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Abstract:Macroinvertebrates are used as bioindicators worldwide, but the high diversity of macroinvertebrate spe-
cies and endemism in Latin America (LA) requires greater knowledge of this group to increase the effectiveness of
biomonitoring. We examined some of the primary taxonomic and ecological studies on macroinvertebrates in the
region, quantified the number of papers that used foreign and local indices, examined alternative approaches to
bioassessment that may be more relevant for the region, and explored freshwater ecosystem management in LA.
Here, we highlight the need to increase taxonomic knowledge and the number of specialists in local fauna, establish
and maintain taxonomic collections in public institutions, and make online databases on the biodiversity in each
country available. However, we also demonstrate that taxonomy specialists of different nationalities do collaborate
on the generation of fundamental information about biodiversity in LA. We found that 57% of the 215 reviewed
scientific articles from LA used foreign but locally adapted indices for biomonitoring aquatic ecosystems. Only
21% of these articles presented local indices developed in LA. New technologies, such as environmental DNA, offer
substantial potential for bioassessment but only in regions where sufficient taxonomic knowledge exists and where
species-level stressor–response relationships are well described. In the absence of more complete taxonomic re-
cords, there could be some value in developing biological trait andmultimetric indices, and occupancymodels could
be developed to analyze the relationship between taxa and stress factors. These tools could be adopted by research-
ers to generate more accurate biotic indices based on local taxa. Finally, in LA, bioindicators are used to support
scientific research more often than as environmental monitoring tools. Environmental laws and regulations that
support the biomonitoring of LA freshwaters and unified criteria for evaluating and monitoring aquatic ecosystems
are essential to face regional and global challenges.
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The 1st step in protecting aquatic ecosystems is to know
and value the biodiversity surrounding us. Gathering data
about biota and creating comprehensive databases of spe-
cies and their ecological requirements are essential for
the successful application of management programs using
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taxa, known as bioindicators, and their associated key traits
at a given site are often considered to reflect that site’s envi-
ronmental quality (Keck et al. 2017). These bioindicators
are essential tools for tracking and quantifying environmental
impacts in the fields of biomonitoring, management, and
freshwater conservation worldwide (Friberg et al. 2011).
Macroinvertebrates are one of the most widely used animal
species groups in bioassessment studies, and their use has
been validated worldwide (Bonada et al. 2006). However,
taxonomic information on macroinvertebrate populations
are not universally robust, making their use as bioindicators
in less-studied regions challenging.

The need for robustmonitoring of ecosystems is urgently
needed in many Latin America (LA) countries. This need
is particularly strong for those regions whose economies
rely heavily on agricultural commodities (e.g., beef, soy,
maize, sugarcane, coffee) and extraction of raw materials
(e.g., gold, copper, lithium, oil, wood), which severely affect
the environment and, in particular, freshwater ecosystems
(Castello et al. 2013). In these countries, institutional weak-
nesses (absent or precarious human, technical, and financial
resources) result in the absence or discontinuity of moni-
toring programs for aquatic ecosystems (de Freitas et al.
2007). According to Feio et al. (2021), biomonitoring pro-
grams are in different stages of development among coun-
tries in LA, and these programs are infrequently grounded
in laws or formal regulations. Some countries have well-
structured and consolidated monitoring programs (e.g.,
Brazil, Peru, andUruguay), and others have well-defined le-
gal guidelines but no national initiatives (e.g., Bolivia, Para-
guay, and Colombia). In contrast, some countries have no
near-future prospects for monitoring (e.g., Venezuela).

Environmental policy in LA has shifted over the last 40 y
from reactive policies (e.g., the privatization of resources),
which aimed to ensure that environmental concerns did
not hamper economic growth, to more preventive instru-
ments, such as environmental impact assessments of large
projects and laws. In some regions, environmental policies
guided by social concerns and regulation of the external
market are also employed (ORyan and Ibarra 2016). De-
spite these crucial advances, challenges to effective water
resource protection and restoration remain across social,
political, and economic domains in many, if not all, coun-
tries in the region (Hawkins and Carlisle 2022). In many
cases, there is deliberate political opposition toward rigor-
ous bioassessment programs, apparently because these pro-
grams threaten entrenched political and economic interests
(Zhang et al. 2021).

The purpose of this BRIDGES article is to discuss prog-
ress and challenges of macroinvertebrate biomonitoring in
LA. In particular, we review how knowledge generated in
the Global North (GN: mainly western Europe, the United
States, and Canada) has been applied to LA systems. We
also evaluate the scope and challenges faced by LA coun-
tries by addressing the following topics: 1) available taxo-
nomic information and shared databases; 2) application
of local and foreign indices to LA biomonitoring programs;
3) other methodologies for biomonitoring that may be use-
ful in the region including multimetric indices (MMIs),
environmental DNA (eDNA), and occupancy models; and
4) freshwater ecosystem management and its challenges
in LA.We begin by examining the availability of taxonomic,
sensitivity, tolerance, and trait data for macroinvertebrate
taxa. We then quantify the number of studies in LA that
used foreign (developed in the GN), foreign but locally
adapted (developed in GN and adapted to local fauna),
and local (developed in LA) indices. Next, we examine re-
cent contributions of emerging approaches to support
biomonitoring (e.g., eDNA and occupancymodels). Finally,
we identify and discuss challenges in LA in implementing
freshwater biomonitoring and management programs.
METHODS FOR LITERATURE SEARCH
To conduct our literature search we searched for the

terms “biotic index” or “multimetric index” and “macro-
invertebrates” and “freshwater” in each LA country.We lim-
ited our search to literature published on work in LA in
the last 15 y (2006–2021). We used this time period because
it gives us a current vision of the state of knowledge in LA.
We used Google Scholar (scholar.google.com) to conduct
this search because it is open access and provides both peer-
reviewed and gray literature. Furthermore, because of cost, we
do not have access to the primary alternative search engine,
Web of Science (https://clarivate.com/webofsciencegroup
/solutions/web-of-science/). We only considered biomoni-
toring research published in scientific journals, nonscien-
tific reports, and information posted on official webpages of
each LA government.
MACROINVERTEBRATE BIOLOGICAL AND LIFE
HISTORY KNOWLEDGE IN LA

Much of the biological knowledge of aquatic macro-
invertebrates has been generated in streams outside of LA.
Since 2000, European countries have recorded >10,000
aquatic macroinvertebrate taxa in 14 countries. This effort
originated with the Assessment System for the Ecological
Quality of Streams and Rivers throughout Europe using
Benthic Macroinvertebrates project (Hering et al. 2004), a
system for stream assessment based on benthic macro-
invertebrates in 8 European countries. In addition, the im-
plementation of the EuropeanWater Framework Directive
(European Commission 2000) has also contributed to in-
creasing knowledge of biodiversity (including of macro-
invertebrates) and aquatic ecosystem biomonitoring. In
the United States, the Environmental Protection Agency
has monitored rivers and streams using macroinvertebrate
community composition since the passing of the Clean
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Water Act of 1972 (Barbour et al. 2000). Both water quality
and macroinvertebrate information from the GN are avail-
able from online databases (e.g., www.freshwaterecology
.info, Schmidt-Kloiber and Hering 2015; Integrated Taxo-
nomic Information System, www.itis.gov).

In LA, biodiversity studies and taxa inventories are still
a necessary 1st step for bioassessment because of the high
diversity of species and endemism in this region (Ramirez
and Gutierrez-Fonseca 2020). The taxonomy and ecology
from some orders in LA, including Ephemeroptera, Ple-
coptera, and Trichoptera (EPT), are better studied than
others, supporting their potential use as bioindicators of
water quality (Righi-Cavallaro et al. 2010). However, devel-
oping indices for groups characterized by relatively lim-
ited taxonomic and ecological information (e.g., annelids,
mollusks, mites, and dipterans) is also a priority (Alonso-
EguíaLis et al. 2014). Although much remains to be done,
LA researchers have made important contributions to this
effort, e.g., the development of species-level taxonomic guides
for aquatic macroinvertebrates from Colombia (Roldán Pérez
1988), Chile (Palma 2013), Ecuador (Pérez et al. 2016), and
Costa Rica (Hanson et al. 2010). In addition, 2 taxonomic
keys of aquatic macroinvertebrates have collated informa-
tion to facilitate identification of all known taxa for South
America (Domínguez and Fernández 2009) and Central
America (Alonso-EguíaLis et al. 2014). These texts contain
information about macroinvertebrates currently known in
LA. Additionally, in recent years, scientific societies (e.g.,
Argentine Association of Limnology and Macrolatinos@)
have been established, making important contributions to
freshwater science in LA (Gutiérrez-Fonseca andTagliaferro
2023). Continuing enhancement of taxonomic knowledge and
increasing the number of specialists in regional fauna are
both essential to preserve and manage freshwater systems in
LA. Additionally, establishing and maintaining taxonomic
collections in public institutions, as well as creating and mak-
ing online databases onthebiodiversityof eachcountryavail-
able, would support the development of more robust bio-
monitoring efforts.

The compilation of reliable measures of species sensitiv-
ity is one of the most critical challenges in biomonitoring
(Leonardsson et al. 2015). Water-quality assessment typi-
cally involves the use of tolerance values, which describe
the resistance of organisms to pollution and are often inte-
grated into biotic indices (Carter and Resh 2013). Origi-
nally, taxa tolerance was assumed to be the response of
organisms to an oxygen deficit resulting from wastewater
inputs (Chang et al. 2014). Later, monitoring programs
adopted methods like combining literature with best pro-
fessional judgment or empirical derivation based on the
presence of species in relation to ecosystem attributes. These
approaches often resulted in rudimentary categories (e.g.,
tolerant/intolerant) or fixed species-sensitivity scores, which
radically reduced the diagnostic power of indicator species
(Ferreira et al. 2007).
Basic information about the tolerance of macroinverte-
brate taxa to changing environmental conditions typically
comes from the GN (e.g., Metcalfe 1989, Lenat 1993, Man-
daville 2002,Whittier and Van Sickle 2010), although there
is a lack of macroinvertebrate tolerance scores for stressors
other than low dissolved oxygen. As for taxonomy, similar
tolerance values have not been estimated for LA fauna (e.g.,
Ríos-Touma et al. 2014). Therefore, the extrapolation of
tolerance data to LA systems is limited because of limited
species overlap between the GN and LA and because tol-
erance values for species from the GN do not reflect stress
responses to multiple pollutants. These challenges may be
overcome by employing additional laboratory tests to assign
sensitivity scores to LA species. However, extensively sam-
pling community-level sensitivity tomultiple stressors is not
feasible (Van den Berg et al. 2020).

Compared with using tolerance scores, the application
of biological traits within macroinvertebrate communities
may be a more useful and realistic approach to assess the
effect of multiple stressors, as well as a more robust way
to evaluate environmental effects. Biological traits describe
the morphological features of organisms and reflect en-
vironmental characteristics (Menezes et al. 2010, Statzner
and Bêche 2010, Yadamsuren et al. 2020), and they can
be used to assess the effects of complex environmental
conditions, including changes in land use (Paz et al. 2022).
Furthermore, some functional traits may not be constrained
by taxonomy and could be applicable at multiple spatial
scales (Vieira et al. 2006). Despite these benefits, robust trait
analyses depend on extensive taxonomic information. Thus,
improving local and regional diversity expertise remains an
essential component to effectively use trait-based approaches.
APPLICATION AND ADAPTATION OF LOCAL
AND FOREIGN INDICES

Biotic indices are one of the most common tools for
habitat and water-quality assessment in monitoring pro-
grams because community analysis integrates biological
responses across a large range of environmental conditions
(Ríos-Touma et al. 2014). Indices, such as the Biological
Monitoring Working Party (BMWP; Hellawell 1978), the
Belgian Biotic Index (Plafkin et al. 1989), and the Family
Biotic Index (Hilsenhoff 1988), and metrics, included in in-
dices such as total richness of EPT (EPT Index; Weber
1973), were developed in Europe and North America in
the early 1970s. The indices were built using species with
wide ranges of tolerance to environmental conditions.

The results from our search suggest that the develop-
ment and application of biotic indices are heterogeneous
in LA. Of the 21 countries that constitute LA, we did not
locate literature published between 2006 and 2021 on bi-
otic indices for 6 of them (Haiti, Nicaragua, El Salvador,
Guatemala, Dominican Republic, and Paraguay). Of the re-
maining 15 countries, we documented 215 articles that

https://www.freshwaterecology.info
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included biotic indices. Studies from Brazil were most com-
mon (52 articles; Fig. 1). Of all the reviewed articles, 57%
used foreign indices that were locally adapted and 16%
directly applied foreign indices to biomonitoring programs
(Table 1). Several of these articles reported combining dif-
ferent indices. Most studies used family as the lowest taxo-
nomic level to support monitoring (67%), although a large
proportion also used genus-level evaluation or combined
genus and family-level metrics (15%).

The BMWP was the most broadly used index in LA
biomonitoring studies. Of the total articles registered, 60%
used BMWP, 92% of which adapted the index to the studied
sites. Two of the common adaptations to the index included
the addition of native families that were not present in the
original tool and the exclusion of families that were not pre-
sent in the region being evaluated. The EPT Index was also
frequently used by authors (30% of studies), as was the Fam-
ily Biotic Index (13% of studies). To characterize sites, au-
thors included additional information including structural
(47% of studies) and functional (9% of studies) metrics of
the macroinvertebrate assemblage.

The development of new indices or the revision of exist-
ing indices for appropriate application to new sites typically
requires both long-term studies and the investment of eco-
nomic resources, which are not always available to LA re-
searchers (Ruaro and Gubiani 2013, Ramirez and Gutiérrez-
Fonseca 2020). Despite these constraints, local indices have
been developed and reported in 21% of the reviewed arti-
cles. Uruguay and Argentina had the highest percentages
of articles with local indices (66 and 54%, respectively),
followed by Peru and Honduras (50% each).

ALTERNATIVE METHODS FOR BIOMONITORING
Biotic indices are extremely useful for bioassessment

but only in regions where sufficient taxonomic knowledge
exists and where species-level stressor–response relation-
ships are well described. Despite their utility as tools for bio-
assessment, collecting data to support the use of biotic in-
dices is time consuming and requires taxonomic expertise
that may not be readily available in many regions of the
world. Furthermore, the results from the application of indi-
ces may not reflect changes in the function of the ecosystem.
However, alternative approaches, such as MMIs, eDNA, and
occupancy models, offer potential for bioassessment and
monitoring in regions that lack well-developed taxonomic
databases and resources for extensive data collection. Each
Figure 1. Map of Latin America showing the distribution of studies published in scientific journals (2006–2021) focused on biotic
and multimetric indices of macroinvertebrate assemblages. The total number of papers using biotic indices (upper number) and the
number of multimetric indices (box) are shown for each country. a 5 Mexico, b 5 Honduras, c 5 Cuba, d 5 Puerto Rico, e 5 Costa
Rica, f 5 Panama, g 5 Colombia, h 5 Venezuela, i 5 Ecuador, j 5 Peru, k 5 Bolivia, l 5 Brazil, m 5 Chile, n 5 Argentina, o 5 Uruguay.
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of these approaches could improve different aspects of
bioassessment, either by adding structural and functional
variables to biotic indices (MMIs), contributing to taxonomic
inventories (eDNA), or predicting the presence of species
based on environmental variables (occupancy models).
MMIs
Development of MMIs facilitate the practical, accurate,

and robust assessment of freshwater conditions within man-
agement frameworks—and they make these frameworks and
their outcomes more accurate, complete, and protective of
freshwater ecosystems. For example, Karr (1981) proposed
an index of biological integrity based onmultiple biological
attributes (e.g., richness, abundance, habitat, trophic struc-
ture, tolerance, reproductive guilds) summarizing struc-
tural and functional variables of species assemblages. This
index was the 1st application of the multimetric concept to
assess water quality. Although this index was originally de-
veloped for fishes, it has influenced the development of
analogous MMIs based on macroinvertebrates (Karr and
Chu 1997, Moya et al. 2011, Chen et al. 2017).

Water management agencies in the United States and
the European Union have widely adopted MMIs to support
decisions on water quality (Barbour et al. 1999, Karr 1999,
Ruaro and Gubiani 2013). However, the application of
MMIs in LA were only reported in 13% of the total articles
reviewed, with Brazil having the highest number of articles
using these indices (Fig. 1). In Brazil, a consortium of scien-
tists from 4 universities funded by a hydropower company
developed MMIs after sampling 195 wadeable stream sites
in 5 large hydrologic units in the Cerrado biome of Minas
Gerais (Vadas et al. 2022). From this database, they devel-
oped both fish and macroinvertebrate MMIs (Macedo et al.
2016, de Carvalho et al. 2017, Silva et al. 2017) and con-
ducted probability assessments of the major freshwater
stressors in the biome (Silva et al. 2018, Martins et al. 2021).
This example illustrates the usefulness of MMIs in bio-
assessments in LA but also highlights the resources and ex-
tensive data collection required to develop them.

eDNA
Genetic tools such as eDNA (Leese et al. 2016), devel-

oped in recent decades in the United States and European
countries, may resolve some challenges to bioassessment in
LA. eDNA is frequently used to detect populations with
low densities because of the method’s extremely high sen-
sitivity (Darling 2019). In addition, DNA barcoding using
a short sequence enables fast and reliable taxon identifica-
tion to species level of whole or even parts of specimens
across life stages, which holds promise in advancing fresh-
water bioassessment and monitoring routines (Stein et al.
2013). Despite the potential of eDNA for assessing the
structural composition of aquatic communities, the cur-
rent application of eDNA is still limited. eDNAmay be use-
ful in the long run (~10 y) in countries with lower-income
economies (Hunting et al. 2017) once taxonomic databases
are developed.

In LA, eDNA studies of freshwater invertebrates are
scarce. Lack of funding, taxonomic resolution, and expertise,
Table 1. Information on biotic indices, taxonomic resolution level, and additional information (structural and functional metrics) of
macroinvertebrate assemblages included in 215 scientific articles on macroinvertebrates in Latin American countries (see Table S1
for a list of the articles). Letters in parentheses correspond with countries in Figure 1.

Country

Biotic indices (%) Level of taxonomic resolution (%) Additional information (%)

Local Foreign
Foreign but

locally adapted Multimetric Genus Family
Genus and
Family

Not
identified

Structural
metrics

Functional
metrics

Argentina (n) 58 4 71 4 0 46 38 17 92 25

Brazil (l) 8 35 59 28 9 61 21 8 37 8

Ecuador (i) 32 11 68 7 0 73 7 10 43 17

Bolivia (k) 0 80 40 38 0 88 13 0 25 0

Chile (m) 33 11 78 10 9 63 27 0 55 9

Colombia (g) 11 11 84 5 5 89 0 5 37 0

Peru (j) 46 23 69 7 0 75 6 19 69 6

Puerto Rico (d) 0 25 75 0 0 100 0 0 67 0

Mexico (a) 18 0 82 8 0 83 8 0 25 0

Uruguay (o) 50 0 50 0 67 33 0 0 67 33

Honduras (b) 100 0 100 0 75 25 0 0 75 0

Cuba (c) 0 0 100 0 0 100 0 0 0 0

Costa Rica (e) 20 40 60 0 0 50 0 0 0 0

Panama (h) 0 0 100 25 0 50 50 0 50 0

Venezuela (f ) 17 17 67 0 0 100 0 0 60 0
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as well as incomplete DNA reference databases, hamper
the development of eDNA techniques and their widespread
application in LA. eDNA methods have most commonly
been used in LA to support invasive species research, and
some studies have used eDNA techniques to monitor en-
dangered or rare vertebrate species (Brozio et al. 2017,
Lopes et al. 2017). Our search yielded no studies that have
used eDNA to support water-quality assessment programs
in LA. We documented a single study in the Neotropical
highland streams of Panama that used DNA barcodes to
examine the genetic diversity of macroinvertebrate com-
munities along an expansion gradient of chytrid fungus
(Múrria et al. 2015).
Occupancy models
Another method used to analyze the relationship be-

tween taxa and environmental stressors is occupancy mod-
eling (e.g., MacKenzie and Kendall 2002, Royle 2004). Oc-
cupancy modeling explicitly accounts for detectability of
species and creates a framework that can be used to inves-
tigate ecological questions and processes, including species
distribution modeling, habitat relationships, multispecies
relationships, and community dynamics (Berkunsky et al.
2015). According to Bailey et al. (2014), >1000 papers have
cited occupancy models since 2002, but none of the pub-
lished studies evaluated water quality as predictors of macro-
invertebrate distributions in LA. Our search results docu-
mented only 5 articles that used occupancy models to assess
water quality. Three of these studies were from Argentina
and described the sensitivity of Oligochaeta, Hirudinea,
and Chironomidae species to environmental conditions
(Cortelezzi et al. 2017, 2018, 2020). The other 2 studies were
conducted in Costa Rica (Snyder et al. 2016) and Brazil
(Callisto et al. 2021), and they used occupancy models to
identify factors driving shrimp distribution in streams and
to evaluate the effects of untreated wastewater on a macro-
invertebrate assemblages, respectively.

The description of species sensitivity, in terms of occu-
pancy and detection probability of taxa, allows scientists
to evaluate how species distribution changes along an abi-
otic gradient. Studies using occupancy models to under-
stand the sensitivity of local species to different types of
stressors will allow researchers to generate more accurate
biotic indices based on these taxa. Such studies will also al-
low scientists to create a priori predictions of the species
that should be present or absent based on abiotic environ-
mental conditions.
CHALLENGES IN FRESHWATER
ECOSYSTEM MANAGEMENT

Biomonitoring originated in the GN approximately a
century ago with the development of saprobic systems. These
systems assessed rivers by measures of saprobity, i.e., the
dependence of aquatic organisms on decomposing organic
substances as a sole source of food (Persoone and De Pauw
1979). However, routine monitoring programs were not
applied until 50 y later (Eriksen et al. 2021). Monitoring is
essential because it is used to determine the success of
management measures, evaluate the efficiency of manage-
ment policy, and make decisions accordingly. Higher-
income economies have implemented large-scale monitor-
ing programs of continental European (European Union
Water Framework Directive) and United States watersheds
(Environmental Protection Agency’s environmental moni-
toring). These programs are based on strict legislation to
counteract degradation, initiate restoration, and manage
aquatic ecosystems.

National biomonitoring programs are not as advanced
in LA (Morse et al. 2007). In LA, the use of macro-
invertebrates as bioindicators has almost exclusively been
in research, although there are a few examples of their
application to environmental monitoring (e.g., Monitoring
Program of the Matanza-Riachuelo, Argentina; National
Program for Monitoring Water Quality, Costa Rica; Na-
tional Council for the Environment, Brazil). Thus, there is
a need to shift biomonitoring applications from paper (re-
search) to action (management). The tools generated by
researchers should be applied to monitoring programs to
inform management. Implementing this shift across coun-
tries in LA presents challenges involving, among other
things, increasing citizen interest in freshwater ecosystem
integrity leading to the exertion of pressure on decision-
makers to propose and manage biomonitoring projects, in-
creasing the political will to implement these programs,
and increasing financial support for management efforts
to improve the ecological quality of freshwater ecosystems.

Despite challenging relationships among governments,
some countries in LA have managed to establish cross-
border agreements and protocols. For example, 19 coun-
tries in LA and the Caribbean have codified the relationship
between human rights and the environment by constitu-
tionally recognizing the right to a healthy environment
(UNECLAC 2018). Another example of multi-country ef-
forts in environmental protection is the Ibero-American
Network for the Formulation and Application of Protocols
for the Evaluation of the Ecological Status, Management,
and Restoration of Rivers (Rodríguez Olarte et al. 2020).
This network promotes multilateral cooperation between
people, institutions, and countries (Argentina, Brazil, Co-
lombia, Chile, Ecuador, Spain, Portugal, Uruguay, and
Venezuela) by providing tools for evaluating the ecological
state of rivers, according to different regional conditions.
One of their goals is to intercalibrate the protocols for as-
sessing the ecological status of South American rivers, which
will lay the technical scientific basis for the integrated
management of rivers, especially in the face of an increasing
climate emergency. Underscoring the importance of this
kind of cooperation among countries is the fact that LA has
38 shared basins, which are home to at least 30% of its human
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population, and which supply 75% of the total surface water
in the region (data taken from Transboundary Freshwater
Dispute Database; https://transboundarywaters.science
.oregonstate.edu/content/transboundary-freshwater-dispute
-database). The integral management of these hydrographic
basins represents a challenge to international cooperation.
Integrating biomonitoring programs into efforts to manage
shared basins could be a strategic way to enhance biodiversity
information and to support the development of taxonomic
expertise while enhancing regionally relevant management
tools.

Despite great legal and environmental advances made
in recent times, much remains to be done in LA in terms
of availability of financial resources, training of qualified
personnel in the environmental sectors of governments, in-
troduction of transparency and accountability initiatives,
and implementation of environmental impact assessments
(Vizeu Pinheiro et al. 2020). In addition, ministries tasked
with implementing environmental measures are often un-
derfunded and politically weak compared with ministries
responsible for economic or natural resource development
(UNEP 2019). In view of this reality, the Escazú Agreement
ratification (https://www.cepal.org/en/escazuagreement) be-
fore the United Nations is an opportunity to fill the gap
between the laws and their application faced by LA. This
agreement is the 1st environmental treaty at the regional
level that seeks to promote access to information, partici-
pation, and justice in environmental matters. Although the
Escazú Agreement will not provide funds for environmental
research and restoration, it will ensure that the information
on environmental impact assessment processes and envi-
ronmental licenses or permits granted by public authorities
can be consulted by any citizen of the participating coun-
tries. The problems related to the management of aquatic
ecosystems in LA are complex, but the generation of net-
works and collaboration between countries are important
ways to manage resources.

Conclusions and future perspectives
We call for countries in LA to make efforts to improve

their biomonitoring standards by advancing the knowledge
of their aquatic biodiversity. It is essential to have enough
information about macroinvertebrate taxa to establish
ecological status of LA ecosystems and evaluate the most ef-
fective management measures. This taxonomic knowledge
is required to identify bioindicators capable of providing
quantifiable links between changes in water quality and
the condition of aquatic ecosystems. These advances will
also support the development of more reliable and effective
local indices for regional biomonitoring. Additionally, un-
derstanding the links between land use and freshwater bio-
diversity at the regional scale is urgent to plan biodiversity
conservation. In addition, the use of trait-based approaches
could potentially supplement traditional taxonomic moni-
toring tools. Above all, the biodiversity information gap in
LA represents an opportunity to apply standardized meth-
odologies that are comparable among studies and countries
to monitor the effects of environmental challenges, includ-
ing climate change and eutrophication of freshwater sys-
tems. Promoting collaborative projects between the GN and
countries in LA is fundamental to the biodiversity conser-
vation of the world. The participation of management insti-
tutions, universities, local and international specialists, and
civil society is needed for the success of these international
challenges. However, implementing monitoring and con-
trol programs is impossible without political will. A para-
digm change is essential to strengthening the ecological
and societal aspects of sustainability versus the primacy of
the economic dimension. In addition to supporting sound
scientific research, LA countries should introduce specific
legislation and provide mandated agencies with proper train-
ing and funding to implement freshwater biomonitoring
and bioassessment programs.
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