Combining taxonomic and functional approaches to assess land-use impacts on macroinvertebrate assemblages and improve bioindication
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Abstract 
Most studies exploring land use impacts have focused on taxonomic metrics, but interest in the functional approach has increased because it helps to understand the relationships between community structure and functioning of aquatic ecosystems. We evaluated how functional and taxonomic approaches contribute to assessing the effects of land use on macroinvertebrate assemblages of lowland streams. We also studied the relationships between both approaches. We sampled benthic macroinvertebrates in 17 sites with different land uses (agricultural, peri-urban, and extensive livestock). We computed the taxonomic metrics and biotic indexes as well as functional richness (FRic), divergence (FDiv), dispersion (FDis), and Rao diversity indexes for each site. We performed general linear mixed models to compare land-uses and also performed correlation analysis between taxonomic and functional indexes. Taxonomic richness was significantly higher in extensive livestock than in the other two land uses, while Shannon diversity was significantly different between land uses (extensive livestock>peri-urban>agriculture). FRic and FDiv were significantly lower in peri-urban land use than in agricultural and extensive livestock sites. Only taxonomic richness showed a significant and positive relationship with FRic, FDis, and Rao, but they fit better to a logarithmic function. Therefore, an increase in taxonomic richness and Shannon diversity did not necessarily imply an increase in the functional aspects of the macroinvertebrate assemblage. Using only one of these approaches could lead to partial evaluations and loss of information. Combining them could improve bioindication and predictive potential and help assess the effects of multiple stressors on freshwater ecosystems to improve biomonitoring. 
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1.Introduction
The ecological integrity and biodiversity of freshwater ecosystems worldwide are threatened by multiple human impacts at local and global scales (Vorosmarty et al. 2010). In particular, the replacement of the natural environment by urbanization and agriculture causes negative effects on stream communities, like the replacement and loss of species (Allan 2004; Rasmussen et al. 2013; Feld et al. 2016). The expansion and intensification of these activities have been frequently associated with changes in channel morphology, instream substrate composition, and riparian vegetation (Heartsill-Scalley and Aide 2003; Luo et al. 2018; Paz et al. 2018). In addition, expanding agricultural land use within a catchment has also increased both inorganic and organic pollution through the use of pesticides and fertilizers (Cornejo et al. 2019; Solis et al. 2019; Wang et al. 2019). 
Biomonitoring uses biota to assess the ecological condition of the ecosystem, and the use of bioindicators represents shortcuts in ecology: a cost-effective strategy to study extremely complex systems (Friberg et al. 2011). In this sense, several taxa are essential bioindicators for tracking and quantifying environmental impacts. This is based on the premise that the presence/absence of particular taxa at a given site reflects its environmental quality (Zamora et al. 1996; Keck et al. 2017). Among several possible bioindicators (e.g. fishes, macrophytes, diatoms), benthic macroinvertebrates are one of the most widely used groups in bioindication studies (Resh 2008). This group is sensitive to a broad range of environmental stressors and hence a useful tool to assess disturbances in streams (Rosenberg and Resh 1993; Bonada et al. 2006; Miserendino et al. 2011; Rodrigues Capítulo and Gómez 2020). 
Most of the literature exploring the impacts of land-use changes has focused on taxonomic metrics or biotic indexes, i.e. the taxonomic approach (Miserendino et al. 2010; Wanxiang et al. 2021). However, over the last three decades, interest in the functional approach has increased because it helps to understand the relationships between community structure and functioning of aquatic ecosystems facing multiple stressors (e.g. Dolédec et al. 1999; Statzner et al. 2001; Verberk et al. 2013; Hering et al. 2015; Navarro-Ortega et al. 2015). Functional diversity of communities is defined as the diversity of traits present in a community weighted by their abundances (e.g., Petchey and Gaston 2006; Villáger et al. 2010). Each species contributes to the ecosystem functioning through its functional traits, which establish the relationship between the environmental conditions of a site and the characteristics of the species (adaptations) that inhabit that site (Townsend and Hildrew 1994; Poff 1997). The relationship between species diversity and functional ecosystem aspects is known to be complex and context-dependent (Naeem and Wright 2003). Yet, it is often assumed that species losses result in a similar loss of functional trait diversity (e.g. Bowker et al. 2008; Christie and Hochuli 2008). There is still little information on the response of the loss of species and its consequences on functional aspects of macroinvertebrate assemblages to land use, especially for lowland streams. Thus, it is necessary to study the relationships between taxonomic and functional aspects of the assemblages to enhance management strategies for lotic ecosystems. In this sense, we evaluated the contribution of functional and taxonomic approaches to assess the effects of land use on macroinvertebrate assemblages of lowland streams. We also studied the relationships between both approaches to improve bioindication. 


2.Methods
2.1 Study area
We studied six basins, tributaries of the Río de la Plata Basin, located in the Pampean ecoregion, Buenos Aires Province, Argentina (Fig. 1). Pampean streams are characterized by slow water flow due to the slope of the region (≈2.5%), streambeds with fine sediments (primarily silt and clay), and the absence of riparian forest vegetation (Rodrigues Capítulo et al. 2004, Amuchástegui et al. 2016). 
We sampled a total of 17 sites. Six sites were located in the Matanza Riachuelo River Basin (one in Morales Stream, one in Rodriguez Stream, one in Chacón Stream, and three in Cañuelas Stream), with agricultural and peri-urban land use (Guida-Johnson et al. 2017). Five sites were located in the Martín-Carnaval catchment. These sites exhibited habitat simplification caused by human activities such as dredging and canalization (Licursi and Gómez, 2009; Paz et al. 2018). Two sites were located in Del Gato catchment (Gato and Perez Streams). This catchment is mainly covered by peri-urban land use (Gómez et al. 2022; Paredes del Puerto et al. 2022). We also sampled two sites in the Pescado catchment (Pescado and Cajaravillas Streams), one site in the Arregui catchment (Chubichaminí Stream), and one site in the Destino Stream. They were located in rural areas with extensive livestock production (Athor 2009; García et al. 2009; Altieri et al. 2022; Paredes del Puerto et al. 2022).
2.2 Field sampling 
Three sampling campaigns were carried out in the spring and summer at each site, one campaign in 2013 (December), one in 2014 (November), and one in 2015 (March). Temporal differences were discarded because there were no significant differences (repeated measures analysis of variance). On each sampling occasion, we measured by triplicate the dissolved oxygen concentration (DO, mg L-1), temperature (°C), pH, conductivity (μScm-1), and nephelometric turbidity unit (NTU) with a HORIBA Multiparameter U-50 water-quality meter. Additionally, we collected sediment samples for the organic matter (OM) calculations and water samples for the analysis of ammonium (NH4+,mg L-1), nitrites (NO2, mgL-1), nitrates (NO3, mg L-1), soluble reactive phosphorus (SRP, mg L-1), and biochemical oxygen demand (BOD), according to standard methods (APHA, 2005). 
We collected three benthic macroinvertebrate samples using an Ekman dredge (100 cm2) at each site and on each sampling occasion. Samples were fixed in the field with 4% formaldehyde and sieved in the laboratory through a 500-μm mesh. Samples were preserved in 70% ethanol, and macroinvertebrates were identified to the lowest taxonomic level (usually genus), except for some dipterans, Hydrachnidia, Oligochaeta, and Nematoda, which were identified to families or subfamilies (Domínguez and Fernández 2009).
We used 56 categories of 11 biological traits to describe the functional composition of the macroinvertebrate assemblage. Based on the literature, we included traits linked to organic pollution (Kuzmanovic et al. 2017; Edegbene et al. 2020). Each trait was resolved in different modalities (Table 1) following Statzner et al. (1997), Usseglio-Polatera et al. (2000), Tomanova and Usseglio-Polatera (2007), and Reynaga and Dos Santos (2012). We determined the affinity of taxa for each trait modality with a fuzzy coding system (Chevenet et al. 1994), which described the averaged affinity of each genus for each category. We assigned a score to each taxa describing its affinity for each modality of each variable from ‘0’ indicating ‘no affinity’ to ‘3’ indicating ‘high affinity’ (Chevenet et al. 1994; Statzner et al. 1997; Statzner et al. 2004; Usseglio-Polatera et al. 2000; Tomanova and Usseglio-Polatera 2007). Patterns of biological traits were gathered from observations and organism measurements in the laboratory as well as diverse published expert knowledge (Usseglio-Polatera et al. 2000; Tomanova and Usseglio-Polatera 2007). Information on taxa in the area was prioritized, but if this information was not found, we used the bibliography of South American organisms (e.g. Reynaga and Dos Santos 2012; Tomanova et al. 2008; Domínguez and Fernández 2009) or, in some cases, the internationally available information on taxa (Statzner et al. 1997; Usseglio-Polatera et al. 2000; Tomanova and Usseglio-Polatera 2007). For some taxa identified at coarser levels of taxonomic resolution, affinity scores were calculated by summing the affinity scores of the genera belonging to this taxonomic group and known in our region and rescaling the results to a 0–3 scale. When we identified a genus (mostly dipterans) with no information at this level, we assigned the subfamily or family affinities for that genus.
2.3 Data analysis
First, to test significant differences between the physico-chemical variables measured for each land use, we performed general linear models with Gaussian error distribution (link: identity) followed by Tukey’s post hoc multiple comparisons. We performed the models with the fixed effects “land use'' (extensive livestock, agricultural, and peri-urban) and the catchment as a random effect. We assessed model fit using residual plots to check for normality and homogeneity by visual inspections (Zuur et al. 2009). 
Second, to assess the responses of macroinvertebrate assemblages to land-use disturbances, we calculated the Shannon diversity (H), the taxonomic richness (S), the Pampean Biomonitoring Working Party (PBMWP), which is based on the Biological Monitoring Working Party index (Rodrigues Capítulo 1999; Armitage et al. 1983), and the Biotic Index for PAMPean rivers and streams (IBPAMP, Rodrigues Capítulo et al. 2001). We also calculated four multi-trait functional diversity indexes: functional richness (FRic), functional divergence (FDiv; Villéger et al. 2008), functional dispersion (FDis; Laliberté and Legendre 2010), and Rao index (Rao 1982). FRic can be defined as the space occupied by the species within an assemblage regardless of their abundance (Villéger et al. 2008). FDiv quantifies the proportion of the total abundance supported by the species with the most extreme trait values (Villéger et al. 2008; Mouillot et al. 2013). FDis measures the dispersion of species in trait space weighted by their relative abundance (Laliberté and Legendre 2010). These components of functional diversity reflect complementary characteristics of the taxa distribution in the functional space.  The index Rao's quadratic entropy, the Rao index (Rao 1982), calculates the abundance-weighted variance of the functional dissimilarities between all species pairs. Therefore, the introduction of a new species into an assemblage will increase the species-abundance diversity, but it may decrease the average dissimilarity among species if it is functionally similar (Rao 1982; Botta-Dukát 2005). To calculate these indexes, we used Gawdis distance instead of Gower distance due to Fuzzy coded variables (de Bello et al. 2021). To test significant differences in the values of the calculated indexes (H, S, FRic, FEve, FDiv, Rao) between land uses, we performed general linear mixed models (GLMM). The models were fitted with Gaussian (link: identity) distributions, and they were tested with the fixed effects “land use” (extensive livestock, agricultural, and peri-urban). We also included a random effect “Catchment” (see Fig. 1). Model fit was assessed using residual plots to check for homogeneity by visual inspections (Zuur et al. 2009). 
Finally, to assess whether changes in taxonomic richness and Shannon diversity between land uses resulted in similar changes in the functional diversity indexes, we performed Pearson correlations between variables. We considered a correlation coefficient of 0.6 as a threshold to indicate a certain level of congruence between indexes (Lovell et al. 2007). We did not consider that a significant correlation was enough because we were comparing different indices for the same field data (i.e. species abundance of the same taxa), and correlation would most probably be statistically significant. All analyses were carried out with ‘R’ version 3.5.1 (R Development Core Team 2018). We used the following package: MASS (Venables and Ripley 2002), MuMIn (Barton 2015), and lme4 for linear models (Bates et al. 2014); FD and ADE-4 for functional diversity indexes (Laliberté et al. 2014).
[bookmark: _heading=h.gjdgxs]3.Results
Physico-chemical features presented significant differences between land uses. The agricultural sites showed significantly higher conductivity values, PRS, nitrite, and ammonium concentration than the other sites, while the peri-urban sites showed significantly higher concentrations of nitrates. The extensive livestock sites exhibited significantly higher values of NTU and organic matter (Table 2).  
3.1. Taxonomic and functional composition
We identified a total of 56 taxa belonging to 41 families in the 24 study sites. Taxonomic richness was significantly higher in extensive livestock than in agricultural and peri-urban land uses, while Shannon diversity was significantly different for all land uses (extensive livestock > peri-urban > agriculture; Table 3). The results of PBMWP and IBPAMP indexes are shown in Figure 2. According to IBPAMP, all the sites except for Chub (extensive livestock) and Can 2 (agricultural) were classified as “moderately polluted” or “heavily polluted” independently of their land use. The result of the PBMWP index was similar but only Chub was classified as “acceptable”. The functional approach results showed that FRic and FDiv were significantly lower in peri-urban land use than in agricultural and extensive livestock sites (Table 3). 
Regarding correlations, we found that only taxonomic richness showed a significant and positive correlation with FRic, FDis, and Rao. However, these relationships fit better to a logarithmic function than to a linear one. The extensive livestock sites showed higher values of taxonomic richness and functional diversity indexes, and they are located where the curve flattens. In general, peri-urban sites are located in the lower-left corner of the correlation graphs, indicating lower values of taxonomic richness, FRich, Rao, and FDis than those of the other land uses. In contrast, agricultural sites with taxonomic richness values relatively similar to those of the peri-urban sites showed higher values of FRich, Rao, and FDis (Fig.3). The graph of Shannon diversity and functional diversity indexes showed that peri-urban sites exhibited relatively higher diversity but lower Rich, Rao, and FDis values than agricultural sites.
4. Discussion 
Our results showed the negative effects of different catchment land uses on taxonomic and functional aspects of the macroinvertebrate assemblages. Similar results were registered by other authors (Li et al. 2019; Edgebene et al. 2021; Altieri et al. 2022; Paz et al. 2022). In addition, the taxonomic and functional approaches showed different and complementary aspects of macroinvertebrate assemblages for different land uses. An increase in taxonomic richness and Shannon diversity did not necessarily imply an increase in the functional aspects of the macroinvertebrate assemblage. Therefore, both approaches were necessary to fully assess the effects of the land-use changes on these assemblages and thus improve the biomonitoring of lowland streams.
Several authors associated high conductivity, nitrogen, and SRP concentrations with agricultural land use due to fertilizer applications and their impacts on the occurrence or relative abundance of species within an assemblage (i.e. species turnover). Sensible taxa strongly decreased with increasing levels of nutrient enrichment in agricultural sites, affecting richness and diversity of the macroinvertebrate assemblage (Solis et al. 2016, 2019; Cornejo et al. 2019; Kanott et al. 2019; Horak et al. 2020). During our study, all sites except for Chub and Can 2 were classified as “moderately polluted” or “heavily polluted” by the biotic indexes independently of their land use. However, these indexes consider neither the changes in species abundance (only the presence or absence of species in a site) nor its functional aspects. The lowland streams of the Pampean ecoregion naturally exhibit a high concentration of nutrients (Rodrigues Capítulo et al. 2004, Feijoó and Lombardo 2007; Amuchástegui et al. 2016), and most of the inhabiting species should be adapted to these features. Therefore, the differentiation between land uses by analyzing only biotic indexes could be limited in these cases. Puente et al. (2008) reported that biotic indexes lack sensitivity for differentiating between polluted and unpolluted sites in naturally stressed assemblages, due to the dominance of species that are tolerant to organic enrichment. In contrast, we were able to differentiate between the land uses by using richness and Shannon diversity in our study. The taxonomic richness index differentiated the sites with extensive livestock land use from the rest, while the diversity index differentiated the three land uses.  Other authors registered the effectiveness of Shannon diversity in distinguishing land uses (Hepp et al. 2010; Li et al. 2018; Liu et al. 2021), as well as the decrease in diversity in streams and wetlands with peri-urban land use (Paredes del Puerto et al. 2022; Gómez et al. 2022). However, like biotic indexes, the richness and diversity indexes did not provide information about the functional aspects of the macroinvertebrate assemblages. For example, peri-urban sites showed higher Shannon diversity than agricultural sites, but this did not imply an increase in functional richness.
Trait composition and functional diversity changes due to land use in a macroinvertebrate assemblage have been addressed before (Doledec et al. 2011, Kuzmanovic et al. 2017; Yadamsuren et al. 2020; Paz et al. 2022). Traits related to feeding habits (e.g. scrapers and predators) are expected to increase in nutrient-     enriched environments and affect functional diversity (Statzner and Bêche 2010; Altieri et al. 2022). Other authors also found that different gradients of urban land use produced changes in macroinvertebrate functional traits and reduced functional diversification of macroinvertebrate assemblages (Ding et al. 2017; Edegbene et al. 2021). This could indicate that abundances of functionally similar taxa increased at peri-urban sites, and the relative abundance of species with extreme or unique categories of functional traits decreased, in agreement with our results (Gerisch et al. 2012). Furthermore, the peri-urban sites showed habitat simplification caused by human activities such as dredging and canalization related to urban and peri-urban land use (Suren 2009; Paz et al. 2018). Invertebrates are highly sensitive to morphological alterations of the channel and habitat conditions (Chen et al. 2019). Thus, the loss of habitat heterogeneity was probably a major factor affecting functional macroinvertebrate assemblages.
The relationship between taxonomic and functional diversity varies between different taxonomic groups, being highly complex and context-dependent (Cadotte et al. 2011; Carmona et al. 2012; Hevia et al. 2015; Morelli et al. 2018). De Castro-Català et al. (2020) found that macroinvertebrate richness was correlated with functional richness. Conversely, during our study, the relationships between taxonomic richness and FRic, Rao, and FDis showed a saturation pattern (logarithmic). Bêche and Resh (2007) and Schemera et al. (2012) also found FRic and Rao exhibited a saturation pattern with increasing taxa richness after approximately 50 and 30 taxa respectively, in line with our results. Therefore, FRic, Rao, and FDis increased until a threshold was exceeded and the addition of new taxa did not improve the functional indexes. This made it evident that there was functional redundancy among macroinvertebrate assemblages (Bêche and Statzner 2009). 
Ecosystem functionality and diversity of ecological processes are increasingly considered to be related to the diversity of functional traits within assemblages in comparison with      the diversity of taxa, because species with different traits are more likely to play complementary roles (Mouillot et al. 2011; Leitão et al. 2016). Our results indicated that although richness and Shannon diversity can be useful indicators to distinguish between different types of land use, it did not necessarily translate into an increase in the functional aspect of the ecosystems, especially in naturally stressed assemblages. Extensive livestock sites did not show more functional diversity than agricultural sites because of their functional redundancy. This could be due to the fact that species considered sensitive in these environments could have similar functions to those of more tolerant species, such as Campsurus sp. (Ephemeroptera), which are collector-gatherers like the family Ephydridae (Diptera). 
By definition, an ecosystem is more complex than just a collection of species, and if we only focus on a unique aspect of biodiversity we could miss other aspects of the ecosystem, like functional ones. Therefore, the use of multiple approaches might describe the multifaceted aspect of biodiversity more appropriately (Heino et al. 2008; Gallardo et al. 2011). In addition, knowing how to separate the effects of natural stressors and anthropogenic inputs is a crucial challenge, and the use of combined approaches should be considered an option for the assessment of naturally stressed assemblages.
An increase in taxonomic richness and Shannon diversity did not necessarily imply an increase in the functional aspects of the macroinvertebrate assemblage. Using only one of these approaches (taxonomic or functional) could lead to partial evaluations and loss of information. The functional approach could improve the impact diagnosis and the predictive potential, and could be used to assess the effects of multiple stressors on freshwater ecosystems and improve biomonitoring. Therefore, it is relevant to include both aspects of the assemblages in routine biomonitoring of lowland streams. A step further in biodiversity assessment needs to consider the role of each species in ecosystems or species responses to environmental conditions.
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Table 1: Biological traits and modalities (=categories) of the aquatic macroinvertebrates sampled during this study. 
	Traits
	Modalities 

	Maximal size 
	<2,5 mm

	
	2,6-5 mm

	
	5,1-10 mm

	
	10,1-15 mm

	
	15,1-20 mm

	
	> 20,1 mm

	Body shape
	Streamlined

	
	Compressed or flattened

	
	Cylindrical

	
	Spherical

	Body flexibility (degrees)
	None (<10)

	
	Low (>10-45)

	
	High (>45)

	Food
	Sediment particles

	
	Fine detritus < 1 mm 

	
	Coarse detritus >1 mm 

	
	Microphytes 

	
	Macrophytes 

	
	Dead animals 

	
	Microinvertebrates 

	
	Macroinvertebrates 

	Feeding habits
	Collector-Gatherer 

	
	Shredder 

	
	Scraper 

	
	Collector-Filterer 

	
	Predator 

	
	Piercer 

	
	Parasite 

	Egg-laying
	Isolated eggs, free

	
	Isolated eggs, cemented

	
	Clutches

	Resistance form
	Eggs, statoblasts, gemmules 

	
	Cocoons

	
	Diapause or dormancy

	
	None

	Adaptation to flow
	Suckers 

	
	Silt gland (SG)

	
	Mineral material - case 

	
	Anal hooks 

	
	Tarsal hooks 

	
	No adaptation 

	Locomotion and substratum relation
	Flier

	
	Surface swimmer 

	
	Full water swimmer 

	
	Crawler 

	
	Burrower (epibenthic) 

	
	Interstitial (endobenthic) 

	
	Temporarily attached 

	Respiration
	Tegument

	
	Gill

	
	Spiracle (aerial)

	
	Lungs

	
	Plastron

	Reproduction
	Ovoviviparity

	
	Oviparous

	
	Asexual reproduction



Table 2: Physico-chemical variables ± standard deviation registered during the study. T: temperature; DO: dissolved oxygen; Cond: conductivity; NTU: nephelometric turbidity unit; OM: organic matter; NH4+: ammonium; NO2 - : nitrites; NO3 - : nitrates; SRP: Soluble reactive phosphorus; BOD: biochemical oxygen demand. Different letters indicate significant differences across different types of land use (p<0.05).

	
	Extensive Livestock
	Agriculture
	Peri-urban

	T (°C)
	25.35±2.96a
	25.60±3.10a
	22.32±4.11a

	Cond
 (μs cm− 1)
	837.32±402.06b
	1556.69±668.56a
	743.43±254.10b

	pH
	8.10±0.39a
	7.64±1.01a
	8.00±0.68a

	DO (mgO l-1)
	6.56±1.51a
	8.34±4.35a
	8.00±3.26a

	NTU
	276.26±162.18a
	58.05±40.70b
	85.83±108.68b

	BOD (mgO l-1)
	3.00±0.71a
	11.23±13.46a
	7.44±3.91a

	PRS (mgP l-1)
	0.39±0.20b
	1.71±1.57a
	0.56±0.23b

	NO3- (mgN l-1)
	0.06±0.04b
	0.81±0.95b
	2.07±1.84a

	NO2- (mgN l-1)
	0.02±0.02b
	0.33±0.40a
	0.14±0.17b

	NH4+ (mgN l-1)
	0.05±0.03c
	4.58±5.06a
	0.63±0.97b

	OM (%)
	16.60±13.41a
	6.34±2.09b
	7.64±6.43b











Table 3: Mean ± standard deviation of taxonomic and functional indexes calculated during the study. S: richness, N: number of individuals, H: Shannon diversity, FRic: functional richness, FDiv: functional divergence, FDis: Functional dispersion, Rao: Rao quadratic entropy. Different letters indicate significant differences across different types of land use (p < 0.05).
	
	Extensive Livestock
	Agriculture
	Peri-urban

	S
	22.60±15.63a
	13.45±2.88b
	10.75±4.20b

	H
	2.52±1.32a
	1.43±0.56c
	1.93±0.51b

	FRic
	0.57±0.22a
	0.59±0.10a
	0.32±0.21b

	FDiv
	0.79±0.09a
	0.83±0.04a
	0.76±0.03b

	FDis
	7.01±0.69a
	7.34±0.19a
	6.61±0.64a

	Rao
	0.66±0.12a
	0.71±0.03a
	0.59±0.11a
















Figure 1: Map of the study sites showing the main land uses, the location of the sampling sites, and each watershed. Mor: Morales; Ch: Chacón; Rod: Rodriguez; Can: Cañuelas; Can 1: Cañuelas 1; Can 2: Cañuelas 2; Car: Carnaval (1 and 2); Mar: Martín (1-3); Gato: Del Gato; Per: Pérez; Pes: Pescado; Caj: Cajaravillas: Chub: Chubichaminí; Dest: Destino.
Figure 2: Biological Monitoring Working Party index for Pampean Streams (PBMWP) and Biotic Pampean Index (IBPAMP) values of all sites. White: acceptable quality; light gray: moderately polluted; dark gray: highly polluted. Mor: Morales; Ch: Chacón; Rod: Rodriguez; Can: Cañuelas; Can 1: Cañuelas 1; Can 2: Cañuelas 2; Car: Carnaval; Mar: Martín; Gato: Del Gato; Per: Pérez; Pes: Pescado; Caj: Cajaravillas: Chub: Chubichaminí; Dest: Destino. 
Figure 3: Relationship between the functional richness (FRic), functional divergence (FDiv), functional dispersion (FDis), Rao index (Rao), Shannon diversity (H), and taxonomic richness (S). Solid lines represent the correlation function. Correlation coefficient (Pearson r) and significance (*P < 0.05, **P < 0.01) are also shown.
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