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Abstract: The Paraguay-Parana river system represents a unique, free-flowing corridor that extends
about 3500 km southwards from the Pantanal to the Rio de la Plata estuary, crossing four countries.
The absence of fragmentation along the main channels and its still well-connected floodplains have
preserved longitudinal and lateral functional and structural connectivity, defining critical ecological
gradients for the biota and species life cycles. The lack of dams represents a noticeable feature
that benefits migratory species supporting small-scale fisheries providing food security and the
conservation of other ecosystem services with associated livelihoods. The ecological integrity of this
corridor could be severely affected by the potential expansion of the Hidrovia Paraguay-Parana for
improving commercial trade, the foreseen installation of new dams in the Parana basin, in addition
to other current impacts and threats. Conservation of the corridor for societal benefits, involving
the sustainable development of activities associated with the use of the fluvial territory, requires
maintaining the natural ecological process that sustains livelihoods and biodiversity. This calls for
innovative strategies encompassing water governance process, social and environmental information
related to expected impacts, a better understanding of synergies between processes, and foremost an
interdisciplinary approach to design and apply integrative and multi-scale management policies.

Keywords: Paraguay-Parana fluvial corridor; Pantanal; Parana Delta; structural and functional connec-
tivity; Hidrovia Paraguay-Parand; dams; connectivity; environmental flow; migratory fish

1. Introduction

Rivers are complex and multiscale systems where hydrologic connectivity plays a
critical role in biophysical, ecological, and biochemical processes [1-3]. Free-flowing rivers
are fluvial systems that flow undisturbed from source to mouth without encountering
any dams, weirs, or barrages, and without being hemmed by dikes or levees [4]. These
unfragmented river corridors are natural regional-scale features with extensive tracts of
untransformed habitat, aligned along major environmental gradients [5].

Free-flowing rivers allow longitudinal, lateral, and vertical exchanges and transfer-
ence of organic and inorganic matter, and organisms within and between phases of the
hydrologic cycle [6-9]. In this context, connectivity represents the main pillar to maintain
the structural and functional characteristics of fluvial systems and is considered the key
factor controlling habitat heterogeneity and biotic diversity [10].

Fluvial connectivity encompasses both structural and functional components. The
structural view describes how the different distribution of landscape units and physical
characteristics of the catchment are spatial linked. The functional aspect addresses how
fluxes of water, sediments, nutrients, and organisms circulate, are imported to and are ex-
ported from the system [11]. Therefore, functional connectivity represents the key attribute
that connects and relates structural units along the hydrosystem [12]. Not surprisingly,
connectivity has been incorporated as the central element of many conceptual models that
attempt to explain patterns of functional and structural fluvial biocomplexity across spatial
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and temporal scales in river networks. These include the river continuum concept [13], the
serial discontinuity concept [14], the flood pulse concept [15,16], the riverscape concept [17],
the natural flow paradigm [18,19], the fluvial hydrosystem concept [20], the river ecosystem
synthesis [21], the river machine concept [22], and the homogenizing force of flood pulse
model [23].

The maintenance of fluvial connectivity should be underscored in water resource man-
agement. Unfragmented river corridors are natural regional-scale features with extensive
tracts of untransformed habitat, aligned along major environmental gradients [5]. These flu-
vial corridors play a critical role in conservation and restoration processes by allowing the
free flux of sediments, organisms, and nutrients [24]. As mentioned above, functional flu-
vial corridors need to meet several eco-hydrological requirements given by the recurrence
of flood pulses and the free multidimensional connectivity [25]. In large rivers, connectivity
also operates at different geographic scales and temporal dimensions [26-28], from small
watersheds to regional catchment scales [29-31].

Connectivity in large rivers can be strongly affected by fragmentation due to dams,
becoming a growing issue of the ecological integrity in transboundary basins, particularly
those inhabited by migratory species [32]. Worldwide, dams have fragmented more than
60% of all large rivers (rivers > 1000 km in length) [4]. More than 45,000 dams above
15 m high have been constructed representing about 15% of the total annual river runoff
globally, and only 35% of the world’s large basins (102 systems) remain completely un-
fragmented [33-35]. Aggressive plans to continue developing dams in the large basins
of South America, such as the Amazon, are being pushed forward with a scenario of
increasing fragmentation [36-38]. In De La Plata Basin, the Upper Parana River and its
main tributaries have been transformed into chains of reservoirs [39,40].

A different panorama presents the Paraguay-Parana fluvial corridor (hereinafter
referred to as the Corridor), which remains unfragmented by dams. In-depth reviews of
some of these aspects have been devoted to the Pantanal [41-43] and the Parana Delta
region [44]. For the Upper Paraguay River, the general hydrological characteristics are
presented by [45], together with its fisheries, pollution sources, and the threats related
to dam construction. In turn, a synthesis provided by [46] provided an overall view of
the Corridor in Argentina. All these studies had a regional scope but did not address an
ecological corridor perspective, and issues related to conservation conflicts that have been
largely ignored. Moreover, trends in the development of hydro-infrastructure together
with institutional, economic, and social conflicts, have merged in the last decades as critical
drivers that could influence this conservation status. This scenario raises interesting and
complex questions on the reasons behind this situation, wondering if the current status of
the Corridor could be maintained in the future.

Our study seeks to provide an updated review of the most salient features of the
Paraguay-Parana Corridor, presenting its current environmental, socio-economic, and
legal characteristics which affect the maintenance of its ecological functioning, putting
the emphasis on fisheries as the most critical and visible biodiversity-ecosystem service.
We discuss ongoing and future threats that can put at risk the ecological integrity of
the Paraguay-Parana Corridor, particularly those related to the Hidrovia waterway, and
describe some challenges and approaches that may help to maintain its non-fragmented
character and the durability of this conservation status.

2. The Paraguay-Parana Fluvial Corridor

The Paraguay-Parana fluvial corridor forms one of the main fluvial axes of the La
Plata River basin crossing from the tropical Paraguay ecoregion to the temperate Lower
Parana [47] (Figure 1). It includes an extended belt of free-connected floodplains and major
wetlands such as the iconic Pantanal, located in the upper part of the corridor. The Corridor
represents a rare case of a transboundary system that has not yet been fragmented by
dams, which still retains its regular flood pulses and free connectivity between the main
channel and its vast floodplains. This system also exhibits a distinctive ecological and
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biogeographical role by connecting different landscapes [48] and is considered a complex
mosaic of wetlands [49].

-65°0' -60°0'
\

1
15°0' <
. . | Ay
Bolivia

o —

-20°0' 4 /

jwﬂ/\

Argentina

-25°0"

-30°0"

-40°0"

Uruguay/ S

35°0' ?

L 5o F-15°0

Brazil

- -20°0' -20°0"

- -25°0"

_/ - -25°0"
b
3
/

/ - -30°0" --30°0"

\v‘«‘/ @' o L 2500

~-35°0"

{\ - . - -40°0'

= -40°0"

T
-65°0" -60°0" -55°0" -50°0" -45°0"

(a) (b)

Figure 1. The Paraguay-Parand Fluvial Corridor. (a) De La Plata Basin with the main drainage network and large wetland

areas in light grey and the Paraguay-Parana fluvial axis in black; (b) Main cities mentioned in the text, and sections of the

Paraguay-Parand Fluvial Corridor (within blue lines); UP: Upper Paraguay; LP: Lower Paraguay; MP: Middle Parand; PD:

Parana Delta; the dotted line indicates the upper limit of the contracted out Hidrovia waterway that runs from Santa Fe city

(Argentina) to the Ocean.

2.1. Main Environmental Characteristics

The Paraguay-Parand corridor represents a fluvial axis formed by the Paraguay River
and the channels of the middle and lower reaches of the Parana River ending at the Rio de
la Plata estuary (Figure 1). It covers a latitudinal range between 20° and 35° S, crossing
four countries: Brazil, Bolivia, Paraguay, and Argentina. The Corridor has a length of
3400 km, ranking 4th among the largest unfragmented river systems [4]. It represents the
endpoint of lateral free-flowing large tributary rivers such as the Bermejo, Pilcomayo, Apa,
Taquari, Negro, and Miranda (Figure 1a). The Corridor can be divided into four distinctive
sections, two located on the Paraguay River and the other two on the Parana (Figure 1b).
This division takes into account the general hydrological, geomorphological, and land
use differences between them. The fluvial landscape changes along the Corridor, the most
remarkable being the change in width of the main river channel (Figure 2).

The first section (UP) comprises the Upper Paraguay and the Pantanal, an extensive
wetland region of 147,500 km? distributed in Brazil (78%), Bolivia (18%) and Paraguay (4%).
In Brazil, the Pantanal is surrounded by a plateau, the Planalto region, with elevations
around 800 m [50,51]. The Planalto represents the headwater region, with steep slope areas
and a low relief plain of temporal or permanent shallow lake wetlands [52]. The Pantanal
exhibits a noticeable seasonal annual flood regime [53]. The high water level determines
the extent of terrestrial and aquatic habitats, enables the migration of fish and other aquatic
species, and influences biogeochemical cycling on the Pantanal’s floodplains [43]. The rainy
season takes place mostly from late southern spring to summer (November—March), water
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supplied by local rainfall and inflows from Planalto rivers [54]. The dry period takes place
from April to September, characterized by intense evapotranspiration, with biota well
adapted to such huge variability [55].

Figure 2. The landscape of the Corridor’s main river channels. a. Paraguay River at Puerto Caceres, Upper Paraguay and

Pantanal section. B. Parana River near Ramallo city, Lower Parana Delta region. Photo credits: (a). C. Baigun; (b). P. Minotti.

The second section (LP) comprises the Paraguay River that acts as the outlet of the
Pantanal and ends at the confluence with the Parana River. Temporal and permanent
anabranches occupy almost 50% of the alluvial valley, full of scroll-bars and connecting
semicircular shallow ponds. Floods in rivers flowing through the Pantanal are dampened
and delayed; thus, flow peaks in this second sector downstream of Pantanal are delayed
by 3-4 months [56]. Near the end of this reach, of noticeable importance is the entrance
of the Bermejo River, which carries during its wet season heavy loads of sediments that
originated in Andean headwaters during the rainfall season [57].

The third section (MP) starts near Corrientes city in Argentina, at the junction between
the Paraguay and Parana rivers, and runs to the apex of the Parand Delta near Diamante
city, comprising part of the area locally known as Middle Parana. At the confluence, the
mean annual discharge of the Parana River only rises from 11,983 to 16,941 m3/s, while the
suspended sediment discharge increases from 5. to 106 million tons per year [58], of which
28% are clay (28%), 56% silt, and 16% sand [59]. This section is characterized by one or more
anabranches having unstable sand bars and islands, with an extensive fringing floodplain
ranging from 13 to 60 km in width [60]. It shows the complex spatial geometry typical of
undisturbed floodplain rivers, with a meandering thalweg in its main channel [61,62]. The
surrounding floodplain of this sector of the Parana reaches an area of 19,240 km? [63].

The fourth section of the Corridor (PD) is comprised by the Delta region -also known
as the Lower Parana, which forms a fluvial-coastal complex of circa 17,500 km? with
multimodal and unpredictable flood pulses of different sources, including the Parana and
Uruguay rivers, upland tributaries, local rainfall, ocean tides and storm surges coming
from De La Plata Estuary [64,65].

2.2. Structural and Functional Connectivity

The Corridor exhibits a diverse mosaic of wetlands with ecological conditions that
vary according to relative elevation, distance to the main river channel, and fluvial connec-
tivity [48,66]. Different approaches have been used to recognize this spatial heterogeneity.
In the Pantanal, the main focus was given to wetland habitat types, considering the pre-
dictability and seasonality of floods, together with the vegetation physiognomy and its
local names [67]. In turn, Refs. [10,68] following the fluvial hydrosystem concept identified
functional nested habitats in the middle and lower Paraguay River floodplain. For the
Argentine sections, the functional and structural complexity of the Corridor was delineated
by [49] based on drainage patterns and wetland landscape configuration. This approach
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recognized several distinct wetland landscape systems that can be contextualized as territo-
ries having a common geological, climatic, and geomorphological origin, where the action
of water from precipitation, surface runoff, and groundwater movement, has generated
distinctive drainage and water permanence patterns. Spatial structural differences at a
broader scale, known as wetland regions, have been also defined by [69] for the De La Plata
Basin, which includes the Corridor.

The natural alternance of potamophase and limnophase under free connectivity con-
ditions triggers several key ecological processes. Floods and high water stages allow the
connection of isolated floodplain lakes to the main river or anabranches through a diverse
network of secondary channels, with mobilization of nutrients, sediments, seeds, eggs, lar-
vae, etc. [70]. The start of the limnophase promotes the isolation of floodplain lakes and the
recruitment of organisms to the main channel, as well as the exportation of organic matter
and nutrients [71]. Low-water periods increase the dissimilarity between benthos of the
floodplain lakes and enhance the influence of local driving forces [72-75]. These differences
have also been noted between main and secondary channels [76]. Such opposite effects
maintain the generation of ecological gradients that influence the biotic composition and
limnological characteristics of the floodplain, highlighting the importance of preserving
the alternation of floods and droughts in the corridor as relevant ecological processes.

The interaction between hydrological variations and floodplain connectivity has a
strong influence on fish movements and assemblage composition. Fish dispersion between
floodplain habitats and channel networks is regulated by fluvial connectivity [77,78]. In
turn, the high waters stage is associated with fish species movements between lotic and
lentic habitats, increasing species turnover and prompting more diversified assemblages as
the flooding process takes place in the alluvial valley [79,80]. Fish assemblages can also
differ spatially across the floodplain landscape considering the distance from the floodplain
lakes to the main channel [81]. Increasing connectivity enables large areas in the floodplain
to become invaded by fish larvae and juveniles entering from the main channel, so they
have access to refuge habitats, food supply, or better-growing conditions when they reach
the floodplain lakes [82-85]. In this sense, the small, shallow, and densely vegetated lakes
spread across the floodplains play a critical role in juveniles stages for both sedentary and
migratory species [86-90]. In turn, the main channel habitat is characterized by migratory
fish with complex migratory movements. In the Pantanal there are 23 species recognized
as long-distance migratory fish (>100 km), most of them are the target of commercial and
recreational fisheries [91,92]. For the Lower Parana, [93] identified 40 migratory species that
perform trophic, thermal, and reproductive migrations of varying lengths, both upstream
and downstream, governed by hydrological and climatic stimuli [94]. For example, the
life cycle of sabalo (Prochilodus lineatus), the main commercial species in the Middle and
Lower Parand, is closely associated with the flow regime and floodplain stage in the early
stages of its life cycle [93,94] (Figure 3). After free spawning in the main channels, eggs
and larvae drift entering into the floodplain, where they grow with better food and refuge
habitats [95].

2.3. Ecosystem Services

The Corridor includes several socio-ecological systems distributed along its entire
length, supporting a large variety of ecosystem services whose importance varies depend-
ing on the section. In the Pantanal, these services sustain economic activities both in the
Planalto area (agriculture, agroindustries, and urban areas) as well as in the floodplains
(extensive grazing by livestock on native pastures, fishing, tourism, and food security for
communities and traditional people) [96,97]. The cultural traditions of the people living in
the Pantanal (“Pantaneiros”) are shaped by the flood pulse regime [98]. Cattle ranching is
of particular importance in the Pantanal area, being one of the major sources of income [99].
Estimations of ecosystem services values in the Pantanal ranged from 6000 USD/ha/year to
10,000 USD/ha/year, considering ecosystem services related to water supply, disturbance
regulation, waste treatment, cultural value, water regulation, nutrient cycling, recreation,
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and habitat value [100,101]. On the other hand, in the Parana Delta, detailed studies have
been performed to recognize an array of ecosystem services provided by wetlands [102,103].
Identified services have been associated with water supply for production and consump-
tion, flood buffering capacity, improving water quality, provision of habitat for species
of socio-economic interest, biodiversity (including endangered, migratory, and endemic
species), provision of scenic environments for recreation and tourism, carbon storage, and
several activities such as fishing, honey production, forestry, and cattle ranching [104].
The value of ecosystem goods and services for the Parana Delta wetlands was estimated
between 1169 USD and 1277 USD/ha/year [105].
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Figure 3. Life history patterns related to reproductive traits of Prochilodus lineatus in the Corridor,

associated with the flow regime and floodplain connectivity; black curve: hydrological regime;
filled grey arrows: adult migration during flow increase for spawning purposes; dotted arrows:
downstream and lateral larvae drift during high flow; gridded arrows: recruitment of juveniles; black
arrows: trophic movements of adults.

Artisanal fisheries represent probably the most important ecosystem service along the
corridor overall. Like most small-scale fisheries elsewhere, they provide livelihoods for
rural communities, contribute to alleviating poverty, provide food security, employment
for local and indigenous people based on open access resources and represent an engine
for local and regional economies [106-108]. Fisheries in the Pantanal provide important
resources which support subsistence and generate both direct and indirect economic
benefits to local people [109]. In the last decade, there has been increasing pressure on
fisheries in the Pantanal, under the assumption that they promoted the depletion of fish
species and target species abundance [110]. The reduction in the touristic fisheries activity
has prompted new regulations oriented to ban some specific gears and limit the catch
quota for the artisanal fishery [111]. In towns distributed along the corridor, fishers have
often other sources of income, but in distant and more remote areas, fishing represents
the main source of income for a great number of households [112]. In the Middle and
Lower Parana, artisanal fisheries play a dominant economic role as most of the harvest is
sold to middlemen, freezing plants, or in informal markets [113]. Of particular interest are
long-range migratory species such as sabalo (Prochilodus lineatus), surubi (Pseudoplatystoma
corruscans, P. reticulatus), boga (Megaleporinus obtusidens), pacu (Piaractus mesopotamicus),
and dorado (Salminus brasiliensis), that support artisanal, recreational, and subsistence
fisheries, as observed in other large neotropical rivers [114].
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All the countries of the Corridor allow free access to fishing and there are no territorial
users rights fisheries (TURF) that limit the communities’ fishing. For the numerous fisheries
distributed along the corridor, management problems are almost similar, i.e., legislations
lack participatory management, have poor governance mechanisms, present problems
with fishing rights tenure. There is a lack of policy enforcement, controls are almost absent,
fisheries management agencies are generally weak and with limited resources, and it is
difficult to monitor fishery trends as appropriate statistics are not available. Loss of fishing
territories to private ports and marinas is also common in urban areas.

3. The Hidrovia Paraguay-Parana

The Corridor is probably best globally recognized for the presence of a waterway
known as the Hidrovia Parana-Paraguay (Hidrovia). The concept of the Parana and
Paraguay rivers as a waterway has promoted the vision of economic integration of the La
Plata Basin including Argentina, Bolivia, Brazil, Paraguay, and Uruguay, through improved
trade and navigation [115]. The Hidrovia has also been envisioned as part of a large system
of waterway networks connecting the De La Plata, Orinoco, and Amazon basins to promote
the social and economic integration of the South American continent [116].

Currently, the Hidrovia has two very different operational sections (Figure 1b). Up-
stream from Santa Fe City, the Corridor navigation takes place under natural conditions,
which only allow the transit of regular barges, particularly in the Paraguay River. The
depth between Corumba to Puerto Caceres is only 6 feet, from Corumba to Asuncion is
10 feet, and from the Paraguay-Parand confluence to Santa Fe City is 13 feet. These sections
have narrow and winding channels, with several passages between or with rocky outcrops,
making navigation more difficult for larger vessels and convoys. South of Santa Fe city, the
waterway dredging, operation and maintenance is contracted since 1995. The navigation
channel is 100 m wide representing only 5% of the natural width of the main river, which
sometimes exceeds 2 km. The depth is 28 feet from Santa Fe to Rosario and 34 feet from
Rosario to the Rio de la Plata, which allow navigation by ocean-going vessels.

Existing dredging activity is not constant in every pass because the Corridor presents
navigation limitations in some passes only during the dry season, particularly in the lower
Paraguay River, where several rocky outcrops make shipping traffic difficult. There are a
total of 190 such passes in the river corridor, ranging from 1 to 3 km in length, representing
approximately 380 km or 11% of the corridor length. In the Pantanal region, 21 critical
passes have been identified [117].

The heavy fluvial traffic of the Hidrovia has motivated demands from the shipping
and commodity sectors to widen the width of the channel, to permit overtaking and/or
crossing of vessels, avoiding delays and higher operating costs. Strong lobbying from the
agricultural sector has resurrected the extension of the Hidrova to the Pantanal. This would
enable the large-scale shipping of soybeans, one of the principal products of the state of
Mato Grosso [118,119].

The first studies of the Hidrovia waterway feasibility focused on the economic and techni-
cal aspects to evaluate the capacity of the Corridor to reduce transport costs [120-124], and on
operational issues associated with infrastructure, safety, regulations, and standards [125]. One
of the main criticisms of such feasibility studies was the lack of consideration given to en-
vironmental costs [126-131]. At the same time, such studies were questioned for the use of
inappropriate engineering models that did not take into account the complex and highly
variable interactions between surface and groundwater, or between the main channel and
the floodplains, including effects on the flora and fauna of the Pantanal [132]. Recently, [133]
presented a short review of potential impacts of the current and projected Hidrovia waterway
on the Paraguay-Parand wetland systems, pointing out that many knowledge gaps and
uncertainties remain.

Hidrovia and its expected expansion is by far the most conflictive issue associated
with the Corridor conservation. Despite being a project already initiated in the lower
part of the Parana River, it has not yet obtained fully social approval and environmental
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consensus to be extended toward the Pantanal. As a major infrastructure project, it has
received a balanced number of stakeholders that support or reject the project (Figure 4).
The development and government sectors include actors with moderate to a high degree
of support and influence, while the sector that rejects the project appears to have a more
diverse influence capacity and probably more social consensus. The reasons for rejection are
complex and rooted in social, economic, environmental, institutional, and political aspects,
which differ greatly from one country to another in the basin [119,134,135]. Stakeholders
exhibit different degrees of support and influence at a regional scale, explaining why a
call to expand the waterway is still under debate and could be limited to more regional
injtiatives instead to be transformed into a large-scale transboundary project.
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Figure 4. Main stakeholders/sectors that support and reject the Hidrovia project. The circled numbers
correspond to the Lower and Upper Paraguay sectors, whereas the squared numbers represent the Middle
and Delta sectors. 1: Tourism; 2: Indigenous organizations; 3: Artisanal fishing; 4: Recreational fishing;
5: Municipal governments; 6: Argentinean government; 7: Paraguayan government; 8: Brazilian govern-
ment; 9: Bolivian government; 10: Agribusiness sector; 11: Shipping and dredging sector; 12: Academic
sector; 13: NGO's sector; 14: International finance sector; 15: Mining sector; 16: Industrial sector.

4. Anthropic Factors That Affect the Conservation of the Corridor

Despite its unfragmented condition, the corridor is not free from anthropic inter-
ventions. Landscape modifications are related to shore urbanizations along the corridor,
small dam development in the Pantanal [136-138], and ditches and diking in the Parana
Delta [44]. Other interventions relate directly to the different uses of the main channel.
Climate variability in synergy with these land and water uses can multiply conservation
threats and impacts. In this context, we identify and shortly describe the main issues related
to anthropic interventions on natural resources and the riverscape along the corridor. In
some cases, impacts can be related to different processes located in the hinterlands, which
also have a direct influence on the ecological integrity of the corridor.

4.1. Infrastructure
4.1.1. Dams

The corridor is still free of dams along the Paraguay and Parana main channels
but 45 dams have already been installed and around 135 more hydropower dams are
being planned mostly in the Planalto region, impounding those rivers that drain into
the Pantanal lowlands [139]. These dams are or will be installed on main tributaries, and
although they are not located in the Corridor main channels, some could represent a
major impacting factor. Most of the existing and proposed dams will yield between 1
and 30 MW, having reservoir areas less than 13 km? and height ranging between 1 and
46 m (mean 17 m) [140]. The construction of such dams could block between 25 and
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32% of migratory routes in the upper basin [141]. If all upper Pantanal dams would be
completed, this will control 40% of the tributary flow to the Pantanal and 38% of the flow
from the Pantanal plain [142]. Current dams in the upper Pantanal are retaining 32% of
sediments and will retain up to 62% if all planned dams are installed [143]. In particular,
the construction of the Manso Dam is of main concern, as it can regulate the flow of the
Cuiaba River which supplies around 40% of the Paraguay River flow [144,145]. For most
of the migratory species, dam construction will also isolate reproductive areas located
upstream in the Paraguay and Cuiaba basins, implying a direct impact on the main corridor
axis [139]. Pantanal dams may have important secondary effects by trapping sediment
and promoting changes in the growth of submerged vegetation, and the composition
and dynamics of planktonic communities. In addition, flow regulation by these small but
numerous dams could put at risk the hydrological cycle of the lowlands and modify the
landscape associated activities. [146] mentioned that in the Taquari River, for instance, flow
variation has affected an area of 11,000 km?2.

Attempts to install large dams in the main channel of the corridor have been oriented
to the middle sector of the Corridor. This included the Middle Parana Project which was
planned for the middle section of the Parana River in the XX century. This mega project
required two reservoirs that should cover 7600 km?, making this chained system the largest
in Latin America [147]. The main concern about this project was related to the impact on
the local small-scale economies represented by artisanal and recreational fisheries that
could be depleted if the free-flowing river would have been replaced by reservoirs, as has
been noted in the Upper Parand large dams in Brazil [90]. Previous studies pointed out the
critical importance of Parana and Paraguay main axes for fish reproduction of migratory
species [91,148,149], which in turn support many of the different fisheries along the corridor.
The blockage of fish migratory routes could not have been mitigated by fish passages as they
have shown low performance in dams of the Parana River basin [150-153]. Fragmentation
by dams could be not only structural but also functional as large reservoirs act also as an
ecological barrier for downstream migrations of larvae and adult fish stages [154]. The
project was largely sidelined by the joint action of local and international environmental
organizations, and the 1994 reform of Argentina’s constitution gave the provinces total
control over their natural resources making this project unfeasible.

The influence of dams on the corridor can also be exerted by more than 150 dams
located in the upper Parana basin, Brazil, where a volume of 260 km?3 of water is retained
in reservoirs [155]. It has been demonstrated that such dams can modify the hydrologic
regime and attenuated the flood magnitude, particularly during dry periods [61,156,157].
This issue has been overlooked in previous environmental studies, despite that it is known
that 75-80% of the flow entering into the corridor provides from this basin sector [158]. In
addition, these authors noted the construction of dams in the upper Parand basin up to
60% of the sediment load at the confluence with the Paraguay River.

4.1.2. Dredging and Ports Construction

Several studies conducted in the context of required channel modifications by rock
outcrop removal, dredging, and straightening in the Paraguay River argued that an in-
crease in the depth of the Paraguay River could accelerate water runoff and decrease the
permanence of flooded areas in the Pantanal [115,121,126,159,160]. In addition, additional
uncertainty exists on how the combination of climate change and hydrological change will
impact the Pantanal and the rest of the corridor macro ecosystems in the long term [134].

According to [159] a depth increase of between 10 and 25 cm would result in a
reduction in the wetland area of between 11.7 and 31.4% respectively, although these
estimates have not been corroborated or rectified by any subsequent studies. In addition,
dredging impacts have been associated with the resuspension of contaminated sediments,
but such an effect is expected to be negligible in the thalweg of the Corridor, where fine
and medium sands represent the dominant substrates and clay and silt are transported as
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suspended sediments only [59]. Analyses carried out by [124] have shown that the sandy
sediments of the riverbed have contaminant values well below the reference values.

Port development also involves dredging of an area with fine sediments that can be
contaminated. Dredging of coastal sediments for port construction in suburban areas can
remove sediments contaminated with PCBs, pesticides, PAHs, hydrocarbons, and heavy
metals. In turn, the impacts of navigation will depend on the depth, width, and sinuosity
of the river as well as the intensity of traffic. No less important, the construction of new
ports and associated infrastructure is associated with the increase of shipping cargo, which
in turn enhance the dispersal of exotic species by hull fouling [161,162].

4.2. Water Use and Resource Exploitation
4.2.1. Navigation

Navigation could generate severe impacts, even at a larger scale as is expected in
the Pantanal area [121,124] and in the Parana Delta where main channels are narrow. The
navigation of barge trains and large vessels exert different forces on the river system pro-
ducing waves that upon reaching the shore resuspend sediments and erode the banks [163].
High and frequent waves produced by large barges and vessels produce not only coastal
erosion and sediment resuspension but also interfere with fishing activities. During high
water periods, waves can reach inside the islands and affect residents. Navigation and
associated infrastructure have also been targeted as the main cause of exotic mollusks’
invasion and dispersion, from the mouth of De La Plata River to the Pantanal [164,165].
Asian clam Corbicula fluminea and golden mussel Limnoperna fortunei have invaded the
main rivers of the De la Plata basin [166] and have been detected in the Pantanal [167],
without a clear perspective of their ecological consequences in the corridor [168,169]. In-
vasion of alien bivalves has shown a strong impact on indigenous aquatic communities
worldwide [170]. The golden mussel is well known for the capacity of modifying benthic
habitats [169,171]. If hydrological pulses were modified by flow regulations due to an
increase in dam construction [172], these species could reach the Paraguay headwaters.

4.2.2. Fishing Pressure

Overall fishing effort in the corridor can be considered still moderate, even though
there is more activity close to large urban centers (Corumba, Cuiaba, Asuncion, Rosario,
etc.) Despite fishing pressure can be relevant in certain sectors, the corridor still exhibits
healthy fisheries of migratory species, as shown by their maximum size and abundance.
About 10,000 fishers are estimated for the Middle and Lower Parana, and 7000 has ben calcu-
lated for the Pantanal [139] In the Parana Delta, since 2000, the sabalo exportation industry
has increased the historical low catches to values ranging between 15,000-20,000 tons
annually, with similar values directed to the internal markets. The main threat of the
exportation industry relies on considering fish just as a commodity, whereas social and
economic benefits for the fishing communities are overlooked [113]. However, recreational
fishing has a high relevance along the corridor and often represents the basis for extensive
tourism and economic movements [173,174]. Over recent years, fisheries-related tourism
in the Pantanal has decreased, triggering conflicts due to recent government regulations
that consider recreational fisheries as a priority and attempts to ban artisanal fisheries.
This activity shares almost the same species as artisanal fisheries, but the number of users
and the impact on the catch is unknown, although probably greater than the produced
by the artisanal fisheries. For instance, reported fish yield by the recreational fisheries in
Upper Paraguay has been estimated as 1200 tons a year, and it has been estimated that the
Pantanal is visited by about 140,000 recreational fishermen [111].

4.3. Land Use
4.3.1. Forestry, Agriculture and Cattle Ranching

Current economic development in some sectors of the corridor relies on transforming
the riverscape by applying productive models derived from other agriculture regions
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without taking into account the corridor ecological setting. These land-use changes can
result in floodplain fragmentation, wetland disconnection, exotic species introduction
or invasion, increase in harmful algal blooms, and the continuing loss of habitats for
biodiversity. The Pantanal area and surrounding landscape (The Cerrado), for example,
have lost around 12,000 km? (Mato Grosso 35%, Mato Grosso do Sul 67%) of the origi-
nal forest, and deforestation represents a current impact and major threat enhanced by
livestock grazing [175]. Native vegetation and grass pastures in the uplands have been
replaced by cultivated pastures to feed cattle, including exotic plant species. This trend
has been mainly developed by non-traditional “pantaneiros”, more interested in importing
productive techniques to increase livestock density, but that is not compatible with the
Pantanal environmental characteristics. In turn, cattle ranching in the Pantanal is the
prevalent economic activity [176]. The total cattle herd in the Brazilian Pantanal has been
estimated as 3.8 million heads, producing approximately 1 million calves per year [134].
In addition, water buffalo (Bubalus bubalis) is already established in several areas in the
floodplain [136,177]. The conversion of native vegetation into crops and pasturelands in
the highlands has been estimated near 60% and have accelerated erosion processes along
the edges of the Pantanal, including an increase in sediment load in the rivers on the
plains [178]. Unsustainable agroecosystems in the highlands resulted in higher inputs of
water, sediment, and nutrients to the Pantanal lowlands, reducing its carrying capacity,
resilience, and provision of ecosystem services [179]. Concern exists about the ecological
impact of the increasing intensification of both cattle ranching and soybean production in
the Pantanal due to technological advances and how these techniques can cope with flood
pulses [180].

In the Parand Delta ranching practices have favored dike development (polders) [181,182].
Dikes are constructed to mitigate or regulate floods’ effects, and although they do not have
effects on the longitudinal connectivity, they constitute a major disruptive factor affecting
the lateral connectivity with inner island lakes and produce deep changes in land use and
the isolation of floodplains [44,102]. Recently, [182] has calculated that the current surface
transformed by dikes was 250,000 ha (12% of de Delta area), allowing the transformation
of natural wetlands into forestry, livestock rearing, or urban areas. Cattle raising is the
most important factor responsible for freshwater marsh conversion to pasture [181] and
livestock farming is the second most important economic activity in the region [183]. This
trend followed in some way the same logic as happens in the Pantanal by attempting
to transform the Delta into highly productive land, transferring productive techniques
used in the surrounding Pampean region (“Delta pampeanization”). In the Delta, livestock
production is often combined with forestry so that livestock can remove weeds that may
encourage fires. Cattle numbers in the Lower Delta increased by an order of magnitude
in a single decade from 160,000 in 1997 to 1,500,000 heads in 2007, providing an intensive
pressure factor on the wetlands’ ecological integrity [184,185].

Large livestock densities also seriously threaten human, fish, and ecosystem health,
being a source of organic and microbiological (pathogens and parasites) pollution. Veteri-
narian products applied to the livestock may be transferred to the watercourses by cattle
manure runoff or during flooding events and introduce disease-causing pathogens through
runoff from field deposition. The Pantanal is affected by cattle ranching pollution due
to intensive cattle farming and pesticides [186]. However, this pollution source remains
excluded from regulations or traditional impact assessment requirements. In addition,
cattle and livestock, manure represents methane sources and their effects are potentiated
as cattle ranching is moving from seasonal to year-round activity [187,188].

Wildfires do not represent a direct pressure on the corridor connectivity but are
of paramount relevance due to their potential to modify the landscapes and ecological
characteristics. In the case of aquatic habitats fire has the capacity of changing water quality
due to an increase in suspended sediments, temperature, dissolvedoxygen [189]. In the
corridor, the fire has been used historically as a management practice for wildlife hunting,
to improve grass quality for cattle [181], and for the elimination of species with little or no
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forage value [190]. However, in the last years, fire hotspots increased dramatically with an
unknown effect on wildlife. In 2008, during a long drought period, many simultaneous
fires occurred on over 200,000 ha of the Parand River Delta (7.2%) [191]. This phenomenon
repeated during 2020 when a total of 300,000 hectares were burned. Such extremes fires
have coincided with extraordinary droughts that have made fishing difficult and could
have promoted the illegal hunting of wildlife as a palliative resource.

4.3.2. Shore Development and Urbanization

The Hidrovia has generated important transformations and reconversions of the shore-
line in the Parana Delta sector due to the construction and expansion of port infrastructure.
On a minor scale, similar problems have been observed in Santa Fe city [192] and could
be expected to occur in the upper sector if the Hidrovia project is extended toward the
Pantanal area. The expansion of the Hidrovia in the Middle and Lower Parana sector
would increase also social and environmental conflicts. The shore of the Lower Parana
River has suffered several important transformations due to the development of tourism,
navigation, and trade activities in the last decades, and particularly since the beginning of
the waterway concession [193].

4.3.3. Aquaculture of Exotic Species

Aquatic exotic species that inhabit the corridor include several taxa [138]. Fish, intro-
ductions have responded to commercial purposes to satisfy the market demands, but also
the recreational fisheries preferences. Some paradigmatic examples are tambaqui (Colossoma
macropomum) and tucunaré (Cichla ocellaris), which escaped from local hatcheries [194-196].
The tucunaré is a large fish that can prey on native species, compete for food, and space
disrupting ecological fish communities on a cascading scale in the trophic food chain [136].
The spread of this species could be also favored by an increase in water transparency due
to sediment retention by dams. Recent legislation in Brazil would promote the introduction
of more harmful exotic species and facilitate their expansion along the corridor [197,198].

4.3.4. Urban Domestic, Industrial Effluent, Mining, and Agricultural Runoff

Pesticides are a major impact because of the large Planalto areas of agricultural land
surrounding the Pantanal [199]. Mining is also of critical economic importance for the
region and occurs mainly at the fringes of the Pantanal [134]. Mercury was used in gold
mining in the Poconé region and, despite that mining was forbidden, contamination of
the food web has been detected [200,201]. Strong industrial and domestic contamination
has been detected at the Caceres Lake-Tamengo channel complex in the Bolivia-Brazil
border, where mining pollution by mercury is still common [202]. Domestic pollution
is visible in the Cuiaba basin, and close to the other urban centers such as Asuncion,
Corrientes, and Rosario. In the Middle and Lower Parand, an increase in plastic levels has
been detected [203,204]. In the Lower Parana, high levels of metals and pesticides were also
found, mostly carried by upland tributaries that cross-industrial areas [205,206]. As noted
by different studies, Middle and Lower Parana receive polluted inputs also from tributaries
traversing across urban and industrialized areas, as well as extensive agricultural lands
located in the hinterland [205].

5. Legal and Institutional Framework

National governments together with non-governmental organizations have devel-
oped conservation strategies to protect the wetland biodiversity for the whole basin such
as De La Plata River Treaty Program Framework [207] and the Ramsar Regional Initia-
tive [208], or covering the corridor partially, such as the Gran Chaco Americano Ecoregional
Evaluation [209], the ZICOSUR initiative [210], and the Ecological Risk Assessment for
the Paraguay River [208]. The Brazilian Pantanal has been declared as National Heritage
Site since 1998 to assure the conservation of natural resources. Considered also as World
Heritage Site and Biosphere Reserve by UNESCO, the Pantanal Mato-Grossense has three
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Ramsar sites [211]. Several parts of the Pantanal wetland are currently protected with the
status of National Park, private reserve (RPPN), or indigenous reserve [136]. However,
this is only 5.37% of the Pantanal’s territory and less than 4% of the Planalto area corre-
sponds to no-take reserves, far away from Aichi biodiversity targets of 17% [178]. In the
Argentine sector of the corridor, nearly 100 protected areas are listed in the federal registry
(which does not include private nature reserves), totaling more than 7000 km?, with the
highest number of reserves located in the Parana Delta [212]. These figures represent 14%
of the corridor area, with wide differences in their management effectiveness based on
protection category and administrative jurisdiction. Many have deficient budgets, lack of
personnel, legal boundaries not delineated, which are indicative of a high potential for
biodiversity degradation.

Differences in the legal framework and institutional organization among countries
could appear as a weakness for the ecological conservation of the corridor, but at the same
time, such divergences have contributed by limiting the development of large infrastructure
works and associated territorial impacts. Paraguay is a unitary state with some sort of
decentralization, whereas Bolivia, Brazil, and Argentina exhibit federal and decentralized
forms of government with varying degrees of autonomy at provincial and municipal levels.
For example, the ban on the construction of the Parand Medio dams in the province of Entre
Rios (Argentina) does not apply to other provinces in the Parana basin, and this has led
to the proposal of the construction of such dams upstream in other provinces. At present,
the current state of conservation of the corridor is the result of isolated measures that have
been adopted by the countries rather than as a result of integrated and coordinated cross-
border policies. It is, therefore, necessary to consolidate the management and territorial
governance and develop strategic conservation policies to make compatible a productive
use of the corridor, preserving at the same time ecosystem services and biodiversity [210].

The current De La Plata Basin Treaty) represents a broad umbrella for promoting sus-
tainable development, but it appears to be insufficient to maintain the ecological integrity
of the corridor in the long term [213]. This treaty attempts to promote the harmonious
development and physical integration of De La Plata Basin, based on several key en-
vironmental issues associated with water quality, sustainable use of the resources, and
biodiversity conservation resources use]. However, major differences related to political
and administrative structures, legal frameworks, institutional and technical capacities in
the countries, may preclude accomplishing the treaty objectives. A serious limitation is
the difficulty of articulating the agreements and organisms that exist in the basin, largely
because there is no organization specifically dedicated to achieving this objective [214].
Different regional and national commissions and agencies that have incumbencies along
the corridor do not develop fluid interactions, and generally, they have very different
goals and missions related to the use and management of fishery resources, water use,
navigation, hydroelectricity, river trade, etc. A similar problem was noted by [215] for the
Uruguay River basin. Such context explains, for example, why the energy sector has been
reluctant to sit down and discuss the scope of dam projects in upper Paraguay and their
social and environmental consequences, and why the Middle Parana dams project remains
at the frontline of several energetic and water management agencies.

The four countries involved in the corridor have the basic legal tools to implement
measures to protect water and biotic resources by adhering to the main international
agreements addressing wetlands and biodiversity. Nevertheless, their implementation is
non-existent, partial, or shows serious difficulties (Table 1). Although many harmful activi-
ties are prohibited by local legislation in most Latin American countries (e.g., introduction
of non-native species, pollution, and overfishing), the most impacting ones are often rooted
in official policies that foster hydropower development, water diversion, mining, agri-
culture, aquaculture without proper controls [198]. Development of multiple and often
conflictive activities In addition, the development of multiple activities, often conflicting
with each other, highlights the need to incorporate multidisciplinary visions into legal
frameworks. For example, about 95% of Pantanal territories are privately owned and
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80% of the lands are found on cattle ranches [101]. Forms of public access are limited in
certain areas and are strongly restricted by cattle ranchers, mining companies, and forestry
concessions, inducing conflicts with local communities. Similar conflicts are emerging
more frequently in the Lower Parana between fishermen and cattle ranchers when both
use public lands or when ranchers prevent fishermen from accessing the floodplain lakes.

Table 1. The comparative legal framework of the main laws related to the protection of natural resources
in the countries of the river corridor.

Legal Frameworks Argentina  Bolivia Brazil Paraguay
Agencies of envifonmental policies Yes No Yes No
coordination
Regulations on management and conservation Yes Yes Yes Yes
of water resources
The specific law on the environment Yes Yes No No
Law for the protection of the forest Yes Yes Yes Yes
Law for the protection of fauna Yes Yes Yes Yes
Adherence to the mandates of the CBD Yes Yes Yes No
Adherence to Ramsar principles Yes Yes Yes Yes
Specific law of protected areas Yes No Yes Yes
Law for the protection of the environment Yes No Yes Yes
Indigenous Rights and Policies Act Yes Yes Yes No
Wetlands law No No No No
Legislation on Planning and Land Yes Yes Yes Yes
Management
Environmental Services Act No No No Yes

6. Conservation Challenges and Future Steps

The outstanding characteristic of the Paraguay-Parana corridor of conserving high
ecological integrity [216], given by the existence of natural flood pulses and free connectivity
that maintain valuable ecological functions and support its ecosystem services [217,218],
has led to propose this fluvial corridor as a global reference system [219]. Such a system
can be used to gather valuable information to know how non-fragmented rivers behave in
terms of their ecological processes. In a similar vein, it was suggested that the Paraguay
River, as part of the corridor, may be considered as a natural model for restoration planning
in similar systems of the tropical and subtropical zones in those rivers where natural
conditions have lost [68]. The current status of the corridor suggests that it remains in a
healthy state, with no irreversible impacts detected, but with increasing threats associated
with the future economic development of the region. The marked contrast with the upper
Parand basin, given by the absence of longitudinal fragmentation, supports the notion that
the system is resilient, sustaining high ecological integrity.

Conserving free-flowing transboundary rivers is a challenging task. In addition, to
avoid fragmentation in any fluvial dimension, functional ecosystem integrity needs also
to be maintained, with both short and long-term challenges differing among corridor
sections. Probably the most important question that managers, conservationists, academia,
NGOs, etc., should examine, is how to balance the socio-economic pressures of social and
economic development with conservation needs [42], with acceptable threshold values
for developing social and commercial activities without compromising natural process.
In this context, it was suggested that the Pantanal is essentially at a crossroads due to
increasing pressures on ecosystem functions, and a similar idea was proposed for the
Middle and Lower Parana River by [219]. Although recommendations have been put
forward for the Pantanal to protect wetland connectivity, ecosystem services, water quality,
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and biodiversity [134], maintaining the ecological integrity of the entire corridor requires
further and integrated efforts to develop management measures at different times and
spatial scales. This is consistent with the perception that, in addition to some already
detected impacts, there are perceived growing threats to the region. Conservation of the
corridor in a healthy state should be associated with the conservation of wetlands and
associated ecosystem services as a necessary basis to maintain the livelihood of many local
populations [103,104]. These ecosystems stand out for the large number and diversity of
benefits (environmental goods and services) they provide along the corridor. Thus, the
loss of wetlands due to infrastructure development or habitat degradations could trigger
changes in the different ecosystems that compose the corridor and, therefore, affect human
well-being at different spatial scales.

The conservation of the corridor is closely tied to the future of Hidrovia, as the
further development of this waterway can deeply impact hydrology, ecology, biodiversity,
and the local communities, affecting their livelihoods [115,159,220]. However, the fate
of the Hidrovia development is intertwined with geopolitical and commercial aspects
that even exceed the scale of the Plata Basin. The economic viability of the project has
different perceptions depending on the country. For Paraguay, the Hidrovia represents a
key connection for agriculture exports and, not surprisingly, this country owns 75% de of
barges navigating the corridor. For Brazil, however, Hidrovia is not yet a main priority,
whereas Argentina would be the most benefited country in case of widening and extending
the navigation channel in the lower sector of the waterway [221]. Although the project has
shown a positive rate of return, problems of financing shared sectors between countries
have not yet been resolved [120]. Different visions on the possible environmental impacts
of the Hidrovia are also present, as there is a lack of common and agreed environmental
norms and policies. Each country has approached the problem of this waterway from its
own perspective and convenience, which has precluded generating common strategies to
avoid political and institutional disagreements [222].

Conservation of the corridor’s ecological integrity in the long term needs to con-
sider predicted climate changes and their influence on hydrological variability. From
1970 to 2000, the Parana and Paraguay flows have increased in parallel to changes in
precipitation [223-226]. However, the increase in runoff has also been attributed to land-
use changes due to the replacement of forests by agriculture [227,228]. This highlights the
importance of considering how short-term land use influences the output of long-term
climate change. Changes in flow intensity and amplitude may exert a paramount influence
on disrupting the life cycles of different aquatic communities. In the De La Plata basin, the
severe droughts of 2019 and 2020 have isolated the floodplain lakes for more than one year,
impacting severely on fisheries and other activities.

Given the expected high hydrological variability in the basin, the environmental
management of the corridor should not solely focus on the navigation channel capacity
but also provide conditions to assure floodplain connectivity. Developing and applying
environmental flow criteria is a challenging issue. Few methods described in the literature
seem to be applicable for large floodplain rivers [229]. Simplistic, static rules used in
hydraulic-based methods are inappropriate to capture the requirements of highly variable
floodplain rivers. Methods such as the Instream Flow Methodology and its cornerstone,
PHABSIM, the physical habitat simulation model [230,231], are unsuitable for large river
systems. The distribution of aquatic organisms in complex floodplains and anabranches,
responds more to environmental gradients rather than focal point values in instream
habitats, invalidating the use of habitat suitability curves [22]. Environmental flow should
be defined based on merging sustainable water management with social demands and
environmental requirements [232,233].

Multiple studies on different sectors of the Corridor, particularly in the Pantanal area,
have failed to integrate the multiple interconnections between state, society, and nature [42],
so an hydrosocial territory vision is pending [234]. Under this perspective, water manage-
ment should simultaneously take into account social, economic, and environmental values
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and demands. Such an approach could help understand conflicts associated with water
control, regulations and uses, and how they are linked to water-power structures, and gov-
ernance. The energy, agriculture, hydraulic engineering, and water markets sectors often
consider water as an economic good that should be managed efficiently [235]. However,
water in transboundary rivers also provides shared livelihood resources and critical sites
for biodiversity conservation [236]. The large number of small-scale fisheries dispersed
along the corridor can be conceived as a mosaic of socio-ecological systems [237-239]. In
this context, the conception of hydrosocial territories needs adaptive governance mech-
anisms [240], which in turn requires a better understanding of the functioning of these
complex networks in transboundary systems [241].

Strategies for corridor conservation should strengthen the link between science, tra-
ditional knowledge, and policymaking. The extraordinary length of the corridor and the
different conflicts and problems across scales require a strong involvement of people and
institutions other than only the academia and governmental institutions. In this context,
citizen science [242,243] and public participation in scientific research [244] could play
a critical role in filling the gap between sectors. This approach, still poorly exercised in
the corridor, has been suggested by [43] based on incorporating new players to solve the
disputes in the Pantanal. Socio-economic relations in the corridor have undergone signifi-
cant changes in the last decades defining new environmental management and conflicts
associated with socioeconomic conditions and some actors associated with water and land
use have gained more power and influence. Stakeholder participation through public and
private institutions can provide also more transparency to decision-making processes and
more effective conservation measures [245]. A noticeable example was the actions carried
out in the 1980s to stop the Parana Medio dams. Similarly, different social organizations
and rightsholders of the Pantanal area, mainly at Caceres Port, have played a critical role in
litigating against the expansion of the waterway and the construction of more dams in the
Planalto region. The application of municipal or even provincial ordinances that impact
directly on local people represent valuable tools for preserving local biodiversity, preserve
coastal wetland areas habitat connectivity, and sustain local livelihoods, etc.

On the other hand, the increase of public involvement will also contribute to reduce
the persistent rift between the productive development and the conservationist sectors and
facilitate the comprehension of the scope of the projects. This gap has generated concepts
and predictions that have not been handled or supported by adequate data. This has been
observed in the case of the Hidrovia, where the expected impacts by the first evaluation
studies, were not scientifically verified or monitored, wasting the opportunity to use this
information to prevent or mitigate possible future impacts or detect incoming threats. A
comparison of current knowledge since such assessments at the end of the 20th century
suggests that despite the numerous environmental and academic studies developed over
the last 30 years, not so much progress has been made in gathering key environmental
information considering this cross-border, and controversial project. Exhaustive analyses
of cumulative effects are still lacking to understand how cascading effects can impact the
corridor ecosystems and their people’s livelihoods. The planned expansion of the Hidrovia
will, therefore, take place in a scenario that does not differ too much from the one several
decades ago. It is necessary to avoid extrapolating information from other waterways often
of very distinct characteristics and with different species or stakeholders, and where the
impacts of dredging and navigation may not be necessarily similar. Scientific and technical
studies should be, therefore, oriented to elucidate the potential impacts of expected projects,
rather than focusing on gathering only basic and descriptive information without a strong
relationship to them.

Finally, as power relationships among main players vary along the Corridor, the
social perception of how development initiatives can affect the interests of people and
institutions can be highly variable. For instance, whereas in the upper Paraguay basin
the potential effects of the Hidrovia expansion have represented the main concern and
source of tensions between the productive and environmentalist sector, in the Parana
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Delta, coastal urbanizations, fishing pressure for exportation, and intensive cattle and
agriculture practices have concentrated the main controversies. As noted by [119,138], it is
necessary to gather a better understanding of stakeholder values, preferences, and demands
that the corridor provides. Many actors who use the river space and its resources have
developed a fine capacity to perceive changes and transformations and be able to detect
them at a local scale [246]. In this context, performing participatory mapping activities
could represent also a suitable strategy for identifying and spatialize fluvial territories of
important socio-economic and environmental relevance and help to setting management
strategies and establishing priorities for solving community conflicts [247]. This approach
would contribute to developing sound territorial ordination planning considering the
fluvial spaces as a dynamic but critical component of the landscape in which several
ecosystem services take place. Past environmental impact studies in the corridor have paid
little attention to the local scale, and its importance in providing criteria for environmental
decision-making has been underestimated by management agencies. In the Parana Delta,
previous attempts to develop a land-use planning framework [248,249] ignored the need to
include the fluvial territory as a core concept for this region, focusing mostly on terrestrial
productive activities [250,251].

7. Conclusions

The Paraguay-Parana corridor, as a free-flowing system, exhibits a potential high
potential resilience to disturbances, being this feature strongly related to its free connectivity
between the main channels and floodplains and lack of longitudinal or severe lateral
fragmentation. The conservation of the corridor will require, however, different actions
and policies oriented to support sustainable livelihoods, biodiversity, and ecosystem
services that large river systems provide. Unsustainable practices by land and water uses
can impact and provoke multiple disturbances and negatively affect the structure and
functioning of freshwater ecosystems. In addition, the corridor may be highly vulnerable
to unfavorable climatic conditions associated with extended severe droughts that can
influence the conservation of functional floodplain ecosystems.

A transversal axis to several of the legal instruments and mandates of institutions that
have interference on the management and administration of the resources of the corridor
should be the conservation of the extensive wetlands and related ecosystem services that
represent a distinctive factor in most of the corridor length and make it more resilient
than impaired large river systems. Although the Pantanal is recognized as one of the most
iconic wetlands in the world, conservation policies must be extended to the entire wetland
belt that integrates the corridor. Maintenance of the ecological integrity will require that
the countries start discussing how to support durable rivers protection and restoration
measures, and that current and planned infrastructure initiatives become compatible with
sustainable social and economic development. One of the most conflicting but critical
aspects for the conservation of the corridor in a durable state is the need to improve and
articulate regulatory frameworks that operate at different scales. The different political
and institutional scenarios of the countries, and still weak water governance mechanismes,
make it difficult to impose articulated measures for the protection and management of
resources based on local, regional, and transboundary priorities.

Future efforts in gathering more environmental information should be oriented to
cope with predicted impacts or planned infrastructure works. The development of the
first EIAs associated with the Hidrovia has not been very positive because they lack
adequate environmental and ecological information. Most of the studies related to this
project have been questioned due to the lack of social, economic, and environmental
integration and verified information associated with the ecological effects of dredging,
navigation, and ports development. As this project is considered a strategic initiative in the
corridor that attempts to integrate transboundary interests and demands of the different
productive sectors, its positive and negative impacts at different levels will continue to
have paramount importance.
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Central for the corridor conservation is the need to tackle a strong interdisciplinary vi-
sion, beyond a traditional engineering and hydrological perspective. This implies avoiding
thinking of the corridor as a water highway for only commercial purposes, but perceiving
it as a connector that supports social benefits to local communities. In this sense, under-
standing the corridor under a hydrosocial perspective would contribute to improving
the discussion of key issues that influence the Corridor’s socio-ecological status. In this
context, major progress could be expected if a multiscale integrative approach is adopted
to articulate measures and actions at local, regional, and cross-border levels. Finally, a
strengthening of the communication between different social sectors will help to change
the perception that many projects planned for the corridor may have a high impact without
having the necessary information, or avoid that society cannot recognize environmentally
incompatible proposals. This strategy will facilitate more creative responses and more effec-
tive solutions to resolve the growing social and environmental conflicts that are occurring
along the Paraguay-Parand corridor.
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