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Climate and socioeconomic factors are modifying fire regimes. In this scenario, some taxa, such as 

amphibians, may be increasingly vulnerable. We examined the response of amphibian species to 

fire severity after a 1600-ha fire in a fire-active region located in the north-western Iberian Peninsu-

la. This area is a biogeographical crossroad where Atlantic and Mediterranean amphibian species 

can coexist in the same ponds. We sampled 33 water points in native (mainly oak) and exotic 

(eucalyptus) forests. Water points were sampled in two different periods: just after the fire to re-

port direct mortality, and two years after the fire to evidence amphibian resilience. We examined 

the influence of forest type and fire severity on the number of amphibian species detected per 

point (species richness). Species richness per point varied depending on both forest type (i.e. high-

er richness in the native forest) and fire severity. Both Atlantic and Mediterranean groups showed 

higher species richness at native than at exotic points. The occurrence of Atlantic species did not 

change with fire whereas the number of Mediterranean species increased at sites affected by high-

severity fires. This study identified the negative effect of eucalyptus plantations on amphibians 

and showed that the response of this taxon to fire is partially shaped by species-specific bioregion 

affinity  
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Fire is a key disturbance shaping spe-

cies composition from ecosystems located 

in fire-prone regions such as the Mediter-

ranean Basin (Bond et al., 2005). In recent 

decades, socioeconomic factors (rural 

abandonment and fuel accumulation) to-

gether with climatic factors (rising temper-

atures and increasingly irregular rainfall 

cycles) are altering fire regimes, augment-

ing the frequency, intensity, and extent of 

fires (Moreira et al., 2001; Pausas & Fer-

nández-Muñoz, 2012). After a fire, the sim-

plification of the burnt habitat gives, at the 

short term, ecological opportunities to spe-

cies that prefer open landscapes (Brotons 

et al., 2008), whereas long-unburnt habitats 

are preferred by species adapted to more 

closed-in mature landscapes (Santos et al., 

2015; Ferreira et al., 2016; Chergui et al., 

2019). Despite these general patterns, the 

response of animal communities to fire is 

insufficiently known (Pausas & Parr, 2018) 

and, for many groups, including severely 

threatened ones as is the case of amphibi-



CHERGUI ET AL. 

6 

ans, scant information is available on the 

consequences posed by fire (Muñoz et al., 

2019; Gomes dos Anjos et al., 2021). The 

scarcity of fire-ecology studies targeting 

amphibian responses may result from an 

underestimation of the importance of 

wildfire on the conservation of amphibian 

populations (Pilliod et al., 2003). 

The literature reviewing the impact of 

fire on amphibians indicates highly varia-

ble responses at the individual, popula-

tion, and community levels (Russell et al., 

1999; Bury et al., 2002). A recent compre-

hensive study including 68 published 

works revealed a lack of general responses 

among 191 amphibian species distributed 

around the world (Gomes dos Anjos et al., 

2021), as some species responded positive-

ly and others negatively to fire. Although 

there is little evidence of amphibian direct 

mortality by flames (Jolly et al., 2022), neg-

ative responses can be caused by post-fire 

chemical changes in aquatic habitats 

(Smith et al., 2011; Jager et al., 2021), by 

vegetation changes along migration routes 

(Pilliod et al., 2003; Hossack & Pilliod, 

2011), and especially by structural changes 

in terrestrial vegetation around water 

points (Muñoz et al., 2019). However, am-

phibians can often survive to fire by bury-

ing themselves, moving to aquatic refuges, 

using the burrows of other animals 

(Means & Campbell, 1981), and resisting 

heat through skin secretions (Russell et al., 

1999; Van Mantgem et al., 2015). The quali-

ty and extent of breeding habitats before 

the fire also modulate the response of am-

phibian populations to this disturbance 

(Rochester et al., 2010; Westgate et al., 

2018). 

Amphibians are considered an indica-

tor of ecosystem health because they are 

highly sensitive to disturbance and to hab-

itat change (deMaynadier & Hunter, 1995; 

Welsh & Droege, 2001; Hossack et al., 

2006). There is a widespread decline of 

amphibian species due to multiple factors 

such as habitat degradation, overexploita-

tion, diseases and climate change (Stuart 

et al., 2004). However, potential threats like 

wildfires have been scarcely studied, even 

in fire-prone environments (Bury et al., 

2002; Pilliod et al., 2003; Bury, 2004; 

Muñoz et al., 2019). The present study is a 

new contribution about the impact of fire 

on amphibian species. Specifically, we aim 

to examine the short-term response of am-

phibians to a large fire occurred in Galicia 

(north-western Iberian Peninsula). The 

flames burned patches of cultivated areas, 

native forest, and eucalyptus plantations. 

In this region, the amphibian community 

consists of a mixture of Mediterranean and 

Atlantic species according to their distribu-

tion ranges in one or other bioregions 

(Sillero et al., 2009). In this context, the 

specific objectives were: 1) To identify 

differences in amphibian species richness 

between native and eucalyptus forests. 

This objective has been examined in un-

burnt water points located outside the 

burnt perimeter. 2) To identify amphibian 

mortality after fire by sampling burnt wa-

ter points immediately after the fire. 3) To 

estimate the impact of fire severity (i.e. the 

proportion of burnt vegetation) on am-

phibian species. Given the dependence of 

amphibian species to the pond-

surrounding vegetation for foraging and 

refuge, we expect higher impact on more 

severely affected water points. 4) To com-

pare the impact of fire severity in water 
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points surrounded by native or eucalyptus 

forests. Native forest is structurally more 

complex than monospecific eucalyptus 

plantations. Accordingly, we expect that 

amphibian species living in water points 

located within native forest will be more 

resilient to fire than those living in non-

native plantations (see a similar dynamic 

for reptile populations in Chergui et al., 

2019). 5) To compare the impact of fire be-

tween Mediterranean and Atlantic species. 

Fire is considered a landscape modeller of 

the Mediterranean Basin (Keeley et al., 

2012) and amphibian species living in this 

biome are considered to be adapted to this 

disturbance (Muñoz et al., 2019). For this 

reason, we expect that Mediterranean spe-

cies will respond to fire better than Atlan-

tic ones. 

Materials and Methods 

The study area was located in Vigo 

(Pontevedra province), in the region of 

Galicia (north-western Spain; Fig. 1). On 15 

October 2017, several fires in Galicia 

burned more than 20 000 ha in the Ponte-

vedra province, devastating 1600 ha in the 

Figure 1: Location of the burnt area on 15 October 2017 in Galicia (north-western Iberia) and posi-

tion of the sampled water bodies. Points were selected according to the fire severity: ‘high-

severity’ when almost all the vegetation surrounding the water point was burnt; ‘low-severity’ 

when less than 50% of the surrounding vegetation was burnt; and ‘unburnt’ when points were 

outside the fire perimeter or in unburnt patches inside the burnt area.  
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metropolitan area of Vigo (Chas-Amil et 

al., 2020), where we later conducted the 

present study. The landscape is a mixture 

of patches of small cultivated areas, scrub-

land dominated by Ulex and Erica, stands 

of native forest (mainly Quercus robur L. 

oaks, and also willows and alders in river-

ine habitats), and plantations of non-native 

trees (hereafter exotic forest), mainly Euca-

lyptus sp. and also Acacia sp. Despite Gali-

cia is a region intensively affected by re-

current fires (de Diego et al., 2019), most of 

our study area had remained unburnt for 

at least the last 40 years. 

A total of 33 sampling points including 

ponds, stretches of streams, and water 

sources, were surveyed to evaluate the 

impact of fire on the amphibian fauna. 

Sampling points covered burnt and un-

burnt areas of native forest (burnt = 6 and 

unburnt = 14 points) and eucalyptus plan-

tations (burnt = 11 and unburnt = 2 

points) (Figs. 1, S1). Points were selected 

according to the proportion of trees and 

shrub with burnt canopies (i.e. fire severi-

ty) around each water point, assigning the 

following categories: ‘high-severity’ when 

almost all the surrounding vegetation to 

the water point was burnt; ‘low-severity’ 

when less than 50% of the surrounding 

vegetation was burnt, which usually corre-

sponded to the edge of the fire perimeter; 

and ‘unburnt’, when water points 

were outside the fire perimeter or in 

unburnt patches inside the fire perimeter.  

The methods used to sample amphibi-

ans in the study area were visual surveys 

along streams searching for individuals 

under refuges, along the shores and in the 

water. Surveys were conducted during the 

daytime to facilitate the detection of lar-

vae. Dip-netting was used in ponds and 

artificial reservoirs to quantify the pres-

ence of adults and larvae. Each water point 

was surveyed approximately during 30 

minutes. Water points were sampled twice 

each year (2017 and 2019, total four sam-

plings) to reduce the probability of failing 

to detect species that were present in the 

study area. In 2017, the first sampling was 

conducted in November, i.e. just after the 

fire to find dead or dying amphibians in 

burnt areas, and the second sampling was 

in December 2017, two months after the 

blaze. During autumn 2019, the same sam-

pling points were visited twice again. 

We have no information about the am-

phibian community composition in burnt 

points before the fire. For this reason, the 

impact of fire was measured by comparing 

species richness between unburnt and 

burnt water points, with that difference 

being considered as an inverse surrogate 

of amphibian resilience (i.e. the lower the 

difference, the higher the resilience). Un-

burnt water points were selected as those 

composed by similar structural non-

native / native vegetation compared to the 

burnt ones. 

Data analysis 

The response variable was species rich-

ness, as the number of amphibian species 

found at a given sampling point each sam-

pling year (2017 and 2019). We hypothe-

sised that Mediterranean species would be 

more adapted to fire (Keeley et al., 2012) 

and their resistance to fire would be higher 

than in Atlantic species. Therefore, the 

Mediterranean and Atlantic species rich-

ness per sampling point were also used 

separately as response variables in our 

a 

c 
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analyses. Amphibian species were classi-

fied as Mediterranean or Atlantic accord-

ing to the classification of Sillero et al. 

(2009), based on the overall distribution of 

each species within the Mediterranean or 

Atlantic bioregions. We found a total of 

three Atlantic species (the palmate newt 

Lissotriton helveticus, the golden‐striped 

salamander Chioglossa lusitanica, and the 

Iberian stream frog Rana iberica) and six 

Mediterranean species (Bosca’s newt Lis-

sotriton boscai, the marbled newt Triturus 

marmoratus, the fire salamander Salamandra 

salamandra, the common midwife toad 

Alytes obstetricans, Perez’s frog Pelophylax 

perezi, and the Iberian painted frog Dis-

coglossus galganoi). According to Sillero et 

al. (2009), S. salamandra has very similar 

percentages of assignment to both biogeo-

graphical regions, making it difficult to 

decide in which region this species should 

be included. In Galicia, it is ubiquitous and 

we have classified it as Mediterranean due 

to its high ecological tolerance. 

We examined the effect of forest type 

(native and exotic) and fire severity (high-

severity, low-severity, unburnt) on total 

species richness as well as on Mediterrane-

an and Atlantic species richness separately 

by Generalized Linear Mixed Models 

(GLMMs). Forest type, fire severity, and 

their interaction were considered as cate-

gorical fix factors, and ‘year’ as a random 

effect. We modelled the response variables 

with a Poisson distribution due to the type 

of used data (discrete values). Unfortu-

nately, the availability of water points in 

the study area did not allow for a balanc-

ing the number of sampling points be-

tween native and exotic points, or among 

fire severity classes. Analyses were per-

formed using the ‘lmer’ function in the 

lme4 package (Bates et al., 2015). The sig-

nificance of fix factors was tested with 

Wald’s χ2 tests of the fitted final model 

using the function ANOVA from the pack-

age car (Fox & Weisberg, 2019). 

Table 1: Results of the Generalised linear mixed models to explore the influence of forest type 

(native forest or exotic eucalyptus), fire severity (unburnt, low severity or high severity), and their 

interaction on amphibian species richness, as well as the on the richness of Atlantic and Mediter-

ranean species separately .  

Response variable Effect χ2 df P 

Species richness Forest type 11.9954 1 0.0005 

Fire severity 9.1497 2 0.01 

Forest type * fire severity 
 

4.0403 2 0.13 

Atlantic species Forest type 5.2170 1 0.02 

Fire severity 0.6480 2 0.7 

Forest type * fire severity 
 

4.7911 2 0.09 

Mediterranean species Forest type 5.0413 1 0.02 

Fire severity 10.6035 2 0.005 

Forest type * fire severity 0.9949 2 0.6 
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Results 

We recorded a total of 99 occurrences of 

amphibian species at the 33 surveyed 

points. On average, we found 1.5 amphibi-

an species per point (range 0-8 species; 

standard deviation = 1.82). These 99 rec-

ords corresponded to nine species, i.e. six 

Mediterranean and three Atlantic species 

(Table S1). The most frequently recorded 

species were S. salamandra (N = 13 points), 

P. perezi (N = 11 points), R. iberica (N = 10 

points), and C. lusitanica (N = 9 

points) (Table S1). The first sampling year, 

we found 10 individuals from five species 

dead in or closed to the water at four burnt 

points, i.e. 24% of the sampled burnt 

points (Fig. S2). These animals were not 

found burnt, suggesting that they could 

have been overheated due to a sudden 

increase of water temperature. 

The GLMMs indicated that the total 

amphibian species richness was signifi-

cantly higher in water points located in 

native forest than points located in exotic 

points (Table 1, Fig. 2a). This result was 

also significant when Mediterranean and 

Atlantic species were analysed separately 

(Fig. 2c,e). The responses of amphibian 

species to fire varied according to fire se-

verity, and the number of species was 

higher at water points severely affected by 

fire (Fig. 2b). This result was related to the 

different responses of Atlantic and Medi-

terranean species. Thus, Atlantic species 

richness did not vary according to fire se-

verity (Fig. 2d), whereas Mediterranean 

species richness increased at points affect-

ed by high-severity fire (Fig. 2f). None of 

the interactions between forest type and 

fire severity resulted significant, suggest-

ing that the impact of fire on amphibian 

species richness resulted similar regardless 

the water point affected was located on 

native or exotic forests (Table 1).  

Discussion 

This study assesses the implications of 

fire severity and habitat change (from na-

tive forest to exotic plantations) on the oc-

currence of amphibian species. We 

acknowledge that species occurrence is a 

coarse measure of environmental impact 

on a taxon, but the presence of species at 

breeding water points gives a preliminary 

evaluation of impact on amphibian species 

(Hossack & Corn, 2007). Amphibians are 

specially stressed during periods of ex-

tended drought (Westerling et al., 2006; 

Morgan et al., 2008), when large wildfires 

tend to occur. Thus, amphibians can be 

challenged both by wildfire and adverse 

environmental conditions (Pechmann et 

al., 1991). We found three main results: 1) 

amphibian species richness declined in 

water points located in exotic forests; 2) 

direct amphibian mortality occurred after 

fire; and 3) the response of amphibian spe-

cies to fire severity was complex and relat-

ed to species-specific bioregion affinity (i.e. 

Mediterranean or Atlantic species).  

Our observations of direct amphibian 

mortality due to the fire indicate a high 

impact as at least 24% of sampled points 

had recently death animals. The propor-

tion is probably higher since we have not 

observed burnt animals located into the 

vegetation. A recent review of animal mor-

tality during fire stated that there are no 

studies reporting direct impact in amphibi-

ans (Jolly et al., 2022). Our novel observa-

tion was probably caused by the small size 
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of some water points, whose water tem-

perature would have raised up to lethal 

levels because of the high fire intensity, 

and we were able to detect those dead ani-

mals because of the first sampling visit 

that was done few days after the fire. 

The effect of habitat type 

Our results provide empirical evidence 

that amphibian species richness declined 

from native forests to exotic plantations. In 

natural habitats, amphibian species rich-

Figure 2: Generalized Linear Mixed Model plots of the number of amphibian species found at 

sampled water points, modelled for forest type, fire severity and their interaction. Plots show 

mean values (symbols) ± one standard error (whiskers) of total amphibian species richness ac-

cording to forest type (a) and fire severity (b), and the same for Atlantic species richness (c and d) 

and Mediterranean species richness (e and f). Asterisks indicate significant differences among 

groups.  
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ness is positively correlated with land-

scape heterogeneity (Atauri & de Lucio, 

2001) and land-cover composition 

(Iglesias-Carrasco et al., 2016a,b), as ob-

served in native forests. By contrast, the 

homogeneous canopy in eucalyptus plan-

tations alters the soil composition and wa-

ter quality (Monteiro et al., 2021). In gen-

eral, eucalyptus plantations have negative 

ecological effects such as soil degradation, 

declining groundwater level, and general 

biodiversity decline (Goded et al., 2019), 

including diminished amphibian diversity 

(Vallan, 2002; Arntzen, 2015). Eucalyptus 

trees produce leachates that alter water 

composition where amphibians breed by 

lowering oxygen level and pH (Abelho & 

Graça, 1996; Canhoto & Laranjeira, 

2007). Ultimately, these physico-chemical 

changes can affect amphibian behaviour 

and development (Burraco et al., 2018; 

Iglesias-Carrasco et al., 2022). Moreover, 

these changes can also influence the struc-

ture of macroinvertebrate communities; in 

fact, eucalyptus plantations are character-

ized by lower macro-arthropod abundance 

than native forests (Zahn et al., 2009). In-

vertebrates constitute the primary food 

resource for amphibians, and therefore the 

density of understory vegetation boosts 

the number of invertebrates, which in turn 

can promote the diversity of amphibians 

(Browne et al., 2009). Moreover, anuran 

larvae are detritivore feeders, which make 

them extremely sensitive to the quality of 

plant remains (Maerz et al., 2010). Overall, 

these results demonstrate that eucalyptus 

plantations exert strong adverse effects on 

amphibian species, similar to those identi-

fied for certain aquatic invertebrate groups 

(Gorman et al., 2009, 2013). 

The effect of fire 

Overall, we did not find a negative im-

pact of fire on amphibian species richness. 

Although we found direct mortality 

caused by the fire, species richness did not 

decline after low or high fire severity at the 

sampled water points. We found that some 

burnt water points had a rich amphibian 

community and others did not have any 

amphibian; for this reason, standard errors 

were high in plots of burnt water points 

(see Fig. 2). We speculate that the impact 

of fire on amphibians can be spatially het-

erogeneous, depending on local environ-

mental conditions, fire intensity and water 

point characteristics, but unfortunately 

these factors were no measured. This spa-

tial heterogeneity at the local scale matches 

the diversified results obtained at a global 

scale by Gomes dos Anjos et al. (2021), and 

highlight the difficulty in uncovering gen-

eral responses of animal groups to fire.  

At the short-term, fire simplifies the 

complexity of forest ecosystems by a re-

duction in several structural variables such 

as canopy and litter cover (Chergui et al., 

2018). A reduction in forest canopy expos-

es the lowest habitat layers to intense radi-

ation and wind (Semlitsch et al., 2009), 

generating warmer surfaces (Zheng et al., 

2000). Given the importance of vegetation 

structure to many amphibian species 

(Halverson et al., 2003; Grundel et al., 

2015), intense fires are expected to nega-

tively affect many amphibians due to 

changes in micro-environmental condi-

tions (Russell et al., 1999; Bury et al., 2002). 

However, we did not find negative re-

sponses in our study area, and interesting-

ly the response of amphibians to fire 
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differed according to the bioregion affinity 

of each species: whereas the presence of 

Atlantic species in burnt water points did 

not vary, Mediterranean species increased 

their presence in severely burnt water 

points. Contrasting environmental needs 

of Mediterranean vs. Atlantic amphibian 

species can explain why these two biogeo-

graphical groups of organisms responded 

differently to fire (see Ferreira et al., 2016 

for a similar result in reptiles). The posi-

tive response to fire by Mediterranean am-

phibians might be because these species 

benefit from the land-cover openness cre-

ated by fire (Keeley et al., 2012; Santos et 

al., 2019). Many of those species have 

evolved and persisted in fire-prone re-

gions, apparently due to adaptations to 

fire disturbances (Pilliod et al., 2003).  

Atlantic amphibian species select for-

ested and mild-temperature areas over 

cleared ones with high temperatures (Kati 

et al., 2007; Sillero et al., 2009). In regions 

affected by high fire activity such as our 

study area, these species tend to occur in 

moist environments, which are restricted 

to areas with very long fire return inter-

vals (Pilliod et al., 2003). Atlantic species 

in Galicia appeared to be resilient to fire, 

probably due to the resprouting capacity 

of dominant tree species such as oaks and 

the long-unburnt intervals on some native 

forests (more than 40 years for the area 

sampled in the present study). These spe-

cies are expected to persist in Galician na-

tive forests if fire frequency and intensity 

do not increase. If fire frequency increases, 

a progressive substitution of Atlantic to-

wards Mediterranean amphibian commu-

nities would arise as already observed for 

reptile communities in high recurrent fire 

areas (Santos & Cheylan, 2013). The posi-

tive response of Mediterranean amphibian 

species to high-severity fire suggests their 

capacity to colonize burnt areas as it has 

been documented in southern France 

(Santos et al., 2019).  

Concluding remarks 

This study documents the impact of 

exotic forest and fire severity on amphibi-

an species. Whereas eucalyptus planta-

tions had a negative impact on the whole 

amphibian community, the fire apparently 

did not impact amphibian presence in 

burnt water points, and positive responses 

were observed for Mediterranean amphib-

ians. Eucalyptus plantations represent 22% 

of the forest cover in Galicia and have in-

creased from a baseline of 6% since the 

start of the 21st century. Currently, more 

than 420 000 ha of Galicia are occupied by 

eucalyptus, representing an increase of 

65% in the last two decades (IFN, 2011). 

These plantations provide economic bene-

fits despite being less suitable for the con-

servation of biodiversity than are native 

environments (Ramírez & Simonetti, 2011; 

Goded et al., 2019). Landscape managers 

and local actors should reconsider the null, 

even negative, value of exotic plantations 

for the conservation of biodiversity and 

apply new models of management (Cidrás 

et al., 2018). 

Despite the apparently null impact of 

fire for amphibian species, climate and 

socioeconomic factors are modifying fire 

regimes in many regions towards bigger, 

more intense and frequent fires (Pausas, 

2022). This shift in fire regimes can modify 

the landscape structure and forest compo-

sition, which indirectly can affect amphibi-
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an community composition. Conservation-

ists have to be alert with the potential 

effect of this processes on threatened spe-

cies like some of the amphibian species 

living in the study area, which could de-

cline due to landscape modification. 
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