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Giant otters (Pteronura brasiliensis) live in groups that seem to abandon their territories during the flooding

season. We studied the spatial ecology of giant otter groups during dry and wet seasons in the Vermelho and

Miranda rivers in the Brazilian Pantanal. We monitored visually or by radiotelemetry 10 giant otter groups

monthly from June 2009 to June 2011.We estimated home-range size for all groups with the following methods:

linear river length, considering the extreme locations of each group, and fixed kernel. For the radiotracked

groups, we also used the k-LoCoh method. Spatial fidelity and habitat selection of giant otter groups were

analyzed seasonally. On the basis of k-LoCoh (98%) method, home-range sizes during the wet season (3.6–7.9

km2) were 4 to 59 times larger than during the dry season (0.1–2.3 km2). Home-range fidelity between seasons

varied among giant otter groups from 0% to 87%, and 2 radiotagged groups shifted to flooded areas during the

wet seasons. Giant otter groups were selective in relation to the composition of the landscape available during the

dry seasons, when the river was used more intensively than other landscape features. However, they seemed to

be less selective in positioning activity ranges during the wet season. During this season, giant otters were

frequently observed fishing in the areas adjacent to the river, such as flooded forest, grassland, and swamps.
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Animals adopt different strategies to deal with spatial and

temporal heterogeneity of environmental features. Most species

constrain their activities to an area on the landscape defined as

a home range, which comprises areas used in diverse ways for

survival, reproduction, and other activities that maximize

fitness (Krebs and Davies 1997; Powell 2000). Some core areas

are used more intensely within the boundaries of the home

range and commonly contain refuges and more defendable

food sources (Kernohan et al. 2001; Samuel et al. 1985). The

maintenance of the home range in space and time is favored by

a cognitive map (Spencer 2012) that provides site familiarity,

which enhances the owners’ fitness, increasing their ability to

forage and to move rapidly and safely in the area (Stamps

1995).

Some landscape features are used more by a species than

their proportional availability in the environment (Aebischer et

al. 1993; Johnson 1980). However, under highly seasonal

fluctuations, changes in habitat and resource availability may

induce a shift in the animal’s spatial organization and habitat

use through different seasons (Arthur et al. 1996; Humphrey

and Zinn 1982). Availability and abundance of food resources,

together with the metabolic needs of each species, seem to be

the most important variables determining the home range size

and habitat selection of carnivores (e.g., Dillon and Kelly 2008;

Macdonald 1983; Valenzuela and Ceballos 2000). Space use

by semiaquatic mammals is strongly affected by the availabil-

ity of water bodies and prey, and such relationships have been

reported for several species of otters (Blundell et al. 2000;

Garcia de Leaniz et al. 2006; Kruuk 2006; Melquist and

Hornocker 1983). In places with well-defined hydrological

cycles, flooding increases the amount of water in the landscape

and may result in the dispersal of fish assemblages across vast
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flooded areas (Wantzen et al. 2002; Winemiller and Jepsen

1998), which may attract fish predators and induce predictable

movement patterns of the piscivores.

Giant otters (Pteronura brasiliensis) feed mainly on fish, and

information on their spatial ecology is limited to direct

observations during the dry season, when groups maintain

linear territories along water bodies (Duplaix 1980; Evangelista

and Rosas 2011a; Laidler 1984; Leuchtenberger and Mourão

2008; Ribas 2004; Schweizer 1992; Tomas et al. 2000; Utreras

et al. 2005). Groups build dens and campsites with communal

latrines throughout their home ranges that are used for resting,

scent-marking, and rearing cubs (Duplaix 1980; Leuchten-

berger and Mourão 2009; Lima et al. 2012). During the rainy

season, giant otters seem to relinquish their territories to follow

spawning fish into the flooded forest and swamps, and to

search for emergent sites for building dens and campsites

(Duplaix 1980). Seasonal shifts in movement patterns can

increase home-range sizes of giant otter groups, which have

been estimated to be 4 to 13 times larger during the rainy

season (Utreras et al. 2005). However, in the absence of

fluctuating water levels, giant otter groups seem to maintain

their territories throughout the year (Laidler 1984).

The Pantanal is an extensive wetland located near the center

of South America and it is subject to a strong annual flood

pulse, which is considered to be the most important ecological

phenomenon for the maintenance of local biodiversity (Alho

2008). Giant otters are locally abundant and distributed

throughout this region (Leuchtenberger and Mourão 2008;

Tomas et al. 2000). In this paper, we examine home-range size,

home-range fidelity, and habitat selection of giant otters in the

Brazilian Pantanal on the basis of direct observations and

radiotelemetry, with the aim of answering the following

questions: Is home-range size during the wet season larger

than in the dry season? Do giant otter groups show home-range

fidelity within and between seasons? Do habitat-selection

patterns differ between seasons?

MATERIAL AND METHODS

From June 2009 to June 2011, we monitored 10 giant otter

groups in the Vermelho River (198340S; 578010W) and a stretch

of the Miranda River (198360S, 578000W), totaling 119 linear

km of river, in the southern Pantanal of Brazil. The annual

precipitation in the region is about 1,200 mm, with most of the

rain falling between November and March (Hamilton et al.

1996). Due to the low declivity and seasonal inundation,

almost 80% of the plain undergoes transition from terrestrial to

aquatic habitat during the rainy season (Alho 2008). We

measured the level of the Miranda River every day at a fixed

station (198340S, 578010W), and it varied from 126 to 481 cm

during the study period. Flooding tended to be abrupt, and the

transition from wet to dry occurred within a few weeks. On the

basis of the river-level measurements, we recognized 2 dry

seasons (June–December 2009 and July 2010–January 2011)

and 2 wet seasons (January–June 2010 and February–June

2011) during the study.

We monitored giant otter groups by boat, using a video

camera (Canon HF-200, Lake Success, New York) to record

individual natural marks on the throat of otters and their

behaviors. This allowed us to identify the sex, position in the

group hierarchy, group composition, and other details about the

individuals. The location of individuals, groups, dens, latrines,

and other vestiges were registered by a global positioning

system (GPS) receptor (Garmin Etrex, Inc., Olathe, Kansas).

Between November 2009 and July 2010, we undertook three

10-day field trips to capture and implant radiotransmitters in

individuals from different groups of giant otters. In each

campaign, we first searched for active dens suitable for setting

traps (i.e., dens with 1 or few entrances relatively free of

entanglements of roots and vegetation). We blocked the den

entrance with a funnel-shaped net late at night, as described by

Silveira et al. (2011), and waited in the vicinity of the den to

capture the individuals in the early morning. We captured 2

dominant males (from groups G2 and G12) and 1 adult

subordinate male (group G10). The mean weight of captured

individuals was 30.97 kg (SD¼ 1.75) and the mean total body

length 178 cm (SD ¼ 6.25).

We chemically immobilized the animals after capture using

a dosage of 2.0 mg/kg of a combination of tiletamine and

zolazepam (Zoletil, Virbac, Carros-Cedex, France) and applied

a complementary dosage of 1.5 mg/kg ketamine hydrochloride

10% (Vetaset, Fort Dodge, Campinas, Brazil) combined with

0.25 mg/kg midazolam (Dormonid, Roche, Jaguaré, Brazil).

Radios were implanted intraperitoneally by a registered

veterinarian. During surgery, we applied 0.5 ml of intramus-

cular penicillin (Pentabiótico Veterinário, Fort Dodge Animal

Health, Campinas, Brazil) and a subcutaneous dosage of 2 mg/

kg of anti-inflammatory/analgesic (Ketoprofen 1%, Merial

Animal Health, Paulı́nea, Brazil). We examined each captured

individual for general body condition, photographed their

throat markings, and took body measurements. The radio-

transmitter (M1245B, Advanced Telemetry System, Isanti,

Minnesota) weighed 42 g (~0.1% of body weight). All

handling and surgical procedures followed the guidelines of the

American Society of Mammalogists for the use of wild

mammals in research (Sikes et al. 2011), and were authorized

under license No. 12794/4 of the Brazilian Institute of

Environment and Renewable Natural Resources. We released

the radiotagged giant otters, after they recovered from the

anesthesia, at the place of capture or near their group.

We radiotracked animals by boat or walking on the bank

with a Yagi antenna (RA-17, Telonics, Mesa, Arizona)

attached to a 2.5-m pole and connected to a TR4-receiver

(Telonics). One group (G2) was monitored from November

2009 to June 2010, and 2 groups (G10 and G12) from July

2010 to June 2011, totaling 153 days of monitoring. Radio-

tagged animals were monitored from 0500 h, when almost all

members of the group had left the den, to 1900 h or when the

whole group had entered the den, during 8–10 consecutive

days every month. On 2 occasions, when the tagged animals

were not found for 2 consecutive months, we undertook aerial

surveys with a fixed-wing aircraft (CESSNA-182) to locate
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them. Once located from the ground, we followed the animals

as silently as possible, keeping a distance that apparently did

not disturb their behavior. We recorded locations with the GPS

every 30 min when the group could be seen until we lost the

radio signal. Since groups G10 and G12 had territories near

each other, we monitored these groups in alternate periods

(0500–1200 h or 1230–1900 h). We undertook nocturnal

monitoring irregularly, but these data were not considered for

home-range and habitat-use analyses, as movements were very

limited at night. We used only locations recorded more than 10

days after capture in the analyses to avoid abnormal behavior

due to the effects of capture and handling.

Home range.—Removal of sequential data to increase

independence of locations can reduce the biological meaning

of the information (Blundell et al. 2001; De Solla et al. 1999;

Reynolds and Laundre 1990; Rooney et al. 1998). Also, giant

otters cover much of their home range every day, so

observations taken over 6–13 h per day tend not to be

clustered in a limited part of the home range. Therefore, we

considered all sequential locations (n ¼ 2,321) acquired by

radiotelemetry for home-range analysis, as well as some visual

locations of the group G2 (n ¼ 38) made before the capture

event.

To allow comparison with other studies, we estimated home

range for all groups as linear river length (RL) within the

extreme locations of each group, which is commonly used to

estimate giant otter linear home range (Evangelista and Rosas

2011a), and the fixed-kernel estimator with ad hoc estimation

of the h value. For the radiotracked groups, for which we

obtained more locations, we also used the k-LoCoh method

(Getz and Wilmers 2004). Because groups sometimes shifted

their areas from one season to another (Leuchtenberger and

Mourão 2008), we stratified the home-range estimates by

seasons in cases where we had more than 20 locations for a

given group in a given season. All home-range analyses were

undertaken in the R software (R Development Core Team

2011), using the packages ade4 (Thioulouse et al. 1997),

adehabitat and adehabitatHR (Callenge 2006), gpclib, maptools

(Lewin-Koh et al. 2009), rgdal (Keitt et al. 2010), rgeos

(Renard and Bez 2005), and shapefiles (Stabler 2003). We

calculated 98% and 95% isopleths for k-LoCoh analyses and

95% isopleths for the kernel estimator of total home-range size

and the 50% isopleths to delimit core areas.

We measured the linear extension of river (RL) and/or other

water bodies, such as ponds, streams, or flooded areas along

roads, within the extreme locations of each monitored group

using the GPS TrackMaker software (Ferreira 2004). For the

kernel analysis, we tried to use the least-square cross-validation

method, but this analysis did not converge. Therefore, we

chose the h-value of h¼ 80 and h¼ 100, respectively, for the

dry and wet seasons analyses of all groups, as they resulted in

kernel-contour shapes that visually better accommodated the

group locations.

To evaluate if we had enough locations to determine the

home-range areas of radiotracked giant otter groups, we plotted

the cumulative estimated LoCoh 100% areas chronologically.

For this analysis, we fixed the number of nearest-neighbor

locations (k) to 5. However, to estimate the appropriate k for

calculation of the group’s home-range area, we followed the

procedure described in Ryan et al. (2006). That is, we plotted

the home-range areas on the basis of 100% of locations,

calculated with k values varying from 2 to 30 (100% isopleths)

for each group. The asymptote of the 3 radiotagged groups was

estimated to be approximated at k ¼ 16, which was the value

used for the k-LoCoh analyses.

We overlapped the home ranges and core areas (estimated

with the kernel and LoCoh methods) of groups that were

monitored in consecutive seasons to estimate the percentage of

area fidelity. These were estimated with ArcMap 10.0 software

(ESRI 2010), using the clip function. We also calculated the

daily speed of each radiotracked group by season, dividing the

daily mean of the Euclidean distance traveled among

consecutive locations by the respective mean of time interval.

Selection of landscape features.—Here we use habitat to

mean a category of physical environment that occurs in a

circumscribed area that is available to an organism or group of

organisms. In this sense, habitats include areas that may never

be used by the organism under study. Used in this way, habitats

are not necessarily related to particular organisms, and do not

exist as inherent natural objects in the landscape, but are

merely convenient categories that humans use to get a

preliminary understanding of the spatial relationships of

organisms to their environment. We created 3 landscape-

category maps, representing 3 seasons (dry, wet 2010, and wet

2011), due to the differences in the flood levels of the wet

seasons during the study period. We classified Landsat TM5

(NASA Landsat Program 2009, 2010, 2011) satellite images

within seasons using the Kmedia method in the Spring v.4.3.3

software (Câmara et al. 1996). We digitalized an image taken

during the dry season of 2009 in Google Earth and classified it

in ArcMap 10.0 software (ESRI 2010). The wet-season images

were overlapped on this dry-season image, recovering some

landscape-unit types that could not be classified automatically.

We used 6 landscape-unit categories: river; pond (comprising

permanent and temporary freshwater ponds, and artificial

ponds created during the construction of roads or water

reservoirs used for cattle); swamp (water bodies that act as a

transition between the aquatic and terrestrial, normally found at

the edge of ponds, streams, and rivers, and that are dominated

by grasses sometimes including isolated trees and shrubs);

seasonally flooded grassland (seasonally flooded plains,

including the grasslands); forest (riparian forest,

semideciduous forest, and/or woodland savanna); and

grassland (nonflooded matrix of grasses and herbs, we also

included in this class roads and a few riparian human

communities that were established in areas that originally had

this vegetation cover).

We analyzed landscape-category selection of giant otter

groups using a log-ratio compositional analysis (Aebisher et al.

1993) with 2,000 permutations in the R 2.13 software, using

the packages adehabitat (Callenge 2006), maptools (Lewin-

Koh et al. 2009), raster (Hijmans and van Etten 2010), rgdal
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(Keitt et al. 2010), rgeos (Renard and Bez 2005), and shapefiles

(Stabler 2003). We undertook landscape-category selection

analysis for 8 groups (G1–G4, G8–G12) within the 2nd and

3rd levels proposed by Johnson (1980), which are the home-

range area selected by each group in the study area, and space

use (locations) of the groups within their home ranges. A buffer

of 2 km was incorporated around each location of giant otters

during the monitoring period in the study area (Blundell et al.

2001) using ArcMap 10.0 software. This buffer range was

considered the study area for compositional analysis within

home ranges. For home-range availability, we used the fixed-

kernel contours with ad hoc estimation of the h values. We

undertook eigen analysis of selection ratio as described by

Callenge and Dufour (2006), which assigns scores to each

giant otter group and habitat, resulting in a measure of habitat

selection for each group. We counted the number of dens and

campsites built by giant otter groups in each landscape feature

to analyze the proportion of refuge and site locations in each

habitat.

RESULTS

From June 2009 to June 2011 (n ¼ 188 days), we visually

monitored 10 giant otter groups (n¼ 361 locations), totaling 77

individuals in groups (20 females, 26 males, and 31

indeterminate) with an average of 6 individuals per group

(varying from 2 to 15; Table 1). Three giant otter males (2

dominant and 1 subordinate) of different groups (G2, G12, and

G10) were radiotracked from November 2009 to June 2011,

resulting in 2,321 locations (591–937 locations per group) in

151 days of monitoring (69–81 days per group). The

relationship between the number of locations and the

cumulative home range presented a punctuated equilibrium,

approaching multiple asymptotes with different sample size for

each group (Fig. 1). This pattern may be explained by the shift

of home-range areas during the wet season, associated with

territorial expansion of the groups within the season.

Home range.—The linear river extent of home range of the 8

groups monitored during both dry seasons ranged from 1.8 to

22.9 km (Table 2). During the wet seasons, the linear home

ranges for 5 groups varied from 14.8 to 31.7 km. On the basis

of the 95% fixed-kernel method, during the dry season, the

home-range size of 8 groups varied from 0.5 to 3.2 km2 (Table

1), whereas the home-range sizes of the 5 groups monitored

during the wet season varied from 1.0 to 12.0 km2. However,

these values may be underestimates due to differences in

sampling effort and should be treated with caution. The 98% k-

LoCoh home-range sizes (Fig. 2) for the radiotagged groups

G2, G10, and G12 during the dry season were, respectively,

1.0, 2.3, and 0.1 km2, whereas during the wet season they were

3.9, 7.9, and 3.6 km2, respectively (Table 1), which represents

an increase of 4 to 59 times in home-range size during the wet

season.

The 3 radiotagged groups reared cubs during the monitoring

period. Group G2 had 3 cubs during the wet season of 2010

(born in March), whereas the groups G10 and G12 had,

T
A

B
L

E
1

.—
H

o
m

e-
ra

n
g

e
si

ze
(k

m
2
)

an
d

o
v

er
la

p
ar

ea
(k

m
2

an
d

%
)

b
et

w
ee

n
d

ry
(D

S
)

an
d

w
et

(W
S

)
se

as
o

n
s

o
f

1
0

g
ia

n
t

o
tt

er
g

ro
u

p
s

(I
D
¼

G
1

–
G

4
,

G
8

–
G

1
3

;
G

si
ze
¼

ra
n

g
e

o
f

n
u

m
b

er
o

f

in
d

iv
id

u
al

s
th

at
co

m
p

o
se

d
th

e
g

ro
u

p
d

u
ri

n
g

th
e

m
o

n
it

o
ri

n
g

p
er

io
d

)
m

o
n

it
o

re
d

b
y

ra
d

io
te

le
m

et
ry

(R
T

)
an

d
d

ir
ec

t
o

b
se

rv
at

io
n

s
(D

O
)

fr
o

m
Ju

n
e

2
0

0
9

to
Ju

n
e

2
0

1
1

in
so

u
th

er
n

P
an

ta
n

al
,
B

ra
zi

l.

H
o

m
e

ra
n

g
es

w
er

e
es

ti
m

at
ed

w
it

h
k-

L
o

C
o

h
(i

so
p

le
th

s
9

8
%

,
9

5
%

,
an

d
5

0
%

)
an

d
k

er
n

el
ad

h
o

c
(h
¼

8
0

fo
r

d
ry

se
as

o
n

an
d

h
¼

1
0

0
fo

r
w

et
se

as
o

n
)

m
et

h
o

d
s.

ID
G

si
ze

P
er

io
d

D
ay

s
L

o
ca

ti
o

n
s

9
8

%

k-
L

o
C

o
h

K
er

n
el

D
S

9
8

%

W
S

9
8

%

O
v

er
la

p
D

S
W

S
O

v
er

la
p

9
5

%
5

0
%

9
5

%
5

0
%

9
5

%
5

0
%

9
5

%
5

0
%

9
5

%
5

0
%

9
5

%
5

0
%

R
T

G
2

3
1

4
A

u
g

u
st

2
0

0
9
–

1
0

Ju
n

e
2

0
1

0
7

9
9

6
5

1
.0

0
.8

0
.0

3
3

.9
3

.1
0

.0
0
3

0
.8

(7
8

%
)

0
.6

(7
3

%
)

0
.0

0
5

(1
7

%
)

2
.7

0
.3

5
.3

0
.0

6
1

.4
(5

1
%

)
0

G
1

0
9

–
1

5
4

A
u

g
u

st
2

0
0

9
–

2
1

Ju
n

e
2

0
1

1
8

1
7

9
3

2
.3

1
.7

0
.0

3
7

.9
7

.9
0

.5
2

(8
7

%
)

1
.4

(8
5

%
)

0
.0

0
4

(1
3

%
)

2
.4

0
.3

1
2

.0
0

.0
6

2
.0

(8
3

%
)

0
.0

0
7

(2
%

)

G
1

2
2

–
3

4
A

u
g

u
st

2
0

0
9
–

2
0

Ju
n

e
2

0
1

1
6

9
5

9
1

0
.1

0
.0

4
0

.0
0
4

3
.6

2
.3

0
.0

1
0

0
0

0
.5

0
.1

4
.3

0
.3

0
.0

3
(6

%
)

0

G
1

5
–

8
5

Ju
n

e
2

0
0

9
–

2
1

Ju
n

e
2

0
1

1
5

7
1

7
7

3
.2

0
.3

3
.9

0
.2

2
.8

(8
7

%
)

0

G
3

3
–

9
3

Ju
n

e
2

0
0

9
–

1
7

M
ar

ch
2

0
1

1
2

6
7

1
3

.2
0

.1
1

.0
0

.2
0

.5
(1

7
%

)
0

.0
1

(8
%

)

G
4

7
3

Ju
n

e
2

0
0

9
–

1
7

Ju
n

e
2

0
1

1
1

1
4

3
1

.1
0

.1
-

-
-

-

D
O

G
8

8
2

Ju
n

e
2

0
0

9
–

1
5

D
ec

em
b

er
2

0
0

9
2

2
8

0
2

.3
0

.3
-

-
-

-

G
9

2
–

6
1

5
A

u
g

u
st

2
0

0
9
–

1
8

Ju
n

e
2

0
1

1
3

1
7

2
2

.1
0

.2
-

-
-

-

G
1

1
4

–
6

2
2

Ju
ly

2
0

1
0
–

1
8

M
ay

2
0

1
1

9
1

8
-

-
-

-
-

-

G
1

3
3

1
5

F
eb

ru
ar

y
2

0
1

1
–

1
1

M
ay

2
0

1
1

6
7

-
-

-
-

-
-

April 2013 323LEUCHTENBERGER ET AL.—SPACE USE OF GIANT OTTERS

D
ow

nloaded from
 https://academ

ic.oup.com
/jm

am
m

al/article-abstract/94/2/320/909726 by guest on 22 M
ay 2020



respectively, 6 and 2 cubs during the dry season of 2010 (born

in September and August). Groups G10 and G12 had larger

core areas during the wet season (k-LoCoh 50%¼ 0.5 and 0.01

km2) than during the dry season, but group G2 reduced its core

area by about 10 times from 0.03 to 0.003 km2 between the dry

season and the following wet season (Table 1). The daily speed

of movement followed the same pattern, since during the wet

season the mean daily speeds of groups G2, G10, and G12

were respectively 0.5 (0.03–1.9) km/h, 1.3 (0–4.7) km/h, and

0.8 (0.3–1.7) km/h, whereas during the dry season these values

were 0.9 (0–3) km/h, 0.9 (0.04–4.6) km/h, and 0.4 (0.1–0.5)

km/h.

It was not feasible to monitor all groups during the wet

season. Therefore, we estimated home-range fidelity only for

the radiotagged groups and 2 other groups (G1 and G3). Home-

range overlap varied from 0% to 87% between seasons (Table

1). The radiotagged groups G2 and G10 used 78% and 87%,

respectively, of their dry-season home ranges (k-LoCoh 98%)

during the consecutive wet season. The area occupied during

the wet season of 2011 by group G12 did not overlap its home

range in the previous dry season of 2010. Groups G2 and G12

both dispersed to flooded plains at the beginning of the wet

season, abandoning the home ranges used during the previous

dry season until the middle of the wet season. These groups

used temporary streams and constructed dens and campsites on

the banks of artificial ponds and on the roadside of the Estrada

Parque Pantanal (EPP). The EPP is a dirt road with 1–2-m

elevation that crosses a section of the southern Pantanal. From

March to April 2011, the water level was at its highest and

almost all riverbanks in the study area were submerged. During

this time, groups G10 and G12 broke branches of emerged

shrubs to construct clumsy nests, which the animals used to

rest and defecate. The radiotagged groups were not neighbors

during the study. Therefore, none of them overlapped the home

range areas of other radiotagged groups in the same season.

Groups G2 and G10 partially overlapped their own core areas

(k-LoCoh 50%) in consecutive wet and dry seasons by 17%

and 13%, respectively.

Selection of landscape features.—During the wet seasons,

groups did not select any of the landscape categories to

establish home ranges (K ¼ 0.05, P ¼ 0.121) or select

landscape elements within the home ranges (K ¼ 0.059, P ¼
0.13). During the dry season, selection for landscape features to

establish home ranges differed significantly from random (K¼

FIG. 1.—Cumulative estimated area used (LoCoh 100%) in relation to the number of chronological locations of 3 groups of giant otters

radiotracked from November 2009 to June 2011, in the southern Pantanal of Brazil.

TABLE 2.—Linear home-range estimate (km) of 10 giant otter

groups monitored by radiotelemetry (RT) and direct observation (DO)

during 4 seasons (DS 2009 ¼ dry season of 2009, WS 2010 ¼ wet

season of 2010, DS 2010 ¼ dry season of 2010, WS 2011 ¼ wet

season of 2011) from June 2009 to June 2011 in the southern Pantanal

of Brazil.

Method Groups DS 2009 WS 2010 DS 2010 WS 2011

RT G2 10.5 22.7

G10 9.1a 22.9 31.7

G12 1.8 15.6

DO G1 18.0 23.1 20.1a 6.4a

G3 14.2 14.8 13.7 4.9a

G4 17.2 6.7a 0.3a 4.1a

G8 12.1

G9 13.0 8.5a 11.5a

G11 9.4a 1.8a

G13 1.6a

Median 13.6 22.7 13.7 23.6

a Estimates should be accepted with caution, as they are based on few locations (,20),

and therefore were not used to calculate the medians.

324 Vol. 94, No. 2JOURNAL OF MAMMALOGY

D
ow

nloaded from
 https://academ

ic.oup.com
/jm

am
m

al/article-abstract/94/2/320/909726 by guest on 22 M
ay 2020



0.007, P¼0.017). The ranking matrix ordered the habitat types

as river ¼ forest ¼ swamp ¼ ponds . grassland (Table 3a).

Changes in use of landscape features between seasons seemed

to differ among groups. During the wet seasons, group G1

continued using the river more intensively than other landscape

elements, whereas group G12 selected seasonally flooded

grassland and grassland habitats. During the dry season, group

G12 selected ponds, whereas the other groups selected the river

and forest habitats (Fig. 3). Seasonally flooded grassland

occurred within only 1 of the home ranges of the 8 groups

studied during the dry seasons. Therefore, we excluded this

landscape feature from the analyses related to this season.

During the dry season, giant otter groups did not select

landscape elements within their home ranges (K ¼ 0.186, P¼
0.07), but the low probability for the null hypothesis indicates a

likely type II error. The ranking matrix of landscape-element

selection suggests that the river was proportionally more used

than expected from availability relative to the other landscape

elements (Table 3b). Forest was used mainly to build dens and

campsites, and 83% of dens (n¼156) and 77 % of campsites (n
¼ 92) were located in riparian forest (Table 4).

DISCUSSION

Home range.—Despite increasing knowledge of the ecology

of giant otters since the reference study by Duplaix (1980), data

on the spatial ecology of the species has been restricted to

observations made during the dry season, and most of these

observations were reported as linear home ranges. Here we

provide 2-dimensional as well as linear estimates of home

FIG. 2.—Seasonal home ranges of 3 giant otter groups monitored by radiotelemetry between November 2009 and June 2011, in the southern

Brazilian Pantanal. Upper Figs.: k-LoCoh 98% of a) group G2, b) group G10, and c) group G12. The black arrow indicates the location of the

reduced home range of group G12 during the dry season. Lower Figs.: Kernel 95% of d) group G2, e) group G10, f) group G12.

TABLE 3.—Ranking matrix of habitat types (RI¼ river, PO¼ pond,

FO¼ forest, SW¼ swamp, GL¼ grassland) selected by 8 giant otter

groups during the dry seasons, from June 2009 to January 2011 in the

southern Pantanal of Brazil. A) Proportional habitat use within group’s

kernel home ranges with proportion of total available habitat types

within study area; B) proportions of independent locations for each

group in each habitat type within group’s kernel home range. Each

mean element in the matrix was replaced by its sign; a triple sign

represents significant deviation from random at P , 0.05.þ indicates

that the habitat was positively selected.

Habitat type RI FO SW PO GL

A) Home range versus landscape

RI 0 þ þ þ þþþ
FO 0 þ þ þþþ
SW 0 þ þþþ
FP 0 þþþ
GL 0

B) Radio locations versus home range

RI 0 þ þþþ þþþ þþþ
PO 0 þ þ þþþ
FO 0 þ þþþ
SW 0 þ
GL 0
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ranges for giant otter groups in an area of the southern

Pantanal, in both dry and wet seasons. During the dry seasons,

the linear home ranges varied from 1.8 to 22.9 km, with a

median of 13.7 km and were of same magnitude as the linear

home ranges for giant otters inhabiting areas in Guyana and the

Amazon (Duplaix 1980; Evangelista and Rosas 2011a). Laidler

(1984) suggested a home range of 32 km of creek or 20 km2 of

a lake in Guyana on the basis of the assumption that the groups

cyclically move among different hunting places. However,

such cyclic movements were not observed in our study site

(Leuchtenberger and Mourão 2008) or elsewhere (Duplaix

1980; Evangelista and Rosas 2011a; Staib 2005). Using the 2-

dimensional locations of our radiotagged groups, the home-

range estimates for the dry season ranged from 0.1 to 2.3 km2

(LoCoh 98%), which is similar to the 2-dimensional home

ranges reported for giant otters in areas of the Amazon (0.6–1.1

km2—Staib 2005; and 0.5–2.8 km2—Utreras et al. 2005).

Home-range overlapping of radiotagged groups between

seasons varied from 0% to 87%. During the wet season, 2 of

the 3 radiotagged groups left the area they used during the dry

season partially or entirely to move into the flooded plains.

Seasonal shifts in home-range size have been observed for

many carnivores (Curtis and Zaramody 1998; Dillon and Kelly

2008; Valenzuela and Ceballos 2000), including otters

(Blundell et al. 2000), and seem to be strongly related to

resource availability. Duplaix (1980) stated that giant otter

groups abandon their ranges during the rainy season to follow

dispersing fish into the flooded forest and swamps, and to

search for higher banks for building dens and campsites. The

availability of banks may not be restrictive, as the otters can

use emerged shrubs to rest during flooding (this study). One

group we radiotracked remained in its original stretch of river,

but frequently used the flooded marginal areas. Giant otters can

increase their home ranges at least 4-fold during the wet season

in the Pantanal (this study) and in an area in the Amazon

(Utreras et al. 2005) by taking advantage of the flooded areas

along river courses.

Core areas comprised less than 7% of the home ranges of the

groups and usually contained dens, latrines, and intensive

foraging sites, as suggested by Duplaix (1980). During the 1st

months of cub rearing, giant otter groups reduced their

movements and limited their core areas to extremely small

sizes (e.g., group G12 used a pond of 1.3 ha), as previously

reported for the species (Duplaix 2004; Evangelista and Rosas

2011a; Laidler 1984) and other otters (Erlinge 1967; Hussain

and Choudhury 1995; Melquist and Hornoker 1983; Ruiz-

FIG. 3.—Results of eigenanalysis of landscape-element selection ratio by giant otter groups for 6 landscape elements (FO¼ forest, PO¼ ponds,

GL¼ grassland, SFG¼ seasonal flooded grassland, SW¼ swamp, RI¼ river) from June 2009 to June 2011 in the southern Brazilian Pantanal. A)

During the dry season (groups G1–G4, G8–G10, G12) and B) during the wet season (groups G1–G3, G10, G12). Upper graphs show the

landscape-element loadings on the first 2 factorial axes and lower graphs show the groups’ scores on the 1st factorial plane.

TABLE 4.—Number of dens and campsites built by 10 giant otter groups in different landscape features (SW¼ swamp, GL¼ grassland, SFL¼
seasonal flooded grassland, FO¼ forest) during 4 seasons (DS 2009¼ dry season of 2009, WS 2010¼wet season of 2010, DS 2010¼ dry season

of 2010, WS 2011 ¼ wet season of 2011) from June 2009 to June 2011 in the southern Pantanal of Brazil.

Habitat

DS 2009 WS 2010 DS 2010 WS 2011 Total

Den Campsite Den Campsite Den Campsite Den Campsite Den Campsite

SW 8 5 1 2 2 7 1 0 12 14

GL 5 2 1 2 2 0 2 2 10 6

SGL 0 0 2 1 0 0 2 0 4 1

FO 70 17 16 14 31 18 13 22 130 71

Total 83 24 20 19 35 25 18 24 156 92
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Olmo et al. 2005). The restriction of movement and reduction

of ranges during the first 4 months of cub rearing may be a

strategy to improve the raising success, as this is the critical

period for lactation and cub learning (Evangelista and Rosas

2011b), and cub mortality may be higher in this period

(Schweizer 1992).

Selection of landscape features.—Changes in availability of

landscape features may induce changes in habitat-selection

patterns (Arthur et al. 1996; Humphrey and Zinn 1982). Giant

otter groups were selective in relation to their use of landscape

elements available during the dry season. However, they

seemed to be less selective in positioning activity ranges during

the wet season. According to Duplaix (1980), food availability

is one of the key factors that affect habitat choice by giant

otters. Therefore, when their prey becomes more dispersed

through the floodplains, groups may move more unpredictably

with regard to landscape elements when searching for food as a

foraging strategy to maximize food gain, as is expected for an

animal using an optimal foraging strategy (Schoener 1971).

During the wet season, giant otters were frequently observed

fishing in the areas adjacent to the river, such as flooded forest,

grassland, and swamps. These areas have shallow water, which

is preferred for foraging by many otter species (Anoop and

Hussain 2004; Hussain and Choudhury 1995; Kruuk 2006;

Laidler 1984), presumably due to the higher concentration of

prey during the flood season (Wantzen et al. 2002; Winemiller

and Jepsen 1998). During the dry season, the river was most

intensively used in relation to other landscape features that

were available within the home range. However, there was

variation in use of landscape elements between groups. Some

groups selected marginal habitats, such as freshwater ponds

and artificial ponds beside roads during the dry season, and

seasonally flooded grassland during the wet season. However,

this apparent preference may be an artifact of territoriality,

since the groups that inhabited those marginal habitats were

smaller than their neighboring groups. The use of such habitats

by giant otter groups may be a result of lack of space in areas

where the species has reached carrying capacity (Ribas et al.

2012). However, these marginal habitats may not support

larger groups for long, as the fish stocks in these habitats are

rapidly and drastically reduced due to the high rate of predation

by piscivorous animals (Ribas et al. 2012) and deterioration of

water conditions (Winemiller and Jepsen 1998).

The selection of forest by most of the groups during the dry

season is probably related to the use of banks with vegetative

cover near water bodies to build dens and campsites (Carter

and Rosas 1997; de Souza 2004; Duplaix, 1980; Lima et al.

2012; Schenck 1999; Schweizer 1992). Banks covered by

vegetation are less affected by erosion and may offer more

protection of dens from predators (de Souza 2004; Lima et al.

2012). During the wet season, groups continued to use the

highest forested banks available in their territories to build dens

and campsites, and some groups used emerged shrubs to build

temporary platforms in marginal flooded areas and swamps.

The importance of vegetation cover has been noted for other

otter species (Lutrogale perspicillata—Anoop and Hussain

2004; Nawab and Hussain 2012; Lutra lutra—Macdonald and

Mason 1983; Lontra provocax—Medina-Vogel et al. 2003;

Hydrictis maculicollis, Aonyx capensis—Perrin and Carugati

2000). The removal of riparian vegetation by canalization of

rivers and streams has affected the habitat and prey of L.
provocax in Chile and led to declines in density (Medina-Vogel

et al. 2003). Vegetation cover on the bank seems to be

important for all otter species (Anoop and Hussain 2004;

Nawab and Hussain 2012) and should be considered as a key

factor for the maintenance of giant otter groups.

Many studies have investigated the relationship between

home-range size and individual or group mass and diet (e.g.,

Gittleman and Harvey 1982; Lindstedt et al. 1986; Ottaviani et

al. 2006). On the basis of the relationship presented by

Gittleman and Harvey (1982), social mustelids such as giant

otters, sea otters (Enhydra lutris), and European badgers

(Meles meles) have an unusually smaller home range than

expected for a strict carnivore (Johnson et al. 2000). The home-

range size of giant otter groups was similar to the home ranges

estimates for other social otters as Lutrogale perspicillata (2.1

to 6.6 km2—Hussain and Chudoury 1995), H. maculicollis (1.1

to 9.5 km2—Perrin et al. 2000), and male groups of E. lutris
outside the breeding season (0.6 to 1 km2—Jameson 1989),

despite differences in data analysis and on their social system.

This suggests that the home ranges of giant otter groups in our

study have a large and dense prey base that supports large

otters in such small areas, which also demands healthy habitat.

The maintenance of the annual hydrological fluctuations

should be considered a priority for the conservation of

vulnerable species that have fish as their principal prey, since

the flood pulse is often linked to high fish productivity

(Welcomme 1985, 1990). This is particularly a worry for giant

otters in the Pantanal, because 70 small dams for hydroelectric

purposes are planned and another 44 have already been

constructed on streams that flow into the Paraguay River basin

(Mourão et al. 2010); such alterations may cause drastic

changes in the flood pulse of this large wetland.

RESUMO

Ariranhas (Pteronura brasiliensis) vivem em grupos, que

parecem abandonar seus territórios durante a estação de

inundação. Nós estudamos a ecologia espacial de grupos de

ariranhas durante as estações seca e chuvosa nos rios Vermelho

e Miranda no Pantanal brasileiro. Nós monitoramos visual-

mente ou por rádio telemetria 10 grupos de ariranhas

mensalmente entre junho de 2009 e junho de 2011. Nós

estimamos o tamanho da área de vida de todos os grupos

através dos seguintes métodos: 1) comprimento linear do rio,

considerando as localizações extremas de cada grupo, e 2)

kernel fixo. Para os grupos monitorados com telemetria nós

também usamos o método 3) k-LoCoh. Fidelidade espacial e

seleção de habitat dos grupos de ariranhas foi analisada

sazonalmente. Baseado no método de k-LoCoh (98%), os

tamanhos das áreas de vidas durante a estação chuvosa (3.6

�7.9 km2) foram 4 a 59 vezes maiores do que durante as

estações secas (0.1–2.3 km2). Fidelidade de área de vida entre
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estações variou de 0% to 87% entre os grupos de ariranhas e

dois grupos monitorados com rádio telemetria dispersaram para

áreas inundadas durante as estações chuvosas. Grupos de

ariranhas foram seletivos em relação à composição da

paisagem durante as estações secas, quando o rio foi mais

intensamente utilizado em relação a outras caracterı́sticas da

paisagem. No entanto, eles pareceram ser menos seletivos no

posicionamento de suas atividades durante as estações

chuvosas. Durante essa estaçã o, ariranhas foram

freqüentemente observadas pescando em áreas adjacentes ao

rio, como florestas inundadas, campos e brejos.
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MOURÃO. 2012. Giant otters feeding on caiman: evidence for an

expanded trophic niche of recovering populations. Studies on

Neotropical Fauna and Environment 47:19–23.

ROONEY, S. M., A. WOLFE, AND T. J. HAYDEN. 1998. Autocorrelated

data in telemetry studies: time to independence and the problem of

behavioural effects. Mammal Review 28:89–98.

RUIZ-OLMO, J., A. MARGALIDA, AND A. BATET. 2005. Use of small rich

patches by Eurasian otter (Lutra lutra L.) females and cubs during

the predispersal period. Journal of Zoology (London) 265:339–346.

RYAN, S. J., C. U. KNECHTEL, AND W. M. GETZ. 2006. Range and

habitat selection of African buffalo in South Africa. Journal of

Wildlife Management 70:764–776.

SAMUEL, M. D., D. J. PIERCE, AND E. O. GARTON. 1985. Identifying

areas of concentrated use within the home range. Journal of Animal

Ecology 54:711–719.

SCHENCK, C. 1999. Lobo de Rio (Pteronura brasiliensis). Presencia,
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