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Abstract 
 
Globally, amphibians are declining at an alarming rate. The reasons are not always 
known but human activities are believed to be the primary reason. In Sweden the Green 
Toad, Bufo viridis, is currently the most threatened amphibian species and has been the 
focus of extensive conservation efforts. Habitats have been restored or improved and 
eggs, tadpoles and juvenile toads have been released at these sites. Despite all efforts 
results have so far been poor. In this study I have examined if different B. viridis 
localities differ from each other in respect of salinity and temperature in the breeding 
ponds, and if the tadpoles are locally adapted to these environmental factors. The results 
show that there are significant environmental differences between the localities in respect 
to salinity and temperature, and that tadpoles from different localities respond differently 
to salinity and temperature. However, I was not able to find any correlations between the 
performance in the laboratory and the natural environment suggesting the differences are 
not due to local adaptations but something else. Further implications for the conservation 
for the Swedish B. viridis population are discussed in light of the results. 
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Sammanfattning 

 
Över hela jorden minskar populationer av groddjur i en alarmerande takt. Orsakerna är 
inte alltid kända men mänsklig påverkan anses ligga bakom mycket av minskningarna. I 
Sverige är den grönfläckiga paddan, Bufo viridis, det mest hotade groddjuret och har varit 
fokus för omfattande bevarandeåtgärder. Habitat har restaurerats och förbättrats, Stora 
mängder ägg har samlats in och ägg, yngel samt unga paddor har satts ut. Resultaten har 
hittills varit dåliga. Endast ett fåtal av de utsläppta paddorna har återfångats eller återvänt 
som vuxna för att leka. För att få mer kunskap om den grönfläckiga paddans 
förutsättningar när det gäller bevarandeåtgärder har jag i det här experimentet undersökt 
om det finns några lokala anpassningar hos de tre livskraftiga populationerna i Sverige, 
samt hos en population i Danmark. Majoriteten av utsättningsmaterialet är hämtat i 
Limhamns kalkbrott, ett habitat med höga temperaturer och salt, kalkhaltigt vatten. 
Hypotesen var att de speciella förhållanden som råder i Limhamn kan ha lett till lokala 
anpassningar hos paddorna som gjort dem mindre livskraftiga i andra miljöer. För att 
testa detta föddes yngel upp i ett ”common garden” experiment, dvs. yngel från olika 
platser eller förhållanden föds upp under samma förhållanden i ett laboratorium för att se 
om de skiljer sig åt. Vi mätte hur överlevnad och tillväxt påverkades av olika 
temperaturer och salthalter. Resultaten visar att även om det finns skillnader i hur yngel 
från de olika lokalerna reagerar så går det inte med säkerhet säga att de beror på lokala 
anpassningar. Det kan lika gärna vara genetisk drift eller andra faktorer som gett upphov 
till skillnaderna. På frågan huruvida skillnaderna mellan populationerna påverkar 
bevarandearbetet eller inte skulle jag säga ja. Även om skillnaderna beror på andra 
faktorer än lokala anpassningar så visar resultatet ändå att paddorna på olika sätt är 
begränsade i sina möjligheter att hantera miljöfaktorer. Jag spekulerar att det skulle vara 
bra att skapa en så bred genetisk bas som möjligt och på så vis maximera möjligheten för 
dem att anpassa sig till sina nya livsmiljöer. Denna metod användes t.ex. under den 
framgångsrika återintroduktionen av klockgrodor till Sverige. Om man dessutom sätter ut 
ungar som är en korsning mellan paddor från olika lokaler så kan potentiella 
heterosiseffekter (att korsningar mellan individer från olika lokaler leder till livsdugligare 
avkomma än korsningar inom lokaler) göra att dessa individer blir extra livskraftiga och 
hjälpa till att ge dem få fotfäste under den kritiska första tiden. 
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 Introduction 

 
A widely practised procedure in conservation biology is support releases of endangered 
species into areas where they have become threatened, or re-introductions in the case that 
the target species has became extinct. There have been several successful examples of 
support releases such as the introduction of Texan panthers into the inbred population of 
Florida panther (Creel  2006, Pimm et al. 2006), the release of prairie chicken in to a 
threatened population in Illinois (Bouzat et al 2009) and the release of adders in to an 
isolated population in southern Sweden (Madsen et al. 1999). Though all of the above 
examples yielded strong numeral increases of the receiving populations, support releases 
have remained a controversial issue in conservation biology. The reason for the 
controversy is that support releases may spread diseases into the receiving, already 
threatened, population and swamp locally adapted populations with maladaptive trait 
values (Cunningham 1996, Ficetola and De Bernardi 2005, Thorne and Williams 1988) 
thus disrupting local adaptations. Additionally, the positive effects of support releases are 
not straightforward to explain since the effects may be either due to so called “genetic 
rescue”, i.e. a release from inbreeding depression or heterosis effect, or due to 
demographic factors, i.e. that the added number of individuals allowed the population to 
increase (Tallmon et al. 2004). An infamous example of unsuccessful relocation of 
animals to a place where they are maladapted is the release of Ibex from Turkey and the 
Sinai to mountains in Slovakia where they bred with previously introduces ibex from 
Austria. The resulting hybrid offspring mated at the wrong time of the year and gave birth 
during the winter, resulting in the failure of the entire project (Turcek, 1951).  
 
With almost a third of the amphibian species globally threatened (Stuart et al. 2004) 
several species are subject to conservation efforts, including captive breeding, 
reintroduction and supplementation (Gascon et al. 2007). Although the prospects still are 
poor for many species, there have been several successful (re-)introductions of 
endangered amphibians (Andrén & Nilsson 1988, Briggs 1997, 2003, Denton et al. 
1997). Amphibians, with their rather limited dispersal abilities, have been shown to 
frequently exhibit local adaptations (Ficetola & Bernardi, 2005, Gomez-Maestre & 
Tejedo, 2003, Räsänen et al., 2003). Thus it is important to consider whether the animals 
are adapted to the environment into which they are released or not, and, when doing 
support releases, if there is a risk of disruption local adaptations in the receiving 
population . The Green toad, Bufo viridis is the most threatened amphibian species in 
Sweden today (Wirén, 2006). In the last 50 years the number of individuals and 
populations of B. viridis has rapidly declined. Today there are only a handful of 
populations left and the species is classified as “critically endangered” in the Swedish red 
list (Gärdenfors, 2005). The exact causes for the decline of B. viridis are not known, but 
human activities are probably at the root of the problem. The typical habitat of B. viridis 
in Sweden, oligotrophic grazed coastal meadows with shallow ponds, have been lost as 
foraging and breeding habitats due to changes in land management routines, pollution 
and eutrofication. As the B. viridis is at the northern fringe of its distribution in Sweden 
the species is especially sensitive to these changes here. The denser vegetation of 
ungrazed and eutrophicated environments also favors the common toad, Bufo bufo over 



5 

B. viridis as the former is better adapted to more vegetated environments and the lower 
temperature in shadowed breeding ponds (Andrén & Nilsson, 2000a).  Since 1994 a 
restoration, reinforcement and reintroduction program is going on and in 2000 an “Action 
plan for the conservation of Green Toad (Bufo viridis)” was established (Andrén & 
Nilson, 2000a). Several localities where B. viridis are or have been present have been 
restored or improved and eggs, tadpoles and juvenile toads have been relocated to them. 
However, the results have so far been poor, with only very few of the hundreds of 
thousands of released toads returning to spawn as adults (Wirén, 2006). A possible 
contributing factor explaining the lack of results could be that the toads released are 
locally adapted to the habitat at their source. This is emphasised by that the 
overwhelming majority of toads released originate from Limhamn quarry, an 
environment that is atypical compared to other Swedish habitats and other B. viridis 
habitats within its northern range. The quarry is closed to the general public so the special 
environment has been able to develop with little disturbance since the discontinuation of 
the quarrying in 1994. The sheltered bottom of the quarry, 60 m below sea level is warm, 
oligotrophic, alkaline and inhabited by several species of plants and animals that are rare 
in the rest of Sweden (Wirén 2006). My initial theory was that the ponds in Limhamn 
were warmer, more saline than other B. viridis localities in Sweden and that the 
population of B. viridis there had adapted to that environment.  
In this study I seek to:   
1) Quantify two environmental parameters of known selective importance to amphibian 
larvae, namely water temperature and salinity. Both temperature and salinity are 
important environmental factors to amphibians which are both ectothermic and have poor 
osmoregulatory abilities (McDiarmid and Altig, 1999). I chose salinity and temperature 
due to ad hoc assumptions that these may differ amongst our study populations. 
Temperature affects metabolism and thus the rate of development with colder 
temperatures leading to lowered metabolism and slower development. To compensate for 
the cooler environment tadpoles from cool habitats generally grow faster than 
conspecifics from warm areas when reared in a common environment (Richter-Boix et al. 
in prep.). A saline environment is stressful to amphibian larvae as their thin skin is 
permeable and it is energy demanding to maintain correct internal ion concentrations in 
saline environments. (McDiarmid and Altig, 1999). Additionally, both temperature and 
salinity are selective pressures known to yield local adaptations in anurans, for example 
the closely related natterjack toad (Bufo calamita) which has been showed to locally 
adapt to saline habitats (Gomez-Mestre and Tejedo 2003). An example of a temperature 
adapted amphibian is Rana latastei (Ficetola and De Bernando 2005).    
2) Examine life history traits in the larval development known to be subject to local 
adaptation in anurans in four populations of B. viridis (Rogell et al. in prep., Richter-Boix 
et al, in prep., Gomez-Maestre and Tajedo, 2003, Ficetola and De Bernardi, 2005).  I 
expect tadpoles from cold localities to compensate for the lower temperature by having a 
higher growth rate than tadpoles from warmer localities. Similarly I expect tadpoles from 
saline environments to have a higher salt tolerance and grow better in saline water than 
tadpoles from less saline environments.  
3) See if there are any correlative patterns between the environmental parameters and the 
life history traits suggesting local adaptations.  
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4) Investigate possible implications of local adaptations to the Swedish conservation 
program of B. viridis in Sweden. If the toads released are adapted to the habitat at their 
origin it could mean they are unsuitable for release in other places where the 
environmental parameters are different. 
 

Materials and methods 

 
Populations 
1) Limhamn quarry (N 55º 34' 2.72", E 12º 56' 2.44"), is situated close to the city of 
Malmö in southern Sweden. The habitat consists of a disused opencast chalk quarry, the 
bottom of which is ~60 m below sea level. Water has to be continuously pumped out to 
prevent it from flooding. The quarry is a habitat dissimilar to any other B. viridis habitat 
in Sweden, the sheltered interior being warm, oligotrophic and alkaline. The specific 
habitat offers suitable habitat for several species of plants and animals that are very rare 
in the rest of Sweden, for instance the only mainland locality for the plant Sisymbrium 

supinum. Here the B. viridis breed in several shallow ponds, with different levels of 
salinity. Three of these were sampled.   
2) Eskilstorps ängar (N 55º 28' 43.36", E 12º 57' 16.45"), a habitat typical of historical 
populations of B. viridis in Sweden. A grazed coastal meadow about 10 km south of 
Malmö, the breeding ponds are shallow and situated quite close to the shore but fed by 
freshwater from inland. 
3) Södraskär on Utklippan (N 55º 57' 7.84", E 15º 41' 59.72") a small island in the 
archipelago of eastern Blekinge. The island is about 200*300 m, rocky with some 
meadows and brushes. The breeding ponds are rockpools with quite high salinity, 
indicated by the algae Enteromorpha intestinalis which grows in them. The population of 
B. viridis on Utklippan decreased dramatically during the latter half of the 20th century. 
After 1987 only females were observed until 1994 when 10 males from Limhamn quarry 
were released on the island (Asplund 2004). The release was a success in that the number 
of B. viridis has grown ever since. In 2005 it was estimated to at least 150 breeding 
individuals (Wirén 2006). Genetical studies show that the genetic variation on utklippan 
is very low (Rogell et el. in prep.) 
4) The Danish population was collected in Monnet (N 54º 57' 1.32", E 10º 34' 16.47"), on 
the island of Funen. The habitat was a grazed coastal meadow, quite similar to the habitat 
in Eskilstorp, i.e. a typical habitat for the B. viridis. This population has been very small 
in recent history (Briggs pers. comm.).  
 
Temperature and Salinity measurements 

Salinity and temperature was measured in 12 ponds where B. viridis breed, have 
previously bred or have been released because they seem suitable for breeding. The 
salinity was measured with a WTW Cond 340i Salinometer when collecting the eggs at 
the start of the breeding season in April/May. The temperature was measured by placing 
a data logging thermometer (HOBO® U22 water temp pro V2 logger) in the pond. The 
thermometers were placed at a depth of about 20 cm and, if possible, concealed to 
prevent tampering and thefts. After the completion of the breeding season in August, the 
thermometers were retrieved and the temperature data extracted. 
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Sampling and experimental design 
From each locality, ten egg-strings (henceforth called families) were sampled and 
transported to laboratory facilities in Uppsala during the end of April and beginning of 
May 2008. In the laboratory the vials with eggs were filled with Reconstituted soft water, 
RSW (APHA 1985) and placed in a room with a constant temperature of 19oC until the 
eggs had hatched and the tadpoles were mobile and feeding, Gosner stage 25 (Gosner 
1960). The tadpoles were then transferred to individual 0.9 L vials in a common garden 
experiment with a factorial design, marking the start of the experiment. The experiment 
was divided into two temperature treatments, a warm temperature treatment 27oC and a 
cold treatment 20oC with three different salinity treatments. 
The salt water was prepared by adding 2 and 5 g/L Tropic Marine Sea Salt to RSW for 
yielding 0‰, 1.8‰ and 4.8‰ as measured with a WT Cond 340i Salinometer. Three 
tadpoles from each family were prepared for each temperature and salinity treatment. In 
total: 
3 replicates per family * 10 families per population * 4 populations *3 salinities * 2 
temperatures = 720 tadpoles 
The actual number of tadpoles (792) differed from this number because when some 
families had poor fertilization success, the number of replicates from the other families 
from those localities was increased and were over compensated when new eggs were 
gathered, yielding a larger number of individuals from those localities. The vials were 
placed in their respective temperature treatment rooms in a randomized spatial block 
design to account for any differences in temperature within the laboratory. The cold 
temperature treatment was divided into six blocks and the warm into five. Every day the 
tadpoles were fed a mix of spinach and food for crayfish (Aller Aqua) at a ratio of about 
20:1 by weight, mixed to a homogenous purée ad libitum. The water was changed every 
4 days and in the warm treatment the vials were topped up daily with deionized water to 
replenish water lost due to evaporation and to keep salinity constant. 
 
Response variables 

The response variables used were; weight at metamorphosis (g), larval period (days), 
growth rate (g/day) and the level of spinal deformation (scored from 0-5). 
The experiment was monitored twice daily and tadpoles that had reached metamorphosis, 
defined as the emergence of the first forelimb Gosner stage 42 (Gosner 1960), were 
removed from the experiment. The newly metamorphosed tadpoles were blotted dry and 
weighed to the nearest 0.001g and the larval period, defined as the number of elapsed 
days since the start of the experiment, was recorded. Growth rate was calculated by 
dividing the weight at metamorphosis with the larval period. During the development of 
larvae it became clear that several larvae suffered from spinal deformation and it was 
evident that the most severely affected tadpoles were unable to function normally. 
Though these problems are well known when rearing B. viridis, their exact causes are 
not. One possibility may be deficiency of calcium and/or animal protein (Wirén pers. 
comm.).  In order to statistically analyze the presence of these deformities, I devised a 
scale, the deformation index, DI, from 0-5 where 0 was no spinal deformities and 5 was 
severe spinal deformities in the tail and back. As the tadpoles with a DI of 5 were unable 
to function normally, they were removed from the experiment and statistical analyzes, 
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except calculations concerning the deformation index and survival. The scale, the 
“Deformation Index” (DI) is presented below: 
Deformation Index 
0 – No spinal deformities 
1 – Some spinal deformities, confined to the tail 
2 – More severe spinal deformities confined to the tail 
3 – Some spinal deformities in the back and often also in the tail 
4 – More severe spinal deformities in the back and often also in the tail 
5 – Severe spinal deformities, the tail often curved alongside or under the body, tadpole 
unable to function normally.  
 
Statistical analysis 

To deduce differences between the localities I used linear mixed-effects models (lme), for 
weight, larval period and growth rate, and general linear models (glm) for survival and 
DI, specifying block (nested under temperature) as a random factor. The model was fitted 
using REML for the continuous variables (weight, larval period and growth rate) and 
Laplace approximation for the binary and quasipoisson distributed variables (survival and 
degree of spinal deformation). All explanatory variables were treated as categorical 
variables in the analysis. In order not to violate the assumptions regarding residual 
distributions and heteroscedasticity between experimental units the response variables 
had to be transformed. The larval period was log transformed, the weight was square root 
transformed and the growth rate was square root-arc sine transformed. The distribution of 
the residuals was confirmed using diagnostic plots and the models simplified based on 
the sequential removal of insignificant terms using Likelihood Ratio Tests (LRT, 
Crawley, 2007). All statistical analyzes were done with the R (R development core team 
2008). 
The models used in the final analyzes were:  
For:  
Survival = Locality + Temperature + Salinity 
 
Larval period = Locality + Temperature + Salinity + Locality × Temperature + Locality × 

Salinity + Temperature × Salinity + Locality × Temperature × Salinity 
Weight = Locality + Temperature + Salinity + Locality × Salinity + Temperature × 

Salinity 
 
For growth rate = Locality + Temperature + Salinity + Locality × Temperature + Locality 
× Salinity 
 
Deformation Index = Locality + Temperature + Salinity + Locality × Salinity 
 
To test for correlations between salinity in nature and performance in different salinities 
in the laboratory I used Pearson’s correlation coefficient. Correlation analyzes were done 
by correlating the differences between the response in freshwater and the response in 
high salinity with the salinity in their native breeding ponds. This was done for each 
response variable. 
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Results 

 
As expected both the environmental factors measured did affect the tadpoles 
development in significant ways. Among other things there were interesting results 
showing the population on Utklippan gets less deformations in high salinities than the 
other populations.  
 
Temperature  
Unfortunately only eight of the twelve thermometers were retrieved. The ones placed in 
Eskilstorp, Landskrona, Brantevik and Denmark disappeared during the summer and the 
pond in Högaborg dried up in June leaving the thermometer on land. There were 
significant differences in temperature between ponds. The lowest temperatures were in 
Vik and one pond in Limhamn (Figure 1). Both these ponds were shadowed by 
vegetation. The pond in Vik is also situated very close to the shore of the Baltic Sea.  

Figure 1 The daily mean temperature of the ponds where B. viridis breed, have previously bred or have 
been released because they seem suitable for breeding. Eggs were collected in ponds Limhamn 60ö, 
Limhamn 55ms and Utklippan. 

 

Salinity 

The salinity in the ponds was measured at the beginning of the breeding season (Table 1). 
Salinity probably increased later in the season as water evaporated during times with little 
rainfall. The localities where the ponds are fed by groundwater (all but Utklippan and 
Brantevik) probably had a more constant salinity than the ones fed only by rain and the 
sea (Utklippan and Brantevik).  
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Table 1 Salinity in the different ponds where B. viridis breed,  
have previously bred or have been released because  
they seem suitable for breeding. Ponds where eggs  
were collected are marked in grey. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Survival 

The survival was significantly higher in warm temperatures than in cold and significantly 
lowered with increasing salinity (Figure 2, Table 2). There were no significant effects of 
locality on survival.  
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Figure 2 Survival of tadpoles. Vertical bars represent Bootstrapped 95% confidence intervals. 

 
 

Locality Salinity ‰ 

Limhamn 60 ö 0.0 
Limhamn 20 n 0.2 
Limhamn 55 ms 1.8 
Utklippan 1.5 
Danmark 1.1 
Lernacken 0.0 
Ravlunda 0.0 
Eskiltorp 0.2 
Falsterbo 0.0 
Högaborg 0.0 
Brantevik 1.7 
Vik 0.3 
Landskrona 0.0 
Lab. Fresh 0.0 
Lab. Low 1.8 
Lab High 4.8 
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Table 2 ANOVA table of the tadpole survival and the effects of Temperature, Salinity and Locality.  

 Df Deviance Resid. Df Resid. Dev P(>|Chi|) 

NULL   784 23.77  

Temp 1 38.26 783 685.51 6.195e-10 

Salinity 2 30.88 781 654.63 1.970e-07 

Locality 3 4.40 778 650.23       0.22 

 
Weight 

The weight at metamorphosis did not differ between localities but was significantly 
lowered in high temperatures and salinities (Table 3). There were significant interactions 
between locality and salinity as well as between temperature and salinity. The differences 
in weight at metamorphisis indicate that the different populations had different salinity 
tolerance. Salinity seems to have a larger impact in lower temperatures and the Danish 
population is more affected with lower weight at metamorphosis by increased salinity 
than the others (Figure 3). 
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Figure 3 Reaction norms of weight at metamorphosis in the different temperature treatments and salinities. 
Error bars represent ±1 standard error calculated from locality means.  

 

Table 3 ANOVA table of the tadpole weight at metamorphosis and the effects of Locality, Salinity and 
Temperature. 

             numDF  denDF   F-value  p-value 

(Intercept) 1 599 22544.323   <.0001 

Locality 3 599 1.446   0.2283 

Temp 1 9 412.626   <.0001 

Salinity 2 599 72.636   <.0001 

Locality×Salinity 6 599 3.215  0.0041 

Temp×Salinity 2 599 13.364   <.0001 
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Larval period 
The larval period differed significantly between temperatures, salinities and localities, 
with longer larval periods in colder temperatures and higher salinities (Table 4). There 
were significant locality and temperature interactions. Tadpoles from Utklippan and 
Denmark had longer larval period in low temperatures but shorter in high temperatures 
compared to the Eskilstorp and Limhamn tadpoles. In low temperatures the tadpoles from 
Eskiltorp and Limhamn reacted to higher salinity with a smaller increase in larval period 
than the tadpoles from Denmark and Utklippan (Figure 4). The pattern was reversed in 
high temperatures where the tadpoles from Eskiltorp and Limhamn react with a larger 
increase in larval period than the ones from Denmark and Utklippan. This is indicated by 
the significant three way interaction between locality, salinity and temperature (Table 4).  

Figure 4 Reaction norms of larval period in the different temperature treatments and salinities. Error bars 
represent ±1 standard error calculated from locality means. 

 
Table 4 ANOVA table of the tadpole larval period and the effects of Locality, Salinity, Temperature and 
their interactions.  

 

 

 

 

 

 

 

 

 

 

 

       numDF  denDF   F-value  p-value 

(Intercept) 1 592 27535.012  <.0001 

Locality 3 592 6.155  0.0004 

Temp 1 9 800.305   <.0001 

Salinity 2 592 6.486  0.0016 

Locality×Temp 3 592 28.782   <.0001 

Locality×Salinity 6 592  0.435   0.8558 

Temp×Salinity   2 592  0.718  0.4883 

Locality×Temp×Salinity 6 592 3.579  0.0017 
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Growth rate 

The growth rate differed significantly between localities, temperatures and salinities. 
Growth rate was lower in low temperatures and decreased with increased salinity (Table 
5). Tadpoles from Eskilstorp and Utklippan had on average somewhat higher growth 
rates than the tadpoles from Limhamn and Denmark (Figure 5). There were differences in 
how tadpoles from different localities behaved in different temperatures. Tadpoles from 
Utklippan had comparatively low growth rates in low temperatures. In high temperatures 
they were instead the locality with the highest growth rate. Indicated by the significant 
interactions between locality and temperature. Tadpoles seem more adversely affected by 
salinity in low temperatures than in high, explaining the significant salinity and 
temperature interaction.  
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Figure 5 Reaction norms of growth rate in the different temperature treatments and salinities. Error bars 
represent ±1 standard error calculated from locality means. 

 

Table 5 ANOVA table of the tadpole growth rate and the effects of Locality, Salinity, Temperature and 
their interactions.   

 numDF denDF F-value p-value 

(Intercept)  1 602 51439.88 <.0001 

Locality 3 602 3.89  0.0091 

Temp 1 9 1169.16 <.0001 

Salinity  2 602 57.87   <.0001 

Locality:xTemp 3 602     7.18 0.0001 

Temp:xSalinity 2 602    4.21  0.0153 
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Deformation index 

The amount of spinal deformations increased with higher salinities and temperatures and 
differed significantly between the localities. The significant interaction between locality 
and salinity (Table 6) are due to that tadpoles from Utklippan had the lowest amount of 
spinal deformation in the higher salinities and the amount of deformation did not increase 
with increased salinity (Figure 6). The other three localities had similar amount of 
deformed tadpoles and the amount of deformations increased with the salinity.  
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Figure 6 Reaction norms of deformation index in the different temperature treatments and salinities. 

 

 

 

Table 6 ANOVA table of the tadpole deformation index and the effects of Locality, Salinity, Temperature 
and their interactions  

             Df  Deviance  Resid. Df  Resid.  Dev P(>|Chi|) 

NULL                           648 1419.56           

Temp           1 186.62       647 1232.94  6.375e-23 

Locality        3 81.04        644 1151.91  3.651e-09 

Sainity        2 50.29        642 1101.62  2.062e-06 

Local:×Salin   6 24.43        636 1077.19      0.05 
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Discussion 

 
The purpose of this study was to deduce if there are any local adaptations to temperature 
or salinity in B. viridis from four localities and if this could have any implications for the 
Swedish conservation release program.  
 
Temperature affected tadpoles in the laboratory significantly. High temperatures led to a 
higher growth rate, shorter larval period, lowered weight at metamorphosis and a higher 
amount of spinal deformation. Previous studies have shown that temperature induced 
adaptations generally tend to increase growth rates in populations adapted to low 
temperatures. The higher growth rate makes it possible to complete development in lower 
temperatures, before the season is over (Conover & Schultz, 1995, Ficetola and De 
Bernardi 2005, Richter-Boix et al. in prep.). Thus, if natural selection has caused 
differences between localities, tadpoles from localities with lower temperatures would be 
expected to have a higher growth rate at a given temperature than tadpoles from warmer 
localities. As several of the data logging thermometers disappeared during the summer I 
only had access to temperature data from two localities included in the experiment. Thus, 
though a significant interaction was found between locality and temperature in larval 
period and growth rate (See Figure 4, 5 and Table 4, 5), I am not able to draw 
conclusions about whether the different B. viridis populations are adapted to the 
temperatures at their origin or not. With only two replicates it is impossible to draw 
statistical conclusions. Additionally, the differences in how the tadpoles react to 
temperature could be due to other factors. Genetic drift is a stronger force in small 
populations than in big, and since all the Swedish populations are quite small the 
explanation could simply be stochastic.  
 
Salinity in the breeding ponds at the four localities where eggs were collected ranged 
from 0 to 1.8‰. In Limhamn quarry the three ponds in which eggs were collected had 
three different salinities (0, 0.2 and 1.8‰). The ponds are situated so close to each other 
that toads can disperse between them. This suggests that selection would not favour an 
adaptation to a particular salinity in this locality since an adaptation to salinity could 
mean trade offs. In the closely related natterjack toad, Bufo calamita tadpoles with a high 
growth rate does not perform as good in salt water as tadpoles with lower growth rates 
due to selection on correlated traits (Rogell et al. in prep.).  The ponds on Utklippan had 
quite high salinity (1.5‰) and as these ponds are only fed by rain and water from the 
Baltic sea it is not farfetched to think that the salinity may increase further as the water 
evaporated during the summer. In Eskilstorp and Monnet in Denmark the ponds had 
salinities of 0.2 and 1.1‰ respectively. These ponds are fed by freshwater from inland 
but are situated so close to the shore that seawater can enter them during times of high 
seas. This would mean varying salinities during the year which would not favour 
adaptations to a single salinity. Salinity tolerance has been shown to be negatively 
correlated with growth rate in the closely related natterjack toad, B. calamita (Rogell et 

al. in prep.). If the same is true in B. viridis this could constrain adaptation to salinity. 
Increased salinity was found to be a considerable stress factor to B. viridis tadpoles. It led 
to reduced survival, longer larval period, lowered weight at metamorphosis, lowered 
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growth rate and increased the amount of spinal deformation. This is consistent with 
results from other studies, (Rogell et al. in prep., Gomes-Maestre and Tejedo 2003) and 
supports salinity as a selection pressure that could lead to local adaptations.  
 
No significant correlation between the salinity in the breeding ponds and the tadpoles 
performance in the laboratory could be found for any of the measured response variables.  
This suggests the toads are not locally adapted to salinity or that the localities do not 
differ enough from each other to induce such adaptations. However, due to the small 
number of populations (four) the statistical power is low. Perhaps there are correlations 
between salinity and performance that could be found with a larger number of compared 
populations. 
The Danish population had the largest decrease in weight at metamorphosis with 
increased salinity. The Danish population on Monnet has recently been very small, 
consisting of only a few individuals (Briggs pers. comm.). Local adaptation is a possible 
explanation to this populations poor ability to cope with high salinities, but since the 
Danish locality had quite high salinity a more probable explanation is genetic drift or 
perhaps inbreeding depression due to the previous small size of the population. 
The other significant interaction between locality and salinity was in the amount of spinal 
deformation. The tadpoles from Utklippan showed less spinal deformations with 
increased salinity than the other populations. This could indicate there are local 
adaptations to salinity in that population but this is unlikely as the B. viridis  on 
Utklippare are hybrids between native Utklippan toads and toads from Limhamn quarry. 
So perhaps they are not less deformed due to an adaptation but because of the effects of 
increased genetic diversity. 
 
I could not explain the poor results of the Swedish B. viridis release program with local 
adaptations in the released toads. Preliminary results indicate the Swedish B. viridis 
populations are genetically distinct from each other (B. Rogell, pers. comm.) but 
regardless if it is because of local adaptation or genetic drift it could be beneficial for the 
new populations to have an as wide as possible genetic foundation. Perhaps the Swedish 
release program would benefit from an approach similar to the one taken with the 
Firebellied toad, Bombina bombin. This toad was successfully reintroduced into Sweden 
and founder individuals from several Danish populations were used to maximize the 
genetic diversity in the new population (Andrén and Nilsson 1988, 2000b). B. viridis does 
have the potential to effectively colonize new habitats, as the recent colonization of the 
manmade island Pepparholm in Öresund shows. The island was constructed when the 
bridge over Öresund was built and B.viridis probably colonized from the nearby island of 
Saltholm. The population is now quite large, consisting of at least several hundred 
individuals and shows that under the right circumstances a large B. viridis population can 
quickly establish itself (Frisenvænge & Hesseløe, 2008). Despite the lack of positive 
results in the Swedish release program, the successful colonization of Pepparholm shows 
that if suitable habitats are made available B. viridis can colonize new localities. The 
continued efforts of dedicated environmentalists will hopefully keep this charming 
anuran, the Green toad as a part of the Swedish fauna. 
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