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Abstract

Urbanization impacts ecosystems through loss and fragmentation of habitat, loss of diversity,
increase in runoff, and contaminant discharges, and the invasion of exotic species. Potrero de
los Funes Village (San Luis, Argentina) is experiencing not only a population increase during
summer months due to tourism but also an accelerated growth of its permanent population. In
order to evaluate the potential effects of urbanization, the environmental quality of Potrero de
los Funes River and Las Chacras Stream was assessed, using physical-chemical and biological
indicators. Macroinvertebrates, through the application of the Biotic Index for San Luis Sierras
(BISLS), anuran amphibian richness and relative abundance, and riparian vegetation were used
as bioindicators. While the Simplified Index of Water Quality (SIWQ) was used to characterize
the physical-chemical quality of water at each site. SIWQ and BISLS scores were significantly
different between sites (F725 = 9.88, p < .001 and F7 55 = 24.18, p < .001, respectively). SIWQ
was significantly correlated with BISLS (Spearman correlation coefficient = 0.8, p < .001). Four
anuran species were registered along Potrero River, with no significant differences in the
intensity of vocalizations between sites. No species were detected in Las Chacras Stream.
Average total plant species richness, exotic plants richness, and vegetation cover were higher
at the most impaired system, Las Chacras Stream. The principal component analysis showed that
the first two principal components (PCs) explained 76.3% of the total variance. PC1, with strong
loadings of SIWQ, BISLS, and amphibian richness, was principally driven by chemical water quality
and biological conditions. PC2 was mainly determined by plant richness. The chemical and
biological water quality of Potrero and Las Chacras is somewhat impaired, being the upper Las
Chacras Stream the most compromised area. This study provides information that will certainly

be used to manage future impacts of urbanization on aquatic resources.
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1 | INTRODUCTION

The increase in human population has resulted in the development of
new urban areas. This landscape transformation is a complex process
that involves the creation of new land cover and new biotic
assemblages driven by changes in the chemical, physical, and
ecological conditions (Hamer & McDonnell, 2008). Urbanization may
cause loss and fragmentation of habitats, loss of species diversity,
increased runoff, greater discharges of point and nonpoint source
pollution, and the promotion of exotic plants and animal species
(Faulkner, 2004; Longing & Haggard, 2010; McKinney, 2002, 2006,

2008; Ridley et al., 2005; Sutula & Stein, 2003). The impacts of
urbanization are currently one of the most prevalent causes of natural
ecosystem alteration.

Chemical water quality is a key element in the assessment of
environmental quality of aquatic ecosystems. However, the use of
biological indicators represents an important integrating tool
(Zampella, Bunnell, Laidig, & Procopio, 2006). Because chemical
monitoring cannot provide a holistic assessment of the health of an
aquatic system, biological monitoring has been recognized as one of
the most useful tools in assessing water quality. It provides an
integrated framework for addressing cumulative and synergistic
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environmental impacts (Adams & Greeley, 2000; Bode & Novak, 1995;
Metcalfe-Smith, 1994; Muenz et al., 2006; Golladay, Vellidis, & Smith,
2006; Oscoz et al., 2007).

A bioindicator is a species or group of species that reflect the
abiotic or biotic state of an environment and represents the impact
of environmental changes on a habitat, community, or ecosystem
(Hodkinson & Jackson, 2005). A bioindicator must be sensitive enough
to exhibit changes in response to a stressor (Burger, 2006; Carignan &
Villard, 2002). Valuable bioindicators provide early warning to environ-
mental impacts, allow continuous assessment over a wide range and
intensity of stresses, are affordable to measure and can be accurately
estimated (Burger, 2006; Carignan & Villard, 2002).

Macroinvertebrates are among the most accurate bioindicators to
assess and monitor health in aquatic environments because they are
less mobile than fish and therefore unable to avoid discharges.
Macroinvertebrates are directly and constantly affected by the
physical and chemical conditions of the stream; they possess a wide
range of sensitivity to pollutants and respond to both short-term
episodic events and longer-term cumulative effects (Longing &
Haggard, 2010; Stribling, Jessup, White, Boward, & Hurd, 1998).
Urbanization of watersheds has been associated with higher and more
frequent peak flows and elevated concentrations of pollutants and
sediments that may affect the species richness and abundance of
sensitive macroinvertebrates (Davidson-Bennett, 2011). Some quality
indicators based on macroinvetebrates metrics have been developed
in order to reduce taxonomic resolution, produce a rapid turn-around
of results, and assess a wide range of water qualities (Canter &
Atkinson, 2011; Ector & Rimet, 2005; Longing & Haggard, 2010;
Metcalfe-Smith, 1994; Muenz et al., 2006; Resh & Unzicker, 1975;
Wallace, Grubaugh, & Whiles, 1996).

Habitat loss, fragmentation, and degradation are among the
greatest threats to amphibian populations (Hamer & McDonnell,
2008). Amphibians may be good indicators of environmental
conditions (Houlahan, Findlay, Schmidt, Meyer, & Kuzmin, 2000), and
their decline could be used as an indicator of environmental degrada-
tion (Muenz et al., 2006; Sewell & Griffiths, 2009). Vegetation is also
often an excellent indicator of the physical and chemical condition of
wetlands (Lopez & Fennessy, 2002; Mensing, Galatowitsch, & Tester,
1998). The composition of riparian vegetative zones is a key element
to assess the environmental quality of a river, because they are directly
related to the diversification of the landscape, the regulation of water
temperature, inputs of organic material, and nutrients, and the creation
of habitat used by different organisms (Capon & Dowe, 2007; Hood &
Naiman, 2000).

Potrero de los Funes Village (San Luis, Argentina) constitutes one
of the main tourist destinations of the region. Potrero de los Funes
River, together with Las Chacras Stream, is used as recreational
swimming places and as drinking water resources. The permanent
population of the village has experienced accelerated growth.
According to the Instituto Nacional de Estadistica y Censos (2010),
the total population of the town was approximately 410 in 1991,
944 in 2001, and 1698 in 2010. This is equivalent to an average
increase of 105% every 10 years.

Previous studies (Almeida, Quintar, Gonzalez, & Mallea, 2007;

Oliva Gonzélez, Almeida, Quintar, Mallea, & Gonzalez, 2011) assessed

physical-chemical and bacteriological water quality of upper, middle,
and downstream sections of the Potrero River (PR). Upper sites had
low interference from anthropogenic activities and represented the
“environmental base line” of the watercourse; middle sites were within
fully urbanized areas near wastewater drainages from residential
buildings and hotels, and downstream sites were located at the end
of the urban area, before draining into the Potrero de los Funes
reservoir. Water quality of PR was deteriorated downstream from
urbanized areas with an increase of organic load and nutrients
(phosphorous and nitrogen). This loss of quality had a temporal pattern
linked to the increase of tourist activities during the summer (Almeida
et al., 2007; Oliva Gonzalez, Almeida, Calderén, Mallea, & Gonzalez,
2014; Oliva Gonzélez et al., 2011).

The goal of this study was to assess the environmental
conditions of two urban lotic systems in Potrero de los Funes Village
(San Luis, Argentina) using a physical-chemical index of water quality
and macroinvertebrates, anuran amphibians, and riparian vegetation
as bioindicators.

2 | METHODS

2.1 | Study site

Potrero de los Funes River has a length of 2700 m with an average
flow of 7.5 m*/s and a basin area of 42 km? It rises from the
confluence of two tributaries, Los Molles Creek and La Bolsa Creek,
at 1003 m above sea level in the Central Sierras of San Luis, Argentina.
After the confluence, the PR flows through the hilly village of Potrero
de los Funes to finally drain into the Potrero de los Funes reservoir.
The spillway of this reservoir forms Las Chacras Stream that runs
through the Quebrada de los Céndores area (Figure 1).

Four sampling sites along PR and four sampling sites along Las
Chacras Stream (QS) were chosen for the study (Figure 1). Site PR1
was considered as the reference site. Previous studies assessed
PR1 as the area of environmental base line of water quality on
the basis of physical-chemical and bacteriological analysis (Oliva
Gonzalez et al, 2011). PR1 also represents the initial stretch of
PR, where its two tributaries streams converge. Considering the
impact of urbanization as percent of urban land use (buildings,
roads, and recreational infrastructure) and total plant cover (%) in
a radius of 150 m around the sampling point, PR1 is the least
impacted site: 10% of urban land use and 90% plant cover. PR2
(60% plant cover—30% urban land use) and PR3 (40% plant cover
—50% urban land use) were located downstream from PR1 in fully
urbanized areas, near wastewater drainages from residential
buildings and hotels. PR4 (10% plant cover—70% urban land use)
was located 2,600 m from PR1, at the end of the urban area and
618 m upstream of the river mouth discharge into Potrero de los
Funes reservoir.

Sites at Las Chacras Stream were: QS1 (50% plant cover—50%
urban land use), located 10 m downstream from the dam spillway;
QS2 (60% plant cover—30% urban land use): located 100 m
downstream from QS1 in an area that receives the discharge of poorly
treated domestic waste from a five star hotel; QS3 (80% plant cover
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FIGURE 1

—10% urban land use): located 900 m from QS1, in a zone
characterized by a low urban development likewise the QS4 (70%
plant cover—20% urban land use) located at 1,200 m from QS1. Sites
were also selected on the basis of their similar physical-morphological
conditions. Substrate size, flow velocity, depth, and riffle/pool ratios

are uniform between sites into PR and Las Chacras Stream.

2.2 | Physical-chemical sampling, analytical methods
and water quality

A Simplified Index of Water Quality (SIWQ) was used to estimate
the water quality of the sites (Queralt, 1982). SIWQ uses five
physical-chemical parameters that includes water temperature (°C)
and electrical conductivity (uS/cm), which were tested in the field
using a portable meter, total suspended solids (mg/L), dissolved
oxygen (mg/L O,) and chemical oxygen demand (mg L O,), which
were measured in laboratory, following standard protocols (APHA,
2005). Analytical quality of data was ensured through careful
standardization, procedural blank measurements, and spiked and
duplicate samples. The ionic charge balance of each sample was
within +5%.

2.3 | Biological indicators

Benthic macroinvertebrates and water samples for physical-chemical
determinations were collected during high-flow (December-March)
and low-flow (May-August) seasons between 2009 and 2011.
Multihabitat samples were collected at each site using a 0.09-m?
area and 300-um meshed Surber net. In both lotic systems, the

selected microhabitats were one riffle and one pool at every site.

La Bolsa

URBANIZED AREA Stream

Potrero de los Funes Village
Los Molles
ream

:

Potrero de los
Funes Reservoir

uebrada de
los Céndlores

Localization of sampling sites (white dots) at Potrero River (PR) and Las Chacras Stream along Quebrada de los Condores (QS)

The two samples were combined for comparison between the
different sites.

All macroinvertebrate collections were preserved in 70% ethanol
and returned to the laboratory for sorting and identification. The
specimens were identified in the laboratory, down to the lowest
taxonomic level required by the Biotic Index of San Luis Sierras
(BISLS), family for some classes (i.e., Coleoptera, Diptera) and genus
for others (i.e., Ephemeroptera, Trichoptera; Vallania, Garelis, Tripole,
& Gil, 1996).

Species richness and relative abundance of amphibians were
estimated from calling and visual encounter surveys. All sites were
visited during dusk, 3 times during the months of maximum activity
(October, November, and December) of 2009 and 2010. Anuran calls
were recorded for 5 min on each site. Two visual encounter surveys
plots (100 m x 5 m) were installed one in each side of the channel.
After the calling registration and recording, observers searched plots
while walking at a standard pace using as much time as was needed
to examine each area thoroughly. In accordance with North
American Amphibian Monitoring Program protocol, surveys were
conducted at least 0.5 hr after dusk and completed by 01:00 (Weir
& Mossman, 2005).

In every site (PR1 to Q4), vegetation was characterized in one plot
(100 m x 3 m) in each bank of the channel. The Zirrich-Montpellier
(Braun-Blanquet, 1928, 1932) method was used to generate
phytosociological inventories. Richness of native and exotic vascular
plants was recorded, and the tree and herbaceous abundance-cover
was estimated. The species that could not be identified in the field
were taken to the laboratory for taxonomic identification using
dichotomous keys and in accordance with Instituto de Botanica
Darwinion (2014).
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2.4 | Data analysis

In order to evaluate the physical-chemical water quality, an SIWQ was
used (Queralt, 1982). This index uses a simple algorithm that requires
evaluation of five chemical parameters: temperature, chemical oxygen
demand, total suspended solids, dissolved oxygen, and electrical
conductivity (Colman Broggi & Bellagamba, 2006). The selection of
the parameters used by the index was made by taking into account
their representativeness in the water quality characteristics, and the
cost effective analytical methods to estimate them (Queralt, 1982).
The final score is calculated from the formula: ISQA=T.(A+ B+ C+ D).
The term T depends on the water temperature and it has values
between 0.8 and 1. The variable A fluctuates as a function of chemical
oxygen demand, with 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 O 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 biodegradable
organic matter content. D depends on electrical conductivity; it can
take values between O and 20 and it is related to inorganic salts
concentration, mainly chloride and sulfate. The outcome from the
equation, an overall water quality dimensionless value, can range from
100 to 0. SIWQ qualifies water 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).

A macroinvertebrates index, the BISLS, has been generated to
evaluate biological water quality of rivers in the central zone of San
Luis province (Vallania et al, 1996). BISLS combines taxonomic
richness, and the sensitivity of each taxa presents in the sample to
estimate the biological water quality of the site. It assumes that the
presence of more sensitive taxa (Ephemeroptera, Plecoptera,
Trichoptera) indicates better water quality. This index can have values
from 1 for extremely contaminated environments to 12 for
environments with no contamination.

The call index, proposed by Pillsbury and Miller (2008), was used
as an indicator of relative abundance of amphibians, it follows: 0, no
individuals of a given species heard; 1, one individual heard; 2, multiple
individuals with no overlap in calls; 3, full chorus.

One way analysis of variance was used to compare amphibian
maximum monthly call index value, BISLS values, number of
invertebrate taxa, and SIWQ values between sites. A paired t test
comparing BISSL, number of taxa, and SIWQ between sampling
seasons (high flow and low flow) was performed for each site before
running the analyses of variance, to account for within sites individual
variability. Independent sample t test was used to compare BISLS
values, number of macroinvertebrate taxa, SIWQ values and plant
variables between PR and Las Chacras Stream. Spearman correlation
analysis was performed to analyze the relation of SIWQ with BISLS,
the number of macroinvertebrate taxa and amphibian parameters.
Principal component (PC) analysis of the normalized variables (SIWQ,
BISLS, amphibian richness, amphibian relative abundance (call index),
plant richness, ratio native/exotic plant richness, and plant cover)

was performed to extract significant PCs and to further reduce the

contribution of variables with minor significance (Bagur, Morales, &
Lépez-Chicano, 2009; Zhou, Huang, Guo, Zhang, & Hao, 2007).

3 | RESULTS

31 |

Values of SIWQ varied between 98.56 (at PR1) and 67.35 (at QS1),
with a total average of 87.42 + 9.33. Differences in SIWQ between
sampling seasons (low flow and high flow) were not significant for all

Physical-chemical water quality (SIWQ)

the sites sampled (independent samples t test, all p's > .05). SIWQ
values were significantly different between sites (F 25 = 9.88, p <.001;
Figure 2). PR had SIWQ values significantly higher than Las Chacras
Stream (independent samples t test: t = 6.51, df = 26, p < .001;
Table 1). SIWQ values were significantly correlated with BISLS values
(Correlation coefficient = .8, p < .001; Figure 3) and with the number

of macroinvertebrate taxa (Correlation coefficient = .6, p < .001).

3.2 | Biological indicators

Forty-two taxa were identified in the benthic macroinvertebrates
samples (Table 2). The most common taxa were Chironomidae
(Diptera), Naididae (Oligochaeta), Hydroptilidae (Trichoptera), Elmidae
(Coledptera), Simulidae/Ceratopogonidae (Diptera), and Caenidae
(Ephemeroptera). BISLS values ranged from 11 (not contaminated; at
PR2) to 5 (very contaminated; at QS2). The number of invertebrate taxa
varied from 22 (at RP2) to 6 (at QS2). BISLS and the number of
invertebrate taxa were not significantly different between sampling
seasons (low flow and high flow), for all the studied sites (independent
samples t test, all p's > .05). Average values of BISLS (F7.g = 24.18,
p < .001) and number of invertebrate taxa (F7 25 = 5.32, p < .001) for
all the sampled dates were significantly different between sites
(Figure 4). Values of BISLS and the number of macroinvertebrate taxa
of PR were significantly higher than Las Chacras Stream (independent
samples t test: t = 5.67, df = 26, p < .001 for BISLS and t = 3.9, df = 26,
p < .001 for number of taxa).

25

20

) [Nl

Number of
Macroinvertebrate Taxa

BISLS

Sites

FIGURE 2 Values of the Simplified Index of Water Quality (SIWQ)
calculated for water samples from Potrero River and Las Chacras
Stream
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TABLE 2 Macroinvertebrate taxa identified in benthic samples from sites in Potrero River (PR) and Las Chacras Stream (QS)

Phyllum Class Order

Family Genus

Arthropoda Insecta Coleoptera

Diptera

Ephemeroptera

Hemiptera

Odonata

Trichoptera

Lepidoptera

Annelida Oligochaeta Tubificida
Hirudinea

Mollusca Gastropoda

Bivalvia

Crustacea Decéapoda

with some sites presenting water quality not compatible with recrea-
tional (swimming) and fishing uses (SIWQ values from 67.35 to
85.01). The most relevant parameters in the calculus of SIWQ were
total suspended solids, with the highest values at sites QS1 and QS2
and the lowest at PR1, and conductivity, with a clear pattern of higher
values at all QS sites. The amount of suspended solids is related to the
increase of impermeable surfaces due to urbanization that contributes

to nonpoint source pollution (Carle, Halpin, & Stow, 2005). The

Basommatophora

Elmidae
Staphylinidae
Girinidae
Blepharoceridae
Ceratopogonidae
Chironomidae
Dolicopodidae
Empididae
Eprhydidae
Muscidae
Psicopodidae
Psychodidae
Simulidae
Stratiomidae
Syrphydae
Tabanidae
Tipulidae
Caenidae Caenis
Baetidae Baetis
Baetodes
Dactylobaetis
Tricorythidae Leptohyphes
Tricorythodes
Naurocoridae

Gerridae

Gomphidae

Zygoptera

Odontoceridae

Hydroptilidae

Hydropsychidae

Leptoceridae

Phylopotamidae

Polycentropodidae

Tubificidae
Naididae

Phisydae

Lymnaeidae

Physa
Lymnae
Planorbidae Bionphalarya

Ancylidae Uncacylus

construction of streets, buildings, industries, and spaces for parking
generates large quantities of sediment input to the streams and may
also indicate the presence of other pollutants that are carried on the
surfaces of sediment in suspension (Stephens, Reid, & Graham,
2002). The contribution of variations in dissolved oxygen and temper-
ature was minor but significant. Previous studies have shown a deteri-
oration of surface waters downstream from PR2, coincides spatially

with the most urbanized part of the town and temporally with the
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r2=0.8, p <0.001

BISLS

60 70 80 90 100
siwa

FIGURE 4 Biotic Index of San Luis Sierras (BISLS) and number of
macroinvertebrate taxa registered in water samples from Potrero
River and Las Chacras Stream

increase of tourist activities during the summer season (Oliva Gonzélez
et al., 2011). Almeida et al. (2007) applied a General Quality Index
calculated from 11 parameters, including bacteriological measure-
ments and likewise reported a decline of water quality in zones of
the river located in the urbanized area of Potrero de los Funes town.
Our results for Las Chacras Stream match the ones reported by Oliva
Gonzalez et al. (2014) who found the same pattern in water quality.
On the basis of BISLS values, PR may be categorized as not con-
taminated (sites PR1 and PR2) to slightly contaminated (sites PR3
and PR4), while Las Chacras Stream has sites classified as heavily con-
taminated (QS2), contaminated (QS1) and slightly contaminated (QS3
and QS4). These results agree with previous studies, where QS1 and
QS2 were assessed as points with very poor physical-chemical water
quality and a very low concentration of dissolved oxygen, due to the
presence of a wastewater discharges (Oliva Gonzilez et al., 2014).
Even though tolerances of macroinvertebrates to hypoxic conditions
are taxonomically specific and, in some ecosystems, they are highly tol-
erant of seasonally low-dissolved oxygen conditions (Kaller & Kelso,
2007); in general, invertebrate communities are largely influenced by
temperature and dissolved oxygen levels (Tarr, Baber, & Babbitt,
2005). Taxa such as Ephemeroptera are highly sensitive to low oxygen

conditions, while Chironomidae are the least sensitive taxa (Connolly,

TABLE 3 Eigenvalues. Variance explained and variable loadings of
principal component analysis (PCA)

Component 1 Component 2

Eigenvalue 3.959 1.380
% of variance explained 56.557 19.716
% of cumulative variance 56.557 76.273
Variable Loadings

SIwQ 0.964 0.102
Amphibian richness 0.908 0.324
BISLS 0.892 -0.054
Amphibian call index 0.761 0.511
Native/exotic plant richness ratio 0.628 -0.481
Total plant cover -0.620 0.410
Plant richness 0.228 -0.775

BISLS = Biotic Index for San Luis Sierras; SIWQ = Simplified Index of Water

Quality.

PR3
' PR2 PR4
. .
as2 as1 Amphibian
0519 @ Plant cover RA

Amphibian
richness

o~
g swa
g
g 00
E BISLS
o
(&)
Nativefexotic ~ PR1
0.5 plants *

Qs3 Plant richness

-1.0 -0.5 0.0 0.5 1.0
Component 1

FIGURE 5 Principal components analysis using measured variables
across sites at Potrero River (PR) and Las Chacras Stream along
Quebrada de los Céndores (QS)

Crossland, & Pearson, 2004). In our study, the site QS2 showed the
lowest concentrations of dissolved oxygen (45%) and the lowest
number of macroinvertebrate taxa and BISLS. This was paired with a
high abundance of Chironomids and the absence of mayflies
(Ephemeropteras). The improvement in physical-chemical quality of
water, observed towards points QS3 and QS4 (and also evident from
BISLS values), may be explained by the increase in the velocity of the
stream, the dissolved oxygen, and the self-purification capacity of the
stream (Oliva Gonzélez et al., 2014). A further improvement of water
quality has been observed in sites downstream of Q4, before it is
impacted by Juana Koslay City (Calderon, Gonzalez, Moglia, Gonzélez,
& Jofré, 2014).

A significant correlation between SIWQ and BISLS was found.
This agrees with other authors that stated the relevance of biological
indexes as an alternative and/or integrative tool in the assessment of
the water quality of aquatic ecosystems (Canter & Atkinson, 2011;
Longing & Haggard, 2010; Muenz et al., 2006; Oscoz et al., 2007).

Anuran amphibian species registered in this study have already
been cited for the central area of the San Luis sierras. R. arenarum
is recognized as being characteristic of urban environments (Cei,
1980; Leynaud, Pelegrin, & Lescano, 2006; Sanabria, Quiroga, &
Acosta, 2005). H. pulchellus was recorded for the first time in the
province in 2011, inhabiting urbanized areas of Chorrillos River in
the cities of Juana Koslay and San Luis (Calderon & Jofré, 2011).
(2010)
L. mystacinus and R. arenarum in urban permanent and temporary

Previously, Agliero, Moglia, and Jofré documented
water bodies in urban parks and temporary puddles in San Luis City.
Vocalization activity of L. mystacinus, H. pulchellus, R. arenarum, and
O. americanus was documented in tributaries (Las Chacras Stream
and Cuchi Corral Stream) and the main channel of Chorrillos River
but no significant correlations between urbanization and amphibian
richness and relative abundance were detected (Calderdn et al.,
2014). A similar pattern was found in our study, with no significant
differences found in the intensity of vocalizations between sites.
The higher call index was estimated at site PR4, which is highly
modified and impacted by urbanization and tourist activities.

Although richness and presence/absence of amphibians is in general



!

TABLE 4 Summary of quality assessment (BISLS and SIWQ) and amphibian and plant metrics for Potrero River (PR) and Las Chacras Stream (QS)
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Slightly contaminated (9.3)

Uncontaminated—Suitable for all uses (91.89)
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swimming and fishing (67.3)
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Qs4

BISLS

= Simplified Index of Water Quality.

Biotic Index for San Luis Sierras; SIWQ

Maximum value for the site.

negatively related to urbanization, they have broad habitat
requirements that may allow adaptation to urban environments,
especially when the alteration of the landscape involves establish-
ment of suitable habitats (Hamer & McDonnell, 2008).

Anurans were detected along PR but were absent along Las
Chacras Stream at Quebrada de los Céndores, where water quality
was significantly lower than in the river. However, no correlation was
found between water quality and amphibian metrics, which implies
that many other variables may influence amphibian community com-
position, distribution, abundance, and vocalization activity such as
hydrologic period, presence of predators, and nearby noise and plant
related variables (Burne & Griffin, 2005; Reading & Jofré, 2003; Sun
& Narins, 2005; Urbina-Cardona, Olivares-Perez, & Reynoso, 2006).

A reduction in the number of native plant species was observed
from the less impacted sites to the most altered sites within PR
(PR1-PR2 to PR3-PR4) and Las Chacras Stream, reaching a minimum
of nine native species at sites QS1 and QS2, and recovering to higher
values at sites QS3 and QS4. The number of native species was higher
than the number of exotic species in all sites except QS1 and QS2. The
maximum difference between native and exotic plant species was at
the less altered site PR1, where the number of native plants was 5
times higher than the number of exotic plants. Urban and suburban
areas are significant spots for the dispersion of introduced plant spe-
cies, and in riparian forests, particularly in hot and semiarid regions,
urbanization stimulates the progress of the invasion by causing
hydrologic drought (Duguay, Eigenbrod, & Fahrig, 2007; Sung, Li,
Rogers, Volder, & Wang, 2011).

The proportion of exotic species for temperate systems worldwide
is around 10% (Macdonald & Fame, 1988). The values found in PR
riparian zones (17-61%, average 43%) were higher than other wet-
lands areas of Argentina (Kalesnik, Cagnoni, Bertolini, Quintana, &
Madanes, 2005; Kalesnik & Malvarez, 2004; Marquez & Dalmasso,
2003). The same pattern was found in riparian habitats of Chorrillos
River (Calderon et al., 2014). Plant cover did not have a clear pattern
related to urbanization/water quality. The most impacted site at the
river (PR4) had the lowest cover, as a result of the clearing of shores
for camping areas, while the site with the best water quality and better
representation of native flora, PR1, had low cover, and finally, highly
modified sites (QS1 and QS2) had high values of plant cover.

Principal component analysis separated sites along the river with
better biological and chemical quality, from those along the stream at
Quebrada de los Coéndores, and clearly discriminated between
QS1-QS2 and QS3-QS4. Sites PR1 and PR4 had the highest values
for chemical and biological quality; the cause of the separation of
PR1 along component 2 being PR1's higher number of native species
and richness, because both sites had low plant cover. Sites with
intermediate impacts on biological quality were PR2, PR3, QS3, and
QS4, separated between them principally due to the absence of
amphibians and lower values of SIWQ and BISLS in sites on Las
Chacras Stream. Even with the high scores in plant cover, sites
QS1 and QS2 were the most impacted. While the poor water quality
of QS1 and QS2 seems to present an autodepuration effect
downstream, accompanied by an improvement in the relation
native/exotic plant species, these sites may be a potential focus for

the spreading of invasive plants.
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The authors would like to include some recommendations for the
improvement in the management of water quality of PR and Las
Chacras Stream. The control of urban runoff and poorly treated
wastewater is considered two of the most important aspects in the
rehabilitation of urban aquatic ecosystems (Findlay & Taylor, 2006).
Stormwater runoff control can be achieved by the implementation of
water sensitive designs, sustainable drainage systems, and/or
low-impact development technologies (Ahiablame, Engel, & Chaubey,
2012). Low-impact development practices are microscale control
practices used to bring the natural hydrology of a site close to that
of its predevelopment conditions (Coffman, 2002). Analyzing the time,
costs, and maintenance of the different control practices, the
implementation of rain barrels for water retention would be the most
effective practice to diminish the effect of runoff on water quality
and quantity of PR. On the other hand, Las Chacras Stream is hugely
affected by the untreated wastewater input released by the five star
hotel located upstream. The implementation of a wastewater
treatment plant is highly recommended to improve the water quality
of this system.

In conclusion, chemical and biological water quality of PR and Las
Chacras Stream is in good condition. However, an important
impairment on biological and chemical quality, that should be
monitored, was detected in upper Las Chacras Stream. This study is
intended to help river scientists and managers understand the extent
of the impact of urban development and the release of poorly treated
wastewater on natural aquatic ecosystems. This research provides
information that can be used in the design of strategies to minimize

the impacts of urbanization on aquatic resources.
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