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Riparian ecosystems serve as movement and dispersal corridors; however, the factors that determine their use
by multiple species of carnivores remain unknown. Two hypotheses can explain carnivore presence in riparian
ecosystems. Higher riparian plant richness, diversity, and structure provide the resources used by carnivores
(resting sites, cover, and food). Alternatively, areas with higher water availability allow species to withstand
water loss and thermal gradients in the high summer temperatures. In southern Portugal we surveyed 70
transects 2 km long along riparian ecosystems during the wet winter months and again in the dry summer
months, recording signs of carnivore species and the environmental context in which they occurred (vegetation
descriptors, surrounding landscape, and waterway type and condition). Five carnivore species used riparian
ecosystems (stone marten [Martes foina], Eurasian badger [Meles meles], common genet [Genetta genetta],
Egyptian mongoose [Herpestes ichneumon], and red fox [Vulpes vulpes]). Riparian ecosystems had a diverse
and heterogeneous plant community with a mix of obligate riparian, Mediterranean sclerophyllous, and exotic
species. Most carnivore species responded to water channel type and standing water availability in both seasons,
except for the stone marten in the wet season, which uses areas with rich riparian vegetation. Our results suggest
that the use of riparian ecosystems is linked to water availability that provides water, prey, and external
temperature regulation.
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Mammalian carnivores that occupy large home ranges and
often disperse long distances (Sunquist and Sunquist 2001) are
particularly susceptible, both directly and indirectly, to the
structure and dynamics of their habitat (Hargis et al. 1999;
Schonewald-Cox et al. 1998). In the Mediterranean, to respond
to the inherent patchiness of the landscape (Blondel 2006, 2008)
and seasonally variable resources (Loureiro et al. 2009;
Rosalino et al. 2005a), most carnivore species use multiple
habitat components, which often include riparian ecosystems
(Maiorano et al. 2006; Pereira and Rodriguez 2010; Rosalino et
al. 2005b; Santos and Beier 2008; Santos-Reis et al. 2004;
Virgó s 2001b). The landscape structure of riparian ecosystems
(linear and narrow strips of vegetation along waterways) makes
them difficult to detect and map consistently as a separate
ecosystem, likely misrepresenting the role of the riparian
ecosystem in supporting carnivore populations.

Riparian ecosystems have high and frequently unique
biodiversity (Sabo et al. 2005), given their small land area. They
also serve multiple roles, including water provision, nutrient
retention (Jacobs et al. 2007), refuge for unique species (Sabo et
al. 2005), and as movement and dispersal corridors (Beier and
Noss 1998; Burbrink et al. 1998; Machtans et al. 1996); however,
riparian ecosystems can act as ecological traps (Ries and Fagan
2003). Despite the perceived importance of riparian ecosystems
in carnivore population dynamics (Beier and Noss 1998; Falcy
and Estades 2007; Hadadd et al. 2003; Hilty et al. 2006; Perault
and Lomolino 2000; Pereboom et al. 2008; Singleton et al. 2002),
very few studies have focused on the riparian ecosystem alone.
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Some authors have described the role of riparian ecosystems
as corridors for carnivores moving or dispersing between
habitat patches (Dickson et al. 2005; Hilty et al. 2006; Hilty
and Merenlender 2004), and others have discussed their role
as resource provider (Matos et al. 2008; Virgó s 2001a).
Alternatively, both functions can operate simultaneously,
providing both a linear landscape structure and necessary
resources. In Mediterranean ecosystems riparian habitats
potentially provide multiple resources. In this region carnivores have a much higher rate of fruit consumption than
elsewhere in their distribution (Rosalino and Santos-Reis 2008)
and can use trees as resting sites (Santos-Reis et al. 2004).
Additionally, riparian ecosystems are likely key sources of
water (Malanson 1993; Naiman and Décamps 1997), but this
role has been greatly overlooked in riparian ecosystem use by
carnivores (Hilty and Merenlender 2004; Matos et al. 2008;
Virgós 2001a). Further, because different carnivore species
perceive the landscape differently (Swihart et al. 2001), speciesspecific responses to the resources provided by riparian
ecosystems can exist. Therefore it is important to understand
the influence of each of these components and the mechanisms
through which carnivores use riparian ecosystems.
We aimed at testing the consistency of use by mammalian
carnivore species of riparian ecosystems in southern Portugal,
and which resources might be driving this use. Two hypotheses
can be advanced: higher riparian plant richness and diversity
will provide the structure (e.g., cover, resting sites, and food)
that promotes carnivore presence in riparian ecosystems; and,
alternatively, the use of riparian ecosystems is linked to water
availability that allows carnivores to withstand high summer
temperatures. Our specific goals were to assess which
characteristics of riparian ecosystems (plant species richness,
diversity, composition and structure, water channel characteristics, and surrounding land use) influence habitat use, and to
test if the use of riparian ecosystem characteristics is consistent
across the seasons.

MATERIALS AND METHODS
Study area.—The study area was a 6,400-km2 square (80 3
80 km) located in the Alentejo region of southern Portugal
(38u199N, 8u129W; Fig. 1). Topography ranges from coastal
areas (sea level) to low-elevation mountains (,400 m).
Temperature ranges between 28uC and 45.2uC according to
the Portuguese Meteorology Institute (http://www.meteo.pt/).
Precipitation averages 500 mm/year, with a dry period from
June to September. This area is characterized by a heterogeneous
landscape with 43% of extensive nonirrigated agriculture (hay,
wheat, forage, etc.). The 2nd most important land cover type is the
oak woodland (38%) of cork (Quercus suber) and holm (Q.
rotundifolia) oaks. Intensive irrigated agriculture is the least
represented. The cork and holm oak woodlands, called montado,
form the major remaining agro–silvo–pastoral system in Europe
(Diáz et al. 1997; Scarascia-Mugnozza et al. 2000). Human
settlements are sparse with activities generally restricted to
summer cork extraction, livestock production (cattle, sheep, and

goats), hunting (mainly wild rabbit [Oryctolagus cuniculus] and
red-legged partridge [Alectoris rufa]), and traditional agriculture
(including olive groves and vineyards). These landscapes have a
prolific network of river channels and their tributaries, with
associated riparian vegetation, that is often well developed and
composed primarily of white poplar (Populus alba), raywood ash
(Fraxinus angustifolia), gray willow (Salix atrocinerea), African
tamarisk (Tamarix africana), oleander (Nerium oleander), and
alder (Alnus glutinosa—Chı́charo et al. 2001; Santos 2010).
Terrestrial shrubs are dominated by rockrose (Cistus spp.) and
blackberries (Rubus ulmifolius—Aguiar and Ferreira 2005; Aguiar
et al. 2001, 2006; Santos 2010).
Sampling design.—To assess the presence of carnivores in
riparian ecosystems, 72 sampling transects 2 km long were
selected from 40 quadrats using a stratified random procedure
(Fig. 1). These sampling locations were stratified by watercourse type (creek, stream, and river), and by surrounding
landscape matrix (cork oak woodland, holm oak woodland,
and irrigated and nonirrigated agriculture). Two sites were
excluded a posteriori due to a lack of access. Transects were
subdivided into 200-m segments to quantify carnivore
presence, presence of riparian woody plant species, and
environmental parameters.
Carnivore data collection.—We conducted sign surveys by
walking transects in the effective 70 sampling sites (Fig. 1).
At each sampling location the transect was walked within 5 m
of the watercourse bank at an average speed of 2.02 km/h.
Transects were visited twice, 1st between December 2003 and
March 2004 (wet season) and repeated between June and
September 2004 (dry season). The target carnivore species
were red fox (Vulpes vulpes), least weasel (Mustela nivalis),
European polecat (Mustela putorius), stone marten (Martes
foina), Eurasian badger (Meles meles), common genet
(Genetta genetta), Egyptian mongoose (Herpestes ichneumon), Iberian lynx (Lynx pardinus), and wildcat (Felis
silvestris). The European otter (Lutra lutra) was excluded
because it is a riparian-obligate carnivore. Because no signs of
weasel, polecat, Iberian lynx, and wildcat were found, these
species were not considered for further analysis. All signs of
carnivore presence (tracks, scats, latrines, and animal carcasses)
were recorded as number of signs for each 200-m segment of
transect. Latrines were counted as 1 sign of presence to avoid
overestimation; tracks also were counted as 1 sign of presence
and counted as a new sign only when a clear distinction between
2 tracks was found (.200 m apart). We then calculated the total
number of signs for each transect and per season.
Sign surveys have been used widely to understand carnivore
patterns of distribution, habitat use, behavioral traits, food
habits, and parasite infestation (Smith et al. 2003). This
method has the potential to provide information on ecological
and population parameters and also is one of the most costeffective techniques to be applied in short-term monitoring
protocols (Barea-Azcó n et al. 2007). Several studies have
addressed the benefits and drawbacks of noninvasive methods
for detection of carnivores (Barea-Azcó n et al. 2007; Long
et al. 2008). Sign surveys have been used to detect most

FIG. 1.—Study area location and geographical location of the 72 stratified randomly selected 2-km transects in the study area (southern
Portugal). Transects 50 and 52 were not sampled due to lack of accessibility.

carnivore groups, and multiple methods have been suggested,
specifically detection of tracks, scats, scratches, and burrows,
and the use of hair snares (Long et al. 2008; Sadlier et al.
2004). Counter arguments question the reliability of scat
surveys (Davison et al. 2002; Foran et al. 1997), because of
misleading species identification, need for training of the
observers, variable sign persistence due to environmental
conditions, and variable detectability. In our case we believe
that species identification was not problematic because the
coexisting species have very distinct signs, identifiable
according to their shape, size, odor, and location (Beltrán
et al. 1991; Lawrence and Brown 1967). Transects always
were walked by the same 2 experienced observers, reducing
the potential for observer error. However, a potential exists for
variable sign persistence in the 2 sampled seasons, and we
were not able to detect a change in use over seasons.
The probability of detection affects most wildlife studies,
because it varies with environmental conditions, terrain, and
habitat, all of which influence the ability of the observer to
detect the animal. Detections under different conditions
become more difficult to compare, hindering data acquisition
and quality and inferences made from those data. To account
for the effect of variable probabilities of detection several
methods have been developed; however, they often require a
sampling design that involves replicated surveys in time or
space (MacKenzie et al. 2003a, 2003b). Unfortunately our

sampling design for the current study does not allow
estimating probability of detection from our own samples
(tracks, scats, latrines, and animal carcasses), because the
study does not include short-term temporal replication, and the
properties of each sampled location do not ensure spatial
replication. However, in a subsequent study that we conducted
with the same species we estimated detection probabilities for
each of these species using repeated scat surveys (in the
current study scats correspond to 75% of the samples).
Probabilities of detection were as follows: stone marten 5
0.57, Eurasian badger 5 0.16, Egyptian mongoose 5 0.26,
common genet 5 0.02, and red fox 5 0.45 (M. Santos, pers.
obs.). These results are comparable to detection probabilities
of North American carnivores (Gompper et al. 2006).
Riparian plant richness and diversity.—Presence of woody
plant species (trees and shrubs) along the 70 transects was
recorded in each 200-m segment (Table 1). Herbs were not
included because of the difficulty in identification of annual
vegetation and because they are not key resources for
carnivores (Schmitz et al. 2000); in addition, grazing and
human activities decrease herbaceous vegetation density and
increased identification problems. Plant richness was estimated as the sum of total identified species in each transect. Plant
diversity was estimated using both Simpson and Shannon’s
indexes and Shannon equitability index (Krebs 1999). The
Shannon diversity index (H9) emphasizes rare species, whereas

TABLE 1.—Types of environmental parameters and their descriptions and units measured in 2-km transects along riparian ecosystems in
southern Portugal. NA—not applicable; %—percent; P/A—presence/absence.
Type

Variable

Plant species richness and diversity

Plant richness
Plant diversity

Riparian vegetation structure

Riparian obligate
Mediterranean
Exotic
Fruiting
Vegetation
Riparian vegetation
Riparian gallery
Vegetation density

Standing water availability
Water channel

Land use

Water depth
Water width
Creek
Stream
River
Cork oak woodland
Holm oak woodland
Irrigated cultures
Nonirrigated cultures

Description

Units

Sum of woody plants detected in each 200-m segment
Simpson diversity index (D), Shannon diversity index (H9),
and Shannon equitability index (J9)
Count of species whose life-history requires an inundated
or submerged period
Count of sclerophyllous plant species characteristic
of Mediterranean climates
Count of nonnative species of the Mediterranean climates
Count of shrubs and trees that produce fruits and
berries potentially consumed by carnivores and their prey
Presence or absence of vegetation in the watercourse bank
Presence or absence of non–gallery-riparian vegetation
Presence or absence of riparian gallery (closed canopy in
the shape of a tunnel or gallery)
Vegetation having gaps or not, count of number
of segments with dense or scarce vegetation
Depth of water at each 200-m segment
Watercourse width at each 200-m segment
Narrow water width, dries out in the summer
Intermediate water width, some areas dry in the summer
Large water width, few areas dry in the summer
% cover in the 1.5-km buffer
% cover in the 1.5-km buffer
% cover in the 1.5-km buffer
% cover in the 1.5-km buffer

Count
NA

the Simpson diversity index (D) weights common species. H9
varies between 0 and log(k), where k is the number of classes,
and D varies from 0 to +‘. Shannon’s equitability index (J9)
assumes values between 0 and 1, with 1 being complete
evenness in plant composition and corresponding to samples
receiving the maximum value of H9.
Riparian ecosystem environmental context.—To characterize the environmental context of each riparian transect we
recorded information on riparian vegetation structure, standing
water availability, and land use (Table 1). Vegetation structure
was determined by several variables, which described the
plant species ecophysiological categories, vegetation structure,
and density. We separated plant species into 4 ecophysiological categories: riparian obligate (whose life history requires
an inundated or submerged period), Mediterranean (plants
with sclerophyllous characteristics typical of Mediterranean
climates), exotic (nonnative species), and fruiting species
(fruit or berry producers known to be ingested by carnivores).
To describe the structure of the vegetation along the riparian
transect we determined whether vegetation was lacking, or if
present if it was non–gallery-forming riparian vegetation or a
riparian gallery forest (closed canopy in the shape of a tunnel).
We also categorized vegetation density. Density was measured
as scarce or dense, depending on whether either large gaps
(.20 m) between plants occurred along .50% of the transect
(scarce) or the vegetation constituted a continuous patch
(dense). Standing water availability was established by
measuring water depth (cm) and water width (m) at the
beginning and end of each 200-m segment. Finally, land use
surrounding the transect was categorized and quantified as

Count
Count
Count
Count
P/A
P/A
P/A
%
Centimeters
Meters
NA
NA
NA
%
%
%
%

percent cover for 5 classes (cork oak woodland, holm oak
woodland, nonirrigated agriculture, irrigated agriculture, and
other types; Table 1). Land-use data were obtained from
available 2000 Coordination of Information on the Environment
(CORINE) land-cover data (derived from classification of
Landsat Thematic Mapper 30-m-resolution multispectral imagery; http://www.eea.europa.eu/themes/landuse/).
Statistical analyses.—To assess carnivore sample representativeness we plotted a cumulative curve of species signs
within each transect (Ray and Sunquist 2001). If the curve
reached an asymptote for a species it meant that that transect
type was sufficient to represent that species. Because the
curves for each type of transect (creek, stream, and river)
reached an asymptote at 20, 22, and 20 of 24 transects,
respectively, we assumed the sample size was sufficient to
represent all species.
We tested if carnivore species presence in each season was
a function of riparian plant richness and diversity, vegetation
structure, standing water availability, and land use. We 1st
tested if the variables within each of these categories and
across these categories (Table 1) were correlated using
Pearson’s correlation coefficient (r) between pairs of variables. Pairs of variables with a correlation coefficient . 0.7
were screened, and the variable from the pair that had the
highest correlation with the presence of carnivore species was
included. High correlation was only observed between plant
richness and diversity and between richness and strictly
Mediterranean plants. We kept the richness and excluded the
effect of diversity metrics and richness of strictly Mediterranean plants. For each species and season we created a suite of

10 generalized linear models, using a logit link function to
describe the binary nature of the dependent variable (presence/
absence of a carnivore species in a transect, estimated by
summing all the segments within the transect). We tested the
following suite of models: 1—plant richness, 2—plant
structure, 3—water channel, 4—standing water availability,
5—land use, 6—plant richness + structure, 7—water channel +
standing water availability, 8—plant richness + structure +
water channel + standing water availability, 9—plant richness +
structure + land use, and 10—plant richness + structure + water
channel + standing water availability + land use. We then used
Akaike’s information criterion (AIC), its deviation from the top
model (DAIC, where DAIC 5 0 for the top model), and its
weights (wis—Akaike 1981) to select the best models within the
10 generalized linear models. This information criterion
approach allows selecting the most-parsimonious model,
penalizing overfitted models that include too many parameters.
Models with DAIC , 2 are considered competitive and not
distinguishable (Burnham and Anderson 1998). Variables were
considered significant to the model when P , 0.05. After model
selection, model performance was assessed in model ability to
predict the dependent variable by calculating the area under the
curve (AUC), derived from receiver-operating characteristics
plots. This is a measure of the ability of the model to predict
presences appropriate for binary data (Hanley and McNeil
1982) and is obtained by plotting sensitivity (the conditional
probability that a positive case if correctly classified) versus 1 –
specificity (the conditional probability that a negative case is
correctly classified). All tests were performed in JMP version 5
(SAS Institute, Inc., Cary, North Carolina).

RESULTS
Carnivore presence and plant richness and diversity.—We
found a total of 1,479 signs of carnivores in the surveyed riparian
ecosystems, with 849 signs found during the rainy season and
630 in the dry season. The maximum richness observed at any
given transect was 5 carnivore species (stone marten, Eurasian
badger, Egyptian mongoose, common genet, and red fox). The
most detected species were the Egyptian mongoose (44.2%), red
fox (21.1%), and badger (17.2%), and the least detected species
were the genet (8.4%) and the stone marten (8.7%).
Riparian plant richness was composed of a maximum of 52
plant species, from which 34 species are autochthonous of
Mediterranean ecosystems. Along transects raywood ash
(60.6%), cork oak (40.7%), willows (40.1%), black poplar
(Populus nigra; 33.1%), olive tree (Olea europaea; 31%), and
holm oak (30.2%) were the most common tree species, and
blackberries (79.5%) and rockroses (36.1%) were the most
common shrubs. Plant richness (average richness 5 14.7) and
diversity (H9 5 2.99; D 5 17.19) were relatively high. Plants
were distributed homogeneously across waterways (J9 5
0.76). Vegetation along riparian ecosystems formed galleries
in ,50% of the sampled areas.
Environmental predictors of seasonal carnivore presence.—
Environmental factors explained a considerable amount of the

observed variability in the presence of carnivore species. AIC,
DAIC, and wi showed that the most-parsimonious models were
species-specific (Table 2). Nonetheless, most of the selected
models (higher wis) included water channel and standing water
availability in both seasons, with the exception of the stone
marten in the wet season (Table 2). In the wet season the
Eurasian badger, the Egyptian mongoose, and the genet were
positively associated with smaller and deeper water courses,
whereas the stone marten and the red fox were positively
associated with larger and shallower water courses (Table 3).
The stone marten is the only species showing a positive
association with plant richness in the wet season. In the dry
season the stone marten, Eurasian badger, and red fox maintain
their associations with water courses, and the Egyptian
mongoose and the common genet become positively associated
with larger and deeper water courses (Table 3). Model performance was variable with species and season (stone marten: wet
season AUCmodel1 5 0.80 and AUCmodel5 5 0.72, and dry
season AUCmodel5 5 0.82; Eurasian badger: wet season
AUCmodel7 5 0.78, and dry season AUCmodel7 5 0.82; Egyptian
mongoose: wet season AUCmodel4 5 0.84, and dry season
AUCmodel4 5 0.67 and AUCmodel3 5 0.65; common genet: wet
season AUCmodel7 5 0.66, and dry season AUCmodel7 5 0.59,
AUCmodel4 5 0.62, and AUCmodel3 5 0.62; red fox: wet season
AUCmodel3 5 0.65, and dry season AUCmodel4 5 0.65).

DISCUSSION
Two competing hypotheses potentially can explain carnivore use of riparian ecosystems: higher riparian plant richness
and diversity will provide the structure (resting sites, cover,
and food) that promotes carnivore presence in riparian
ecosystems; and, alternatively, the use of riparian ecosystems
is linked to water availability that allows carnivores to
withstand high summer temperatures. Our results strongly
support the latter hypothesis rather than the 1st, because the
presence of all species was mostly linked to water channel
type and standing water availability in both seasons, with the
exception of the stone marten in the wet season.
Our results suggest that available standing water is a key
resource for carnivore species in Mediterranean environments.
This is a striking finding, because most studies have shown the
importance of riparian ecosystems as providers of food (Matos
et al. 2008; Pereira and Rodriguez 2010), cover (Mangas et al.
2008; Pereira and Rodriguez 2010; Virgó s 2001a), resting
sites (Santos-Reis et al. 2004), and movement routes (Hilty
and Merenlender 2004; Pereira and Rodriguez 2010), but none
shows the potential role of standing water as a key resource.
Potential explanations for the importance of standing water
include availability of water, prey or food, and external
temperature regulation.
Water ingestion by carnivores is not well documented,
because measurements of water intake are difficult to achieve
in the field. Water intake calculations require collection of
frozen urine (Darnell et al. 2005), which was not possible in
our study area. Nonetheless, water uptake can occur indirectly

TABLE 2.—Akaike’s information criterion (AIC), deviation from the top model (DAIC, where * indicates 2 competitive and not
distinguishable models), and AIC weights (wi) for generalized linear models (GLMs) of carnivore presence related to environmental properties
of riparian ecosystems. Bold values represent the most-parsimonious models (1—plant richness, 2—plant structure, 3—water channel, 4—
standing water availability, 5—land use, 6—plant richness + structure, 7—water channel + standing water availability, 8—plant richness +
structure + water channel + standing water availability, 9—plant richness + structure + land use, and 10—plant richness + structure + water
channel + standing water availability + land use).

Stone marten
Wet

Dry

Eurasian badger
Wet

Dry

Egyptian mongoose
Wet

Dry

Common genet
Wet

Dry

Red fox
Wet

Dry

GLMs

1

2

3

4

5

6

7

8

9

10

AIC
DAIC
wi
AIC
DAIC
wi

38.60
0.00*
0.48
144.34
85.82
0.00

50.84
12.24
0.00
135.34
76.82
0.00

44.76
6.16
0.02
131.13
72.61
0.00

45.04
6.44
0.02
63.70
5.18
0.07

39.39
0.79*
0.33
139.46
80.94
0.00

44.84
6.24
0.02
144.27
85.75
0.00

43.95
5.35
0.03
58.52
0.00
0.93

43.86
5.26
0.03
70.46
11.94
0.00

46.15
7.55
0.01
147.58
89.06
0.00

43.21
4.61
0.05
72.39
13.87
0.00

AIC
DAIC
wi
AIC
DAIC
wi

214.11
32.98
0.00
62.94
18.76
0.00

206.93
25.80
0.00
70.89
26.71
0.00

216.54
35.41
0.00
65.22
21.04
0.00

191.58
10.45
0.01
47.53
3.35
0.15

219.64
38.51
0.00
67.36
23.18
0.00

211.02
29.89
0.00
55.67
11.49
0.00

181.13
0.00
0.96
44.18
0.00
0.82

188.15
7.02
0.03
52.06
7.88
0.02

217.35
36.22
0.00
59.67
15.49
0.00

192.43
11.30
0.00
56.38
12.20
0.00

AIC
DAIC
wi
AIC
DAIC
wi

273.99
6.47
0.03
207.87
2.46
0.11

274.31
6.79
0.03
212.65
7.24
0.01

271.73
4.21
0.10
205.41
0.00*
0.37

267.52
0.00
0.81
205.76
0.35*
0.31

275.35
7.83
0.02
208.69
3.28
0.07

281.09
13.57
0.00
212.09
6.68
0.01

288.77
21.25
0.00
207.64
2.23
0.12

275.91
8.39
0.01
215.27
9.86
0.00

285.89
18.37
0.00
215.72
10.31
0.00

280.33
12.81
0.00
217.95
12.54
0.00

AIC
DAIC
wi
AIC
DAIC
wi

191.16
20.10
0.00
55.89
6.20
0.02

194.22
23.16
0.00
55.93
6.24
0.01

188.78
17.72
0.00
49.69
0.00*
0.34

171.95
0.89*
0.39
49.75
0.06*
0.33

193.59
22.53
0.00
53.03
3.34
0.06

200.23
29.17
0.00
64.14
14.45
0.00

171.06
0.00*
0.60
50.31
0.62*
0.25

179.74
8.68
0.01
64.39
14.70
0.00

205.04
33.98
0.00
68.88
19.19
0.00

183.48
12.42
0.00
68.55
18.86
0.00

AIC
DAIC
wi
AIC
DAIC
wi

216.13
10.96
0.00
113.85
9.82
0.00

212.64
7.47
0.01
116.54
12.51
0.00

208.62
3.45
0.10
104.03
0.00
0.56

205.17
0.00*
0.57
110.68
6.65
0.02

214.69
9.52
0.00
105.11
1.08
0.32

217.80
12.63
0.00
119.99
15.96
0.00

206.50
1.33*
0.29
107.63
3.60
0.09

211.86
6.69
0.02
118.35
14.32
0.00

224.43
19.26
0.00
114.69
10.66
0.00

217.40
12.23
0.00
116.46
12.43
0.00

through the consumption of water-rich food resources, which
can contain up to 70% water (Nagy et al. 1999). However, not
all species are equally efficient in water uptake from prey.
Felids, for example, are less sensitive to dehydration than are
canids and other omnivores (Zoran 2002). Thus, future
research should focus on understanding the role of water
uptake, establish how much of the water requirements can be
acquired through the ingestion of food resources, and how
these can serve as surrogate measurements of water uptake.
Standing water also can provide food resources for
carnivores. Larger and deeper bodies of water retain flowing
water and are likely to support a higher diversity of food
resources (Williams et al. 2003), including crayfish (Procambarus clarkii—Correia 2001). Crayfish becomes available to
these species during the summer, when parts of waterways in
Mediterranean climates dry out and form ponds. Crayfish has

been recognized as an important food resource for the
carnivore community in the Iberian Peninsula (Correia 2001;
Tablado et al. 2010); however, being an invasive species, it
creates a conservation challenge (Tablado et al. 2010). We
also have observed crayfish—a food item that can be obtained
only from standing water—in the diet of the stone marten,
common genet, Egyptian mongoose (Santos et al. 2007),
Eurasian badger, and red fox (Correia 2001; Santos et al.
2007). In addition, other key food items are more abundant in
riparian ecosystems, such as berry-producing plants, arthropods, and small mammals (Santos et al. 2007), which are
consumed by most of the species considered herein (Barrientos and Virgó s 2006; Ciampalini and Lovari 1985; Loureiro et
al. 2009; Mortelliti and Boitani 2008; Rosalino et al. 2005a;
Rosalino and Santos-Reis 2002, 2008; Santos et al. 2007).
Therefore, a potential indirect effect of standing water is the

TABLE 3.—Variable signs for wet and dry seasons for the mostparsimonious models selected using Akaike’s information criterion
weights of generalized linear models of carnivore presence related to
environmental properties of riparian ecosystems.
Wet/dry season

Stone marten
Eurasian badger
Egyptian mongoose
Common genet
Red fox

Creek

Stream

River

Depth

Width

2/2
+/+
+/2
+/+
2/+

+/2
+/+
+/2
+/+
+/2

+/+
2/2
2/+
2/+
+/2

2/2
+/2
+/+
+/+
2/2

+/+
+/+
2/2
+/2
+/+

increase in the persistence of plants along water courses
(Malanson 1993; Naiman and Dé camps 1997), and thus of
associated food resources. However, our results did not show
an importance of riparian plants or just fruit-producing plants
in carnivore presence. Two potential confounding factors can
be occurring, a mismatch between the seasonality of fruits and
that of our sampling, and a diluted effect by using metrics such
as species richness rather than the identity of the species
themselves. We know that carnivores in Mediterranean
ecosystems track the seasonal availability of food resources
(Barrientos and Virgó s 2006; Loureiro et al. 2009; Rosalino et
al. 2005a) and that fruits are key resources (Herrera 1989,
1995; Rosalino and Santos-Reis 2008). Because fruiting is
highly variable from year to year, we could have missed the
key fruiting seasons or sampled just a few of them. The other
confounding factor is the use of richness metrics rather than
species identity. We believe that this might not be a problem,
especially if the fruiting was missed during our sampling, and
thus even if we had included the specific species, this likely
would not reveal its importance.
Another factor to consider is the thermal regulation that
occurs in riparian ecosystems. Evaporation of standing water
allows for thermal exchanges with the atmosphere, resulting in
an overall decrease in external temperature. This phenomenon
has been evoked to explain exclusion of the common genet
from very cold mountain riparian ecosystems in Spain (Virgós
2001a) but not in other areas (Pereira and Rodriguez 2010).
Temperatures of riparian ecosystems of southern Portugal are
not as low as in northern Spain, and genets might tolerate them
even during the winter. We believe the most challenging
temperatures in southern Europe are the high summer
temperatures (30–40uC), which probably can be reduced by
the effect of a standing body of water on overall ambient
temperature. This is particularly important for species such as
the Egyptian mongoose, which is diurnal (Palomares and
Delibes 1992) and avoids open areas (Palomares and Delibes
1993). The same explanation has been suggested for the
selection of resting sites in riparian ecosystems by nocturnal
species, such as the stone marten (Santos-Reis et al. 2004; M.
Santos-Reis, pers. obs.), the common genet (Espı́rito-Santo
et al. 2007; Pereira and Rodriguez 2010; Santos-Reis et al.
2004), and the Eurasian badger (Mangas et al. 2008; Rosalino
et al. 2005b; Virgós 2001a, 2001b).

It is important to differentiate between water availability (depth
and width of water course) and the use of different water courses
(creeks, streams, and rivers), which were the variables consistently
related to carnivore presence in the riparian ecosystem. Different
types of water course likely indicate how different the riparian
ecosystem is from the surrounding landscape. Creeks are narrower
and shallower, and the riparian ecosystem width is reduced and
composed of plant species more similar to those in the surrounding
landscapes (Santos 2010). As water width and depth increases in
streams and rivers, it is followed by an increase in riparian
ecosystem width and obligate riparian plant species (Santos 2010).
Our results show a consistent positive selection of larger water
courses by the stone marten and of smaller water courses by the
Eurasian badger and the common genet. The stone marten is the
most arboreal species, so it selects riparian ecosystems more
distinct from the surrounding landscape and likely having more
trees and cover. This is probably why this is the only species that
shows a positive association with plant richness in the wet season.
In contrast, the Eurasian badger and common genet might require
more constant cover and thus select riparian ecosystems that are
less distinct from the surrounding landscape. Finally, the Egyptian
mongoose and the red fox seem to be using riparian ecosystems
independently of their similarity or distinction from the surrounding landscapes. Further studies, however, are required to elucidate
this potential indirect effect of riparian ecosystem structure on
mesocarnivore presence in these habitats, because the riparian
structure variables that we measured were not statistically
significant in our analysis.
Of the 9 species potentially using riparian ecosystems (red
fox, weasel, polecat, stone marten, Eurasian badger, common
genet, Egyptian mongoose, Iberian lynx, and wildcat), we
were able to detect only 5. Three of the undetected species are
of conservation concern (polecat—Data deficient, Iberian
lynx—Endangered, and wildcat—Data deficient) and thus
rarer and more difficult to detect. The polecat is the only
species with riparian ecosystem affiliation, and this species
has been found elsewhere in southern Portugal (Santos et al.
2008). The Iberian lynx and the wildcat also were detected
elsewhere in southern Portugal (Santos et al. 2008), but their
habitat requirements are more linked with scrub and dense
forest habitats, thus decreasing the likelihood of them being
detected in riparian ecosystems (Castro and Palma 1996; Pires
and Fernandes 2003; Sarmento 1996). The weasel also has
habitat preferences for rocky areas (Santos-Reis 1989), which
were not found in our study sites. The otter was detected in all
of the surveyed transects, but we excluded it from the analysis,
because it is a riparian-obligate carnivore.
Our analysis did not make comparisons that rely on
knowing species detection probability, because we did no
seasonal or species comparisons. Thus, we believe that our
results would not be affected by the potential difference in the
probability of detection of each species.
Our study emphasizes the relationship between carnivores
and riparian ecosystems, especially standing water availability.
The importance of standing water can be generalized across
carnivore species, indicating the importance of water as a

resource, for availability of prey or food, and for external
temperature regulation. Faced with the current irreversible
changes in Mediterranean riparian ecosystems (Salinas et al.
2000; Santos et al. 2002), we suggest proactive water
management strategies such as water-use policies and regulations, pollution control, controlled water diversion, and the
establishment of best management practices for water use,
especially in the summer months. Implementing these actions
likely will lead to the preservation of the riparian ecosystem and
the resources that carnivore species depend upon.
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