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A B S T R A C T   

Ecological studies searching for drivers of biodiversity variation have frequently focused on 
taxonomic richness. However, more aspects of biodiversity, namely diversity facets can be 
considered to properly assess biotic-environment relationships. Here, we explore the environ-
mental factors that could control the four biodiversity facets of aquatic Coleoptera from 93 
regionally sampled Patagonian ponds. We also explore which are the ponds with high diversity 
values of all facets to prioritize them with a high conservation value. We fitted generalized ad-
ditive models (GAM) to test relationships among environment (i.e., local and climatic variables) 
and aquatic beetles diversity facets (i.e., richness (SD), functional diversity (FD), phylogenetic 
diversity (PD), and local contribution to local beta diversity (LCBD). Climatic drivers were the 
most important predictors of beetle diversity facets, which exhibited linear and nonlinear re-
sponses. Thus, ponds from warmer Patagonia exhibited the highest values of SD and PD, whereas 
LCBD also peaked on colder sites suggesting that ponds under extreme temperatures sustain 
unique beetle assemblages. Moreover, ponds located in areas with higher precipitation variability 
exhibit the highest values of LCBD (i.e., unique assemblages). This result in addition to arid 
conditions in Patagonia prevailing since 16 m.y.a made us think that Patagonian beetle pond- 
dwellers are basally adapted to aridity. We calculated an index that summarizes the four facets 
patterns, to assign high conservation value to those ponds with higher index values. The relative 
importance of each facet varies from pond to pond. Hence, this multifaceteded approach not only 
allows us to identify priority areas for biodiversity conservation but also focuses on the impor-
tance of including multiple facets to understand biodiversity spatial patterns.   

1. Introduction 

Understanding the complex patterns of freshwater biodiversity variation could bring key clues to disentangle their potential 
drivers, having implications for their conservation [1–3]. Traditionally, studies focusing on the ecological factors that determine 
biodiversity variation across space have been based on taxonomic diversity, either considering species richness (i.e. presence-absence 
data) and/or their relative abundance. However, taxonomic diversity alone brings a limited notion of community structure, assuming 
that each taxon is equally distinct, and ignoring that their functional roles and evolutionary histories could determine the interactions 
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among them and with the ecosystems [4–6]. 
Freshwater ecologists have recently drawn their attention to two additional facets of diversity: functional and phylogenetic di-

versity e.g. Refs. [7–9]. Functional diversity takes into consideration the value and range of organism traits that influence their 
performance and ecosystem functioning [3]. Phylogenetic diversity refers to the evolutionary relationships among species and 
therefore reflects their evolutionary histories, thus, sites with identical taxonomic diversity can be different in their phylogenetic 
diversities [4,10]. Another aspect of diversity that is growingly taken into consideration by researchers is the Local Contribution of 
Beta Diversity (LCBD), a metric developed from the partitioning of beta diversity by Legendre and De Cáceres[11], where the derived 
indices are comparative indicators for the ecological uniqueness of each site [12]. LCBD indices may allow the detection of 
high-priority conservation areas since higher values of LCBD may correspond to sites with an unusual combination of species and/or 
environmental variables or rare species [12,13]. Therefore, considering these four facets of biodiversity brings a more accurate picture 
of community assembly, revealing the underlying mechanisms of biodiversity maintenance along spatial and temporal gradients[14], 
and leading to the identification of sites with high conservation values. 

Since macroinvertebrates play a pivotal ecological and functional role in every aquatic ecosystem, the study of their assemblages 
through multiple-facet diversity approaches could reflect the biodiversity status of the entire ecosystem [10]. There is strong evidence 
that macroinvertebrate taxonomic and functional alpha diversities may be more strongly influenced by local environmental variables 
than regional ones [2,3,15]. The environment could select those species featuring a set of traits that allow them to occur in a habitat 
with particular environmental conditions and “filter” those species that do not meet these requirements. Phylogenetic alpha diversity, 
on the other hand, seems more complex to understand since it would depend on the spatial scale analyzed. At small spatial scales, the 
phylogenetic diversity responses to the environment seem to be similar to functional diversity [2] but could be disproportionately 
affected by spatial factors at larger scales[2,3]. On the other hand, the association between macroinvertebrate LCBD and environ-
mental predictors is not fully understood since studies aiming to answer that query are still scarce. However, there are a few con-
tributions that found no relation [16] or some degree of linking between the environment and LCBD depending on the scale[13]. 

Among freshwater macroinvertebrates, water beetles are good surrogates of overall community patterns, hence excellent candi-
dates to test ecological questions [17]. Aquatic Coleoptera is one of the most diverse orders of aquatic macroinvertebrates, exhibiting a 
wide morphological, functional, and ecological range; they are relatively easy to sample, and their taxonomy and biogeography are 
reasonably well-known [18]. Many studies have demonstrated that water beetles respond to variation across space and feature 
complex diversity patterns in freshwater ecosystems [1,19–25], but relationships within the four diversity attributes and their vari-
ation across wide spatial gradients have not been deeply studied. 

Argentinian Patagonia is a very interesting region to test general ecological and biogeographical hypotheses, where freshwater 
studies at a regional scale are still incipient. The region is located between southern latitudes 35◦ and 55◦, with complex geo-
morphology, an exponential west-east decreasing precipitation, strong and constant westerly winds, a wide variety of soils (i.e. 
entisols, aridisols, mollisols), and vegetation types (i.e. humid temperate forests, semideserts, shrub steppes, shrub-grass steppes, grass- 
shrub steppes) [26–29]. The particular Patagonian topography and climate produce a redistribution of water that forms water 
meadows, called “mallines” by local inhabitants. These mallines are significant components of Patagonian ecosystems, sustaining a 
diverse fauna and flora, the regional economy based on livestock breeding, and other ecosystem services such as water supply, 
agricultural irrigation, and carbon sinks [30–34]. Across this heterogeneous region, the ponds generated by mallines (referred to as 
“ponds” hereafter) provide an excellent environment to examine the variation of multiple diversity facets and compare the outcoming 
patterns with other regions. 

In this study, we used water beetles to explore the factors driving multiple facets of their diversity along a regional spatial scale. The 
objectives of this work were: 1) to compare the patterns within diversity facets, identifying those ponds with consistently high diversity 
values as priority sites for conservation; 2) to describe how different diversity facets of water beetle communities vary from north to 
south and across the regional aridity gradient; 3) to determine which are the main environmental controls of each diversity facet. We 
hypothesized that: (H1) all diversity facets are related to latitude, but their patterns also depend on aridity. To test this hypothesis, we 
will first test across facets relationships, and then their potential relationships with latitude and aridity (i.e., first and second objec-
tives). We also hypothesized that: (H2) local environmental variables are the main drivers of the diversity variation of the water beetle 
communities from Patagonian ponds. We expect that local environmental conditions will more strongly influence taxonomic and 
functional diversity rather than phylogenetic diversity and LCBD. 

Even though many contributions have studied macroinvertebrate community patterns of Patagonian ponds, a few have addressed 
the variation of biodiversity four facets. Furthermore, understanding the interactions between facets could bring valuable information 
to have a notion of the importance of ponds in terms of conservation priority. For this reason, the relevance of this study lies in the fact 
that we studied four facets of biodiversity and point to summarize this information in an index to detect ponds of high priority in terms 
of conservation. 

2. Materials and methods 

2.1. Study area 

Argentinian Patagonia is an extensive area located in southern South America that occupies approximately 780,000 km2. From east 
to west, this region extends from the Atlantic Ocean to the Andes mountains. The Andes ultimately determine the heterogeneous 
landscape of Argentinian Patagonia since act as a barrier for humid air masses coming from the Pacific Ocean that discharges the 
humidity in the western flank establishing a strong west-east precipitation gradient and modeling two main phytogeographical 
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provinces: a thin Sub-Antarctic Forest strip along the Andes Mountains; and the dominant Patagonian Steppe. Most of the region could 
be considered dryland (86.7%) based on the aridity index. These drylands are classified as arid, semiarid, and dry subhumid [29]. 

We sampled 93 ponds distributed from the northern 37◦50′S to the southern 54◦52′ Patagonia (Fig. 1). Each pond was sampled once 
during summer (late December to early January), between 2006 and 2018, distributed as follows: 10 in 2006, 16 in 2007, 6 in 2011, 55 
in 2014, and 6 in 2018. We used a handheld GPS (Garmin Etrex 10) to obtain geographic coordinates and the altitude of each pond and 
checked later using the elevation model of Google Earth Pro software. 

2.2. Water beetle collection and identification 

We used a D-frame net to sample the aquatic beetles. We swept the net horizontally (1.5 m) from 12 to 32 times (depending on the 
pond’s area) from the margins to the middle part of the pond see Ref. [1]. We then pooled the content of each sweep into one composite 
sample. 

Beetles were fixed in the field with 5% formalin, sorted at the laboratory, and stored in 70% ethyl alcohol. Specimens were sorted 
and identified at the possible lowest taxonomic level following regional taxonomic keys and original descriptions; we use this source of 
information either to reach to family or genus level [35–39] or species level [40–48]. By considering the area of the D-frame net and 
the distance covered in the water, we express pond invertebrate abundance as the number of individuals per unit volume (ind m− m) 
[1]. 

2.3. Predictor variables 

To test our hypotheses and accomplish our objectives we consider local environmental and climatic variables. Within the first ones, 
we measured wetland aerea (Garmin Etrex 10 or Google Earth Pro software), and mean depth (calibrated stick). For each pond, we also 

Fig. 1. Map of the study area in Argentine Patagonia showing the location of the 93 sampled ponds.  
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registered water temperature, conductivity, total dissolved solids, salinity, pH, dissolved oxygen, and percentage of saturation using 
multiparameter probes (Hach Sension 156). We collected water samples and then frozen, for later analysis of total phosphorus and 
total nitrogen in unfiltered water samples, and soluble reactive phosphorus, nitrate + nitrite, and ammonium in field-filtered water 
samples (Sartorius, cellulose acetate filter). We visually estimated the percentage cover of the plants, including both emergent and 
submerged species (referred to as aquatic plant cover). We then focused on climatic variables. We obtained mean annual precipitation 
(mm), maximum temperature of the warmest month (◦C) (maxT), minimum temperature of the coldest month (◦C), precipitation 
seasonality (i.e., coefficient of variation that provides a percentage of precipitation variability where larger percentages represent 
greater variability of precipitation, PSE) and mean annual wind speed (m/s), using models available at WorldClim v.2 databases for the 
1970–2000 period (1 km2 resolution; [49]. We got information on the aridity of each pond location from the Global Aridity Index 
Climate Database v2 (1 km2 resolution [50]). 

2.4. Response variables 

We calculated four facets of diversity: taxonomic richness (SD), functional diversity (FD), phylogenetic diversity (PD), and local 
contribution to beta diversity (LCBD). Taxonomic richness was calculated as the number of different taxa found in each pond, thus 
using presence-absence data. We calculated FD, PD, and LCBD using beetle abundance data. All facets were calculated and then 
analyzed using the R software v.4.1.0 [51] and RStudio software [52]. To calculate functional diversity we first selected adequate 
functional traits related to distributional patterns and environmental filtering to test our hypotheses. Following Schmera et al. [53], we 
set 47 traits in 15 trait groups (Table S1). Using the trait coding methodology of Schmera et al. [ [54]] as a guide, we used a fuzzy code 
to codify each trait state. This is, we coded each trait with an integer that ranges from 0 (low affinity) to 3 (high affinity) reflecting the 
relative affinity of a taxon to a particular trait (see [54]). The affinity values were set by three of the authors (MA, LBE, and NMR) who 
are familiar with the Patagonian aquatic beetle fauna; we also consulted literature to be sure of the importance of some traits [35–37, 
46,55,56]. We then calculated Rao’s quadratic entropy (RaoQ) (hereafter referred to as FD) as a measure of functional diversity using 
the dbFD function of the ‘FD’ package[57]. 

We used delta taxonomic distinctness based on the Linnaean hierarchy (see Table S2) as a surrogate for true phylogenetic infor-
mation [58,59] because of the lack of available phylogenetic reconstructions that cover all the species of aquatic Coleoptera considered 
in this study. To calculate this index, we first estimated mean pairwise distances among species and then calculated the delta taxo-
nomic distinctness (hereafter referred to as Phylogenetic Diversity, PD), using the taxa2dist and taxondive functions of the ‘vegan’ 
package [60]. Although relevant information may be lost using taxonomy hierarchy instead of true phylogenies, some studies have 
demonstrated that taxonomic distinctness could be a reliable proxy of phylogenetic diversity when there is no data of truly phylo-
genetic relationships among taxa [61,62]. We calculated the LCBD index using the R package ‘adespatial’ [63]. The LCBD index as-
sesses the degree of uniqueness in assemblage composition from each pond, with higher values indicating a higher singularity value for 
each site. 

2.5. Multifaceted index 

To assess which are the higher-priority conservation ponds we calculate a named index “Multifaceted index” (MF), that takes into 
account all four facets of biodiversity as follows: we first scale them from 0 to 1 dividing all values of a particular diversity facet to each 
pond by the highest value of that attribute. Then we proceeded to sum the four values and scaled the outcome value from 0 to 1. Based 
on index results, we considered four pond conservation priorities as follows: high-priority (>0.75); moderate-priority (0.75–0.5); low- 
priority (0.5–0.25); and non-critical-priority (<0.25). 

2.6. Statistical analyses 

In order to explore potential relationships among response variables (i.e., diversity facets), we performed single non-parametric 
correlations tests (Spearman rank) using ‘corrplot’ package [ [64]]. We used a significance level of 0.05. We also performed a 
one-factor analysis (Table S3) of the variance (ANOVA) to test if the contribution of each facet to the MF index was similar. 

We performed generalized linear models (GLMs) for modeling the effect of latitude and aridity on diversity facets (Hypothesis H1). 
The response variable taxonomic richness (SD) was modelled assuming a Poisson distribution and log link function. Whereas, func-
tional diversity (FD), with a Binomial distribution and logit link. Gaussian distribution with an identity link and a Gamma with a log 
link were used for phylogenetic diversity (PD) and local contribution to beta diversity (LCBD), respectively. To test the second hy-
pothesis (H2), we fitted another set of generalized additive models (GAMs). We analyzed the effects of environmental predictors on the 
diversity facets mentioned above. Collinearity between environmental variables dissolved oxygen, total phosphorus, total nitrogen, 
aridity, the maximum temperature of the warmest month, minimum temperature of the coldest month, precipitation seasonality, and 
mean annual wind speed, was checked using a nonparametric rank correlation and a threshold of r = ±0.7. An automatic backward 
step-wise approach was applied for model selection using the command “drop1”. Residual plots were examined for model validation 
following the protocol described by Zuur et al. [65]. Modeling was performed using ‘lme4’ [66], ‘mgcv’ [67] and ‘ggplot2’ [68] R 
packages. 
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3. Results 

3.1. General patterns of aquatic beetles 

The aquatic Coleoptera assemblages of the 93 studied ponds included 28 species in 9 families and 18 genera (Table S2). The most 
frequent families were Dytiscidae and Hydrophilidae, followed by Haliplidae (74, 67, and 14 ponds, respectively). Dytiscids and 
hydrophilids were also dominant in most sites, showing higher mean densities (70.86 ind/m3 and 21, respectively); the other aquatic 
Coleoptera mean densities were below 3 ind/m3. Local richness per pond ranged between 0 and 10, with 6 ponds lacking water beetles 
and 24 ponds having 5 or more taxa. Lancetes sp., Tropisternus setiger, and Liodessus patagonicus were the most frequent (74, 54, and 50 
ponds, respectively) and abundant taxa (mean relative abundance of 37.87%, 18.75%, and 16.33%, respectively). 

3.2. Diversity facets patterns and Multifaceted index 

SD, FD, and PD were positively and moderately to strongly correlated with each other (Fig. S1), and LCBD was weakly and 
negatively correlated with SD (r = − 0.28; p < 0.05). SD was significantly and positively correlated with both FD and PD (r = 0.68 and r 
= 0.58, respectively; p < 0.05), and the two latter metrics were correlated among them (FD and PD: r = 0.8; p < 0.05). 

From the multifaceted index, we identified 13 high-priority ponds (index value > 0.75), 39 moderated-priority ponds (index value 
0.50–0.75), 33 low-priority ponds (index value 0.25–0.50) and 8 non-critical ponds (index value < 0.25) (Fig. 2). All diversity facets 
contributed differently to each high-priority site: SD contribution varied from 9 to 35%, FD from 23 to 42%, PD from 18 to 32%, and 
LCBD from 13 to 40% (Fig. S2). Nevertheless, the mean proportional contribution of each facet to the overall Multifaceted index was 
similar (F = 2.58, p = 0.06, Table S3). 

The GLM models did not retain any predictor, and no significant relationship between neither latitude nor aridity and diversity 
facets (i.e., SD, PD, FD, LCBD) was detected (Table S4). 

From the GAM models, only three predictors out of eight were retained (Fig. 3, Table S5). There was a non-linear relationship 
between SD, PD, and the climatic predictor maxT (p < 0.05; p < 0.001). According to these models, SD increased linearly with maxT 

Fig. 2. Map of the study area showing the values of Multifaceted index (MF index) corresponding to each pond. Colors show the index values range 
and pond conservation priority category: dark blue = 1.00–0.75, high-priority; blue = 0.75–0.50, moderated-priority; light-blue = 0.50–0.25, low- 
priority; light green = 0.25–0.00, non-critical priority. 
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and remains constant above 22 ◦C (Fig. 3a), whereas the PD decreased until 11 ◦C approximately, and then displays two maximum 
values (19 ◦C and 24 ◦C; Fig. 3b). For both diversity measures, model uncertainty raised to warmer temperatures (Fig. 3). LCBD was 
explained by three main predictors (Fig. 3c), being linearly related with the climatic predictor precipitation seasonality and the local 
one dissolved oxygen (positively and negatively, respectively), and having a “U” shaped distribution with maxT, featuring two peaks at 
extreme temperatures: one near 0 ◦C and one near 30 ◦C, with lower values towards around 20 ◦C temperatures (i.e, assemblages are 
unique in colder and warmer ponds). Again, an increasing uncertainty trend towards higher temperatures was observed. 

4. Discussion 

4.1. Relationships between latitude, aridity, and biodiversity facets 

We did not find any clear relation between latitude nor aridity and pond Coleoptera biodiversity, rejecting our first hypothesis 
(H1). As was stated by Heino [68], freshwater insects feature many latitudinal diversity patterns including positive, negative, and no 
relationship with increasing latitude and this variation seems to depend on the latitudinal extent and region-specific conditions [68, 
69], especially regarding local species biodiversity or alpha diversity. According to this author, a weak or no relationship between 
diversity facets and latitude could be explained by the high within-region variation of environmental variables across latitude. Ribera 
et al. [70] explored some of these issues. They studied richness patterns of aquatic beetles in ten European countries and found that 
species richness from lotic environments decreases with latitude whereas no clear pattern was observed in lentic habitats. Mainly, the 
authors attributed this outcome to the low geographical turnover and larger range size of lentic beetles which may indicate dispersal as 
being fundamental in explaining their respective species richness patterns. In line with previous explanations, the lack of a significant 
relationship between beetle diversity facets and latitude may be explained by Patagonian beetles good dispersal capacity and 
adaptability to harsh environments (i.e., drier or colder locations). 

Aridity, a measure of west-east Patagonian precipitation decrease, did not explain the diversity patterns of pond aquatic beetles. 
This outcome contrast with other studies conducted at shorter spatial scales in Patagonian ponds, in which either beetles [71] or other 

Fig. 3. Relationships between water beetles and local environmental and climatic variables from 93 Patagonian ponds (each location is represented 
with a black tick mark over the x-axis). Graphical results for the effects of maximum temperature of the warmest month modelled with Generalized 
Additive Models (GAMs) on a) species richness and b) phylogenetic diversity. c) Graphical results for the effects of precipitation seasonality, 
maximum temperature of warmest month and dissolved oxygen modelled with GAMs on local contribution to beta diversity. The y-axes represent 
the estimated smoothing curve and the 95% confidence bands obtained from fitted GAMs. DO: dissolved oxygen. maxT: maximum temperature of 
the warmest month. PSE: Precipitation seasonality. 
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macroinvertebrates[1,72] responded to water conductivity as an indirect measure of site aridity [ [31,33]]. Water conductivity in 
Patagonia is related to the exponential west-east precipitation gradient (i.e., increasing aridity towards the east)[27]. One possible 
explanation for the lack of a link between aridity and water beetle diversity is that the pond-dwellers Coleoptera lineages of Patagonia 
are basally adapted to arid conditions by displaying physiological mechanisms to face desiccation and salinity [73,74,75]. For 
example, Pallarés et al.[76], conducted an experimental study finding that regardless of the ability to cope with aridity, eight Lumetus 
species (Hydrophilidae) occurred in arid areas. Hence, the authors hypothesized that the studied Lumetus species have a high ancestral 
desiccation resistance that allows them to face aridity. Argentinian Patagonia has been highly dominated by arid conditions since the 
late Miocene (~16 Mya)[75,77] therefore beetle ability to deal with salinity might have evolved as an adaptation to freshwater 
desiccation. 

4.2. Ecological drivers of biodiversity facets 

Our second hypothesis (H2) was only partially supported since dissolved oxygen was the unique local environmental predictor 
explaining a diversity facet (LCBD), and two climatic variables (i.e., the maximum temperature of the warmer month and precipitation 
seasonality) played important roles in predicting SD, PD, and LCBD (Fig. 3, Table S5). 

We found a negative relationship between LCBD and dissolved oxygen (DO), meaning that sites with lower values of DO sustained 
unique assemblages of aquatic Coleoptera (Fig. 3c, right panel). As well-adapted pond-dwellers, the aquatic beetles of the sampled 
ponds have developed a wide variety of respiration strategies that may allow them to live in environments with low oxygen levels [71]. 
In most cases, the adult breathes via the retention of an air bubble stored under the elytra [78]. Among beetle larvae, scirtid (Cole-
optera, Scirtidae), Tropisternus, and Enochrus larvae (Coleoptera, Hydrophilidae), have to reach water surface to restore air supply, but 
larvae of other species have thoracic and abdominal lateral cuticular projections with tracheae reaching in order to increase surface 
breathing area (i.e., Berosus spp. or Haliplus spp.) [79,80]. Hence, those ponds with high LCBD may have unique combinations of 
anoxic adapted taxa (like Liodessus patagonicus, Rhantus signatus (Dytiscidae), Haliplus subseriatus (Haliplidae), Enochrus sp., Tropis-
ternus setiger (Hydrophilidae), Pseudomicrocara (Scirtidae), that are able to exploit these harsh environments. 

Climatic variables maximum temperature of the warmest month (maxT) and precipitation seasonality (PSE) seem to play critical 
roles in most beetle diversity facets (FD excepted). Interestingly, maxT relationships with SD and PD were similar, tending to increase 
positively. Temperature affects not only various biological and physicochemical processes related to metabolism, growth, develop-
ment, reproduction, and food availability for the aquatic fauna [81,82], but also determines many physical factors such as evapo-
transpiration and the availability of dissolved oxygen. Moreover, in general, water temperature enhances the biological activity and 
the rate of chemical reactions, favoring the coexistence of more species [3]. For instance, our results suggest that aquatic Coleoptera SD 
and PD are constrained by lower temperatures so in a scenario where temperatures are getting globally higher, these relatively good 
aerial dispersers might expand their distributions taking advantage of current colder locations (i.e., higher mountains and higher 
latitudes). 

According to our model, maxT and LCBD relationship exhibited a “U” shaped form, where ponds from colder (near 0 ◦C) and 
warmer (near 30 ◦C) sites had higher values of the LCBD index (Fig. 3c, middle panel). This outcome suggests that ponds under extreme 
temperatures sustain unique assemblage compositions. Colder ponds (located in southern or montane Patagonia) would sustain low 
numbers of cold-adapted species that would be vulnerable to global warming due to the potential range shifts of other generalist 
species [83]. Moreover, assemblages from warmer ponds would be unique due to a distinctive combination of several species (i.e., 
higher taxonomic richness). In this line of thought, co-existing species of mild-temperature ponds are more similar to each other than 
ponds from higher and lower temperatures. 

In line with previous studies [83,84], we found that precipitation seasonality was a secondary control of LCBD (Fig. 3c, left panel). 
Since, this climatic coefficient peaks in those areas where precipitation events are concentrated in time, our results indicate that ponds 
located in areas with high precipitation seasonality harbor species that would be adapted to desiccation. In particular, those beetles 
with high flying strength like dytiscids (i.e., Desmopachria, Laccophilus, Lancetes, Liodessus, Meridiorhantus, Rhantus), haliplids (i.e., 
Haliplus subseriatus) and the hydrophilids (i.e., Tropisternus) and to a lesser extent, the hydrophilids Hemiosus dejeanii and Enochrus tend 
to fly fleeing across ponds located in less predictable weathers. Even more, the strong adult sclerotization that minimizes cuticular 
transpiration, plus produced water as a product of the metabolization of fat reserves during aerial dispersal [76,85], suggest that these 
beetles would be resilient to the Patagonian aridization. 

4.3. Relationships between facets and priority conservation ponds 

We found that the four facets of biodiversity bring complementary information from Patagonian ponds. Recently published 
research [2,86] remark on the importance of understanding how diversity metrics interact with each other for planning conservation 
policies because of the difficulty of preserving all diversity facets simultaneously under limited resources (e.g., low budgets, limited 
equipment, few human resources, etc.). Our results show that SD, FD, and PD are positively correlated indicating, at first sight, that 
planning efforts could cover these aspects of diversity; the strong and positive correlation between FD and PD suggests some degree of 
evolutionary conservatism due to closely related species sharing the same functional traits, and it seems that the functional traits we 
selected have a phylogenetic signal [87]. LCBD, however, showed a statistically weak negative correlation with SD (i.e. the species 
richest ponds were the most similar in species structuring). Therefore, by conserving the most speciose ponds, we would preserve sites 
with the highest number of functional groups and evolutionary lineages, but we would be forgetting about ponds with unique com-
binations of species. To address this issue, we constructed the “multifaceted index” in an attempt to provide all the information from 
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the four diversity facets. As the four biodiversity aspects have different contributions to each pond, a multifaceted approach would 
cover all angles. 

We calculated the multifaceted index, assuming that the output would give a conservation value to each pond. Using this index, we 
identified 13 sites of high conservation priority in which it seems that all facets contribute to the index in a similar proportion. All of 
these sites are located in northwestern Patagonia, in Chubut Province, except for two sites which are located far south, one in southern 
Santa Cruz Province and one in Tierra del Fuego Province, near the australmost latitude in the South-American continent. These sites 
support between 10 and 3 species each and bring all together 24 species out of 30. Interestingly, only using beetle assemblages and four 
diversity metrics, our findings are in line with those from Epele et al. [34]. In that research, authors detected 10 high-priority con-
servation ponds including terrestrial plants and vertebrates, and aquatic macroinvertebrates. For this reason, the proposed multi-
faceted index approach could also be useful to identify priority areas for the conservation of other organisms. 
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