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The dolphins of genus Inia (family Iniidae) are < /8 JILE>
cetaceans who have evolved through complex S e oy sh
geomorphological processes of isolation in clear . , w2 Rapidos de los rios

water systems of the Amazon basin, Iténez- 7 B Araguia-Tocantins
Mamoré, Tocantis-Araguaia and Orinoco. '

Madeira

The genus Sotalia (family Delfinidae) shows a
sympatric distribution in the Amazon with Inia g
geoffrensis and Sotalia sp con [/nia g
humboldtiana in the delta of the Orinoco.
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Spatial distribution of river dolphins, Inia
geoffrensis (Iniidae), in the Araguaia River

(central Brazil)

Abstract: This study almed to the distribu-

tlon of botos, Mia peoffrensis, along a 530 km stretch in the

middle reackes of the Araguata River (central Sraxll). Data

collection was condiucted in May (lowering water season)
2005, ard

d water y studied
ecological and emvironmental factors that appear to be
related to cetacean distribution. Furthermeee, anthro-
pogenic effects such as pollution and emvironmental

slze of bows were rocarded, and the relative density was
calculated. The river was divided Into nine areas accoed:
ing % gromoephological features; these arcas were later
grouped into two (low and kigh) levels of sediment input.
The study area was categorized Ingo six types of shoeeline
‘habizans: vegetated bank, non-vegetated bank, beach, con:
fluence, bay, and Island. A total of 195 sightings (239 bosas)
‘were recorded, with the Righest density of sightings found
in habitats in which tributaries entered the Araguala River
{confluence) followed by the bay habitat. The group size
varied fro

may also be impoetant determinants of the
diszridation and occurrence of species (Forcada 2009).

The boto, Inig geoffrensts (de Blalnville, 1817},

Is widely distributed @ the Amazon, Orinoco, and

Araguala Tocamtins river basins (Besz and da Siiva 1989,

1993, Martin and da Siha 2004). These basins undergo

Eotes

explore the igapé, ce flooded forest, habiat that emesges,
whereas during the lowering water and dry seascos, they
concentrate in main river channels (Martin and da Silva
2004). The seasonal changes in the water Jeved are the

were predominant, The segment with high sediment input
a0 Bad a higher density of botos comgared with the Jow-
sediment segment, Botos-peeferred habitsts and human
mhmkahnvea great overlap in Araguais River. Restric-

Sctivit

majar
of botos. Varaticos & the physiochemical charactertszics
(sach 25 pH and quantity of suspended sediment) of the
water do not seem %0 affect the presence of botos, but can
influence boto density indirectly theough their effect oo

would reduce both the imtentional and aocidental harm of
Dones i the Armguaia River,
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pe Siha 1994).

Smdlea conducted in the Amszonian region indi-
cate that fnia geaffrensis appears 10 oocur preferentially
in specific habitats, with highest concentrations beirg
found st the confluences of rivers and lakes, The most

Pl
be that the food resouroes in these sites are moee avail-
sble and sbundant (Magnusson et al, 1980, Meade and
Koehnken 1991, Vidal et al, 1957, Leatherwood et al, 2000,
Martin et al. 2004),

Heavy amthropogenic pressures on  the  river
emironment (especially deforestation of fiparian forest
and constraction of dams) have been recognized as ane
of the main factors that can inflence the distritration
and cocurrence of botos and consequently incresse their
vulnerability 1o extinction (Reeves et al. 2000, 2008,
Gadetti et al. 2090). Ustil 2008, this species was classified
by the Insernational Union for Conservation of Nature
s Boweves, it was mcently nclassified and

Introduction
Various factors affect thy spedies,
such as ecological, and

as Data Deficient, This reclassification was.

anthropogenic factoes (Forcada 2009). The cocurrence
of prey, predators, and compestitors, as well as water
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mainly because, despite considerable knowledge sbout
Its blology = some regions, more data on density and
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Modelacion de nicho y aspectos biogeogrificos del género Sotalia
(Cetartiodactyla: Delphinidae) en los rios Amazonas y Orinoco,

Colombia
Resumen
El género Sotalia (Cetarti Delphinidae) esta de dos especies, basados en
morfologia craneal y evidencia genética. La primera Sotalia fluviatilis (continental) corresponde a
individuos distribuidos en la cuenca del rio Amazonas y Sofalia guianensis (Orinoco y Océano
Atlantico) presentes en las costas de Océano Atlantico m Centroy Sur América, incluido el delta del
rioOrinocoy el L ibo en Venezuela. Lasindi Imedio y bajo Orinoco,
corresponden a individuos que presentan 600.000 afos de divergencia genética de las poblaciones
S, guianensis. El tucuxi, .

cuenca del rio Amazonas. Se i los avistamientos realizados para el
fnero Sotlien s cuencasde o rios Amazonas y Orinocoy e efecto e su nterconecividad sobre
traves del 6gico (nicho climitico) en aras de

establecer la distribuci6n potencial del género Sotalia empleando el algoritmo de Maxima Entropia
(MaxEnt) y sistemas de informacion geografica junto con variables ecograficas e hidrograficas,
asociadas a los sistemas acuticos habitados por estas especies de cetaceos. Los resultados sugieren
que la especies S. fluviatilis y S. guianensis presentan limitaciones a su distribucién generado por los
raudales como Cordoba en ¢l rio Caquels (Amazonas) y Maipures y Atures en ¢l rio Orinoco
o . se resalta la i ia de este tipo de invest que emplean
imaci ra inferir las distri peci
acudticos dela Amazoniay Orinoquia.
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1 género Sotalia (Cetarti Delphinidae) esta de dos especies, basados en
mwrlnlng(a craneal y evidencia genética. La primera Sotalia fluviatilis (continental) corresponde a
individuos distribuidos en la cuenca del rio Amazonas y Sofalia guianens inoco y Océano
Atlantico) presentes en las costas de Océano Allamlm en Centroy SurAmen , incluido el delta del

rioOrinocoy el L ibo en Venezuela. Las indi 1medio y bajo Orinoco,
corresponden a individuos que presentan 600.000 afos de dwergzm:la genética de las poblaciones
guianensis. El tucux, 5. p parala

cuenca del rio Amazonas. Se ogi los avistamientos realizados para el
énero Sotalin n las cuencas de los ios Amazonasy Orinoco el efecto de su interconecividad sobre
enarasde

establecer la distribucién potencial del género Sotalia empleandn el algoritmo de Maxima Entropia
(MaxEnt) y sistemas de informacion geografica junto con variables ecograficas e hidrograficas,
asociadas a los sistemas acudticos habitados por estas especies de cetaceos. Los resultados sugieren
que la especies S. fluviatilis y S. guianensis presentan limitaciones a su distribucién generado por los
raudales como Cérdoba en cl rio Caquels (Amazonas) y Maipures y Atures en el rio Orinoco
I\ . , se resalta la ia de esie tipo de investigaciones, que emplean
imaci 1 inferir las distril peci
acuiticos dela Amazonia yOrinoquia.
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Distribucién y estado poblacional del bufeo boliviano
(Inia boliviensis) en cuatro rios tributarios de la
subcuenca del Rio Mamoré
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Distribution Predictive Models

0.2

+
|
. -

0.3

0.4

Instituto de Desenvolvimento
Sustentavel Mamiraua

N
ades 54

(Phillips et al., 2004, 2006, 2008)




1. g. geoffrensis (9049) . Rivers
I. g. humboldtiana (4452) [__]Basin
1. g. boliviensis (2388)

Inia araguaiaensis (975)




Taxa
e Sotalia fluviatilis (5954) " Rivers
e Sotalia guianensis (303) [ ] Basin




Variables Description

Height in meters above sea level

Elevation

Bio 1 Annual average temperature
Average daytime range (Mean of the

Bio 2 month (Max Temp - Min Temp))

Bio 3 Isothermality ((Bio 2/Bio 7) * 100)
Seasonality of temperature (Standard

Bio 4

deviation * 100)

Maximum temperatura of the hottest

Bio 5
month
Minimum temperature of the coldest
Bio 6
month
. Annual temperature range (Bio 5 - Bio
Bio 7
6)
X Average temperature of the wettest
Bio 8
quarter
Average temperature of the driest
Bio 9
quarter
. Average temperature of the warmest
Bio 10
quarter
Average temperature of the coldest
Bio 11
quarter
Bio 12 Annual rainfall
Bio 13 Precipitation of the wettest month

Bio 14 Precipitation of the driest month
Seasonality of precipitation (Coefficient
Bio 15 o
of variation)

Bio 16 Precipitation of the wettest quarter

Bio 17 Precipitation of the driest quarter
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Build Debug Tools Help

(37 Untitled32* x »
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FRR R R R R B R R R R B R R R R R R R R R R R R R R R R
Tibrary(rJava)

(] Untitled31* % @] Untitled33* % (] Untitled34* » @] Untitled30* » (] Maxent_CURRENT.R x

[] Source on Save [~®Run | 5%

jar <- paste(system.file(package="dismo"), "/java/maxent2.jar", sep="")

#pres_train<-cbind(pres_train$lon,pres_train§lat)
#bg<-cbind(bg$Tlon,bg$lat)
cat("running Maxent for",as.character(name),"\n")

x<-maxent(p=pres_train[,2:3],a=backg_train,removebDuplicates=T,x=curr,path=output2_dir,args=c("-a
predictors<-curr

cat("projecting Maxent outputs for",as.character(name),"\n")

p<-predict(object=x,x=curr,filename=pasteO(name,"”_","Current™),ext=curr[[1]],progress="text",ove

consens<-mean(p)
cons_sd<-calc(p,sd)
cons_cv<-(cons_sd/consens)*100

####tevaluationf###

cat("evaluating ENM performance"”,"\n")
pres_test<-chind(pres_test$lon,pres_test$lat)

harla toact._rhindharla +ac+@1an harla +oac+@1a+)
<

£ (Untitled) =

Console F:/R/Scripts/
"citation()' on how to cite R or R packages in publications.
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Environment = History - ]
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"} Global Environment (

Environment is empty
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R: Abundance-based pair-wise
dissimilarities

beta.pair.abund {betapart}

v

~
R Documentation

Abundance-based pair-
wise dissimilarities

Description

Computes 3 distance matrices accounting for
the (i) balanced variation in abundances, (i)
abundance gradients, and (iii) total dissimilarity
(i.e. the sum of both components).

Usage
beta.pair.abund(x, index.family = "bV
< >
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Sensitivity (1 - Omission Rate)

Average Sensitivity vs. 1 - Specificity for Inia_geoffrensis
[ ' ' ' | | ' ' ' | Mean (aUC = 0.885) =

ror Mean +/- one stddev ®
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1 - Specificity (Fractional Predicted Area)
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AUC: 0,8852 High
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Sensitivity (1 - Omission Rate)

Average Sensitivity vs. 1 - Specificity for Inia_boliviensis
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Average Sensitivity vs. 1 - Specificity for Inia_humboldtiana
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Sensitivity (1 - Omission Rate)

Average Sensitivity vs. 1 - Specificity for Inia_araguaiaensis

Mean (AUC = 0.973) ®

| mean +~ one stddev =
| Random Prediction ®
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1 - Specificity (Fractional Predicted Area)

Inia araguaiaensis
AUC: 0,9738 High
No random
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Average Sensitivity vs. 1 - Specificity for Sotalia_fluviatilis
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Average Sensitivity vs. 1 - Specificity for Sotalia_guianensis
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B /nia geoffrensis
B /nia humboldtiana
B /nia boliviensis
B Inia araguaiaensis

" Rivers
[ 1Basin




Legend

W Sotalia fluviatilis - Rivers
B Sotfalia guianensis  [_1Basin




Results

Total area Areas transformed by hydroelectric plants

potential in different phases km?

Species
distribution

2

km Operation Constrution Planning

] 77.077 68.995 139.981
l. g. geoffrensis 468.717
(16.4%) (14.7%) (29.9%)
; 26.348
I. g. humboldtiana 114.962 6.302 (5.5%)
(22.9%)
1.g. boliviensis 76.597 1.482 (1.9%)
_ ; 41.853
|. araguaiaensis 76.182 16.005 (21%) 36.281 (47.6%)
(54.9%)
, o 77.077 68.995 139.981
Sotalia fluviatilis 356.716
(21.6%) (19.3%) (39.2%)

Sotalia guianensis 17.473 2.704 (15.5%) 2.555 (14.6%)

Table. Representativeness of transformed areas by
hydroelectric plants in the distribution of South
American river dolphins (/nia and Sotalia).




Results

Taxa State
W | g. geoffrensis A Operating

I. g. humboldtiana ®  Planned
I I g. boliviensis ¢ Inventoried
B /nia araguaiaensis @ Construction

Rivers [ 1Basin
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Results

Taxa State
B Sotalia fluviatilis A Operating
[ Sotalia spp.

®  Planned
¢ Inventoried
® Construction

[ ] Basin Rivers
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Total area Total area in

Areas of aquatic ecosystems in conservation km? .
Conservation

2

Species potential

distribution km

89.915

l.g.geoffrensis 468.717  69.324 5.839 2900 11.455 397 (19.2%)
0

18.386
1.g.boliviensis 76.597 5.802 12.494

(24,0%)

68.155
S. fluviatilis 356.716  54.892 2.637 2900 7.726

(19,1%)

Table . Representativeness of protected
areas in the distribution of South American
river dolphins (/nia and Softalia).




National parks
I | g. geoffrensis Strict protection
I | g. humboldtiana Sustainable use
I 1. g. boliviensis " Rivers
Il /nia araguaiaensis [ | Basin




National parks

V) Strict protection

B Sotalia fluviatilis
[0 Sotalia spp.

Sustainable use

[ ] Basin

" Rivers
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® 100wy ¢
® 30-1,000 MW

.......

Average migration rates

[ Guana/Brazlian shields
Central lowlands

Number of dams

(1]

Number of dams

e~ Sediment yield (t km= yr-')
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0- —_—
0 1,000 2,000 3,000 4,000 5,000 6,000
Elevation (m)
o Small (1-30 MW, n = 223)
100
Large (30-1,000 MW, n = 179)
10 Mega (21,000 MW.n=26)  Saniuz  Belo
do Tapajés  Monte
1 I I n I 1 1 1 .
T T T T T 7]
0 2,000 4,000 6,000 11,00012,000
Hydroelectric capacity (MW)

Latrubesse et al. 2017
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Discussion

Andersson et al. 2018
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Freshwater ecoregions
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DAMS
® Aproved
® Existing
@ Planned

Dam Basins

RIVERS

—r— Clearwater

| Whitewater
| —~~— Blackwater

Reduction:
Sediment | 71%

- Phosforo | 51%

e Nitrogen 24%
* DAMS IN THE ANDES gen L us t
v l -,5.' ,!'f‘j/ Fuente: www.aguasafi&ZsHita
"Arn-.r.‘ / =

#{ Manseriche Reservoir




Conclusions

It’s obvious the low representation of protected areas in the distribution of
the river dolphins in South America.

The standardization of model methods (idoneidad, multiscales and
simulations) gives a huge potential of the understanding tools in
biogeographic aspects and the conservation that allows the construction of

robust applied information, allowing fundamentals for the management and
decisions takers.

The negative impacts of dams have to be analyzed from the impact on the
movement of the river dolphins like a physical barrier to the migration that
can be understood with the resistance models giving coefficients.
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