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Abstract 9 

Wildfires are a global disturbance being enhanced by human-induced pressures. Their 10 

frequency and intensity are expected to increase in the near future in regions such as the 11 

Mediterranean basin. While responses of terrestrial systems to wildfire have been thoroughly 12 

studied, aquatic systems such as temporary ponds have received less attention. Furthermore, 13 

previous works have focused on wildfire impacts in aquatics systems from a more functional 14 

and trait-based approach, but such disturbances can also impact the diversity of these systems 15 

at the local and regional level. In this work, we assess wildfire impacts alpha and beta 16 

diversity of Mediterranean temporary ponds, analysing samples of pond macrofauna after a 17 

wildfire that burned part of a cluster of these habitats. The wildfire did not change alpha 18 

diversity patterns but differences in beta diversity were observed when considering species 19 

abundance. Species with greater contribution to beta diversity were more strongly represented 20 

in unburned ponds after the wildfire. These changes occurred mostly during the beginning of 21 

the hydroperiod, which increased regional differences in burned ponds. However, these 22 

alterations decreased towards the middle and the end of the hydroperiod. Overall, we report a 23 

fast recovery of communities after the wildfire, tightly linked to a rapid recolonization that 24 
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increased similarity. Landscape structure and seasonal succession are key for the recovery of 25 

these systems. However, this recovery capacity might be compromised in the future from 26 

increasing wildfire and potential for substantial habitat loss. 27 

 28 
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Introduction 32 

The study of disturbance impacts and their consequences on communities and ecosystems 33 

constitutes one of the main topics in ecology (White & Pickett 1985; Vellend 2016; Holyoak 34 

et al. 2020). The relevance of disturbances as drivers of change in environmental 35 

characteristics such as the landscape structure and species abundance/presence has been 36 

central for the advancement and consolidation of an entire theory around disturbances (White 37 

& Pickett 1985). These phenomena can have several origins (e.g., natural, anthropogenic), 38 

characteristics (e.g., pulses, chronic, extension), and consequences (e.g., blooms of certain 39 

groups, changes in nutrient concentrations, changes in species presence) but at the same time, 40 

biological consequences of disturbances depend on the features of the impacted communities 41 

and systems (Turner 2010). Therefore, in order to understand and cope with disturbances we 42 

need to contextualise their consequences within a specific habitat, especially when 43 

disturbances regimes are expected to increase and constitute a threat (Moritz et al. 2012; 44 

IPCC 2014; Ripple et al. 2019). Wildfires are an example of such a disturbance as they are 45 

expected to increase in the future as a consequence of global change; first, because climate 46 

change fosters the climatic conditions favouring them (e.g., rise in temperature and decrease 47 

in precipitation; Pausas & Fernández-Muñoz 2012; Turco et al. 2018) and second, due to 48 

direct human intervention (e.g., intended fires or fuel accumulation; Turner & Gardner 2015; 49 

Newman 2019). Although wildfire impacts and consequences have been studied extensively, 50 

previous studies have mainly focused on terrestrial ecosystems, ignoring the consequences 51 

for aquatic ecosystems (Prepas et al. 2009; Bixby et al. 2015; McCullough et al. 2019). This 52 

knowledge gap is even greater for temporary aquatic systems such as streams, ponds, and 53 

wetlands (Bixby et al. 2015; but see Verkaik et al. 2015; Cunillera-Montcusí et al. 2019).  54 

The consequences of wildfires in aquatic systems are mostly related to their impacts on the 55 

catchment and thus, to the indirect effects (Minshall et al. 1989; Romme et al. 2011). Several 56 
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works have analysed their consequences such as causing nutrient enrichment (Spencer & 57 

Hauer 1991; Spencer et al. 2003) and increasing primary production due to a greater presence 58 

of filamentous algae (Cowell et al. 2006; Verkaik et al. 2013; Rodríguez-Lozano et al. 2015; 59 

Venne et al. 2016). Concomitantly, macroinvertebrate functional feeding groups tend to 60 

become dominated by shredders, scrapers, and generalist species (Oliver et al. 2012; Lewis et 61 

al. 2014; Musetta-Lambert et al. 2020). The denomination of “Fire pulse” has been used to 62 

describe such processes, which can increase the export of biomass to the surrounding 63 

terrestrial environment (Malison & Baxter 2010a; 2010b). This functional perspective using 64 

mostly species traits to understand wildfire impacts has been the major focus of works 65 

dealing with such systems and disturbances. Nevertheless, wildfire consequences can go 66 

beyond the functional aspect and change the diversity of affected systems. Strong post-fire 67 

floods can impact rivers by decreasing species richness (Vieira et al. 2004; Bêche et al. 2005) 68 

and modifications of habitat structure can change community composition of burned sites 69 

(Robson et al. 2018; Williams Subiza & Brand 2018). Therefore, wildfires can have strong 70 

impacts on system biodiversity, especially at the regional scale, by affecting the beta diversity 71 

of the impacted systems (Verkaik et al. 2015). Specifically, wildfires can affect large extents 72 

of territory, potentially altering landscape structure and inducing changes in dispersal patterns 73 

and recolonization for active or passive dispersers (Cunillera-Montcusí et al. 2021).  74 

At the regional scale, wildfires also affect the metacommunity, which is related with the 75 

exchange of individuals among communities (Leibold et al. 2004; Leibold & Chase 2018). 76 

The impact of a wildfire or any other disturbance on part of this metacommunity may lead to 77 

alterations in its characteristics that can induce changes in the regional dynamics, especially 78 

in dispersal, thus, changing post-disturbance assembly dynamics (Howeth & Leibold 2010; 79 

Altermatt et al. 2011; Vanschoenwinkel et al. 2013). Furthermore, disturbances can favour 80 

regional differences between communities and, increase systems beta diversity 81 
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counterbalancing dispersal homogenisation (Gascón et al. 2007; Evans et al. 2020). At 82 

intermediate levels, disturbances can favour coexistence among certain species (Castorani & 83 

Baskett 2020), therefore increasing regional differences. Finally, in more spatially isolated 84 

patches, fire-disturbance may foster priority effects and thus increase regional differentiation 85 

between burned communities (Han et al. 2018). Therefore, the role of disturbances at regional 86 

scale can greatly change assembly processes depending on disturbance intensity. On the other 87 

hand, high connectivity and dispersal can foster recovery of affected communities (Whitney 88 

et al. 2015; Woods et al. 2016; Rosset et al. 2017), which at high levels of dispersal can 89 

override post-disturbance impacts (Altermatt et al. 2011; Cai et al. 2017). Therefore, having 90 

connected communities where dispersal is effective can promote higher resilience to 91 

disturbances, especially potentially catastrophic ones (Starzomski & Srivastava 2007; Thrush 92 

et al. 2013; Rosset et al. 2017; Cunillera-Montcusí et al. 2021).  93 

Within the global change scenarios of increased global wildfires, especially in Mediterranean 94 

regions (Turco et al. 2018), and connectivity loss due to fragmentation (e.g., loss of ponds 95 

globally and at a regional level; Wood et al. 2003; Pekel et al. 2016; Bastin et al. 2019), it 96 

becomes critical to improve our understanding of wildfire impacts, especially for systems 97 

such as Mediterranean temporary ponds where wildfire impacts diversity, both local (alpha 98 

diversity) and regional (beta diversity). In addition, these systems constitute defined patches 99 

in the landscape, connected through the dispersal of their individuals. Therefore, they 100 

represent excellent examples for studying metacommunity dynamics (De Meester et al. 2005; 101 

Bagella et al. 2016). They stand as highly diverse hotspots that hold uniquely adapted taxa 102 

due to their intrinsic functioning and highly heterogeneous characteristics, which favours a 103 

high regional specificity (Boix et al. 2016; Boix et al. 2017). Such regional importance is a 104 

key asset to maintain their high diversity levels (Horváth et al. 2019). However, due to this 105 

importance, an alteration in the landscape structure generated by a disturbance such as a 106 
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wildfire may produce a strong change in the diversity of these already endangered systems 107 

(EPCN 2008; Bagella et al. 2016; Calhoun et al. 2017). Finally, apart from this strong spatial 108 

relevance, these temporary systems are also strongly impacted by seasonal changes related to 109 

water level and hydroperiod length and timing (Kneitel 2014; Shin & Kneitel 2019). Hence, 110 

the temporal variation also determines diversity patterns at both scales (Lake et al. 1989; 111 

Bazzanti et al. 1996; Boix et al. 2004; Culioli et al. 2006), becoming stronger before pond 112 

drying (O’Neill 2016). 113 

In this study, our main goal is to assess wildfire effects on alpha and beta diversity of 114 

Mediterranean temporary pond faunal communities. Furthermore, we are interested on how 115 

these diversity indices will vary temporally along the post-fire hydroperiod (i.e., recovery). 116 

The studied cluster of ponds was partially affected by the wildfire during their drought phase, 117 

which generated three pond typologies according to wildfire impacts: completely burned 118 

ponds (burning the entire pond basin), partially burned ponds (where the wildfire left 119 

unaffected parts), and ponds that remained unburned. Previous studies on such ponds have 120 

focused on wildfire alteration on community functioning (Cunillera-Montcusí et al. 2019) and 121 

trait selection (Cunillera-Montcusí et al. 2020), but wildfire impacts on biodiversity of 122 

communities remain unassessed.  123 

Methods 124 

Study site  125 

The studied Mediterranean temporary ponds are located in the north-eastern Iberian 126 

Peninsula. The ten sampled ponds (Figure 1 and Supplemental Material S1) belong to a larger 127 

cluster of around 30 shallow temporary water bodies, constituting an outstanding example of 128 

a lowland Mediterranean region with endorheic seasonally flooded depressions (Font & Vilar 129 

1998). This area has mostly been agricultural, including for cattle, and is currently under 130 
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protection as a Landscape of National Interest. The Mediterranean temporary ponds found 131 

there stand as biodiversity hotspots representative of the characteristic Mediterranean 132 

temporary pond habitat (Boix et al. 2009; Ruhí et al. 2013), protected under the Habitats 133 

Directive (92/43/EEC). The hydroperiod of these systems generally begins in late 134 

summer/early autumn with the first rains and lasts until late spring/early summer when ponds 135 

dry out due to evapotranspiration. However, inundation length and flooding timing can 136 

strongly vary interannually (Boix et al. 2004). In July 2012, the region was affected by a 137 

natural wildfire affecting 13,000 hectares. The wildfire spread rapidly due to strong winds 138 

which also generated an heterogenous distribution of their effects throughout the landscape.  139 

Sampling campaigns 140 

The wildfire partially affected the cluster of Mediterranean temporary ponds when they were 141 

dry. Some ponds were completely burned by it (hereafter Burned ponds B), others were 142 

burned in only some parts of their basin as wildfire passed rapidly and patchily across them; 143 

hereafter (Partially burned ponds PB), and lastly some other ponds remained completely 144 

unaffected, hereafter (Unburned ponds U). Ten ponds in the region (Figure 1) had been 145 

sampled in the spring before the wildfire, hereafter referred to as the May 2012 samples. The 146 

ponds were affected by the wildfire during the summer of 2012. Once flooded, we sampled 147 

the same ten ponds bimonthly during the entire post-fire hydroperiod from December 2012 148 

until July 2013 (5 sampling campaigns: December 12, February 13, April 13, June 13 and 149 

July 13). We sampled all the ponds in all campaigns except two ponds in February 2013 and 150 

four in July 2013 that were dry.  151 

Faunal community sampling 152 

We sampled pond macrofauna (invertebrates and amphibians) from the 10 ponds, which 153 

encompassed the three pond typologies according to wildfire effects (i.e., 3 B, 3 PB and 4 U; 154 
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see Supplemental Material S1). In each pond we took twenty sweeps of 0.5 m length each 155 

using a dip net with a mesh size of 250 μm and a diameter of 20 cm. The sweeps were 156 

proportionally distributed across all pond mesohabitats (e.g., pond shore, macrophytes, water 157 

column) in order to capture a higher representation of pond taxa. We identified in situ all 158 

amphibian adults and released them back into the pond. We then fixed all the samples in 4% 159 

formaldehyde for subsequent identification in the laboratory. We sorted, counted, and 160 

identified all sampled organisms to the lowest possible taxonomical level (mostly species or 161 

genus). For Oligochaeta and Turbellaria we were unable to identify to the species level, 162 

therefore these groups were only classified to family or subfamily level.  163 

Data analysis 164 

To analyse biodiversity changes across pond typologies we calculated several alpha and beta 165 

diversity metrics. We analysed alpha diversity for each pond and for each sampling campaign 166 

by calculating species richness (S), Shannon-Wiener index (H), and evenness (J). To analyse 167 

beta diversity, we used two approaches that provide different information about regional 168 

differences among sites. First, we calculated measures based on the overall contribution that 169 

each pond and each species has to total beta diversity: local contribution to beta diversity 170 

(LCBD) and species contribution to beta diversity (SCBD), respectively (Borcard et al. 2011; 171 

Legendre & De Cáceres 2013). These two indices have been widely used in recent years to 172 

analyse the relative importance of each site or each species in differentiate communities from 173 

a region. These indices highlight the uniqueness of each local community (LCBD) or each 174 

species (SCBD). Both are interpreted similarly: higher values imply that the pond community 175 

or the species is strongly contributing to the regional differentiation. For SCBD, to compare 176 

numbers among ponds, we considered the species with SCBD values higher than the SCBD 177 

mean (see Borcard et al. 2011). Secondly, to analyse spatial differences among pond 178 

communities we calculated taxonomic beta diversity (pairwise differences between ponds for 179 
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each sampling date) with the Podani’s family of indices using the Jaccard index for presence-180 

absence data and its quantitative counterpart, the Ružička index, for abundance data (Borcard 181 

et al. 2011). In addition, we partitioned both metrics into replacement and 182 

richness/abundance difference (Podani & Schmera 2011). The consideration of both 183 

presence-absence and abundance data was done to separately analyse the impact of wildfire 184 

on these two biodiversity facets. We used the contribution to beta diversity (LCBD and 185 

SCBD) to assess beta diversity patterns comparing all ponds together (total beta diversity). 186 

On the other hand, pairwise taxonomic beta diversity (Jaccard – Ružička indices) was 187 

calculated only considering similarities within each pond typology group (burned, partially 188 

burned, and unburned) to assess wildfire consequences within each group (e.g., burned ponds 189 

become similar due to community homogenization). All biodiversity indices were calculated 190 

in R (R-Core Team 2019) using the vegan package (Oksanen et al. 2010). 191 

We considered two main factors in our analysis: pond typology according to wildfire (i.e., B, 192 

PB, and U) and temporal succession represented by the post-fire sampling campaigns (i.e., 193 

December 12, February 13, April 13, June 13, and July 13). To test for differences related to 194 

these two factors we used linear mixed models with Gaussian distribution considering each 195 

alpha diversity metric independently (log transformed S, H, and J) as explanatory variables 196 

and pond identity as the random factor. For LCBD, Jaccard – Ružička indices and their 197 

components (replacement and richness/abundance differences), we conducted beta mixed 198 

regressions as LCBD and the Podani’s family of indices vary between 0 and 1. Here, we also 199 

considered wildfire (i.e., B, PB, and U) and temporal succession represented by the post-fire 200 

sampling campaigns (i.e., December 12, February 13, April 13, and June 13) and pond, or 201 

pond pairs as a random factor. For all Podani’s family of indices we accounted for 202 

differences within pond typology and did not include July 2013 in the model due to the lack 203 

of replicates in this sampling campaign (since four ponds were dry). Moreover, to analyse the 204 
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evolution of these indices in a three-dimensional context, we compared them using triangle 205 

plots to visualise the trend in each pond typology. Finally, for SCBD, we selected the species 206 

having significantly higher SCBDs in each sampling campaign (Borcard et al. 2011) and then 207 

compared their abundances according to pond typologies with a linear model with Gaussian 208 

distribution (i.e., log transformed abundances). All model analysis considering time (i.e., 209 

differences between sampling campaigns) were carried out without considering pre-fire 210 

samples (May 2012) to make the comparison balanced (McDonald et al. 2000) and account 211 

for strong interannual differences linked to water availability. However, we represented these 212 

samples values as a visual reference.  To sum up, in all alpha and beta diversity metrics 213 

models we accounted for “wildfire”, “time”, and their interaction (i.e., change throughout 214 

time among pond types). Non-significant interaction terms were removed. All analyses were 215 

conducted using nlme, lsmeans, betareg, and glmmTMB packages (Cribari-Neto & Zeileis 216 

2010; Lenth 2016; Magnusson et al. 2020; Pinheiro et al. 2020). The use of mixed models is 217 

recommended in such control-impact analyses because the underlying assumptions of the 218 

model are likely to be satisfied, and the interpretation of the estimated parameters is 219 

straightforward (McDonald et al. 2000). 220 

Results 221 

Alpha diversity metrics  222 

Pooling together all samples and all pond typologies, we found a total of 214 taxa 223 

(Supplemental Material S2). From this general pool, burned ponds had 162 taxa, partially 224 

burned ponds 164 taxa, and unburned ponds 170 taxa. When aggregating by sampling 225 

campaigns, samples from before the wildfire had 120 taxa and the post-fire ones 117, 81, 226 

124, 126, and 119 taxa from December 2012 until July 2013. These values are similar with 227 

the exception of the February 2013 sampling campaign that coincided with a low pond level 228 
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period, when two studied ponds were dry. A similar pattern between individual ponds was 229 

observed for alpha diversity metrics (Supplemental Material S3) with time (Figure 2; Table 230 

1). Significant differences in richness were only detected between the December 2012 and 231 

February 2013 sampling campaigns (Table 2). These sampling events had lower richness 232 

values. None of the three studied alpha metrics showed differences related to wildfire impact 233 

(Table 2) and the three typologies varied similarly across time, changing concomitantly with 234 

temporal succession.  235 

Ponds and species contribution to beta diversity 236 

Beta diversity showed different patterns for the whole community (LCBD) and individual 237 

species contributions (SCBD). LCBD remained similar in all sampled ponds and sampling 238 

campaigns (Figure 3a and Supplemental Material S3). We did not detect significant 239 

differences for pond typologies (Supplemental Material S4). However, we detected greater 240 

values of LCBD in partially burned ponds at the end of the hydroperiod (Figure 3a and 241 

Supplemental Material S4). From a regional scale (Figure 3b), LCBD did not show any clear 242 

pattern, but we observed slightly greater values in sampling campaigns where pond levels 243 

were lower and some ponds were completely dry (February 2013 and July 2013). On the 244 

other hand, the species that contributed most to beta diversity varied across sampling 245 

campaigns (Table 3), with the greatest number in the April 2013 sampling (18 taxa). 246 

However, when we analysed the abundances of these taxa among ponds, we observed that 247 

species which contributed greatly to regional beta diversity were more abundant in unburned 248 

ponds (Figure 4; Supplemental Material S5) during the first two initial post-fire sampling 249 

campaigns (i.e., December 2012 and February 2013). We also detected greater abundances in 250 

partially burned ponds in the April 2013 sampling campaign. Burned ponds always had lower 251 

or slightly lower abundance values than partially burned and unburned ponds (Supplemental 252 

Material S5). 253 
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Beta diversity pairwise comparisons  254 

We detected different patterns in beta diversity indices and their partitioning when accounting 255 

for presence-absence and abundance values. For presence-absence data (Figure 5a), we did 256 

not detect significant differences between pond typologies (p-values>0.05, Supplemental 257 

Material S4). Clearer differences were related to sampling campaign (Supplemental Material 258 

S4), where we observed significant p-values (p-values<0.05 in February 2013 for 259 

replacement and April 2013 for richness difference). In both cases, unburned ponds had 260 

higher values (Figure 5a, Supplemental Material S4). Although not significant, unburned 261 

ponds mainly had lower replacement values and only the February 2013 campaign broke this 262 

pattern, coinciding with the drying of some ponds. In contrast, when we considered 263 

abundance (Figure 5b), we detected a substantial change in the regional differences between 264 

pond typologies. During the post-fire hydroperiod, burned ponds had higher replacement 265 

values and correspondingly lower abundance difference values (Figure 5b, Supplemental 266 

Material S4). This pattern was mostly present at the beginning of the hydroperiod than the 267 

end (Supplemental Material S4). Furthermore, temporal changes were also detected: June 268 

2013 sampling campaign had similar replacement and abundance difference values (Figure 269 

5b). Finally, the representation in triangle plots of beta diversity pairwise values (Figure 6) 270 

showed three main patterns: (1) presence-absence and abundance had different outputs, (2) 271 

burned ponds experienced a strong seasonal change along the post-fire year compared to 272 

partially burned and unburned ponds with species abundance values, and (3) changes were 273 

linked mostly to the replacement component. Beta diversity values using presence-absence 274 

data varied across the same region in all pond typologies (Figure 6a). By constrast, when 275 

using species abundance (Figure 6b), we saw a marked increase in replacement of burned 276 

ponds at the beginning of the post-fire sampling campaigns (December 2012, February and 277 

April 2013) and the consequent substantial increase of their general mean replacement values 278 
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(Figure 5b). This trajectory depicting a rise and a decrease in replacement’s relevance could 279 

be related to wildfire intensity. Partially burned ponds had a similar trajectory to burned ones 280 

but milder, whereas for unburned ponds it was negligible (Figure 6b).  281 

Discussion 282 

The interplay between diversity and disturbances constitutes a cornerstone of historical and 283 

current ecological theory (White & Pickett 1985; Turner 2010; Turner & Gardner 2015; 284 

Pulsford et al. 2016; Newman 2019; Holyoak et al. 2020). How disturbances directly or 285 

indirectly impact communities and change their assemblages is key to comprehend the extent 286 

in which disturbances affect ecosystems and to develop management strategies to cope with 287 

them (Battisti et al. 2016). This is especially true for threatened habitats (e.g., Mediterranean 288 

temporary ponds; EPCN 2008; Gómez-Rodríguez et al. 2009; Zacharias & Zamparas 2010; 289 

Rhazi et al. 2012; Boix et al. 2020) that will be affected by greater and more intense 290 

disturbances such as wildfires (Le Page et al. 2008; Pausas & Fernández-Muñoz 2012; Turco 291 

et al. 2018). Throughout this study we explored the effects of wildfire on the alpha and beta 292 

diversity from Mediterranean temporary ponds. These systems hold and sustain a unique set 293 

of fauna which relies on habitat heterogeneity to maintain high regional diversity (Céréghino 294 

et al. 2008; Beklioglu et al. 2014; Boix et al. 2017; Hill et al. 2017; Vad et al. 2017). In fact, 295 

we identified 214 taxa, and around half of them were detected in each sampling campaign, 296 

implying a great taxonomic variation throughout time and space. This seasonal successional 297 

pattern has been long known and widely reported (e.g., Kenk 1949; Lake et al. 1989; 298 

Bazzanti et al. 1996; Boix et al. 2004; Culioli et al. 2006) and highlights the relevance that 299 

landscape structure has for these habitats by maintaining a diverse community through the 300 

exchange of individuals (Horváth et al. 2019). The fact that not all the ponds were affected by 301 

wildfire plus this strong regional interaction (i.e., metacommunity rescue effect; Leibold et al. 302 

2004) probably favours a strong resilience of the system (Cunillera-Montcusí et al. 2021) as 303 
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ponds were not greatly affected by the disturbance. Nevertheless, we did observe some 304 

differences indicating that wildfire affected biodiversity of ponds at some levels.  305 

Wildfire did not affect alpha diversity patterns in pond typologies. In fact, all sampled ponds 306 

followed similar trends throughout the hydroperiod, having less richness at the beginning 307 

(i.e., late autumn and winter) and increasing towards its end (i.e., spring and end of summer), 308 

despite some visual differences between pre- and postfire sampling campaigns. Such 309 

successional variation is depicting the seasonal changes in pond communities (Kenk 1949; 310 

Lake et al. 1989; Bazzanti et al. 1996). In spring and summer months, better weather 311 

conditions favour the arrival of other taxa (e.g., some Odonata and Coleoptera), which 312 

overwinter in permanent sites and colonize ponds during warmer months, seeking food and 313 

predatory refugia for their offspring (Wiggins et al. 1980; Williams 2006; Boda & Csabai 314 

2009). Pond level fluctuation and rainfall patterns also modulate these changes as temporary 315 

systems may have several hydroperiods per year (Boix et al. 2016), which strongly 316 

compromises species assembly throughout the wet phase (Kneitel 2014; Florencio et al. 317 

2020). In February 2013, pond levels decreased but not all ponds dried completely, probably 318 

contributing to increased regional differences. Indeed, this successional trend related to pond 319 

level fluctuation was captured by LCBD values in February 2013 and July 2013. The 320 

decrease of pond levels would increase differences among ponds since taxa able to leave 321 

them would look for other habitats (e.g., water boatmen such as Sigara lateralis, dragonflies 322 

such as Aeshna mixta or midges such as Psectrocladius limbatellus) or the ones that remain 323 

by producing resting stages (e.g., fairy shrimps such as Chirocephalus diaphanus, snails such 324 

as Gyraulus sp. or worms such as Stylaria lacustris; Williams 2006; O’Neill 2016), 325 

something that would raise regional differences between ponds and thus, their contribution to 326 

beta diversity.  327 
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Beta diversity is a well known concept that is calculated and interpreted in different ways 328 

(Baselga 2010; Borcard et al. 2011; Podani & Schmera 2011; Almeida‐ Neto et al. 2012; 329 

Legendre & De Cáceres 2013; Legendre 2014). Interestingly, species with higher 330 

contributions to beta diversity (SCBD values) responded to wildfire categories. These species 331 

contributed more to the differentiation among local communities. Some of these species were 332 

present throughout the whole hydroperiod such as the Chironomidae Psectrocladius 333 

limbatellus or the Ephemeroptera Cloeon spp., but others changed between sampling 334 

campaigns. In the first samplings (December 2012 and February 2013) most species were 335 

Turbellaria (e.g., Gieysztoria sp., Gieysztoria diadema, Dalyellia viridis), Oligochaeta (e.g., 336 

family Tubificidae, Lumbriculidae, Stylaria lacustris) or other taxa having passive dispersal 337 

(e.g., Proasellus coxalis, Tanymastix stagnalis or Hydra sp.). On the other hand, in spring 338 

and summer sampling campaigns (April, June and July 2013), besides these taxa, more 339 

Diptera, Gastropoda, and some Heteroptera were detected (e.g., Gyraulus crista, Plea 340 

minutissima, Chaoborus crystallinus). These significant taxa are related to the natural 341 

successional change along the hydroperiod. However, unburned ponds had greater 342 

abundances at the beginning of the hydroperiod. Therefore, in terms of abundance, unburned 343 

ponds contributed greatly to beta diversity while they were also present in partially burned 344 

and burned ponds but at depleted numbers. This change agreed with pairwise comparison 345 

results, showing a similar response when considering both abundance and presence-absence 346 

data. Thus, the impacts of wildfire on Mediterranean temporary pond beta diversity were 347 

basically detected when considering species identities together with their abundances. In this 348 

sense, previous works analysing wildfire impacts with a trait-based approach detected a 349 

decrease in abundance of some functional groups at the beginning of the hydroperiod (i.e., 350 

passive dispersers aestivating in the pond sediment; Cunillera-Montcusí et al. 2019). This 351 

change in abundance was assumed to be similar in all burned ponds (i.e., affecting the same 352 
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set of species). Nevertheless, here, the replacement component of beta diversity greatly 353 

increased within burned ponds. This increase represented almost the totality of their regional 354 

differences, something that would indicate an increase in assembly differences among burned 355 

ponds. Thus, wildfire would cause greater within group differences in burned ponds (i.e., 356 

greater stochasticity and priority effects) than the observed among partially burned or among 357 

unburned ponds (Chase 2007; Ferrenberg et al. 2013; Fukami 2015; Viana et al. 2016; Han et 358 

al. 2018).  359 

Wildfire disturbance can generate a wide array of consequences on aquatic systems, affecting 360 

communities spatially (Hossack & Corn 2007; Whitney et al. 2015; Banks et al. 2017; Han et 361 

al. 2018) and temporally (Gresswell 1999; Minshall et al. 2001; Romme et al. 2011; Verkaik 362 

et al. 2015). Here, these two components interacted in pond community assembly, responding 363 

to wildfire impacts during the first year after the wildfire. Spatially, after the disturbance 364 

there was an increase in the replacement component within each pond typology, coupled with 365 

wildfire impact intensity. It is true that a general rise in replacement due to a global wildfire 366 

landscape effect, which would compromise colonization across all ponds, could not be ruled 367 

out. However, active dispersers were found in the ponds at the beginning of the hydroperiod 368 

and most flying species would be able to cover the distances between ponds to colonize them 369 

rapidly (Cunillera-Montcusí et al. 2019; 2021). On the other hand, temporally, this change in 370 

replacement at the abundance level and within pond groups ceased with hydroperiod advance 371 

(i.e., June 2013). Such a temporal pattern was only clear in this facet of diversity while alpha 372 

diversity or beta diversity based on presence/absence were much variable, probably related to 373 

the strong intraannual variation across ponds. Nevertheless, this temporal rise in replacement 374 

could also be expected in unaffected ponds due to initial stochasticity in hatchings and 375 

dormant community activation (Florencio et al. 2009; O’Neill 2016; Wisnoski et al. 2019; 376 

Bellin et al. 2020; Olmo et al. 2020). Overall, wildfire would make this rise in replacement 377 
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more extreme than expected as it would decrease abundances of aestivating organisms (Wells 378 

et al. 1997; Chittapun 2011). This would cause a rise in differences between affected ponds. 379 

Nevertheless, temporary ponds community adaptations to drought would foster post-380 

disturbance recovery due to a fast recolonization linked to improved weather conditions, 381 

pond level stabilization, and unburned ponds proximity, which would counterbalance fire 382 

impacts (Boda & Csabai 2009; Bogan & Boersma 2012; Juračka et al. 2019). Therefore, 383 

drought adaptation would indirectly raise wildfire resilience in a cross-tolerance response 384 

(Thiéry 1979; Anderson & Smith 2004; Strachan et al. 2014; Strachan et al. 2015; Pallarés et 385 

al. 2017; Jooste et al. 2020). 386 

 387 

Conclusions 388 

Addressing disturbance consequences on specific habitats is nowadays needed to fully 389 

comprehend their impacts on ecosystem functioning and diversity. In addition, integrating 390 

both spatial (i.e., regional differences) and temporal (i.e., first post-fire hydroperiod) scales 391 

within a metacommunity framework allows us to build a better picture to improve our 392 

understanding of disturbance consequences on metacommunity assembly. Although wildfire 393 

did change the beta diversity of these Mediterranean temporary ponds, rising differences 394 

among burned ponds at the beginning of the hydroperiod, dispersal, and landscape structure 395 

fostered a rapid recolonization and a return to previous conditions in less than one year. This 396 

would indicate a high resilience capacity of the studied metacommunities. Nevertheless, this 397 

resilience would rely on ponds’ specific characteristics. These unique features might become 398 

compromised by global change through habitat degradation or loss, and rise in disturbance 399 

regimes, thus, it is of vital importance to preserve these unique habitats and their diverse 400 

nature and regional structure. 401 
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 713 

Table 1: Mean and standard deviation of all alpha diversity metrics across pond typologies for every 

sampling campaign. S: taxa richness, H: Shannon-Wiener diversity index and J: evenness. B: Burned 

ponds, PB: Partially burned ponds, U: Unburned ponds. 

 

May 2012-

Before 
December 2012 

February 

2013 
April 2013 June 2013 July 2013 

mean sd mean sd mean sd mean sd mean sd mean sd 

S 

B 39.70 ±8.50 34.00 ±6.24 24.50 ±7.78 42.30 ±0.58 42.70 ±5.51 49.00 ±4.24 

PB 38.30 ±5.03 30.70 ±8.62 25.30 ±3.79 53.30 ±2.52 43.30 ±6.66 55.00 ±11.30 

U 38.80 ±6.90 37.50 ±13.20 32.00 ±5.29 44.20 ±9.07 50.20 ±11.90 49.00 ±2.83 

H 

B 2.28 ±0.35 2.37 ±0.64 2.09 ±0.30 2.06 ±0.72 2.05 ±0.45 2.28 ±0.53 

PB 1.80 ±0.34 2.05 ±0.23 2.07 ±0.34 2.64 ±0.08 2.13 ±0.36 2.46 ±0.40 

U 2.16 ±0.33 2.32 ±0.51 1.83 ±0.43 2.41 ±0.49 2.56 ±0.23 1.50 ±0.17 

J 

B 0.62 ±0.06 0.67 ±0.15 0.67 ±0.16 0.55 ±0.20 0.55 ±0.11 0.58 ±0.12 

PB 0.49 ±0.09 0.61 ±0.06 0.64 ±0.08 0.66 ±0.01 0.57 ±0.08 0.61 ±0.07 

U 0.59 ±0.10 0.65 ±0.10 0.52 ±0.09 0.64 ±0.12 0.66 ±0.05 0.39 ±0.04 

 714 

 715 

Table 2: Linear mixed models results for alpha diversity metrics considering only post-fire samples. S: taxa 

richness, H: Shannon-Wiener diversity index and J: evenness. DF indicates number of degrees of freedom. Note 

that no interaction was significant and for that reason not included in the final model to decrease its complexity. 

Species 

richness (S) 

Factor Value Std.Error DF t-value p-value 

Intercept (B/December 2012) 3.48 0.10 30 34.28 <0.001 

February 2013 -0.22 0.08 30 -2.88 0.01 

April 2013 0.31 0.07 30 4.39 <0.001 

June 2013 0.30 0.07 30 4.18 <0.001 

July 2013 0.34 0.08 30 4.06 <0.001 

NB 0.09 0.12 7 0.74 0.49 

PB 0.05 0.13 7 0.42 0.69 

Shannon-

Wiener 

diversity 

index (H) 

Factor Value Std.Error DF t-value p-value 

Intercept (B/December 2012) 1.15 0.06 30 19.47 <0.001 

February 2013 -0.09 0.07 30 -1.25 0.22 

April 2013 0.03 0.07 30 0.51 0.62 

June 2013 0.01 0.07 30 0.13 0.90 

July 2013 -0.06 0.08 30 -0.84 0.41 

NB 0.01 0.06 7 0.23 0.82 

PB 0.04 0.06 7 0.67 0.52 

Evenness 

(J) 

Factor Value Std.Error DF t-value p-value 

Intercept (B/December 2012) 0.49 0.03 30 17.26 <0.001 

February 2013 -0.02 0.03 30 -0.72 0.48 

April 2013 -0.01 0.03 30 -0.45 0.66 

June 2013 -0.03 0.03 30 -0.87 0.39 

July 2013 -0.07 0.04 30 -2.01 0.05 

NB 0.00 0.03 7 -0.16 0.88 

PB 0.01 0.03 7 0.50 0.63 
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Table 3: Taxa presenting higher SCBD values than the mean in each of the six sampling campaigns. One 

sampling campaign from before the wildfire and 5 post-fire campaigns. Each taxon has its 6 letters acronym 

used in Figure 4 to reference.  

 

May 2012 - before December 2012 February 2013 

Tetracelis marmorosa - TET_MAR 

Psectrocladius (P.) limbatellus - 

PSC_LIM 

Physa acuta - PHY_ACU 

Micropsectra lindrothi - MPS_LIN 

Hippeutis complanatus - HIP_COM  

Hydra sp. - HDA_SP 

Gyraulus sp.- GYR_SP 

Gyraulus crista - GYR_CRI 

Gieysztoria beltrani - GIE_BEL  

Graptodytes flavipes - GDY_FLA 

Family Naididae - F_NAI 

Dalyellia viridis - DAL_NAI 

Cloeon gr. dipterum - CLO_DIP 

Tanymastix stagnalis - TAN_STA 

Psectrocladius (P.) limbatellus - 

PSC_LIM 

Paratanytarsus grimmii - PTA_GRI 

Proasellus coxalis - PRO_COX 

Piona sp. type 1 - PIO_SP1 

Rhabdocoela type 11 - O_RHA11 

Rhabdocoela type 1 - O_RHA1 

Gieysztoria sp. - GIE_SP1 

Gieysztoria diadema - GIE_DIA 

Gieysztoria beltrani - GIE_BEL 

Family Tubificidae - F_TUB1 

Family Lumbriculidae - F_LBC 

Family Naididae - F_NAI 

Dalyellia viridis - DAL_VIR 

Cloeon schoenemundi - CLO_SCH 

Stylaria lacustris - STY_LAC 

Psectrocladius (P.) limbatellus - 

PSC_LIM 

Paratanytarsus grimmii - PTA_GRI 

Rhabdocoela type 11 - O_RHA11 

Rhabdocoela type 1 - O_RHA1 

Hydra sp. - HDA_SP 

Gieysztoria beltrani - GIE_BEL 

Dalyellia viridis - DAL_VIR 

Cloeon gr. dipterum - CLO_DIP 

April 2013 June 2013 July 2013 

Paratanytarsus grimmii - PTA_GRI 

Psectrocladius (P.) limbatellus - 

PSC_LIM 

Psectrocladius (P.) sordidellus - 

PSC_SOR 

Proasellus coxalis - PRO_COX 

Piona sp. type 2 - PIO_SP2 

Physa acuta - PHY_ACU 

Rhabdocoela type 1 - O_RHA1 

Hydra sp. - HDA_SP 

Gyraulus sp.- GYR_SP 

Gyraulus crista - GYR_CRI 

Gieysztoria beltrani - GIE_BEL 

Family Tubificidae - F_TUB1 

Family Naididae - F_NAI 

Family Lumbriculidae - F_LBC 

Family Enchytraeidae - F_ENC1 

Corynoneura sp. - CNO_CAR 

Chaetogaster sp. - CAT_SP 

Bothromesostoma personatum - 

BOT_PER 

Paratanytarsus grimmii - PTA_GRI 

Psectrocladius (P.) limbatellus - 

PSC_LIM 

Plea minutissima - PLE_MIN 

Physa acuta - PHY_ACU 

Gyraulus sp.- GYR_SP 

Gyraulus crista - GYR_CRI 

Gieysztoria beltrani - GIE_BEL 

Corynoneura sp. - CNO_CAR 

Cloeon gr. dipterum - CLO_DIP 

Paratanytarsus grimmii - PTA_GRI 

Plea minutissima - PLE_MIN 

Physa acuta - PHY_ACU 

Hippeutis complanatus - HIP_COM 

Gyraulus sp.- GYR_SP 

Gyraulus crista - GYR_CRI 

Ferrissia sp. - FER_SP 

Cloeon gr. dipterum - CLO_DIP 

Chaoborus crystallinus - CHA_CRY  

Chaoborus flavicans - CHA_FLA 

Chironomus prasinus - CHI_PRA 
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Figure captions 722 

Figure 1: Location map of the cluster of temporary ponds found in the Albera region. 723 

Coloured squares correspond to sampled ponds and grey to non-sampled ponds. Their UTM 724 

coordinates can be found in Supplemental Material S1. The black circle in the Iberian 725 

Peninsula map indicates the sampling region. Images correspond to Estany de la Cardonera 726 

dels Torlits, completely burned during the wildfire, and show its evolution along the post-fire 727 

hydroperiod.  728 

Figure 2: Alpha diversity values, mean and standard deviation, for each sampling campaign 729 

and pond typology. a) Taxa richness (S), b) Shannon-Wiener diversity index (H) and c) 730 

Evenness (J). Note that samples from before the wildfire (May 2012-Before) are also 731 

included for visual comparison, although they were not analysed in the model. Alpha values 732 

and model results can be found in Supplemental Material S2 and table 2, respectively. Burned 733 

ponds in red, Partially burned ponds in orange and Unburned ponds in green.  734 

Figure 3: a) Local contribution to beta diversity (LCBD) values (mean and standard 735 

deviation) for each sampling campaign and pond typology. b) LCBD values represented 736 

using pond UTMs (Supplemental Material S1) to represent geographically these values. 737 

Circle size corresponds to LCBD values. Red area corresponds to the area affected by the 738 

wildfire. Burned ponds in red, Partially burned ponds in orange and Unburned ponds in 739 

green. 740 

Figure 4: Abundance of highly contributing to beta diversity taxa based on their SCBD 741 

values. Each circle corresponds to an individual taxa mean abundance for each pond 742 

typology. Burned (B) ponds in red, Partially burned (PB) ponds in orange and Unburned (U) 743 
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ponds in green. Circle size corresponds to taxa abundance values. Black squares indicate 744 

pond significant differences. Taxa acronyms full names are written in Table 4. 745 

Figure 5: Beta diversity pairwise tests for each pond typology (comparisons within each 746 

pond category). a) Beta diversity partitions and index calculated using presence-absence data 747 

(Jaccard similarity): Replacement, Richness difference and Jaccard index. b) Beta diversity 748 

partitions and index calculated using abundance values (Ružička similarity): Replacement, 749 

Abundance difference and Ružička index. Burned (B) ponds in red, partially burned (PB) 750 

ponds in orange and unburned (U) ponds in green. Coloured asterisks indicate significant 751 

differences between each category (asterisk colour corresponds to the significant category). 752 

Stronger colours indicate significantly different entire categories (burned category in bottom 753 

left and central plots). Black letters indicate temporal differences (the whole sampling 754 

campaign is different). Model results can be found in Supplemental Material S4. Note that the 755 

May 2012 and July sampling campaigns have not been considered in the analyses, but they 756 

are represented for visual reference (white and transparent background). 757 

Figure 6: Beta diversity triangle plots for comparisons using a) presence-absence values and 758 

b) abundance values for each pond typology. Burned (B) ponds in red colours, partially 759 

burned (PB) ponds in orange colours and unburned (U) ponds in green colours. Colour 760 

gradient corresponds to each different sampling campaigns ranging from dark (May 2012 - 761 

Before) to lighter colours at the beginning of the hydroperiod (December 2012) and stronger 762 

colours towards the end (July 2013). Circles numbering also indicates sampling campaigns 763 

being 1 May 2012 - Before, 2 December 2012, 3 February 2013, 4 April 2013, 5 June 2013 764 

and 6 July 2013. To represent the triangle plots the inverse value of both Jaccard and Rúzicka 765 

similarity indices is represented (1-Jaccard or 1- Ružička correspondingly).  766 
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Supplemental Material S1: Sampled ponds local names, burned status and location in UTM. 

 

Pond local name Wildfire UTMx UTMy 

Estany de Baix de Canadal B 492588.25 4693730.33 

Estany de Serrallobera B 495208.54 4692054.32 

Estany de la Cardonera dels Torlits B 495891.85 4690805.01 

Estany Gran de Canadal PB 492366.66 4693950.11 

Estany Petit de Canadal PB 492060.13 4694294.71 

Estany de les Moles PB 494907.6 4693757 

Estany de la Cardonera de la Gutina U 498268.87 4693925.28 

Estany de la Rajoleria de la Gutina U 498338.27 4693840.98 

Estany Gran dels Torlits U 496574.88 4692123.69 

Estany Petit dels Torlits U 496621.16 4691867.4 

Supplementary Material - for review



Supplemental Material S2: Taxonomic list of the biocenosis found across all the ponds and sampling 

campaigns. A detailed list of taxa per site can be found in the electronic document corresponding to the free 

available PhD thesis: Resilience of aquatic metacommunities: implications for disturbance recovery by 

Cunillera-Montcusí 2020 (https://www.tdx.cat/handle/10803/669784) 

Taxonomic group Taxon name 

 Amphibia Anura Discoglossus pictus 

  Epidalea calamita 

  Hyla meridionalis 

  Pelodytes punctatus 

  Pelobates cultripes 

  Pelophylax perezi 

Amphibia Caudata Triturus marmoratus 

Annelida Hirudinea Erpobdella sp.  

  Glossiphonia sp. 

  Helobdella stagnalis 

 Dina sp. 

Annelida Oligochaeta Chaetogaster sp. 

  Dero sp. 

  Enchytraeidae indet. sp. 1 

  Enchytraeidae indet. sp. 2 

  Lumbriculidae indet. 

  Lumbricidae indet. 

  Naididae indet. 

  Tubificidae indet. with capillary setae 

  Tubificidae indet. without capillary setae 

  Pristina/Pristinella sp. 

  Stylaria lacustris 

Branchiopoda Anostraca Chirocephalus diaphanus 

  Linderella sp. 

  Tanymastix stagnalis 

Cnidaria Cnidaria Hydra sp. 

Coleoptera Curculionidae Bagous sp. 

Coleoptera Dryopidae Dryops algiricus 

  Dryops striatellus 

  Agabus bipustulatus 

  Agabus nebulosus 

  Bidessus goudoti 

  Colymbetes sp. 

  Cybister lateralimarginalis 

  Dytiscus circumflexus 

  Graptodytes bilineatus 

  Graptodytes flavipes 

  Graphoderus sp 

  Hygrobia hermanii 

  Hydroglyphus geminus 

  Hyphydrus aubei 

https://www.tdx.cat/handle/10803/669784


  Hydrovatus cuspidatus 

  Hydroporus vagepictus 

  Hygrotus impressopunctatus 

  Ilybius sp. 

  Laccophilus hyalinus 

  Laccophilus minutus 

  Laccohilus variegatus 

  Liopterus haemorrhoidalis 

  Porhydrus sp. 

  Rhantus sp. 

  Stictonectes lepidus  

Coleoptera Elmidae Oulimnius rivularis  

Coleoptera Gyrinidae Gyrinus caspius 

  Gyrinus dejeani 

  Gyrinus distinctus 

Coleoptera Haliplidae Haliplus guttatus 

  Haliplus lineaticollis 

Coleoptera Helophoridae Helophorus alternans 

  Helophorus asturiensis 

  Helophorus griseus 

  Helophorus minutus 

Coleoptera Hydrochidae Hydrochus angustatus 

  Hydrochus nitidicollis 

Coleoptera Hydrophilidae Anacaena lutescens 

  Berosus affinis 

  Berosus signaticollis 

  Enochrus nigritus 

  Enochrus quadripunctatus 

  Enochrus testaceus 

  Hydrobius fuscipes 

  Helophorus minutus 

  Helochares lividus 

  Hydrophilus sp. 

  Hydrochara caraboides 

  Laccobius sp. 

  Limnoxenus niger 

Coleoptera Hygrobiidae Hygrobia hermanii 

Coleoptera Noteridae Noterus clavicornis 

  Noterus laevis 

Coleoptera Scirtidae Cyphon sp. 

Diptera Ceratopogonidae Alluaudomyia sp. 

  Bezzia sp. 

  Ceratopogon sp. 

  Culicoides sp. 

  Palpomyna sp. 

  Stilobezzia sp. 



Diptera Chaoboridae Chaoborus crystallinus 

  Chaoborus flavicans 

Diptera Chironomidae  

Chironominae Chironomus aprilinus 

  Chironomus prasinus 

  Chironomus riparius 

  Dicrotendipes sp. 

  Chironomus sp. 

  Glyptotendipes sp. 

  Kiefferulus tendipediformis  

  Micropsectra lindrothi 

  Parachironomus gr. arcuatus 

  Polypedilum sp. 

  Paratanytarsus grimmii 

  Zavreliella sp. 

Diptera Chironomidae  

Orthocladiinae Acricotopus sp. 

  Cricotopus sylvestris 

  Limnophyes sp. 

  Metriocnemus sp. 

  Psectrocladius (P.) limbatellus 

  Psectrocladius (A.) obvious 

  Psectrocladius (P.) sordidellus 

  Pseudosmittia cf:simplex 

  Stygocladius sp. 

Diptera Chironomidae  

Tanypodinae Ablabesmyia sp. 

  Alotanypus sp. 

  Macropelopia nebulosa 

  Procladius choreus 

  Psectrotanypus varius 

  Tanypus sp. 

  Xenopelopia falcigera 

  Zavrelimyia barbatipes 

Diptera Culicidae Anopheles maculipennis 

  Culiseta litorea 

  Culiseta longiareolata 

  Culex hortensis 

  Culex impudicus 

  Culex modestus 

  Culex pipiens 

  Culex theileri 

Diptera Dixidae Dixella autumnalis 

Diptera Dolichocephalidae Dolichocephalidae indet. 

Diptera Ephydridae Hydrellia sp. 

Diptera Sciomyzidae Sciomyzidae indet. 

Diptera Stratiomyidae Odontomyia sp. 



  Oplodontha sp. 

Diptera Tabanidae Hybomitra sp. 

  Tabanus sp. 

Ephemeroptera Baetidae Cloeon gr. dipterum 

  Cloeon cf: schoenemundi 

Ephemeroptera Leptophlebiidae Habrophlebia cf: eldae 

Gastropoda Lymnaeidae Galba truncatula 

  Stagnicola palustris 

Gastropoda Physidae Physa acuta 

Gastropoda Planorbidae Ferrissia sp. 

  Gyraulus crista 

  Gyraulus sp. 

  Hippeutis complanatus 

Heteroptera Corixidae Corixa affinis 

  Corixa panzeri 

  Corixa punctata 

  Hesperocorixa linnaei 

  Hesperocorixa moesta 

  Micronecta scholzi 

  Paracorixa concina 

  Sigara dorsalis 

  Sigara falleni  

  Sigara lateralis 

  Sigara limitata 

  Sigara stagnalis 

Heteroptera Gerridae Gerris argentatus 

  Gerris gibbifer 

  Gerris thoracicus 

Heteroptera Hydrometridae Hydrometra stagnorum 

Heteroptera Mesoveliidae Mesovelia vittigera 

Heteroptera Naucoridae Ilyocoris cimicoides 

  Naucoris maculatus 

Heteroptera Nepidae Ranatra linearis 

Heteroptera Notonectidae Anisops sardeus 

  Notonecta meridionalis 

  Notonecta viridis 

Heteroptera Pleidae Plea minutissima 

Heteroptera Saldidae Saldula opacula 

  Saldula sp.2 

Heteroptera Veliidae Veliidae indet. 

Hydrachnidia Hydrachnidia Eylais extendens 

  Hydrachna skorikowi 

  Hydrodroma pilosa 

  Piona sp.1 

  Piona sp.2 



  Tiphys ornatus 

Isopoda Asellidae Proasellus coxalis 

Odonata Aeshnidae Aeshna affinis 

  Aeshna mixta  

  Anax imperator 

Odonata Coenagrionidae Coenagrion scitulum 

  Enallagma cyathigerum 

  Erythromma lindeni 

  Ischnura elegans 

Odonata Lestidae Chalcolestes viridis 

  Lestes barbarus 

  Sympecma fusca 

Odonata Libellulidae Crocothemis erythraea 

  Sympetrum fonscolombii 

  Sympetrum meridionale 

  Sympetrum striolatum 

Trichoptera Hydroptilidae Agraylea sexmaculata 

Trichoptera Limnephilidae Limnephilus sp.1 

  Limnephilus sp.2 

Trichoptera Polycentropodidae Holocentropus stagnalis 

Turbellaria Rhabdocoela Bothromesostoma personatum 

  Dalyellia viridis 

  Typhloplanidae indet.sp. 1 

  Typhloplanidae indet. sp. 2 

  Mesostoma sp.1 

  Mesostoma sp.2 

  Gieysztoria beltrani 

  Gieysztoria diadema 

  Gieyztoria sp1 

  Gieyztoria sp1 

  Mesostoma ehrenbergii 

  Neorhabdocoela indet. 

  Rhabdocoela indet. sp. 1 

  Rhabdocoela indet. sp. 2 

  Rhabdocoela indet. sp. 3 

  Rhabdocoela indet. sp.4 

  Phaenocora sp. 

  Tetracelis marmorosa 

  



 

Supplemental Material S3: Sampled ponds alpha diversity metrics: Local richness (S), Shannon-Wiener 

diversity index (H) and evenness (J) and the local contribution to beta diversity of each pond (LCBD). B: Burned 

ponds, PB: Partially burned ponds, U: Unburned ponds. Pond local names are also indicated to match with 

supplementary S1 information.  

Sampling 

campaign 
Pond local name  Wildfire S H J LCBD 

M
ay

 2
0
1
2

 (
b

ef
o

re
) 

Estany de Baix de Canadal B 31 1.97 0.58 0.10 

Estany de Serrallobera B 40 2.21 0.60 0.10 

Estany de la Cardonera dels Torlits B 48 2.66 0.69 0.09 

Estany Gran de Canadal PB 43 2.13 0.57 0.13 

Estany Petit de Canadal PB 33 1.83 0.52 0.12 

Estany de les Moles PB 39 1.45 0.40 0.09 

Estany de la Cardonera de la Gutina U 34 2.02 0.57 0.10 

Estany de la Rajoleria de la Gutina U 40 1.79 0.49 0.08 

Estany Gran dels Torlits U 48 2.28 0.59 0.14 

Estany Petit dels Torlits U 33 2.54 0.73 0.06 

D
ec

em
b

er
 2

0
1
2
 

Estany de Baix de Canadal B 39 2.94 0.80 0.08 

Estany de Serrallobera B 27 1.67 0.51 0.10 

Estany de la Cardonera dels Torlits B 36 2.48 0.69 0.08 

Estany Gran de Canadal PB 40 2.28 0.62 0.11 

Estany Petit de Canadal PB 29 1.82 0.54 0.11 

Estany de les Moles PB 23 2.07 0.66 0.11 

Estany de la Cardonera de la Gutina U 30 1.75 0.51 0.08 

Estany de la Rajoleria de la Gutina U 23 2.08 0.66 0.11 

Estany Gran dels Torlits U 51 2.56 0.65 0.15 

Estany Petit dels Torlits U 46 2.89 0.76 0.06 

F
eb

ru
ar

y
 2

0
1

3
 

Estany de Baix de Canadal B 19 2.30 0.78 0.10 

Estany de la Cardonera dels Torlits B 30 1.88 0.55 0.12 

Estany Gran de Canadal PB 21 1.74 0.57 0.16 

Estany Petit de Canadal PB 28 2.41 0.72 0.12 

Estany de les Moles PB 27 2.07 0.63 0.10 

Estany de la Rajoleria de la Gutina U 26 1.36 0.42 0.14 

Estany Gran dels Torlits U 34 1.93 0.55 0.18 

Estany Petit dels Torlits U 36 2.20 0.61 0.09 

A
p

ri
l 

2
0
1

3
 

Estany de Baix de Canadal B 42 2.30 0.61 0.11 

Estany de Serrallobera B 42 2.63 0.70 0.08 

Estany de la Cardonera dels Torlits B 43 1.25 0.33 0.11 

Estany Gran de Canadal PB 56 2.69 0.67 0.13 

Estany Petit de Canadal PB 53 2.68 0.67 0.10 

Estany de les Moles PB 51 2.55 0.65 0.10 

Estany de la Cardonera de la Gutina U 43 1.79 0.48 0.11 

Estany de la Rajoleria de la Gutina U 33 2.26 0.65 0.09 

Estany Gran dels Torlits U 55 2.74 0.69 0.11 

Estany Petit dels Torlits U 46 2.86 0.75 0.06 

Ju
n
e 

2
0
1
3
 

Estany de Baix de Canadal B 48 2.50 0.65 0.09 

Estany de Serrallobera B 37 2.05 0.57 0.09 

Estany de la Cardonera dels Torlits B 43 1.59 0.42 0.13 

Estany Gran de Canadal PB 45 1.90 0.50 0.13 

Estany Petit de Canadal PB 49 2.54 0.65 0.09 

Estany de les Moles PB 36 1.94 0.54 0.10 

Estany de la Cardonera de la Gutina U 40 2.45 0.66 0.12 

Estany de la Rajoleria de la Gutina U 40 2.47 0.67 0.07 

Estany Gran dels Torlits U 62 2.40 0.58 0.10 

Estany Petit dels Torlits U 59 2.90 0.71 0.06 

Ju
ly

 2
0

1
3
 

Estany de Baix de Canadal B 46 1.91 0.50 0.12 

Estany de la Cardonera dels Torlits B 52 2.65 0.67 0.17 

Estany Gran de Canadal PB 47 2.18 0.57 0.24 

Estany Petit de Canadal PB 63 2.74 0.66 0.18 

Estany Gran dels Torlits U 47 1.38 0.36 0.17 

Estany Petit dels Torlits U 51 1.62 0.41 0.13 

  



Supplemental Material S4: Beta regression mixed model results for LCBD values, Presence absence beta 

diversity (Replacement, Richness diversity and Jaccard index) and Abundance beta diversity (Replacement, 

Richness diversity and Ružička index) considering only post-fire samples. For beta diversity partitions 

(presence absence and abundance) we also excluded the last sampling campaign due to the lack replicates 

(July 2013). B burned ponds U unburned ponds and PB partially burned ponds. Grey lines with bold numbers 

indicate significant results.  

LCBD 

Factors Estimate Std. Error z value Pr(>|z|) 

Intercept (B/December 2012) -2.34 0.13 -17.60 <0.001 

NB 0.12 0.17 0.71 0.48 

PB 0.23 0.18 1.26 0.21 

February 2013 0.22 0.13 1.62 0.11 

April 2013 0.13 0.12 1.10 0.27 

June 2013 0.21 0.12 1.78 0.07 

July 2013 0.52 0.13 4.12 <0.001 

NB : February 2013 0.15 0.17 0.86 0.39 

PB : February 2013 -0.06 0.17 -0.36 0.72 

NB : April 2013 -0.21 0.16 -1.32 0.19 

PB : April 2013 -0.13 0.17 -0.77 0.44 

NB : June 2013 -0.36 0.16 -2.22 0.03 

PB : June 2013 -0.22 0.17 -1.32 0.19 

NB : July 2013 -0.03 0.17 -0.20 0.84 

PB : July 2013 0.19 0.17 1.15 0.25 

Replacement 

(Jaccard 

index) 

Factors Estimate Std. Error z value Pr(>|z|) 

Intercept (B/December 2012) 0.24 0.22 1.09 0.28 

NB -0.61 0.27 -2.24 0.03 

PB -0.12 0.32 -0.37 0.71 

February 2013 -0.31 0.39 -0.79 0.43 

April 2013 0.03 0.26 0.13 0.90 

June 2013 -0.12 0.26 -0.48 0.63 

NB : February 2013 1.11 0.45 2.46 0.01 

PB : February 2013 0.32 0.46 0.70 0.49 

NB : April 2013 0.25 0.32 0.78 0.44 

PB : April 2013 0.10 0.37 0.28 0.78 

NB : June 2013 0.10 0.32 0.33 0.74 

PB : June 2013 -0.02 0.37 -0.06 0.95 

Richness 

difference 

(Jaccard 

index) 

Factors Estimate Std. Error z value Pr(>|z|) 

Intercept (B/December 2012) -1.67 0.50 -3.32 <0.001 

NB 0.72 0.60 1.20 0.23 

PB 0.48 0.68 0.70 0.49 

February 2013 0.74 0.80 0.92 0.36 

April 2013 -2.71 0.79 -3.44 0.00 

June 2013 -0.21 0.59 -0.36 0.72 

NB : February 2013 -1.52 0.96 -1.58 0.11 

PB : February 2013 -1.48 0.98 -1.51 0.13 

NB : April 2013 2.05 0.86 2.38 0.02 

PB : April 2013 1.31 0.98 1.34 0.18 

NB : June 2013 -1.17 0.78 -1.51 0.13 

PB : June 2013 -0.39 0.81 -0.49 0.63 

Jaccard index 

Factors Estimate Std. Error z value Pr(>|z|) 

Intercept (B/December 2012) 0.92 0.16 5.84 <0.001 

NB 0.04 0.17 0.26 0.80 

PB 0.01 0.20 0.03 0.98 

February 2013 -0.01 0.15 -0.06 0.95 

April 2013 -0.44 0.12 -3.70 0.00 

June 2013 -0.46 0.12 -3.95 0.00 



Replacement 

(Ružička 

index) 

Factors Estimate Std. Error z value Pr(>|z|) 

Intercept (B/December 2012) 1.09 0.35 3.14 <0.001 

NB -0.93 0.34 -2.74 0.01 

PB -0.88 0.38 -2.33 0.02 

February 2013 0.75 0.42 1.77 0.08 

April 2013 0.00 0.34 -0.01 0.99 

June 2013 -1.11 0.35 -3.13 0.00 

Richness 

difference 

(Ružička 

index) 

Factors Estimate Std. Error z value Pr(>|z|) 

Intercept (B/December 2012) -1.73 0.40 -4.33 <0.001 

NB 1.03 0.41 2.51 0.01 

PB 1.09 0.46 2.39 0.02 

February 2013 -0.86 0.51 -1.68 0.09 

April 2013 0.01 0.41 0.02 0.98 

June 2013 1.00 0.41 2.42 0.02 

Ružička index 

Factors Estimate Std. Error z value Pr(>|z|) 

Intercept (B/December 2012) 1.90 0.43 4.37 <0.001 

NB 0.71 0.55 1.30 0.19 

PB 0.12 0.61 0.19 0.85 

February 2013 0.47 0.55 0.85 0.40 

April 2013 0.50 0.37 1.33 0.19 

June 2013 0.82 0.40 2.04 0.04 

NB : February 2013 -0.06 0.72 -0.08 0.94 

PB : February 2013 -0.76 0.63 -1.20 0.23 

NB : April 2013 -1.39 0.46 -3.00 0.00 
PB : April 2013 0.42 0.54 0.77 0.44 

NB : June 2013 -1.73 0.49 -3.56 0.00 
PB : June 2013 -0.29 0.53 -0.55 0.58 

 

 

  



Supplemental Material S5: Abundance values of the taxa that presented greater SCBD values than average 

for each sampling campaign. Abundance values were logarithmically transformed to meet normality. P-

values from each model are indicated in the plots, red font text indicate significant p-values for burned, 

unburned and partially burned ponds respectively for each of the models.  

May 2012 (before) December 2012 February 2013 

   
April 2013 June 2013 July 2013 
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