens.

Likewise, deleterious consequences of nitrogenous fer-
tilizers have been noted in response to their combination
with other environmental factors, such as pesticides (Boone
et al. 2005), UV-B radiation (Hatch and Blaustein 2000,
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2003; Macias et al. 2007), or low pH (Hatch and Blaustein
2000). In addition, Egea-Serrano et al. (2009) demonstrated
that the exposure of amphibian larvae to combinations of
different nitrogenous compounds affected larval survival
and food consumption more severely than did exposure to
single compounds.

Analysis of the sensitivity of amphibians to cocktails of
agricultural chemicals, such as pesticides, herbicides, or
synthetic fertilisers, is relevant from an ecologic perspec-
tive. Agricultural runoff may simultaneously transport
different substances from crop fields to adjacent ponds
where many amphibian species breed and develop. For
example, the common herbicide atrazine is generally
applied to crop fields at the same time as nitrogen-based
fertilisers (Eisler 1989). Therefore, both kinds of pollutants
may appear in the field at the same time and affect
amphibian aquatic stages to a greater degree than when
occurring alone (Sullivan and Spence 2003; Orton et al.
2006).

Another widely used herbicide is glyphosate, which is
used to control and remove weeds from all kind of crops
(Giesy et al. 2000). This compound is applied in many
different forms, corresponding to its diverse commercial
formulations. The most used glyphosate formulation is
Roundup (Monsanto, Saint Louis, MO), which is presented
as an aqueous solution of glyphosate isopropylamine salt
with the surfactant polyoxyethylene tallowamine (POEA).
POEA is added to the formulation to facilitate penetration
through the plant cuticle. Although glyphosate is presented
as a benign herbicide because it targets vegetal tissues, the
toxicity of POEA on aquatic fauna challenges this reputa-
tion for most glyphosate formulations to which POEA is
added (Giesy et al. 2000). In fact, several studies conducted
to assess the effects of Roundup on amphibians have
demonstrated that the toxicity of the formulation comes
mainly from POEA (Mann and Bidwell 1999), and that
other glyphosate formulations that do not include POEA as
a surfactant are less toxic to these animals (Howe et al.
2004).

Because Roundup is primarily registered for terrestrial
application (e.g., in countries such as Spain, where aquatic
use is approved, it is restricted to irrigation ditches), the
assessment of its real impact on aquatic environments has
generated some controversy. Thompson et al. (2006)
questioned the environmental relevance of the experiment
conducted by Relyea (2005a) to analyze the effects of
Roundup on aquatic communities. They argued that the
kind of application of Roundup used in that experiment,
i.e., applied directly and uniformly to water surfaces, rep-
resented an illegal or unlikely scenario. Thompson et al.
(2006) suggested that given that Roundup is not intended
for direct application to surface waters, the concentration
of glyphosate reported by Relyea (2005a) as lethal to

amphibians (i.e., 3.1 mg/L glyphosate acid equivalents
[a.e.]) would not be consistent with what these animals are
exposed to in an ecologically realistic scenario. In his reply
to Thompson et al. (2006), Relyea (2006) made some
arguments for examining Roundup’s effects in aquatic
systems after direct application of the herbicide to surface
waters; for example, he used the own words of Thompson
et al. (2004) who had pointed out that small wetlands
where many amphibians breed are difficult to avoid during
aerial application of herbicides as well as the fact that there
are no requirements to protect those small wetlands with
no-spray buffer zones. Giesy et al. (2000) reported gly-
phosate concentrations in surface waters B 1.7 mg a.e./L,
and Relyea (2006) also reviewed a number of studies that
estimated worst-case scenario concentrations in aquatic
environments of 7.6 mg a.e./L (e.g., Mann and Bidwell
1999).

Ammonium nitrate is another widely used agricultural
chemical, and its application on crop fields has increased in
parallel with the use of inorganic nitrogenous fertilisers
(Vitousek et al. 1997). Ammonium nitrate is known to have
a wide variety of negative effects on amphibians, from
lethal effects on embryos, larvae, and terrestrial stages, to
decreased growth, delayed development, abnormalities,
and behavioural alterations (e.g., Watt and Oldham 1995;
Oldham et al. 1997; Schuytema and Nebeker 1999; Ortiz
et al. 2004).

The aim of this study was to analyse the combined
effects of ammonium nitrate and the glyphosate formula-
tion Roundup Plus (36% glyphosate and 8.5% POEA;
Monsanto Europe, Antwerp, Belgium) on gold-striped
salamander (Chioglossa lusitanica) embryos. C. lusitanica
is an endemic salamander from the Northwestern Iberian
Peninsula (Vences 2009). Because of the scarcity of known
breeding locations, little is known about this species’
reproductive biology. In particular, to date, nothing is
known about certain life history traits, such as size or stage
at hatching. Therefore, the experimental incubation of
nonexposed embryos used as controls will provide new
data on the reproductive biology of the species. The species
is characterised as “vulnerable” in the IUCN red list of
threatened species (Arntzen et al. 2009) and, although
agrochemical pollution of the streams where it lives is one
of its major threats (Arntzen et al. 2009), we are unaware of
the existence of information regarding the species’ sensi-
tivity to any specific contaminant. Glyphosate has been
used for the removal of invasive plants from the Peneda-
Géres National Park (Northern Portugal) (Fontes 2008),
where some of the populations in better status of conser-
vation are found. In addition, the area is covered by
eucalyptus (Eucalyptus globulus) crops, which are usually
fertilised with diverse forms of inorganic nitrogen (e.g.,
Carneiro et al. 2008).






Materials and Methods

All of the animals used in the present study were cared for
in accordance with the European Council Directive 86/609/
EEC of November 24, 1986, on the approximation of laws,
regulations, and administrative provisions of the European
Union Member States regarding the protection of animals
used for experimental and other scientific purposes. The
Instituto da Conservacdo da Natureza of Portugal provided
the permission to collect the animals.

In October 2004, we collected 200 C. lusitanica eggs
from an abandoned mine in Valongo (northwest Portugal)
(41°10°N, 8°29'W). The conditions inside the mine are
total darkness, humidity [90%, and a constant temperature
of 14°C throughout the year (see Sequeira et al. 2003 for
details). At the time of collection, the eggs were attached to
the walls, between 5 and 20 cm above the water surface,
and their developmental stages were Harrison’s 8 to 10
(Harrison 1969). To collect eggs from different female
animals, eggs were collected from five different points
along the mine. We did not take water samples for chem-
ical analyses but, according to the developmental stage of
the embryos, we estimated that they had been laid within
the last 72 hours, and thereby no potential selection of
tolerant individuals could be expected. The eggs were
transported to the laboratory, where the experimental
incubation began 24 hours after collection.

On arrival at the laboratory, we randomly selected 180
eggs, which were submerged in 36 containers (5 eggs/
container) with 50 mL water filtered with active carbon.
Experimental conditions were set up to simulate the inte-
rior of the mines where eggs came from, namely, a constant
water temperature of 14°C and permanent darkness. With
this purpose, the containers were introduced, but not sub-
merged, into a bath of 15 L water maintained at 14°C with
a Selecta 285 W refrigerator (J. P. Selecta SA, Abrera,
Spain). The water temperature of the containers was
checked periodically and did not vary more than 0.5°C
from the temperature in the bath. To provide darkness, the
entire experimental installation was maintained in a totally
dark enclosure, which was only opened to check the ani-
mals and change the water in the containers.

Each container was randomly assigned to an initial con-
centration of ammonium nitrate (0, 22.6, and 90.3 mg
N-NO3;NH,/L) and of Roundup Plus (0, 2.8, and 5.6 mg/L
[corresponding to O, 1, and 2 mg glyphosate/L and 0, 0.24,
and 0.47 mg POEA/L]). Ammonium nitrate experimental
concentrations were consistent with those measured in
wetlands where amphibians breed (e.g., Egea-Serrano et al.
2009). Likewise, as discussed previously, glyphosate
experimental concentrations would be within the expected
range in aquatic environments (Giesy et al. 2000). We chose

those concentrations because they represented, for both
chemicals and according to previous studies, a lethal and a
sublethal level for amphibian aquatic stages (e.g., Mann and
Bidwell 1999; Ortiz et al. 2004; Relyea 2005a, b; Ortiz-
Santaliestra et al. 2006). Initial concentrations of ammonium
nitrate were obtained after pipetting the corresponding
volume of a stock solution prepared with 99% pure ammo-
nium nitrate salt (Merck, Darmstaad, Germany). The initial
concentrations of Roundup Plus were obtained by pipetting
directly from the commercial product. Each combination of
treatments (ammonium nitrate © Roundup Plus) was repli-
cated four times. The water of every container was changed
and the initial levels of both substances were reset weekly.

The experiment began when eggs were at Harrison stage
12 and finished after 15 weeks, when all the individuals
had either hatched or died. Mortality rates were calculated
weekly, and individuals were staged according to the sys-
tem detailed in Table 1. We checked the experiment
weekly to avoid excessive exposure of embryos to the light
because they are accustomed to developing in conditions of
total darkness. The reason why we decreased the number of
developmental stages from the 46 considered by Harrison
(1969) to the 11 considered for the present study was to
adapt the staging system to the low checking frequency. As
explained later in the text, the average duration of each
developmental stage was approximately 1 week, which
made our staging system suitable for this low staging fre-
quency. At hatching, individuals were measured (total
length snout to tail tip) with a digital calliper to the nearest
0.01 mm. In addition, we recorded hatching time and
Harrison developmental stage at hatching.

To analyse the effects of ammonium nitrate and
Roundup Plus on embryonic survival, we conducted a two-
way repeated measures analysis of variance (RM ANOVA)
with the increase in mortality rate (arcsin of square root
transformed) over time as the dependent variable. To
analyse the effects of the pollutants on embryonic devel-
opment, we used another RM ANOVA with the sequence
of mean times (log transformed) necessary to reach each
developmental stage as the dependent variable. The influ-
ence of both chemicals on hatching time was tested with a
two-way ANOVA using the mean hatching time (log
transformed) as the dependent variable. Finally, the length
and developmental stage of the hatchlings were log trans-
formed and analysed using two-way analysis of covariance
(ANCOVA) with transformed hatching time as covariate.
Mean values per container were considered for dependent
variables in all statistical analyses. SPSS 17.0 for Windows
(SPSS, Chicago, IL) was used for statistical analyses.
Posthoc statistical power was calculated for each test using
the application GPower 3.1 (Franz Faul, Universitat Kiel,
Germany) (Faul et al. 2009).



Table 1 Relation between

developmental stages used in This study

Harrison (1969)

Description

the present study and those of
Harrison (1969)

13-15
16-19
20-21
22-25
26-28
29-31
32-34
35-36
37-40
41-43
44-46
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Neural crest formation

Development of neural folds

Neural tube formation

Head differentiation

Elongation of the body, tail bud present
Tail bud differentiated, nasal orifices opened
Heart development

Development of branchial nodes

Fore limbs present

Hind limbs present

Finger differentiation

Results

Statistical power was [ 0.8 for all tests. At the end of the
experiment, the mortality rate of controls was 11.3%,
whereas embryos exposed to the highest concentrations of
ammonium nitrate and Roundup Plus showed mortality
rates of 62.5% and 31.3%, respectively (Fig. 1). However,
as showed by the RM ANOVA, neither this pollutant-
related decrease in survival, nor the interaction between
chemicals, was statistically significant (Table 2).
Embryonic developmental rate was similar across
treatments (Fig. 2) and was not significantly affected by
ammonium nitrate, Roundup Plus, or their combined action
(Table 2). The weekly developmental rate (mean number
of stages of development advanced/week) per treatment
varied from 0.91 to 1.02 and also was not influenced by the
chemical treatments (p [ 0.05). These values, indicating
that embryos developed at an approximate rate of one stage
per week, suggest a low risk of artificially increasing or
decreasing differences among treatments in developmental
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Fig. 1 Mortality rates (?SE) of C. lusitanica embryos exposed to
different concentrations of ammonium nitrate (mg N/L) and Roundup
Plus

rates. If the variability of developmental stages per week
had been too high, checking containers once per week
would have been insufficient to accurately estimate
developmental rates.

Control individuals hatched with an average (£SD) total
length of 18.77 (%£2.02) mm (range 13.15 to 20.40) and at
an average developmental stage of 44.58 (£1.24) (range 42
to 46; Harrison [1969]).Mean hatching time among con-
trols was 11.52 (+1.29) weeks (range 9 to 13). These data
were calculated from a sample of 17 individuals and con-
stitute, to the best of our knowledge, the first published
information on the hatching traits of C. lusitanica.

Exposure to ammonium nitrate did not affect the
hatching time, length, or stage (Table 3). Roundup Plus,
however, produced a positive effect on total length at
hatching that was also influenced by the interaction
between the herbicide and the fertiliser (Table 3). The
animals exposed to Roundup Plus were larger than controls
at hatching, and this difference was especially clear in
those exposed to the ammonium nitrate treatments (Fig. 3).
Roundup Plus, or its interaction with ammonium nitrate,
did not have any effect on hatching time or developmental
stage (Fig. 3).

Discussion

The results of the present ecotoxicologic study provide
novel information on the biology of C. lusitanica, an
endangered species (Arntzen et al. 2009), by reporting
previously unknown data on its hatching traits (length, time,
and developmental stage). Only a summarised description
of larval morphology at hatching has been provided by
Vences (2009). According to the few field studies on the
species’ breeding phenology in Northern Portugal, earlier
clutches have been found in August, with hatched larvae in
October, although later clutches have been found in
December, with hatched larvae in January (Arntzen 1981,



Table 2 Results of RM ANOVA of the effects of NO3;NH, and Roundup on mortality and development rates of C. lusitanica embryos

Variable Source of variation Sum of squares df F p
Mortality (within subjects) Time 4.9368 1 45,579 \0.001
Time 9 NO;3;NH, 0.0420 2 0.194 0.825
Time 9 Roundup 0.0500 2 0.231 0.796
Time 9 NO3;NH, 9 Roundup 0.1721 4 0.397 0.809
Error 2.9244 27
Mortality (between subjects) NO;NH, 9.2594 2 2.280 0.122
Roundup 1.2933 2 0.318 0.730
NO;NH, 9 Roundup 8.2788 1.109 0.415
Error 54.8184 27
Development (within subjects) Time 46.5801 9447.323 \0.001
Time 9 NO3;NH, 0.0036 0.364 0.698
Time 9 Roundup 0.0003 0.029 0.971
Time 9 NO3;NH, 9 Roundup 0.0210 1.065 0.395
Error 0.1233 25
Development (between subjects) NO;NH, 0.0094 0.679 0.516
Roundup 0.0193 1.395 0.267
NO;NH, 9 Roundup 0.0381 1.375 0.271
Error 0.1731 25
12 T of inorganic nitrogenous compounds on urodele embryos is
: : Cay a common finding in the few studies dealing with this
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Fig. 2 Mean time (?SE) spent by C. lusitanica embryos exposed to
different concentrations of ammonium nitrate (mg N/L) or Roundup
Plus to reach every developmental stage as defined in Table 1. To
simplify, only data from controls and single-chemical exposures are
shown

Vences 1990; Sequeira et al. 2003). The mean hatching time
reported in the present study (11.52 weeks) would be in
agreement with the estimations corresponding to late sum-
mer/early autumn clutches, as might be expected from the
fact that we collected the eggs in October.

Neither ammonium nitrate nor Roundup Plus showed
significant lethal effects on C. lusitanica embryos, although
exposure to the fertiliser decreased survival in a rather
indicative manner. The absence of significant lethal effects

maculatum and A. jeffersonianum among different nitrate
concentrations ranging from 0 to 9.03 mg N-NO;7/L, and
Meredith and Whiteman (2008) did not find significant
mortality at 500 mg N-NO; /L for A. mexicanum. Griffis-
Kyle (2007) reported that the proportion of A. tigrinum
eggs that hatched after being exposed to nitrite concen-
trations between 0 and 6.1 mg N-NO,/L was always
I 86%. Finally, ammonium nitrate at the same concen-
trations as used in the present study did not cause signifi-
cant mortality in Triturus pygmaeus (Ortiz-Santaliestra
et al. 2007) or Lissotriton boscai embryos (Ortiz-Santali-
estra, 2010, unpublished data).

Our results regarding the absence of lethal effects of
Roundup Plus contrast with most of the studies exposing
amphibians to glyphosate formulations. However, many of
these studies used tadpoles instead of embryos as target
organisms (e.g., Mann and Bidwell 1999; Relyea 2005b,
2009; Relyea and Jones 2009). However, in agreement with
our results, amphibian embryos have been found to be
much more resistant than tadpoles to glyphosate-related
mortality. For example, Edginton et al. (2004) observed
that Bufo americanus, R. clamitans, X. laevis and R. pipiens
tadpoles were, respectively, 1.5, 3.8, 6.8, and 8.9 times
more sensitive to the herbicide than their corresponding
embryos. A possible reason why embryos could be that



Table 3 Results of statistical tests to analyse the effects of NO3NH,
and Roundup on hatching time, length at hatching, and developmental
stage at hatching of C. lusitanica

Variable Source of variation Sum of df F p
squares
Time*  NO;NH, 0.0058 2 1073 0.357
Roundup 0.0067 2 1244 0.305
NO;NH, © Roundup 0.0176 1.622 0.200
Error 0.0676 25 0.003
Length® Hatching time® 0.0096 1 22.005 \0.001
NO;NH, 0.0003 2 0419 0.663
Roundup 0.0033 2 3754 0.038
Hatching 0.0001 2 0117 0.890
time® 9 NO;NH,
Hatching 0.0001 2 0.108 0.898
time® 9 Roundup
NO;NH, © Roundup 0.0073 4 4190 0.010
Error 0.0104 24
Stage®  Hatching time® 0.0078 1 35.770 \0.001
NO;NH, 0.0003 2 0640 0.536
Roundup 0.0005 2 1244 0.306
Hatching 0.0001 2 0199 0.821
time® 9 NO3NH,
Hatching 0.0002 2 0455 0.641
time® 9 Roundup
NO;NH, © Roundup 0.0017 4 1919 0.140
Error 0.0052 24

# Test used: two-way ANOVA
P Test used: two-way ANCOVA
¢ Variable used as covariate

tolerant would be the protection provided by the gelatinous
envelope, as has been demonstrated for some pollutants
(e.g., Edginton et al. 2007). However, the jelly coat has
been found to be ineffective against some other chemicals
(e.g., Bridges 2000) and, given the chemical properties of
glyphosate and POEA, this jelly coat does not seem likely
to prevent diffusion toward the egg.

Another possible explanation for the high embryonic
resistance would be the absence of specific tissues or
organs potentially sensitive to the herbicide’s toxic effects.
Those target tissues are unknown in amphibians, but it has
been shown in fish that the surfactants that are added to the
glyphosate commercial formulations cause cellular lysis in
the branchial epithelium (Partearroyo et al. 1991).Hatch-
ling C. lusitanica still present their gills in an incipient
developmental status (Vences 2009).Thus, this target tissue
would not be present during most of the embryonic life,
perhaps decreasing the potential toxicity of POEA and
other surfactants on embryos.

With regard to sublethal responses, the absence of effects
of ammonium nitrate on length at hatching and embryonic
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Fig. 3 Mean (?SE) values for hatching length, time, and develop-

mental stage of C. lusitanica embryos exposed to different concen-
trations of ammonium nitrate (mg N/L) and Roundup Plus. For
developmental stage explanation, see Table 1

development is more surprising than the results regarding
mortality. In the only published article of which we are aware
that analyses the effects of ammonium nitrate on urodele
embryos, Ortiz-Santaliestra et al. (2007) reported lower
length and developmental stage at hatching in T. pygmaeus
exposed to 90.3 mg N-NO3NH,/L compared with controls.
Likewise, in a recent study, we found the same effects when
exposing L. boscai to the same ammonium nitrate level
(Ortiz-Santaliestra, 2010, unpublished data). Other studies
analysing the effects of nitrogenous compounds on the
embryonic development of urodeles are coincident in
pointing at the sublethal depression of growth and develop-
ment (Griffis-Kyle 2007; Meredith and Whiteman 2008).
The most relevant effect of the exposure to the agro-
chemicals used in the present study was the increase of the
total length at hatching of individuals exposed to Roundup
Plus, either alone or in combination with ammonium
nitrate. In the literature, we have not found any report of
such an effect caused by a pollutant on amphibian
embryos, with the exception of those cases in which larger
hatchlings occur as an indirect consequence of a longer
embryonic development. Only exposure to certain preda-
tors has been shown to induce morphologic variations
during embryonic development. For example, Laurila et al.



(2002) observed that when embryos were incubated in the
presence of leeches, hatchlings had flatter tails than those
incubated without predatory risk signals. Laurila et al.
(2001) also observed that 2-day-old R. temporaria larvae
also exhibited morphologic variations induced by the
presence of aquatic beetles. Nevertheless, these predator-
induced morphologies are not usually accompanied by an
increase in body size, and nothing is known about the
possibility that contaminants may cause similar effects on
embryos and hatchlings. Positive effects of herbicides or
nitrogenous fertilizers on amphibian length have been
reported for tadpoles and metamorphs (e.g., Xu and Old-
ham 1997; Ortiz et al. 2004; Relyea 2009). However, those
studies performed with tadpoles were logically influenced
by factors, such as the effects of the chemicals on the
availability of food, which have no influence on embryonic
development.

Embryonic growth depends on water absorption, avail-
ability of vitelline reserves (Crump and Kaplan 1979), and
concentration of dissolved oxygen (Seymour and Bradford
1987). Because of the experimental design, with a random
distribution of the eggs across the different containers, it is
unlikely that the vitelline energetic reserves would have
constituted a source of variation among treatments.

Water absorption by the egg is conditioned by the struc-
tural characteristics of the gelatinous envelope as well as by
the osmatic balance between the inner and outer spaces of the
egg. Likewise, oxygen diffusion toward the egg relies on a
gradient of partial pressures (Mitchell and Seymour 2003).
This gradient basically depends on three properties of the
jelly coat (Seymour 1995): shape, thickness, and perme-
ability. We did not observe any effect of Roundup Plus on
visible morphology, either in shape or thickness, of the
embryonic envelopes. In contrast, the gelatinous envelope
that protects amphibian eggs is highly permeable to the
diffusion of hydrophilic substances because of its composi-
tion of glycoproteins, mucoproteins, carbohydrates, and
mucopolysaccharides (Salthe 1963). Both glyphosate and
POEA are highly hydrophilic and thereby have potential to
diffuse through the gelatinous layer and alter its structure,
analogous to what they present when acting on vegetal
envelopes (Hess and Foy 2000). This alteration would
modify the permeability of the jelly coat, thus allowing a
higher influx of water and oxygen toward the inner space of
the egg; this could ultimately favour embryonic growth. The
effects of Roundup on embryonic envelopes should be
investigated to elucidate the potential reasons why the
exposure to the herbicide increased hatchling length.

The ecologic consequences of a larger hatching size, such
as that showed by individuals exposed to Roundup Plus, are
not clear. Under certain circumstances, a larger size may
contribute to increased probability of survival (e.g., Résénen
et al. 2005). In contrast, a higher vulnerability to predation

by larger tadpoles has been shown (e.g., Warkentin 1999).
Further research should be conducted to determine how this
potential effect of Roundup Plus on the embryonic growth of
C. lusitanica plays out among individuals in their natural
environments.
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