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assessed at each site. A general Water Quality Index 
was applied to the physical, chemical, and bacterio-
logical data. Macroinvertebrate taxa richness, Plecop-
tera–Ephemeroptera–Trichoptera richness, and the 
Biotic Index of San Luis Sierras were the metrics 
used to analyze macroinvertebrate assemblage shifts. 
Species richness and relative abundance of amphib-
ians were estimated from calling and visual encounter 
surveys, in parallel with all aforementioned param-
eters. Principal Component Analysis identified that 
macroinvertebrate-based metrics were superior in 
reflecting the water quality and habitat condition 
impairments, whereas amphibian metrics showed a 
differential sensitivity to specific water quality param-
eters such as nutrient enrichment. This study contrib-
utes to achieve a more comprehensive understanding 
of the complexity of the chemical and biological pro-
cesses experienced by urban affected environments.

Keywords  Urban rivers · Multiple 
indicators · Water quality · Habitat condition · 
Macroinvertebrates · Amphibians

Introduction

The unprecedented growth rate of towns and cit-
ies around the world has created an urgent need to 
work toward the understanding of the impacts of 
urbanization on natural ecosystems and the ser-
vices they provide (Lafortezza & Sanesi, 2019). The 

Abstract  The effects of urban growth are multi-
dimensional and therefore they cannot be assessed 
using only one indicator. The objective of this study 
was to assess the environmental quality of urbanized 
rivers through the evaluation of multiple indicators, 
including water quality, habitat condition, macroin-
vertebrate assemblages, and anuran amphibians as 
bioindicators. Twelve sites along three rivers were 
characterized regarding water quality and habitat 
condition using a Habitat Model Affinity score, dur-
ing high-flow and low-flow seasons between 2009 
and 2013. Fourteen water quality parameters were 
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establishment of new urban areas involves complex 
environmental changes including modifications in 
the physical, chemical, and environmental condi-
tions of an area, which can be reflected in new biotic 
assemblages (Hamer & McDonnell, 2008). Urbani-
zation causes profound impacts on aquatic ecosys-
tems. Particularly, urban rivers experience multidi-
mensional changes, affecting hydrology (frequency 
and magnitude of high-flow events), geomorphol-
ogy (channelization, dredging and bed/bank stabi-
lization works), habitat heterogeneity (increase of 
sediment input), and water quality (increase of pol-
lutants concentration) (Walsh et  al., 2005; Booth 
et al., 2016; Wilson et al., 2021).

Traditionally, rivers water quality used to be 
monitored via physical, chemical, and bacteriologi-
cal determinations, however, these type of analyses 
present some limitations such as (i) any interpreta-
tion of water quality is restricted to the measured 
parameters and (ii) the parameters reflect the state 
of the water body at the time of sampling, making 
it difficult to detect changes in quality between sam-
pling seasons (Abbasi & Abbasi, 2012). Biomonitor-
ing meaning the assessment and monitoring of water 
quality based on the organisms that inhabit an aquatic 
ecosystem present certain advantages over the physi-
cal–chemical approach (Prat & Munné, 2014). The 
main advantage of biomonitoring is that bioindicators 
can reflect cumulative effects of several environmen-
tal changes in a temporal dimension (Parmar et  al., 
2016; Stancheva & Sheath, 2016; Fierro et al., 2017; 
Mekonen et  al., 2017; Rakshit et  al., 2017). In that 
sense, physical–chemical quality of water is able to 
recover shortly after a disturbance, whereas the bio-
logical component can take from weeks to months or 
years to recuperate, depending on the organisms mon-
itored and the size and durability of the disturbance.

Numerous studies highlight the importance 
of using multiple indicators to estimate ecologi-
cal integrity, and the inclusion of biological indi-
ces to estimate water quality and ecological status 
(Shibata et  al., 2004; Zampella et  al., 2006; Walker 
et  al., 2009; Pandey et  al., 2018; Mao et  al., 2019). 
A multi-indicator approach (including both, biotic 
and environmental factors) will allow to compare 
the status of degraded rivers and will provide a bet-
ter understanding of the overall integrity of the evalu-
ated systems. In this study, we use benthic macroin-
vertebrates, amphibians, and habitat condition as 

indicators of environmental health as they are well 
known to respond to different impacts resulted from 
urbanization.

Within an urban context, benthic macroinverte-
brate assemblages show shifts in community struc-
ture as there are able to reflect overall stream degra-
dation (Wang et al., 2020; Ji et al., 2022). Numerous 
studies have demonstrated the negative influence of 
increased urbanization on the macroinvertebrate com-
munity taxa richness, abundance, EPT taxa richness, 
Shannon–Wiener diversity, and number of intolerant 
taxa (Wang et al., 2012; Sterling et al., 2016; Martins 
et al., 2017; Luo et al., 2018).

On the other hand, anuran amphibians have expe-
rienced unprecedented declines and even local 
extinctions worldwide (Wake & Vredenburg, 2008; 
Blaustein et  al., 2011). Habitat degradation and 
alteration (Cushman, 2006), diseases and pathogens 
(Rollins-Smith, 2009), global warming (Pounds et al., 
2006), physiological effects due to increased concen-
trations of pollutants in water (Sowers et  al., 2009; 
Dodd, 2010; Babini et  al., 2018; Calderon et  al., 
2019), alterations in the hydrology of aquatic environ-
ments, and decline in water quality are known to be 
factors related to the decrease of amphibians (McKib-
bin et al., 2008; Sparling, 2010; Bounas et al., 2020). 
For these reasons, this group of vertebrates could be a 
suitable indicator of aquatic ecosystems degradation.

Finally, variations in substrate characteristics, flow, 
breeding site availability, and habitat heterogeneity 
within the channel lead to a decrease in the habitat 
quality of the sites and will be reflected in the struc-
ture of aquatic biota. Therefore, a changing or unsta-
ble habitat is considered one of the main stressors in 
aquatic systems (Karr et al., 1986). This is why, it is 
important to evaluate the quality of the local habitat 
in order to distinguish its effect from the influence of 
water contaminants.

Developing countries have experienced significant 
population and urban growth (García-Ayllón, 2016) 
and the province of San Luis (Argentina) has not been 
excluded from this phenomenon. Therefore, in order 
to implement prioritized conservation strategies, it is 
urgently needed to increase the knowledge of ecologi-
cal status, biodiversity, and health assessment of flu-
vial ecosystems, in different ecoregions (Rocha et al., 
2020). The objectives of this study were (i) to exam-
ine effects of urbanization on habitat degradation 
and water quality, (ii) to assess the effect of habitat 
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degradation and water quality characteristics on mac-
roinvertebrate assemblages and amphibian richness 
and abundance as bioindicators, and (iii) to conclude 
which bioindicator is the most suitable to moni-
tor environmental quality of these human-impacted 
rivers. Our primary hypothesis is that urbanization 
will have a negative effect on the water characteris-
tics and environmental quality of these high-gradient 
rivers. It is expected that as a result of water quality 
degradation and impaired habitat conditions, amphib-
ians and macroinvertebrate metrics will decrease 
along the longitudinal profile of the rivers. Further-
more, we expect that macroinvertebrate and amphib-
ians will show a different response to environmental 
quality degradation of these rivers as they have dif-
ferent environmental requirements and uses of these 
water bodies. The information gathered in this study 
will contribute to design monitoring protocols and 
enhance the inventory of freshwater ecosystem health 
condition.

Material and methods

Study area and sampling design

This study was performed in the province of San 
Luis, Argentina. The province is located between the 
31° and 36° parallels of South latitude and the 64° 
and 67° meridians of West longitude. From 1991 to 
2010, three of the most touristic towns, Potrero de 
los Funes, El Trapiche, and El Volcán, have at least 
doubled their legal local populations. Potrero de los 
Funes suffered an increase in population from 410 to 
1698 people, El Trapiche from 541 to 1200, and El 
Volcán 769 from to 1775 people (Instituto Nacional 
de Estadística y Censos, 2010). Moreover, the afore-
mentioned towns are characterized by a high influx 
of tourists year round, with the highest concentra-
tions during summer season, due to the presence of 
relatively high-gradient rivers where several recrea-
tional activities are done, such as swimming, relax-
ing, walking, and jogging. Four sampling sites were 
set along these three urban-impacted rivers: Trapi-
che River (TR), Volcán River (VR), and Potrero de 
los Funes River (PFR) (Fig.  1). TR, VR, and PFR 
are second-order watercourses (Strahler, 1954) and 
the sections sampled presented an average width and 
maximum depth of 5.57 ± 1.32 m and 0.19 ± 0.04 m, 

respectively. Rivers are located in different parts of 
the San Luis Central Sierras System, which belongs 
to the Eastern Sierras Pampeanas in central Argen-
tina. This morphostructural unit is defined by a mor-
phological criterion of variable heights and similar 
geological features cut transversally by rivers, with a 
steep west slope where these three rivers are located 
(Peña Zubiate et al., 2006). Soils are poor developed 
and vegetation is dominated by xerophytic decidu-
ous shrub (Morello et  al., 2018). In areas near the 
rivers, different species of trees and shrubs can be 
found, such as molle de beber (Lithraea molleoides 
[Vell.] Engl.), tala (Celtis tala Gillies ex Planch), 
molle (Schinus fasciculata [Griseb] I.M. Johnst.), 
chañar (Geoffroea decorticans [Gillies ex Hook. & 
Arn.] Burkart), sombra de toro (Jodina rhombifolia 
[Hook. & Arn.] Reissek rhombifolia), piquillin (Con-
dalia microphylla Cav.), among others (Montenegro 
et  al., 2007). Climate is mesothermic and semi-arid 
with an average annual rainfall of 600  mm (Nievas 
et  al., 2019) mostly concentrated during late spring 
and summer season. Google Earth free and public 
high-resolution remote sensing images showed that 
the land use/cover upstream rivers can be classified as 
rangeland according to the classification system pre-
sented by Anderson (1976). The urbanization gradi-
ent was established at each river as a percent of urban 
land use (e.g., housing, roads, bridges, recreational 
infrastructure, others) in a radius of 150  m around 
each sampling plot (Calderon et  al., 2017) using 
QGIS Geographic Information System (QGIS Devel-
opment Team, 2020) (Fig.  1). Two sampling events 
were carried out during high‐flow season (Decem-
ber–March) and repeated again during low‐flow sea-
son (May–August) between 2009 and 2013.

Assessment of stream corridor characteristics

A habitat assessment of the stream corridor condi-
tion was conducted at each site. The method used 
follows the United States Environmental Protection 
Agency (EPA) Rapid Habitat Assessment protocol 
outlined by Barbour et al. (1999) for high-gradient 
streams. Ten different habitat characteristics (i.e., 
epifaunal substrate/available cover, embedded-
ness, velocity/depth regime, sediment deposition, 
channel flow status, channel alteration, frequency 
of riffles, bank stability, vegetative protection, and 
riparian vegetative zone width) were assessed at 



472	 Hydrobiologia (2023) 850:469–487

1 3
Vol:. (1234567890)

each site and given a score on a scale of 0–20; 0 
being poor and 20 being optimal. Therefore, high 
scores (above 80) indicate that stream corridor is 
practically undisturbed. Interpretation of habi-
tat assessment results was conducted through the 
calculation of Habitat Model Affinity (HMA) for 
high-gradient streams (New York State Department 
of Environmental Conservation, 2019; Calderon 
et al., 2019). The percentage of similarity between 
the HMA scores for a reference condition and the 
HMA scores for each site classified the reaches 
by the level of disturbance: natural (80–100%), 
altered (70–79%), moderate (60–69%), and severe 
(< 60%).

Physical, chemical, and bacteriological sampling, 
analytical methods, and water quality

The samples for the physical and chemical analysis 
were collected in glass containers of 2 l capacity, and 
for the analysis of dissolved oxygen, samples were 
taken separately in a Winkler flask. Samples were 
collected at an equidistant depth between the bot-
tom and the surface at the center of the river chan-
nel. For bacteriological analysis, each water sam-
ple was taken aseptically with a sterilized 1 l glass 
bottles with screw cap, at a depth of approximately 
15–30 cm from the surface. The preservation, trans-
portation, and analysis were performed following the 

Fig. 1   Locations of 12 study sites and their percent of urban land use in Trapiche River, Volcán River, and Potrero de los Funes 
River, San Luis, Argentina
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standard protocols of the Standard Methods for the 
Examination of Water and Wastewater (APHA, 2005) 
at the Instituto de Química San Luis (INQUISAL) lab 
of the Universidad Nacional de San Luis. The data 
set contained 13 parameters: electrical conductiv-
ity S.M. 2510-B (EC), dissolved oxygen S.M 4500-
O-C (DO), turbidity S.M. 2130-B (Tbd), total hard-
ness S.M. 2340-C (TH), biochemical oxygen demand 
S.M. 5210-B (BOD), alkalinity S.M. 2320-B (Alc), 
chemical oxygen demand S.M. 5220-B (COD), chlo-
ride S.M. 4500-Cl (Cl−), phosphate S.M.-4500-PO4 
3−-E (PO4

3−), sodium S.M. 3500-Na-B (Na+), nitrate 
S.M.-4500-NO3-E (NO3

−), total suspended solids 
S.M. 2540-C (TSS), and total coliforms S.M. 9221-B 
(TC). EC and pH were measured in situ using a port-
able waterproof meter, Oakton WD-35431-03. All 
the water quality parameters were expressed in mil-
ligram per liter, except pH, EC (μS cm−1), turbid-
ity (Nephelometric Turbidity Units, NTU), and TC 
(MPN/100 mL).

The Water Quality Index (WQI) (Mingo Magro, 
1981) was used to estimate the water quality of the 
sites. The WQI was calculated using twelve param-
eters for water quality characterization: DO, TSS, 
pH, EC, COD, BOD, Cl−, Na+, TH, TC, PO4

3−, and 
NO3

− (for more information regarding WQI calcula-
tion see Calderon et al. [2019]). The WQI quantifies 
water quality as follows: excellent (100–90), good 
(89–80), intermediate (79–70), acceptable (69–60), 
and unacceptable (59–0).

Biological indicators

Benthic macroinvertebrates were collected at the 
same time that water sampling was performed (four 
sampling events in total). Multihabitat samples 
were collected at each site using a 0.09 m2 area and 
300 µm meshed Surber net. The substrate within the 
quadrant was vigorously disturbed for 3  min as the 
current swept macroinvertebrate fauna into the net. 
The selected microhabitats were one riffle and one 
pool at every site, and the two samples were com-
bined for comparison between the different sites. 
All macroinvertebrate collections were preserved in 
70% ethanol and returned to the laboratory for sort-
ing and identification. The specimens were identi-
fied in the laboratory, down to the lowest taxonomic 
level required by the Biotic Index of San Luis Sierras 
(BISLS), which means family level for some orders 

(i.e., Coleoptera, Diptera) and genus-level for others 
(i.e., Ephemeroptera, Trichoptera) (Vallania et  al., 
1996). BISLS, based on the Trent index developed 
by Woodiwiss (1964), combines taxonomic richness 
and the sensitivity of taxa to estimate the biologi-
cal water quality of the site. This index ranges from 
1 for extremely contaminated environments to 12 for 
environments with no contamination (Calderon et al., 
2014). Other metrics used to analyze macroinverte-
brate assemblages were taxa richness and Ephemer-
optera, Plecoptera, and Trichoptera richness (EPT). 
These macroinvertebrate metrics were selected tak-
ing into account time, expertise, and human resources 
limitations as they are qualitative metrics that do not 
require high-resolution taxa identification while pro-
viding valuable information for biomonitoring (Mar-
shall et al., 2006; Heino & Soininen, 2007).

Species richness and relative abundance of 
amphibians were estimated from calling surveys; 
the presence of the species detected was supported 
by visual encounter surveys. All sites were visited 6 
to 12 times throughout the spring and summer sea-
sons, which corresponds to the months of maximum 
amphibian activity and rainfall. Anuran calls were 
recorded for five minutes on each site. Two visual 
encounter surveys plots (100 × 5 m) were installed one 
in each side of the channel (Lips et al., 2001). After 
the calling registration and recording, one observer 
searched each plot while walking at a standard pace 
using 15  min to examine each area thoroughly. In 
accordance with North American Amphibian Moni-
toring Program protocol, surveys were conducted at 
least 0.5 h after dusk and completed by 01:00 (Weir 
& Mossman, 2005).

Data analysis

The Shapiro–Wilk normality test was applied to 
assess normality. The majority of variables did not 
follow normal distribution, and it could not be rem-
edied by data transformation. Therefore, non-para-
metric statistical procedures were applied. Principal 
Component Analysis (PCA) was applied to mean 
values of the fourteen physical–chemical parameters 
and WQI scores, and it was used to identify varia-
tion among sampling sites to further reduce the con-
tribution of variables with minor significance. The 
significance of differences in amphibians and mac-
roinvertebrate assemblage metrics among sites was 
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analyzed using non-parametric Kruskal–Wallis test 
of differences in means as well as Dunn’s pairwise 
comparison test, using a significance level of α = 0.05 
(Harguinteguy et al., 2013; Szczepocka et al., 2014). 
Although, sample locations within a stream may not 
meet the assumptions of being independent, each site 
was considered as an independent sample, since along 
the course they receive successive impacts (bridges, 
canalizations, effluents) that could change water and 
biota in short distances. Furthermore, it has been 
reported that fast self-purification occurs in those 
sierra rivers (González et al., 2014).

Relationships among relevant physical–chemical 
variables previously detected by PCA, HMA scores, 
and biological metrics (macroinvertebrate richness, 
EPT, BISLS, amphibian richness, and abundance) 
were quantified using Spearman’s rank correlation 
coefficient (rho) in order to account for the possi-
ble presence of non-normal distribution (Tran et  al., 
2010). PCA was used to visualize the grouping of 
sites according to the environmental variables (water 
quality and habitat) and biological metrics (Ludwig 
& Reynolds, 1988). All procedures were carried out 
using the statistical software R version 3.5.1 (R Core 
Team, 2018). Kruskal–Wallis and Dunn’s pairwise 
comparison tests were conducted using the package 

agricolae (De Mendiburu, 2014) and PCA was per-
formed using the FactoMineR and ggplot2 packages 
(Lê et al., 2008; Wickham et al., 2016).

Results

Stream corridor habitat characterization

HMA values varied among sites from natural to 
severely disturbed (Fig.  2). Site TR1 was the most 
natural in terms of the evaluated characteristics, with 
a low sediment deposition and an optimal vegeta-
tion cover and width of the riparian vegetation. As 
the river flows through the urban area, a decrease 
in vegetation cover and width of the riparian area 
was observed. Furthermore, the decrease of stream-
bank vegetation was reflected in the instability of the 
banks, with evidence of erosive processes. TR3 was 
characterized by high sediment deposition, practically 
non-existent riparian vegetation and a high degree of 
channel alteration. TR4 showed an improved quality 
of habitat with an increase in the width of the riparian 
vegetation; however, high sediment deposition was 
observed.

Fig. 2   Habitat Model Affinity (HMA) for the studied sites in TR, VR; and PFR sites. Quality judgment criteria according to the 
obtained scores are displayed
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The main factors affecting habitat within Volcán 
River (VR) sites were the natural high concentration 
of suspended and deposited sediments in the channel. 
VR1 and VR2 showed an optimal vegetation cover 
and width, while they were decreased in VR3. Potrero 
de los Funes River (PFR) also exhibited a variation 
in the physical conditions of the habitat among sites. 
PFR1 showed a low degree of degradation in terms of 
vegetation and obtained an optimal score for HMA. 
PFR2 was very similar to PFR1, except for the ripar-
ian vegetation characteristics. The sites with the low-
est habitat quality were PFR3 and PFR4, with high 
embeddedness and sediment deposition in the river-
bed, a high degree of channel modification, low veg-
etation cover and vegetation width, and low bank sta-
bility, especially in PFR4.

Physical, chemical, and bacteriological water quality

WQI values for TR and PFR varied from good to 
excellent quality, whereas for VR, WQI varied from 
intermediate to good quality of water. PCA resulted 
in the selection of two principal components (PC) 
that explained 78.73% of the total variability of the 
analyzed data matrix according to the eigenvalue-one 

criterion (variances greater than 1). PC1, which 
explained 52.55% of the variability of the original 
data, was positively correlated with Tbd, SO4, EC, 
Cl−, Na+, K+, TH, and Alc, and negatively correlated 
with WQI. PC2 explained 24.18% of the variance, 
and it was positively determined by NO3

−, PO4
3−, 

and TC, while DO was negatively loaded on the axis 
(Fig. 3). Therefore, PC1 represented the mineral com-
ponent, whereas PC2 corresponded to the organic 
component. The sites in VR distributed to the right 
of PC1, mainly characterized by waters with high 
mineral loads. Sites TR1, TR2, and TR3, together 
with PFR1 were grouped to the left of Component 1, 
characterized by superior overall quality. On the other 
hand, TR4, PFR2, PFR3, and PFR4 sites were located 
on Component 2, as determined by a high nutrients 
load and TC.

Biological indicators

A total of 39 taxa were identified in the benthic mac-
roinvertebrate samples. No specimens of the Order 
Plecoptera were recorded. The most common fami-
lies across sites (present in over 90% of sites) were 
Physidae (Basommatophora), Elmidae (Coleoptera), 

Fig. 3   Biplot showing the 
projections of the physical, 
chemical, and bacteriologi-
cal variables in the first two 
PCs and the distribution of 
the sampling sites
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Chironomidae (Diptera), Simuliidae (Diptera), Bae-
tidae (Ephemeroptera), Leptohyphidae (Ephemer-
optera), Hydroptilidae (Trichoptera), and Naididae 
(Haplotaxida) (Table 1).

Significant differences were found in mean mac-
roinvertebrate taxa richness when all the studied sites 
were compared (H(11) = 29.83; P = 0.001). Taxa rich-
ness of TR1, TR2, VR1, VR2, VR3, PFR1, PFR2, 
and PFR3 was significantly higher than TR4, VR4 
and PFR4. No significant differences were found 
between TR4-VR4 (Z  = − 0.37; P = 0.86), VR4-
PFR4 (Z = 0.61; P = 0.77), and TR4-PFR4 (Z = 1.10; 
P = 0.48). TR showed a decrease in the mean taxa 
richness from 16.8 (± 0.4) for TR0 to 11.2 (± 0.8) for 
TR4. VR showed a similar trend with a decrease from 
16.3 (± 0.3) for VR1 to 11.7 (± 1.9) for VR4, and 
PFR suffered a decrease from 16.7 (± 0.2) for PFR0 
to 13.7 (± 0.6) for PFR4 (Fig. 4).

Regarding the EPT richness mean values, TR1, 
VR1, VR2, VR3, PFR1, PFR2, and PFR3 were sig-
nificantly higher than TR2, TR3, TR4, VR4, and 
PFR4 (H(11) = 35.83; P = 0.0002). No significant dif-
ferences were found between TR2-TR3 (Z = 1.45; 
P = 0.33), TR3-TR4 (Z = 0.69; P = 0.63), TR4-VR4 
(Z = − 0.94; P = 0.49), and VR4-PFR4 (Z = 0.24; 
P = 0.91) (Fig. 5).

BISLS values ranged from 10, not-contaminated 
(at TR1 and PFR1) to low-contaminated (rest of the 
sites). The BISLS values for TR1 and PFR1 were sig-
nificantly higher when compared with TR4, VR4, and 
PFR4 (H(11) = 28.37; P = 0.003). No significant dif-
ferences were detected between TR2-TR3 (Z = 0.53; 
P = 0.73), TR3-TR4 (Z = 1.09; P = 0.55), TR4-VR1 
(Z = − 1.72; P = 0.29), and the rest of the pairwise 
comparisons between VR sites (P > 0.05). Finally, 
no significant differences were found between VR4-
PFR2 (Z = 2.17; P = 0.17), PFR2-PFR3 (Z = 0.09; 
P = 0.95), and PFR3-PFR4 (Z = 0.87; P = 0.51) 
(Fig. 6).

Five species of anuran amphibians were detected 
in the urbanized rivers studied: Rhinella arenarum 
(Hensel, 1867), Odontophrynus occidentalis (Berg, 
1896), Leptodactylus mystacinus (Burmeister, 1861), 
Boana cordobae (Barrio, 1965), and Boana pulchella 
(Duméril & Bibron, 1841). Significant differences in 
amphibian species richness (H(11) = 31.58; P = 0.001) 
and relative abundance (H(11) = 30.64; P = 0.001) 
were found when all sites were compared.

Relationships between physical and chemical water 
quality, HMA and bioindicators metrics

The results of the Spearman’s rank correlation coef-
ficient analysis (Table 2) indicated that HMA was sig-
nificantly correlated with WQI, DO, PO4

3−, and TC. 
Macroinvertebrate taxa richness showed a significant 
relationship with decreases in PO4

3− and TC. EPT 
was also inversely correlated with PO4

3− and TC, 
and positively correlated with DO. IBSSL showed a 
significant positive correlation with WQI and it was 
inversely correlated with PO4

3− and TC. Correlation 
analysis found that PO4

3−, NO3
−, TC, DO, Tbd, and 

EC were the significant variables influencing amphib-
ian community metrics (Table 2).

In addition, HMA positively correlated with mac-
roinvertebrate taxa richness (ρ = 0.589; P < 0.01), 
EPT (ρ = 0.680; P < 0.01), BISLS (ρ = 0.636; 
P < 0.01), and amphibian richness (ρ = 0.382; 
P < 0.05).

Multiple indicators analysis

A Principal Component Analysis (PCA) was per-
formed on the multiple indicators used to demon-
strate the effect of urbanization: WQI, HMA, mac-
roinvertebrate taxa richness, EPT, BISLS, and total 
abundance of amphibians. PCA resulted in the selec-
tion of two principal components (PC) that retained 
86.62% of the total variability of the analyzed data 
according to the eigenvalue-one criterion (variances 
greater than 1) (Table  3). PC1 explained 56.79% of 
the variance, and the variables that contributed the 
most to it were HMA and macroinvertebrate assem-
blage metrics. PC2 explained 29.83% of the variance, 
and it was positively correlated with amphibian rich-
ness and abundance, and negatively correlated with 
WQI (Fig. 6). Biplot shows that studied sites located 
in VR (except for VR4) were those that presented a 
better biological quality indicated by HMA, amphib-
ian, and macroinvertebrate metrics. However, the 
physical–chemical quality of the VR sites, indicated 
though WQI, was not the best. TR1 and PFR1 were 
located in the area of good physical–chemical quality 
and biological quality in terms of macroinvertebrates, 
but this was not the case for amphibian metrics. At 
the other extreme of PC2, we found the sites on TR3, 
TR4, VR 4, PFR3, and PFR4, which had the lowest 
value of WQI and bioindicators metrics (Fig. 7).
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Discussion

Most of the sites showed some degree of degrada-
tion in habitat conditions and riparian zones. Through 
the analysis of the data, it was possible to determine 
that HMA was negatively associated with indicators 
of poor water quality, and it was positively associ-
ated with indicators of good water quality. These 
identified relationships could indicate that habitat 
assessment can be used as a potential predictor of 
how physical changes in habitat may translate into 
changes in water quality. HMA showed a significant 
correlation with macroinvertebrate metrics, which 
was not entirely unexpected since all the aspects 
evaluated by the HMA were selected by taking into 
account the physical requirements for the resident 
aquatic assemblages (Barbour et al., 1999). Moreover, 
HMA also showed some degree of association with 
amphibian richness, and this could be related to the 
fact that HMA considers habitat metrics important for 
amphibian colonization and reproduction (Calderon 
et al., 2019). Urban development not only affects the 
water quality of a stream, it also affects its physical 
characteristics (Walsh et al., 2005). Therefore, habitat 
assessment can add an important dimension to moni-
toring data, providing a more comprehensive evalua-
tion of human-induced impacts on water resources at 
a low cost (Rogers et  al., 2002; Ridley et  al., 2005; 
Tran et  al., 2010; Duffy, 2011). Furthermore, and 
since aquatic biological assembles not only respond 
to water quality changes, this rapid habitat assessment 
could provide a tool to discern between the effects of 
water contaminants from potential physical stress due 
to habitat degradation.

In this study, WQI is an index that determines the 
quality of the water based on a series of mandatory 
and optional parameters. Thus, the operator is able 
to select in advance some of the optional parameters 
considered relevant for the study. In this study, three 
complementary parameters that amphibian and mac-
roinvertebrate assemblages are showed to be sensitive 
were selected: TH, Cl−, and Na+ (Hart et  al., 1991; 
Ultsch et al., 1999; Laposata & Dunson, 2000; Kef-
ford et al., 2003; Gómez-Mestre et al., 2004; Dunlop 
et  al., 2008). PCA assisted in the identification of 
two major components in water quality; the mineral 
component represented by parameters such as EC, 
TH, Alc, and several ions and the organic compo-
nent represented by DO, and nutrient and bacterial Th
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Fig. 4   Average values for 
macroinvertebrate taxa 
richness (± standard error) 
for the studied sites in TR, 
VR, and PFR. Sites that 
share a letter do not differ 
significantly using Dunn’s 
tests and α = 0.05

Fig. 5   Average values for 
Ephemeroptera, Plecoptera, 
Trichoptera (EPT) richness 
(± standard error) for the 
studied sites in TR, VR, and 
PFR. Sites that share a letter 
do not differ significantly 
using Dunn’s tests and 
α = 0.05

Fig. 6   Average values for 
Biotic Index of San Luis 
Sierras (BISLS) (± standard 
error) for the studied sites in 
TR, VR, and PFR. Sites that 
share a letter do not differ 
significantly using Dunn’s 
tests and α = 0.05. Quality 
judgment criteria according 
to the obtained scores are 
displayed
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loads. Therefore, this analysis allowed to (i) identify 
the relationships among parameters and (ii) select 
those representatives of each component in order 
to evaluate their effect on the biological compo-
nent. A decrease in WQI from upstream sites (TR1, 
VR1, PFR1) to the sites located at the end of the 
urban area (TR4, VR4, PFR4) could be observed in 
the biplot. VR showed significantly higher values in 
most of the mineral components and this resulted in 
lower values of the WQI. However, this decrease was 
mostly related to the type of soil on which the river 
flows rather than the levels of pollutants in the water. 
Furthermore, VR was characterized by highly oxy-
genated waters, with comparatively lower levels of 
nitrates, phosphates, and bacterial load. These obser-
vations agree with the fact that water quality indices 
can often incur in loss of information (Almeida et al., 
2012), making necessary to also analyze the individ-
ual behavior of the physical and chemical parameters 
to better understand water quality variations.

Macroinvertebrate taxa richness varied among 
sites, fewer taxa were observed at sites located in the 
middle or downstream of the urbanization. In general, 
some taxa of Ephemeroptera, Trichoptera, Hemiptera, 
Coleoptera, and Diptera orders disappeared in urban-
ized sites. Previous studies demonstrated the negative 
effects of urbanization on macroinvertebrate commu-
nity structure, and taxa richness reduction has been 
observed in a wide range of previously published 
papers (Chadwick et  al., 2006; Dewson et  al., 2007; 
Merrit et  al., 2008; Violin et  al., 2011; Wang et  al., 
2012; Madera et al., 2016; Edegbene et al., 2019; Luo 

Table 2   Significant correlations between water quality param-
eters, HMA, and bioindicators metrics based on Spearman’s 
rank correlation coefficient (rho) (P < 0.05)

Habitat/bioindicator metric Water 
quality 
parameter

Spearman’s rho

HMA WQI 0.400
DO 0.412
PO4

3− − 0.534
TC − 0.581

Macroinvertebrate Taxa Rich-
ness

PO4
3− − 0.477

TC − 0.350
EPT Richness DO 0.494

PO4
3− − 0.611

TC − 0.493
BISLS WQI 0.488

PO4
3− − 0.396

TC − 0.377
Amphibian Richness DO 0.455

EC 0.371
PO4

3− − 0.409
NO3

− − 0.572
Tbd − 0.386
TC 0.373

Amphibian Abundance DO 0.397
EC 0.508
PO4

3− − 0.389
NO3

− − 0.373
TC − 0.330

Table 3   Eigenvalues, variance explained, and variable loadings of principal component analysis (PCA)

Component 1 Component 2

Eigenvalue 3.97 2.08
% of variance explained 56.79 29.83
% of cumulative variance 56.79 86.62

Loadings

WQI 0.340 − 0.767
HMA 0.810 − 0.254
Macroinvertebrate taxa richness 0.928 − 0.158
EPT richness 0.965 0.123
BISLS 0.858 − 0.456
Amphibian richness 0.627 0.723
Amphibian abundance 0.531 0.815
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et al., 2018). In general, taxa richness decreases with 
increased urbanization due to the exclusion of sensi-
tive taxa and some authors highlight the importance 
of richness-based metrics to measure the effect of 
urbanization as they show strong associations with 
urban intensity (Cuffney et  al., 2010; Martins et  al. 
2017). In our study, the decrease taxa richness was 
directly related to changes in the physical–chemical 
quality of water and the degradation of physical habi-
tat. Increase in surface runoff, erosive processes, sedi-
ment deposition, and changes in channel morphol-
ogy are some of the alterations experienced by urban 
rivers (Roy et  al., 2003), and these changes were 
reflected as shifts in macroinvertebrate assemblages. 
However, further macroinvertebrate assemblage com-
position and structure analyses are needed to identify 
other useful metrics.

The Ephemeroptera, Plecoptera, and Trichop-
tera (EPT) orders are known to have a low tolerance 
to water contamination and they are usually the first 

groups among macroinvertebrates to reflect changes 
in their environments (Lenat & Penrose, 1996; Wei-
jters et  al., 2009). Moreover, numerous investiga-
tions and monitoring programs use the EPT index 
to assess the degree of degradation of water bod-
ies, with a decrease in the number of taxa in places 
with a higher level of disturbance (Hazelton, 2003; 
Wang & Kanehl, 2003; Bonada et  al., 2006; Mis-
erendino et  al., 2008; Munné & Prat, 2009; Davies 
et  al., 2010; White, 2017; Hamid & Rawi, 2017; 
Luo et  al., 2018). In this study, EPT taxa richness 
decreased across sites in a very similar way to taxa 
richness. Genera such as Camelobaetidius and Far-
rodes disappeared in degraded sites, whereas Ameri-
cabaetis and Caenis, known for their resistance and 
broad distributions (Domínguez & Fernández, 2009; 
Amaral et  al., 2015), persisted in every site. Order 
Trichoptera showed a similar behavior with sensitive 
families like Polycentropodidae, Glossosomatidae, 
and Philopotamidae specimens (Alba-Tercedor, 1996) 

Fig. 7   Biplot showing the 
projections of the multiple 
indicators used to evaluate 
the effect of urbanization 
in the first two PCs and the 
distribution of the sampling 
sites
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present in less disturbed sites, whereas Hydroptilidae 
was recorded in every site, disturbed and undisturbed. 
EPT showed a negative relationship with the concen-
tration of PO4

3−, TC and a positive relationship with 
DO, and HMA. Other authors have reported similar 
results between EPT taxa and PO4

3− (Chambers et al., 
2012), bacterial load, DO, and habitat condition (Tran 
et  al., 2010). In all cases, the decrease in sensitive 
taxa due to the increase in urbanization is coupled 
with the decrease of available habitat for coloniza-
tion (assessed through HMA), as well as the decrease 
in DO. It is necessary to point out that Plecoptera 
is an order biographically absent in the Province of 
San Luis rivers and it was not recorded in any of the 
samples.

BISLS showed a slight decrease at those sites 
located below the urbanized area. This index is 
based on two basic characteristics of macroinver-
tebrate assemblages, taxa richness, and taxa sensi-
tivity. BISLS does not consider relative abundance 
of taxa, which makes the processing of the samples 
relatively faster. However, those characteristics make 
BISLS also likely to result in loss of information. 
This index has been used in previously published 
investigations (Calderon et al., 2014, 2017; González 
et al., 2014) and the authors concluded that BISLS is 
more sensitive when applied to highly degraded sys-
tems. Although a stronger correlation was expected 
between WQI and BISLS, which was the case for TR 
and PFR, this was not observed in VR, with lower 
WQI ​​and similar BISLS values when compared to 
the other two studied rivers. However, the low values 
of WQI in VR were primarily related to the mineral 
characteristics of the soil than to the level of anthropic 
impact. This fact reinforces the notion of ​​the com-
plementarity between traditional physical–chemical 
approaches and biomonitoring.

No significant correlation was found between 
WQI and amphibian metrics. This lack of relation-
ship was not completely unexpected, since WQI was 
not intended to respond to water quality requirements 
for amphibians. WQI values for VR were on average 
lower than in the other rivers; however, VR showed a 
higher anuran amphibian reproductive activity. Thus, 
the analysis of the effects of individual physical and 
chemical parameters was necessary to understand the 
behavior of amphibians as bioindicators within urban 
settings. Amphibian abundance and richness were 
negatively affected by the increased concentrations 

of NO3
−, PO4

3−, Tbd, TC, and higher level of habitat 
degradation caused by urbanization (Calderon et  al., 
2019).

The final PCA analysis allowed for the observa-
tion of the distribution of the sites based on the mul-
tiple indicators evaluated during this study. The sites 
located upstream of urban areas (TR1, PFR1) were 
associated with higher values of WQI, HMA, and 
biological metrics. But, as the rivers flow through 
the urban area they suffer a remarkable degradation 
mainly due to the lack of riparian vegetation and 
nutrient enrichment. On the other hand, VR sites 
were, on average, more preserved sites with higher 
HMA values and biological metrics; however, this 
was not accompanied by the physical–chemical qual-
ity of the water (naturally enriched by minerals). As 
was observed in VR, several authors highlight the 
importance of riparian vegetation in the conserva-
tion of channel morphology (Millar, 2000), control 
of surface runoff, recharge of the water cycle, mainte-
nance of water quality, and in the provision of habitat 
for biodiversity (Clausen et al., 2000; Dosskey et al., 
2010). Riparian vegetation acts as a buffer in the 
terrestrial-aquatic interface, protecting the water bod-
ies, reducing the speed that surface runoff reaches the 
channel, and acting as a filter for nutrients, pollutants, 
and sediments from the surroundings (Tabacchi et al., 
2000). Finally, PCA analysis allowed to identify that 
macroinvertebrate-based metrics better reflected the 
overall physical–chemical quality and habitat con-
dition of the sites, whereas amphibian metrics were 
mainly driven by habitat characteristics and nutrient 
enrichment. However, this differentiation in terms 
of responses, and the sensitivity of organisms to dif-
ferent stressors, is necessary in order to evaluate the 
effect of the multiple impacts suffered by natural 
environments during the urbanization process. The 
use of multiple indicators, especially in environments 
affected by non-point sources of pollution, such as 
urbanization and/or agriculture, contributes to the 
comprehensive understanding of the complexity of 
the chemical and biological processes involved (Tran 
et al., 2010).

Conclusion

The urbanized rivers studied in this research displayed 
some degree of impairment in their environmental 
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quality, either due to their physical–chemical water 
quality or habitat degradation level, or a combination 
of both. Furthermore, these changes were represented 
by shifts in the assessed biological components. 
Macroinvertebrate assemblages were more suitable 
bioindicators of water quality, whereas amphibians 
showed an interesting response to nutrient loadings. 
Clearly, the combination of the physical–chemical 
water quality, habitat condition, and bioindicator met-
rics analysis as a whole allows a more comprehensive 
ecological assessment than could be achieved through 
separated analysis. Therefore, the incorporation of 
multiple indicators to identify a variety of causal 
mechanisms of river degradation could be a useful 
tool for determining environmental restoration end-
points, regulatory decision making, and ecological 
risk assessments. The results obtained in this study 
can assist in the outlining of appropriate monitoring, 
management, and restoration programs of this and 
other areas experiencing urban expansion.
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