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� Ecosystem services provision is crucial for tourism in La Salada shallow lake.
� Wet and drought periods have been in turn registered in the area.
� Stakeholders have a crucial role into the lake management.
� Participatory research helps to evaluate stakeholders' perception.
� Ecosystem services provision remained almost unchanged between wet and dry periods.
� Tourism in la salada seems not to depend on the precipitation scenarios.
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a b s t r a c t

Water ecosystem services have been widely explored within the context of climate change studies,
becoming a key piece in addressing local water challenges and designing possible strategies for
diminishing climate risks. This paper explores how ecosystem services provision in La Salada shallow
lake, Argentina, including maintenance of the landscape for touristic and recreational activities, have
been affected by changes in climate conditions according to the local stakeholders� perception. After
mapping and prioritizing ecosystem services using participatory research activities, it analyzes how this
provision has evolved in response to the different precipitation scenarios already observed in the area.
The results for the case of La Salada shallow lake indicate that there is not a clear relationship between
precipitations and the key ecosystem services provided by the lake and their surrounding ecosystem,
mainly due to the anthropogenic lake management, and that tourism does not seem to directly depend
on climate conditions.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Anthropogenic impact on the environment has been the core
motivation for several research lines oriented to elucidate the
complex network of interactions between human beings and
acional del Sur, Instituto de
ndr�es 800, Altos de Palihue,

ilio).
natural resources. Within this context, the notion of ecosystem
services (ES), defined as the benefits that people obtain either
directly or indirectly from ecological systems (Millenium
Ecosystem Assessment, 2005), constitutes a way of understanding
the relationship between humans and nature (Raymond et al.,
2013) or between hydrology, landscapes, ecology and society
(Martin-Ortega, Ferrier, Gordon, & Khan, 2015).

In a strict sense, there is no agreement on the exact definition
and classification of ES. This situation has generated a broad global
debate in the academic world on its scope and limitations. Since the
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term ecosystem services was coined (King, 1966), a huge amount of
literature dealing specifically with this issue has been published
(Bagstad, Semmens, Waage, & Winthrop, 2013; Boyd & Banzhaf,
2007; Braat & de Groot, 2012; Chaikaew, Hodges, & Grunwald,
2017; Costanza et al., 1997; Costanza et al., 2014; Daily et al.,
2000; De Groot, Wilson, & Boumans, 2002; De Groot, Alkemade,
Braat, Hein, & Willemen, 2010; Ehrlich & Mooney, 1983; Fisher,
Turner, & Morling, 2009; Helliwell, 1969; Matzdorf & Meyer,
2014; Milcu, Hanspach, Abson, & Fischer, 2013; Schr€oter et al.,
2014; Villa et al., 2014; Wolff, Schulp, & Verburg, 2015; among a
hundred others). Moreover, the popularization of the concept has
generated a lack of clarity about its meaning (Martin-Ortega et al.,
2015) and an entanglement of all the related terminology. For
practical purposes, this paper adopts the definition of ES proposed
by Fisher et al. (2009), according towhich they are the aspects of an
ecosystem utilized actively or passively to generate human
wellbeing.

For the particular case of water ecosystems, Fisher et al. (2009)
propose to differentiate between abiotic inputs such as rainfalls,
intermediate services such as water regulation, final services such
as constant stream flow, and benefit such as water for different uses
(irrigation, hydro-power or recreation). Nevertheless, since a
particular service can be simultaneously intermediate and final,
Fisher et al. (2009) point out the importance of considering the
stakeholder's perception at the moment of defining what kind of ES
is under analysis. On the one hand, every stakeholder perceives
different benefits from ecosystem processes, which can in turn
generate conflicts of interests; on the other hand, some stake-
holders may not eventually perceive any ES value, even in the case
of the generally appreciated ones, conditioning any valuation
process.

The recognition of this important role of the stakeholders’
perception leads to the incorporation of another dimension to the
ES assessment, which can contribute to dealing with the idiosyn-
cratic component of ecosystems defined by Daily (2000). This new
dimension is aimed at shedding light on how water influences
human livelihood and wellbeing, as well as on how ecosystems are
impacted by human activities (Martin-Ortega et al., 2015).

The concept of ES has also been widely discussed from an eco-
nomic perspective, and it is still one of themost controversial topics
in environmental and ecological economics (Bateman et al., 2013;
Brander, Florax, & Vermaat, 2006; Brauman, Daily, Duarte, &
Mooney, 2007; G�omez-Baghettun, De Groot, Lomas, & Montes,
2010; Liu, Costanza, Farber, & Troy, 2010; Martín-L�opez, G�omez-
Baggethun, García-Llorente, & Montes, 2014; De Groot et al.,
2012). Although there is no agreement on its exact meaning,
almost all related works coincide in adopting some ES classification
in line with the Common International Classification of Ecosystem
Services (CICES) developed by the European Environmental Agency
(EEA), which groups them into Provisioning, Regulation and
Maintenance and Cultural Services, granting some degree of ho-
mogeneity to the specific language.

In recent decades, it has been found that climate variability af-
fects human activities and, therefore, the economy of different re-
gions of the world (Hughes, 2003). Climate changes cause an
increase of extreme events, such as high winds, cold and heat
waves and storms, among others. Both the intensity and occurrence
of droughts and floods increase, but it is still very difficult to predict
their future evolution. Therefore, communities should be alert,
especially as regards water resources (Havens et al., 2016). In
particular, the Pampas region is subject to continuous periods of
heavy rain which cause floods in the area. Each lake there responds
differently to flooding according to its typical characteristics. In
some lakes, the increase in water volume favors fishing activities
due to an increase in the abundance of fish species. Simultaneously,
the intense erosion on their banks damages the infrastructure
located in the area and deteriorates the roads reaching the lake.
Droughts associated with La Ni~na phenomenon are also important
and frequent and the human activities associated with lakes
change. Fishing decreases; sometimes species disappear. Pollution
increases due to the reduced volume of water, causing health
problems and algae blooms, both with significant implications for
the entire socio-ecological system surrounding the lake. Histori-
cally, ecosystems have suffered continuous periods of flooding and
drought, although the current climate variability is generating an
increase in their frequency and intensity at short intervals.

Within this context, the Ecosystem Services-based Approach,
which was conceived as a transdisciplinary space aimed at under-
standing the complex relationship between resource users, nature
and policy (Martin-Ortega et al., 2015; Rova & Pranovi, 2017), can
help to explain how climate change is affecting the living condi-
tions of local populations. In the particular case of La Salada shallow
lake, Buenos Aires, Argentina, the socio-ecological system has been
subject to varied scenarios of precipitations over the last decade,
which in turn has determined wet and drought periods. The pri-
mary object of this paper is to qualitatively determine how this
climate variability has affected the provision of the more relevant
ES associated with the shallow lake, according to both its provision
levels and consequent influence over the quality of life of the local
population.

The paper is structured as follows. After the Introduction, Sec-
tion 2 presents a brief overview of the ecosystem services-based
approach and the participatory research methodology. Section 3
describes the area under study as well as its climatic character-
ization. Section 4 presents the methodology proposed for the
analysis of both themorphometric changes seen in the shallow lake
and the fieldwork for assessing the ES provision. Section 5 sum-
marizes the results of the identification and prioritization of the key
ES and the discussion of the comparison between both states,
which constitutes the core of the paper. Finally, some concluding
remarks are outlined in Section 6.

2. Nesting participatory research into ecosystem services-
based approach

An ecosystem services-based approach (ESbA) can be defined as
“a way of understanding the complex relationships between nature
and humans to support decision-making, with the aim of reversing the
declining status of ecosystems and ensuring the sustainable use/
management/conservation of resources” (Martin-Ortega et al., 2015,
p. 8).

Both the complexity and themultiple dimensions of the concept
of ecosystem services have been acting as an attracting pole to
combine the work of scientists belonging to several branches of
knowledge, creating a transdisciplinary space aimed at dealing
with environmental issues.

According to Martín Ortega et al. (2015), four core elements are
needed to implement an ESbA. First, the interest must be focused
on the status of ecosystems and their contributions to human
welfare. This focus displaces ecology or biology from the center of
the scene and turns the ESbA into a merely anthropocentric tool.
Second, the biophysical support of ecosystems in terms of service
delivery must be well understood. Until now, ecosystems have only
been considered in terms of population dynamics, species, energy
flows and other biological or ecological cycles. In this sense, the
ESbA implies some kind of re-thinking of the relationship between
humans and nature. Moreover, according to Martin- Ortega et al.
(2015), the interactions of the components of an ecosystem, as
well as their effects on a service or a set of services, must be
identified and quantified. Recognizing interdependencies becomes
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essential for assessing ES across temporal and spatial scales.
The third element is transdisciplinary (Balvanera et al., 2017;

Brandt et al., 2013; Schr€oter et al., 2014). As stated above, the
integration of natural and social sciences and other strands of
knowledge for a comprehensive understanding of the service de-
livery process leads to the need to implement an ESbA. This
transdisciplinary element encourages environmental scientists to
integrate their research, which solves this need for combining
different areas of knowledge in a broader vision of socio-ecological
systems (Bosch, Ross, & Beaton, 2003; Van Kerkhoff, 2005).

Note that the concept of integration implies the need for
creating new dialogue spaces not only between researchers and
decision makers but also with the users of natural resources. This
idea has gained ground in the framework of watershed manage-
ment research (Collins, Blackmore, Morris, & Watson, 2007;
Johnson, Ravnborg, Westermann, & Probst, 2002). Since it sug-
gests the involvement of local stakeholders, ESbA is open to non-
academic strands of knowledge, including their views and per-
ceptions at relevant scales. Furthermore, the “co-construction of
knowledge with stakeholders is essential to understand the variety of
ways in which ecosystems generate wellbeing, and to establish the
legitimacy of decisions based on the valuation of ecosystem services”
(Martin-Ortega et al., 2015, p. 9). Moreover, designing ES research
according to the needs of the stakeholders involved makes the
approach more user-inspired and user-friendly (Ramirez-Gomez
et al., 2015), granting more relevance to their inclusion into
decision-making processes.

Within this context, the stakeholders' perception of ES becomes
a key piece in this framework of analysis. Moreover, under some
conditions, stakeholders’ involvement in resource management
might also contribute to optimizing its use. Among these condi-
tions, both the absence of different endowments of social capital
among stakeholders and the organizational power of groups of
stakeholders have an important role. This is because different social
capital leads to different levels of political pressure, which in turn
can lead to an outcome that would not match with the social in-
terest (Scheffer, Brock,&Westley, 2000). Furthermore, these factors
can eventually be combined and they might result in a poor
treatment of the environmental issues.

Finally, the fourth element listed by Martin-Ortega et al. (2015)
is the incorporation of ES assessment into decision-making, which
can only be possible in the case of recognizing some social or in-
dividual kind of value of ES. The relevance of this is straightforward,
since ESbA loses its meaning if the result does not involve local
people. Moreover, according to De Groot et al. (2010), the ESbA has
a great potential to manage environmental priorities and transform
environmental policy making. The authors advocate the develop-
ment of robust ESmeasurement and standards for ecological, socio-
cultural and economic values to be shared between scientists
devoted to ES in order to ensure the comparability and trans-
ferability of information.

From the third and the fourth elements, it can be concluded that
the incorporation of stakeholders becomes the key piece to un-
derstanding environmental issues. The Participatory Research
Approach fulfills this purpose, giving local people a crucial role in
discussion and policy formulation (Blackstock et al., 2015).
Furthermore, top-down and technical approaches should be com-
bined with bottom-up approaches based on participatory knowl-
edge if management strategies are aimed at obtaining positive
results (Forrester, Cook, Bracken, Cinderby, & Donaldson, 2015).

On the other hand, it must be noticed that the Participatory
Research Approach presents important advantages but also several
difficulties derived from its own social nature. In fact, the proposed
methodologies are embedded in a significant degree of subjectivity
not only in its formulation but also in the way it interprets and
evaluates the results (Bryman, 2015; Creswell, 2013; Ritchie, Lewis,
Nicholls, & Ormston, 2013), incurring also some kind of bias. Un-
fortunately, going any further on this issue remains out of the scope
of this study on account of its depth.

3. La Salada shallow lake: location and description

La Salada (39�270S, 62�420W) is a shallow saline lake located in
the south of Buenos Aires province, Argentina (Fig. 1). There are few
studies in the literature that mention this lake and it is only
included as an example of a site (e.g., Quir�os, Rosso, Rennella,
Sosnovsky, & Boveri, 2002). It is a small, shallow and polymictic
lake, with a total surface area of 4 km2 and a mean depth of 2.5 m.
Its main affluent is a channel derived from the Colorado river,
which is managed by the Water Authorities, in a region where
agriculture is carried out with irrigation. The river has a thaw
regime, with floods between October and February and droughts
between April and August (Spalletti & Isla, 2003). The water level
fluctuation of the lake depends on the climate, but water man-
agement of the site is important and therefore it is seasonally
controlled. In this endorheic system, water loss is only due to
evaporation and groundwater infiltration. La Salada is an alkaline,
mesotrophic-eutrophic shallow lake, with low Chlorophyll a con-
centrations (mean value of 8.6 mg L�1) (Alfonso et al., 2015). Only
two fish species live in the shallow lake: a particular type of
omnivorous silverside (Odonthestes sp.), which is common (MAA,
2012) and the ten-spotted livebearer (Cnesterodon decenmacula-
tus), also known as tosquero. The climate of the region is cold
temperate and mostly dry, although characterized by wet and dry
cycles which depend on the annual rate of rainfall. Annual atmo-
spheric temperature values range between 14 and 20 �C, with
pronounced summers and winters, and moderate springs and au-
tumns. According to the precipitation, the regionwas characterized
as semiarid (Aliaga, Ferrelli, Alberdi-Algara~naz, Bohn, & Piccolo,
2016); the heaviest precipitations normally occur in spring and
summer (average annual rainfall of 518 mm) (Scian, 2000). The
dominant winds in the region are from the NW and wind speed
stronger than 40 km h�1 for several hours is usual (Alfonso et al.,
2015).

Regarding human activity, La Salada constitutes an important
location for tourism activities related to water sports and recrea-
tional fishing, among other leisure activities. The shallow lake holds
a seasonally varying flow of visitors, most of them neighbors of the
surrounding rural and urban areas. In response to this tourism
affluence, commercial activities and related provision services are
experiencing an increasing degree of development that began a
couple of decades ago. This has resulted in a rapid and not-
completely well-planned urbanization process, which in turn re-
inforces the incipient development process of the shallow lake and
the surrounding areas.

Although tourism is the core economic activity developed
around La Salada shallow lake, other activities are performed as
well. In the rural areas, land use has evolved fromwild and native
vegetation into livestock farming, and from livestock farming to
agricultural activities. The type of crops has also changed ac-
cording to both the climatic conditions and changes in demand,
leading to different uses of soils, agrochemicals and fertilizers.
Although the adjacent areas are devoted to agriculture and live-
stock production, they do not extract water from the lake for
irrigation. As stated above, the water flow is managed by a water
consortium. The Development Corporation of the Colorado River
Valley (CORFO, for its name in Spanish) manages the concessions,
permits and waterworks related to the rights of use of water and
agricultural lands and has also the mission of preventing and
combating erosion and degradation in order to preserve soil



Fig. 1. Location of La Salada shallow lake.
Source: modified from Alfonso et al. (2015)

Table 1
The Standardized Precipitation Index (SPI) classification.

Category SPI

Extreme wet SPI �2.0
Severe wet 1.5 � SPI <2.0
Moderate wet 1.0 � SPI <1.5
Normal �1.0 < SPI �1.0
Moderate dry �1.5 < SPI � �1.0
Severe dry �2.0 < SPI � �1.5
Extreme dry SPI � �2.0
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fertility. In the absence of a community-based management
tradition, CORFO administers and enforces the irrigation regime in
the area. Normally, the irrigation system gates are open each year
from August 1st to May 1st.

Regarding the climate, La Salada shallow lake is located in a
region where wet and dry cycles are usual. As stated above, the
Water Authorities decide when and how much water enters the
lake. Consequently, water level fluctuations in the lake are frequent,
due to either climatic or anthropogenic causes. Once the key
ecosystem services in the area are identified, some participatory
techniques determine qualitatively whether ecosystem services
provision changes or remains constant in each of the cases.
4. Methodology

4.1. SPI analysis

To assess the effect of climate variability, historical precipitation
and temperature values from 1966 to 2015 were obtained from a
nearby meteorological station within 10 km from La Salada (Insti-
tuto Nacional de Tecnología Agropecuaria INTA- Hilario Ascasubi,
http://rian.inta.gov.ar/). To quantify precipitation anomalies the
Standardized Precipitation Index (SPI) was calculated (Du, Fang, Xu,
& Shi, 2013; McKee, Doesken, & Kleist, 1993), which classifies the
intensity of dry and wet conditions (Table 1) (Du et al., 2013; McKee
et al., 1993; Tao, Borth, Fraedrich, Su, & Zhu, 2014).
4.2. Digital processing analysis of LANDSAT images - morphometric
changes

In the Pampas, the pluviometric variations generate the most
intense impacts on water bodies. The alternating droughts and
floods produce a significant change on their morphology due to
inundation or significant evaporation, therefore the ecosystem
services that they offer are also modified (Palmer et al., 2008). The
occurrence of El Ni~no or La Ni~na events is important in generating
extreme precipitation anomalies (Aliaga, Ferrelli, Bohn, & Piccolo,
2016; Bohn, Delgado, Piccolo, & Perillo, 2016).

In order to calculate the variation of different morphometric
parameters between drought and wet periods recorded in La Sal-
ada, two satellite images, one from LANDSAT 5 TM and another one
from LANDSAT 8 OLI (scene 227-087), were downloaded from the
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USGS website (http://glovis.usgs.gov/). They present a temporal
resolution of 16 days and a spatial resolution of 30 m. Both images
were selected by considering the clear sky conditions. The one from
LANDSAT 5 dates from February 18, 2009, and it is representative of
a severe drought that occurred in 2008. The one from the LANDSAT
8 date is from January 2, 2015, and corresponds to a verywet period
observed during 2014. Digital processing analysis was applied to
both images in order to estimate the morphometric parameters
described by Hutchinson (1957): A. Area, P. Perimeter, Z. Maximum
Depth, V. Volume of water, L. Maximum length, W. Mean width,
Wmax. Maximum width, L/W. relation between L and W, WD.
waterfront development.

A geographical correctionwas first applied considering a control
point technique by selecting points equidistantly apart from each
other. After that, a radiometric calibration of the visible and near
infrared bands (Bands 1, 2, 3 and 4 from LANDSAT 5 TM and 1, 2, 3, 4
and 5 from LANDSAT 8 OLI TIRS) was performed. This correction
was applied to satellite images for converting digital numbers to
radiance values (Llsat) through:

Llsat ¼ GlNDl þ Bl [1]

where l is the band number and Gl (Gain) and Bl (Biase) are the
transforming coefficients of digital numbers to radiance values.

In addition, the solar spectrum corrections were applied to
correct the dispersion of the atmospheric effects in the infrared and
visible bands. Thus, the reflectivity was estimated considering a
uniform Lambertain surface and free cloud conditions using
equation (2) (Schroeder, Cohen, Song, Canty, & Yang, 2006):

rlS ¼ ½pðL lsat � L lp Þ�
�
Tlv

�
El0d�2cosqzTlz þ Edown

�� [2]

where Llp (Wm�2 sr�1 mm�1) is the radiance recorded as a result of
the interaction between the electromagnetic radiation and the at-
mospheric components, Tlv is the atmospheric transmisivity from
the surface to the sensor, Tlz is the atmospheric transmisivity in the
solar illumination direction, and Edown is the diffuse irradiance
downwelling from the sky (W m�2 mm�1).

Once the images had been geographically, atmospherically and
radiometrically corrected, an Interactive Self-Organizing Data
Analysis Technique Algorithm (ISODATA) (Swain, 1973) method
was applied considering the methodology described in Aliaga,
Ferrelli, Bohn, et al., 2016. This allowed the differentiation of the
area of the lake due to the water (both clear and turbid) presents
lower radiation values in the near infrared. On the other hand, RGB
combinations using the ENVI 4.3 Software were performed on both
images in order to understand the modifications in the landscape
during drought and wet periods.
4.3. Ecosystem services provision in wet and dry periods

This paper integrated several techniques of the Participatory
Research Approach to compare the ES provision between two
precipitation scenarios. This combination allowed the capture of
perceptions of different groups of actors involved in the ES provi-
sion around the lake, making the data collection process more
efficient.

The identification and prioritization of ES in La Salada shallow
lake constituted the first stage of the research process, which is
composed of two sub-sections.

In the first one, the relevant ES for the particular case of La
Salada shallow lake were identified and listed by an Expert Panel.
FollowingMaynard, James, and Davidson (2010), this panel brought
together technical experts, biologists, geologists, environmental
economists and other scientists familiar with the shallow lake
ecosystem and its characteristics. The Expert Panel met together
twice to develop definitions and lists of ecosystem functions,
ecosystem services and constituents of human wellbeing, to apply
their expertise in identifying interactions between the ES in the
shallow lake area, and to identify and eventually quantify the
benefit that can be attributed to the ES provision.

In the second sub-section, the ES already identified and listed by
the Expert Panel was prioritized through a participatory exercise
performed in a workshop undertaken at La Salada shallow lake
with a group of previously mapped local stakeholders.

This mapping was performed according to the guidelines of the
Participatory Research Approach provided in Geilfus (2002) and
Maya, L�opez, & C�ardenas, 2004. For this purpose, both pertinence
and representativeness criteria were used for the selection, looking
for a complete sample of inhabitants of the shallow lake area.
Pertinence was evaluated through the relationships between the
users and the resources, their knowledge on the system and their
ability to affect the shallow lake. Representativeness was defined
according to how well or how accurately each individual reflected
his/her own group of interests (London et al., 2012). Moreover, the
list of stakeholders whose wellbeing could be related to the use of
water ecosystem for the particular case of lakes provided by
Scheffer et al. (2000) was also consulted in order to achieve an
exhaustive mapping as possible. All economic and social activities
were included, as the mapping emerged from a previous socio-
economic characterization of the area under study.

Following the guidelines proposed by Geilfus (2002), once the
relevant stakeholders were accurately mapped, they were invited
to attend to an informal meeting during which a participatory ac-
tivity aimed at prioritizing ES was performed.

The research teamwas in charge of presenting the list of ES and
leading the working group toward the construction of an individual
priority ranking. With this objective, illustrated cards, one for each
selected ES, were used to reinforce the definition of each one to
simplify the ranking process. Once ordered, all the individual
rankings were re-ordered in an aggregate.

The last step in the proposed methodology consisted in
analyzing the evolution of the ES provision between 2009 and
2015, characterized by high and low levels of precipitations
respectively. To accomplish that aim, three Focus Group discussions
on the ES evolution for the considered period were performed as
well as some personal interviews with key informants to comple-
ment the data collection. As in Ramirez-Gomez et al. (2015), a
purposive sampling approach was implemented for the Focus
Group case to select participants based on two main criteria: a)
participants had to be actively engaged in activities directly related
to ES provision and b) they had to have been residents of La Salada
shallow lake area during the whole observed period (2009e2015).

In all the cases, the size of the group was determined following
the most usual practices in focus group studies (Carlsen & Glenton,
2011) and, according to standard ethical guidelines, participation in
the research was entirely voluntary (ESRC, 2006).

Fig. 2 shows the process for analyzing the evolution of the ES
provision for La Salada shallow lake for both wet and drought pe-
riods using the Participatory Research Approach and the above
mentioned methodology for morphometric changes.

5. Results and discussion

5.1. Climatic features

Annual precipitation for the study period was very variable,
2009 presented a total annual precipitation of 252 mm, whereas
2015 presented a total precipitation value of 627 mm. During the



Fig. 2. Scheme showing the process for analyzing the changes in the ES provision between wet and dry periods in La Salada shallow lake.
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study period, La Salada presented remarkably contrasting pre-
cipitations conditions between years, with a severe dry year during
2009, whereas 2015 resulted in a moderately wet year. According
the classification of the SPI, both were contrasting years, resulting
2009 a severe dry year and 2015 a severewet one (Fig. 3). Across the
Pampas, from N to S, precipitation patterns show large variability,
both geographically and inter-annually (Diovisalvi et al., 2015).
From the NE to the SW of the region the mean annual precipitation
ranges from 1000e400 mm (Aliaga, Ferrelli, Alberdi-Algara~naz,
et al., 2016; Viglizzo & Frank, 2006). Scarpati and Capriolo (2011)
found a marked interannual variation in precipitation comparing
two consecutive time series, one for a dry period and another for a
wet one (1947e1976 vs. 1977e2006) in the Pampa region. During
the dry period, the mean annual precipitation ranged from 300 to
1200 mmy�1, whereas during the wet period precipitations ranged
from 400 to 1400 mm y�1 and the largest inter-annual differences
Fig. 3. SPI index from 1966 to
(from this data set̴ 200 mm y�1) occur in the northern and middle
areas of the region. In La Salada values between 252 and
730 mm y�1 were found during the study period (1966e2014). A
difference of 375 mm y�1 was found, exceeding the recorded dif-
ference values found by Scarpati and Capriolo (2011), which em-
phasizes the contrast found in La Salada between both years.

5.2. Morphometric changes

Although La Salada has anthropogenic flow management, some
differences were observed when two contrasting rainfall scenarios
were analyzed from the satellite images. La Salada shallow lake is
an ellipsoidal water body which maintained its shape during the
different rainfall events, but variations in its area were observed
between the dry and wet periods (0.7 km2). The perimeter and the
maximum length were longer during the wet period, showing an
2014 in the study area.



Table 2
Variation of different morphometric parameters in La Salada shallow lake during a
dry (2009) and a wet period (2015).

Morphometric parameters 2009 2015

Area (km2) 3.2 3.9
Perimeter (km) 7.2 8
Maximum Length (km) 2.4 2.8
Maximum Width (km) 2 2.1
Mean Width (km) 1.3 1.4
Volume of Water (km3) 0.0096 0.0117
LW 1.85 2
WD 0.7 0.7
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increase of 0.8 and 0.4 km, respectively. Finally, the maximum and
mean width only showed minor variations (0.1 km) (Table 2).

The most important landscape changes were observed to the
northeast of La Salada shallow lake. In 2009, over 46.5 km2 of the
surrounding rural area presented bare soil exposed towind erosion.
Crops were only observed to the north and the east of the lake (in
irrigated areas). The banks of the lake had saline soils. To the west,
there was an extension of 4 km2 of salt deposits (Fig. 4). On the
other hand, during 2015 the area of bare soil decreased as conse-
quence of the increase in rainfall and the salt deposits as well, as the
saline soils observed on the banks were covered by water, resulting
in the formation of small ponds located to the east and to the west
of the shallow lake (Fig. 4).

5.3. Identification, prioritization and changes in the ES provision

The results of the participatory activities performed to identify
and prioritize the ES in La Salada shallow lake area, together with
the direction of the perceived change in its provision are presented
in Table 3.

After a wide debate, the Expert Panel identified seven ES which
are key to developing daily life in the shallow lake area: two pro-
visioning services (Fish Production and Water Reservoir); one cul-
tural (Maintenance of Landscape for Recreational, Educative and/or
Cultural Purposes); three belonging to the regulation and mainte-
nance group (Protection Against Floods by Coastal or Riparian
Ecosystem, Maintenance of Water Quality and Nursery Habitat for
Terrestrial Animal Wildlife) and only one supporting service (Gene-
pool Protection).

Then, the selected ES were ranked according to the stake-
holders' perceptions through a prioritization exercise undertaken
at the workshop. The resulting ranking indicates that the most
important ES for the local actors in the particular case of La Salada is
Maintenance of water quality, followed by Genepool Protection and
Water Reservoir.

Surprisingly, Maintenance of Landscape for Recreational Purposes
Fig. 4. La Salada shallow lake during A. a dry
is not well ranked according to the stakeholders’ opinion, which
constitutes an important finding since the main economic activity
developed in the shallow lake is tourism, which directly depends
on this ES. The idea that a higher rate of growth of tourism activities
could put at risk the provision of the more relevant ES for sup-
porting life in the area, such as Maintenance of Water Quality or
Nursery Habitat for Wildlife, has also emerged as a result of the
participatory techniques performed in the workshop. Furthermore,
the constructed ranking also emphasized the relevance that regu-
lation and maintenance of the ES have over cultural and provi-
sioning services, showing that this kind of ES is recognized as
crucial for supporting life and maintaining its quality for the local
population.

Once identified and prioritized, the FG and some individuals
were interviewed in order to qualitatively evaluate how the pro-
vision of these ES had changed (if they had) between the wet and
dry periods identified above (2009 and 2015, respectively).

The results in this case do not indicate any significant changes
between the two situations forWater Reservoir and Fish Production.
In the first case, it remains clear that during La Ni~na in 2009 the
groundwater diminished; it was absorbed by riparian vegetation
and went back to the shallow lake. Moreover, the anthropogenic
management of the water input to the lake through the connection
with the irrigation system allowed its level to bemaintained and, at
the same time, it impeded the measurement of how much the
surface area of the water had decreased due to the lower
precipitations.

Regarding Fish Production, as stated above, only a particular
silverside and the tosquero are found in the lake. According to the
provincial Fishing Agency (MAA, 2012), the silverside population is
not very well structured; there are more large individuals than
juvenile or small ones. Aimed at satisfying an increasing demand of
the visitors devoted to sport fishing, other exotic and sports-worthy
fish species were introduced to the lake once in last decade with
unsuccessful results. In La Salada themean salinity value is 34 g. L�1

(Alfonso et al., 2015) and several studies suggest that the devel-
opment of Odonthestes sp. is better at intermediate salinities
(10e20 g. L�1) (Kopprio et al., 2010; Tsuzuki, Ogawa, Strüssmann,
Maita, & Takashima, 2001, 2000). Regarding the fish production
service, no significant changes were seen between 2009 and 2015,
suggesting a relatively stable fish population of silversides and
tosqueros.

The evolution of the Maintenance of Water Quality is maybe the
most relevant item in terms of quality of life, which was also
confirmed with its location at the top of the ES ranking built by
local stakeholders. According to the personal interviews, a rapid
proliferation of algae, compared to the existing populations in
2009, was experienced during the wet season in 2015. This algae
bloom resulted in several cleaning activities to keep the water
period (2009) and B. a wet period (2015).



Table 3
The qualitative evolution of ecosystem services provision in La Salada according to the perception of local stakeholders.

Rkg Ecosystem service Perceived provision change

1� Maintenance of Water Quality Regulation & Maintenance ;

2� Genepool Protection Supporting e

3� Water Reservoir Provisioning ¼
4� Nursery Habitat for Terrestrial Animal Wildlife Regulation & Maintenance ¼
5� Maintenance of Landscape for Recreational, Educative and/or Cultural Purposes Cultural ;

6� Protection Against Floods by Coastal or Riparian Ecosystem Regulation & Maintenance :

7� Fish Production Provisioning ¼
; Moderate decrease; ¼ Unchanged; : Moderate Increase; e Unanalyzable.
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suitable for sport activities and other recreational purposes; this
obviously implied a cost, not only monetary but also in terms of
resource allocation. Furthermore, the summer season of 2012
recorded a decrease in the number of visitors probably due to the
incidence of foul odors coming from algae blooming and/or some
diverse natural processes that occurred in or around the shallow
lake (Fig. 5). This particular situation clearly affected tourism
affluence, suggesting the relevance of water quality as an explan-
atory variable of tourism demand. Unfortunately, neither physical
nor chemical data were collected to record the difference in water
quality parameters for the whole period. The availability of data of
water transparency, chlorophyll content and suspended sediment,
among other indicators, would clearly contribute to the evaluation
of the changes in water quality due to climate variability in future
works.

Genepool Protection refers to the ability of an ecosystem to
maintain viable gene pools through natural selection or evolu-
tionary processes which enhances the adaptability of species to
environmental changes, and the resilience of the ecosystem (TEEB,
2010). Undoubtedly, the period considered in this study is too short
to analyze evolutionary processes, which are not defined as simple
changes over time but as genetic change in a population that is
inherited over several generations (Mayr, 1982). In this context, the
possibility of the occurrence of some change in the service of
genepool protection is not neglected, but its magnitude and di-
rection may have been imperceptible in such a brief interval. In
accordance with this, the Focus Group did not identify any relevant
changes in the provision of this ES during the considered period, in
spite of the high relevance that stakeholders assigned to this ser-
vice in the prioritization exercise. For the particular case of La
Salada, this service is extremely important for touristic activities in
the case of vegetation, since a large number of bird species feed,
nest and shelter in native shrubs (Scoffield, 2010), and bird-
watching is one of the more attractive activities in the area.

Regarding fish species, the high salinity of the water impeded
the development of a higher number of species in the shallow lake,
becoming a natural barrier to alien species introduction and so
Fig. 5. Relation number of visitors e precipitation.
helping to protect native genetic resources. Within this particular
context, Genepool Protection can be considered as an ES with very
stable provision, totally independent of the precipitation
conditions.

Nursery Habitat for Terrestrial Animal Wildlife takes the fourth
place into the ES prioritization ranking. The nursery service is
markedly relevant for the particular case of birds, because bird-
watching is another touristic and educational activity carried out in
the area. Black-necked swans (Cygnus melancoryphus), Coscoroba
swans (coscoroba coscoroba), Silvery grebes (Podiceps occipitalis)
and flamingoes (Phoenicopterus) have been recorded in La Salada
shallow lake in recent years (Scoffield, 2010). In the case of the
swans, 415 Black-necked and 143 Coscorobas were reported in
2009 (immediately after La Ni~na event), whereas only 43 Black-
necked were observed in 2014. This change can be explained by
the higher availability of freshwater in the north of the province
where aquatic birds move during the wet periods, probably hiding
from the excessive salinity of La Salada shallow lake. Records of
flamingoes have been more frequent but were limited by missing
data for the period 2006e2009. However, the existing records infer
a movement of individuals according to the precipitation patterns
that differs from that shown for swans. In fact, 230 individuals were
reported in 2001 (during an extremely wet period), 154 in 2003,
136 in 2004, 155 in 2005, 113 in 2011, 235 in 2012 and less than 100
individuals in 2009, 2010, 2013, 2014 and 2015. These numbers
indicate that the presence of flamingoes is not linearly dependent
on precipitations at all, and that its migratory behavior seems to be
determined by another factor. In general, however, nursery service
remained unchanged between wet and dry periods. Even if some
minor changes were recorded, they could probably be attributed to
variations in the regional dynamics rather than to different pre-
cipitation scenarios (Scoffield, pers. com).

In spite of its low position in the prioritization process, Main-
tenance of Landscape for Recreational, Educative and/or Cultural
Purposes would be the ES most affected by precipitation variability
according to the stakeholders' perception. Nevertheless, that
perception is not supported by the joint observation of data about
precipitations and the number of visitors to La Salada (obtained
from the register of entrances to the lake area) during the period
under study. Fig. 5 presents both series, showing a very weak
positive correlation between them. Thismight indicate that visits to
La Salada are usually driven by factors other than the volume of
water and the width of the beach. Maybe the speed and direction of
winds and the temperature are stronger drivers than precipitation
at the moment of deciding whether to visit the shallow lake.
Another reason for which visits were not directly related to pre-
cipitations is that the higher affluence of tourists looking for water
sports and fishing in wet periods counterbalances the number of
tourists who do not visit the lake because of the constriction of the
beach and vice versa. Furthermore, it is evident that the strong
decline of the number of visitors in the summer of 2012 was not
related to the precipitations, but instead it might be explained by
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the episode of foul odors recorded in the shallow lake area,
mentioned above. Once again, water quality became the principal
ES around which the whole activity of the lake develops, reaf-
firming the perception of the local stakeholders.

Ranked towards the end of the list, Protection Against Floods by
Coastal or Riparian Ecosystems is only effectively provided in wet
seasons, whereupon the analysis of the changes in provision be-
tween wet and dry periods only indicates that during the wet ones
the level is positive while during La Ni~na the level of provision
equals zero.

Table 3 summarizes the results of identification, prioritization
and analysis of the qualitative changes in the provision of ES be-
tween the dry period recorded in 2009 and the wet period in 2015.
6. Conclusion

In a context of climate variability as seen by more unpredictable
weather patterns and more frequent and extreme storms, the
regulation of ecosystem services becomes more and more relevant
in adaptation policy design and risk reduction (Munang, Thiaw,
Alverson, Liu, & Han, 2013). The adoption of a generic ESbA can
contribute to identifying, prioritizing and evaluating the evolution
of key ecosystem services in each particular ecosystem.

The adopted definition of ESbA, proposed by Martin-Ortega
et al. (2015), brings together the three main pillars for natural
resource management: environmental sustainability, human well-
being and decision-making. The involvement of stakeholders in
climate policy design is crucial, since the success of the imple-
mentation of mitigation and adaptation strategies depends on their
perception on climate variability, as well as on their ability to adapt
their lifestyles to a new climate scenario.

For the particular case of La Salada shallow lake, the ESbA
implemented resulted in the identification and prioritization of
seven ES, although their provision has not shown any significant
changes between the dry and a wet periods recorded in 2009 and
2015, respectively. The main reason behind these results seems to
be the anthropogenic management of the input of water into the
lake through the discretional control of the sluice gate that com-
municates the irrigation channel with the lake. Clearly, this water
management appears to maintain the services of water reservoir
almost unaffectedly and also the nursery habitat for animal wildlife
and fish productionecrucially limited by the salinity factor-. On the
other hand, the local stakeholders considered that the maintenance
of water quality is the most relevant ES provided by the lake. In line
with this perception, the number of tourists arriving at the lake
showed the highest decrease in the summer of 2012 due to a
worsening in the water quality that generated foul odors. Since
tourism is clearly the main economic activity in La Salada shallow
lake, the link between economic development and water quality is
straightforward. These results also show that climate variability
does not directly impact on the ES provision, which has remained
almost unchanged throughout two very different precipitation
scenarios.

The experience of performing the Participatory Research
Approach in La Salada shallow lake using the framework of the
ESbA asserts that the local stakeholders must have an active
involvement in the water resource management because they are
the most interested party in achieving a sustainable use of water
resource. Their perception about the relevance of each ecosystem
service will crucially determine their position in the public agenda
of local decision makers. Moreover, the role of anthropogenic water
management becomes essential for preserving the ecosystem ser-
vices provision within a context of adaptation to climate change.
Acknowledgments

The Inter American Institute for Global Change Research (IAI) is
gratefully acknowledged for supporting part of the research work
behind this paper through the Sensing the America's Freshwater
Ecosystem Risks from Climate Change (SAFER) project (IAI CRN
3038). The views and opinions held in this article do not necessarily
reflect those of the funding agency for this research. The authors
would like to thank Rosemary Scoffield for sharing her experience
and personal records about bird populations in La Salada shallow
lake as well as for reviewing the language of the manuscript.
References

Alfonso, M. B., Vitale, A. J., Men�endez, M. C., Perillo, V. L., Piccolo, M. C., &
Perillo, G. M. E. (2015). Estimation of ecosystem metabolism from diel oxygen
technique in a saline shallow lake: La Salada (Argentina). Hydrobiologia, 752,
223e237.

Aliaga, V. S., Ferrelli, F., Alberdi-Algara~naz, E. D., Bohn, V. Y., & Piccolo, M. C. (2016).
Distribuci�on y variabilidad de la precipitaci�on en la Regi�on Pampeana,
Argentina. Cuadernos de Investigaci�on Geogr�afica, 42, 261e280.

Aliaga, V. S., Ferrelli, F., Bohn, V. Y., & Piccolo, M. C. (2016). Utilizaci�on de im�agenes
satelitales para comprender la din�amica lagunar en la Regi�on Pampeana. Revista
de Teledetecci�on, 46, 133e146.

Bagstad, K. J., Semmens, D. J., Waage, S., & Winthrop, R. (2013). A comparative
assessment of decision-support tools for ecosystem services quantification and
valuation. Ecosystem Services, 5, 27e39.

Balvanera, P., Daw, T., Gardner, T., Martín-L�opez, B., Norstr€om, A., Ifejika, Ch., et al.
(2017). Key features for more successful place-based sustainability research on
social-ecological systems: A programme on ecosystem change and society
(PECS) perspective. Ecology and Society, 22(1).

Bateman, I. J., Harwood, A. R., Mace, G. M., Watson, R. T., Abson, D. J., Andrews, B.,
et al. (2013). Bringing ecosystem services into economic decision-making: Land
use in the United Kingdom. Science, 341(6141), 45e50.

Blackstock, K., Dinnie, L., Dilley, R., Marshall, K., Dunglinson, J., Trench, H., et al.
(2015). Participatory research to influence participatory governance: Managing
relationships with planners. Area, 47.3, 254e260.

Bohn, V. Y., Delgado, A. L., Piccolo, M. C., & Perillo, G. M. E. (2016). Assessment of
climate variability and land use effect on shallow lakes in temperate plains of
Argentina. Environmental Earth Science, 75, 1e15.

Bosch, O. J. H., Ross, A. H., & Beaton, R. J. S. (2003). Integrating science and man-
agement through collaborative learning and better information management.
Systems Research and Behavioral Science, 20(2), 107e118.

Boyd, J., & Banzhaf, S. (2007). What are ecosystem services? The need for stan-
dardized environmental accounting units. Ecological Economics, 63(2), 616e626.

Braat, L. C., & de Groot, R. (2012). The ecosystem services agenda: Bridging the
worlds of natural science and economics, conservation and development, and
public and private policy. Ecosystem Services, 1(1), 4e15.

Brander, L. M., Florax, R. J., & Vermaat, J. E. (2006). The empirics of wetland valu-
ation: A comprehensive summary and a meta-analysis of the literature. Envi-
ronmental and Resource Economics, 33(2), 223e250.

Brandt, P., Ernst, A., Gralla, F., Luederitz, C., Lang, D. J., Newig, J., et al. (2013).
A review of transdisciplinary research in sustainability science. Ecological Eco-
nomics, 92, 1e15.

Brauman, K. A., Daily, G. C., Duarte, T. K. E., & Mooney, H. A. (2007). The nature and
value of ecosystem services: An overview highlighting hydrologic services.
Annual Review of Environment and Resources, 32, 67e98.

Bryman, A. (2015). Social research methods. Oxford university press.
Carlsen, B., & Glenton, C. (2011). What about N? A methodological study of sample-

size reporting in focus group studies. BMC Medical Research Methodology, 11(1),
26.

Chaikaew, P., Hodges, A. W., & Grunwald, S. (2017). Estimating the value of
ecosystem services in a mixed-use watershed: A choice experiment approach.
Ecosystem Services, 23, 228e237.

Collins, K., Blackmore, C., Morris, D., & Watson, D. (2007). A systemic approach to
managing multiple perspectives and stakeholding in water catchments: Some
findings from three UK case studies. Environmental Science and. Policy, 10(6),
564e574.

Costanza, R., de Groot, R., Sutton, P., van der Ploeg, S., Anderson, S. J., Kubiszewski, I.,
et al. (2014). Changes in the global value of ecosystem services. Global Envi-
ronmental Change, 26, 152e158.

Costanza, R., d’Arge, R., de Groot, R., Farberk, S., Grasso, M., Hannon, B., et al. (1997).
The value of the world's ecosystem services and natural capital. Nature, 387,
253.

Creswell, J. W. (2013). Research design: Qualitative, quantitative, and mixed methods
approaches. Sage publications.

Daily, G. C. (2000). Management objectives for the protection of ecosystem services.
Environmental Science & Policy, 3(6), 333e339.

Daily, G. C., S€oderqvist, T., Aniyar, S., Arrow, K., Dasgupta, P., Ehrlich, P. R., et al.
(2000). The value of nature and the nature of value. Science, 289(5478),



M.I. Zilio et al. / Tourism Management 62 (2017) 208e217 217
395e396.
De Groot, R. S., Alkemade, R., Braat, L., Hein, L., & Willemen, L. (2010). Challenges in

integrating the concept of ecosystem services and values in landscape planning,
management and decision making. Ecological Complexity, 7(3), 260e272.

De Groot, R., Brander, L., Van Der Ploeg, S., Costanza, R., Bernard, F., Braat, L., et al.
(2012). Global estimates of the value of ecosystems and their services in
monetary units. Ecosystem Services, 1(1), 50e61.

De Groot, R. S., Wilson, M. A., & Boumans, R. M. (2002). A typology for the classi-
fication, description and valuation of ecosystem functions, goods and services.
Ecological Economics, 41(3), 393e408.

Diovisalvi, N., Bohn, V. Y., Piccolo, M. C., Perillo, G. M. E., Baigún, C., & Zagarese, H. E.
(2015). Shallow lakes from the central plains of Argentina: An overview and
worldwide comparative analysis of their basic limnological features. Hydro-
biologia, 752, 5e20.

Du, J., Fang, J., Xu, W., & Shi, P. (2013). Analysis of dry/wet conditions using the
standardized precipitation index and its potential usefulness for drought/flood
monitoring in Hunan Province, China. Stochastic Environmental Research and
Risk Assessment, 27(2), 377e387.

Ehrlich, P. R., & Mooney, H. A. (1983). Extinction, substitution, and ecosystem ser-
vices. BioScience, 33(4), 248e254.

ESRC. (2006). Framework for research ethics. Updated January 2015.
Fisher, B., Turner, R. K., & Morling, P. (2009). Defining and classifying ecosystem

services for decision making. Ecological Economics, 68(3), 643e653.
Forrester, J., Cook, B., Bracken, L., Cinderby, S., & Donaldson, A. (2015). Combining

participatory mapping with Q-methodology to map stakeholder perceptions of
complex environmental problems. Applied Geography, 56, 199e208.

Geilfus, F. (2002). 80 herramientas para el desarrollo participativo. Diagn�ostico,
Planificaci�on, Monitoreo y Evaluaci�on. San Jos�e, C.R.: IICA.

G�omez-Baggethun, E., De Groot, R., Lomas, P. L., & Montes, C. (2010). The history of
ecosystem services in economic theory and practice: From early notions to
markets and payment schemes. Ecological Economics, 69(6), 1209e1218.

Havens, K., Paerl, H., Phlips, E., Zhu, M., Beaver, J., & Srifa, A. (2016). Extreme weather
events and climate variability provide a lens to how shallow lakes may respond
to climate change. Water, 8, 229. http://dx.doi.org/10.3390/w8060229.

Helliwell, D. R. (1969). Valuation of wildlife resources. Regional Studies, 3(1), 41e47.
Hughes, L. (2003). Climate change and Australia: Trends, projections and impacts.

Austral Ecology, 28, 423e443.
Hutchinson, E. (1957). A treatise on limnology (Vol. I). New York: John Wiley & Sons,

Inc., 660 pp.
Johnson, N., Ravnborg, H. M., Westermann, O., & Probst, K. (2002). User participa-

tion in watershed management and research. Water Policy, 3(6), 507e520.
King, R. T. (1966). Wildlife and men. NY State Conservationist, 20(6), 8e11.
Kopprio, G. A., Freije, R. H., Strüssmann, C. A., Kattner, G., Hoffmeyer, M. S.,

Popovich, C. A., et al. (2010). Vulnerability of pejerrey Odontesthes bonariensis
populations to climate change in pampean lakes of Argentina. Journal of Fish
Biology, 77(8), 1856e1866.

Liu, S., Costanza, R., Farber, S., & Troy, A. (2010). Valuing ecosystem services. Annals
of the New York Academy of Sciences, 1185(1), 54e78.

London, S., Recalde, M., Rojas, M., Zilio, M., Perillo, G. M. E., Bustos, M. L., Piccolo, M.
C., Rodríguez, M. C., Fidalgo, G., Pascale, J. C., Berninsone L., Huamantinco Cis-
neros, A. & Bordino, P. (2012). Stakeholder vision on social- ecological-system
situation in Argentina case study, First Deliverable of the Community-based
Management of Environmental Challenges in Latin America (COMET e LA)
Project, 7� Programa Marco de la Comisi�on Europea http://www.comet-la.net/
sites/default/files/DELIVERABLE%20ARGENTINA%20FINAL.pdf.

MAA (Ministerio de Asuntos Agrarios, Direcci�on de Pesca). (2012). Laguna La Salada
de Pedro Luro, Partido de Villarino. Campa~na de relevamientos limnol�ogicos e
ictiol�ogicos. Informe t�ecnico no 136.

Martín-L�opez, B., G�omez-Baggethun, E., García-Llorente, M., & Montes, C. (2014).
Trade-offs across value-domains in ecosystem services assessment. Ecological
Indicators, 37, 220e228.

Martin-Ortega, J., Ferrier, R. C., Gordon, I. J., & Khan, S. (2015). Water ecosystem
services: A global perspective. Cambridge University Press.

Matzdorf, B., & Meyer, C. (2014). The relevance of the ecosystem services framework
for developed countries' environmental policies: A comparative case study of
the US and EU. Land Use Policy, 38, 509e521.

Maya, D., L�opez, M. C., & C�ardenas, J. C. (2004). Experimental economics and
participatory methods in Colombia. In Paper presented at: Q-squared in practice
A conference on experiencies of combining qualitative and quantitative methods in
poverty appraisal. Centre for international Studies University of Toronto.

Maynard, S., James, D., & Davidson, A. (2010). The development of an ecosystem
services framework for South East Queensland. Environmental Management,
45(5), 881e895.

Mayr, E. (1982). The growth of biological thought: Diversity, evolution, and inheritance.
Harvard University Press.

McKee, T. B., Doesken, N. J., & Kleist, J. (1993, January). The relationship of drought
frequency and duration to time scales. In Proceedings of the 8th conference on
applied climatology (Vol. 17, No. 22, pp. 179e183). Boston, MA: American Mete-
orological Society.

Milcu, A., Hanspach, J., Abson, D., & Fischer, J. (2013). Cultural ecosystem services: A
literature review and prospects for future research. Ecology and Society, 18(3).

Millenium Ecosystem Assessment. (2005). Ecosystems and human well-being: Cur-
rent state and trends. Washington, D. C., USA: Island Press.

Munang, R., Thiaw, I., Alverson, K., Liu, J., & Han, Z. (2013). The role of ecosystem
services in climate change adaptation and disaster risk reduction. Current
Opinion in Environmental Sustainability, 5(1), 47e52.

Palmer, M. A., Reidy Liermann, C. A., Nilsson, C., Fl€orke, M., Alcamo, J., Lake, P. S.,
et al. (2008). Climate change and the world's river basins: Anticipating man-
agement options. Frontiers in Ecology and the Environment, 6, 81e89.

Quir�os, R., Rosso, J. J., Rennella, A., Sosnovsky, A., & Boveri, M. (2002). An�alisis del
estado tr�ofico de las lagunas pampeanas (Argentina). Interciencia, 27, 584e591.

Ramirez-Gomez, S. O., Torres-Vitolas, C. A., Schreckenberg, K., Honz�ak, M., Cruz-
Garcia, G. S., Willcock, S., et al. (2015). Analysis of ecosystem services provision
in the Colombian Amazon using participatory research and mapping tech-
niques. Ecosystem Services, 13, 93e107.

Raymond, C. M., Singh, G. G., Benessaiah, K., Bernhardt, J. R., Levine, J., Nelson, H.,
et al. (2013). Ecosystem services and beyond: Using multiple metaphors to
understand human-environment relationships. BioScience, 63(7), 536e546.

Ritchie, J., Lewis, J., Nicholls, C. M., & Ormston, R. (2013). Qualitative research prac-
tice: A guide for social science students and researchers. Sage.

Rova, S., & Pranovi, F. (2017). Analysis and management of multiple ecosystem
services within a social-ecological context. Ecological Indicators, 72, 436e443.

Scarpati, O. E., & Capriolo, A. D. (2011). Monitoring extreme hydrological events to
maintain agricultural sustainability in Pampean flatlands, Argentina. In 1st
world sustainability forum. Sciforum electronic conferences series.

Scheffer, M., Brock, W., & Westley, F. (2000). Socioeconomic mechanisms preventing
optimum use of ecosystem services: An interdisciplinary theoretical analysis.
Ecosystems, 3(5), 451e471.

Schroeder, T., Cohen, W., Song, C., Canty, M. J., & Yang, Z. (2006). Radiometric
correction of multi-temporal Landsat data for characterization of early suc-
cessional forest patterns in western Oregon. Remote Sensing of Environment,
103(1), 16e26. http://dx.doi.org/10.1016/j.rse.2006.03.008.

Schr€oter, M., Zanden, E. H., Oudenhoven, A. P., Remme, R. P., Serna-Chavez, H. M.,
Groot, R. S., & Opdam, P. (2014). Ecosystem services as a contested concept: A
synthesis of critique and counter-arguments. Conservation Letters, 7(6),
514e523.

Scian, B. (2000). Episodios ENSO y su relaci�on con las anomalías de precipitaci�on en
la pradera pampeana. Geoacta, 25, 23e40.

Scoffield, R. (2010). Lista comentada y variaci�on estacional de las aves del Esta-
blecimiento Marahu�e y la zona de Pedro Luro, provincia Buenos Aires,
Argentina. BioScriba, 3.

Spalletti, L. A., & Isla, F. I. (2003). Características y evoluci�on del delta del Rio Col-
orado “colú-leuvú”, Provincia de Buenos Aires, República Argentina. Revista de
la Asociaci�on Argentina de Sedimentología, 10, 23e37.

Swain, P. H. (1973). Pattern recognition: A basis for remote sensing data analysis (LARS
information note 111572). West Lafayette, Indiana: The Laboratory for Applica-
tions of Remote Sensing, Pardue University.

Tao, H., Borth, H., Fraedrich, K., Su, B., & Zhu, X. (2014). Drought and wetness
variability in the Tarim River Basin and connection to large-scale atmospheric
circulation. International Journal of Climatology, 34(8), 2678e2684.

TEEB Foundations. (2010). The economics of ecosystems and Biodiversity: Ecological
and economic Foundations. Earthscan, London & Washington.

Tsuzuki, M. Y., Aikawa, H., Strüssmann, C. A., & Takashima, F. (2000). Comparative
survival and growth of embryos, larvae, and juveniles of pejerrey Odontesthes
bonariensis and O. hatcheri at different salinities. Journal of Applied Ichthyology,
16(3), 126e130.

Tsuzuki, M. Y., Ogawa, K., Strüssmann, C. A., Maita, M., & Takashima, F. (2001).
Physiological responses during stress and subsequent recovery at different sa-
linities in adult pejerrey Odontesthes bonariensis. Aquaculture, 200(3),
349e362.

Van Kerkhoff, L. (2005). Integrated research: Concepts of connection in environ-
mental science and policy. Environmental Science & Policy, 8(5), 452e463.

Viglizzo, E. F., & Frank, F. C. (2006). Ecological interactions, feedbacks, thresholds
and collapses in the Argentine Pampas in response to climate and farming
during the last century. Quaternary International, 158, 122e126.

Villa, F., Bagstad, K. J., Voigt, B., Johnson, G. W., Portela, R., Honz�ak, M., et al. (2014).
A methodology for adaptable and robust ecosystem services assessment. PloS
One, 9(3), e91001.

Wolff, S., Schulp, C. J. E., & Verburg, P. H. (2015). Mapping ecosystem services de-
mand: A review of current research and future perspectives. Ecological In-
dicators, 55, 159e171.
Mariana Zilio is currently an Assistant Researcher at
CONICET and teacher assistant at the Economics Depart-
ment of the Universidad Nacional del Sur, Argentina. She
gets his PhD degree in March 2011, working on the rela-
tionship between economic growth and environmental
damage through the analysis of the Carbon Kuznets Curve
for Latin America and the Caribbean. During the last four
years, his research work is aimed to analyze the value of
ecosystem services provided by watersheds and coastal
systems, having an active participation in several projects
related to the topic fromwhich emerge its latest academic
publications. Ecosystem services provision, participatory
research approach and climate policy in freshwater eco-
systems are some of their current research interests.


