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Abstract La Plata Basin, the fifth-largest basin in
the world, includes areas of Argentina, Bolivia, Bra-
zil, Paraguay, and Uruguay and is subjected to inten-
sive human activities such as agriculture, mining,
and global trade. The basin hosts 83 native bivalves
(Hyriidae, Mycetopodidae, Cyrenoididae, and Spha-
eriidae), including 29 endemic and at least 3 non-
native species (Cyrenidae and Mytilidae). For their
role as filter feeders and their dominance in biomass
in benthic freshwater ecosystems, freshwater bivalves
play a key role in the resilience of aquatic ecosystems.
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In this review, we discuss the six major global change
threats to freshwater ecosystems in the Anthropocene
(climate change, flow regulation, pollution, land-use
change, invasive species, and overexploitation) using
freshwater bivalves of La Plata Basin as a model in
South America. Future directions to properly under-
stand the effects of global change and suggestions
for the conservation of the freshwater bivalves in the
basin are stated.
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Introduction

Anthropocene is a term proposed to define a new
epoch in the history of the Earth, a time during
which humans drive the major changes on the planet
(Crutzen & Stoermer, 2000; Steffen et al., 2011).
These modifications refer to planetary scale modifi-
cations affecting the earth system as a whole and are
known as Global Change (Muccione & Schaepman,
2023). Freshwater ecosystems are especially suscep-
tible to global changes and can serve as bioindicators
since they can evidence alterations of both, terrestrial
and aquatic portions of its basins while providing
essential goods and services to humankind (Dudgeon
et al., 2006).
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Freshwater ecosystems are particularly rich in
biodiversity and endemic species due to their habitat
heterogeneity (Revenga et al., 2005). In these habi-
tats, freshwater bivalves are a guild of sessile, filter-
feeding organisms that occur in speciose aggregations
that dominate benthic biomass but are now among the
most imperiled organisms on Earth (Aldridge et al.,
2023; Lopes-Lima et al., 2023). They are considered
key organisms that link benthic and pelagic compart-
ments by performing numerous ecological functions
(filter-feeding, nutrient excretion, biodeposition, bio-
turbation) that intervene in nutrient cycling, produc-
tivity, and ecological networks through direct and
indirect pathways (Atkinson et al., 2013). Moreover,
they have been proposed as indicators of anthropo-
genic modifications (Lydeard et al., 2004; Bohm
et al., 2021). In South America, the two richest areas
in freshwater bivalves are the La Plata and Amazon
Basins (Pereira et al., 2014). In particular, La Plata
Basin (LPB) bivalves suffer a variety of pressures
in a scenario of biological, geographic, and politi-
cal diversity that makes it a key case study (Mugetti
et al., 2004; Coutinho et al., 2009).

Following Dudgeon (2019), the major threats to
freshwater biodiversity are climate change, flow regu-
lation, pollution, land-use change, invasive species,
and overexploitation. All these modifications are pro-
moted by man and can be pointed out as indicators of
the Anthropocene. In order to organize the available
information and identify information gaps as well
as proposing paths for the conservation of the LPB,
we discussed these six major threats to the freshwa-
ter ecosystems using the freshwater bivalves of LPB
as a model in South America. First, we introduce the
LPB and its bivalve diversity. Then we discuss with
bibliography, our expertise, and recent fieldwork
the impact of the six major threats over the bivalves
of LPB. Finally, we integrate all this information,
including the particulars of freshwater bivalves not
only as a threatened group but as an opportunity for
the resilience of freshwater ecosystems.

For this review, we used the division of the world
basins proposed by Abell et al. (2008). In order to
facilitate the understanding of the different nature and
intensity of threats for bivalves in the basin, we have
elaborated a selection of maps when suitable. To ana-
lyze the coverage of protected areas at LPB, we used
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the data from the World Database of Protected Areas
(UNEP-WCMC & IUCN, 2023). All protected areas
in the database were considered including national or
provincial parks (full protection or sustainable use),
private reserves, biosphere reserves, and RAMSAR
sites. Several protected areas in LPB are partially or
fully overlapped causing an overestimation. When
overlapped, surfaces covered by protected areas in
each ecoregion were discounted. There is no unified
database of water quality in the LPB; for this reason,
we use the number of large cities as an approxima-
tion to the pollution status of the basins since, in addi-
tion to concentrating the largest human population,
they also focus industries and, horticultural areas with
extensive use of agrochemicals. Therefore, the rela-
tive pollution levels were estimated by incorporating
available information (city coordinates and estimated
maximum population) from the Natural Earth dataset
(Natural Earth, 2023). In this sense, cities with more
than 300,000 inhabitants were considered large cit-
ies that could have considerable impacts on streams,
rivers, and lakes. Furthermore, we mapped the res-
ervoirs of the basin to understand how widespread
this threat is in LPB. The number of LPB dams
and reservoirs was extracted from GeoDAR (Wang
et al., 2021) which presents a worldwide, extensive,
and well-resolved database. The GeoDAR database
includes information from previous works such as
Paredes-Beltran et al. (2021) on South American res-
ervoirs. Also, we included an updated distribution of
the two main invasive species in the basin. For this,
we used different sets of data. The distribution of
Limnoperna fortunei (Dunker, 1857) incorporated in
this review was extracted from the CBEIH dataset
(CBEIH, 2023), while the distribution of Corbicula
fluminea (Miiller, 1774) was delineated from the
data provided by Leal et al. (2021) for Brazil, Clavijo
(2021) for Uruguay, and literature survey for Argen-
tina. Information on freshwater bivalves in Paraguay
and Bolivia is scarce compared to published informa-
tion for the other three countries in the basin. Most
records of invasive species in Paraguay came from
international rivers at the borders of the country, and
there were no published records for Bolivia, except
for Darrigran (2002) who stated the probable pres-
ence of invasive bivalves there. Finally, the existence
of mother-of-pearl button factories in the basin was
extracted from bibliographic records or oral com-
munications and included on a map due to their high
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impact on local populations (Bonetto et al., 1950;
Clavijo, 2017).

Freshwater bivalves of La Plata Basin

La Plata Basin, located in the south-central por-
tion of South America, is the fifth-largest basin
in the world and the second in the continent cover-
ing 3,286,875 km?. This vast area encompasses five
countries in South America: Argentina, Bolivia, Bra-
zil, Paraguay, and Uruguay with more than 100 mil-
lion inhabitants (Fig. 1). This basin includes tropical
and subtropical climates (from 14° 30" S to 36° 30’
S latitude) from sea level up to 3,600 m.a.m.s.l. and

some of the largest rivers in the world such as Par-
ana, Paraguay, and Uruguay. The basin also includes
the largest wetlands in South America (Pantanal and
Ibera), one of the most productive grasslands in the
world (Pampas), a semi-arid region (Chaco), rainfor-
ests (Atlantic and Paranaense) as well as mountain
regions rich in minerals and the second-largest aqui-
fer in the world (Guarani aquifer) (CIC, 2016). More-
over, the basin includes one of the biggest waterways
in the world (the Parand—Paraguay waterway) and the
second-biggest dam in the world (Itaipti Reservoir).
It comprises a system of interconnected wetlands
that links the Pantanal with the Delta del Parana, at
its outlet to the La Plata River, which is essential to
the sustainability of an extensive area of biological

Fig. 1 Map of La Plata T
Basin with ecoregions :
according to Abell et al.
(2008)
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diversity and productivity. According to Abell et al.
(2008), the LPB include eight freshwater ecoregions:
Upper Parana (834,088 kmz), Lower Parana (636,263
km?), Iguassu (67,547 km?), Paraguay (543,295 km?),
Chaco (591,424 km?), Upper Uruguay (79,546 km?),
Lower Uruguay (270,059 km?), and Bonaerensean
drainages (264,649 km?, Fig. 1).

There are 83 native species of bivalves recorded
in LPB (Hyriidae, Mycetopodidae, Cyrenoididae,
and Sphaeriidae), representing almost half of the
total bivalve species in South America, including
29 endemic, and at least 3 non-native bivalve spe-
cies (Cyrenidae and Mytilidae) (Pereira et al., 2014;
Cuezzo et al., 2020; Wu et al., 2023). Hyriidae and
Mycetopodidae are the more diverse families in LPB
and include the large freshwater mussels that in most
cases need a fish host to complete their life cycle.
The larvae of these species infect fishes until reach-
ing the juvenile stage, allowing their dispersion to
other suitable habitats (Wichtler et al., 2001). Thus,
the conservation of freshwater bivalves is a complex
process that includes not only the preservation of hab-
itat and heedful control of invasive species but also
the conservation of healthy populations of fish hosts
(Modesto et al., 2018; Miyahira et al., 2022). Another
fact to be considered when attending the conservation
status of freshwater bivalves is that some species are
long lived, sometimes with delayed sexual maturity
(Haag & Rypel, 2011); therefore, population recov-
ery after disturbances can take a long time or even be
impossible to achieve due to the lack or diminution
of breeding individuals. In this study, we will focus
on freshwater mussels from the Hyriidae and Myceto-
podidae families which, despite the scarcity of infor-
mation, are the most representative taxa known to
be threatened in South America, and for which there
are enough data to allow discussion about threats
(Lopes-Lima et al., 2018; Miyahira et al., 2022). For
the minute pea clams and cyrenoidids, the informa-
tion is even more scarce, and comments about the
conservation of these groups must be considered as
an approximation.

After the first studies made by Europeans in the
nineteenth century (e.g., d’Orbigny, 1835; TIher-
ing, 1893), the bivalves of LPB started to be stud-
ied by local researchers in the 1950s. Argentino
Bonetto, Inés Ezcurra de Drago, and their col-
leagues studied several aspects of mussel taxon-
omy and biology mainly at Lower Parana River in
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Santa Fe, Argentina (e.g., Bonetto, 1965; Bonetto
& Ezcurra De Drago, 1965; Bonetto & Di Persia,
1975, Bonetto & Tassara, 1987). In the 1970s, some
studies were conducted at the Upper Parana River,
in Brazil (e.g., Hebling & Penteado, 1974; Henry &
Simio, 1985) and a few others more recently (e.g.,
Tomazelli et al., 2003; Avelar & Cunha, 2009).
The Pantanal wetlands (Paraguay River) started to
be studied in the 1990s and became one of the best
studied areas of the entire basin (e.g., Serrano et al.,
1998; Callil & Mansur, 2005; Callil et al., 2012;
Olivera-Hyde et al., 2020; Santos et al., 2021). The
Lower Paraguay River, in Paraguay, was studied in
the middle twentieth century by Quintana (1982).
The malacofauna of the Uruguay River was studied
in 1960s (e.g., Olazarri, 1966) and more recently
(e.g., Clavijo, 2009; Clavijo & Olazarri, 2009;
Clavijo & Carranza, 2018). After the introduction
of bivalve invasive species in LPB, they became a
central theme of investigation, and studies were
done all over the basin (see Darrigran et al., 2020).
However, despite this solid amount of information,
there are several gaps regarding taxonomy (e.g.,
genetic information, larval descriptions), ecology
(e.g., population size) and conservation (e.g., fish
host) of native bivalve species in South America
(Miyahira et al., 2022).

The bivalves of the La Plata Basin
in the Anthropocene

The populations of freshwater bivalves are clearly
declining worldwide and numerous impacts pro-
moted by humans are directly or indirectly responsi-
ble for these decreases (Lydeard et al., 2004; Bohm
et al., 2021). However, the nature, distribution, and
the effects of the threats over the conservation of
native bivalves in LPB are largely unknown, even
when this information is essential for the evalua-
tion of species extinction risk, protected area selec-
tion, or impact mitigation. The impacts promoted
by humans on native mussels were divided into six
groups (climate change, flow regulation, pollution,
land-use change, invasive species, and overexploita-
tion) as suggested by Dudgeon (2019).
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Land-use change

The extent to which humans have modified fluvial
systems through alterations in land use is so exten-
sive that it is difficult to estimate (James & Lecce,
2013). Following Winkler et al. (2021), over the past
decades, one-third of the global land use has changed
either once or on multiple occasions threatening the
ecological integrity of freshwater ecosystems (Allan
et al., 1997, Strayer et al., 2003; Winkler et al., 2021).
These anthropogenic changes can significantly alter
water flow, sediment concentration, and nutrient
cycling, influencing the hierarchical nature of river
systems, from the largest spatial scale of the basin to
successively smaller scales like valley segments, indi-
vidual channel units, and microhabitats.

The three main drivers that have been responsi-
ble for landscape transformation in LPB in the last
few decades were international commodities related
to the agricultural sector, forestry, and meat indus-
try. Genetically modified soy and maize, sugarcane,
exotic cultivated pastures (e.g., Brachiaria spp.), and
trees (mostly eucalyptus and pines) have replaced
vast portions of the natural biomes in the Cerrado,
the Atlantic Forest, Chaco, Espinal, and the Pampas
(Coutinho et al., 2009). Deforestation has been par-
ticularly intense in some regions of the LPB. For
example, in the States of Sdo Paulo and Parana (both
in Brazil; Upper Parand and Iguassu ecoregions)
and the East of Paraguay (Paraguay ecoregion), only
8.3%, 5.2%, and 15% of the original cover remain
(Tucci & Clarke, 1998). In addition, the South Amer-
ican Pampa (Lower Uruguay, Lower Parand, and
Bonaerensean ecoregions) had a net loss of native
vegetation of 16.3% in 20 years, between 2000 and
2019 (Mapbiomas Brasil, 2023). In these areas, as in
several other basins, the forest was replaced by crops
(see Pollution section) or pasture. Following Poole &
Downing (2004), a 50% decrease in the riparian forest
causes losses in the diversity of bivalve communities,
while the communities of bivalves seem to remain
relatively stable when the percentage of forest loss is
close to 20%. Some bivalve species depend on well-
preserved riparian vegetation to survive (Brainwood
et al., 2006; Simeone et al., 2021; Pandolfi et al.,
2022) and other species do not tolerate siltation as a
result of riparian vegetation suppression (Randklev
et al., 2015). Despite insufficient data in LPB, records
from other locations suggest that land use negatively

influences macroinvertebrate (Ourso & Frenzel,
2003; Jonsson et al., 2017; Cushway et al., 2022) and
fish (Walser & Bart, 1999) assemblages by altering
habitat conditions.

Additionally, these three major drivers for land-
scape transformation alter sedimentation processes,
increase eutrophication levels and pollution, and
cause other hydrologic alterations that can nega-
tively influence bivalve populations. For example,
modifications in natural sedimentation can cause the
death of bivalves by gill coating. Increased turbidity
decreases primary production (food availability) and
reduces stream depth heterogeneity, homogenizing
niches (Allan, 2004; Goldsmith et al. 2020). Gold-
smith et al. (2020) related declines in mussel diver-
sity due to an increase in sedimentation. Furthermore,
changes in nutrient inputs modify community com-
position due to the increment of autotrophic biomass,
with the proliferation of filamentous algae that are not
readily consumed by bivalves and macrophytes that
decrease dissolved oxygen due to the breakdown of
organic material and by limitation of oxygen diffusion
(Carpenter et al., 1998). Furthermore, riparian clear-
ing and canopy opening reduce sediment trapping by
vegetation, increasing bank size and channel erosion,
and also reducing shading (see Lowrance et al., 1984,
1997). Livestock, widespread through all the basin’s
biomes, may alter stream morphology, destroy litto-
ral vegetation, increase soil erosion, turbidity, nutri-
ents, and fecal coliform levels, and probably cause the
death of brittle-shelled bivalves by trampling (FAO,
2006).

Moreover, agriculture and land clearing are among
the main anthropogenic drivers of salinization, one
of the greatest threats to freshwater ecosystems and
their associated biodiversity, globally (Kaushal et al.,
2018). High levels of salinity cause loss of bivalve
diversity and contribute to the colonization and estab-
lishment of non-native species (Cafiedo-Argiielles
et al., 2018; Sowa et al., 2019).

One way to offset habitat modification is the estab-
lishment of protected areas. The Aichi Target 11,
included in the Convention on Biological Diversity,
states that at least 17% of inland water should be pro-
tected by 2020. This goal of inland water protection
was updated at COP-15 and increased to 30% (CBD,
2023). The distribution of protected areas at LPB is
presented in Fig. 2. There is a relatively large number
of protected areas at the basin (n=2848, Table 1). The
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Fig. 2 Protected areas in
LPB, the data were obtained
from World Database of
Protected Areas (UNEP-
WCMC & IUCN, 2023).
The ecoregion delimitation
follows Abell et al. (2008)
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ecoregions with a greater number of protected areas
are Upper Parand, Lower Parand, and Paraguay. Con-
sidering only the absolute number of protected areas,
a good situation at the basin can be inferred, though
most of them are less than 50 km? (Fig. 2) and sev-
eral areas are partially or fully overlapped causing an
overestimation. Moreover, the high number of small
areas results in a severely fragmented network of
protected areas. Therefore, an analysis based on the
absolute number of protected areas does not seem to
be the best approach. Chaco is the ecoregion with the
largest surface covered by protected areas, followed by
Paraguay, Upper Parand, and Lower Parana (Table 1).
The largest protected area in the basin is Gran Chaco,
which is listed twice with two different conservation
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nominations. The second-largest protected area,
Kaa-iya del Gran Chaco, is also in the Chaco ecore-
gion. Despite the little sampling effort at Chaco, this
ecoregion is probably an inhospitable environment
for bivalves due to the intermittency of its rivers and
streams, high water temperature, and high conductiv-
ity. Thus, more than 1/3 of the protected areas of LPB
are of little suitability for freshwater bivalves while the
two areas with the highest bivalve diversity in LPB,
Lower Paranid and Lower Uruguay, are insufficiently
protected. The situation is more critical at Lower Uru-
guay where only 2.27% of the ecoregion is protected.
The Lower Uruguay was considered by Strong et al.
(2007) a hotspot for freshwater gastropods; thus, this
little protection coverage affects not only bivalves but
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Table 1 Number of species, percentage of protected areas, large cities, dams, ports, and occurrences of invasive species in La Plata

Basin by ecoregion

UP LP

IG

PY CH UU LU BS

20

Number of species 39

Protected Areas (% of
the ecoregion)

Large cities
Dams
Ports

L. fortunei
C. fluminea

Ranking

6

43 0 10

The raw data for protected areas was obtained at World Database of Protected Areas (UNEP-WCMC & IUCN, 2023), cities at Natu-
ral Earth dataset (2021), reservoirs at Wang et al. (2021), and ports at UNASUR (2015). The distributional data of invasive species
were obtained in literature (Sousa et al., 2014; Leal et al., 2021). The ecoregion delimitation follows Abell et al. (2008). The colors

represent the ranking between ecoregions

UP Upper Parana, LP Lower Parand, /G Iguassu, PY Paraguay, CH Chaco, UU Upper Uruguay, LU Lower Uruguay, BS Bonaeren-

sean

also other molluscs. A similar situation was observed
by Miyahira et al. (2023), who also detected a mis-
match between existing protected areas and the occur-
rence of freshwater bivalves in Southeast Brazil.

The network of protected areas of LPB is not
enough to ensure the conservation of freshwater
bivalves. Considering the Aichi targets, only the
Chaco ecoregion reached 17% of protected area, and
Paraguay is close to achieving this goal. The other
ecoregions are far from the accomplishment of the
Aichi Target, and the new goal defined at COP-15
makes this task even more difficult. Finally, as evi-
denced by other freshwater taxa (Fagundes et al.,
2016; Dagosta et al., 2020), the establishment of a
protected area does not guarantee the protection of
freshwater bivalves. To achieve the objective of pro-
tection of freshwater bivalves, the area must be spe-
cifically managed and designed for the conservation
of these animals (Dudgeon et al., 2006; Abell et al.,
2007; Miyabhira et al., 2022, 2023).

Management actions that promote the reduction of
nitrogen and sediment contributions, prevent tram-
pling by livestock, and support the presence of host
fishes are essential to attain the conservation aims
of these areas (Strayer & Malcom, 2012; Haag &

Williams, 2013; Lopes-Lima et al., 2016; Miyahira
et al., 2023).

Pollution

Freshwater bivalves have been traditionally used as
indicators of habitat modification (see van Hassel &
Farris, 2006), but populations can disappear when
modifications surpass certain thresholds (Brainwood
et al., 2006; Lopes-Lima et al., 2020; Simeone et al.,
2021; Miyahira et al., 2022). Unlike the Amazon,
another major basin in South America where usu-
ally small towns are in between large well-preserved
areas, LPB possesses some of the largest urban
agglomerations in South America (Fig. 3A). There
are 37 large cities in LPB, most of them in Upper Par-
and (20), including the largest city in South America,
Sao Paulo (Brazil) with more than 12 million inhabit-
ants (Table 1). The capitals of the five countries that
are part of the LPB are located on the basin: Brasi-
lia (Brazil) is located at the headwaters of Parana
River, Sucre (Bolivia) at the headwaters of the Para-
guay Basin, Asuncidn (Paraguay) in Lower Paraguay,

@ Springer
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Fig. 3 Human pressures on La Plata Basin: A cities, B dams
and reservoirs, and C ports. The raw data for cities were
obtained at Natural Earth dataset (2021), reservoirs at Wang

Buenos Aires (Argentina), and Montevideo (Uru-
guay), both at the mouth of the entire basin. Except
for Sucre, all other capitals have more than a half
million inhabitants. Indeed, Tucci & Clarke (1998)
estimated that about 50% of the population of the
five countries of the basin are settled in LPB itself.
This large number of cities and urban areas in the
basin have a negative impact on water quality (e.g.,
Carvalho et al., 2015; Passig et al., 2015; Nogueira
et al., 2021). The dams close to the Sdo Paulo Metro-
politan area presented poor water quality compared to
other dams in the same ecoregion. As a consequence,
considering the large number of big and small cities,
it can be supposed that several areas of the basin are
deeply polluted. This is especially true for smaller
tributaries that can be easily modified by human
action, but also for large rivers. The largest urban and
industrial agglomeration of Argentina is located in
the Lower Parana where massive fish mortality can be
frequently observed (Bonetto & Wais, 2006). If fishes
are affected, mussel populations can be affected by
the same stressors or by losing their hosts.

Urban and industrial pollution are pointed out as
major problems in the Parana and Paraguay Basins
(CIC, 2016; Battistello Espindola & Ribeiro, 2020).
Industrial pollution can alter the local composition
of freshwater bivalve populations (Hayward et al.,
2022). Thus, a shift in bivalve diversity near indus-
tries can be expected in the basin. Other contaminants
like metals can be persistent and influence species
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et al. (2021), and ports at UNASUR (2015). The ecoregion
delimitation follows Abell et al. (2008)

over a long distance. Contamination from mining
activities is a problem in Paraguay Basin, especially
at the headwaters of the Pilcomayo Basin in Bolivia
where some tailing dams collapsed [e.g., Porco in
1996 and Santiago Ap6stol in 2014 (Menéndez et al.,
2014)] contaminating hundreds of kilometers of river
courses, reliably causing bioaccumulation and bio-
magnification of metals. Although the Pilcomayo
Basin is not rich in freshwater mussels, these contam-
inants can reach the Parana River together with a high
load of sediments (Battistello Espindola & Ribeiro,
2020). A report from the National Water and Sanita-
tion Agency—Brazil (Agéncia Nacional de Aguas e
Saneamento Basico—ANA, 2023) classified the Bra-
zilian portion of LPB as high risk with a total of 475
dams: 326 at Upper Parand, 85 at Upper Uruguay, 29
at Iguassu, 24 at Paraguay, and 11 at Lower Uruguay.
This list includes large reservoirs for hydropower
generation to small dams for human supply, includ-
ing several other uses, such as tailing dams. Recently
two tailing dams collapsed in Brazil (outside of Rio
de La Plata Basin) generating large environmental
and social losses: Funddo and Feijao Dams (de Lima
et al., 2020; Duarte et al., 2021; Koppe, 2021). Thus,
the accidents reported for other areas of Brazil are
also a real threat in LPB, as the data of Menéndez
et al. (2014) also suggested.

Pollution was pointed as responsible for bivalve
declines and even extirpation worldwide (Shee-
han et al. 1989; Bogan, 1993; Pereira et al., 2014;
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Ferreira-Rodriguez et al., 2018; Miyahira et al,
2022). Moreover, an increase in pollution negatively
affects native mussels and favors the establishment
of invasive ones (Zieritz et al., 2016). Increased con-
centrations of heavy metals are suspected of lower-
ing the diversity and production of aquatic commu-
nities (Mackie, 1989). High concentrations of metals
like Pb, Cr, and Cu were found in several regions of
LPB like Upper Parana, Lower Uruguay, and Rio de
La Plata itself (Nogueira et al., 2021); several in high
concentrations considered hazardous to aquatic life
(Avigliano et al., 2019a, 2019b). The effects of trace
metals in LPB were mostly studied in Asian clams
(e.g., Bilos et al., 1998, 2009) and little information
is available for native species (e.g., Vieira et al., 1995;
Callil & Junk, 1999), despite it being well known that
bivalves are efficient bioaccumulators of trace met-
als and are capable of concentrating chemicals by
factors of 10% to 10° compared to surrounding water
(Ribeiro Guevara et al., 2004). Anodontites trapesia-
lis (Lamarck, 1819), the giant pearl mussel of South
America, was suggested to be used as a bioindicator
of some metals (Tomazelli et al., 2003; Oliveira et al.,
2016). Moreover, reservoirs can act as traps for heavy
metals (Palanques et al., 2014) affecting the bivalves
that live in bottom substrates. This can be of special
concern at Upper Parana and its several reservoirs
(see below).

In addition to habitat loss and fragmentation, agri-
culture also brings contamination by a wide variety
of agrochemicals such as fertilizers and pesticides.
Unfortunately, monitoring water quality in such a vast
region is complex because pollution is diffuse due to
the presence of numerous sources of contamination,
so information is scattered in LPB. Pesticides were
detected in water column and sediments in several
points of LPB (Peruzzo et al., 2008; Dores, 2015;
Etchegoyen et al., 2017; Mac Loughlin et al.. 2017).
High values of pesticides were found in Parana,
Paraguay, and Bonaerensean drainages (Etchegoyen
et al. 2017; Mac Loughlin et al., 2017), but in the
Cuiaba River Basin, low frequency of pesticides was
reported by Dores (2015), although the author also
points some limitations of their analysis. The Lower
Parand River is one of the most heavily impacted
ecoregions by agriculture in the basin, where glypho-
sate was detected in water and sediment ranging
from 0.10-0.70 mg/l and 0.5-5 mg/kg, respectively,
among other agrochemicals (Peruzzo et al., 2008).

Surprisingly, despite the abundant information of its
toxicity in non-target organisms, the effects of pesti-
cides in native bivalve species have been poorly stud-
ied with few exceptions like Nogarol et al. (2016).
The negative effect of glyphosate on invasive species
of LBP (L. fortunei) was demonstrated by Miranda
et al. (2021). The native species that are usually more
sensitive to anthropogenic stressors than invasive
ones can have worse outputs.

The level of plastic contamination is unknown in
several large rivers in the world, including the Par-
anad River (Cera et al., 2020). The emergent plastic
contamination also affects freshwater bivalves (see
Berglund et al., 2019; Atici, 2022); however, little
information is available for the bivalve species of
LPB. Once again, the knowledge seems to be focused
on invasive species (Ronda et al., 2021), contamina-
tion by microplastics has already been reported for C.
fluminea and L. fortunei (Guilhermino et al., 2018;
Oliveira et al., 2018; Pazos et al., 2020). The experi-
ments done by Moreschi et al. (2020) showed that a
native freshwater mussel, A. trapesialis, collected at
Upper Paraguay can assimilate microplastics in its tis-
sues. Staichak et al. (2021) suggested that the same
species can be used as a sentinel of microplastic in
aquatic environments of South America. Is it prob-
able that other species in the basin were contaminated
with largely unknown consequences.

Flow regulation

According to Oberdoff (2022), dams provide the
most characteristic example of anthropogenic frag-
mentation including the creation of artificial lakes,
fragmenting river networks, and distorting natural
patterns of sediment transport and seasonal varia-
tion in water temperatures and flows. Dams also pro-
mote the reduction of bivalves’ genetic diversity (Liu
et al., 2020). In the LPB, there are a high number of
established reservoirs (Tucci & Clarke, 1998; Nils-
son et al., 2005), and several others planned or under
construction (Zarfl et al., 2015). Nilsson et al. (2005)
considered LPB as one of the most fragmented basins
in South America. Although artificial lakes created
by dams can be a nursery for bivalves, they often play
the role of ecological traps (Paschoal et al., 2020;
Sousa et al., 2021).

Studies using the BACI (Before—After-Con-
trol-Impact) methodology are still scarce and
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insufficient to understand the impacts of dams in
LPB, including those related to the risk of intro-
duction of invasive species. Most of the reservoirs
in this area were built before the establishment of
rigid environmental laws in South American coun-
tries. Biological samplings made before and after
the establishment of the Salto Grande Reservoir
(Argentina/Uruguay) evidenced alterations in the
diversity of molluscs including local extinctions
of freshwater bivalve populations (Olazarri, 1980).
Also, a literature survey indicated a sharp decline
of bivalves in the Tieté River Basin related to the
establishment of several reservoirs in the basin
(Pereira et al., 2012). Moreover, dams can also lead
to a decrease in fish diversity affecting the repro-
ductive cycle of freshwater mussels (Agostinho
et al., 2008). There are some generalist species in
host selection like A. trapesialis that even can use
the introduced tilapia, Coptodon rendalli (Bou-
lenger, 1897), as hosts (Silva-Souza & Eiras, 2002;
Silva-Souza et al., 2011), but, according to experi-
mental tests carried out by Canzio (1960), there are
specialist mussels that are host selective. Detailed
studies about fish parasitism by mussels in South
America (see Pereira et al., 2014; Miyahira et al.,
2017 and references therein) available so far are still
insufficient to determine the effect size of variations
in ichthyofauna composition on mussel diversity
(Miyahira et al., 2022). However, a positive corre-
lation between the decline of fishes and mussels is
expected (Modesto et al., 2018). Moreover, fish pas-
sages do not work well in Lower Paran4, preventing
a high number of migratory fish from reaching the
upper part of the basin (Oldani et al., 2007). Dams
can also promote ichthyofauna homogenization by
local extinction, as observed after the construction
of Rio Negro Dams in Uruguay, the migratory fish
species disappearing in upstream dams (Serra et al.,
2014), or as induced by the establishment of Itaipu
Dam that connected Lower and Upper Parana Riv-
ers which were previously divided by Guaira (Sete
Quedas) Falls (Vitule et al., 2012). Also, the dam
impacts interact with climate change exacerbating
the negative effects on fishes (Peluso et al., 2022).
Besides those impacts, dams also promote the mod-
ification of the margins (e.g., new villages and cit-
ies) and increase of leisure activities in the formed
lake, therefore, contributing to an increase in flow
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of people, goods, and boats to the lake that can pro-
mote the introduction of invasive species.

The dams in LPB are concentrated in Brazil, espe-
cially at Upper Parana. There are also a great num-
ber of dams at Chaco, Iguassu, and Upper Uruguay
(Table 1; Fig. 3B). Other parts of LPB, such as the
main course of Lower Parana and Paraguay, are char-
acterized by a smoother altitudinal gradient making
them bad candidates for big hydropower dams (Tucci
& Clarke, 1998; CIC, 2016). For example, Caceres
(State of Mato Grosso, Brazil, at the margins of the
Paraguay River) is around 3,400 km away from the
sea, and about only a hundred meters above sea level.
Among the three main rivers of LPB, the Paraguay
River is the least affected by reservoirs and therefore
less fragmented. The dams of Paraguay, Chaco, and
Lower Parand are concentrated at low order rivers,
leaving extensive free-flowing areas. On the other
hand, Upper Parand, Iguassu, and Upper Uruguay
ecoregions have gone through a deep fragmentation
process as the dams were distributed along the entire
ecoregions.

In addition, there are three large waterways in
LPB: Paraguay—Parani (3,442 km length), Tieté—Par-
ana (2,400 km length), and Uruguay (500 km length)
(Tucci & Clarke, 1998; Oliveira et al., 2015; CIC,
2016). They include 229 ports with different sizes
and purposes, i.e., commercial, recreational, and
industrial (UNASUR, 2015, Fig. 3C), with a constant
flow of boats and vessels that may probably promote
a rapid dispersion of invasive species throughout
the basin. As an example, the upstream dispersion
rate for L. fortunei at Parana River was 250 km/year
(Boltovskoy et al., 2006; see invasive species below).
Moreover, waterways maintenance demands frequent
dredging, a task that affects water quality and current
speed; and usually requires extirpation of river beds;
directly affecting bivalve communities (see van Dalf-
sen & Essink, 2001; Hutchison et al., 2016; Castro &
Arocena, 2020).

Invasive species

Invasive species are also considered as one of the
major threats to freshwater bivalves since their
introduction can lead to a decline of their native
counterparts (Sousa et al., 2014; Ferreira-Rodriguez
et al.,, 2018; Miyahira et al., 2022). The mecha-
nisms by which invasive species can affect native
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freshwater bivalves are not completely understood,
but there is evidence that they may involve com-
petition for food resources and space (Strayer &
Malcom, 2007), changes in microhabitat (Ferreira-
Rodriguez et al., 2018), including increased nitro-
gen and oxygen stress due to tissue decomposition
after mass mortality of invasive species (McDowell
& Sousa, 2019), biofouling (Silva et al., 2021), dilu-
tion of host resources (Douda et al., 2013), and pre-
dation (Strayer, 1999), among others. The invasive
species recognized as threats to freshwater bivalves
may belong to taxonomic groups as distinct as gas-
tropods, aquatic plants, fishes, crayfishes, and other
bivalves (Strayer, 1999; Douda et al., 2013).

Some studies showed the potential of invasive
species to modify the environmental conditions in
La Plata and other basins bringing not only ecologi-
cal but also economic problems (Boltovskoy et al.,
2006; Boltovskoy & Correa, 2015; Karatayev et al.,
2015; Hermes-Silva et al., 2021). The impact of
invasive bivalves over native malacofauna in LPB
was suggested by using historical and observational
data (Clavijo & Carranza, 2018; Darrigran et al.,
2020; Silva et al., 2021). For example, Clavijo &
Carranza (2018), using museum information and
recent field surveys, observed a sharp decline of

native Cyanocyclas following the introduction of
invasive species of the genus Corbicula in Uruguay.

This section will focus on C. fluminea and L. fortu-
nei due to their already widespread distribution in the
basin (Boltovskoy et al., 2006; Darrigran et al., 2020;
Miyahira et al., 2020; Hermes-Silva et al., 2021; Silva
et al., 2021), despite the presence of other invasive
freshwater molluscs species like Corbicula largilli-
erti (Philippi, 1844), Melanoides tuberculata (Miiller,
1774), and Physella acuta (Draparnaud, 1805) (Dar-
rigran et al., 2020; Miyahira et al., 2020). Shells mor-
phologically attributable to other species as Corbic-
ula sp. and Corbicula aft. fluminalis (Miiller, 1774)
were recorded in LPB (Santos et al., 2012; Clavijo
2014), but genetic species determination was not pos-
sible (Ludwig et al., 2023).

Records in LPB for the two invasive species
included in this section were found in all freshwater
ecoregions, except for Upper Uruguay and Chaco
where C. fluminea is absent (Fig. 4). Most records
for both species came from the ecoregions related to
the main rivers: Upper Parani, Lower Parana, Para-
guay, and Lower Uruguay, although their distribu-
tion in these ecoregions presents some variations. In
the Upper Parand, there are numerous reservoirs, cit-
ies, and an intense flow of vessels at the Tieté—Parana
waterway, thus, favoring the establishment of invasive
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Fig. 4 Records of invasive bivalves in La Plata Basin: A Lim-
noperna fortunei, and B Corbicula fluminea. Data provided by
Leal et al. (2021) for Brazil, Clavijo (2021) for Uruguay, and

literature survey for Argentina. The ecoregion delimitation fol-
lows Abell et al. (2008)
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species (Boltovskoy et al., 2006; Darrigran et al.,
2020; Miyabhira et al., 2020). Boltovskoy et al. (2006)
related the dispersion of L. fortunei to waterways that
allow a quick spreading facilitated by the constant
movement of vessels and boats. In addition, waterways
also provide artificial hard substrata (e.g., ports, decks,
buoys, ropes) that can be colonized by the golden mus-
sel (Boltovskoy et al., 2015). Miyahira et al. (2020)
reported the occurrence of several invasive molluscs
in Brazilian reservoirs mostly concentrated at Parani
Basin. The Lower Parana and Lower Uruguay present
favorable conditions for the establishment of bivalves
(native or not). The Lower Uruguay is probably one
of the best explored ecoregions in the LPB regarding
freshwater bivalves, with a sampling effort certainly
higher when compared to other ecoregions (Clavijo &
Carranza, 2018; Clavijo, 2021). For the same reason
(i.e., sampling effort, see Oliveira et al., 2015), Para-
guay presented more records of L. fortunei than C. flu-
minea, so it is likely that C. fluminea presents a wider
distribution in Paraguay. Also, there is a large gap in
the western portion of the La Plata Basin that is related
to the Chaco and northwest area of the Lower Parani
ecoregion, a naturally dry area and unsuitable for most
bivalves because of the high conductivity of its waters
and temporary rivers. Limnoperna fortunei presented
a few records at Chaco, always related to the Paraguay
River that divides the Paraguay and Chaco ecoregions.
On the other hand, the Bonaerensean drainages are an
ecoregion rich in coastal lagoons and temporary riv-
ers that can be fresh or saltwater, thus, justifying the
few records of invasive species in this basin, while the
Upper Uruguay is an ecoregion characterized by steep
terrain with several rapids, falls, and low nutrients lev-
els (Di Persia et al., 1986). Freshwater bivalves, espe-
cially mussels, prefer flat areas with high nutrient lev-
els (Vannote et al., 1980; Miyahira et al., 2023).

Another interesting aspect of the invasion of Cor-
bicula related to the Anthropocene is its capacity to
become an index fossil of this epoch. An index fos-
sil is a concept used in geology to define a fossil
that allows us to identify a specific epoch. For this,
the index fossils must be abundant, geographically
widespread, distinctive, and easily recognizable (Har-
ries, 2015). The amplitude and intensity of invasion
of Corbicula clams in LPB, indicate that they could
become index fossils of the stratigraphic levels of the
Anthropocene.

@ Springer

Overexploitation

The main use of freshwater bivalve was the extrac-
tion of mother-of-pearl from some species of fresh-
water mussels, especially of the genus Diplodon. In
LPB, the pearl industry was mainly active between
1945 and 1960 and at the peak of this industry, nearly
72 million mussels were killed each year (Clavijo,
2017). Between 1945 and 1950 specimens suitable
for industrialization were reduced to 25% and mus-
sels were recorded as extirpated in many water bod-
ies (Bonetto et al., 1950). By the beginning of the
1950s, the mussel banks had suffered such a decline
that this industry was forced to expand northward
through the Parand River and its floodplain (Bonetto
et al., 1950). At least eight cities with button factories
were found in Santa Fe, Entre Rios, and Buenos Aires
Provinces in Argentina, and Montevideo in Uruguay
(Fig. 5). According to historical documents and pho-
tographs, some of these factories employed approxi-
mately a hundred workers. As in the United States,
the pearl button industry in South America col-
lapsed after the introduction of plastic buttons (Resh
& Rosenberg, 2015). Monitoring of mussel popula-
tions did not continue after the collapse of the indus-
try, so it is unknown if these populations did return
to pre-exploitation levels. The most recent records of
the exploitation of mussels for button production in
South America came from the Amazon Basin (Beas-
ley, 2001; Miyahira et al., 2022).

Mycetopodids and most of the hyriids of the LPB
have an obligate parasitic larvae stage (Modesto et al.,
2018). For that reason, fish populations are essential
to fulfill their life cycle and dispersal of unionidans.
In consequence, fish stockings in LPB are intrinsi-
cally related to mussel population dynamics and fish
overexploitation can drive to the absence of mus-
sel recruitment (Skawina, 2021). One of the weakest
links in mussel conservation is the knowledge gap of
fish host species since little is known about the speci-
ficity of this ecological relationship despite fish’s fun-
damental role in the reproduction of many freshwater
bivalve species.

Unfortunately, between 4 and 10% of all fresh-
water fishes in South America probably face some
degree of extinction risk, and even more are currently
assessed as threatened (Cappato & Yanosky, 2009;
Baigun et al., 2012; Reis et al., 2016; ICMBio, 2018).
Key species in LPB such as Prochilodus lineatus
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(Valenciennes, 1837) have experienced heavy exploi-
tation (Baigin et al., 2013). These species represent
a high portion of the fish biomass in the riverine sys-
tem. They are the main prey of piscivorous species
and contribute to the cycling and regulation of car-
bon, nutrients, and energy by feeding on organic-rich
sediment (Bowen, 1983; Bowen & Bonetto, 1984;
Winemiller & Jepsen, 2004; Winemiller et al., 2006).
For example, Argentina’s freshwater fish exports con-
sist principally of P. lineatus (MAGyP, 2023), which
is captured in the Lower Paran, the area including
the highest bivalve diversity in LPB (Torres et al.,
2018). The exports of this species reached a peak
of 37,000 tons during 2004, and it has been around
15,000-20,000 per year since 2007—not including
internal consumption (MAGyP, 2023). However, fish
population declines are rarely associated with one
particular cause but with a synergy of factors (Bar-
letta et al., 2015; Castello et al., 2018). The relative
effort necessary to harvest the same biomass of fish
has greatly increased after the construction of dams
in the Upper Parana River (Hoeinghaus et al., 2009).
In addition, fish population declines have been repeat-
edly observed in large-bodied species ascribed to
the genera Pseudoplatystoma, Zungaro, Colossoma,
Piaractus, and Prochilodus (Scarabotti et al., 2021).

Climate change

Climate change consists of a complex amalgam of
stressors, including elevated atmospheric CO,, altera-
tions in temperature, and increased frequency and
intensity of droughts and extreme flow events (Wood-
ward et al., 2010). These alterations are anticipated
to amplify many of the five major freshwater threats
identified herein (Reid et al., 2019). From a global
perspective, these effects are not evenly distributed
and systems at higher latitudes and altitudes experi-
ence higher rates of extreme events (Millennium Eco-
system Assessment, 2005). In this sense, systems like
LPB could be considered as a “sentinel system,” since
they could provide early warnings compared to more
complex and thus more stable systems in warmer
regions (Woodward et al., 2009; Layer et al., 2010;
Perkins et al., 2010).

In freshwater ecosystems, climate change alters
biodiversity by increasing acidity and modifying flow
regimes and water availability through variations
in precipitation and/or temperature (Do6ll & Zhang,
2010; Bloschl et al., 2017; Knouft & Ficklin, 2017).
Compared to other more mobile organisms, extreme
climate events may have longer and more acute
effects on sedentary organisms, such as freshwater
bivalves, although these animals can disperse mainly
during their brief larval stage (Strayer, 2009).
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Ectotherms like bivalves are known to be more
vulnerable to environmental warming, in part because
of their inability to acclimate to rapidly changing
temperature regimes (Stillman, 2003; Deutsch et al.,
2008). In addition, it is important to highlight that
their larval stage is particularly sensitive to warm
temperatures; therefore, any future increases in water
temperature, as predicted by climatology, could be
extremely challenging for the larvae of some Unio-
nida species (Khan et al., 2019). With the ongoing
increase in global average temperature and its impacts
on Earth’s climate system, if water bodies become too
warm too fast for freshwater species to adapt, disper-
sal to cooler habitats will be mandatory, although not
without the subjection to the limitations imposed by
species biology, topography, and habitat availability
among others (Dudgeon, 2019). Also, increased water
temperatures often lead to progressive shifts in the
structure and composition of assemblages explained
by modifications in species metabolic rates, body
size, fish migration timing, recruitment, species size
range, and interactions (Oberdorff, 2022). Projections
of climate change impacts in the region, including
the Pantanal and its watershed, remain highly vari-
able (Marengo et al., 2015). These uncertainties limit
model reliability, although any significant change in
rainfall patterns will profoundly impact local ecology
and socioeconomic dynamics. In a study in a nearby
area of LPB, the filtration rates of freshwater mussels
were affected by temperature (Marroni et al., 2021),
influencing food and oxygen acquisition. Modifica-
tion of temperature regimes can also affect bivalves’
gamete maturation (Galbraith & Vaughn, 2009) and
survival (Falfushynska et al., 2014).

Paschoal et al. (2020) observed that extreme
droughts in the Upper Parana Basin led to a sig-
nificant decline of bivalve abundances, richness,
and occupied sites; floods, on the other hand,
alter community composition and spatial distri-
bution with dominance of bivalve species that are
more tolerant to disturbances (Tarter et al., 2022).
Sotola et al. (2021) reported a significant reduc-
tion in the abundance of freshwater bivalve popula-
tions after severe floods. The bivalves of the Pan-
tanal wetland (Paraguay ecoregion) already deal
with a natural flood pulse (Callil et al., 2018) and
are adapted to water level variations. However, in a
scenario with a decrease in frequency and intensity
of flood events, the time lapse between flood events
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may be insufficient for recolonization and recovery
of bivalves’ populations. Still, flooding’s negative
effects may be buffered by connectivity with back-
water areas forming large wetlands, which usually
favors the reproduction and recruitment of fish spe-
cies (Agostinho et al., 2004; Rabuffetti et al., 2020)
that could serve as hosts for mussel larvae, improv-
ing bivalve reproduction. In addition, floods trans-
port nutrients from terrestrial to aquatic ecosystems
supporting aquatic food webs by boosting pro-
ductivity, which may benefit some bivalve species
(Atkinson et al., 2013).

Furthermore, the acute effects of climate change
can be exacerbated by other climatic phenomena like
El Nifno-Southern Oscillation (ENSO) and countless
additional anthropogenic stressors to which many
fresh waters are subjected (Malmgqvist et al., 2008). In
most parts of the LPB, La Nifia (included in ENSO)
is often accompanied by drought, and the Nifia event
during the current period (2019-2022) has ranked
among the driest events in southeastern South Amer-
ica since the 1950s (Naumann et al., 2021). Massive
die-offs of freshwater bivalves due to droughts were
commonly reported in the last decades related to the
effects of climate change (Sousa et al., 2012, 2018;
Paschoal et al., 2020). This event can be related to
prolonged droughts at the Paraguay River, which
can be a side effect of global change. Fires are also
associated with droughts in LPB. Recently, Pantanal
(Paraguay ecoregion), and Iberd (Lower Parani) had
one-third and one-half of their area, respectively, con-
sumed by fires associated with severe droughts (Ber-
linck et al., 2021; SNMF, 2023). In this context, the
association of global change (e.g., severe droughts)
with human-induced habitat modification like fires
may lead to profound alterations of terrestrial and
aquatic ecosystems in the LPB domain. Recently,
Lawrence et al. (2022) prompted wildfires and sub-
sequent ash and sediment runoff as the cause of the
local extinction of mussel populations. Moreover,
extracts of ashes to represent post-fire runoff, caused
mortality in C. fluminea, a rather tolerant species
(Silva et al., 2016). Nonetheless, the effect of fires
in freshwaters remains largely unstudied (Cochrane
& Laurance, 2008; Peltzer et al., 2023), especially
in native, typically more sensitive, benthic bivalve
communities.
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Conclusions

LPB is diverse in habitats, biodiversity, and global
change pressures. Impacts in LPB can be evalu-
ated with certain limitations due to the wide gaps in
information, the lack of databases that gather infor-
mation from the entire basin, and the non-unification
of criteria and timing in monitoring (CIC, 2016).
According to Dudgeon (2019), freshwaters are espe-
cially susceptible to changes arising from the “trag-
edy of the commons.” This is particularly relevant in
LPB, where management is distributed between five
countries, some with federal political systems like
Argentina and Brazil, or with local autonomies, like
Bolivia, where political authority is divided between
two autonomous sets of governments with different
levels of sovereignty over its natural resources and
biodiversity which could delay decision making and
agreements.

Due to LPB extension and geographical condi-
tions, stressors are not uniformly distributed. In
Parand River, the stressors are widespread. The
Upper Parané concentrates the worst values for all
stressors evaluated. The highest number of large
cities, ports, dams, and records of invasive species
are found at Upper Parana. Despite the intermedi-
ate value of freshwater bivalve diversity, there are
endemic species in this basin, e.g., Diplodon caip-
ira (Ihering, 1893) that were never studied in detail.
The species inhabiting this basin can be consid-
ered of higher priority for conservation efforts. The
Lower Parani is in a slightly better situation, as all
stressors presented high to intermediate values. The
diversity is greater compared to Upper Parana, but
some species are shared with Paraguay and Lower
Uruguay. The percentage of coverage of protected
areas in the two ecoregions of the Parana River pre-
sents intermediate values in the ranking of the LPB
ecoregions. The ecoregions of Upper Uruguay and
the Bonaerensean drainages are the most pristine of
LPB. All stressors have their best values in Bonae-
rensean drainages, except for the records of C. flu-
minea. On the other hand, this ecoregion presented
the lowest protected area coverage in the LPB and
a low number of native bivalves. The Upper Uru-
guay presented a good value for almost all stressors,
except for the number of dams. In contrast, the main
problems in Lower Uruguay are ports and records
of invasive species. The Paraguay River presents

intermediate to high values for almost all stress-
ors, only the number of dams is not an issue in this
ecoregion.

Although stressors in the Anthropocene are usually
studied separately, they frequently feedback and act in
synergism. As an example, land-use change is caused
by the production of commodities and urbaniza-
tion. The production of these commodities is related
to processes that include the use of agrochemicals,
activities, and industries that generate pollution. At
the same time, production and economic develop-
ment require energy, for which a large part of the LPB
basin uses hydroelectric energy that generates modi-
fications in the flow regime. Moreover, the importa-
tion of supplies and exportation of produced goods
will generate the movement of boats that promote
the dispersal of invasive species. Simultaneously, the
increase in human population generates more demand
and overexploitation of biodiversity. And finally, all
these drivers and effects interact with climate change
and other climatic phenomena, intensifying extreme
events.

Future directions to properly understand the
effects of global change in the basin include (1) fill-
ing knowledge gaps on freshwater bivalves in LPB
including identity, distribution, population status, life
history, and ecology of species (for detailed informa-
tion see Table 2 in Miyahira et al., 2022), (2) inves-
tigation of the unknown or underexplored sub-basins
(e.g., Chaco and Paraguay), (3) the evaluation of the
conservation status of native bivalve species, (4) the
establishment of continuous, unified, and basin-wide
monitoring, and (5) studying the effects of global
change on bivalves as for its key role in freshwater
ecosystems.

In addition, some suggestions for the conservation
of the freshwater bivalves include (1) a clear policy
for ballast water and flow of goods along La Plata
waterways to avoid new introductions or the disper-
sion of invasive species to new areas, (2) a more bio-
diversity based regulation of the flow management
of reservoirs, (3) the establishment of new protected
areas that include bivalves and fishes as focal objects
of conservation, (4) a joint plan of LPB countries
for the basin and biodiversity management, and (5)
resources to support research on bivalve biology for
fulfill the knowledge gaps.

Finally, for their key roles and their dominance in
biomass in freshwater ecosystems, the protection of
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the diverse native communities of bivalves is a cen-
tral part of the resilience of aquatic ecosystems of La
Plata Basin.
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