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The effects of hurricane Lothar on habitat use of roe deer
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Abstract
Hurricanes profoundly modify the structure of forests, affecting the habitat quality of forest dwelling ungulates. For browsers
in European forests the effects are expected to be positive in the short-term due to increased availability of browse, but the data to
test this prediction are rarely available. In this study, data on home ranges and habitat use were collected both before and after the
passage of the hurricane Lothar for six female roe deer. Deer switched from using both coppice- and timber stands to living
almost only in timber stands, where most of the damage occurred. Sizes of their home ranges declined sharply (on average by
>50%). These results suggest that the effect of this winter hurricane was short-term improvement in the quality of deer habitat.
# 2004 Elsevier B.V. All rights reserved.
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1. Introduction
The effects of environmental disturbances such as
hurricanes on mammalian populations are of considerable interest to population ecologists and wildlife
managers. However, the impact of hurricanes is often
measured after such events. It is rarely possible to
evaluate the effects on animals directly, because data
collected before the event are rarely available. The
impact of hurricanes on the habitats of browsing
species, like roe deer, is likely to be positive in the
short term, by returning mature forests to early suc*
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cession stages and by increasing cover. The impact
could also be positive immediately following hurricanes if new food resources are made available.
In late December 1999, hurricane Lothar, which
may have been a 1000-year storm event, caused widespread destruction to forests in France, Switzerland
and Germany. Within 2 h, 30% of trees in some forests
fell, representing some 10 years of forest production
(see the website http://www.notre-planete.info/tempete.php for further details). In fact, more windfalls
should be expected in the timber stand than in the
shrub-coppice, because there are large trees that
could be toppled by the storm. Access to most forests
by foresters and hunters was prevented for over a
month. However, neither increased mortality nor
reduced fertility of roe deer were observed in the
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study population (Gaillard et al., 2003). Perhaps the
result of an improvement of the resource availability in
the short-term.
Home range size is a function of habitat productivity and resource distribution, as well as individual
energy requirements (Harestad and Bunnell, 1979)
making home range size an indicator of habitat quality
(Byford, 1969; Tufto et al., 1996). One of the few
studies which has addressed the impact of a hurricane
on deer was conducted on white-tailed deer in the
Everglades before and after hurricane Andrew
(Labisky et al., 1999). This study showed that the
home ranges of the deer during the months following
the hurricane (January–March) did not differ from
those of pre-hurricane years, implying that the
resources for the deer (food, cover) were not affected
by the hurricane.
Lothar hit the site of a long term study of roe deer
population ecology (Gaillard et al., 1993, 1997, 1998)
and habitat use, including a radio telemetry study of
home ranges (Widmer et al., 1998). Six radio-marked
female roe deer were being monitored when Lothar
struck, which created an opportunity to observe the
effects of a severe hurricane on another population of
ungulates for which baseline data existed. However,
our predictions of the consequences of winter hurricanes for roe deer are different: one of the principal
winter food plants of roe deer is ivy, Hedera helix.
Large quantities of this plant grow in the tops of
trees, so a consequence of hurricanes is to make
this resource easily available to deer. We therefore
expected that:
1. after Lothar, the animals would shift to areas with
dense windthrow;
2. home range size would decline, as a result of
increased food availability.
2. Study area
Six females were tracked in the Territoire d’Etude
et d’Expérimentations of Trois-Fontaines (TF), a
1360 ha enclosed forest. TF is situated in northeastern
France (488430 N, 48560 W) and has a continental climate, characterised by cold winters and hot summers.
The forest overstory is dominated by oak (Quercus
spp.) and beech (Fagus sylvatica), and hornbeam
(Carpinus betulus). The soil is fertile and the forest

highly productive (long-term average of 5.92 m3 of
wood produced/ha per year (Inventaire Forestier
National). Based on our current knowledge of food
habits of roe deer in France (Duncan et al., 1998), TF
is good habitat. The weather in the winters of 1999 and
2000 was similar, with average temperatures of 8.5 8C.
The number of frost days was 29 in 1999 and 33 in
2000 (data from Météo France station Saint Dizier).
In western Europe generally, ivy (H. helix) is normally of principal plant in the winter diet of roe deer
(Tixier and Duncan, 1996; Duncan et al., 1998). At TF,
ivy represents 9.8% of the winter diet (Denis, 1987).
The roe deer population in TF was approximately
200–250 individuals >1 year old in March (ca.
15 km2) from 1977 to 1999.

3. Materials and methods
Six female roe deer fitted with Televilt TXH-3
radio collars were tracked before and after the
hurricane, in Winter (January–March) for both
1999 and 2000. The does were tracked by using a
TONNA five-element antenna attached to Televilt
RX 900 or Yaesu FT-290R receivers. One fix was
obtained on each animal during the day every 5 days
to obtain about 20 locations each animal per winter.
Fixes were determined by triangulation (White and
Garrott, 1990) and several bearings were taken with
a compass to obtain locations accurate to a quarter
of a hectare. The locations of the animals were
considered to be independent for statistical analyses
(see Powell, 2000).
3.1. Measurements of the impact of the hurricane
In Spring 2000, before the fallen trees had been
removed, 25 m radius plots at the intersections of a
50 m grid were sampled within the ranges occupied by
every female monitored in the winters of 1999 and
2000. In each plot, the type of habitat was noted
(timber stand versus coppice; the latter was not
damaged by the storm). The trees of all species whose
circumference was >20 cm were counted, as was the
number of windfalls. We calculated the relative proportion of timber stand habitat (timber stand/timber
stand þ coppice) in each female home range before
and after the hurricane.
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included the information about number of windfall
trees in the home range.

3.2. Spatial analyses
A geographical information system (GIS), ArcView
3.2, including the animal movement and both vector
and raster modules (ArcView extension) (http://
www.absc.usgs.gov/glba/gistools/index.htm)
was
used to measure the home ranges of the roe deer.
Home range sizes were estimated for each 3-month
period, using fixed kernel estimators (Silverman,
1986; Worton, 1989). The kernel method is a robust
probabilistic approach for estimating home range size
(Seaman and Powell, 1996; Powell, 2000). Fixed
kernels are non-parametric estimators of probability
distribution and can estimate distributions of any
shape (Silverman, 1986).
Fixed kernels, with an optimum smoothing factor
(h) calculated using least-squares cross validation,
give the best estimate of the home range and are used
here (Seaman and Powell, 1996; see Silverman, 1986
for an extensive coverage of methods).
For the kernels, we applied 95 and 50% boundaries
to represent the animal’s home range (Worton, 1989).
Silverman (1986) suggests that 19 observations give a
reliable density estimate. We therefore only estimated
home ranges for roe deer with at least 20 fixes in a 3month period. Kernels were calculated with the GIS
application ArcView 3.2 (Environmental Systems
Research Institute Inc., Redlands, USA) using the
animal movement extension (http://www.absc.usgs.gov/glba/gistools/index.htm) (Hooge and Eichenlaub,
1997). We created the cluster (Kenward, 1987) and

3.3. Statistical analyses
The effects of Lothar on home range size were
analysed by analysis of variance (ANOVA), t-tests
and the sign test for paired data. The statistical analysis system (SAS Institute, 1989, Cary, NC, USA)
was used for parametric statistical analyses.

4. Results
Most of the windfall occurred in the timber stand
habitat and, as predicted, the deer spent most of their
time in timber stands in 2000 (96% compared to only
60% in 1999, t ¼ 14:679,P < 0:0001; Table 1). The
shrubwood habitat occupied half of the 50% kernel
before storm (on average 53%), whereas after the
storm 98% of the kernels were in timber. An example
is given in Fig. 1.
Prior Lothar, home range size varied between 34
and 159 ha (95% kernel; median ¼ 66:3 ha), whereas
after Lothar between 9.9 and 48.5 ha (95% kernel;
median ¼ 24:3). All the females reduced their home
range sizes between before and after Lothar
(P ¼ 0:016, sign test; mean ¼ 58 ha; Fig. 2). The
size of the 50% kernel showed the same trend: in five
of the females its size declined, but the change was not
significant (P ¼ 0:078, sign test; mean ¼ 11:2 ha;

Table 1
Characteristics of the radio-tracked females in Trois-Fontaines, and their use of habitat, the time spent in timber stands (where windfall
occurred) and the percentage of the home ranges situated in timber stands
Female roe deer
1
Age (years)
Weight (kg)
Percentage of timber stand in home range
Before hurricane (kernel 95%)
After hurricane (kernel 95%)
Before hurricane (kernel 50%)
After hurricane (kernel 50%)
Spent time in timber stand (%)
Winter before hurricane (1999)
Winter after hurricane (2000)

2

3

4

5
6
24.5

6

5
20

10
24

7
24

10
25

6
23

85
90
90
100

90
80
75
100

90
100
70
100

45
80
1
100

55
85
50
85

55
80
30
100

84
95

85
95

84
100

37
95

53
95

42
95
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Fig. 1. Female 4 home range before and after the hurricane. Home
range size (the bold line corresponds to the 95% kernel and the fine
line to the 50% kernel) decreased, as in the other does. The core of
the home shifted to the windfall areas (areas in grey are timber
stands; white areas are shrubwoods).
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Fig. 2). The three animals with the largest pre-hurricane ranges showed the greatest variation with >50%
declines. The density of windfall trees was higher in
the post- than in the pre-hurricane ranges for all the
females (P ¼ 0:02 for 50% kernel; P ¼ 0:05 for 95%
kernel, sign test; Fig. 3).
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Fig. 2. Variation in home range sizes (kernel 50 and 95%) before
and after hurricane Lothar in France.

5. Discussion

equal areas of timber stands and coppice: afterwards
the deer concentrated almost exclusively in timber
stands, where most of the damage had occurred
(Table 1, Fig. 1). This change in habitat use after
the passage of Lothar could well be due to resource

Hurricane Lothar strongly influenced both the habitat use and the ranging behaviour of the deer. Before
the hurricane, their ranges were composed of roughly
Density of windfall in
Winter (n/ha)
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Fig. 3. Comparison of density of windfalls in the home range (cluster 95%) of roe deer before (white bars) and after (black bars) the hurricane.
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availability. In Winter, ivy is often the key resource of
the deer, and after the storm ivy was abundant on the
broken branches close to the ground with fruits and
leaves easily accessible to roe deer. These herbivores
appear, therefore, to have moved their activity centres
towards food sources opportunistically, as do other
species (Johnson, 1987; Hansson, 2002).
The second prediction was also supported: the sizes
of the home ranges of all six deer declined, by more
than half (Fig. 2). The size of home ranges of roe deer
is negatively correlated with the abundance of their
food resources (Klein and Strandgaard, 1972; Cibien
and Sempéré, 1989; Vincent et al., 1995; Guillet et al.,
1995; Tufto et al., 1996; San-José and Lovari, 1997),
as in many mammalian herbivores (white-tailed deer:
Armstrong et al., 1983a,b; Lang and Gates, 1985; wild
boar: Massei et al., 1997; Marsupials: Fisher and
Owens, 2000; Red deer: Mysterud et al., 2001). The
striking changes of the home ranges size of the deer
with the largest pre-hurricane ranges suggest that the
quality of these ranges was greatly improved by the
storm (Fig. 3).
In another study, white-tailed deer (Odocoileus
virginiana) in the Everglades (Florida, USA), living
in heavily vegetated areas with high levels of interspersion of habitat types had smaller home ranges than
those in more open, sparsely vegetated habitats
(Labisky et al., 1999). Contrary to the results of this
study, Labisky et al. (1999) found no differences
between the sizes of the home ranges before and after
a hurricane in the Everglades. Perhaps there were no
food resources (such as ivy) for Everglades deer in the
fallen tops of the trees.

6. Management implications
Little is known about the effects of storms on
wildlife populations. The evidence available suggests
that initial, short-term reductions animal densities are
followed by rapid recovery to normal population
levels (Conner, 1989; Labisky et al., 1999). This work
provides new information on the overall effect of a
major climatic perturbation, hurricane Lothar, on roe
deer home ranges in Europe. The storm created blowdowns and edges in areas of mature forest. The roe
deer adapted immediately, shifting to windfall areas
and reducing the size of their home ranges.
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The increasing roe-deer populations in Europe
(over the last 20 years, Andersen et al., 1998) are
causing more damage to young trees (Bergquist and
Orlander, 1998). The hurricane provided a short-term
supply of alternative browse that might temporarily
reduce browsing pressure on tree regeneration. The
improvement of the food resources of the deer as a
result of the storm, through increased availability of
ivy and bramble (Rubus spp.). It is also likely that the
usually inaccessible crowns of other trees would be
better quality for browsers (less chemical repellents
against browsers) (Bryant and Kuropat, 1980). Hence,
the North American forestry practice of felling trees in
winter to provide browse for hares (Bryant and Kuropat, 1980). In the long term, the creation of small
openings in mature forests, could provide alternative
foods for browsers, being a possible solution to reduce
damage to young trees.
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