Oryx Vol 37 No 4 October 2003

The influence of riparian vegetation, woody debris, stream morphology
and human activity on the use of rivers by southern river otters in Lontra

provocax in Chile

Gonzalo Medina-Vogel, Vera S. Kaufman, René Monsalve and Vicente Gomez

Abstract The distribution of the Endangered southern
river otter Lontra provocax population in southern Chile
has contracted, causing concern among otter specialists
and conservationists. The main factor contributing to this
decline is the loss of suitable habitat. Because the Chilean
Irrigation Law promotes land drainage, the removal of
riparian vegetation and canalization of lowland rivers in
several provinces, this situation could deteriorate further.
Using an Index of Revisitation Rate (IRR), we assessed
the influence of woody debris, riparian vegetation, river
bank morphology and river canalization on the use of
rivers and streams by the southern river otter. Surveys
were conducted on foot, on a monthly basis, between
April 1999 and March 2001 in the south of Chile. The
surveys covered 13 sections of rivers and streams, 3 km
long and <50 m wide. River and stream banks with high
density of riparian vegetation, woody debris and exposed

roots had the highest IRR; most of the highly marked
sprainting sites were found in this habitat. Canalized
rivers and streams lacking these characteristics had the
lowest IRR and hardly any highly marked sprainting sites.
The data indicates that otters can tolerate some degree of
riparian vegetation removal, provided there is minimum
use of floodplains by humans. Temperate evergreen
ombrophilus swamp forests and shallow watercourses
with woody debris or gravel, riparian vegetation and a
plentiful supply of macrocrustaceans appear to be the
preferred habitat and conditions for the otter and may
be key to its survival in freshwater habitats.

Keywords Chile, Lontra provocax, macrocrustaceans,
otter field signs, riparian vegetation, river canalization,
woody debris.

Introduction

The southern river otter Lontra provocax (nutria de rio or
huillin) of southern Chile and Argentina is categorized
as Endangered on the IUCN Red List of Threatened
Species (IUCN, 2002). Historically the distribution of
the species was more extensive, in rivers, streams and
fiords from the Cauquenes and Cachapoal rivers (34°S)
to the Magellan region (53°S) in Chile, and from the
Andes to the Pacific (Osgood, 1943; Medina, 1996). At
present, populations in freshwater habitats have been
confirmed in only a few isolated areas, from 39 to 44°S
(Medina, 1996). The major factor leading to the decline
in the species distribution is habitat degradation (Melquist,
1984; Medina, 1996). Lack of riparian vegetation, woody
debris, roots and gravel deposited after canalization and
dredging may make otters more vulnerable to human
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disturbance and reduce the carrying capacity of their
habitat (Melquist & Hornocker, 1983; Boon, 1992; Crook
& Robertson, 1999). Water depth, surface area and flow
affect prey availability and vulnerability, and all of these
factors can affect the distribution and spatial patterns of
otters (Kruuk, 1995).

The Irrigation Law (Lay para el Formento del Riego y
Drenage) passed in Chile in 1986 promotes investment in
land drainage and consequently encourages the removal
of riparian vegetation and the canalization of lowland
rivers, in particular those rivers that flow through swamp
forest. Moreover, the government will finance up to 75%
of the total cost of such works (Guajardo, 2001). Because
of this approach to river management, compounded
by farmers’ and authorities” lack of knowledge of the
habitat of the southern river otter and the threats to its
existence, there is an urgent need for reliable information
on the effect of the removal of riparian vegetation and
river canalization on the southern river otter and its
freshwater habitat. The purpose of this study was to
assess the differences between canalized and non-canalized
rivers and streams, their riparian vegetation, river bank
morphology and woody debris, and the otter’s utilization
of these habitats, by analysing an Index of Revisitation
Rate and the otter’s marking behaviour.
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Methods

Study area

The study was conducted in southern Chile (39°S, 72°W;
Fig. 1) along rivers and streams with unconfined channels.
These watercourses are dune-ripple, except at their source
in the mountains, where they are normally pool-riffle
(Montgomery & Buffington, 1998) (Fig. 1). The rivers and
streams studied form a network of first- and second-
order watercourses, with their source not further than
150 km from the sea (Fig. 1). The maximum flow of these
watercourses can be up to c. 14 times the minimum flow,
and during times of high water levels adjacent plains and
riparian zones are flooded. The study area is located in
a region with a humid-temperate climate and an average
annual rainfall of 2,110 mm, with minimum levels of
rainfall recorded in summer (January-March) and maxi-
mum levels in winter (June-August) (Campos, 1985). The
rivers and streams studied are or were partially covered
by a temperate, evergreen, ombrophilous swamp forest,
a native vegetation community composed mainly of
Myrceugenia exsucca, Temu divaricatum and Drimys winteri
(Ramirez et al., 1983).

Habitat use by southern river otter

Between April 1999 and March 2001 both banks of
13 sections (3 km long and <50 m wide) of river or
stream were surveyed on foot during one day, and all
sections were surveyed within a period of 2 months.
Every section was surveyed 9-11 times (depending on
the occurrence of flooding) during the research period.
The habitat of each section was sampled in 10 m long
segments every 100 m of watercourse, including the water
surface, and up to 10 m inland along both river banks.

Use of rivers by otters in Chile

Thereafter the habitat was classified depending on the
amount of riparian vegetation cover as a percentage of
the total surface area (low, <33%,; medium, 34-66%;
high, >67%), large woody debris, exposed roots, the
existence of channel walls (above the river banks) and
stream width and depth. Human activity and land use
were also described up to 500 m from each bank.

In each study section a ‘positive site’ was defined
as a site where dens/shelters, latrines, or sandy shores
with new (not older than 2 months) otter field signs
(spraints, anal smears, footprints or urine) were found.
Only positive sites separated by more than 5m were
considered to be different (Melquist & Hornocker, 1983;
Newman & Griffin, 1994; Medina, 1996). Positive sites
were tagged in the field, their location was plotted on
1:50,000 maps, and they were classified in four categories
used in the calculation of an Index of Revisitation Rate
(IRR): A, those visited by otters only once in a 6-month
period (non-permanent); B, those visited by otters more
than three times in a 6-month period (permanent);
C, those heavily marked or with a total accumulation
of more than 10 spraints in a 1-year period; D, those
with only one spraint in a 1-year period. Category C
could include category A and B, and category D could
include category A. In order to assess the otter’s marking
behaviour the tree and bush cover as a percentage of
the total surface area (low, <33%; medium, 34-66%;
high, >67%) was recorded within a 5m radius of each
positive site, and within a 5 m radius of a second randomly
selected site located 10-100 m to the left or right of each
positive site, parallel to the watercourse.

The Index of Revisitation Rate (IRR) was calculated
by dividing the number of positive sites by the pro-
portion of the actual distance walked. Each positive site
was weighted equally, irrespective of the numbers of
spraints, smears or footprints (Newman & Griffin, 1994;
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Ruiz-Olmo & Gonsélbez, 1997). The proportion of the
actual distance walked along each section was used to
avoid bias due to variation in distance walked during
flooding; the maximum distance that could be surveyed
on each section was 6 km (i.e. 3 km for each bank). Thus,
for example, if one section recorded three positive sites
and the actual distance walked was 5 km rather than
the full length of 6 km, its IRR was 3/0.83 = 3.6, where
0.83 is 5/6. Spraints were collected on a monthly basis
in order to analyse diet (Medina, 1998).

Statistical Analyses

A General Linear Model (GLM) for unbalanced designs
and repeated measurements was used to explore the
influence of the independent variables (the sections and
the habitat characteristics of each section) on the IRR
(Thomas & Taylor, 1990; Kirby, 1993; Macdonald et al.,
2002a). For all post-hoc comparisons the multiple com-
parison Tukey HSD test was used (Thomas & Taylor, 1990;
Kirby, 1993; Wilkinson et al., 1996; Macdonald et al., 2002a).
The effect of canalization was assessed by comparing

canalized sections with those not canalized from the same
rivers. Habitat differences between categories of positive
sites, as well as between positive sites and randomly
selected sites, were assessed using the % test (Newman &
Griffin, 1994; Ruiz-Olmo & Gonsalbez, 1997). All data
were transformed to log (x4 1) prior to analysis to
produce a normal distribution (Krebs, 1989). Significance
was set at P <0.05 throughout, and all statistical tests
were carried our using SYSTAT v. 6.0.

Results

This study recorded differences in the Index of Revisitation
Rate (IRR; Fig.2) between river and stream sections
(Table 1), and there were significant differences among
the 13 sections (F =36.8; d.f. =12, 125; P <0.01). Inter-
sectional comparisons (with the Tukey HSD test) showed
that non-canalized sections with medium or high riparian
vegetation cover had a significantly higher IRR than
canalized sections with low or medium riparian vegetation
cover and no or low woody debris (1 vs 5 and 13; 7 vs 13;
10 vs 5 and 13; 11 vs 5 and 13; 2 vs 5, 9 and 13) (Table 2).
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Fig. 2 Mean Index of Revisitation Rate (log + 1) for each surveyed river section, with standard error bars. The shading indicates the habitat
characteristics of each section, and the numbers indicate the number of surveys of each section.
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Use of rivers by otters in Chile

Table 1 Habitat characteristics and classification for the 13 river and stream sections studied (see Fig. 1 for locations).

Habitat characteristics

Woody debris, Channel
above ground  Riparian  reaches Stream  Stream
Section Artificially ~ roots and vegetation and width depth  Human presence
no. River or stream name canalized  shoreline walls density bounds (m) (m) and activity
1 Pidenco, Pidenco Stream No Low, Medium Pool-riffle, <7 <1 Sporadic, restricted
with walls unconfined
2 Ocho puentes Mahuidanche No High, High Dune-ripple, 7-14 <1 Very rare, very low
River without walls unconfined
3 Queule, Queule River No Low, Medium Pool-riffle, >14 1-2  Sporadic, restricted
with walls unconfined
4 12 Puentes, Mahuidanche Yes No, Medium Dune-ripple, 7-14 1-2 Vary rare, very low
River with walls unconfined
5 Nueva Etruria Mahuidanche Yes No, Low Dune-ripple, 7-14 1-2  Permanent, intense
River with walls unconfined
6 Quinque Alto, Quinque Yes No, Medium  Dune-ripple, 7-14 <1 Sporadic, restricted
River without walls unconfined
7 Quinque Medio, Quinque No High, High Dune-ripple, >14 <1 Sporadic, restricted
River without walls unconfined
8 Mahuidanche, Mahuidanche No Low, Medium Dune-ripple, >14 >2 Permanent, intense
River with walls unconfined
9 Venegas, Venegas Stream Yes No, Low Dune-ripple, <7 1-2 Permanent, intense
with walls unconfined
10 Huilio, Huilio River No High, High Dune-ripple, >14 <1 Sporadic, restricted
without walls unconfined
11 Queule Alto, Queule River No Low, High Pool-riffle, >14 1-2  Rare, low
with walls confined
12 Venegas Alto, Venegas Stream  Yes No, High Dune-ripple, <7 1-2  Rare, low
without walls unconfined
13 Colico, Colico Stream Yes Low, Medium Dune-ripple, <7 <1 Sporadic, restricted

without walls

unconfined

Table 2 Probabilities of the post-hoc Tukey HSD tests for inter-sectional comparisons of the Index of Revisitation Rate (see text for details).
Significant differences (P < 0.05) are indicated in bold italics.

Section no.
Section no. 1 2 3 4 5 6 7 8 9 10 11 12 13
1 0.94 1.00 1.00 0.02 1.00 1.00 0.45 0.41 1.00 1.00 1.00 0.01
2 0.94 0.39 0.48 <0.01 0.25 0.94 <0.01 <0.01 091 0.90 0.88 <0.01
3 1.00 0.39 1.00 0.12 1.00 1.00 091 0.89 1.00 1.00 1.00 0.10
4 1.00 0.48 1.00 0.12 1.00 1.00 0.86 0.84 1.00 1.00 1.00 0.07
5 0.02 <0.01 0.12 0.12 0.21 0.01 0.98 0.99 0.01 0.01 0.02 1.00
6 1.00 0.25 1.00 1.00 0.21 1.00 0.97 0.96 1.00 1.00 1.00 0.18
7 1.00 0.94 1.00 1.00 0.01 1.00 0.32 0.29 1.00 1.00 1.00 <0.01
8 0.45 <0.01 091 0.86 0.98 0.97 0.32 1.00 0.38 0.40 0.50 0.96
9 0.41 <0.01 0.89 0.84 0.99 0.96 0.29 1.00 0.35 0.37 0.46 0.97
10 1.00 091 1.00 1.00 0.01 1.00 1.00 0.38 0.35 1.00 1.00 0.01
11 1.00 0.90 1.00 1.00 0.01 1.00 1.00 0.40 0.37 1.00 1.00 0.01
12 1.00 0.88 1.00 1.00 0.02 1.00 1.00 0.50 0.46 1.00 1.00 0.01
13 0.01 <0.01 0.10 0.07 1.00 0.18 <0.01 0.96 0.97 0.01 0.01 0.01
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However, there was no significant difference in the IRR
between section 12, part of a canalized stream where
riparian vegetation had naturally regenerated and there
was high vegetation cover, and the IRRs for non-canalized
sections with high riparian vegetation cover (2, 7, 10
and 11). Section 12 had a significantly higher IRR than
some canalized sections with low or medium riparian
vegetation cover (5 and 13).

Non-canalized sections having walls or high river banks
(1, 3, 8 and 11) had significantly lower IRRs (F =3.0;
d.f.=1, 72; P =0.04) than non-canalized sections with-
out walls or with gently sloping banks (2, 7 and 10).
Furthermore, the IRRs for canalized sections with low
or medium riparian vegetation (4, 5, 6 and 9) were
significantly lower (F=4.0; d.f.=1, 84; P=0.01) than
for those sections from the same rivers that were still
covered with swamp forest or had high concentrations
of riparian vegetation, woody debris and above ground
roots (2 and 7).

Differences in IRRs grouped according to four levels of
human activity (Table 1) were significant (F =6.5; d.f. =3,
134; P = 0.04). Inter-sectional comparisons (with the Tukey
HSD test) showed that sections with permanent human
settlements and intense agricultural activities (5, 8 and 9)
had significantly lower IRRs (P =0.03) than those of
sections with sporadic human presence and restricted
human activity (1, 3, 6, 7, 10 and 13). No significant
differences in IRRs were found between sections with
none or low woody debris and high riparian vegetation
but rare and low human presence and activity (11 and 12),
and sections with medium to high riparian vegetation
cover and woody debris but very rare and very low
human presence and activity (2 and 4).

Spraints were the most recorded field signs (3,856; 96%),
followed by footprints (127; 3%) and smears (40; 1%), with
significant differences between seasons (F = 33.2; d.f. =10,
127; P = 0.02). Inter-sectional comparisons (with the Tukey
HSD test) demonstrated that field signs significantly

increased (P <0.01) during autumn (March-May) and
decreased during winter (June-August). There were
significant differences in the number of signs found
among sections of different water depth (F=174; d.f. =2,
135; P < 0.01), and inter-sectional comparisons (with the
Tukey HSD test) showed that sections <1 m deep had
significantly more field signs than sections >1m deep
(P <0.05).

Category A sites (i.e. those visited by otters only
once in a 6-month period) were the most prevalent sites
(309; 54%) followed by categories D (115; 20%), B (91; 16%)
and C (57; 10%). Almost all positive sites were <2m
from a watercourse.

Within each section there was no significant difference
in the concentration of trees and bushes surrounding
positive sites and those surrounding randomly selected
sites. Considering the distribution of positive sites
separately, category C sites (i.e. those most heavily
marked by otters) showed a stronger association with
trees (y*>=28.7; d.f. =5; P <0.05) and bushes (y*=16.0;
d.f.=5; P <0.05) than category D sites (i.e. those with
only one spraint in a 1-year period) (Table 3, Fig.3).
There were differences in the amount of category C
sites between sections with different habitats (F = 4.6;
d.f.=4-8; P=0.03); most C sites (47%; 27) were found
in sections with swamp forest (2, 7 and 10) and almost
none (2%; 1) were found in the canalized sections without
riparian vegetation (5 and 9). Non-canalized sections had
the highest concentration (77%; 44) of category C sites
(F=21;d.f.=1,11; P=0.01). No significant differences
were found between sections and habitat for category
A, B and D sites.

A total of 1,144 southern river otter spraints were col-
lected and analysed. A small species of crayfish Samastacus
spinifroms was found in 85% of spraints collected, various
species of fish in 9%, eels Geotria australis in 4%, a small
crab Aegla sp. in 3%, and unidentified amphibians and
birds in 2%.

Table 3 Number of positive sites (i.e. sites visited by southern river otters, see text for details), of four types, within each of three categories

of tree and bush cover (see text for details).

Concentration of trees and bush within a 5 m radius

0-33% 34-66% 67-100%

Trees Bush Trees Bush Trees Bush
Positive site type n % n % n % n % n % n % Total
(A) Non-permanent 214 69 261 84 57 18 38 12 38 12 10 3 309
(B) Permanent 58 63 69 75 15 16 18 19 18 19 4 4 91
(C) Highly marked 27 47 40 70 8 14 15 26 22 38 3 57
(D) One sign 85 73 107 93 23 20 7 6 7 6 1 0 115
Total 384 252 477 322 103 68 78 63 85 75 17 10 572
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Discussion

This research corroborates the findings of previous
distributional studies associating the southern river otter
in freshwater systems with a high density of riparian
vegetation, exposed roots and unconfined channels
(Chehébar et al., 1986; Medina, 1996, 1998). Historically,
the association of river otter spraints, shelters or spraint-
ing sites with habitat use has been difficult to demonstrate.
Thome ef al. (1998) did not find any significant association
between otter shelters or spraints and habitat in a study
of the otter Lutra lutra in the UK. Jenkins & Burrows
(1980) were able to explain 10-15% of the variation in
the number of spraints by availability of woodland
cover. Macdonald & Mason (1987) showed that the
number of mature ash Fraxinus excelsior and sycamore
Acer pseudoplatanus trees and L. [utra dens explained
35-39% of the variation in shelters. Newman & Griffin
(1994) studying habitat selection of Lontra canadensis in
North America, using a similar index of revisitation rate
to that used in our study, recorded preferences in summer
for beaver-created wetlands rather than for artificial
impoundments. Dubuc et al. (1990) considering a valley
segment as the basic unit, correctly predicted 94% of
the occurrence of L. canadensis, which was associated
with beaver dams, watershed length, and average bank/
shoreline diversity. Perrin & Carugati (2000), using a
similar methodology to our study, showed that in South
Africa Aonyx capensis and Lutra maculicollis had a preference
for riverine habitats covered with dense vegetation, while
areas of short grass were avoided.

Similarly, in this study we found that the highest index
of revisitation rates of southern river otters were associ-
ated with river and stream sections <1 m deep that had
a high percentage of woody debris, riparian vegetation,
exposed roots and little human intervention. In contrast,
IRRs were negatively associated with sections of rivers
and streams that previously had swamp forest but are
now canalized and their riparian vegetation and woody
debris removed. Furthermore, the results showed that
the IRR was higher for canalized sections where riparian
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vegetation had regenerated naturally, than for canalized
sections without riparian vegetation. Similar observations
have been reported for L. lutra in Northumberland,
UK, where field signs increased significantly after the
restoration of the riparian vegetation (Andrews, 1989;
Fox, 1999). Conversely, the findings of this study con-
cerning marking behaviour indicate that otters prefer to
mark in sites that have a low concentration of riparian
vegetation combined with mature trees and exposed
roots; this preference was also displayed by L. lutra in
Europe (Macdonald et al., 1978; Andrews, 1989; Kruuk,
1995; Ruiz-Olmo & Gonsélbez, 1997).

The fact that most sites marked by otters in this study
had low concentrations of bushes and mature trees,
whereas most sections with high IRRs had high concen-
tration of riparian vegetation and woody debris can be
explained by the strong variations in water levels in the
study area. These variations particularly affect channels
that have high, steep banks and a low concentration
of riparian vegetation (Montgomery & Buffington,
1998). Every winter, variations in water levels result in
destruction of riparian vegetation, and our observations
suggest that studies which record habitat features near
latrines, dens or shelters close to watercourses may only
consider aspects of otter marking behaviour and the
channel’s physical response to seasonal water variations,
and not habitat selection or use. Alternatively, studies
that consider the habitat of river or valley sections as
the units for comparison may better describe otter
requirements with regard to habitat and its use (Dubuc
et al. 1990; Madsen & Prang 2001). Further studies using
the same survey methods applied in this study should
consider that flooding and water levels can affect the
availability of shelters, the relationship between the otter
and its prey and the surveyor’s ability to find field signs.
During this study the water depth and conditions experi-
enced in winter negatively affected the number of field
signs found.

Human presence and disturbance brought about
by agricultural practices is known to affect otters and
scent-marking behaviour of mustelids (Dubuc et al., 1990;
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Newman & Griffin, 1994; Hutchings & White, 2000;
Perrin & Carugati, 2000). In our research the effect of
human activity and presence varied between different
habitat conditions. The results indicate that human activity
affects IRR negatively in sections with permanent human
presence and intensive agricultural activities but that
this influence is modified by other habitat variables.
Therefore, it seems that southern river otters can use
rivers and streams with low, and sometimes permanent
human activity and presence, providing there is sufficient
concentration of riparian vegetation, woody debris, roots
or any other habitat characteristics that provide a good
supply of refuges, shelters and prey. Similar observations
have been made of L. [utra in Europe (Madsen & Prang,
2001).

Studies have shown that structurally complex aquatic
habitats, such as macrophyte beds and reefs, support
more diverse and abundant biotic communities than
structurally simple habitats (Crook & Robertson, 1999).
The dominance of soft benthic substrata means that
woody debris is the principal hard substrata for biofilm
development and macroinvertebrate colonization in many
lowland river channels (Crook & Robertson, 1999). Woody
debris is an important substratum for non-burrowing
invertebrates in lowland rivers (Benke et al., 1984; Smock
et al., 1985). Previous studies have shown that in fresh-
water habitats in Argentina and Chile the southern river
otter eats almost only crustaceans (Chehébar et al., 1986;
Medina 1998), and in our study otters appear to feed
predominantly on the crustaceans S. spinifroms and Aegla
sp. If sprainting serves to communicate to other otters
the use of key resources (Kruuk, 1992), and as spraints
were the most common field signs found in this study,
then a high IRR would be expected on those sections
experiencing the greatest use by otters (Kruuk, 1992;
Hutchings & White, 2000). In this study highly marked
sites (type C) were also associated with the sections
with swamp forest or riparian vegetation and woody
debris. Therefore, the relation of highest IRR and highly
marked sites to sections with high percentage of riparian
vegetation, exposed roots and woody debris, shallow
river and stream channels with floodplains (all habitat
characteristics found in those sections with swamp
forest), and river beds with abundant small to medium
stones or gravel could be more closely related to the
abundance of the otter’s preferred prey (crustaceans)
and suitable locations for shelters than to the measured
habitat characteristics (Benke et al., 1984; Smock et al.,
1985; Kruuk et al., 1993; Crook & Robertson, 1999; White
et al., in press).

The decline of lowland river fisheries throughout the
world may be attributed to large-scale loss of the complex
habitat structure of lowland rivers. This is predominantly
due to river cleaning operations (Gippel et al., 1996;
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Crook & Robertson, 1999; Maddock, 1999). Wetland
drainage and other landscape changes, combined with
over-fishing, effectively eliminated L. canadensis from
much of its range (Toweill & Tabor, 1982; Melquist &
Dronkert, 1987). Similar causes have been suggested for
the decline of L. [utra and Mustela lutreola in Europe
(Foster-Turley et al., 1990; Macdonald et al., 2002b).
Consequently, it is clear that river canalization or riparian
vegetation removal is likely to affect the use of rivers
and streams by the southern river otter, as these river
management approaches destroy the habitat of their prey
(Boon, 1992; Crook & Robertson, 1999).

The conservation of the southern river otter is
inextricably linked to the conservation of the habitat
of the otter’s prey and the availability of suitable sites
for shelters. The findings of this study emphasise this
relationship and indicate that activities which detrimentally
affect the otter’s habitat and that of its prey, such as
dredging and canalization of rivers and streams, and pro-
jects that engage in the removal of riparian vegetation,
woody debris and swamp forest associated with rivers
and streams, should be avoided in southern Chile.
Consideration should be given instead to river and
stream management options that are sympathetic to
the conservation of the southern river otter and its
habitat.
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