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Abstract 13 
What effect do tree plantations have on the diversity of native organisms? Some studies show that plantations 14 
reduce the diversity and abundance of certain taxa, while other studies suggested that plantations help to 15 
conserve biodiversity. Pine and eucalyptus plantations are among the most widespread exotic plantations 16 
worldwide, and they have negative effects on many taxa. But how do they affect amphibian diversity and 17 
abundance? We barely know. We therefore tallied up the number of amphibian taxa and their abundance from 18 
18 ponds in patches of native oak forests, pine or eucalypt plantations. We also quantified water quality by 19 
measuring its physicochemistry and identifying the macroinvertebrates present in each pond. There were 20 
significantly fewer amphibian species in tree plantations than in native forest. Compared to native forest, the 21 
total density of amphibians was also significantly lower in eucalypt, but not pine, plantations. Species varied in 22 
the effects of plantations on their presence and abundance. We suggest that the decline in the presence and 23 
abundance of amphibians in plantations is linked to the physicochemical of pond water, combined with the 24 
relatively low presence of invertebrate. It seems likely that earlier desiccation, greater toxicity, and poor quality 25 
detritus in ponds in plantation are key drivers of species decline. The effects of these drivers are expected to 26 
worsen as climate change continues. 27 
 28 
Keywords: water toxicity, pond desiccation, amphibian conservation, oak forest, eucalypt plantations, pine 29 
plantations.  30 
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Introduction 31 
 32 
All over the world vast areas of native forest have been converted into exotic tree plantations. In total, 7% of the 33 
global forested area is occupied by plantations [1], which are mainly used to produce paper, timber or charcoal 34 
[2]. Plantations have a higher density, but lower diversity, of trees than natural forests [3]. Many studies have 35 
shown that plantations reduce the number of species of important animal groups, such as arthropods and birds 36 
[4,5]. But in extreme cases where natural forests become scarce, plantations can paradoxically contribute to the 37 
conservation of diversity [6–8]. Eucalypt (mostly Eucalyptus globulus Labill.) and pine plantations (Pinus sp.) 38 
are the two most common types of exotic plantations worldwide. We now have information about how pines 39 
and eucalypts affect many taxa, including birds [9], mites [10], fish [11], lizards [12] and even native vegetation 40 
[13]. In contrast, how plantations affect amphibians is practically unknown (but see [14,15]). Here we address 41 
this gap in knowledge.  42 
 43 
As with many non-native plants, eucalypt plantations release toxic substances into the soil [16] and waterways 44 
[17], reduce water yields and change soil characteristics [18]. Widely reported declines in stream assemblages, 45 
such as stream macroinvertebrates and fungi, in waterways in the catchments of eucalypt and pine plantations 46 
[19–21] have been attributed to the toxicity and low quality of their leaf litter. We expect these effects to be 47 
stronger in stationary (lentic) water systems, as water quality decline is exacerbated due to the steady 48 
accumulation of leaf litter and the lack of water renewal [22].  49 
 50 
Globally, amphibians are among the most threatened animal groups. This is largely due to habitat loss [23], 51 
which is particularly devastating as amphibians often have low mobility and high philopatry [24]. Their highly 52 
permeable skin also makes them sensitive to toxic substances [25]. Consequently, small changes in the chemical 53 
characteristics of their terrestrial or aquatic habitats (depending on the life history phase) can have major effects 54 
on amphibian survival and breeding success. For example, the introduction of some exotic plants alters native 55 
forest amphibian communities due to seemingly small modifications, such as a changes in the temperature in 56 
their preferred microhabitats [26]. Small, ephemeral ponds are common in forests and usually support a high 57 
diversity and abundance of amphibians. Many amphibians breed in such ponds, stay there until they complete 58 
larval development, and then emerge to forage and hibernation/estivation in nearby terrestrial habitat [27]. 59 
Lower species diversity and abundance in plantations could be due to negative effects of leachates from their 60 
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leaf litter on water quality and therefore larval survival and/or adult breeding success; or to plantations lowering 61 
the survival of juveniles and adults while on land.  62 
 63 
We investigated how Eucalypt and Pine plantations affect the diversity and relative density of amphibian adults 64 
and larvae. Most European amphibians have terrestrial adults that move to nearby ponds to breed. We therefore 65 
focused our sampling efforts in the vicinity of, and in, ponds. We first characterized the amphibian assemblages 66 
in ponds under native forests and Eucalypt and Pine plantations. We then measured physical, chemical and 67 
biological properties of these ponds to determine which environmental characteristics might affect amphibian 68 
diversity and abundance. We tested whether: 69 
  70 
1) replacement of native forest by pine and eucalypt exotic plantations reduces the diversity and density of 71 
amphibian species;  72 
2) the assemblage of macroinvertebrates in ponds predicts amphibian diversity and density, because these 73 
assemblages are related to long-term water quality and are themselves a food resource for amphibians;  74 
3) water chemistry, wetland vegetation and the size/depth of ponds predict amphibian diversity and density.  75 
 76 
Material and methods 77 

Study site 78 
 We collected data at 18 ponds in Atlantic watersheds of the Basque Country: six under native 79 
deciduous forest patches (Quercus robur L.), six under eucalypt plantations (Eucalyptus globulus) and another 80 
six under pine plantations (Pinus radiata D.Don). The ponds were totally surrounded for at least 400 meters by 81 
the corresponding habitat type. The climate of the study area is mesotemperate oceanic, with an average annual 82 
temperature of 11.6-13.1ºC and an average annual precipitation of 1200 to >2000 mm [28].  83 
 84 
 Sampling of amphibians and macroinvertebrates 85 
 We sampled each pond twice, in mid-March and in late May 2015, to increase the likelihood of finding 86 
both winter and spring/summer breeding amphibians. Each sampling bout was less than a week to reduce 87 
confounding effects of weather or time in the life cycle on habitat differences. All ponds were dipnetted by MI-88 
C for invertebrates and amphibians (larvae and adults) in a standardized way (effort: 1 minute m-2; net size: 1 89 
mm mesh, 26 x 21 cm frame). We identified all amphibian species in situ, recorded the number of individuals 90 
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and determined their sex and life cycle stages (larvae, metamorphic, juvenile or adult). We then released them 91 
back into the pond. We stored macroinvertebrates in 70% ethanol and transported them to the laboratory for 92 
identification to the family level following Tachet et al., 2010. For our statistical analyses we used two 93 
biological index based on the sensitivity of invertebrate families to water contamination: the IBMWP (Alba-94 
Tercedor et al., 2002) and the Iberian Average Score Per Taxon (IASPT) [31], calculated as the division of the 95 
IBMWP and the number of different taxa.  96 
 97 
Environmental characteristics 98 
 At each pond we measured 8 variables that seem to be important drivers for amphibian and 99 
macroinvertebrate diversity in aquatic habitats [32–36]. We measured the water temperature, pH, and 100 
conductivity with field WTW multi-parametric sensors. To measure light penetration in water, we used a LI-101 
COR Li-250A light meter placed at the center of the pond and then expressed the pond’s turbidity as the light 102 
extinction coefficient (K). We also estimated the pond’s area and average depth (mean of five measures along 103 
the length of the pond). For this, using the longest axis of the pond as reference (a), we defined a number of 104 
equidistant and perpendicular transects (b1 to bn) (total transects depended on the irregularity of the pond: range 105 
2-8). The area of the pond was estimated as a*average (b1 to bn). Depth was recorded every 15 cm along those 106 
transects and we used the mean using all the depths computed. Finally, we estimated the percentage of the pond 107 
covered by submerged and emergent aquatic vegetation. 108 
 109 
Statistical analyses 110 
 We used linear models to test for differences in the measured variables among the three habitat types. 111 
When necessary, data were log-transformed to meet model requirements. Multiple regressions by forward 112 
selections were performed to predict amphibian richness and total amphibian density [37]. For that, we 113 
performed linear models between the dependent variable and each independent variable alone and we retained 114 
those independent variables that fit best (lowest AIC). We then added new independent variables that reduced 115 
the most the previous AIC values. We stopped adding new variables when reductions of the AIC were smaller 116 
than a value of 2 [37].  117 
 118 
 119 

 120 
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Results 121 

Biodiversity and abundance of amphibians 122 
 123 

We found 5494 individuals (larvae and adults) from 7 species in ponds under native forests, 885 124 
individuals of 2 species under pine plantations and 168 individuals of 4 species under eucalypt plantations (Fig 125 
1a). Only Lissotriton helveticus (Razoumowsky, 1789) was detected in all the sampled ponds (Table 1). By 126 
contrast, Alytes obstetricans (Laurenti, 1768), Rana dalmatina Fitzinger, 1838 and Triturus marmoratus 127 
(Latreille, 1800), appeared only in native forests, while Rana temporaria Linnaeus, 1758, Pelophylax perezi 128 
(López Seoane, 1885) and Salamandra salamandra (Linnaeus, 1758) appeared in both native forests and 129 
eucalypt plantations (Table 1). We found both adults and larvae of L. helveticus; only larvae of A. obstetricans, 130 
R. dalmatina, Rana temporaria, S. salamandra; and only adults of P. perezi and T. marmoratus (Table 1).  131 
The number of species differed among the three habitat types (F2,15 = 9.95, p = 0.002, Fig. 1a). There were 132 
significantly more species in ponds in native forests (median: 4) than in either pine (1.5) or eucalypt plantations 133 
(2) (Fig 1a), but no difference between the two plantation types (Tukey HSD test: p = 0.70). There were also 134 
differences in total density between native forests and plantations (F2,15 = 4.29, p= 0.034, Fig 1b). Amphibian 135 
density was highest in ponds in native forests (mean ± SE: 72.53 ± 32.9 no. m-2), intermediate in pine 136 
plantations (17.60 ± 7.52 no.m-2) and lowest in eucalypt plantations (8.15 ± 5.53 no.m-2), but the only 137 
significantly pairwise different was between native forests and eucalypt plantations (Tukey HSD: p = 0.026). 138 
Looking at each species separately, only the densities of A. obstetricans and R. temporaria varied significantly 139 
with habitat type. A. obstetricans only inhabited native forests (1.77 ± 0.91 no.m-2) (Table 1). R. temporaria 140 
occurred in all three habitats but at significantly different densities. The density was highest in oak forest (62.99 141 
± 33.26 no.m-2), intermediate in pine plantations (10.37 ± 6.34 no.m-2) and lowest in eucalypt plantations (0.11 142 
± 0.11 no.m-2), although the only significant pairwise difference was between oak forests and eucalypt 143 
plantations (Tukey HSD: p = 0.014). 144 

 145 
Environmental characteristics of ponds and relationship with amphibians 146 
 147 

Ponds in native forests were significantly deeper (23.55 ± 6.85 cm) than those in pine (7.79 ± 0.83 cm) 148 
and eucalypt plantations (8.44 ± 2.22 cm) (Table 2). Similarly, pond surface area was bigger in native forests 149 
(22 ± 5.90 m2) than in pine (7.16 ± 0.20 m2) and eucalypt (5.95 ± 1.59 m2) plantations (Table 2). Although 150 
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submerged, emerged and terrestrial vegetation cover varied widely among habitats (range of average values: 151 
0.8-23.3, 1.7-10.0 and 29.2-75.0, respectively), there were no significant differences (Table 2). Variation in 152 
water physicochemistry (pH, temperature, conductivity) was smaller and it did not differ significantly among 153 
habitat types (Table 2). For macroinvertebrates, only the IBMWP, the index of sensitivity of invertebrate 154 
families to water contamination, was significant different about habitat types: highest in native forests (56.67 ± 155 
9.85), intermediate in pine plantations (31.83 ± 6.26) and lowest in eucalypt plantations (23.33 ± 6.77) (Tukey 156 
HSD: p = 0.022) (Table 2).  157 

Finally, the best model to explain the species richness of amphibians mainly included habitat type 158 
(93.0% of the variance explained; p < 0.001), but also conductivity (4.5%; p < 0.001) and submerged vegetation 159 
cover (0.7%; p = 0.0499), with less than 2% left unexplained. In contrast, amphibian abundance was explained 160 
by habitat type (36.4% of the variance explained; p = 0.002), size of the pond (23.4%, p = 0.003), terrestrial 161 
vegetation cover (11.6%, p = 0.024) and by the emerged vegetation cover (7.7%; p = 0.058; it was retained by 162 
the AIC criterion, despite not being significant in the ANOVA) (Table 3), with 21% left unexplained.  163 
 164 
Discussion 165 
Species richness of amphibians was lower in ponds in both pine and eucalypt plantations than in native forests, 166 
while amphibian density was also significantly lower in eucalypt, but not pine, plantations than in native forests. 167 
Far more of the variance among ponds in species richness and density was explained by the habitat type (93 and 168 
36%, respectively) than the specific properties of the ponds that we measured (e.g. pond size, depth and aspects 169 
of water quality).  This suggests that variables that we did not measure that are themselves affected by the 170 
habitat type are responsible for the observed differences in amphibian diversity (e.g. toxin levels). We conclude 171 
that the replacement of natural forests by plantations is harmful for amphibians, albeit less so when the 172 
plantation is pine rather than eucalyptus. Our results also suggest that even the small number of forest patches 173 
sampled, the effect of the type of habitat is strong enough to be detected. The heterogeneity of our samplings 174 
was controlled, in part, by choosing small and temporary ponds in all the habitats. So that, small sample sizes 175 
combined with a low heterogeneity among ponds, seem to be enough to determine habitat modification effects 176 
on amphibian diversity. 177 
 178 
 179 
 180 
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Plantation effects on water and resource quality 181 
 182 
We characterized the physicochemistry of the ponds to look at how plantations affect water quality, but we did 183 
not detect any differences among the three habitat types. At first glance these findings are unexpected as 184 
eucalypt leachates can cause a marked decrease in oxygen level and pH, and an increase in conductivity in only 185 
a few days [22]. However, leaves from a range of tree species from alder, to eucalypt and pine can create 186 
leachates with very similar characteristics for oxygen level, pH, and conductivity [38]. In contrast, the biotic 187 
index for macroinvertebrates (IBMWP), was significantly higher in ponds in native forests than in eucalypt 188 
plantations. This index is designed to assess water quality [39] which suggests that eucalypt plantations have 189 
more toxic pond water. This conclusion is in line with the much higher concentration of phenolic compounds in 190 
eucalypt leachates than in those from other species such as alder or pine [38]. Finally, water conductivity also 191 
predicted amphibian richness which suggests that the accumulation of chemicals plays a role in amphibian 192 
diversity. 193 
 194 
Anuran larvae are detritivore feeders, which makes them very sensitive to the quality of plant remains [40]. 195 
Detritus is known to be of lower quality in ponds in plantations than in native deciduous forest [21,41]. This 196 
could explain the reduced abundance of R. temporaria tadpoles in plantations compared to oak forests. If 197 
tadpole survival is lower in plantations due to toxicity of their food resources, the number of individuals that 198 
reach adulthood will be lower, reducing the population each generation. Moreover, poor environmental 199 
conditions and a low quality diet early in development can reduce adult size, lower energy reserves, decrease 200 
competitive ability and, ultimately, reduce fitness [42]. This could lower the ability of some adults to breed, and 201 
exacerbate the effect of a smaller adult population size. 202 
 203 
Plantation effects on habitat quality  204 
 205 
Ponds in oak natural forests were significantly bigger and deeper than those in plantations, and the IBMWP is 206 
known to be lower in ponds that suffer periodic desiccation [43]. The periodic drying out of smaller ponds could 207 
further explain the observed differences in both the diversity and abundance of amphibians among the three 208 
habitat types. Interestingly, R. dalmatina and T. marmoratus have a long larval period of about 3 months that 209 
extends until summer [44]; and for A. obstreticans the tadpoles overwinter in the water, extending the larval 210 
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cycle to a year [44]. These three species were absent in plantations, possibly because they cannot complete 211 
metamorphosis there before the ponds dry out. Both the accumulation of toxic compounds of leachates and the 212 
desiccation of the ponds in summer is expected to increase with on-going climate change. 213 
 214 
The rapid drying out of smaller ponds might also explain the apparent habitat differences in aquatic vegetation: 215 
coverage is almost absent in ponds in pine plantations. The amount of aquatic vegetation in ponds might explain 216 
some of the variation in the density and abundance of amphibians. Amphibian species richness and individual 217 
density has been observed to increase with structural complexity of the habitat [45]. Terrestrial vegetation can 218 
provide refuge and feeding opportunities for anuran adults. Submerged vegetation provides refuge, food [46] 219 
and protection against UV-B radiation. In newts, aquatic vegetation is likely to be related to the oviposition 220 
behavior of wrapping each egg individually in leaves to protect them from UV-B radiation and predators [47].  221 
 222 
Conclusions 223 
 224 
In sum, the land use seems to be a critical factor behind the differences we found in amphibian diversity and 225 
density among ponds. However, some related variables, such as water quality, macroinvertebrate availability (an 226 
index of food resources), and the early desiccation of the ponds in tree plantations also play an important role 227 
explaining the differences found among habitats. These effects seemed to be more detrimental for some species 228 
(A. obstetricans, R. temporaria, R. dalmatina and T. marmoratus) than for others (L. helveticus and P. perezi). 229 
Discovering which are the key drivers modulating the populations of amphibians under different land use 230 
regimes would allow to preserve the natural biodiversity of this threatened animal group.  231 
 232 
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Figure 1: (a) Number of species and (b) total density of individuals per pond. ANOVA results for Richness: F2,15 359 
= 9.95, p = 0.002; Tukey HSD comparison: Native > Eucalypt = Pine, and for Total density: F2,15 = 4.29, p = 360 
0.034; Tukey HSD: Native > Eucalypus (the other pairwise tests are non-significant). Note the logarithmic y-361 
axis for total density. 362 
 363 

 364 
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Table 1: Density (mean ± SE, no. m-2) and frequency (out of 6 ponds) for each amphibian species separated in adults and larvae. Comparisons among the three habitat types 366 
after Tukey HSD tests are shown. In bold are species that differ in density among habitats. (N = 6 ponds per habitat type). 367 
 368 
Species Stage Native forest Pine plantations Eucalypt plantations Tukey HSD 
  Density Frequency Density Frequency Density Frequency  
  Mean SE  Mean SE  Mean SE   
L. helveticus Adults 2.16 0.45 6 3.95 0.76 6 4.66 2.52 6 Pin = Euc = Nat 
 Larvae 4.96 2.57 4 3.27 2.02 3 2.69 2.69 1 Nat = Pin = Euc 
T. marmoratus Adults 0.04 0.04 1       Nat = Pin = Euc 
S. salamandra Larvae 0.14 0.12 3    0.44 0.43 2 Euc = Nat = Pin 
A. obstetricans Larvae 1.77 0.91 4       Nat > Pin = Euc 
R. temporaria Larvae 62.99 33.2

6 
5 10.37 6.34 3 0.11 0.11 1 Nat > Euc 

P. perezi Adults 0.44 0.24 3    0.24 0.16 2 Nat = Euc = Pin 
R. dalmatina Larvae 0.02 0.02 1       Nat = Euc = Pin 
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Table 2: Mean and SE of descriptors of the ponds sampled. Comparisons after Tukey HSD tests are shown for each variable. In bold are the variables with significant 369 
differences among habitat types.   370 
Descriptor Native forest Pine plantations Eucalypt plantations Tukey HSD 
  Mean SE Mean SE Mean SE  
Mean water depth (cm) 23.55 6.85 7.79 0.83 8.44 2.22 Nat > Euc = Pin 
Area (m2) 22.69 5.90 7.16 0.20 5.95 1.59 Nat > Pin = Euc 
Submerged vegetation (%) 23.33 11.38 0.83 0.83 20.00 10.88 Nat = Euc = Pin 
Emerged vegetation (%) 1.67 1.05 1.67 1.05 10.00 4.28 Euc = Nat = Pin 
Terrestrial vegetation (%) 73.33 14.70 29.17 12.81 75.00 11.55 Euc = Nat = Pin 
pH 7.34 0.15 6.74 0.45 7.35 0.26 Euc = Nat = Pin 
Temperature (ºC) 11.67 2.61 8.18 1.28 10.18 0.55 Nat = Euc = Pin 
Conductivity (µS cm-1) 136.52 41.15 91.53 21.25 147.17 42.43 Euc = Nat = Pin 
Turbidity (K) 6.40 1.01 6.08 1.23 8.69 1.33 Euc = Nat = Pin 
Invertebrate taxa (no. families) 12.00 1.86 7.33 1.12 4.83 0.87 Nat = Pin = Euc 
Invertebrate predator taxa (%) 48.88 3.75 59.72 10.19 52.50 12.44 Pin = Euc = Nat 
IBMWP 56.67 9.85 31.83 6.26 23.33 6.77 Nat > Euc 
IASPT 4.51 0.36 4.18 0.29 4.56 0.59 Nat = Euc = Pin 
 371 
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Table 3: Model supported by AIC for Mean density and Total richness of amphibians in the ponds.  372 
Response variable Variable Transformation D

F 
SS MS F P Variance 

explained, % 
AIC Comparison/Slope 

Total amphibian  Land use  2 30.5 1.53 32.13 <0.001 93.0 22.05 Nat > Euc = Pin 
richness Conductivity (µS cm-1) LN 1 1.46 1.46 30.76 <0.001 4.5 5.91 - 
 Submerged vegetation (%) LN 1 0.22 0.22 4.67 0.0499 0.7 2.38 + 
  Residuals  1

3 
0.62 0.05   1.9   

Mean amphibian  Land use  2 16.28 8.14 10.41 0.002 36.4 67.33 Nat > Euc 
density Size (m2) LN 1 10.45 10.45 13.36 0.003 23.4 61.09 - 
 Terrestrial vegetation (%) LN 1 5.19 5.19 6.63 0.024 11.6 56.98 + 
 Emerged vegetation (%)* Non-transf. 1 3.44 3.44 4.39 0.058 7.7 53.36 - 
 Residuals  1

2 9.39 0.78   21.0   
*Although non-significant in the ANOVA, AIC supported the inclusion of this variable in the model. 373 
 374 
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