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Abstract
Anuran amphibians are highly dependent on aquatic ecosystems. Many amphibian species are exhibiting population declines
primarily due to habitat destruction and water quality degradation as a result of urban expansion. The objective of this study was
to examine combined effects of habitat degradation and water quality on amphibian assemblages in rivers affected by urban
impacts. Twelve sites along three rivers were characterized in regard to urbanization and habitat condition using the calculation of
a Habitat Model Affinity (HMA) score. Fifteen water quality parameters were assessed at each site. A Simplified Index of Water
Quality (SIWQ) and a general Water Quality Index (WQI) were applied. Species richness and relative abundance of amphibians
were estimated from visual encounter and calling surveys during summer season between 2009 and 2013. Species richness and
abundance were negatively correlated with phosphate, nitrate concentrations and total coliforms, and positively correlated with
HMA, electrical conductivity and dissolved oxygen. Species richness was also affected negatively by turbidity. Principal com-
ponent analysis showed that sites with higher amphibian community metrics were also the ones with lower nutrient levels and
better habitat conditions. This study identified important water quality parameters affecting amphibians in rivers with increasing
urban impact; and provides information that can be used in the design of strategies to minimize the impacts of urbanization on
aquatic biodiversity.
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Introduction

Urbanization is one of the major drivers causing the transfor-
mation of natural habitats (Calderon et al. 2014). Urban ex-
pansion is essentially the replacement of natural cover with
impervious surfaces (Miller et al. 2014), resulting in habitat

loss and fragmentation (McKinney 2008), as well as increas-
ing soil compaction and runoff (Chen et al. 2017). Increased
urban runoff causes major changes in the hydrological, chem-
ical and physical characteristics of urban waterways (Walsh
et al. 2005; Zhu et al. 2009), threatening the survival of many
aquatic plant and animal species (Hamer and McDonnell
2008). Aquatic systems exposed to watershed stressors in
the form of nonpoint source pollution, i.e. urban runoff pro-
duced by water flowing on the surface dissolving and washing
away pollutants and soil sediments along its path, have shown
lower water quality and have been linked to lower species
diversity and changes in the ecosystem structure in general
(Taebi and Droste 2004; Helms et al. 2005; Camargo et al.
2004; Fabricius et al. 2012; González et al. 2014; Calderon
et al. 2017). Moreover, urban waterbodies are also exposed to
point source of pollutants such as discharges from sewage and
wastewater treatment plants (Taebi and Droste 2004).

Worldwide, amphibian species are declining more rapidly
than any other group of animals (Garcia-Gonzalez and Garcia-
Vazquez 2012). There are several contributing factors to the
decline of amphibians including habitat degradation and alter-
ation (Cushman 2006), disease and pathogens (Rollins-Smith
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2009), global warming (Pounds et al. 2006), physiological
effects due to the increase of chemical contaminants in water
(Sowers et al. 2009), altered hydrology, and low water quality
(Carey and Bryant 1995; Welsh and Ollivier 1998; McKibbin
et al. 2008). Most anuran amphibians spend their first devel-
opment stages in aquatic environments and therefore they are
exposed to pollutants dissolved in water (Stebbins and Cohen
1997). Due to the complexity of their life cycle in both aquatic
and terrestrial environments, and their permeable skin they
can be susceptible to the decline of water quality (Boyer and
Grue 1995) resulting from urbanization activities.

The effect of pollutants on amphibians has been widely
documented: high values of electrical conductance, high con-
centrations of nitrates, nitrites, total phosphates, chloride, un-
ionized ammonium, and trace metals, extreme values of pH,
high concentrations of organochlorine and organophosphate
pesticides, pharmaceuticals, high levels of organic matter, and
low concentration of dissolved oxygen have been associated
with low densities of egg masses, low hatching success, larvae
survival, and development rate (Morin 1981, 1983; Laposata
and Dunson 2000; De Solla et al. 2002a, b; Sowers et al. 2009;
Dodd 2010; Babini et al. 2018). Therefore, the exposure to
contaminants from urban runoff is a possible cause of popu-
lation decline in amphibians (Castaneda 2014).

Amphibian species show specific microhabitat require-
ments (Stebbins and Cohen 1997) and human activities affect
natural habitats in many ways. The alteration of the physical
structure of habitats is one of the five factors affecting the
structure and composition of resident biological communities
(Karr 1991). Thus, the disturbance of physical habitats in
aquatic environments influences amphibian communities as
much as any other source of pollution and, often, inadequate
habitat conditions can obscure the effects of pollutants
(Barbour et al. 1999).

Urbanization has evident effects on amphibian anuran com-
munity structure. Species richness, density and diversity has
been shown to have a negative relationship with increasing
urban cover (Rubbo and Kiesecker 2005; Pillsbury and
Miller 2008). Pillsbury and Miller (2008) found that anurans
associated with short hydroperiods, early breeding activity,
and substantial upland habitat use were the most affected by
urbanization. Furthermore, Riley et al. (2005) found that
streams in more developed watersheds showed a higher pres-
ence of exotic species and fewer native amphibians, effects
that seemed particularly evident above 8% urban development.

In the last 25 years, the province of San Luis, Argentina has
experienced an accelerated urban growth. According to the
Instituto Nacional de Estadística y Censos (2010), the total
populations of three of the most touristic localities, Potrero
de los Funes, El Trapiche, and El Volcán, have risen from
410, 501 and 769 in 1991 to 1698, 1200 and 1775 respectively
in 2010. The aforementioned localities are characterized by a
high influx of tourists yearround, with the highest

concentrations during summer months due to the presence of
a relatively high-gradient river that flows through each town.
Thus, these areas are perfect for the study of the effect of water
quality and habitat degradation on amphibian communities in
an urban context on a smaller scale.

The objectives of this study were: (i) to determine water
quality and habitat condition in sites from three rivers affected
by urban impacts in San Luis sierras, and (ii) to examine effects
of habitat degradation and water quality on amphibian assem-
blages from these rivers. Since amphibian communities of ur-
banized aquatic environments are affected by water quality
deficiency and impaired habitat conditions, we expect that sites
in more impacted areas of the rivers will display a decrease in
water quality and higher habitat degradation, resulting in a
reduction of the richness and abundance of amphibians.

Methods

Study sites

This studied was performed in San Luis province, Argentina.
The province is located between the 31° and 36° parallels of
South latitude and the 64° and 67° meridians of East longi-
tude. Three rivers affected by human activity were selected:
Trapiche River (TR), Volcán River (VR) and Potrero de los
Funes River (PFR) (Fig. 1). The urbanization gradient was
established at each river as a percent of urban land use (build-
ings, roads, and recreational infrastructure) in a radius of
150 m around each sampling plot. Four sampling sites were
set along TR, PFR and VR and were arranged along a gradient
of increasing urban land use (Table 1).

Assessment of stream reach physical habitat
characteristics

A complete habitat assessment of the stream corridor condi-
tion was conducted at each site. The method used follows
EPA’s Rapid Habitat Assessment protocol outlined by
Barbour et al. (1999) for high gradient streams. The assess-
ment characterizes the existence and severity of habitat deg-
radation and identifies their sources and causes. Ten different
habitat characteristics were assessed at each site and given a
score on a scale of 0–20; 0 being poor and 20 being optimal.
The characteristics included were epifaunal substrate/
available cover, embeddedness, velocity/depth regime, sedi-
ment deposition, channel flow status, channel alteration, fre-
quency of riffles, bank stability, vegetative protection, and
riparian vegetative zone width. Interpretation of habitat as-
sessment results were conducted through the calculation of
Habitat Model Affinity (HMA) for high gradient streams
(NYSDEC 2012). In this case, the HMA for high gradient
streams was calculated based on comparison to a theoretical
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reference condition habitat model. The percentage of similar-
ity between the HMA scores for the model condition and the
HMA scores for each site classified the reaches into categor-
ical assessments of habitat condition: natural (80–100%), al-
tered (70–79%), moderate (60–69%), and severe (<60%).

Monitored physical–chemical parameters
and analytical methods

Water samples were taken at the beginning, middle, and end of
amphibians’ breeding season, between 2009 and 2013. The
samples for the physical-chemical analysis were collected in

glass containers of 2 L capacity, and for the analysis of dis-
solved oxygen, it was taken separately in a Winkler flask.
Samples were collected at an equidistant depth between the
bottom and the surface at the center of the river channel. For
bacteriological analysis the water sample was taken aseptical-
ly with a sterilized 1 L glass bottles with screw cap, at a depth
of about 15–30 cm from the surface. Water samples were
transported within 2 h after collection and they were kept at
±5 °C until analysis within 6 h after collection. The preserva-
tion, transportation and analysis were performed following the
standard protocols of the Standard Methods for the
Examination of Water and Wastewater (APHA 2005) at the
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Fig. 1 The locations of 12 study sites in Trapiche River, Potrero de los Funes River and Volcán River where water quality and amphibian community
were sampled during summer season from 2009 to 2013



Instituto de Química San Luis (INQUISAL) lab of the
Universidad Nacional de San Luis. The data set contained
15 parameters: temperature (T), pH, electrical conductivity
(EC), dissolved oxygen (DO), turbidity (Tbd), total hardness
(TH), biochemical oxygen demand (BOD), chemical oxygen
demand (COD), chloride (Cl−), phosphate (PO4

3−), sodium
(Na), nitrate (NO3

−), total suspended solids (TSS), total coli-
forms (TC) and, fecal coliforms (FC). T, EC and pH were
measured in situ using a portable waterproof meter, Oakton
WD-35431-03. All the water quality parameters were
expressed in milligram per liter, except pH, EC (μS cm−1),
turbidity (Nephelometric Turbidity Units, NTU), TC and FC
(MPN/100 mL).

A Simplified Index of Water Quality (SIWQ) was used to
estimate water quality of each site (Queralt 1982). This index
uses a simple algorithm that requires the assessment of five
chemical parameters: T, COD, TSS, DO and EC (Broggi
Colman and Bellagamba 2006). The final score was calculat-
ed from the formula: SIWQ= T (A + B + C +D). The variable
A fluctuates as a function of chemical oxygen demand, assum-
ing values between 0 and 30, and it is a measure of natural or
artificial organic content, either biodegradable or not. B
is a function of total suspended solids; it ranges from 0
to 25 and quantifies filterable particles, from organic,
inorganic, industrial, and urban sources. The value C
is a function of dissolved oxygen; it varies between 0
and 25 and is related to oxidability and to biodegrad-
able organic matter content. D depends on electrical
conductivity; it can take values between 0 and 20 and
it is related to inorganic salts concentration, mainly
chloride, sulfate, calcium, and sodium. The outcome of
the equation is an overall water quality dimensionless
value that can range from 0 to 100. SIWQ quantifies
water quality for different uses, from the best to the
poorest quality: all uses (100–85), swimming (85–75),

fishing (75–60), navigation (60–45), crop irrigation (45–30)
forestry irrigation (30–15), and no use allowed (15–0).

The Water Quality Index (WQI) (Mingo Magro 1981) was
also calculated in order to obtain a value that not only inte-
grates the physical-chemical characteristics of the water qual-
ity, but also the nutrient load levels and microbiological as-
pects. The WQI was calculated using twelve basic parameters
for water quality characterization: DO, TSS, pH, EC, COD,
BOD, Cl−, Na, TH, TC, PO4

3− and NO3
−. The final score was

calculated from the equation:

WQI ¼ ∏
n¼12

i¼1
QWi

i

� �

Qi water score quality of parameter i. It is a non-
dimensional value or quality level obtained through a
mathematical equation or its corresponding graphic
representation specific for each parameter.

Wi weighting factor that reflects the importance of that
parameter in the quality classification as follows:

Wi ¼ 1=ai
∑1=ai

ai Coefficient that vary from 1 (very important parameter) to
4 (insignificant parameter) for the determination of water
quality affected by natural or artificial contaminants. The
values for ai for each parameter are described in Mingo
Magro (1981).

The WQI is defined as the degree of contamination in the
water of the sample expressed as a percentage of pure water.
Thus, the WQI quantifies water quality as follows: Excellent
(100–90), good (89–80), intermediate (79–70), acceptable
(69–60) and unacceptable (59–0).

Table 1 Percentage of urban land
use in the 12 study sites in
Trapiche River, Volcán River and
Potrero de los Funes River

Sites ID Percentage of urban
land use

Observations

TR1 5 One house located more than 100 m away from the river.

TR2 5 Camping area extensively used for recreation.

TR3 20 Surrounded by urban constructions.

TR4 10 Presence of wastewater drainage from residential buildings
at the end of the urban area. Camping area.

VR1 10 Fairly conserved, some constructions downstream.

VR2 20 Upstream of camping area.

VR3 35 Downstream of camping and bathing area.

VR4 15 End of the urban area.

PFR1 10 Fairly conserved, some constructions at the site.

PFR2 30 Surrounded by urban constructions.

PFR3 50 Surrounded by urban constructions.

PFR4 70 Wastewater drainages from residential buildings and hotels.
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Amphibians surveys

Amphibian species richness was estimated from acoustic and
visual encounter surveys. All sites were visited 6 to 12 times
throughout the spring and summer seasons, which corre-
sponds to the months of maximum amphibian activity and
rainfall. Anuran calls were recorded for 5 min at each site.
Two visual encounter surveys plots (100 m × 5 m) were
established one in each side of the channel. After the calling
registration and recording, observers searched the plots while
walking at a standard pace using as much time as was needed
to examine each area thoroughly. Data from the visual surveys
was just used to contribute to the measure of species richness
but were not included in statistical analysis including
abundance measures.

In accordance with North American Amphibian
Monitoring Program protocol, surveys were conducted at least
0.5 h after dusk and completed by 01:00 (Weir and Mossman
2005). The call index, proposed by Pillsbury and Miller
(2008), was used as an indicator of relative abundance of
amphibians, as follows: 0, no individuals of a given species
heard; 1, one individual heard; 2, multiple individuals with no
overlap in calls; 3, full chorus. Maximum relative abundance
per survey and site was included in statistical comparisons.

Data analysis

The significance of differences in SIWQ, WQI, average am-
phibian relative abundance and richness values were 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. Spearman correlation analysis
was performed to analyze the relations between habitat con-
dition, physical-chemical water quality parameters and am-
phibian community metrics. Principal Component Analysis
(PCA)was performed extracting significant PCs and to further
reduce the contribution of variables with minor significance,
in order to visualize the grouping of sites according to am-
phibian metrics and environmental variables (habitat and wa-
ter quality) (Helena et al. 2000; Zhou et al. 2007; Bagur et al.
2009). Data were transformed before running this analysis
and variables included were amphibian richness and
abundance, WQI, HMA, nitrate and phosphate concentrations
and electrical conductivity.

Results

HMA and physical-chemical water quality

Table 2 summarizes briefly the mean value and standard error
of the 15 physical-chemical parameters assessed during the
amphibian survey seasons. HMA values varied among sites Ta
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along every category possible within the index, from natural
to severely disturbed. SIWQ andWQI also varied among sites
(Table 3).

SIWQ values were significantly different among rivers
based on Kruskal–Wallis test (p < 0.01). Dunn’s pairwise

comparison test revealed that SIWQ was significantly higher
for TR compared with PFR (p < 0.05) and VR (p < 0.01).
Significant differences were found among sites for TR and
PFR, but no significant differences were found among sites
at VR (p > 0.01) (Fig. 2a).

Fig. 2 Boxplots depicting the
mean, 25th and 75th quartiles
(shaded boxes) and the largest and
smallest values for the (a)
Simplified Water Quality Index
and (b) Water Quality Index at all
sampling sites. Letters in bold
indicate the differences among
rivers. Boxes that share a letter do
not differ significantly using
Dunn’s tests and α = 0.05

Table 3 Average Habitat Model
Affinity Index (HMA), Water
Quality Index (WQI) and
Simplified Index ofWater Quality
(SIWQ) values for all studied
sites between 2009 and 2013

Sites HMA WQI SIWQ

Average
score

Habitat
assessment

Average
score

Water quality Average
score

Water uses

TR1 97.79 Natural 90.83 Excellent 97.56 All uses

TR2 74.01 Altered 89.30 Good 96.29 All uses

TR3 48.51 Severe 87.71 Good 95.05 All uses

TR4 60.22 Moderate 80.43 Good 85.32 All uses

PFR1 90.6 Natural 92.13 Excellent 94.15 All uses

PFR2 79.0 Altered 81.53 Good 82.72 Swimming

PFR3 62.43 Moderate 83.74 Good 87.56 All uses

PFR4 45.85 Severe 80.41 Good 87.90 All uses

VR1 83.42 Natural 80.79 Good 79.77 Swimming

VR2 82.32 Natural 82.73 Good 82.91 Swimming

VR3 71.27 Altered 81.01 Good 79.59 Swimming

VR4 70.71 Altered 79.01 Intermediate 77.21 Swimming
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WQI values were significantly different among rivers
(p < 0.01). WQI was significantly higher for TR compared
with VR (p < 0.01) and showed a tendency when compared
with PFR (p < 0.1). Significant differences were found among
sites for TR (p < 0.001) and for PFR (p < 0.01), but no signif-
icant differences were found among sites in VR (p > 0.01)
(Fig. 2b).

Amphibian metrics

Five species of anuran amphibians were detected in the urban-
ized rivers studied: Rhinella arenarum, Odontophrynus
occidentalis, Leptodactylus mystacinus, Boana cordobae and
Boana pulchellus (Table 4).

Species richness values were significantly different among
rivers. The mean value for richness was 0.839 (range 1.538–
0.154) for TR, 0.667 (range 0.500–0.833) for PFR and 1.773
(range 1.429–2.200) VR. Dunn’s pairwise comparison test
confirmed that amphibian species richness was higher in VR
compared with TR and PFR (p < 0.001). No significant differ-
ences were identified between TR and PFR (p > 0.01).
Significant differences in species richness were found among
sites within TR (p < 0.01). TR4 was the site with the lowest
richness compared with TR1 and TR2 (p < 0.01). No signifi-
cant differences were identified between TR4 and TR3
(p > 0.01). No significant differences were found among sites
in PFR and VR (p > 0.01) (Fig. 3a).

Significant differences in amphibians average relative
abundance were found among rivers (p < 0.01). Abundance
mean values were 0.261 (range 0.058–0.481) for TR, 0.240
(range 0.125–0.292) for PFR and 1.11 (range 0.571–1.667)
for VR. Dunn’s pairwise comparison test confirmed that VR
had a higher amphibian abundance compared with TR and
PFR (p < 0.001). No significant differences were found

between TR and PFR (p > 0.01). No significant differences
were found within TR, PFR and VR sites (p > 0.01) (Fig. 3b).

Relationships between amphibian community
metrics, habitat model affinity, and physical-chemical
water quality

Correlation analysis found that PO4
3−, NO3

−, turbidity, TC,
DO, HMA and EC were the only significant variables
influencing amphibian community metrics. Species richness
showed a negative correlation with PO4

3− (r = −0.409;
p < 0.05) and NO3

− (r = −0.572; p < 0.01) and a weaker, but
significant correlation with turbidity (r = −0.386; p < 0.05)
and TC (r = −0.373; p < 0.05). Amphibians richness was pos-
itively correlated with DO (r = 0.455; p < 0.01), HMA (0.382;
p < 0.05) and EC (0.371; p < 0.01). Average abundance of
amphibians was negatively correlated with PO4

3− (r =
−0.389; p < 0.05) and NO3

− (r = −0.373; p < 0.01) and TC
(r = −0.330; p < 0.05) while it was positively correlated with
EC (r = 0.508; p < 0.01) and DO (r = 0.397; p < 0.05). HMA
negatively correlated with PO4

3− (r = −0.534; p < 0.01) and
TC (r = −0.581; p < 0.01) and showed a positive correlation
with DO (r = 0.412; p < 0.01), and WQI (r = 0.400; p < 0.01).
Amphibians species richness and average abundance were
positively correlated (r = 0.846; p < 0.01). No significant cor-
relation was found among amphibians metrics and WQI,
SIWQ and other water quality measurements (p > 0.05).

PCA analysis reduced the number of parameters (7) that
explain most of the variance of the experimental data set. The
two first principal components (PC1 and PC2) retained
78.51% of the variability of the system (rivers environmental
quality data and amphibians metrics), according to the
eigenvalue-one criterion (variances greater than 1) (Table 5).
PC1, which explained 50.33% of the variance, had strong

Table 4 Species presence (X)
distribution across sites of urban-
ized rivers of San Luis sierras

Sites SPECIES

Rhinella
arenarum

Leptodactylus
mystacinus

Odontophrynus
occidentalis

Boana
pulchellus

Boana
cordobae

TR1 X X X – X

TR2 X X X – X

TR3 X X – X –

TR4 X – X – –

PFR1 X X X X –

PFR2 X X X – –

PFR3 X – – X –

PFR4 X X X – –

VR1 X – X X –

VR2 X – X X –

VR3 X – X X –

VR4 – X X X –
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loadings (> 0.65) of amphibian richness, and phosphate and
nitrate concentrations, so it is negatively driven by nutrient
enrichment. PC2, explaining 28.18% of the variance, was
mainly determined by water quality (Fig. 4).

Discussion

All the sites explored in this study showed some degree of
impairment in regard to water quality and habitat. SIWQ and
WQI indicated that water quality of the sites located in TR
were better in comparison with the sites in PFR and VR.
SIWQ and WQI showed a high positive correlation which
indicates either of them could be used to express the water
quality of an aquatic ecosystem. A significant correlation was
expected since both indices are calculated based on many of
the same parameters. The main difference between both indi-
ces is that WQI considers variables related with waste water
inputs such as organic pollution, nutrient enrichment, and bac-
terial load. Therefore, WQI has the robustness of indicate
water quality in a more comprehensive way (Chica-Olmo
et al. 2005; Almeida et al. 2007). Yet, SIWQ constitutes a fair
indicator of water quality with lower costs and equipment
requirements. Water quality indices are used to encompass
magnitudes of several parameters and transform the values
to a non-dimensional number, allowing the comparison of
the spatial and temporal variability of rivers and trends

Fig. 3 Boxplots depicting the
mean, 25th and 75th quartiles
(shaded boxes) and the largest and
smallest values for (a) amphibians
richness and (b) amphibians
relative abundance at all sampling
sites. Letters in bold indicate the
differences among rivers. Boxes
that share a letter do not differ
significantly using Dunn’s tests
and α = 0.05

Table 5 Eigenvalues, variance explained and variable loadings of
principal component analysis (PCA)

Component 1 Component 2

Eigenvalue 3.52 1.97

% of variance explained 50.33 28.18

% of cumulative variance 50.33 78.51

Loadings

Species richness 0.968 0.069

Abundance 0.921 0.224

WQI −0.183 −0.960
Phosphate −0.684 0.495

Nitrate −0.667 0.437

Conductivity 0.799 0.499

HMA 0.389 −0.558
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(Cude 2001). No significant correlation was found between
water quality indices and amphibians metrics. This lack of
relationship was not entirely unexpected since water quality
indices often incur the loss of valuable information about in-
dividual variables and their interactions (Almeida et al. 2012),
making it necessary to evaluate the effects of individual pa-
rameters on biota. Volcán River had lower values of WQI and
SIWQ, and at the same time had higher values of species
richness and abundance than the other rivers. However, when
evaluating the relationship between amphibian metrics and
individual water quality parameters, clearer results were
obtained.

A negative relationship was found between the concentra-
tion of phosphate and amphibian richness and abundance.
There is still no agreement regarding the effects of
phosphate on amphibian populations. Literature suggests
that, at environmentally relevant concentrations, phos-
phate effects on amphibians are likely indirect and re-
lated to nutrient enrichment and anoxia due to eutrophic
conditions (De Solla et al. 2002b; Hamer et al. 2004;
Earl and Whiteman 2009). Further research about the
sensitivity of the local species to phosphate and the
mechanisms involved is needed. The available informa-
tion indicates that amphibian response to the concentra-
tion of phosphate in water depends on more aspects
than the phosphate concentration itself.

As expected, species richness and abundance were nega-
tively affected by nitrate, which was consistent with observa-
tions from other studies. Several negative responses have been
related to high concentration of nitrate: lower densities of egg
masses, lower hatching success, loss of tadpole body weight,
variations of tadpoles feeding time, alteration of swimming
patterns, restlessness, paralysis, morphological abnormalities,
and lower larvae survival are some of the documented effects
(Hatch and Blaustein 2000; Ortiz et al. 2004; Camargo et al.
2005; Smith et al. 2005; Krishnamurthy et al. 2006; Ortiz-
Santaliestra et al. 2006; McKibbin et al. 2008; Earl and
Whiteman 2009; Oromí et al. 2009). Marco et al. (1999) de-
scribed that amphibian larvae exposed to different concentra-
tion of nitrates suffered a reduction of feeding activity, a de-
crease in the velocity of swimming, a disequilibrium and pa-
ralysis of their bodies, abnormalities and edemas, and eventu-
ally died with the increase of nitrate concentration. However,
according to Smith et al. (2005), the sensitivity of amphibian
larvae is species specific with no generalization in regard to
the response of amphibians to nitrate concentration. Rouse
et al. (1999) assessed the potential for nitrate to affect amphib-
ian survival in several watersheds of North America. Nitrogen
pollution, in this case, came from anthropogenic sources
through agricultural runoff or percolation associated with ni-
trogen fertilization and effluents from industrial and human
wastes. They reported that the concentration of nitrate at many

Fig. 4 Biplot showing the
projections of the variables in the
first two PCs and the distribution
of the sampling sites
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sites was within the range of sublethal effects on amphibians
(2.5–100 mg L−1). Concentrations detected at PFR were close
and, in some sampling events, within the range where amphib-
ians start suffering developmental abnormalities; with some
sites directly receiving domestic waste discharges from pipes
and septic tanks. It was evident to the authors that, in compar-
ison with VR, amphibian activity was low in sites surveyed at
PFR with no activity detected during some surveys.

In this research, conductivity positively correlated with
species richness and abundance. Several authors explain the
importance of ion concentration in maintaining the osmotic
balance between the eggs and the surrounding water
(Duellman and Trueb 1994). Water flows through the inner
egg membrane into the vitelline chamber providing oxygen to
the embryos and flushing away contaminants affecting cell
development and functioning (McKibbin et al. 2008). It has
been documented that exposure to increased conductivity can
affect amphibian behavior, growth and development, increase
malformation and decrease larvae survival (Karraker 2007;
Karraker et al. 2008; Chambers 2011; Jones et al. 2015).
However, most of the previous cited investigations have de-
tected negative effects on amphibians at high ion concentra-
tion (mostly around 3000 μS cm−1). The response of amphib-
ians to conductivity varies among species (Viertel 1999;
Turtle 2000; Karraker 2007; Klaver et al. 2013) with some
of them showing a low tolerance to high conductivity levels
whereas others being more tolerant. Yet, when the effect of
conductivity on amphibians is apparently species specific, in
our area of study water conductivity varied between 150 and
800 μS cm−1 and the sites with higher conductivity level
(695–781 μS cm−1) showed higher richness and abundance.
This could suggest that the species of the area are tolerant to
relatively high ion concentration.

A negative association was found between amphibian met-
rics and turbidity. Turbidity constitutes a valid and useful wa-
ter quality measurement that can be used to protect aquatic
habitats from sediment pollution (Lloyd 1987). Therefore, the
authors used turbidity as an indicator of habitat degradation.
Increased sedimentation and siltation often occurs as a conse-
quence of harvesting, road building, mining, urban activity,
agriculture, and grazing; resulting in harm to natural habitats,
fish, and other aquatic life, and could also impact the hatching
success of amphibian embryos. The negative impacts of sed-
iments on aquatic organisms, including amphibians, are well
documented (Henley et al. 2000; Rowe et al. 2003; Canals
et al. 2011). Suh (2016) reported that the survivorship and
the ability for the pacific tree frog Pseudacris regilla tadpoles
to find cover in the presence of an invasive predator were
diminished in more turbid waters. Thus, a higher predation
on tadpoles by native or introduced predators could be
expected in areas with lack of a land management plan
intended to decrease the effect of erosion and sedimentation in
urban rivers.

A weak but significant negative correlation was found be-
tween amphibian metrics and TC. It has been widely docu-
mented the susceptibility of amphibians to pathogens, includ-
ing water molds, viruses and mainly Chytridiomycosis dis-
ease, caused by the fungus Batrachochytrium dendrobatidis
(Blaustein et al. 2003; Skerratt et al. 2007; Gray et al. 2009;
Rollins-Smith 2009; Martel et al. 2013; Olson et al. 2013;
Berger et al. 2016). However, the literature pertaining to the
relationship between amphibians and Total Coliforms (TC) is
insufficient. Canals et al. (2011) studied the implementation of
livestock ponds as artificial wetlands that could be used
by amphibian for reproduction. They found that there
was no effect of bacterial load on amphibians since, in
their specific case, the period of reproduction was be-
fore the peak of contamination. Further research is
needed to determine if there is an effect of bacterial
load on amphibian species.

A positive correlation was found between DO and amphib-
ian metrics. PFR has the lower values of DO compared with
TR and VR, and was also the river with the lower values of
richness and abundance of amphibians. However, the values
of DO detected in PFR sites and TR4 were above the ones
reported as critical by other authors (Wassersug and Seibert
1975; Marian et al. 1980; Sparling 2010). According to liter-
ature, the optimal range of DO for amphibians varies among
species and life history traits. Low levels of DO concentration
can be detrimental to amphibian embryonic development
(Wassersug and Seibert 1975; Noland and Ultsch 1981;
Schmutzer et al. 2008; Bernal et al. 2011) also affecting egg
masses production (Karraker et al. 2008), hatching success,
development rate, variations in swimming patterns, and be-
havior changes that could lead to a higher predation risk
(Seymour et al. 2000; Warkentin 2002).

Most of the assessed sites showed some degree of impair-
ment habitat wise, with some of them being severely degrad-
ed. On average, VR showed more conserved habitats with
higher scores for vegetative cover, riparian width and bank
stability categories. Amphibian species show specific micro-
habitat requirements (Stebbins and Cohen 1997). Amphibians
are highly specialized in their uses of lotic microhabitats and
terrestrial surroundings for foraging, cover, shelter from pred-
ators, overwintering, reproduction, egg laying and develop-
ment of larvae (Welsh and Ollivier 1998; Semlitsch 2000).
HMA takes into account aspects considered important for am-
phibians, such as water velocity regime, available cover, sed-
iment deposition, vegetative protection of the banks and ripar-
ian vegetation width (Porej et al. 2004; Baldwin et al. 2006;
Barrett et al. 2010; Kupferberg et al. 2011). Thereby, HMA
could be used as a suitable indicator to evaluate the quality of
habitat used by amphibians.

The three species detected in VR, Rhinella arenarum,
Odontphrynus occidentalis and Boana pulchellus, are species
frequently found in highly modified and degraded
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environments (Agüero et al. 2010; Jofré et al. 2010; Calderon
et al. 2014, 2017). The species recorded in PFR and TR in-
cluded Rhinella arenarum, Odontphrynus occidentalis,
Leptodactylus mystacinus, Boana pulchellus and Boana
cordobae (endemic species of the Sierras Pampeanas
Centrales System (Lescano et al. 2015)). Even when the total
richness of TR and PFR rivers were higher than in VR, the
activity of the amphibians of VR was more constant through-
out the reproduction season. Water characteristics and habitat
features could provide amphibians in VR with a habitat stable
enough to allow reproduction and development of tadpoles
(Villegas Ojeda et al. 2016). Further research is needed, how-
ever our data suggests that Odontphrynus occidentalis and
Boana cordobae could be less tolerant to the impacts of ur-
banization as it impacts habitat and water quality.

Several factors have been identified to affect the reproduc-
tion behavior of amphibians, apart from the water quality
assessed here: temperature and rainfall regime, the nutritional
state of females (Duellman and Trueb 1994), stress (Moore and
Jessop 2003; Carr 2011), non-native predators of larvae, pesti-
cides input (Davidson et al. 2002; De Solla et al. 2002b), heavy
metals (Carr and Patiño 2011), environmental toxicants and
their byproducts (Carey and Bryant 1995; Boyer and Grue
1995), pharmaceuticals and, organic pollutants such as
Polychlorinated Biphenyls (PCBs), dioxins, and furans, among
others (De Solla et al. 2002b; Sparling 2010). However, none of
the aforementionedwater quality parameters are relevant for the
studied area since none have been detected during previous
campaigns, which is why they were not included in this study.

Conclusion

Amphibian abundance and richness were negatively affected
by the concentration of nitrate, phosphate, turbidity, bacterial
load, and the level of habitat degradation. The conservation of
amphibians is essential for the conservation of biodiversity
since they are major contributors to biomass and the regula-
tion of the trophic structure within ecosystems. Natural lands
are increasingly transformed into urban areas, so the determi-
nation of the water quality and habitat requirements for am-
phibians is necessary for the protection of the species
persisting in urban settings. This study is intended to provide
a first approach to identify the most important water quality
aspects affecting amphibians in expanding urban areas; and
provides useful information for the design of strategies to
minimize the impacts of urbanization on aquatic biodiversity.
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