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Medina-Vogel, G. & Gonzalez-Lagos, C. 2008: Habitat use and diet of
endangered southern river otter Lontra provocax in a predominantly
palustrine wetland in Chile. - Wildl. Biol. 14: 211-220.

The southern river otter Lontra provocax is an endangered species. It
has a patchy distribution in southern Chile and Argentina, inhabiting
both freshwater and marine habitats. While most studies of their diet
and habitat use have been carried out in freshwater habitats, our study
is the first one on these aspects in a predominantly palustrine wetland.
In southern Chile, the Boroa wetland may be the only wetland with
southern river otters and five different subsystems: palustrine open
water, swamp forest, seasonal and permanent marshes, and riverine as-
sociated with open farm fields. We studied these five different sub-
systems during April 2003 - May 2004, and collected and analysed 194
spraints in order to assess the effect of rainfall and subsystems on the
diet and sprainting behaviour of southern river otter. The river otter’s
diet primarily consisted of crustaceans; however, rainfall and wetland
subsystems influenced the frequency of fish and especially amphibians
in the spraints collected. This is the first study documenting the hel-
meted water toad Caudiverbera caudiverbera as a prey of southern river
otter. Southern river otter visited latrines located within the swamp for-
est more frequently, as this subsystem may provide refuge for latrines
and dens as well as an important supplementary feeding resource. Our
study provides insights into the role of coastal wetlands in predation
processes, and highlights the importance of ecosystem services derived
from wetland for biodiversity conservation. However, it is of concern
that these wetlands are increasingly affected by drainage for agriculture
and other landscape changes in southern Chile.
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Marshesand swamp forest wetlands across Chileare
considered economically useless, and consequently,
they are being changed in composition and in area
(Hauenstain et al. 2005). Pollution from pulp fac-
tories, residential developments, logging and drain-
age are part of the activities that are affecting
Chilean wetlands severely (Hauenstain et al. 2005).
River and stream canalisation and drainage as well
as other wetland changes and overharvesting have
effectively eliminated the southernriver otter Lontra
provocax (nutria de rio or huillin) from much of its
former range (Medina 1996, Medina-Vogel et al.
2003). As a result, the southern river otter of
southern Chile and Argentina is categorised as
endangered on the IUCN Red List of Threatened
Species (IUCN 2003). Historically, in Chile, the dis-
tribution of the species was more extensive includ-
ing rivers, streams and fjords from the Cauquenes
and Cachapoal rivers (34°S) in the north to the
Magellan region (53°S) in the south (Medina 1996).
At present, river otter populations in freshwater
habitats have been confirmed in few isolated areas,
from 39°S to 44°S (Medina 1996). Southern river
otters use a wide range of freshwater ecosystems,
ranging from deepwater Andean lakes and wide
deep rivers to narrow and shallow streams, seasonal
marshes and swamp forests (Chehébar et al. 1986,
Medina 1997, 1998, Medina-Vogel et al. 2003,
Aued et al. 2003). However, depending on the hab-
itat characteristics, the freshwater ecosystems are
not all equally important (Medina-Vogel et al.
2003). Previous diet studies indicate that in riverine
and lacustrine wetlands, southern river otters pri-
marily feed on invertebrates contrasting European
otter Lutra lutra, American river otter Lontra ca-
nadensis, Neotropical otter L. longicaudis, giant
otter Pteronura brasiliensis and spotted-necked
otter Lutra maculicollis, which all feed mostly on
fish (Duplaix 1980, Melquist & Hornocker 1983,
Chehébar 1985, Chehébar et al. 1986, Heggberget &
Moseid 1994, Reid et al. 1994, Carss 1995, Spinola
& Vaughan 1995, Medina 1997, 1998, Taastrom &
Jacobsen 1999, Perrin & Carugati 2000, Quadros
& Monteiro-Filho 2001, Medina-Vogel et al. 2003).
However, significant differences in prey species,
including seasonal variation in the fish consumed
by southern river otter, have been recorded between
lakes and their river outlets, and between Andean
rivers and lowland rivers (Medina 1997, Medina-
Vogel et al. 2003). In spite of this, there is no in-
formation about the ecology of southern river
otters in coastal palustrine wetlands, even though
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there are few studies about aspects such as the effect
of rain or flood seasons on the diet and sprainting
behaviour of the species in different wetlands hab-
itats. Nevertheless, based on an Index of Revisi-
tation Rate (IRR), it has been suggested that swamp
forests make up a preferred habitat for southern
river otter (Medina-Vogel et al. 2003).

Wetlands are one of the most productive eco-
systemsin the world, with high levels of biodiversity,
in which seasonal events such as floods may gen-
erate post-flood seasonal peaks in fish availability
(Theiling et al. 1999), and therefore variations in
prey availability to otters between seasons (Taa-
strom & Jacobson 1999, Perrin & Carugati 2000).
We studied the Boroa wetland, which includes five
subsystems (palustrine open water, swamp forest,
permanent and seasonal marshes and open farm
field) that often occur within the range of one otter
home range (Medina 1996, Medina-Vogel et al.
2003, Medina-Vogel 2005). The Boroa wetland
complex also remains minimally altered by agri-
culture and pollutants from pulp factories (Hauen-
stein et al. 2005, Marcotte 2006). Our objectives
were to examine: i) the relationship between diet,
rainfall and wetland subsystems, and ii) wetland
subsystem use by southern river otters in terms of
an Index of Revisitation Rate (IRR) within the
Boroa wetland. To assess the importance of wet-
land subsystems as habitat for southern river ot-
ters, we tested the following alternative hypotheses:
a) the southern river otter diet is affected by rainfall;
b) the southern river otter diet is different in the
different wetland subsystems; and ¢) southern river
otter latrines are concentrated in the swamp forest
subsystem, indicating a greater use of this wetland
subsystem in terms of an Index of Revisitation Rate
(IRR).

Material and methods

Our study area covered 15.4 km? including ap-
proximately 30 km of river courses from the Pacific
Ocean, situated at 0-25m a.s.l., 6.4 km from the
seashore (Fig. 1), and within the borders of the
county of Toltén, IX Region (39°17'S, 73°05'W).
The maximum flow of the associated watercourses
can be up to 14 times the minimum flow, and during
times of high water levels, the adjacent plains and
riparian zones are flooded. Our study area is located
in a region with a humid-temperate climate with an
annual mean temperature of 12°C and a mean rain-
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Figure 1. Location of the study wetland in the IXth regio in Chile.

fall of 1,553 mm, with minimum levels of rainfall
in summer (January - March) and maximum levels
in winter (June - August; Campos 1985, Escalona
2001). In the studied wetland, the following five
subsystems occurred (see Fig. 1): palustrine open
water (24% of the total study area), riverine
associated with open farm fields (34%), riverine
associated with permanent marshes (7%), river-
ine associated with seasonal marshes (16%), and
riverine associated with swamp forests (19%). The
vegetation community is composed of Juncos pro-
cerus, Lotus uliginosus, Holcus lanatus, Dichondra
sericea, Agrostis capillaries, Eleocharis macrosta-
chya, Eleocharis pachycarpa, Cyprus eragrostis, Carex
acutata, Scirpus californicus, Sagittaria monteviden-
sis, Alisma plantago-aquatica, Myriophyllum aqua-
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ticum, Potamogeton linguatus, Ludwigia peploides,
and the tree species Myrceugenia exsucca, Temu
divaricatum, Blepharocalyx crukshanksii and Dri-
mys winteri (Ramirez et al. 1983, Escalona 2001,
Hauenstein et al. 2005).

During April 2003 - May 2005, most of the
shoreline of the studied wetland was surveyed for
two days on foot for river otter field signs (foot-
prints, smears and spraints). During the rainy
season, surveys took two to four hours more than
in the dry season on average. Therefore, the sur-
vey route changed between surveys according to
changes in the water levels; however, survey routes
always followed the shoreline contour and covered
the entire considered area of each wetland subsys-
tem studied. First order and intermittent streams
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werenotsurveyed. Surveys were made on 45-65days
depending on weather conditions and accessibility.
One month before the first survey, a preliminary
survey was conducted in order to find and map
otter latrines, and to collect and eliminate all pos-
sible spraints, smears and footprints to have only
spraints no older than 65 days for the diet analysis.
Thereafter, all spraints and footprints were col-
lected or recorded (Medina 1998). Latrines were
shoreline locations where river otters exited the
water to defecate, urinate, scent mark and groom.
A 'positive site' was defined as a site where dens/
shelters, latrines or sandy shores with new (not
>65 days old) otter field signs (spraints, smears
or footprints) were found (Medina 1996, Medina-
Vogel et al. 2003). Positive sites separated by >5 m
were considered to be different. Collected spraints
were washed and dried at 75°C for 48 hours, and
stored in paper bags for later analysis (Medina
1998). Prey remains in the dried spraints were
identified and compared with reference material
collected and maintained at the Instituto de Zoo-
logia, Universidad Austral de Chile. Fish remains
in collected spraints were identified using oper-
culae and vertebrae, and their sizes were estimated
by comparing the size of abdominal and caudal
vertebrae with previously measured reference ma-
terial (Medina 1997, 1998). The results were tabu-
lated as: 'O' occurrence (number of spraints in
which a species occurred) and 'RF' relative fre-
quency (number of spraints in which a species
occurred divided by the total occurrence of all the
species tested; Brzezinski & Marzec 2003). Benthic
freshwater invertebrate fauna were sampled five
times in each subsystem using a Surber sampler
dragged < 1.2 m deep, no further than 4 m from the
shore and for 3 m at a time. Stones, gravel, sand
and sediment were removed. This was done the
first time during spring of 2004 and a second time
during thesummer of 2005. An Index of Revisitation
Rate (IRR) was applied to compare habitat use
in terms of sprainting behaviour by southern river
otter between wetland subsystems (Medina-Vogel
et al. 2003). The IRR was calculated by dividing
the number of positive sites in each survey and
wetland subsystem by the actual distance walked
along each subsystem as a proportion of the total
number of kilometres surveyed. Each positive
site was treated in the same way: presence/absence
(1 or 0), irrespective of the number of spraints and
smears or footprints (Newman & Griffin 1994,
Medina-Vogel et al. 2003).
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Rainfall was recorded at the Toltén meteorolog-
ical station and classified according to the data
obtained per month of study into two categories:
a) dry season (months with <150 mm of rain) and
b) wet season (months with >150 mm of rain). Our
data were non-normally distributed so multiple-
comparison procedure using Pearson y°-test and
Wilcoxon signed-rank test were used to compare
IRR (dependent variable) as a function of the
different independent variables (two rainfall cat-
egories and five wetland subsystems). The Wilcoxon
signed-rank test was also used to compare the diet
between season and wetland subsystems. Signifi-
cance was set at P<0.05 throughout, and all sta-
tistical tests were carried out using SYSTAT ver-
sion 11. Prey diversity in the diet was assessed
using the Shannon-Wiener diversity index (Krebs
1989).

Results

Wetland subsystem use by southern river otter

We recorded no footprints, smears, urine, spraints,
otter dens, shelters or latrines in the ca 24 km of
shorelines surveyed of the palustrine open water
and riverine habitats associated with permanent
marsh subsystems during the 18 surveys. Therefore,
the data analysis was concentrated on the other
three subsystems. From a total of 18 surveys made
along 8 km of riverine associated with open field
and seasonal marsh subsystems and 2.5 km of
riverine associated with the swamp forest subsys-
tem, we collected 194 spraints in 42 latrines with
atotal of 109 positivesites (see Fig. 1). Of the latrines
and spraints, 14 (33%) and 85 (44%), respectively,
were located in 2.5 km of surveyed swamp forest
(34 spraints/km), which had 0.5 km associated
with permanent marshes. Twenty-eight (66%)
latrines with 109 (56%) spraints were found in
8 km of surveyed riverine associated with open
farm fields (13.7 spraints/km), which had approx-
imately 1.3 km riverine associated with seasonal
marsh subsystem (see Fig. 1). The riverine asso-
ciated with open farm fields and seasonal marsh
subsystems concentrated 61% (66) of positive sites
within the 18 surveys. There was a great variation
in the number of spraints collected by months:
during the wet season, the maximum number of
spraints collected per survey was 23 (minimum
three) and the average was 10 (SD =6.8), and during
the dry season the maximum was 42 (minimum six)
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Table 1. Total and mean number of spraints collected per survey in the rainfall categories low (<100 mm), medium (100-250 mm)
and high (250-500 mm) between April 2003 and May 2005, at the Boroa wetland in IX Region, Chile.

Rainfall category

LLew oo Medivm ] High
Months January-May August-December June-July
Mean rainfall 68 mm 195 mm 374 mm
Total number of collected spraints 127 49 18
Number of survey months 8 7 3
Mean number of spraints 15.9 7 6

and the average was 22 (SD =16.4). Therefore, there
was no significant difference in the number of
spraints collected between months with less or
more than 150 mm of rain (Wilcoxon Z=-1.3, P=
0.21). When months were classified according to
low (<100 mm), medium (100-250 mm) or high
(250-500 mm) rainfall, a clear effect of rainfall on
the number of spraints collected was observed
(Table 1). The density of spraints collected over the
total study area and study period was 5.6 spraints/
km (average: 0.3 spraints/km/survey) and 18.5
spraints/km (average: 1.0 spraints/km/survey) if
we consider only the surveyed distance of the sub-
systems where spraints and latrines were found.
As positive sites were found only in the riverine
associated with swamp forests and the riverine as-
sociated with open farm fields and seasonal marsh
subsystems (see Fig. 1), the IRR was calculated
from the total surveyed distance of 10.5 km, and a
total of 189 surveyed km in the 18 surveys in these
three subsystems. This resulted in a mean IRR re-
corded by the riverine associated with swamp forest
of 10.4, which was significantly higher (Wilcoxon
7Z=-2.8, P<0.01) than the IRR recorded by the
riverine associated with open farm fields and
seasonal marsh subsystems (4.8; Table 2). Within
the swamp forest, the IRR obtained for the dry
season was significantly higher (15.4; Wilcoxon
7.=2.03, P=0.04) than that obtained for the wet
season (5.3), and also higher (Wilcoxon Z=-2.23,
P=0.02) than that of the riverine associated with
open farm fields and seasonal marsh subsystems
(6.0). During the wet season, results could in part be
explained by the diet variations as described below.
No significant differences were observed between
subsystems during the wet season (see Table 2).

Otter diet variation by season and wetland
subsystem

We collected 15 samples for benthic invertebrates
in river courses associated with the five wetland
subsystems; the macrocrustaceans Samastacus spi-
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nifrons and Aegla sp. and insects from the orders
Plecoptera and Odonata were identified as the
aquatic invertebrates in all river courses. Spraint
analysis revealed that macrocrustaceans were the
most frequent prey (70%RF), followed by fish
(15%RF), others (such as mussels, mammals, birds
and unidentified; 6% RF), amphibians (4% RF) and
insects (4% RF; Table 3), with significant difference
(y*=34.3, df=12, P<0.01) among the relative fre-
quency of prey between the dry and the wet seasons
(see Table 3). Macrocrustaceans were also the most
frequent prey in both the riverine associated with the
swamp forest (64% RF) and the riverine associated
with open farm fields and seasonal marsh sub-
systems (76%RF), but the relative frequency of
identified prey between both subsystems was sig-
nificantly different (y*=25.0, df=10, P<0.01). In
fact, amphibians were less (Wilcoxon Z=2.2, P=
0.03) frequent (2.0%RF) in the swamp forest than
in the riverine associated with open farm fields and
seasonal marsh subsystems (10.0%RF).

Only two fish remains from spraints were from
fish >15 cm long. The estuarine fish Odonthesthes
regia was recorded, confirming the influence of sea

Table 2. Number (N) and mean Index of Revisitation Rate
(IRR) for the riverine associated to swamp forest (A) and
riverine associated to open farm fields and seasonal marsh
subsystems (B) in the dry season (December-May; <150 mm)
and wet season (June-November; >150 mm) in the Boroa
wetland during April 2003 - May 2005.

Dry season Wet season
(December-May) (June-November)
A B A B
N IRR N IRR N IRR N IRR
4 17.4 0 0.0 0 0.0 0 0.0
6 26.1 2 2.6 0 0.0 1 1.3
2 8.7 3 3.9 1 43 2 2.6
7 30.4 14 18.4 1 43 6 7.9
4 17.4 12 15.8 1 43 2 2.6
3 13.0 6 7.9 2 8.7 5 6.6
0 0.0 2 2.6 2 8.7 3 3.9
4 17.4 0 0.0 2 8.7 5 6.6
2 8.7 2 2.6 2 8.7 1 1.3
Mean 3.6 15.4 4.6 6.0 1.2 5.3 2.8 3.7
215



Table 3. Occurrence (O) and relative frequency (RF) expressed
as a percentage of prey species or families in the total number
of 194 spraints collected during the dry season (December-
May; N=134, <150 mm) and wet season (June-November;
N=60, >150 mm).

Dry season Wet season

Prey O RF O RF
Macrocrustacean

Samastacus spinifrons 87 44.8 37 48.1

Not identified 45 23.2 21 27.3
Fish

Odonthestes regia 1 0.5 0 0.0

Oncorhynchus sp. 2 1.0 0 0.0

Percichthys trucha 1 0.5 0 0.0

Perciformes 2 1.0 0 0.0

Osteichthyes, not identified 31 16.0 5 6.5
Amphibians

Caudiverbera caudiverbera 1 0.5 6 7.8

Not identified 4 2.1 1 1.3
Insects

Plecoptera 3 1.5 0 0.0

Coleoptera 2 1.0 0 0.0

Dysticidae (Coleoptera) 1 0.5 0 0.0

Chelometheridae 0 0.0 1 1.3

(Pseudoescorpionido)

Aeshnidae (Odonata) 1 0.5 0 0.0

Odonata 1 0.5 0 0.0

Not identified 0 0.0 1 1.3
Mussels

Chilina sp. 3 1.5 1 1.3

Astrodiscus twomeyi 3 1.5 1 1.3
Vertebates

Not identified 3 1.5 1 1.3
Mammals

Abrothrix sp. 0 0.0 1 1.3

Roedor not identified 0 0.0 1 1.3
Not identified 1 0.5 0 0.0
Birds

Not identified 2 1.0 0 0.0
Total 194 77

tides in the studied wetland. The diet diversity in the
wet season was slightly smaller (Shannon-Wiener
H'=0.666) in relation to the dry season (H'=0,737),
and higher in the swamp forest (H'=0.74) in relation
to the riverine habitat associated with open farm
fields and seasonal marsh subsystems (H'=0.70).
The overall diet diversity for the study was H'=
0,753. In addition, 11 (5%) spraints were found
with seeds from vegetation of the palustrine open
water and permanent marsh subsystems (i.e. Cyprus
eragrostis, Scirpus californicus and Eleocharis pa-
chycarpa).

Discussion

During our study, the average density of spraints
collected over the total surveyed distance and the
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study period was lower than recorded by Medina
(1998) in Andean lakes (ca 0.80 spraints/km), and
that recorded by Medina et al. (2003) in rivers close
to this research study area (ca 1.5 spraints/km).
However, if only the surveyed distance of the
wetland subsystems where latrines were found is
considered, the density of spraints collected was
within the densities of the previously mentioned
studies and higher than that recorded by Quadros
& Monteiro-Filho (2001) in their study of Neo-
tropical otter (0.71 spraints/km), but similar to the
number of spraints considered for analysis in other
studies of southern river otter, Neotropical otter
and African clawless otter (78-202 spraints; Medina
1996, Quadros & Monteiro-Filho 2001, Parker et
al. 2005, Watson & Lang 2003).

In our study, water depth and conditions experi-
enced during the rainy season affected the number
of otter spraints found negatively. Further studies
using the same survey method as applied in our
study should consider that flooding and water
levels can affect the surveyor’s ability to find field
signs, as well as the ability of the otters to find good
marking sites (Medina-Vogel et al. 2003).

The use of spraints to assess habitat use by river
otters is controversial. Kruuk (1992) suggested that
sprainting serves to communicate to other otters
the use of key resources, so a higher number of
positive sites would be expected in those habitats
with the greatest use by otters. However, depend-
ing on the studied species, studied habitat and
methodology, spraints may not necessarily reflect
habitat use within a home range (Madsen & Prang
2001). Medina-Vogel et al. (2006) demonstrated
that for the particular habitat conditions where
marine otters live, spraints do not represent otter
population density within one seashore habitat
type. However, when using an index of absence/
presence of otter field signs such as an Index of
Revisitation Rate (IRR; Newman & Griffin 1994,
Medina-Vogel et al. 2003), or presence/absence
frequencies of field signs to compare different study
sites, habitats or regions, the index as well as the
frequencies are reliable results to compare habitat
useasanindicator of otter and other mustelids’ visits
of each surveyed stretch, patch or habitat during
a determined period (Hutchings & White 2000,
Madsen & Prang 2001, Virgos & Garcia 2002,
Medina-Vogel et al. 2003, Bonesi & Macdonald
2004).

In our study, as well as in that of Medina-Vogel
et al. (2003), the highest IRR was obtained by the

© WILDLIFE BIOLOGY - 14:2 (2008)



riverine habitat associated with the swamp forest
subsystem, followed by the riverine habitat asso-
ciated with open farm fields and seasonal marsh
subsystems, and no data were obtained for the
other wetland subsystems. Southern river otters
are able to move 5 km per day, have a home range
up to 15 km long in average; in riverine and la-
custrine habitats their densities have been estimated
tobeupto0.3 otters/km (Medina-Vogel 2005). Thus
the open palustrine and riverine associated with
permanent marsh subsystems were within the range
of one southern river otter’s home range, either
resident in the riverine associated with the swamp
forest or riverine associated with open farm fields
and seasonal marsh subsystems. Additionally, the
differences in the diet and the IRR between the
swamp forest and riverine associated with open
farm fields and seasonal marsh subsystems could
also be a consequence of spraints coming from
different otters that were using the three subsystems
in different proportions. In comparison to other
study sites in rivers and lakes, at least two to no
more than four otters must have been resident or
partially resident in the study area (Medina-Vogel
2005). Nevertheless, the evidence that in only two
of the five studied wetland subsystems were otter
field signs recorded, the evidence of higher IRR
recorded by the swamp forest subsystem, the ab-
sence of a difference in IRR between the swamp
forest subsystem and the riverine associated with
open farm field and seasonal marsh subsystem
during the wet season, the fact that different diets
were described from spraints collected in the swamp
forest and the riverine associated with open farm
field and seasonal marsh subsystems, and the vari-
ations in fish and amphibians remains in spraints
collected between wetland subsystems and seasons,
support the rejection of the null hypothesis that
the wetland subsystems were used equally and that
no effect of rainfall existed in the habitat use and
diet of southern river otter.

Our study confirms previous observations in as
far as southern river otters select riparian sites of
confined watercourses with a low density of ripa-
rian vegetation, combined with mature trees and
exposed roots for marking and latrines (Medina-
Vogel et al. 2003). Marking behaviour is also dis-
played by other otter species (Macdonald et al.
1978, Andrews 1989, Kruuk 1995, Ruiz-Olmo &
Gonsalbez 1997).

Seasonal variation in the diet of southern river
otters has been recorded only in riverine habitat
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(Medina 1998), where fish (i.e. Percichthys trucha)
were more frequent in the southern river otter diet
during the dry season than during the wet season,
as recorded in our study. Macrocrustaceans have
been recorded in all freshwater subsystems studied,
without seasonal variations but with differences in
the main species consumed between lakes and their
rivers’ outlets (Medina 1998). The macrocrusta-
ceans Samastacus spinifrons and Aegla sp. are the
most frequent prey in the southern river otter diet
in freshwater habitats (Chehébar 1985, Chehébar
etal. 1986, Medina 1997, 1998, Medina-Vogel et al.
2003). In only a few studied sites where fish were
recorded >35% (RF), the Shannon-Wiener diver-
sity index was H'>0.8 (Medina 1997, 1998). How-
ever, in our and in previous studies in rivers and
swamp forest habitats where Samastacus spinifrons
and Aegla sp. were present, Aegla sp. did not occur
in the southern river otter diet (Medina-Vogel et al.
2003). Crustaceans have been described as a lower
quality food (in terms of energy) for otters than
fish (Kruuk 1995, Medina-Vogel et al. 2004). Otters
are opportunistic predators; marine otter Lontra
felina feeds mainly on prey that is most abundant
and easy to catch and consume (Medina-Vogel
et al. 2004), and in marine habitats European
otter eat bottom-dwelling fish during most of the
year, but change to other fish species during win-
ter (Kruuk & Moorhouse 1990, Kruuk 1995). In
Belarus, European otter varies its diet in response
to an increase in fish availability during spawning
(Sidorovich 2000). In South Africa, African clawless
otter and spotted-necked otter eat fewer crustaceans
during winter, when these are less available (Perrin
& Carugati 2000). Indeed, in our study, higher
IRR and Shannon-Wiener diversity indices were
recorded in the swamp forest and during the dry
season, where both habitat and season were asso-
ciated with increased relative frequency of fish in
the diet. When the number of fish decreased during
the wet season, amphibians and other vertebrates
increased; this suggests that the flooding season
and therefore confined river courses associated with
palustrine wetlands and marshes are important in
the amphibian’s ecology, and for complementary
food resources to the southern river otter. The large
helmeted water toad can weigh up to 0.5 kg, and
one toad can contribute 340 kcal, 10 times more
than one 30 g adult macrocrustacean S. spini-
frons (Rudolph 2002, FAVET 2004). Amphibians,
together with fish, insects and other vertebrates
(mammals, birds and undetermined) constituted
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30%(RF) ((81/271) x 100; see Table 3) of the diet
in our study, more than the 20% (fish and amphi-
bians) in the diet recorded by Medina (1997) in
different riverine and lacustrine wetlands of islands
and continental southern Chile, and is comparable
to the relative frequencies of fish (12-43% RF) in
the diet described for Andean riverine and lacu-
strine habitats (Medina 1998).

Within our studied wetland, sections of the
swamp forest and seasonal marsh subsystems were
affected by drainage and river canalisation. Such
landscape changes effectively eliminated North
American river otter from much of its range in
North America (Toweill & Tabor 1982, Melquist &
Dronkert 1987). Similar causes have been suggested
for the decline of European otter and European
mink Mustela lutreola in Europe (Foster-Turley
et al. 1990, Macdonald et al. 2002), and southern
river otters in Chile (Medina 1996, Medina-Vogel
etal.2003). Our results suggest a need to discontinue
the destruction of swamp forests and marshes as-
sociated with rivers and streams in southern Chile.
As previous studies suggested (Medina-Vogel et al.
2003), we demonstrate that swamp forest and also
in our study, river courses associated with marshes,
could be key habitats for this endemic and endan-
gered species of otter.

Acknowledgements - we would like to thank the Earth-
watch Institute (Project River Otters of Chile) and the
Direccion de Investigacion of the Universidad Andrés
Bello for financial support and provision of equipment.
We are grateful to Dr. Marta Cerda and Dr. German
Pequeno for help with the spraints analyses. We thank
René Monsalve and Vicente Gomez for their help with
the field work. We would also like to extend our thanks
to Drs. Hans Kruuk and Shawn Riley for reviewing and
proofreading the manuscript, and to two anonymous
reviewers for important comments and suggestions to
the manuscript.

References

Andrews, E. 1989: Assessment of the value of river for
otters (Lutra lutra). Regulated Rivers. - Research and
Management 4: 199-202.

Aued, M.B., Chehébar, C., Porro, G., Macdonald, D.W.
& Cassini, M.H. 2003: Environmental correlates of the
distribution of southern river otters Lontra provocax
at different ecological scales. - Oryx 37: 413-421.

Bonesi, L. & Macdonald, D.W. 2004: Evaluation of sign
surveys as a way to estimate the relative abundance of

218

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 26 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

American mink (Mustela vison). - Journal of Zoology
(London) 262: 65-72.

Brzezinski, M. & Marzec, M. 2003: Correction fac-
tors used for estimating prey biomass in the diet of
American mink Mustela vison. - Acta Theriologica 48:
247-254.

Campos, H. 1985: Distribution of the fishes in the Andean
rivers in the south of Chile. - Archiv fiir Hydrobiologie
104: 169-191.

Carss, D.N. 1995: Foraging behaviour and feeding
ecology of the otter Lutra lutra: A Selective Review. -
Hystrix 7: 179-194.

Chehébar, C. 1985: A survey of the southern river otter,
Lutra provocax Thomas, in Nahuel Huapi National
Park, Argentina. - Biological Conservation 32: 299-
307.

Chehébar, C., Gallur, A., Giannico, G., Gotteli, M. &
Yorio, P. 1986: A survey of the Southern river otter
Lutra provocax in Lanin, Puelo and Los Alerces
Natinal Parks, Argentina, and evaluation of its con-
servation status. - Biological Conservation 38:293-304.

Duplaix, N. 1980: Observations on the Ecology and
Behavior of the Giant Otter Pteronura brasiliensis in
Suriname. - Revie d’Ecologie (La Terre et la Vie) 34:
495-620.

Escalona, M. 2001: Analisis integrado de los sistemas
naturales de la cuenca del rio Boroa. Bases para la
planificacion territorial. - Tesis para optar al titulo
de Licenciado en Recursos Naturales, Facultad de
Ciencias, Universidad Catoélica de Temuco, Temuco,
IX Region, Chile, 136 pp. (In Spanish).

FAVET 2004: Estudio de oportunidades de inversion
para carnes exoOticas de la Region de O’Higgins In-
forme Final, Unidad de Economia Agraria y Sistemas
de Produccion. Facultad de Ciencias Veterinarias y
Pecuarias. Universidad de Chile, Santiago, Chile, 214
pp. (In Spanish).

Foster-Turley, P., MacDonald, S. & Manson, C.F. 1990:
Otters: an action plan for their conservation. - [UCN,
Gland, Switzerland, 126 pp.

Hauenstein, E., Gonzalez, M., Penia-Cortes, F. & Munoz-
Pedreros, A. 2005: Diversidad vegetal en humedales
costeros de la region de la Araucania. - In: Smith-
Ramirez, C., Arnesto, C.J. & Valdovinos, C. (Eds);
Historia, biodiversidad y ecologia de los bosques
costeros de Chile. Editorial Universitaria, Santiago,
pp. 197-205. (In Spanish).

Heggberget, T.M. & Moseid, K-E. 1994: Prey selection in
coastal Eurasian otters Lutra lutra. - Ecography 17:
331-338.

Hutchings, M.R. & White, P.C.L. 2000: Mustelid scent-
marking in managed ecosystems: implications for
population management. - Mammal Review 30: 157-
169.

IUCN 2003: IUCN Red List of Threatened Species.
Available at: http://www.redlist.org (03-01-2005).

© WILDLIFE BIOLOGY - 14:2 (2008)



Krebs, C.J. 1989: Ecological Methodology. - Harper
Collins, New York, 620 pp.

Kruuk, H. 1992: Scent marking by otters (Lutra lutra):
signaling the use of resources. - Behavioral Ecology 3:
133-140.

Kruuk, H. 1995: Wild otters. Predation and Populations. -
Oxford University Press, Oxford, 290 pp.

Kruuk, H. & Moorhouse, A. 1990: Seasonal and spatial
differences in food selection by otters (Lutra lutra)
in Shetland. - Journal of Zoology (London) 221: 621-
637.

Macdonald, S.M., Mason, C.F. & Coghill, I.S. 1978: The
otter and its conservation in the River Teme catch-
ment. - Journal of Applied Ecology 15: 373-384.

Macdonald, D.W., Sidorovich, V.E., Anisomova, E.I.,
Sidorovich, N.V. & Johnson, P.J. 2002: The impact
of American mink Mustela vison and European mink
Mustela lutreola on water voles Arvicola terrestris
in Belarus. - Ecography 25: 295-302.

Madsen, A.B. & Prang, A. 2001: Habitat factors and the
presence or absence of otters Lutra lutra in Denmark. -
Acta Theriologica 46: 171-179.

Marcotte, B.M. 2006: Environmental assessment, CELCO-
ARAUCO, and Chile’s wetland sanctuary: ethical con-
siderations. - Ethics in Science and Environmental Pol-
itics: 1-4.

Medina, G. 1996: Conservation and status of Lutra
provocaxin Chile. - Pacific Conervation Biology 2: 414-
419.

Medina, G. 1997: A comparison of the diet and dis-
tribution of the southern river otter (Lutra provocax)
and mink (Mustela vison) in Southern Chile. - Journal
of Zoology (London) 242: 291-297.

Medina, G. 1998: Seasonal variations and changes in
the diet of southern river otter in different freshwater
habitats in Chile. - Acta Theriologica 43: 285-292.

Medina-Vogel, G. 2005: Estrategia regional para la
conservacion del huillin (Lontra provocax) en Chile. -
In: Smith-Ramirez, C., Armesto, J. & Valdovinos, C.
(Eds); Historia, biodiversidad y ecologia de los bos-
ques de la cordillera de la costa de Chile. Editorial
Universitaria, Santiago, Chile, pp. 505-515. (In Span-
ish).

Medina-Vogel, G., Bartheld, J.V.L., Alavarez, R.E. &
Delgado, C.R. 2006: Population assessment and habi-
tatuse by marine otter (Lontra felina) in southern Chile.
- Wildlife Biology 12: 191-199.

Medina-Vogel, G., Delgado, C.D., Alvarez, R.E. &
Bartheld, J.L. 2004: Feeding Ecology of the marine
otter (Lutra felina) in a rocky seashore of the South of
Chile. - Marine Mammal Science 20: 134-144.

Medina-Vogel, G., Kaufmann, V., Monsalve, R. &
Gomez, V. 2003: The relationship between riparian
vegetation, woody debris, stream morphology, human
activity and the use of rivers by southern river otter
in Chile. - Oryx 37: 422-430.

© WILDLIFE BIOLOGY - 14:2 (2008)

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 26 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

Melquist, W.E. & Dronkert, E. 1987: River otter. - In:
Novak, M., Baker, J.A., Obbard, M.E. & Malloch, B.
(Eds); Wild Furbearer management and Conservation
in North America. Ministry of Natural Resources,
Ontario, pp. 627-641.

Melquist, W.E. & Hornocker, M.G. 1983: Ecology of
river otters in west central Idaho. - Wildlife Mono-
graphies 83: 1-60.

Newman, D.G. & Griffin, C.R. 1994: Wetland use by river
otter in Massachusetts. - Journal of Wildlife Manage-
ment 58: 18-23.

Parker, D.M., Burchell, R.K. & Bernard, R.T.F. 2005:
The diet of clawless otters at two sites along the Blo-
ukvans river, Eastern Cape Province, South Africa. -
African Zoology 40: 330-334.

Perrin, M.R. & Carugati, C. 2000: Food habits of co-
existing Cape clawless otter and spotted-necked otter
in the KwaZulu-Natal Drakensberg, South Africa. -
South African Journal of Wildlife Research 30: 85-
92.

Quadros, J. & Monteiro-Filho, E.L.A. 2001: Diet of
the Neotropical Otter, Lontra longicaudis, in Atlantic
Forest Area, Santa Catarina State, Southern Brazil. -
Studies on Neotropical Fauna and Environment 36:
15-21.

Ramirez, C., Ferriere, F. & Figueroa, H. 1983: Estudio
Fitosociologico de los bosques pantanosos templados
del sur de Chile. - Revista Chilena de Historia Natural
56: 11-26. (In Spanish).

Reid, D.G., Code, T.E., Reid, A.C.H. & Herrero, S.M.
1994: Food habits of the river otter in a boreal
ecosystem. - Canadian Journal of Zoology 72: 1314-
1324.

Ruiz-Olmo, J. & Gosalbez, J. 1997: Observations on the
sprainting behaviour of the otter Lutra lutra in the NE
Spain. - Acta Theriologica 42: 259-270.

Rudolph, 2002: Sobre la biologia del camar6n de rio
samastacusspinifrons (Philippi 1882)(Decapoda, Para-
stacidae). - Gayana 66: 147-159.

Sidorovich, V.E. 2000: Seasonal variation in feeding
habits of riparian mustelids in river valleys of NE
Belarus. - Acta Theriologica 45: 233-242.

Spinola, R.M. & Vaughan, C. 1995: Dieta de la nutria
neotropical (Lutra longicaudis) en la estacion biologica
laselva, Costa Rica. - Vida Silvestre Neotropical 4: 125-
132. (In Spanish).

Taastrom, H.M. & Jacobsen, L. 1999: The diet of otters
(Lutra lutra L.) in Danish freshwater habitats: com-
parisons of prey fish populations. - Journal of Zoology
248: 1-13.

Theiling, C., Tucker, J. & Cronin, F. 1999: Flooding and
fish diversity in a reclaimed river-wetland. - Journal of
Freshwater Ecology 14: 469-475.

Toweill, D.E & Tabor, J.E. 1982: The northern river otter
(Lutra canadensis). - In: Chapman, J.A. & Feldhamer,
G.A.(Eds); Wild Mammals of North America: biology,

219



management and ecology. Johns Hopkins University isolation and habitat structure. - Acta Oecologica 23:

Press, Baltimore, pp. 688-703. 231-237.

Virgos, E. & Garcia, F.J. 2002: Patch occupancy by  Watson, L.H. & Lang, A.J. 2003: Diet of Cape clawless
stone martens Martes foina in fragmented land- otters in Groenvlei Lake, South Africa. - South African
scapes of central Spain: the role of fragmented size, Journal of Wildlife Research 33: 135-137.

220 © WILDLIFE BIOLOGY - 14:2 (2008)

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 26 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



