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Abstract. Freshwater elasmobranchs are threatened but little is known about Haeamotrygon brachyura is the

world’s largest obligate freshwater elasmobranch. This makes it popular among fishermen and suggests a susceptibility to
anthropogenic threats. We collected record®.dbrachyura (n270) from media, fishermen and scientific sampling, to
estimate its global geographic distribution (using both generalised additive and MaxLike models). Then, we estimated the
species’ exposure to habitat modification and fishing pressure, by applying multinomial ordinal models with threat levels
as response and the presence or absenée bfachyura as an independent variable. Distance to coast, depth, water
temperature range, salinity range and mean water temperature were the main determinants of the distributicmdethe R

la Plata. This resulted in a narrow coastal distribution. In the Uruguay and PRisea basins, the probability of
occurrence was positively associated with flow accumulation, percentage of open water and submerged vegetation, and
lowland ecoregions, and negatively to wetness index and altitude. This limited the distribution to large lowland rivers.
Approximately 41% of the range d@f. brachyura in the Ro de la Plata was subject to high habitat modification. In the
Uruguay and PardriRiver basins, this percentage reached 7%; however, the overlap with high fishing pressure was 59%.
For conservation purposeR, brachyura may function as an umbrella species.

Additional keywords: Chondrichthyes, Pantanal, ParaRaver, Ro de la Plata basin, South America, species
distribution modelling, wetlands.
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Introduction (e.g. dams and reservoirs, channelisation, siltation, deforesta-

Freshwater environments contain a disproportionate amount dfon) and different forms of pollution (e.g. point source, mining,
biodiversity and are among the most threatened ecosystems @gricultural pollution) Compagno and Cook 1994n fact, for
earth Qudgeoner al. 2006. Despite being among the less the only three species @fotamotrygon that could be evaluated
extensive environments, freshwater ecosystems harbour a grelay the International Union for Conservation of Nature (IUCN)
number of species. Fishes, for example, are proportionally mucbheyond the Data Deficient category, a combination of over-
more diverse in fresh water than in marine ecosystems: 40—45%shing and habitat loss are recognised as realised or potential
of all fish species inhabit exclusively freshwater habitats thatthreats Rincon 2004 Araljo et al. 2009 Charvet-Almeida and
represent less than 1% of all aquatic habitat on edrgv@que  Almeida 2009.
et al. 2008. Owing to its small size (as compared to marine  The short-tailed river stingrayPotamotrygon brachyura),
ecosystems) and to its primary importance to humanity, freshendemic to the R de la Plata basin, is one of the most
water ecosystems are among the most modified and threatenednspicuous obligate freshwater elasmobranchs. Weighing up
(Dudgeonet al. 2006. Habitat modification, pollution and to 208 kg, it is the largest obligate freshwater fish in South
overexploitation are the main threats affecting freshwater bio-America, rivalled only by the teleostean pirarucudpaima
diversity (Allan er al. 2005 Dudgeoner al. 2006 Humphries  spp.), and the pifaa giant catfish Brachyplatystoma filamen-
and Winemiller 2009Collenet al. 2014). As a result, 56—71% tosum), which may both attain 200 kgA(lan ef al. 2009. It is
of the world’s natural inland (freshwater) wetlands have beeralso the largest obligate freshwater elasmobranch in the world,
lost, with 69-75% lost during the 20th century, despite con-as the giant freshwater whipray/imantura polylepis) is now
servation efforts, such as the Ramsar Conventidav{dson known to occur in marine waters in addition to fresh water
2014, and freshwater species are at a higher risk of extinction(Last ez al. 2010. Because of its large siz#®, brachyura is
than terrestrial onesCllen er al. 2014). This is of particular  hunted by big-game fishermen, and its captures are usually
concern for freshwater taxa that are unique from an ecologicateported by local and national newspapers, fishing magazines
(e.g. keystone species), biogeographic (e.g. endemic species)hd newscasts.
or evolutionary (e.g. species representing unigue clades) point Despite its popularity among regional fishermen, the ecology
of view. and conservation status @ brachyura remain completely
The class Chondrichthyes (subclasses Elasmobranchii (sharksnknown. Although there are a few studies on the ecology
skates and rays) and Holocephali (chimaeras)) comprisesf other freshwater stingrays from thédRde la Plata basin
~1200 species, predominantly marine. However, a significan{e.g. Mart nez Achenbach and Valentinis de Magz Achen-
minority of species £14%) are able to survive in estuaries or bach 1976Garrone-Neto 20L@arrone-Neto and Uieda 20),2
fresh water Compagno 1990Dulvy et al. 2014). Furthermore, no scientific studies focussing on the biology and ecology of
some species are fully adapted to fresh water and do not survive iB. brachyura have been published so far. Not surprisingly, the
marine waters; these are known as obligate freshwater elasmeenservation status &f brachyura is unknown because it could
branchs Compagno and Cook 1998ompagno 2002 These not be evaluated by any of the analyses of conservation status in
species, belonging to the order Myliobatiformes (stingrays andvhich the species was included, even though they were based on
allies), inhabit tropical and subtropical water bodies of Southdifferent methodological approaches (i.€harvet-Almeida
America, west Africa, and south-east Asia, although the greatestr /. 2009 Chebezet al. 2009 Petéa 2009 Baigin et al.
number of species (28 of 34) occur in South AmeriCaifipagno  2012). Despite this lack of informatior®. brachyura is thought
2002. South American freshwater stingrays are unique becaus® be affected primarily by habitat modificatiorClarvet-
they represent an evolutionarily distinct clade of chondrichth-Almeidaer al. 2009 and it has been declared a priority species
yans, the family Potamotrygonidae, with physiological andfor conservation in Uruguaypureiroet al. 2013.
ecological adaptations to life in tropical and subtropical freshwa-  In this paper, we took advantage of the conspicuousness of
ter environmentsRosaer al. 2010. Physiological adaptations P. brachyura and its popularity among fishermen to gather data
include the reduction of the salt-excreting rectal gland and theon the occurrence of this species throughout thede la Plata
loss of urearetention in the blood. Ecological adaptations includéasin. In addition to specimens from scientific collections and
a match of reproductive cycles to hydrographic regimes andgampling, we looked for confirmable records Bf brachyura
surface swimming when oxygen concentration is |®@$aet al. provided by fishermen and recreational fishing magazines. Our
2010. In general, freshwater elasmobranchs are less well knowobjectives were (1) to estimate the geographic distribution of
than marine ones and most of the basic information needed t8. brachyura and (2) to assess the threat of habitat loss and
assess their conservation status, such as geographic distributidishing pressure t&. brachyura by quantifying the overlap of its
is lacking Qulvy et al. 2014). geographic range with different levels of these threats.
Although overfishing is the main threat for an overwhelming
majority (~96%) of marine elasmobranchsrettiet al. 2010), :
oblggatg (freshwater elasmobranchs could also be threatened A\/Iaterlal and methods
other threats @ompagno and Cook 199%ompagno 2002 tudy area
Dulvy ef al. 2014. As compared to their marine relatives, Covering over 3 10°km? the Ro de la Plata basin is the
obligate freshwater elasmobranchs live in smaller, more varisecond largest drainage system in South Amerimanfie and
able and patchier environment€g¢mpagno and Cook 1995 Mertes 200¥ (Fig. 1), and home to a rich biodiversity. This
Dulvy et al. 2014). This makes them vulnerable to different basin contains some of the world’s largest tropical and sub-
forms of habitat loss, such as physical habitat alteratiortropical rivers (e.g. PardnRaraguay, Uruguay) and the planet’s
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Fig. 1. Occurrence records of the short-tailed river stingrBytgmotrygon brachyura) in rivers (grey
lines) and wetlands (dark grey areas) of thie Be la Plata basin (white area). The inner, freshwater zone of
the Ro de la Plata is shown in light grey. Records for the Be la Plata and lower Uruguay rivers are shown
as diamonds; records for the Uruguay and Paatduding the Paraguay) river basins are shown as circles.
International boundaries are shown as black lines. Countries: Ar, Argentina; Bo, Bolivia; Br, Brazil; Py,
Paraguay; Uy, Uruguay. Rivers: 1,&Rde la Plata; 2, Paraguay; 3, ParadaUruguay; 5, Iguazu6,
Pilcomayo; 7, Bermejo; 8, Ibicu9, Corrientes. Map projection is Mollweide equal area. The inset shows the
location of the depicted area in South America.

most extensive riverine wetland corridoPdtéa 2009, species identification based étpsa (1985)We cannot make
including the Pantanal and middle and lower Paraiver public images of specimens from records whose source is not
floodplain. The environments of the’®de la Plata basin are our own sampling, but they are available from the authors upon
ecologically complex, with great spatial and temporal hetero-request.

geneity Agostinho and Zalewski 1996/enni 2004 Paira and Sampling was conducted in multiple locations along the
Drago 2007 Acefolazaet al. 2008 Scarabotter al. 2011). This ~ middle Parah&iver, as part of a project aiming to evaluate the
heterogeneity arises from the variety of climates (from tropicalbiodiversity and population status of fish species of the lower
in the north to warm temperate in the southern extreme, with @2araguay and middle Paransers, conducted by the Argen-
humid-to-arid gradient from east to west) and topographic featinean Direccion de Pesca Continental jointly with the pro-
tures (the Andes Mountain Range in the west, the Chaco andinces of Entre Ros, Santa Fe, Corrientes and Chaco. This
Pampas plains in the centre and south, the Brazilian Shield in theampling was conducted four times per year (once per season)
north and the Serra do Mar highlands in the east) that charaaising gill-nets of multiple mesh size in each location, to sample

terise the basinQuiras 2009. the widest possible fish size range. All freshwater stingrays
that were caught were photographed, preserved and deposited
Data sources at the ichthyological collection of the Instituto de Biolag

Data on occurrences & brachyura throughout the R de la  Subtropical — Iguazu

Plata basin were obtained from different sources, such as sci- ) o

entific reports and publications, online repositories (Global Geographic range estimation

Biodiversity Information Facility, GBIF), reports of fishermen’'s We used occurrence data to estimate the geographic range
catches and our own sampling. For all records we eitheof P. brachyura through species distribution modelling.
examined the actual specimens or images of them to checkhe modelling approach differed according to data availability.
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For the Ro de la Plata and lower Uruguay River (RdIP), we usedthe Lower Parahacoregion is too vast and includes sub-basins
two different methodological approaches. The first, preferredwith marked environmental and biogeographic differences,
approach was a generalised additive model (GAM) with awhich challenges the view of the Lower Paraas a single
binomial distribution run on actual presences and absences @coregion §lenni 2004. For the purpose of this study, the main
P. brachyura and using environmental correlates as predictorsbiogeographic difference is the ichthyofaunistic relationship of
For thisregion, we had absence data available fr®dBPLATA  the western part of the Lower Pafaeeoregion with the more
(2004) These absences consisted of trawl stations whergouthern Pampean ecoregion (not included in this study), as
P. brachyura was not caught. Presence data for RdIP includedndicated byl 6pezet al. (2008) Then, we identified the western
trawl stations with positive catches 8f brachyura, plus other  part of the Lower Pardnacoregion as a different ecoregion
records. The second approach was a presence—backgrourglated to the Pampean biogeographic unitLdipez et al.
technique, called MaxLikeRoyle et al. 2012, that uses pres- (2008) The Upper ParandguaZy Upper Uruguay and Pampe-
ence data plus environmental predictors to estimate the proban ecoregions are all devoid of any recent or historical record of
bility of occurrence of a species, and is being increasingly used. brachyura (e.g.Menni 2004 Garrone-Netez al. 2007, Lopez

in species distribution modelling (e.§arreet al. 2013 Fitz- et al. 2008 Juio Junior er al. 2009. Then, the ecoregion factor
patrick et al. 2013 Ferrer-Parigt al. 2014 Sanchez-Mercado was a categorical variable defining the Paraguay, Chaco, Lower
et al. 2014). Pararniaand Lower Uruguay as ecoregions with presence of

For the rest of the ® de la Plata basin, i.e. the Uruguay and P. brachyura and the remaining ones as ecoregions with absence
Parana(including the Paraguay) river basins (UP), we wereof P. brachyura. We did not include together in the same model
able to use MaxLike because we only had presence data. Faredictors with a correlation coefficient)(higher than 0.5.
this region, we built 10 different datasets because there was a All data manipulation and modelling were conducted in
tendency in the data to over-represent the southern part of the ver. 3.1.1 R Core Team 2014 using the packages MASS
basin. Then, we excluded data from aggregations in th&€Venables and Ripley 2002 raster Hijmans 2014, mgcv
southern part of the UP and randomly assigned one point ofWWood 200§ and maxlike Royleer al. 2012).
each aggregation to one dataset, followihggault et al.

(2013) In this way, we obtained a more balanced dataset to .

run the MaxLike models. We first selected the best model using 1abitat loss and fishing pressure

one of the 10 datasets selected at random. Then, we reran th¥e estimated the degree of exposuréobrachyura to habitat

best model for each of the 10 datasets. The mean of the ten ruthgss by estimating the overlap of the estimated geographic range
of the best model was our final estimation of the geographido different categories of habitat modification, ranging from
range ofP. brachyura in the UP. In MaxLike models of both near pristine to highly degraded conditions.

regions, we included a quadratic term for each predictor in  First, from the maps of probability of occurrence, we
order to account for potential non-linear effecRof/le er «/.  Obtained a binary (i.e. presence—absence) map by applying a
2012. For both modelling approaches, the best model waghreshold of occurrence to the probability of occurrence. The
selected by minimising the Akaike Information Criterion threshold applied was the one that maximised the sum of
(AIC) (Andersoret al. 2000). sensitivity and specificityl(iu e al. 2013.

The set of predictors used in the modelling also differed Second, we categorised all the aquatic habitat of theed® la
between regions. For the RdIP, we used depth, mean surfaddata basinin an ordinal scale of habitat modification going from
temperature, mean surface salinity, annual range in surfacpristine to highly modified. Again, the categorisation necessari-
salinity, annual range in surface temperature, surface temperdy differed between the two regions considered because of
ture of the warmest month, and distance to shore. Thesdifferences in the data. For the RdIP, we used the scale and
environmental predictors were taken from the database builgeographic coverage of biodiversity threats estimated®iay
by Sbrocco and Barber (2013Because a database of these zeiro et al. (2003) This scale identifies four ordinal levels of
hydrographic predictors does not exist for the whole Be la  threats in the RdIP based on four kinds of stressors: biological
Plata basin, we used a mixture of climatic, topographic, hydroinvasions (by both molluscs and fish), biological contamination
graphic and biogeographic predictors for the UP. Thesge.g. harmful algal blooms), pollution (chemicals, heavy metals,
predictors were isothermality (i.e. mean diurnal temperaturpottom solid debris, coastal point sources of pollution) and
range C annual temperature range), altituddijmans ez al. benthic habitat alteration (dredging, bottom trawl damage)
2005, flow accumulation (http://www.worldwildlife.org/ (Brazeircet al. 2003. For the UP, we used six ordinal categories
pages/hydrosheds, accessed 14 February 2014; a measuremeithe Human Influence Index fronwildlife Conservation
of the upstream catchment area and stream order), percentage®®ciety and Center for International Earth Science Information
flooded vegetation, percentage of open watergnmu and Jetz, Network, Columbia University (2005)The Human Influence
2014, topographic wetness index (calculated by ourselves frorrindex takes into account the effect of stressors such as human
altitude and flow accumulation), distance to urban centres withpopulation pressure, human land use and infrastructure (includ-
human density higher than 500 inhabitants Krtto account for  ing dams and reservoirs), and human access (including river and
a potential bias of having more records closer to places witHake navigation).
more fishermende Resende 2003and an ecoregion factor. The ~ Finally, for each region, we overlapped the geographic
ecoregions of the ® de la Plata basin are Paraguay, Chaco distribution ofP. brachyura obtained from the binary map with
Upper Parahalower Parahalguazy Upper Uruguay and the map of habitat modification. In this way, we obtained an
Lower Uruguay, as defined bfbell er al. (2008) However, ordinal distribution of habitat modification categories for


http://www.worldwildlife.org/pages/hydrosheds
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Table 2. Summary of MaxLike and generalised additive models Fishing pressure threat

(GAM) used for estimating the geographic range of the short-tailed Fishing pressure tended to be high along all major rivers of the
river stingray (Potamotrygon brachyura) in the Rio de la Plata and lower UP, with only a few areas in the Pantanal, Iberad Bajos

Uruguay rivers . . . .
Models are ranked according to their Akaike Information Criterion (Aic) SuPmeridionales wetlands having low fishing presséig. (6).

from lowest (best model) to highest (worst model). Predictors: D, depth; Di,The probabll!ty of any g'V?n F_"Xe| of the geograph'c range of
distance to shore; Tmean, water surface temperature (mean); Trange, watBr brachyura in the UP falling into any of the fishing pressure
surface temperature (range); Tmax, water surface temperature of théategories, from lowest to highest, were: 0.0297, 0.1242,
warmest month; Smean, surface salinity (mean); Srange, surface salinit.2570, 0.2874 and 0.3016. Then, almost 59% of the geographic
(range). Predictors with a ‘2’ indicate the inclusion of a quadratic term  range ofP. brachyura in the UP is exposed to the two highest
categories of fishing pressure, whereas only 15% of the species’

Rank Predictors AlC range lies within areas in the lowest two categories of fishing
MoxLike pressure.

1 D, Di, Tmean 196.62

2 D, Di, Trange 197.12  Discussion

3 D, Di, Smean, Trange 198.79 Geographic distribution

4 D, Di, Smean, Trange 198.83 . . . L

5 D, Di, Srange, Trange 1098.85 The main predictors of the geographic distribution of

6 D, Di, Smean 203.02 P. brachyura indicate that it is associated with large lowland

7 D, Di, Srange 203.39 rivers, rather than with lentic water bodies (e.g. lakes and

8 D, Di 204.06  reservoirs). The large effect of ecoregion indicates that the upper

9 D, Di, Smean, Tmax 204.94 parts of the sub-basins (i.e. upper Uruguay, Igudampean,

10 D, Di, Tmax 205.12  which corresponds with the upper Salado River) are not

11 D, Di, Srange, Tmax 20535  gppropriate habitats fat. brachyura. This is in agreement with

E B* B:' g:g' Bg' Tmean, Tmean2 20270‘2'290 current evidenceenni 2004 Lopezet al. 2008 Gomezet al.
e y 2009 Baumgartneer al. 2012). The upper Pardnecoregion is

14 D, Di, Di2, D2, Trange, Trange2 207.69 . . . .

15 D. Di, Di2. D2. Srange, Srange2, Trange, Trange2 208.002N €Xception to this pattern Bsbrac_hyura is pred|'cte_d to occur

16 D, Di, Di2, D2, Smean, Smean2, Trange, Trange2 >0a.7othere, mostly due to the large size of the Par&ieer (see

17 D, Di, Di2, D2, Srange, Srange?2 208.91 below). The negative effect of altitude is also expected because

18 D, Di, Di2, D2, Smean, Smean2, Tmax, Tmax2 208.91 freshwater stingrays are known mostly from low-altitude eco-

19 D, Di, Di2, D2, Smean, Smean2 208.98 systemskRoseaer al. 2010. Some small species Bbtamotrygon

20 D, Di, Di2, D2, Srange, Srange2, Tmax, Tmax2 209.01 may increase in abundance after river impoundm&tinhgon

21 D, Di, Di2, D2, Tmax, Tmax2 209.87 2004 Garrone-Netoer al. 2014), suggesting that they may

GAM benefit from lentic habitats. In contrast, brachyura is nega-

; g* B:’ gﬁggﬁ' I:::ge ig'sg tively associated with these environments, as indicated by the
e ' ge ) negative relationship with the topographic wetness index, which

3 D, Di, Srange, Tmax 15.22 .

4 D. Di. Smean. Tmax 153g Measures water accumulation or the t_e_ndency of water to pool

5 D, Di, Smean 1565 (Schaefer and Arroyave 20),Cand positively associated with

6 D, Di, Srange 15.73 flowing waters, like those of large floodplain rivers, as indicated

7 D, Di, Tmean 16.45 by its positive association with flow accumulation.

8 D, Di, Trange 17.51 The main part of the geographic rangeRfbrachyura lies

9 D, Di 23.90  withinthe Paraguay—middle Paraass, including the Pantanal

10 D, Di, Tmax 27.87  and the ParanRiver floodplain. Other areas of importance are

the middle and lower Uruguay River, coastal areas of tleed®

la Plata, Bermejo, Tebicuary, IbiguCorrientes and Gualeguay

rivers. This is explained by the importance of flow accumulation
For the UP, the areas with the highest habitat modificationsas a determinant of the distribution Bf brachyura in the UP.

were located along the major rivers, particularly the Paranalnterestingly, some of these areas, like the Corrientes and'lbicu

Uruguay, middle and lower Paraguay, and Iguaxers (Fig. 5). rivers, have putative records dt. brachyura (Behr 20095.

The Bermejo, Pilcomayo and upper Paraguay rivers, the Pant@®wing to the unconfirmed nature of these records, they were

nal, Ibefaand Bajos Submeridionales wetlands and large areasot included in our models. However, our final model still

of the middle and lower Paramiver floodplain had a low score identified those areas as suitable habitatfdsrachyura, which

of habitat modification[fig. 5). Consequently, the probability of indicates that they may be valid. Particularly important, because

any given pixel of the geographic range®fbrachyura inthe  of the extension of continuous wetland as habitat for

UP falling into any of the threat categories, from lowest to P. brachyura, is the Paraguay—middle Paranerine axis.

highest, were: 0.0127, 0.5452, 0.3815, 0.0507, 0.0095 and Areas for which there are no records but which are predicted

0.0004. This means that93% of the geographic range of as potential habitat aP. brachyura include the Pilcomayo and

P. brachyura in the UP falls in the lower half of the habitat lower Salado rivers and the Ibeemd Bajos Submeridionales

modification scores, with-55% of this range falling in the two  wetlands. These areas require further sampling to confirm the

lowest categories of habitat modification. presence oP. brachyura. The Pilcomayo is, together with the
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Table3. Summary of MaxLike models used for estimating the geographic range of the short-tailed river
stingray (Potamotrygon brachyura) in the Rio de la Plata basin (excluding the Rio de la Plata and lower
Uruguay rivers)
Models are ranked acording to their Akaike Information Criterion (AIC) from lowest (best model) to highest
(worst model). Predictors: isoT, isothermality; ac, flow accumulation; alt, altitude; wi, topographic wetness
index; flv, percentage of flooded vegetation; opw, percentage of open water; ecor, ecoregion. Predictors with a
‘2’ indicate the inclusion of a quadratic term

Rank Predictors AIC

1 ac, alt, wi, flv, opw, ecor 861.11

2 isoT, ac, alt, wi, flv, opw, ecor 861.99

3 isoT, ac, alt, wi, flv, opw, ecor, wi2 862.54
4 isoT, ac, alt, wi, flv, opw, ecor, ac2, wi2 863.62
5 isoT, ac, alt, wi, dis, flv, opw, ecor, ac2, wi2, dis2 866.92
6 isoT, ac, alt, wi, dis, flv, opw, ecor, ac2, wi2 868.43
7 isoT, ac, alt, wi, dis, flv, opw, ecor, isoT2, ac2, wi2, dis2 868.66
8 isoT, ac, alt, wi, dis, flv, opw, ecor, isoT2, ac2, wi2, dis2, flv2 870.83
9 isoT, ac, alt, wi, dis, flv, opw, ecor, isoT2, ac2, alt2, wi2, dis2, flv2 872.56
10 isoT, ac, alt, wi, dis, flv, opw, ecor, ac2, wi2, dis2, flv2 872.72
11 isoT, ac, alt, wi, dis, flv, opw, ecor, isoT2, ac2, alt2, wi2, dis2, flv2, opw2 874.91
12 isoT, ac, alt, wi, dis, flv, opw, ecor, isoT2, ac2, wi2, dis2, flv2, opw2 876.50
13 isoT, ac, alt, wi, flv, opw, wi2 884.92

Fig.3. Probability of occurrence of the short-tailed river stingrByfamotrygon brachyura) in rivers and
wetlands of the P de la Plata basin (excluding thédde la Plata and lower Uruguay rivers), as estimated
by a MaxLike model. White area:'R de la Plata basin. International boundaries are omitted to improve
visualisation of the results along rivers. Map projection is Mollweide equal area.

1471
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Fig.4. Geographic range of the short-tailed river stingrBys@motrygon brachyura) in the Ro de la Plata

basin (excluding the ® de la Plata and lower Uruguay rivers). The geographic range results from applying a
threshold maximising the sum of sensitivity and specificity to the probability of occurrence estimated by a
MaxLike model. White area: ® de la Plata basin. International boundaries are shown as dotted lines. Map
projection is Mollweide equal area.

Bermejo River, the most important river of the Chaco ecoregionand P. corruscans, have been recorded in these wetlands, but
(Monasterio de Gonzo 2003Menni 2004. Records of mostly after large floods during El Nmyears Pautasso and

P. brachyura are well known in the Bermejo River~{g. 1). Virasoro 201}, and a freshwater stingray of tlezamotrygon
Conversely, the Pilcomayo lacks any recordRofbrachyura, motoro species complex has been recorded in the drépdz
despite having suitable habitat for most of its lowland reacher al. 2008. We hypothesise that. brachyura, like S. brasi-

(Fig. 4). This may be a case of undersampling because otheliensis and P. corruscans, could be present in the Bajos Sub-
large fish species are present (and exploited) in the Pilcomayo aseridionales only during high water levels.

far up as Bolivia, such as the teleostean sorubifsudopla- Inthe RAIP P. brachyura appears to be restricted to a narrow
tystoma corruscans and P. fasciatum) (Monasterio de Gonzo strip adjacent to the coastline. This pattern may be related to the
2003, pacts (Piaractus mesopotamicus) and doradosSalminus distribution of the benthic fauna, a potential food resource of
brasiliensis) (LOpezet al. 2009. The ichthyofauna of the lower P. brachyura. In the RdIP, both densityRodrigues Cajpulo
Salado River is similar to that of the middle PardB8aarabotti ez al. 2002 and species richnesBi@zeiroer al. 2003 of benthic

et al. 201)); in fact, there is a record of an undetermined organisms are highest close to the shore and lowest in the middle
Potamotrygon species found during a mass mortality of fishes of the river. We hypothesise that this spatial pattern arises as a
in the lower Salado. The Iberetlands are a known habitat for response ofP. brachyura to a general increase in benthic
other species oPotamotrygon (Casciottaer al. 2005. The  biomass towards the coast that may attract other benthic-feeding
Corrientes River, wher@. brachyura is present, may act as a fishes as well. An abiotic factor that affects the abundance of
corridor for the dispersal aP. brachyura between the middle benthic organisms in the RdIP is the percentage of sand in the
ParanaRiver and Ibetraas is the case for other large fishes sedimentsRodrigues Cajpulo ef al. 2002). This same factor is
(Waller et al. 2004. The Bajos Submeridionales wetlands usually an important determinant of the abundance of many
comprise a system of highly variable water level, mainly as aPotamotrygon species $hibuyaet al. 2009 Garrone-Neto and
result of pluriannual cycles, such as EI'd#Southern Oscilla- Uieda 2012. An alternative hypothesis is that percentage of
tion, which has a large effect on its ichthyofaua(itasso and sand, rather than benthic fauna abundance itself, determines the
Virasoro 201}. Large teleostean fishes, suchSa$rasiliensis congruence between the distribution Bf brachyura and the
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Low High

Fig. 5. Habitat modification threat levels for aquatic habitats of the &e la Plata basin (excluding the

R0 de la Plata and lower Uruguay rivers). Data are taken from Wildlife Conservation Society (WCS) and
Center for International Earth Science Information Network, Columbia University (CIESIN) (2005).
White area: Ro de la Plata basin. International boundaries are shown as dotted lines. Map projection is
Mollweide equal area.

benthic fauna. A similar interplay between sediment type andP. brachyura has been unable to reach the Upper Parana
benthic prey distribution has been observed for another batoid odcoregion so far, despite having been recorded close to the
the estuarine and marine zones of the Be la PlataBarbini Itaiplidam ig. 1). We hypothesise that this may be indicative
et al. 2017), suggesting that sediment type may be an importanbf a slow life history that translates into slow population
factor affecting chondrichthyan predators in this ecosystendynamics. The species that have invaded the Upper Parana
dominated by soft bottoms. ecoregion are all much smaller tha?n brachyura, a trait
Despite suitable habitat being availakfeprachyurahasnot  associated with a fast life history, which is a characteristic of
been able to invade the upper Par&ieer basin, which may be invasive fish speciesHelfman 2007. An alternative explana-
indicative of a low reproductive output. After the completion of tion could be thaP. brachyura has a lower dispersal ability than
the Itaipu hydroelectric dam in 1982, near the triple border the invasivePotamotrygon species. Although we cannot reject
between Argentina, Brazil and Paraguay, a natural barriethis possibility completely, dispersal ability, however, tends to
between the Upper and Lower Pardneshwater ecoregions — be associated positively with body sizé&etkinser al. 2007),
the Guaifeor Sete Quedas falls — was obliterated and a massivevhich suggests this is not the case.
exchange of fauna between both ecoregions stabtéid Junior
et al. 2009 Vitule et al. 2012). This led to an invasion of the
Upper Paranhay multiple fish species of the more diverse Assessment of threats
(Albert er al. 2017 Lower Parahaecoregion Juio Junior The importance of habitat modification as a threat differs among
et al. 2009 Vitule er al. 2012. Two or three species of the RdIP and UP. Habitat modification is a problem for
Potamotrygon have established viable populations in the newly P. brachyura in the RdIP. This is exacerbated by the strictly
invaded ecoregionQarrone-Netaes al. 2007, 2014 da Graga  coastal distribution oP. brachyura. Coastal areas of the RdIP,
and Pavanelli 20G7.oboda and de Carvalho 20Ll3However,  especially the southern (Argentinian) shore, are among the most
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Low High

Fig. 6. Fishing pressure threat levels for aquatic habitats of floed@ la Plata basin (excluding thédde
la Plata and lower Uruguay rivers). Data are taken fkGindsmartyer al. (2010) White area: Ro de la Plata
basin. International boundaries are shown as dotted lines. Map projection is Mollweide equal area.

modified and polluted in the basin because this area containexceptions, the region still conserves most of its original
large industrialised urban conglomeratbtu¢gu a e al. 2006 wetland-dependent fauna, including large vertebrates, such as
Barlettaer al. 2010. For example, the concentration of hydro- two species of caimanCgiman latirostris and C. yacare),
carbon and polychlorinated biphenyls in detritivorous fish fromyellow anacondasBunectes notaeus), and the mammalian
the southern shore of the RdIP was 1-2 orders of magnitudeapybaras Kydrochoerus hydrochaeris) and swamp deer
higher than that of fish from the lower Paraguay Riv&péranza  (Blastocerus dichotomus) (B6 2006 Giraudo and Moggia
et al. 2012). Access to the main ports in the RdIP is maintained2008. Among fishes, although the mean size and abundance
through dredging, which destroys the physical structure of thénas decreased in many areas of the riverine &QisrQs et al.
benthic ecosystem. Dredging intensity in the RdIP is highest i2007), there are still areas within the region where the largest,
the coastal zones of the innermost RdB?gzeiroet al. 2003, most sensitive species persist, such as, among catfish, two
which overlaps with the distribution @&f. brachyura inthe area.  species of sorubimA corruscans andP. fasciatum), and the
Habitat modification in the UP appears not to be a stressomanguruyuor jau (Zungaro jahu), and, among characoids,
for P. brachyura at present. This is because of the fairly well dorados§. brasiliensis) and pacuP. mesopotamicus) (Quirds
conserved and mostly unmodified Paraguay—middle Paranar al. 2007). Our finding forP. brachyura therefore appears to
River axis. This riverine axis contains one of the largestbe congruent with trends for other large fishes and vertebrates
continuous wetland areas in the world (from the Pantanal, irof the Paraguay—middle Paraasis.
the upper Paraguay River, to the huge floodplains of the middle Nevertheless, the environmental situation of the Paraguay—
and lower Parandiver), has a rather low human density middle Parahaverine axis is far from safe in the mid- and long
through most of its area, and has no dams along its 3700 krterm. The hydrological cycle of floods, a process of capital
(de Resende 200uirds et al. 2007). In fact, it has been importance in the life cycle of most of the region’s biof(k
proposed as a baseline for the restoration of other larger al. 1989, has been affected by the cascade of dams built in
disturbed floodplain riversNestleret al. 2007). With some  the upper PararRiver (Quirdser al. 2007). To present day, this
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effect has been one of modulation of the flood pulse for thetheir popularity, some freshwater elasmobranchs have been
middle Paraha&iver because dams retain water during high-proposed as flagship specigSo(vler 2002, i.e. charismatic
water seasons and release it slowly during low-water periodsspecies used to stimulate conservation awarerBzssig 201
this results in a decrease in the variability of the flood pulse,P. brachyura may also serve as an umbrella species for the R
both spatially and temporallyguiros 2004 Quirdser al. 2007). de la Plata basin. Umbrella species have habitat and area
In addition, these dams interrupted the long-distance moverequirements so large that their conservation will necessarily
ments of migratory fish species, which are also the largest anthclude other species as weB&rua 201). Accordingly, we
most valuable for fisheriesQQuiros 2004 Quiros et al. 2007, have shown thaP. brachyura has a geographic distribution
Baigln et al. 2011). These effects are rather indirect as covering a high proportion of the basin’s environments. The
compared to the direct effect that planned infrastructure proarge areas of fairly well conserved wetlands in the Be la
jects will have on the Paraguay—middle Pdraris if complet-  Plata basin suggest that there is still an opportunity for the
ed. There are several hydropower dam projects on the Param@nservation of’. brachyura and the ecosystem it inhabits.
River in Argentina and one international transportation mega-
project (‘Hidrova ParanaParaguay’) that will allow naviga- Acknowledgements
tion between Brazil, Bolivia, Paraguay and Argentina through
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