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Abstract Indicators of ecosystem health are effective
tools to assess freshwater ecosystem impairment. How-
ever, they are scarcely used as a monitoring tool by local
environmental agencies in Argentina. Here, we review
the literature to analyze the use of ecosystem health
indicators in freshwaters from Argentina. We found 91
scientific articles relating to the use of ecological indices
to assess the impact of different environmental stressors
in aquatic environments published between 1996 and
2019. We generated Google Earth map where we de-
ployed the sampling sites and type of indices reported
by each article. As biological indices were the most
used, we also surveyed bioindication experts to gather
information on their application. We found that most

studies were concentrated mainly in Pampas (34%), Dry
Chaco (20%), Espinal (12%), and Patagonian Steppe
(10%) ecoregions. Biological indices (mainly with in-
vertebrates) were more used than geomorphological or
physico-chemical indices. Indices resulted useful to
evaluate the impact of stressors in 63% of cases, being
land use the most studied stressor. However, sampling
design varied greatly among studies, making their com-
parison difficult. The information compiled here could
help to the design of monitoring protocols, the adoption
of regional indices, and the creation of a national inven-
tory of ecosystem health status, which are mandatory to
propose well-grounded conservation and management
policies for freshwaters in Argentina.
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Introduction

Governments are nowadays facing the tremendous chal-
lenge posed by anthropogenic impacts on safe and
healthy water for their populations and ecosystems.
The search for better ways to identify ecosystem impair-
ment drove to intensive works to find the most complete
indicators (Jørgensen 2005). Today, we can identify two
concepts in relation to ecosystem condition assessment:
the ecological integrity and the ecosystem health. Both
have been already presented and discussed during the
last three decades (Karr 1991, 1996; Karr and Chu 2000;
Vugteveen et al. 2006; Vollmer et al. 2018).
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The term ecological integrity is defined as the dimen-
sion of health that reflects the ability of an ecosystem to
maintain their organization (structure and function)
(Karr 1992). The term is used in an ecological sense to
refer to the natural evolution of the ecosystem without
being affected by human influence (Nielsen 1999;
Wicklum and Davies 1995). Moreover, it implies a
non-deteriorated condition compared to the original
condition (Campbell 2000), or the quality of being
complete or undivided (Karr 1992).

Ecosystem health is a characteristic of complex nat-
ural systems, which implies that the ecosystem can
maintain its structure and function over time and space
(sustainability), maintaining its dynamic nature and
changing slowly (Wells 2005). Health is the ecological
resilience (Rapport et al. 1980) and describes the “pre-
ferred state” of sites modified by human activity. These
sites do not have integrity in an evolutionary sense but
can be considered “healthy” (Karr 1996). Hence, an
ecosystem is impaired when its capacity of assimilating
stress is exceeded (Loeb 1994).

Some authors use the terms “ecosystem health” and
“ecological integrity” indistinctly, because both de-
scribe the current condition or state, a short-term view,
how well the ecosystem is composed and functioning
now, while other authors use the terms in relation to the
level of biological organization (i.e., an individual or-
ganism is healthy or unhealthy, while a biological com-
munity has or lacks integrity) (Karr 1996; Wells 2005).
We used the term “ecosystem health” because it refers
more to a condition, which have to measure with certain
indicators to establish corrective measures in terms of
satisfying a social need. Furthermore, we believe that
under this approach, ecological issues can be conveyed
to agencies or the general public in a recognizable
format.

The concept of ecosystem health and its evaluation
involves researchers from quite different perspectives
(e.g., biology, chemistry, economics, modeling, etc.),
which use multiple indicators to determine the “disease”
of the system. Vugteveen et al. (2006) introduce the
River System Health concept to integrate ecosystem
health with the health of the socio-economic system.
In that sense, a Freshwater Health Index has been re-
cently proposed to relate human uses of water, freshwa-
ter ecosystems, and governance to achieve an integral
management of aquatic environments (Vollmer et al.
2018). Under this approach, we refer to freshwater
health as the capacity of freshwater ecosystems to

maintain ecological function, biodiversity, and the pro-
vision of ecosystem services.

In South America, there exist considerable studies of
environmental impacts that use unimetric ecological
indices (biotic indices, mainly), but almost all are pub-
lished in non-commercial form (e.g., government re-
ports, policy statements and issues papers, conference
proceedings), and there is a lack of standardized proto-
cols (Prat et al. 2009). Catchment disturbances such as
water use, intensive agriculture, mining, deforestation,
and afforestation were identified asmain causes of threat
for South American freshwater ecosystems
(Torremorell et al. in press). They also remarked the
lack of adequate legislation that may aggravate the
situation of freshwater ecosystems in many regions of
the continent.

In Argentina, impairment of aquatic environments
was recognized since the Colonial period (18th century)
when tanneries and slaughterhouses were established in
the margin of rivers in Buenos Aires (Brailovsky and
Foguelman 1991). Recently, Torremorell et al. (in press)
identified watershed level stressors (mainly land use
impacts) as the worst ones affecting Argentinian rivers,
even more than alterations in flow regime and channel
modifications. This explains why scientists are still in-
terested in finding more comprehensive and integrative
indicators for freshwaters ecosystems in Argentina
(Domínguez et al. 2020).

It is well stablished that Gualdoni and Corigliano
(1991) is the first bioindication reference using macro-
invertebrates in Argentina. Later, many others from
different Argentinian regions were published by differ-
ent authors (Vallania et al. 1996; Domínguez and
Fernández 1998; Miserendino and Pizzolón 1999;
Rodrigues Capítulo et al. 2001, 2003). The study of
Gualdoni and Corigliano, it is possible to infer the
influenced of the Ghetti group from Italy; others were
influenced by English (e.g., Wilhm 1975), French (e.g.,
Tuffery 1979), Italian (e.g., Ghetti and Bonazzi 1980),
or Spanish groups (e.g., Alba-Tercedor and Sánchez-
Ortega 1988).

Despite the information generated on ecological in-
dicators by research groups in Argentina, they are not
currently used as a monitoring tool by local environ-
mental agencies (Fernández 2015). However, there is a
raising concern among managers and citizens about the
ecological state of fluvial ecosystems and thus on the
implementation of appropriate monitoring tools
(Loiselle et al. 2016). This review aims at establishing
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the state of the art on ecosystem health assessment in
aquatic ecosystems throughout Argentina, as a part of a
collaborative project between Latin American and Ibe-
rian countries (Iberoamerican Network for the Develop-
ment of Protocols for the Ecological Assessment, Man-
agement and Restoration of Rivers: IBEPECOR). To
this end, we review the use of indices to assess ecosys-
tem health in freshwaters throughout Argentina, consid-
ering different types of environments (rivers, lakes,
lagoons, etc.) and ecoregions. We examine the type of
indices applied, the problems evaluated by them, and
whether they were validated or not using additional
parameters. We also conducted a survey to experts in
biomonitoring to analyze the practical application of
biological indices in the country.

Material and methods

Literature dataset

We conducted a systematic evaluation of the peer-
reviewed literature relating to the use of ecological
indices to assess the impact of different environmental
stressors in aquatic environments from Argentina. We
performed a literature search in three databases: theWeb
of Science (WoS; http://apps.webofknowledge.com),
Scientific Electronic Library Online (Scielo;
https://www.scielo.org), and Online Regional
Information System for Scientific Journals from Latin
America, the Caribbean, Spain and Portugal (Latindex;
https://www.latindex.org), using the following
keywords combination: (“ecological quality” OR
“ecological condition” OR “environmental conditions”
OR “environmental monitoring” OR “water quality”
OR pollution OR indices OR indicators) AND
(Argentina OR “land use”). The search was done in
January 2020 and we selected articles that use
ecological indices to analyze some local problematics
or stressors. The review process resulted in a total of 91
papers matching our study criteria (Appendix 1). These
articles were written in English or Spanish and pub-
lished between 1996 and 2019.

Articles were categorized by the ecoregion/s where
the study was performed, according to Burkart et al.
(1999): (1) High Andes, (2) Puna, (3) Monte of hills
and valleys, (4) Yungas forest, (5) Dry Chaco, (6)
Humid Chaco, (7) Paraná forest, (8) Iberá Marshes, (9)
Subtropical grasslands and savannas, (10) Paraná Delta,

(11) Espinal, (12) Pampas, (13) Monte of plains and
plateaus, (14) Patagonian steppe, (15) Patagonian forest,
(16) South Atlantic Islands, (17) Argentine Sea, and
(18) Antarctica. Concerning the number of samplings,
the articles were grouped into four categories: (1) once,
(2) several samplings in one year, (3) several samplings
in two or more years, and (4) non-specified. When more
than one sampling was made (N = 70), we further
categorized the articles considering sampling frequency:
(1) monthly or bi-monthly, (2) seasonal, (3) variable,
and (4) non-specified. We also classified the articles
considering the validation of the index ((1) Yes, (2)
No) with additional parameters and the result of this
validation: (1) Positive, (2) Negative, (3) Positive/nega-
tive, (4) Non-specified.

We distinguished six types of indices (Logan 2001;
Agéncia Catalana de l’Aigua 2006a, 2006b; Vugteveen
et al. 2006): (1) physico-chemical, which include those
indices that evaluated variables such as pH, dissolved
oxygen, conductivity, and nutrients, (2) biological,
which include metrics of different communities such
as fish, invertebrates, macrophytes, algae and amphib-
ians, and indicators, such as richness, biodiversity, and
biotic quality indices, (3) hydrological (alteration of the
hydrological regime or fluvial connectivity), (4) geo-
morphological, related to the riparian zone, (5) function-
al, which encompass ecosystem functional processes
(nutrient spiraling, decomposition, metabolism), and
(6) multimetric, which uses different kind of metrics to
evaluate the ecological condition.

Articles were also categorized into seven groups of
environmental stressors that were analyzed using the
indices: (1) non-specific factors (note that this broad
term incorporates evaluation of ecological or ecosystem
health, biological integrity, and water quality, without
specifying a particular problematic), (2) aquatic pollu-
tion (organic and inorganic pollution), (3) morphologi-
cal alteration (dredging and channelization), (4) natural
disasters (as volcanic eruptions), (5) mining and oil spill,
(6) tourism and recreation (to evaluate the quality of
recreation services and/or to assess the impact of tour-
ism on aquatic environments), and (7) land use (impact
of different land uses, such as urbanization, agriculture,
livestock, industries). Studies that addressed more than
one topic were classified to more than one category
(e.g., to both non-specific factors and land use).

Based on the validation of the indices, studies were
further grouped into two categories: (1) yes (the index
was validated using additional parameters), and (2) no

Environ Monit Assess (2020) 192: 611 Page 3 of 26 611

http://apps.webofknowledge.com
https://www.scielo.org
https://www.latindex.org


(the index was not validated). Articles where the index
was validated (N = 83) were categorized by the result of
the validation: (1) positive (when the index was useful to
evaluate the impact of the stressor), (2) negative (when
the index was not useful), (3) positive/negative (if the
validation was positive with one index and negative
with another index in the same article, or when the same
index represented the conditions predicted by one pa-
rameter but not by other one), and (4) non-specified.
Only one category was assigned to each publication.

We uploaded the sampling sites of each article (N
= 89) on Google Earth. These points were identified
through (1) geographical coordinates (when they
were provided), (2) specific indications of the local-
ization when they were explicit, and (3) visual lo-
calization using as reference the morphology of net
drainage and the satellital image, which was com-
pared with the localization map presented in each
article. This was supported by the distance measured
from reference points (e.g., roads, bridges, etc.)
using the map scale, and (4) other elements like
photos loaded on Google Earth by users and labels
of places that were referenced in the article. We
used different symbols to categorize sampling points
according to the type of index employed. Sampling
sites from two articles (Dos Santos et al. 2011;
Hunt et al. 2017) could not be located on Google
Earth due to the lack of precision on the localization
of sampling points. Points dataset was saved as a
kml file (Keyhole Markup Language, Appendix 2)
and later converted into a shapefile using QGIS
version 2.4.0. This shapefile was combined with
one containing the ecoregions proposed by Burkart
( a v a i l a b l e a t h t t p s : / / g r o u p s . g o o g l e .
com/forum/#!topic/scgis-latino/J6FtFxdFRTk); both
were projected in the coordinate reference system
World Geodetic Survey 1984 (WGS 1984).

Survey analysis

Given that biological indices were the most used
in our literature review, a survey was performed to
evaluate the application of this type of index in
sampling protocols. A questionnaire was sent to 17
experts that currently use biological indices and
that belong to research groups of reference for
the topic in Argentina. That questionnaire gathered
their experience in the performance and application
of ecological indices, including the applicability

and present use of indices by environmental agen-
cies in Argentina (Appendix 3).

Results

Literature dataset

Our literature review identified 91 papers pub-
lished between 1996 and 2019 that used ecological
indices in Argentine aquatic environments
(Appendix 1). The number of publications progres-
sively increased since 1996 and peaked in 2012,
when a special number on the topic was published
by a local journal. After 2012, the number of
publications was the same as in previous years,
around four papers per year (Fig. 1).

Pampas region was the most studied region (34% of
the papers), followed by Dry Chaco (20%), Espinal
(12%), and Patagonian steppe (10%) (Figs. 2 and 3).
Other regions like Patagonian and Yungas forests were
poorly represented in the literature (9% and 7%, respec-
tively), while some regions like Puna, High Andes, and
Parana forest were not represented at all. Other
ecoregions such as Monte of plains and plateaus, Monte
of hills and valleys, Subtropical grasslands and sa-
vannas, and Parana Delta have only been studied in
one paper.

The number of sampling greatly varied among
studies. Considering the whole sampling period,
57.5% of the papers reported several samplings
within one year, while 30% reported several sam-
plings in two or more years. Only one sampling
was reported in 15 papers (18.75%) while 6 papers
did not specify it. Sampling frequency was also
highly variable. Most studies (72.7%) reported sea-
sonal samplings, while monthly or bimonthly sam-
plings were performed in 21.2% of the publica-
tions, and variable (nor systematic) samplings in 8
publications (12%).

Concerning the type of indices, more than 63%
of the studies used biological indices (626 sam-
pling points), followed by geomorphological (17%,
260 sampling points) and physico-chemical indices
(15%, 88 sampling points). Multimetric indices
were poorly represented (only 4 papers, 16 sam-
pling points), while hydrological and functional
indices were not applied (Fig. 4). It was also
verified that most of the articles that report a
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significant relation between environmental stressors
and a biological index used the invertebrates as
response variable. They represented 73% of the
total, followed by the algae (16%), fish and am-
phibians (4% each). The macrophytes accounted
for less than 3% of the articles (Fig. 4). When
considering environmental stressors that were

significantly related to the invertebrate community,
we found that 54.5% of the articles reported land
use, 37.5% pollution, and 8% included both the
effect of pesticides and volcanic eruption.

Most studies (41%) applied ecological indices to
assess the impact of land use (mainly urbanization,
agriculture, cattle grazing, and industry) on

Fig. 1 Number of papers published per year, where ecological indices were applied

Fig. 2 Distribution of the aquatic environments considered in the literature across ecoregions
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ecosystem health. Twenty-six percent of the stud-
ies evaluated non-specific factors in broad sense,
without specifying the type of impact, while 23%
considered the impact of the aquatic pollution.

Other stressors like morphological alteration, natu-
ral disasters, mining and oil spilling, and tourism
and recreation were examined in 10% of the pub-
lications (Fig. 5).

Fig. 3 Distribution of the sampling points considered in the literature across ecoregions
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Concerning the validation of the ecological in-
dices using additional parameters, we found that
80 papers (88%) included some kind of validation.
Moreover, authors reported that the index was
useful to assess the impact of the stressor in 86%
of the papers (Fig. 6).

Survey analysis

The questionnaire designed to examine the practical
application of biological indices in assessment pro-
tocols (Appendix 2) was answered by 14 researches.
Most of them (57.1%) reported > 6 years of expertise

Fig. 4 Type of indices used in the reviewed literature

Fig. 5 Type of environmental stressors addressed in the literature
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using biological indices, while the rest of inter-
viewers were equally divided between ≤ 2 years and
3–6 years of expertise. Indices based on species as-
semblages were most used (44%), followed by

diversity and richness (28%), multimetric (16%),
and functional (6%) (Fig. 7).

Concerning the applicability of biological indi-
cators, 87% of interviewers asserted that indices

Fig. 6 Results of the validation of the index: positive (when the
index was useful to evaluate the impact of the stressor), negative
(when the index was not useful), positive/negative (if the valida-
tion was positive for one index and negative for other index in the

same article, or when the same index represented the conditions
predicted by one parameter but not by other one), and non-
specified

Fig. 7 Results of questionnaire to researchers about use of indices
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can be used without difficulties by non-scientific
staffs after a training period ≤ 3 months (33%),
between 4 and 6 months (58%), or > 6 months
(8%). However, most researchers acknowledged
that biological indices were never used by public
environmental agencies (69% of cases). Applica-
tion of indices by local agencies on one occasion
or > 1 occasion was reported with the same pro-
portion (15%).

Discussion

We found 91 papers published between 1996 and
2019 where ecosystem health was assessed in
aquatic environments of Argentina. Number of pa-
pers tended to increase slightly but continuously
through years, and we observed a peak in 2012,
when a special number on ecological quality was
published by Biología Acuática, a local journal
(Fig. 1). This suggests a sustained interest on this
issue by the scientific community, despite of the
lack of exhaustive monitoring strategies by local,
regional, and national agencies (Torremorell et al.
in press).

Among all ecological indices, biological indices
were the most applied, being the invertebrates the
most widely used group of organisms to evaluate
the freshwater ecosystem health in Argentina (Fig.
4). Greater knowledge in biological indices is also
confirmed by the fact that most researchers report-
ed > 6 years of expertise using these indices.
When conducting studies that relate aquatic com-
munities to environmental stressors, an important
factor is selecting the taxonomic group that will be
the response variable (that is, only a taxon, several
taxonomic groups, the entire community, more
than one community), considering their specific-
ities in relation to the environmental conditions
(Brasil et al. 2020). The high representativeness
of studies applying invertebrate indices could be
related to the wide distribution of these taxa and
their important role as bioindicators in freshwater
ecosystems. Worldwide studies have demonstrated
that anthropogenic activities exert a significant ef-
fect on the diversity of sensitive invertebrates
(Mehari et al. 2014; Chi et al. 2017), being this
community the most investigated in river quality
evaluations in Europe (European Environmental

Agency 2016). Thus, we consider that the inverte-
brate indicators can be a suitable tool for water
quality assessment in Argentina. Invertebrates are
more simple to evaluate ecosystem health than
chemical conditions or other communities like fish,
amphibian, or algae, which require more special-
ized equipment and professional expertise to con-
duct assessments. Therefore, this study can serve
as an initial step in implementing biomonitoring
protocols to determine the freshwater ecosystems
health in Argentina. Regionally appropriate
bioindica tors , such as the BMPS (Biot ic
Monitoring Patagonian Stream, Miserendino and
Pizzolón 1999), IMRP (The Macroinvertebrate
Index for Pampean Rivers, Rodrigues Capítulo
et al. 2003), and BMWP´(Biological Monitoring
Working Parting adapted for Yungas forest
ecoregion, Domínguez and Fernández 1998), are
not only ecologically meaningful, but they could
also be integrated into citizen science approaches
(Penrose and Call 1995; Nerbonne and Vondracek
2003; Edwards 2016; Rae et al. 2019) and thereby
enhance dialogue between science and society
(Wenger et al. 2009). The United Nations has
called for increased public participation in scientif-
ic research, to benefit professionals, the public,
and the planet (Quinlivan et al. 2020).

Geomorphological and physico-chemical indices
were less represented (< 35% of papers), and they
were generally used as complements of the biolog-
ical indices. Hydrological and functional indices
were not used at all, remarking the lack of studies
that develop monitoring tools for specific impacts
on flow and functional ecosystem properties in the
reviewed literature. Assessment of ecosystem
health requires the integration of multiple and
complementary attributes, including chemical,
hydrogeomorphological, biological, and functional
metrics (Vugteveen et al. 2006; Woodward et al.
2012; von Schiller et al. 2017). However, we only
found 12 papers where two types of indices were
used. This highlight the need to perform monitor-
ing protocols that complement structural and func-
tional measures to fully understand the impact of
multiple stressors on fluvial ecosystem health.

Our literature review revealed that most of the
studies (76%) were developed in a few ecoregions
(Pampas, Dry Chaco, Espinal and Patagonian
S t e p p e ) . T h e r e s t o f e c o r e g i o n s w e r e
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underrepresented or not represented at all, includ-
ing large ecoregions as Humid Chaco, Monte of
hills and valleys and Monte of plains and plateaus,
and indeed ecoregions that sustain high biological
diversity (like Patagonian Forest, Iberá Marshes,
Yungas Forest, and Parana Forest). Hence, geo-
graphical distribution of studies did not obey to
the interest of monitoring regions based on an
ecological criterion, such as high conservation val-
ue or threats that they are facing. For instance,
deforestation is the main cause of deterioration of
streams and rivers, especially in the northeast por-
tion of Argentina (Torremorell et al. in press);
however, the number of studies performed in
Paraná, Yungas, and Patagonian forests is relative-
ly low (19 articles). Actually, the geographical
distribution of studies is related to the presence
of research groups in the region. For instance,
there are many research groups in the Pampas
ecoregion that focus on the ecology of freshwaters
and water quality, including INEDES (Institute of
Ecology and Sustainable Development), University
of Buenos Aires, ILPLA (Institute of Limnology
Dr. Raúl A. Ringuelet), the National University of
Mar del Plata, MACN (Museo Argentino de
Ciencias Naturales Bernardino Rivadavia), the Na-
tional University of Center of Buenos Aires Prov-
ince, and the National University of La Pampa.
Studies in Dry Chaco, Espinal, and Yungas forest
are mainly performed by the National University
of Córdoba, National University of Río Cuarto,
National University of San Luis, National Univer-
sity of Litoral, and National University of
Tucumán, whi le the CIEMEP (Centro de
Investigación Esquel de Montaña y Estepa
Patagónica), National University of Patagonia San
Juan Bosco, and National University of Comahue
study ecosystems from Patagonian steppe and
forest.

Among the analyzed stressors, land use impact
was the most studied (41% of the articles), while
the assessment of factors without specifying an
explicit environmental problem was the second
most studied. Unexpectedly, the effect of inorganic
and organic water pollution was less evaluated
despite its potential risk for people and aquatic
biota. Most of the studies focused on the assess-
ment of ecosystem health from a broad perspec-
t i v e , i n t e g r a t i n g p h y s i c a l , c h em i c a l ,

hydromorphological and biological impacts of hu-
man activities on fluvial ecosystems. The aquatic
communities can be influenced by the scale which
anthropogenic environmental changes occur (Allan
2004). We identified three scales in the analyzed
studies: (1) punctual sewage inputs that occur
within freshwater systems; (2) impacts in a ripar-
ian zone, and (3) changes in land use in a region
that drains into a freshwater system (regional
scale).

We found that indices were validated using
additional parameters in 88% of articles and that
they resulted useful to evaluate the impact of
stressors in 63% of the cases. In addition, 87%
of the interviewed researchers considered that bio-
logical indices could be easily used by non-
scientific staffs after a relatively short period of
training (≤ 6 months for 91% of respondents).
Hence, our results stressed the usefulness of eco-
logical indices to assess freshwater ecosystem
health in Argentina, as it was stressed by several
authors in other countries (Logan 2001; Burger
2006; Zhang et al. 2018).

However, despite the advantages of indices re-
ported by the reviewed literature and the survey,
two main concerns arose from our results. First,
sampling frequency was greatly variable among
studies. For instance, only 30% of the articles
reported samplings that exceeded one year to cap-
ture interannual variability. Moreover, in 18.75%
of the studies, only one sampling was made. Even
most authors tried to include seasonal variability
(seasonal or monthly and bimonthly samplings
were reported in 94% of the papers), disparity in
sampling protocols may prevent comparisons of
methodologies and data. The second concern is
the scarce application of indices by environmental
agencies. Sixty-nine percent of researchers indicat-
ed that biological indices were never used, which
suggests a lack of interaction between researchers
and managers. This fact may be related to the
unrecognized importance of ecosystem approaches
to the management. As occurred in many other
countries (Derocles et al. 2018), local environmen-
tal agencies in Argentina preferred some specific
ecological indices because their technicians or em-
ployees are familiarized with them. Some agencies
use water quality indices like ICA (Berón 1984),
while others sporadically perform ecotoxicological
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tests or biological monitoring. The use of different
protocols to assess freshwater quality creates a
confusing landscape of situations around “freshwa-
ter quality” in Argentina, preventing the establish-
ment of a common (and comparable) monitoring
system.

The European Union has established the Water
Framework Directive to achieve good qualitative
and quantitative status of all European waterbodies
(WFD 2000/60/EC). It aims to reconcile and limit
existing differences in the mechanisms for ecolog-
ical monitoring of waterbodies, favoring the imple-
mentation of common protocols for establishing
freshwater quality. In Latin America, the lack of
such common policies in the field of ecological
monitoring is undoubtedly a problem for the main-
tenance of the ecological integrity of freshwaters
(Fernández 2015). To overcome this problem, a
net of researchers was created recently to develop
a national monitoring system (Net of Assessment
and Mon i t o r i ng o f Aqua t i c Sy s t ems o r
REM.AQUA). The objectives of the REM-AQUA
are to organize the existing information, establish
reference conditions in the different ecosystems,
and define biological groups and metrics for
ecoregions (Gómez 2020). This review may con-
tribute to these objectives by providing a summary
and systematic organization of the results obtained
through long years of experience in the field of
freshwater ecosystem monitoring in Argentina.

Conclusions

It is necessary that societies begin to track the
condition of their waters as they track the status
of local and national economies. The increase in
knowledge on the ecological status and biodiversi-
ty in different ecoregions is urgently needed to
apply prioritized conservation strategies. However,
in Argentina, we face several problems to meet
this target and implement suitable environmental
policies. Despite there is enough data on fluvial
ecosystem health assessment, this information is
scarcely used by managers. The recent creation
of REM.AQUA, which depends on the National
M i n i s t e r y o f Amb i e n t a n d Su s t a i n a b l e

Development, is an important step to solve this
problem. In addition, watersheds are managed by
different political administrations in the country,
resulting in an overlap of functions at the national,
provincial, and local levels. To overcome this
problem, basin committees were created to provide
advice and collaboration for sustainable environ-
mental management. However, several committees
are still inactive. Institutions such as universities
should be the platform to facilitate the communi-
cation among researchers and water managers. In
this sense, practical application of biological indi-
ces could be quickly reachable in the country
using universities capacities to train technician.

Our results shown that there is a lack of stan-
dardization of monitoring programs, which would
avoid for comparing and integrating databases
from different research groups and monitoring or-
ganisms. The temporal sampling frequency might
be determined by the characteristics of the metrics
used; however, as a general recommendation, we
consider that seasonal samplings will be adequate
in most cases.

Human activities as deforestation, mining, ex-
pansion of agriculture and livestock, channelization
and alteration of discharge, and introduction of
exotic species are increasingly threatening the eco-
system health of fluvial systems in Argentina.
These problems will be exacerbated by changes
in temperature and regime of rainfall predicted by
climatic models at regional scale. Design of mon-
itoring protocols and creation of an inventory of
ecosystem health status at the national level is
mandatory to propose conservation and restoration
policies for freshwater ecosystems. Information
compiled here can serve as a basis to attain these
goals, help to identify priorities and gaps in re-
search areas, and finally, will contribute to pre-
serve biodiversity and ecological function of fresh-
water ecosystems in Argentina.
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Appendix 2

Representation of the different types of index used in the
sampling sites from each peer-reviewed studies (kml
file)

Appendix 3. Survey on the use of biological indices
in Argentina

1 Howmuch experience do you have in bioindication?

a ≤ 2 years
b Between 3 and 6 years
c > 6 years

2 What method do you use the most?

a Biotic index
b Diversity and derivatives
c Multimetric
d Functional
e Others

3 The use of these methods was used by some appli-
cation agency?

a Yes

i Once
j More than one ocassion

b No

4 Would you recommend to a colleague the method
used?

a Yes
b No

5 Would you recommend to the application agency the
method used?

a Yes

b No

6 Is it possible its application by a technician or non-
scientific personnel?

a Yes
b No

7 If the answer was yes in the previous question, how
long would it take to train them?

a < 3 months
b Between 4 and 6 months
c > 6 months

References

Agència Catalana de l’Aigua. (2006a). http://aca.gencat.cat/web/.
conten t /20_Aigua /05_seguimen t_ i_cont ro l /01_
protocols/03_Protocol_rius.pdf. Accessed 12 March 2019.

Agència Catalana de l’Aigua. (2006b). http://aca.gencat.cat/web/.
conten t /20_Aigua /05_seguimen t_ i_cont ro l /01_
protocols/12_hidri.pdf. Accessed 12 March 2019.

Alba-Tercedor, J., & Sánchez-Ortega, A. (1988). Un método
rápido y simple para evaluar la calidad biológica de las aguas
corrientes basado en el de Hellawell (1978). Limnetica, 4,
51–56.

Allan, J. D. (2004). Landscapes and riverscapes: the influence of
land use on stream ecosystems. Annual Review of Ecology,
Evolution, and Systematics. https://doi.org/10.1146/annurev.
ecolsys.35.120202.110122.

611 Page 24 of 26 Environ Monit Assess (2020) 192: 611

http://aca.gencat.cat/web/.content/20_Aigua/05_seguiment_i_control/01_protocols/03_Protocol_rius.pdf
http://aca.gencat.cat/web/.content/20_Aigua/05_seguiment_i_control/01_protocols/03_Protocol_rius.pdf
http://aca.gencat.cat/web/.content/20_Aigua/05_seguiment_i_control/01_protocols/03_Protocol_rius.pdf
http://aca.gencat.cat/web/.content/20_Aigua/05_seguiment_i_control/01_protocols/12_hidri.pdf
http://aca.gencat.cat/web/.content/20_Aigua/05_seguiment_i_control/01_protocols/12_hidri.pdf
http://aca.gencat.cat/web/.content/20_Aigua/05_seguiment_i_control/01_protocols/12_hidri.pdf
https://doi.org/10.1146/annurev.ecolsys.35.120202.110122
https://doi.org/10.1146/annurev.ecolsys.35.120202.110122


Berón, L. (1984). Evaluación de la Calidad de las Aguas de los
ríos de La Plata y Matanza-Riachuelo, mediante la
utilización de índices de calidad de agua. Argentina:
Secretaría de Vivienda y ordenamiento Ambiental,
Ministerio de Salud y Acción Social.

Brailovsky, A. E., & Foguelman, D. (1991). Memoria Verde:
Historia Ecológica de la Argentina. Buenos Aires: Ed.
Sudamericana.

Brasil, L. S., Luiza-Andrade, A., Batista-Calvão, L., Dias-Silva,
K., Justino-Faria, A. P., Shimano, J., et al. (2020). Aquatic
insects and their environmental predictors: a scientometric
study focused on environmental monitoring in lotic environ-
mental. Environmental Monitoring and Assessment.
https://doi.org/10.1007/s10661-020-8147-z.

Burger, J. (2006). Bioindicators: types, development, and use in
ecological assessment and research. Environmental
Bioindicators. https://doi.org/10.1080/15555270590966483.

Burkart, R., Bárbaro, N. O., Sánchez, R. O. & Gómez, D. A.
(1999). Ecoregiones de la Argentina. Administración de
Parques Nacionales. http://www.sib.gov.ar/archivos/Eco-
Regiones_de_la_Argentina.pdf. Accessed 26 December
2019.

Campbell, D. E. (2000). Using energy systems theory to define,
measure, and interpret ecological integrity and ecosystem
health. Ecosystem Health. https://doi.org/10.1046/j.1526-
0992.2000.006003181.x.

Chi, S., Li, S., Chen, S., Chen, M., Zheng, J., & Hu, J. (2017).
Temporal variations in macroinvertebrate communities from
the tributaries in the Three Gorges Reservoir Catchment,
China. Revista Chilena de Historia Natural. https://doi.
org/10.1186/s40693-017-0069-y.

Derocles, S. A. P., Bohan, D. A., Dumbrell, A. J., Kitson, J. J. N.,
Massol, F., Pauvert, C., et al. (2018). Biomonitoring for the
21st century: integrating next-generation sequencing into
ecological network analysis. Advances in Ecological
Research, 58, 1–62.

Domínguez, E., & Fernández, H. R. (1998). Calidad de los ríos de
la Cuenca Salí (Tucumán, Argentina) medida por un índice
biótico. Serie Conservación de la Naturaleza, 12, 1–43.

Domínguez, E., Giorgi, A., & Gómez, N. (Comp.). (2020). La
biodindicación en el monitoreo y evaluación de los sistemas
fluviales de La Argentina. Bases para el análisis de la
integridad ecológica. Buenos Aires: Eudeba.

Dos Santos, D.A., Molineri, C., Reynaga, M.C. & Basualdo, C.
(2011). Which index is the best to assess stream health?.
Ecological Indicators, 11, 582–589. https://doi.org/10.1016
/j.ecolind.2010.08.004.

Edwards, P.M. (2016). The value of long-term stream invertebrate
data collected by citizen scientists. PLoS One. https://doi.
org/10.1371/journal.pone.015371.

European Environmental Agency. (2016). Biological assessment
of river quality. https://www.eea.europa.eu/publications/92-
9167-001-4/page021.html. Accessed 26 April 2020.

Fernández, H. R. (2015). From an informed public to social
learning for water management: is Argentina cast adrift.
International Journal of Social Science and Humanities
Research, 3, 66–70.

Ghetti, P. F., & Bonazzi, G. (1980). 3rd Technical Seminar.
Biological water assessment methods. Europe: Commission
of the European Communities.

Gómez, N. (2020). Presentación. In: Domínguez, E., Giorgi, A., &
Gómez, N. (Comp.), La bioindicación en el monitoreo y
evaluación de los sistemas fluviales de La Argentina. Bases
para el análisis de la integridad ecológica (pp. XI-XII).
Buenos Aires: Eudeba.

Gualdoni, C. M., & Corigliano, M. C. (1991). El ajuste de un
índice biótico para uso regional. Revista Universidad
Nacional de Río Cuarto, 11, 43–49.

Hunt, L., Bonetto, C., Marrochi, N., Scalise, A., Fanelli, S., Liess,
M., Lydy, M.J., Chiu, M.C. & Resh, V.H. (2017). Species at
Risk (SPEAR) index indicates effects of insecticides on
stream invertebrate communities in soy production regions
of the Argentine Pampas. Science of the Total Environment.
https://doi.org/10.1016/j.scitotenv.2016.12.016.

Jørgensen, S. E. (2005). Introduction. In: Jørgensen, S. E.,
Costanza, R., & Xu, F. L. (Eds.), Handbook of Ecological
Indicators for Assessment of Ecosystem Health (pp. 1-4).
Boca Raton: CRC Press, Taylor & Francis Group.

Karr, J. R. (1991). Biological integrity: a long-neglected aspect of
water resource management. Ecological Applications, 1(1),
66–84.

Karr, J. R. (1992). Ecological integrity. Protecting earth’s life
support systems. In R. Costanza, B. G. Norton, & B. D.
Haskell (Eds.), Ecosystem Health (pp. 223–238).
Washington: Island Press.

Karr, J. R. (1996). Ecological integrity and ecological health are
not the same. In P. Schultz (Ed.), National Academy of
Engineering within Ecological Constraints (pp. 97–109).
Washington: The National Academy Press.

Karr, J. R., & Chu, E. W. (2000). Introduction: sustaining living
rivers. Assessing the Ecological Integrity of Running Waters.
https://doi.org/10.1007/978-94-011-4164-2_1.

Loeb, S. L. (1994). An ecological context for biological monitor-
ing. In: Loeb, S. L. & Spacie, A. (Eds.), Biological
Monitoring of Aquatic Systems (pp. 3-7). Boca Raton:
Lewis Publishers.

Logan, P. (2001). Ecological quality assessment of rivers and
integrated catchment management in England and Wales.
Journal of Limnology. https://doi.org/10.4081/jlimnol.2001.
s1.25.

Loiselle, S. A., Gasparini Fernandes Cunha, D., Shupe, S.,
Valiente, E., Rocha, L., Heasley, E., et al. (2016). Micro
and macroscale drivers of nutrient concentrations in urban
streams in South, Central and North America. PLoS One.
https://doi.org/10.1371/journal.pone.0162684.

Mehari, A. K., Wondie, A., Mingist, M., & Vijverberg, J. (2014).
Spatial and seasonal variation in the macro-invertebrates and
physico-chemical parameters of the Enfranz River, Lake
Tana sub-basin (Ethiopia). Ecohydrology & Hydrobiology.
https://doi.org/10.1016/j.ecohyd.2014.07.004.

Miserendino, M. L., & Pizzolón, L. A. (1999). Rapid assessment
of river water quality usingmacroinvertebrates: a family level
biotic index for the Patagonic Andean zone. Acta
Limnologica Brasiliensia, 11, 137–148.

Nerbonne, J. F., & Vondracek, B. C. (2003). Volunteer macroin-
vertebrate monitoring: assessing training needs through ex-
amining error and biasin untrained volunteers. Journal of the
North American Benthological Society, 22, 152–163.

Nielsen, N. O. (1999). The meaning of health. Ecosystem Health,
5, 65–66.

Environ Monit Assess (2020) 192: 611 Page 25 of 26 611

https://doi.org/10.1007/s10661-020-8147-z
https://doi.org/10.1080/15555270590966483
http://www.sib.gov.ar/archivos/Eco-Regiones_de_la_Argentina.pdf
http://www.sib.gov.ar/archivos/Eco-Regiones_de_la_Argentina.pdf
https://doi.org/10.1046/j.1526-0992.2000.006003181.x
https://doi.org/10.1046/j.1526-0992.2000.006003181.x
https://doi.org/10.1186/s40693-017-0069-y
https://doi.org/10.1186/s40693-017-0069-y
https://doi.org/10.1016/j.ecolind.2010.08.004
https://doi.org/10.1016/j.ecolind.2010.08.004
https://doi.org/10.1371/journal.pone.015371
https://doi.org/10.1371/journal.pone.015371
https://www.eea.europa.eu/publications/92-9167-001-4/page021.html
https://www.eea.europa.eu/publications/92-9167-001-4/page021.html
https://doi.org/10.1016/j.scitotenv.2016.12.016
https://doi.org/10.1007/978-94-011-4164-2_1
https://doi.org/10.4081/jlimnol.2001.s1.25
https://doi.org/10.4081/jlimnol.2001.s1.25
https://doi.org/10.1371/journal.pone.0162684
https://doi.org/10.1016/j.ecohyd.2014.07.004


Penrose, D., & Call, S. M. (1995). Volunteer monitoring of
benthic macroinvertebrates: regulatory biologists’ perspec-
tives. Journal of the North American Benthological Society,
14, 203–209.

Prat, N., Ríos, B., Acosta, R., & Rieradevall, M. (2009). Los
macroinvertebrados como indicadores de calidad de las
aguas. In E. Domínguez & H. R. Fernández (Eds.),
Macroinvertebrados bentónicos sudamericanos.
Sistemática y biología (pp. 631–654). Fundación Miguel
Lillo: Tucumán.

Quinlivan, L., Chapman, D. V., & Sullivan, T. (2020). Applying
citizen science to monitor for the Sustainable Development
Goal Indicator 6.3.2: a review. Environmental Monitoring
and Assessment. https://doi.org/10.1007/s10661-020-8193-
6.

Rae, M., Miró, A., Hall, J., O’Brien, K., & O'Brien, D. (2019).
Evaluating the validity of a simple citizen science index for
assessing the ecological status of urban drainage ponds.
Ecological Indicators . https://doi.org/10.1016/j.
ecolind.2018.10.053.

Rapport, D. J., Thorpe, C., & Regier, H. A. (1980). Commentary.
Ecosystem medicine. In: Calhoun, J. C. (Ed.), Perspectives
on Adaptation, Environment and Population (pp. 180-189).
New York: Praeger.

Rodrigues Capítulo, A., Tangorra, A., & Ocon, C. (2001). Use of
benthic macroinvertebrates to assess the biological status of
Pampean streams in Argentina. Aquatic Ecology. https://doi.
org/10.1023/A:1011456916792.

Rodrigues Capítulo, A., Ocón, C. S., & Tangorra, M. (2003). Una
visión bentónica de arroyos y ríos pampeanos. In: Rodrigues
Capítulo, A., & Gómez, N. (Eds.), Biología Acuática:
Diatomeas y macroinvertebrados bentónicos en el monitoreo
de sistemas lóticos bonaerenses (pp. 1-18). Buenos Aires:
Instituto de Limnología “Dr. Raúl A. Ringuelet”.

von Schiller, D., Acuña, V., Aristi, I., Arroita, M., Basaguren, A.,
Bellinc, A., et al. (2017). River ecosystem processes: a syn-
thesis of approaches, criteria of use and sensitivity to envi-
ronmental stressors. Science of the Total Environment,
https://doi.org/10.1016/j.scitotenv.2017.04.081

Torremorell, A., Hegoburu, C., Brandimarte, A. L., Costa
Rodrigues, E. H., & Pompêo, M. Cardoso da Silva, S.,
et al. (In Press). Present and future threats for the ecological
quality management of South American freshwater ecosys-
tems. Inland Waters.

Tuffery, G. (1979). Incidencias ecológicas de la polución de las
aguas corrientes. Reveladores biológicos de la polución. In:
Pesson, P. (Ed.), La contaminación de las aguas

continentales. Incidencias sobre las biocenosis acuáticas
(pp. 215-255). Madrid: Mundi Prensa.

Vallania, E. A., Garelis, P. A., Trípole, E. S., & Gil, M. A. (1996).
Un índice biótico para las sierras de San Luis (Argentina).
Revista Universidad Nacional de Río Cuarto, 16, 129–136.

Vollmer, D., Kashif, K., Souter, N. J., Farrell, T., Dudgeon, D.,
Sullivan, C.A., et al. (2018). Integrating the social, hydrolog-
ical and ecological dimensions of freshwater health: the
Freshwater Health Index. Science of the Total Environment,
https://doi.org/10.1016/j.scitotenv.2018.01.040

Vugteveen, P., Leuven, R. S. E. W., Huijbregts, M. A. J., &
Lenders, H. J. R. (2006). Redefinition and elaboration of
river ecosystem health: perspective for river management.
Hydrobiologia. https://doi.org/10.1007/s10750-005-1920-8.

Water Framework Directive 2000/60/EC of the European
Parliament and of the Council of 23 October 2000
Establishing a framework for community action in the field
of water policy. Off J L 2000; 327:1–73. Accessed 10
February 2020.

Wells, P. G. (2005). Assessing marine ecosystem health—
concepts and indicators, with reference to the Bay of Fundy
andGulf ofMaine, Northwest Atlantic. In S. E. Jørgensen, R.
Costanza, & F. L. Xu (Eds.), Handbook of Ecological
Indicators for Assessment of Ecosystem Health (pp. 395–
430). Boca Raton: CRC Press, Taylor & Francis Group.

Wenger, S. J., Roy, A. H., Jackson, C. R., Bernhardt, E. S., Carter,
T. L., Filoso, S., et al. (2009). Twenty-six key research
questions in urban stream ecology: an assessment of the state
of the science. Journal of the North American Benthological
Society, 28, 1080–1098.

Wicklum, D., & Davies, R. W. (1995). Ecosystem health and
integrity? Canadian Journal of Botany, 73, 997–1000.

Wilhm, J. L. (1975). Biological indicators of pollution. In B. A.
Whitton (Ed.), River Ecology (pp. 375–402). Oxford:
Blackwell Scientific Publication.

Woodward, G., Gessner,M. O., Giller, P. S., Gulis, V., Hladyz, S.,
Lecerf, A., et al. (2012). Continental-scale effects of nutrient
pollution on stream ecosystem functioning. Science.
https://doi.org/10.1126/science.1219534.

Zhang, X., Meng, Y., Xia, J., Wu, B., & She, D. (2018). A
combined model for river health evaluation based upon the
physical, chemical, and biological elements. Ecological
Indicators. https://doi.org/10.1016/j.ecolind.2017.08.049.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional
affiliations.

611 Page 26 of 26 Environ Monit Assess (2020) 192: 611

https://doi.org/10.1007/s10661-020-8193-6
https://doi.org/10.1007/s10661-020-8193-6
https://doi.org/10.1016/j.ecolind.2018.10.053
https://doi.org/10.1016/j.ecolind.2018.10.053
https://doi.org/10.1023/A:1011456916792
https://doi.org/10.1023/A:1011456916792
https://doi.org/10.1016/j.scitotenv.2017.04.081
https://doi.org/10.1016/j.scitotenv.2018.01.040
https://doi.org/10.1007/s10750-005-1920-8
https://doi.org/10.1126/science.1219534
https://doi.org/10.1016/j.ecolind.2017.08.049

	Use of ecosystem health indicators for assessing anthropogenic impacts on freshwaters in Argentina: a review
	Abstract
	Introduction
	Material and methods
	Literature dataset
	Survey analysis

	Results
	Literature dataset
	Survey analysis

	Discussion
	Conclusions
	Appendix 1
	Appendix 2
	Appendix 3. Survey on the use of biological indices in Argentina
	References




