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A b s t r a c t . The Eurasian otter is one of the most endangered mammals in Italy and its
distribution is now restricted in two isolated portions in southern Italy. However, in recent times,
this species has shown a tendency to expand its range, especially northwards. It is therefore
important to identify suitable areas on the border of its expansion range where the species can
establish and disperse, so that these areas can be targeted for conservation actions. To this aim,
the distribution, quality and connectivity of habitats of seven river catchments located in the
northern portion of the current otter range in Italy were assessed. Catchments included both rivers
where the otter currently occurs and where it is likely to expand in the short-medium term. An
expert-based Habitat Suitability (HS) model was developed and validated using otter presenceabsence data based on standard field surveys. Fine scale riverbank land cover, extra-riparian
coarse scale land cover, altitude, bank slope, and human disturbance were considered as the main
factors in the HS model. These variables were available or newly created in the form of digital
maps (layers) and the HS model was built by sequentially filtering these layers. Connectivity
was assessed within and between river basins through landscape algorithms by taking into
account variables that could influence otter dispersal. The results indicated that the seven rivers
considered are heterogeneous both in terms of habitat suitability and in terms of connectivity.
Among these, one river in particular (the river Volturno), where otters are currently present,
showed one of the largest extensions of suitable habitats and the best connectivity both within
the river and between the river and the neighbouring catchments, suggesting that this river could
play a strategic role in the survival and expansion of otters in the surrounding areas.
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Introduction
The Eurasian otter (Lutra lutra L.) is a semi-aquatic carnivore that underwent a strong decline
in Europe between the 1960s and the 1980s (M a s o n & M a c d o n a l d 1986, M a s o n
1989, M a c d o n a l d & M a s o n 1994). Several factors have been suggested to explain
this decline, including the reduction of food supply, pollutants, human persecution, and the
destruction of riparian vegetation (M a s o n & M a c d o n a l d 1986, M a c d o n a l d
& M a s o n 1994, C o n r o y & C h a n i n 2000, K r u u k 2006). The decrease in the
concentration of harmful pollutants in the environment due to more stringent regulations
(P a c y n a 1999) and the enactment of legal protection have allowed otter populations to
gradually recover since the 1980s in several European countries (C o n r o y & C h a n i n
2000, R o o s et al. 2001, M a s o n & M a c d o n a l d 2004, R o m a n o v s k i 2006).
Compared to other populations in Europe, the Italian population has recovered rather slowly,
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and signs of the species expanding its range have only recently started to become apparent
(P r i g i o n i et al. 2007). Despite the fact that the IUCN Red list and the European Mammal
Assessment consider the Eurasian otter as near threatened (R e u t h e r & H i l t o n T a y l o r 2004, T e m p l e & T e r r y 2007, 2009, Ruiz-Olmo et al. 2008), this animal
is still considered a critically endangered species in Italy (B u l g a r i n i et al. 1998). At
present, the Italian range of the otter is confined to the southern part of the Italian peninsula
(Fig. 1), while originally the species was distributed all over the country (C a g n o l a r o
et al. 1975). The residual population is relatively small (P r i g i o n i et al. 2006a, b) and
it is geographically isolated and genetically differentiated from other European populations
(R a n d i et al. 2003). Furthermore, this population is currently separated into two isolated
subpopulations (Fig. 1): the largest one located in southern Italy and the smallest one, only

Fig. 1. Distribution range of the otter Lutra lutra in Italy.
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recently discovered, located in south-central Italy (L o y et al. 2004, F u s i l l o et al. 2004,
2007, P r i g i o n i et al. 2007).
The subpopulation of south-central Italy is currently expanding northward (D e C a s t r o
& L o y 2007) while there is no indication that otters are currently colonising the gap that
separates the two subpopulations. Given the small size and the current expansion trend of the
south-central subpopulation, it is important to identify rivers that can potentially host otters
in the area and also to identify the rivers and land areas through which the species could
disperse to better target conservation actions aimed at promoting the recovery of the species.
In this study, an approach combining a fine scale Habitat Suitability (HS) model and
connectivity analysis was adopted to identify areas where the otter could potentially expand
in the short-medium term within and around the south-central subpopulation. The HS
model was also used to identify rivers with particularly suitable habitats that could provide
source populations. HS models for otters have been produced on different geographic scales
(O t t i n o et al. 1995, P r i g i o n i 1995, P r e n d a & G r a n a d o - L o r e n c i o 1996,
A n t o n u c c i 2000, R e g g i a n i et al. 2001, B a r b o s a et al. 2001, B o i t a n i et al.
2002) with a resolution which is usually greater than 1 km. However, fine scale approaches
are still lacking. The fine scale approach is particularly critical for otters, as some important
habitat requirements such as riparian vegetation cover may not be related to the available
coarse scale environmental GIS variables usually used to build HS models.

Study Area
The study area comprised seven river catchments of south-central Italy (Sangro, Biferno,
Trigno, Fortore, Saccione, Sinarca, and the upper part of the River Volturno) located mostly in
the Molise region (Fig. 2). These catchments comprise both rivers where otters are currently
present and neighbouring rivers where otters are likely to expand in the near future.
The total length of the water courses considered in the study was 1 943 km. A standard
survey run in the years 2000-2004 (F u s i l l o et al. 2004, L o y et al. 2004) revealed that
otter occurrence was restricted to the Biferno and upper Volturno catchments. Sporadic
records of otters were also reported for the river Fortore, while otters were seemingly absent
from the rivers Sangro, Trigno, Saccione, and Sinarca (Fig. 2). A more recent survey in 2006
revealed signs of otter occupation on the river Sangro, which is located in the north-western
part of the study area (D e C a s t r o & L o y 2007).

Material and Methods
Habitat Suitability model development
The HS model was expert-based, rather than inferential. There were two reasons behind this
choice: 1) an inferential approach applied on the peripheral areas of an expanding species’
range may fail to discriminate between suitable and unsuitable areas because suitable areas
may not yet be occupied (J a s o n et al. 2002, C l e v e n g e r et al. 2002, O t t a v i a n i
et al. 2004); 2) European otters have been thoroughly studied and many of the factors that
influence their biology and ecology are well known (M a s o n & M a c d o n a l d 1986,
M a s o n 1989, B e j a 1992, M a d s e n & P r a n g 2001, B o n e s i & M a c d o n a l d
2004, K r u u k 2006).
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Fig. 2. Map of the study area with the seven river catchments. Only the southern tributaries of the river Trigno
and Sangro were considered, as the standard survey was limited to the river basins of the Molise region (see text).
The map also shows the UTM grid cells of 10x10 km used to validate the HS model. Shadowed cells indicate
otter presence. The white circles report negative otter sites, while the black ones report positive otter sites (L o y
et al. 2004).

As availability of water represents a main ecological factor affecting otter occurrence
(B e j a 1992, P r e n d a et al. 2001, B o n e s i & M a c d o n a l d 2004, K r u u k 2006)
the model was developed on those river stretches that were likely to have water all year
round. Main river courses and first and second order tributaries were selected from the
national hydrographical network (1:250 000 map obtained from the national environmental
agency, ISPRA) and included in the model. Spatial information on the distribution of the
otter’s resources and disturbance factors was derived from existing digital maps. However,
for the “bankside fine scale land cover” variable, a specific spatial data set was developed.
Each variable was inserted into a G.I.S. system as a different layer and all categories within
each variable were reclassified according to their suitability for otters (Appendix and Fig. 3).
More specifically, the following variables were considered:
Bankside fine scale land cover (1:5 000). Many studies have found relationships
between the number of otter signs and bank side cover (J e n k i n s & B u r r o w s 1980,
M a c d o n a l d & M a s o n 1982, 1985, 1988, B a s et al. 1984, A d r i a n 1985,
P r a u s e r 1985, D e l i b e s et al. 1991). As this parameter is not detectable from the
usual coarser Corine land cover maps, data were obtained by digitising land cover
categories derived from aerial photos taken in 2005 and considered at a resolution of 20
m. This variable was considered on a 300 m large buffer around the water course. The
categories used were those of the CORINE land cover classification scheme at the third
level of detail (E u r o p e a n C o m m i s s i o n 1993). The procedure of assessing land
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cover from aerial photos at a scale of 1:5 000 allowed us to gain a good representation of
the riparian vegetation on and around the river banks. The role of riparian vegetation was
then considered according to its use in providing breeding dens, enhancing the filtering of
pollutants and promoting fish productivity (J e n k i n s & B u r r o w s 1980, G r e e n et al.
1984, M a c d o n a l d & M a s o n 1994, R a d e r 1997, M o r r o w & F i s c h e n i c h
2000). The CORINE land cover categories were then re-classified accordingly (Appendix –
layer 1 in Fig. 3).
Bank slope. A slope layer was derived from the Digital Elevation Model at a resolution
of 20 x 20 m. Cells within the buffer area with a slope of 70° or more were considered
as evidence of rock cliffs, potentially providing good sites for resting and breeding dens
(C h a n i n 2003), and were classified as highly suitable (Appendix – layer 1 in Fig. 3).
Altitude. This variable is important because otters are rarely found above 2000 m a.s.l.,
probably due to the scarcity of food available at high altitudes (R u i z - O l m o 1998,
K r u u k 2006). We used the 20 m resolution Digital Elevation Model to classify the area
into four altitudinal ranges of decreasing suitability (Appendix), producing a new layer (layer
2 in Fig. 3).
Human density. This variable can potentially affect the presence of otters negatively
(B a r b o s a et al. 2001, C h a n i n 2003) and was derived by considering the density of
people in each municipality within a buffer of 1 km surrounding the river (Appendix – layer
4 in Fig. 3).
Coarse scale extra-riparian CORINE land cover (1:100 000 map, year 2000).
Extra-riparian disturbance was considered within a buffer of 1 km surrounding the river.
The presence of land types such as urban settlements and intensive agricultural areas
were considered to have a potentially negative affect on the presence of otters (B a r b o s a
et al. 2001, B o i t a n i et al. 2002). Land cover maps were rasterized to 1 x 1 km grid cells
and reclassified according to presence/absence of a negative effect (Appendix – layer 4 in
Fig. 3).
All GIS layers described above and saved in a raster format at a resolution of 20 x 20
m were then integrated following the scheme presented in Fig. 3 to produce the final layer
of habitat suitability for the otter. First of all, the bank slope layer was overlapped to the
bank side fine scale land cover layer. Cells with bank slopes which were steeper than 70°
were given a high suitability value (three). When a cell had a bank-slope value of three, this
figure was retained irrespective of the value of the bank side fine scale land cover, to take
into account the fact that when rock cliffs are present the surrounding land cover matrix
may have little influence on otter presence. The resulting layer was characterized by 20 x 20
cells with HS integer values ranging between zero and three (layer 1). This layer was then
combined with the altitude layer (layer 2) to produce four synthetic suitability classes ranked
between zero (not suitable) and three (most suitable) through a logical overlay operation.
This operation assigned a suitability class value to each 20 m cell by choosing the lowest
value between those of the two input layers (1 and 2). The new layer (layer 3) so created was
also made of integer numbers ranging between zero and three (Fig. 3). Human disturbance
was then taken into consideration by subtracting values of 0.25 or 0.50 from this new layer
if, respectively, one or both disturbance factors (human density and unfavourable land cover)
were present (layer 4). If no disturbance was present, the layer retained its original value.
The maximum number of final suitability classes resulting from this procedure was ten,
ranging in values from zero (unsuitable) to three (high suitable) (Fig. 3) and these values
were assigned to each 20 x 20 m cell within a buffer of 300 m surrounding the river.
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Fig. 3. Flow chart of the procedure used to create the 10 HS suitability classes. The first number in each cell of
the square matrix in the middle represents layer 1, while the second number represents layer 2. The dotted square
on the right represents the process of subtracting human disturbance (human density and land cover derived from
the CORINE 1:100 000) from layer 3.

Habitat Suitability Model validation
Validation of the HS map resulting from the application of the model described above was
performed using available data on the presence and absence of otters in the area derived from
a standard otter survey (L o y et al. 2004). Otter presence/absence was reported in UTM grid
cells of 10 x 10 km, considering only the river basins of current otter occupancy, for a total
42 UTM grid cells (Fig. 2). The river Trigno was excluded from the validation analyses as it
was the furthest away from areas with otter presence. Hence, it is likely that the absence of
otters along this river is due to the fact the species has yet to arrive there rather than to the
characteristics of the river. The UTM grid cells were classified as positive (17 out of 42) if
they contained at least one positive site where otter signs (spraints or footprints) had been
recorded. Both presence and absence data were considered for the validation of the model.
It must be stressed that absence data obtained for this species using the standard surveys are
considered to be more reliable than for other species for which absence is more likely to mean
non detection (R e u t h e r et al. 2000). The percentage of the 300m buffer around the river
covered by each of the ten suitability classes was computed within each UTM grid cell of
10 x 10 km. The percentage area covered by each HS class was then compared between 10
x 10 km UTM grid cells which were positive or negative for otters through a non parametric
Mann–Whitney U-test.
Accuracy of the model was then tested through a sensitivity analysis for HS classes
showing significant differences either for presence or absence of otter signs. Sensitivity
analysis was performed by applying the ROC (Receiver Operating Characteristics) technique
(F i e l d i n g & B e l l 1977, S w e t s 1998, M a n e l et al. 1999, G r e i n e r et al. 2000,
O s b o r n e et al. 2001). The suitability classes that successfully passed the test were used
to define a threshold between two large categories of suitable and not suitable habitats.
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Connectivity analysis
Otter habitats tends to develop along linear features of the landscape, namely the hydrographical
systems (P h i l c o x et al. 1999, K r u u k 2006). Analyses examining the connectivity of
the landscape along linear features such as rivers are relatively new (B e n n e t t 1999,
W i e n s 2002, S c h i c k & L i n d l e y 2007) and pose some specific problems in that
both longitudinal and lateral connectivity must be evaluated (v a n L a n g e v e l d e et al.
1998). Longitudinal connectivity refers to otters moving within one river system, while lateral
connectivity refers to dispersal movements toward neighbouring rivers, which contribute to
range expansion and the maintenance of gene flow among populations living in different river
basins. As river catchments can be considered as closed systems, the longitudinal connectivity
can be simply evaluated through the distribution of suitable habitat patches, while the lateral
connectivity must also consider the resistance (permeability) of the land matrix to dispersal
by otters between catchments (S c h u m a k e r 1996, T i s c h e n d o r f 2001).
Longitudinal connectivity along rivers was analysed by summarising two classical
spatial pattern statistics of suitable habitat distribution (M c G a r i g a l & M a r k s
1995, M c G a r i g a l et al. 2002). More specifically, the extension and fragmentation of
suitable patches, as identified by the HS model, within the 300 m buffer along rivers were
evaluated through the number of patches (NUMPs) and the mean patch size (MPSs). These
parameters were evaluated considering the mean distance covered by an otter during its daily
movements in Italian river catchments, which was respectively 10 km for males and 6 km for
females (D i M a r z i o 2004).
Lateral connectivity was assessed by evaluating the resistance of the land matrix
between neighbouring catchments to otter movements, i.e. dispersal. The following layers
of the land matrix were considered to be relevant in evaluating resistance to otter dispersal:
slope, land cover, altitude, human density and road networks (P h i l c o x et al. 1999,
J a n s s e n s et al. 2006). The analysis was performed within the region Molise area, for
which all GIS layers were available. Source of data for slope, altitude and land cover were
the same as those specified for the HS model; road networks were derived from a 1:250
000 digital map of the National Environmental Agency (ISPRA). Specifically, slopes were
considered to be impermeable when greater than 45° (C o r t é s et al. 1998, S a a v e d r a
& S a r g a t a l 1998, S a a v e d r a 2002, J a n s s e n s et al. 2006); altitude, Corine
land cover map at scale 1:100 000, and roads were reclassified for permeability as listed
in Appendix. All the reclassified layers were then rasterized at a resolution of 20 x 20 m.
The logical overlay of the considered layers allowed the identification of areas which were
permeable to otter dispersal between catchments. A group of contiguous 20-meter permeable
cells formed a permeable patch. The efficacy of each permeable patch was analysed
considering its extension and the number of river tributaries connected within it. To this
aim, we considered the whole hydrographical network at a resolution of 1:250 000 (source
ISPRA), rather than only the main course and main tributaries as in the HS model.

Results
HS model results and validation
Of all the ten HS classes resulting from the HS model, only three held sufficient data for
the validation analysis (Fig. 4). The Mann–Whitney U-tests revealed significant differences
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Fig. 4. Mean and SD of suitable (filled bars) and unsuitable (empty bars) areas computed for HS classes within
each UTM cell shown in Fig. 2. Asterisks indicate HS classes showing significant differences between presenceabsence UTM cells (Mann-Withney U, p < 0.05).

between positive and negative UTM cells for the HS classes with values of 0.75, 1 and 3
(p < 0.05 for all pairwise comparisons). HS classes 1 and 3 were found to be significantly
associated with the presence of otters, while the 0.75 class was significantly associated with
their absence. No significant difference was reported for the other HS categories, which is
probably due to their small sample size.

Fig. 5. A – ROC plot for the HS values 1 and 3, testing the accuracy to predict the presence of otters. B – ROC
plot for the HS value 0.75, testing the accuracy to predict the absence of otters.
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The three significant HS classes with values of 0.75, 1 and 3 were subjected to a
sensitivity analysis using ROC curves. For HS class 1 and 3, the Area Under the ROC
Curve (AUC) had, respectively, the values of 0.74 and 0.69, suggesting that they were able
to discriminate the presence of otters relatively well (Fig. 5A). The ROC plot to test for
the sensitivity of the HS class 0.75 was used to evaluate its ability to predict otter absence,
rather than presence (Fig. 5B). Also in this case, an AUC value of 0.68 suggested a good
probability of a correct prediction.
Based on the above results, we considered 0.75 as a threshold value and a new HS
map was hence produced by reclassifying all 20 x 20 m cells as non-suitable or suitable,
according to whether they were, respectively, above or below this HS value (Fig. 6).
The river Biferno, followed by the river Sangro, Trigno and Volturno were identified by
the HS model as the ones with the highest suitability for otters (Figs. 6 and 7). Suitable areas
were concentrated in the upper and medium course of the rivers, while the lower plains were
generally unsuitable for otters. A small concentration of suitable areas was also found in the
upper river Fortore, where scattered otter signs were found, whilst its lower course and the
whole course of the rivers Sinarca and Saccione were classified as unsuitable for otters.
Connectivity analysis
The analysis of the distribution and extension of suitable patches along rivers (longitudinal
connectivity) indicated that the river Volturno had the best connectivity having the largest
extension of suitable patches and the most connected patches (Fig. 7). The rivers Biferno,
Trigno and Sangro had also, overall, a relatively large extension of suitable patches, but their
distribution was quite different from the suitable patches on the Volturno. Indeed, on these
three rivers suitable patches tended to be numerous but highly fragmented.

Fig. 6. Map showing the distribution of suitable (HS ≥1) and unsuitable (HS < 1) habitat patches for the seven
river catchments of the study area.
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The map in Fig. 8 reports the results for lateral connectivity and highlights a
concentration of areas of the land matrix that are likely to be permeable to otter movements
located between the upper river Volturno and the river Sangro, Trigno and Biferno, whilst
permeable areas between the other catchments are less extended and more fragmented. The
high permeability around the upper reaches of the Volturno probably allowed the recent otter
expansion to the Sangro river basin (D e C a s t r o & L o y 2007), and will likely lead to
the recolonization of the river Trigno in the short term.

Discussion
The fine scale HS model adopted in this study was well able to discriminate between areas
with and without signs of otters for the subpopulation living in the northern portion of the

Fig. 7. A – Comparison of the total buffer extension and total surface of suitable habitat for each river basin. B –
Mean size (MPS) and number (NUMP) of suitable patches for the same river basins.
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Fig. 8. Results of the lateral connectivity analysis for the river catchments within the region Molise. Patches are
shaded according to the degree of permeability to otter moving across the watersheds.

Italian otter range, suggesting that riparian vegetation cover (fine scale land cover), bank
slope, altitude, and human disturbance (human density and extra-riparian land use) can be
useful factors for assessing the probability of otter presence or absence in an area.
Riparian vegetation may be important for otters for several different reasons: it provides
resting and breeding dens, provides cover during movements, enhances filtering of pollutants,
and promotes fish productivity (J e n k i n s & B u r r o w s 1980, G r e e n et al. 1984,
M a c d o n a l d & M a s o n 1994, R a d e r 1997, M o r r o w & F i s c h e n i c h 2000).
It is possible that in Italy vegetation cover may play a particularly important role in protecting
the animals from human and human-related disturbance. Indeed, human disturbance is likely
to be particularly important in constraining the distribution of otters in southern and central
Italy because otters are still illegally killed (Laura B o n e s i , unpublished data), rivers
are often surrounded by areas with a relatively high human population density, and feral
dogs, that are known to be a threat to otters (Marjana H ö n i g s f e l d , pers.obs.), are
often present. While these threats are still also common in other Mediterranean countries
(e.g. R o b i t a i l l e & L a u r a n c e 2002), all or most of them are often absent from
areas or countries, like for example the UK, where otters are known to live along rivers
with scarce or absent riparian vegetation and which even frequent urban environments
(C r a w f o r d 2003). Similarly to riparian vegetation, steep rocky banks, which are taken
into account in the model with the variable “bank slope”, may be important as they provide
protection from disturbance because they are not easily accessible overland by both humans
and dogs. R u i z - O l m o et al. (2005) in their study of female otters with cubs in north319

east Spain also found that otters, in particular older cubs, tended to be concentrated around
areas which were well protected by steep rocky cliffs. Finally, altitude may play a role as
usually the upper reaches of the streams that are found at higher altitudes tend to host a
less diverse community of fish and fish biomass is less abundant (R u i z - O l m o 1998).
Compared to other HS models developed for otters (O t t i n o et al. 1995, P r i g i o n i
1995, P r e n d a & G r a n a d o - L o r e n c i o 1996, A n t o n u c c i 2000, B a r b o s a
et al. 2001, R e g g i a n i et al. 2001, B o i t a n i et al. 2002), our model was based on a
much finer scale as it considered habitat variables at a resolution of 20 x 20 m. We think that
working at this fine scale resolution may provide a management tool that allows an accurate
identification of specific sites along rivers which could benefit from special protection or
from specific improvements that may favour the otter. The model of matrix permeability
was able to identify overland areas where corridors which would favour otter dispersal are
more likely to occur within and between catchments, thus offering a tool for the management
of the extra-riparian landscape for otter conservation. The identification of suitable habitat
patches for otters within rivers, along with the assessment of the permeability of the land
matrix to dispersal, provide a general framework to interpret the otter’s movements within
and between river basins and to make an assessment of each catchment in terms of its ability
to host source or sink populations. Among all the seven catchment considered, one river in
particular (the river Volturno), where otters are currently present, showed one of the largest
extensions of suitable habitats and the best connectivity both within the river and between
the river and the neighbouring catchments. These evidences suggest that this river could play
a strategic role in the survival and expansion of otters in the surrounding areas, and in the
joining of the two isolated portions of otter range.
In fact, otters at present occur in two portions of this river basin, the upper Volturno in
the south central range, and one of its tributary in the southern range (P a n z a c c h i et al.
2009). Thus the colonization of the medium course of this river will likely allow the joining
of the two ranges in the short-medium term.
In spite of the ability of the HS model to predict relatively well presence and absence of
otters at a 10 x 10 km resolution, there are, however, a number of limitations to our model.
First of all, the model is based on the distribution of spraints and not on the distribution of
the actual animals, but there are two factors that may mitigate this limitation. First, in otters,
spraints are likely to be used to signal the use of resources such as food and dens, rather than
reproductive status or aggressive encounters, at least when they live in groups such as on
the Shetland coast (K r u u k 1992). In freshwater areas, otters live at lower densities than
in coastal areas and tend to be more solitary, although their home ranges may still overlap,
especially between males and females (K r u u k 2006). If in freshwater areas, spraints
are also used to signal the use of resources. Therefore the distribution of spraints may be
considered as an acceptable surrogate for the distribution of otters in HS models which
consider variables that are directly linked to the use of resources or disturbance, such as
ours. Second, to validate the model, we considered a spatial scale of 10 x 10 km, which is
in the order of magnitude of an otter’s home range, i.e. 10–20 km (A n t o n u c c i 2000).
Probably due to the fact that we considered relatively large validation cells of 10 x 10 km
and a relatively large study area with enough variability, the use of spraints as surrogates
for otter distribution was not particularly limiting because the suitability of a relatively large
area around the 600 m sites with signs of otters was considered.
Another limitation to our model was that we were unable to take into account
one of the most important resources for otters: fish availability (K r u u k et al. 1993,
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J e ņ d r z e j e w s k a et al. 2001, L a n s z k i & S a l l a i 2006). Reliable data on fish
community composition and biomass are difficult to obtain over large areas. Moreover,
translating these data into actual availability of fish for otters is a further obstacle. However,
for five of the seven catchments considered in this study (Sangro, Biferno, Volturno,
Fortore and Trigno) data on fish biomass collected at 54 sampling stations (R e g i o n e
M o l i s e 2004) were available (L o y et al. 2008). On average, a fish biomass of 13.08
gr/m2 was registered across these five catchments (range: 0.01–98.60 g/m2, SD = 4.08, n =
54 sampling stations). K r u u k et al. (1993) demonstrated that otters could successfully
exploit oligotrophic streams populated mainly by salmonids with fish biomass between
9 and 14 g/m2, while R u i z - O l m o (1998) noted that otters were present at sites with
biomass values of 10–20 g/m2. Taking all studies that relate otter distribution with fish
biomass into consideration, C h a n i n (2003) proposed that, as a rule of thumb, otter
populations can survive and breed where fish biomass exceeds 10 g/m2. Therefore, the values
that are reported for five of the seven catchments considered in this study would seem to
be sufficient, on average, to support a population of otters. It was, however, not possible to
incorporate these values into the model because of the relative scarcity of sampling stations
for fish biomass relative to the whole study area.
The application of the HS model to the six catchments (the Trigno was excluded) resulted
in only three of the ten HS classes being significantly related to the presence-absence
of the species. This is probably due mainly to the fact that only these three classes were
significantly represented in our sample, all the other classes being found at a relatively low
frequency.
The planned extension of this approach to study the southern Italian subpopulation,
together with the development of an inferential approach and the implementation of more
sophisticated algorithms for longitudinal and lateral connectivity analysis, currently in
progress, will probably help to improve the prediction ability of the HS and connectivity
models and to offer better insights into the areas of potential range expansion of otters in
Italy and into the likelihood that the two subpopulations will become connected in the future.
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CORINE
land cover class

Port areas (1.2.3)
Airports (1.2.4)
Mineral extraction sites (1.3.1)
Dump sites (1.3.2)
Construction sites (1.3.3)
Green urban areas (1.4.1)
Sport and leisure facilities (1.4.2)

Road and rail networks (1.2.2)

Continuous urban fabric (1.1.1)
Discontinuous urban fabric (1.1.2)
Industrial or commercial units (1.2.1)

>150

0
0
0
0
0
1
1

-0.25
-0.25
-0.25
-0.25
-0.25
-0.25
-0.25

-0.25

CORINE 1:100000
-0.25
-0.25
-0.25

CORINE 1:5000
0
0
0

0

-0.25

-

-

HS:
effect within 1km
buffer

-

3
2
1
0

0-1000
1000– 1500
1500 – 2000
>2000

Altitude
m a.s.l.

Human density
citizens/km2

3

>70°

Value-range/Description

HS:
value within 300m
buffer

Bank slope

Layer

HS model

Railways
Municipal roads
State and Province
roads
Highways

0-500
500–1200
1200–2600
>2600

1
0

0-45°
>45°

0
0
0
1
1
0
2
1

3
2
1
0
3
2
1
0
CORINE 1:100000
0
1
0
3
2
1

Connectivity:
Values of
permeability

Values range/
Description

Permeability model

Appendix. Values used for the reclassification of the variables for the HS model and the connectivity analysis. The number in parenthesis after the Land cover class reports
its official code. The HS reclassified codes are reported either within the 300m or 1km buffer. In the case of 1km buffer, the value that was subtracted from those of layer 3 is
indicated (see text).
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Non-irrigated arable land (2.1.1)
Permanently irrigated land (2.1.2)
Rice fields (2.1.3)
Vineyards (2.2.1)
Fruit trees and berry plantations (2.2.2)
Olive groves (2.2.3)
Pastures (2.3.1)
Annual crops associated with permanent crops (2.4.1)
Complex cultivation (2.4.2)
Land principally occupied by agriculture, with significant
areas of natural vegetation (2.4.3)
Agro-forestry areas (2.4.4)
Broad-leaved forest (3.1.1)
Coniferous forest (3.1.2)
Mixed forest (3.1.3)
Natural grassland (3.2.1)
Moors and heathland (3.2.2)
Sclerophyllous vegetation (3.2.3)
Transitional woodland/shrub (3.2.4)
Beaches, dunes, and sand plains (3.3.1)
Bare rock (3.3.2)
Sparsely vegetated areas (3.3.3)
Burnt areas (3.3.4)
Glaciers and perpetual snow (3.3.5)
Inland marshes (4.1.1)
Peatbogs (4.1.2)
Salt marshes (4.2.1)
Salines (4.2.2)
Intertidal flats (4.2.3)
Water courses (5.1.1)
Water bodies (5.1.2)
Coastal lagoons (5.2.1)
Estuaries (5.2.2)
Sea and ocean (5.2.3)

-0.25
-0.25
-0.25
-0.25
-0.25
-0.25
-0.25
-0.25
-0.25
-0.25
-

1
1
1
1
1
1
1
1
1
1
1
3
2
3
1
2
2
2
1
3
2
0
0
3
2
3
0
1
3
3
3
3
3

2
3
3
3
3
3
3
3
2
0
2
1
0
3
3
3
3
3
3
3
3
3
3
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1
1
2
1
1
2
1
1
2

