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Effects of habitat fragmentation on the red squirrel, Sciurus vulgaris  L.
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Abstract

The effects of woodlot size and isolation, in relation to habitat fragmentation, on the distribution of the red
squirrel were studied. In The Netherlands, 50 woodlots  (0.55 - 13.78 ha) were surveyed in an agricultural land-
scape for the presence of red squirrel. In 26 woodlots  squirrel dreys (nests) were found. Logit regression anal-
ysis showed that woodlot size and the area per woodlot covered with coniferous trees were the best predictors
of squirrel presence. Addition of isolation variables by means of a stepwise  forward regression method
showed significant effects of the distance to a large, permanently inhabited wood and the amount of sur-
rounding wood. No effect was found for the distance to the nearest woodlot (> 0.5 ha). The model could
be further improved by adding a measure of the amount of hedgerows surrounding a woodlot.

Introduction

Animal species use landscapes on different scales.
The medium-sized European badger (Meles  meles)
and most birds of prey, for example, roam the
whole landscape in search for food. For them, a
landscape is a mosaic of more or less suitable habi-
tat elements. On the other hand, small mammals,
such as voles and forest-interior birds, are confined
to a restricted number of habitat types. For these
species a landscape consists of suitable habitat
patches separated by unsuitable habitat. Each spe-
cies will have its own specific response to changes
in its landscape.

According to the metapopulation concept (Levins
1970), the probability for a subpopulation to be-
come extinct decreases as patch size is reduced and
increases with isolation of patches. On the other
hand, probability depends on dispersal capabilities
of the species and on distances between patches.

Moreover, landscape elements like roads, hedge-
rows and ditch verges may (positively or negatively)
influence dispersal movements between occupied
and empty patches. In a metapopulation both local
extinction and recolonization events occur continu-
ously. When the recolonization rate of patches can-
not keep up with the rate of local extinction, the
metapopulation itself becomes extinct and the spe-
cies disappears from the landscape (Opdam 1988).-
Species with spatially separated habitat patches are
assumed to be most affected by landscape changes
resulting in habitat fragmentation, especially when
they have a low dispersal rate.

Several studies during the last 20 years have
focused on the impact of fragmentation on forest
species in agricultural landscapes. Van Dorp and
Opdam (1987) found significant effects of woodlot
size and isolation on size and diversity of forest bird
communities. Similar effects were found for inver-
tebrates (e.g. Bronmark 1985; Soesbergen and
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Fig. I. Location of the study area in The Netherlands.

Mabelis 1989). For small mammals, Smith (1974)
and Gottfried (1979) found a relationship between
the proportion of occupied patches, the isolation of
patches and the density of subpopulations for pikas
(Ochotona princeps)  and white-footed mice (Pero-
myscus  leucopus). Getz et al. (1978) found Micro-
tuspennsylvanicus  mainly in habitat patches which
were connected with roadsides of interstate high-
ways. These roadsides formed important landscape
elements for the range expansion of the species. For
chipmunks (Tamias striatus), fence rows formed
crucial corridors for recolonizing empty woodlots
(Henderson et al. 1985).

Here we investigate effects of habitat fragmenta-
tion on the red squirrel (Sciurus vulgaris  L.). The
red squirrel is smaller than the grey squirrel (Sciurus
carolinensis),  which does not occur in The Nether-
lands. Body and tail measure 21-25 and 15-20 cm
respectively. The color varies from red dark brown
or almost black, with white underparts. The red
squirrel is active during the day and spends most of
its time in trees, especially conifer trees, searching
for seeds. Dreys or nests are usually built high in the
crowns of conifers or, less frequently, in deciduous
trees. In The Netherlands the species is common in
the forested part of the country. Mature coniferous
and mixed forests are preferred as habitat. Pure
deciduous wood is inhabited less frequently. Red

squirrel habitat in The Netherlands has become
more and more dissected into small fragments,
especially outside the larger forest tracts. During
the last 25 years, the number of small woodlots
(0.5-  10 ha) has more than doubled, while the total
amount of wood has remained approximately the
same.

We will relate the distribution of the red squirrel
to woodlot size, to several variables pertaining to
isolation of the woodlots, and to differences in
habitat quality.

Methods

The area of investigation (Fig. 1) is situated in
Twente (province of Overijssel, The Netherlands).
The approximately 150 km2 area consists of 7 large
woods from 30-200 ha in size, many small wood-
lots less than 14 ha in size and maize fields and
pastures. In part of the area there is a dense net-
work of hedgerows.

There were 60 woodlots  of more than 0.5 ha, and
all of these were checked for the presence orabsence
of red squirrels. Only 50 contained suitable squirrel
habitat and these were used for the analysis. These
woodlots  ranged from 0.55-13.78  ha in size. The
remaining woodlots  consisted of unsuitable habitat
(that is, they were alder carrs).  The size limit of
0.5 ha is well below the home range size of red
squirrel. In Belgium, for example, Wauters and
Dhondt (1986) found home range size ranged be-
tween 1.52-3.59 ha in large forests with a species
composition comparable to our woodlots.

The large woods (> 30 ha) were not studied, be,
cause they are inhabited permanently, according
to data of the National Forest Service. They are
assumed to act as sources of squirrels for the area.
The area (per woodlot)  covered by coniferous trees
has been used to represent differences in habitat
quality (Table 1). Coniferous trees are the most
suitable trees for building dreys, and they provide
high energy food nearly all year (Corbet and South-
ern 1977; Wauters and Dhondt 1987). In our wood-
lots the Scats  pine (Pinussylvestris) is the dominant
conifer.

In order to analyze the effects of patch size and
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Table  1. Variables pertaining to habitat quality, patch size and
isolation. R2 = percentage of variance accounted for by a
variable.

habitat quality

CCON area per woodlot  covered by coniferous trees (ha)

patch size

AR area of woodlot  (ha)

isolation

DW distance from nearest woodlot  larger than 0.5 ha (m)
DLW distance from nearest woodlot  larger than 30 ha (m)
W2-4 amount of wood surrounding a woodlot  within 200-

400 m
W4-6 amount of wood surrounding a woodlot  within 400-

600 m
W2-6 amount of wood surrounding a woodlot  within 200-

600 m
HR2-6 amount of hedgerow surrounding a woodlot  within

200-600 m

CCON AR DW DLW W2-4 W4-6 W2-6 HR2-6

min 0 0.55 4 0 4 0 0 0 0 0
m a x 1.4 13.78 700 3500 8 1 0 9 11
mean 0.9 3.34 230 8 4 3 1.9 2.8 2.1 3.3
sd 1.62 3.14 179.9 914.2 2.30 2.80 2.38 2.03
R 2 3 1 2 2 0 1 4 0 2 5

isolation on the distribution of red squirrels, wood-
lot size, interpatch distance, distance to the nearest
large and permanently inhabited woodlot and den-
sity of surrounding woods and hedgerows were cal-
culated from maps at a scale of 1:25,000  (Table 1).
The density of surrounding woodland was calcu-
lated by placing donut-shaped areas at 200-400,
400-600 and 200-600 m from the center of a wood-
lot, dividing these into 20 sectors, and counting the
area of woodlots  and hedgerows in each sector. A
sector was scored if at least 25% of the area was
covered by woods (equalling 1.9, 3.1 and 5.1 ha
respectively). For the hedgerow density, a 200-
600 m donut area was used, and a sector was scored
if it contained at least 250 m of hedgerow, with at
least 50 m present within 200-400 m of the center
of the woodlot.

Woodlots were examined for dreys. This method
proved to be fast and accurate for detecting the
presence of red squirrels, and also for estimating
relative population densities. Differences in drey
density are known to be strongly correlated with
differences in squirrel density (Don 1985; Wauters
and Dhondt 1988).

Surveys were made in November 1988, when
there was a very small chance to mistake a squirrel
drey for a bird nest. Since one squirrel builds up to
4 to 5 dreys (Wauters and Dhondt 1988), two inhab-
ited dreys were assumed to indicate squirrel pres-
ence. Inhabited dreys are more or less spherical,
compact structures with an average diameter of
approximately 30 cm. They are easily distinguished
from unused dreys, which are untidy and often mis-
shapen.

The variation in the dependent variable of the
presence/absence data was analyzed with logit
regression analysis (Jongman et al. 1987), using the
standard statistical package Genstat (Genstat 5
committee 1987). Because frequency distributions
of the independent variables were skew, they were
transformed logarithmically. Linearity of all inde-
pendent variables in relation to the dependent vari-
able was assumed. For clarity, we use the term vari-
ance instead of the technical term deviance.

First, a model was fitted with each of the inde-
pendent variables separately. Test runs indicated
that patch size and area of woodlot covered with
coniferous trees reduced the variance of the depen-
dent variable more than any of the isolation vari-
ables (Table 1). A basic model was constructed
with both of these parameters. By means of a step-
wise forward regression method this model was
extended with one or more variables, until addition
of a variable no longer significantly reduced the
residual variance. The level of significance used was
P = 0.05.

Results

Of the 50 woodlots  analyzed, 26 (52%) were inhab-
ited by red squirrels. The probability of occurrence
was greater in larger woodlots  and in woodlots  with
more coniferous trees (Figs. 2 and 3). Both vari-
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n=50

0 dreys absent (n=24)

dreys present (n=26)

Table 2. Logit regression models of presence/absence data.
R2 = percentage of variance accounted for by a model.

R2 significance of
the last variable

0
0 1 2 3 4 5 6 7 8 9 101112131415

Woodlot area (ha)

Fig. 2. Distribution of woodlots  over size classes (ha), with
absence and presence of dreys shown separately. Note: the
minimum size limit is 0.5 ha.

dreys absent (n=24)
dreys present (n=26)

‘onil;:ro"5 0 1 2 3 4 5 6 7 8 9 101112
trees Coniferous area (ha)

Fig. 3. Distribution of woodlots  over classes of area covered by
coniferous trees (ha); absence and presence of dreys are sepa-
rately shown.

ables together explain 35% of the variance (P <
0.005; Table 2).

The remaining variables all pertained to isolation
of the woodlots. Distance to woods larger than
30 ha (DLW) yielded maximal reduction of the
remaining variance (11 ‘J/o,  P c 0.025; Table 2).
However, DLW could be replaced by any of the
other variables reflecting the amount of woodland
surrounding a woodlot (W2-4,  W4-6,  W2-6),
without a substantial drop in the percentage of the
variance explained by the variable (Table 2). The

CCON + AR 3 5 ***-I

CCON + AR + DLW( - ) 46 **
CCON + AR + W2-4 45 *
CCON + AR + W4-6 43 *
CCON -I-  AR + W2-6 42 *
CCON + AR + DW(-) N.S.

CCON + AR + DLW(-) + HR2-6 53 *
CCON + AR + W2-4 + HR2-6 53 *
CCON + AR + W4-6 + HR2-6 52 *
CCON + AR + W2-6 + HR2-6 51 *

* p < 0.05; ** p < 0.025; ***  p < 0.005; N.S. = not signifi-
cant; +  overall significance of both variables

only exception was the distance to the nearest
woodlots  larger than 0.5 ha (DW). Although DLW
and DW were strongly correlated (r = 0.70),  addi-
tion of DW had no significant effect (P > 0.05;
Table 2). This difference may imply that the’pres-
ence  of a permanently inhabited source of squirrels
has more effect on the presence of dreys than the
presence of potentially suitable (and often smaller)
woodlots.

The model could be improved further by adding
a measure of hedgerow or corridor density (HR2-6;
Table 2). With this addition, variance was reduced
by 7% (P c 0.05) when DLW was included in the
model, and by 8 and 9% when DLW was replaced
by W2-4,  W4-6,  W2-6  (P < 0.05; Table 2). The
four variables together explained 51-53070 of the -
variance, one-third of which was accounted for by
variables representing degree of isolation.

Conclusions and discussion

The basic model consisted of two variables, the area
per woodlot covered by coniferous trees and the
total woodlot area, the first being a part of the sec-
ond. The importance of these two variables cannot
be determined here separately. The factor that is
really important for squirrel presence is the habi-
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tat quality of a woodlot, since it determines the
total number of individuals a woodlot can accom-
modate. The percentage of the woodlot with coni-
fers is an indirect measure of habitat quality.
Conifers provide year-round food and materials
and support for dreys. The deciduous part of a
woodlot  will provide seeds mainly during the sum-
mer and autumn. Thus, we expect relatively high
squirrel densities in coniferous woods or in the
coniferous portions of mixed woodlots  (Wauters
and Dhondt 1987). We also expect larger home
ranges in deciduous woods (Tonkin 1983; Wauters
and Dhondt 1986). While in northwestern Europe,
oak (Quercus  rob@  is used for dreys (Tonkin 1983;
Wauters and Dhondt, in press), only a few dreys
were found in oak in this study. We did not study
home ranges of the squirrels.

Small woodlots  tend to be uninhabited more
often than larger woodlots  and some vacant wood-
lots may have been too small to accommodate red
squirrels. Home range of this species varies from
1.5 ha (Wauters and Dhondt 1986) to 13.4 ha (Cor-
bet and Southern 1977),  and distances crossed daily
in large forests range from 61 m or less in winter to
107 m in summer (Lemnel 1967, in Corbet and
Southern 1977). Even so, the two smallest inhabited
woodlots  measured 0.72 and 0.88 ha. Of course,
there is a possibility that some squirrel home ranges
consist of more than one small woodlot.

Populations in small woodlots  can become extinct
due to stochastic events. A group of small popula-
tions can be considered to compose a metapopula-
tion, which is a dynamic system of extinctions and
recolonizations. Van Dorp and Opdam (1987) have
shown that the European nuthatch (Sit&  europaea)
in the Gelderse Vallei in The Netherlands forms a
metapopulation. In a three-year study in 47 wood-
lots, they found that local extinction occurred 11
times and recolonization 6 times. On the average,
25 (53%) of the woodlots  were occupied at any one
time. Also for small mammals regular local extinc-
tion and recolonization are found on real islands
(for Microtus  agrestis; Pokki 1981) and in woodlots
as well (for Clethrionornys  glareolus;  Geuse et al.
1985). In our survey, 7 of 25 woodlots  smaller than
2 ha were inhabited, and in two of the vacant wood-
lots the remains of old dreys were observed.

We conclude that red squirrel populations are
affected by the fragmentation of habitat. The prob-
ability of red squirrel occurrence significantly in-
creases when a woodlot  is situated close to a large,
permanently inhabited wood, or when the amount
of surrounding woods or the amount of hedgerow
increases.
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