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Coupling Principal Component Analysis and GIS to map deer 
habitats

Nathalie Pettorelli, Stephane Dray & Daniel Maillard

Pettorelli, N., Dray, S. & Maillard, D. 2005: Coupling Principal Component 
Analysis and GIS to map deer habitats. - Wildl. Biol. 11: 363-370.

We aimed to define at a relevant scale the spatial pattern of major vegetation 
types available to deer in order to characterise habitat quality variations within 
our population area. We analysed data on the timber stand and the shrub layer 
collected in 1993 in the 2,614 ha Chizé reserve in western France. Multi-
dimensional analyses (Principal Component Analysis and biplot) and a Geo-
graphic Information System (GIS) were used to extract most of the variation in 
vegetation data collected at the 4-ha resolution. At the timber stand level, two 
vegetation types occurred within the reserve: an oak Quercus sp. stand in the 
north, and a beech Fagus sylvatica stand in the south. This classification account-
ed for 29.6% of the total variability of the timber stand data base. At the shrub 
layer scale, three vegetation types were distinguished: hornbeam Carpinus betu
lus dominated coppices in the northeast part of the oak stand, maple Acer sp. 
dominated coppices in the northwest part of the oak stand, and no shrub layer 
in the beech stand in the south. This classification accounted for 32% of the 
total variability of the shrub layer data base. The coupled use of multivariate 
analysis and GIS allowed us to assess classification of forest habitats and appears 
promising for use in wildlife management and research purposes. This simple 
and robust tool allows users to account for site variability, and can provide sat-
isfactory spatial representations of habitat potential at multiple scales. 
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To assess the importance of space in mammalian pop-
ulation dynamics (Tilman & Kareiva 1997) or as an attri-
bute of individual variability in population dynamics 
(Gaillard et al. 2000), a detailed knowledge of the spa-
tial distribution of food resources is needed. A common 
way of dealing with spatial habitat descriptive data is to 
consider only some of the available information. It thus 
involves lumping the population’s habitat into a few 
blocks, generally based on knowledge of the animal’s 
diet (Coulson et al. 1997) or on assumptions of plant qual-
ity (Mysterud et al. 2001). However, as habitat assess-
ment generally implies working with numerous varia-
bles, multivariate analyses are natural tools to deal with 
such data. Habitat assessment also requires precise spa-
tial representations of variability. Geographical Informa-
tion Systems (GIS) have recently been shown as a pow-
erful tool for dealing with spatial representations. Cou-
pling multivariate analysis and GIS appears to be a pow-
erful tool for vegetation structure analyses. There are 
indeed numerous studies in landscape ecology that have 
coupled multivariate analyses and GIS to describe veg-
etation structure in particular regions (Kadmon & Danin 
1997, Ohmann & Spies 1998, Kadmon & Heller 1998, 
Guisan et al. 1999). Nevertheless, few studies (but see 
Morellet 1998) have encouraged wildlife managers and 
foresters to utilise both tools concurrently. 

In the Chizé reserve in France, habitat-specific life his-
tory traits have been reported during 25 years’ monitor-
ing of the roe deer Capreolus capreolus population (Pet-
torelli et al. 2001, 2002). Based on coarse data on major 
tree species, two broad vegetation types have been dis-
tinguished within the managed forest: the northern oak 
Quercus sp. stand and the southern beech Fagus sylvati
ca stand. The woodland type was found to affect the 
repartition of the main resources used by roe deer in 
spring and summer (Pettorelli et al. 2001), as well as the 
body masses of fawns (Pettorelli et al. 2001) and adults 
(Pettorelli et al. 2002). However, this rather crude approach 
to habitat definition might be far from optimal. In partic-
ular, the two broad types did not consider the shrub lay-
er, which is one of the most important factors affecting 
deer habitat selection (Mysterud et al. 1999). 

In this paper, we present a method integrating multi-
variate analyses and GIS that allows consideration of all 

the descriptive variables collected in order to separate 
major plant communities occurring within the popula-
tion habitat. We assessed spatial structure at a scale that 
could be related to roe deer to determine whether varia-
bles other than the major stand types could affect habi-
tat structure and quality. 

Material and methods

Forest structure data were collected in 1993 by forest-
ers of the Office National des Forêts (ONF) in the 2,614 
ha Chizé reserve in western France (46°05'N, 0°25'W; 
Fig. 1). This fenced forest has been managed by forest-
ers for > 200 years. The data we are using here are thus 
from before the storm Lothar which touched the reserve 
in December 1999 (Gaillard et al. 2003). The climate is 
oceanic with Mediterranean influences and character-
ised by mild winters and hot, dry summers (Table 1). 
According to a geological map based on whole soil mea-
surements (Lambertin 1992), soils tend to be clayey in 
the northern part, chalky and limestone soils associated 
with marl being the rule in the southern part of the 
reserve.

In France, state forests are divided into numbered plots 

Figure 1. Location of the Chizé reserve in western France. 

Table 1. Climatic conditions in winter (December-February) and summer (June-August) at the Chizé reserve based on data from 1977 to 
1998.

Winter Summer
Temperature Precipitation Temperature Precipitation

Mean 6.16°C 90.67 mm 19.38°C 52.63 mm
Range 3.85°C - 7.87°C 34.43 mm - 139.3 mm 17.45°C - 21.27°C 28.63 mm - 104.4 mm
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(average size: 10-15 ha) bounded by forest trails. How-
ever, the Chizé forest is managed at a finer subplot scale 
(× = 4 ha). At this particular scale, foresters in 1993 
determined the four major species at the shrub layer scale 
and the three major species at the timber stand scale, 
with their percent cover. For each subparcel, the total 
cover was 100% at the shrub layer and at the timber 
stand scales. A Geographical Information System (GIS) 
layer of the reserve was created from a 1:10,000 National 
Geographic Institute (IGN) map and a 1:10,000 map 
developed by foresters (that has allowed digitising of 
subplot limits). Areas of subplots were then derived 
using ARCVIEW 3.2 (Mitchell 1999). Cover was deter-
mined using 1:10,000 Infra Red Colour (IRC) aerial pho-
tographs taken in June 1993 and information gathered 
in the reserve by foresters. 

Four oak species, i.e. Quercus robur, Q. pubescens, 
Q. petraea and Q. cerris, occurred in the timber stand 
and two, i.e. Quercus pubescens and Q. robur, in the 
shrub layer. Four pine species, i.e. Pinus pinaster, P. syl
vestris, P. nigra and P. laricio, occurred in the timber 
stand. Two maple species, i.e. Acer campestre and A. 
monspessulanum, occurred in both strata. The species 
were not separated in all subplots and thus were pooled 
into three groups: oaks, maples and pines. Rare species 
of coniferous and deciduous trees were pooled into two 
categories. Thus, we considered 10 timber stand cate-
gories, i.e. maples, pines, oaks, hornbeam Carpinus betu
lus, beech Fagus sylvatica, other deciduous, other conif-
erous, cherry tree Prunus avium, cedar Cedrus sp. and 
Douglas fir Abies douglasi, for 629 subplots. We con-
sidered five categories, i.e. maples, hornbeam, oaks, 
beech and other deciduous, at the shrub layer scale for 
621 subplots. Data were available for more than 97% of 
timber subplots (N = 648 in the reserve) and 96% at the 
shrub layer scale. 

We used multivariate analyses to extract the main 
sources of variation in the data set. Principal Component 
Analysis (PCA) on a table of proportions has been intro-
duced in general ecology in the last decades (Aitchison 
1983, Ter Braak 1983). PCA and the associated graph-
ical representation based on biplot theory (Gabriel 1971, 
De Crespin de Billy et al. 2000) are very suitable for 
data in a table of proportions. On the biplot representa-
tion, cover-type categories are positioned relative to the 
principal axes of unit variance (× = 0) and represented 
by arrows. Subplots are plotted according to an averag-
ing procedure based on proportion data. This averaging 
procedure allows the user to display mean composition 
of subplots which differentiates this analysis from the 
usual PCA procedure (Hotelling 1933). Positions of cov-
er-type categories on the biplot representation depend 

on their relative abundance and variability of vegetation 
composition among subplots. Rare cover-type catego-
ries are located around the origin whereas major cover-
type categories are more distant. Thus, ordination of sub-
plots allows direct examination of their vegetation com-
position and illustrates the main structure of the reserve. 
Subplots close to the origin contain all major cover-type 
categories or are characterised by rare cover-type cate-
gories, whereas subplots near the end of an arrow are 
characterised by the cover-type category the arrow rep-
resents. 

Because the species considered varied at the timber 
stand and the shrub layer scales, and because the num-
ber of subplots with coppice was different from the num-
ber of subplots where the information on the timber stand 
was available, two separate PCAs were performed, with 
each subplot weighted by its area. However, compara-
ble results were obtained if only a single PCA on both 
data sets was performed. All analyses were performed 
using ADE (Ecological Data Analysis) software version 
4 (Thioulouse et al. 1997). Spatial representation of sub-
plots scores on PCA factorial axes (Goodall 1954) was 
performed using ARCVIEW 3.2 to first determine 
whether variation in vegetative composition was spa-
tially structured, and then to establish the limits between 
such structures in the reserve. Jenks’ Goodness-of-
Variance-Fit statistic (Jenks & Caspall 1971) was used 
to identify breakpoints between score classes. This iter-
ative method minimises the sum of the variance within 
each class in order to detect the best groupings and pat-
terns structuring the data. The number of classes was 
determined using score distribution. The frequency dis-
tribution of scores was plotted, and a non-parametric 
estimate of the probability density function was comput-
ed using S-PLUS software (Venables & Ripley 1997). 
The general trend of this function (number of peaks) al-
lowed us to determine the number of PCA score classes 
to improve readability. To determine the proportion of 
total variability explained by our final classification, we 
calculated the ratio between the inter-class variability 
and total variability (for data sets). Many roads have 
been constructed within the reserve, which often consti-
tute natural limits for roe deer home ranges (Hewison et 
al. 1998). Accordingly, we assessed major types of veg-
etation community using closest roads to delimit 
groups. 

Results

The timber stand scale
Timber stands occurred in 574 out of the 629 subplots. 
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PCA on row profiles identified two axes. The first axis 
accounted for 65% of the total inertia and opposed oak 
and beech, the two main tree species in the reserve (256 
oak-dominated and 224 beech-dominated subplots). The 
second axis of the PCA (accounting for 23% of the total 
inertia) opposed the oak-beech stands to pine (65 pine 
dominated out of the 574 subplots). Subplots distribut-
ed themselves in a triangular structure around the three 
main cover type categories (beech, oak and pine; Fig. 
2). Most subplots were aggregated in the corners indi-
cating that the gradient structures between timber stand 
types were weak. 

Subplot scores plotted spatially relative to the first axis 
of the PCA (Fig. 3) supported the conclusion that the 
different timber stand types occurred in different areas. 
Beech occurred mostly in the south where 215 of 332 
subplots (71% of the area) were beech dominated. Oak 
occurred in the north where oaks dominated 213 out of 
242 subplots (90.7% of the area). Pine-dominated sub-
plots were not aggregated and were distributed approxi-
mately equally in both parts of the reserve. Because there 
were relatively few pine-dominated subplots that did not 
show any spatial structure, we did not consider them 
when establishing our classification. The reserve was 
therefore divided into two groups (see Fig. 3). This clas-
sification accounted for 29.6% of the total variability of 
the timber stand data base.

The shrub layer
Coppices were present in only 237 of 621 subplots. PCA 
on row profiles performed on the subplots also identi-
fied a 2-axis structure. The first axis (accounting for 64% 
of the total inertia) opposed hornbeam-dominated to 
maple-dominated subplots. The second axis (account-
ing for 22% of the total inertia) opposed the latter sub-
plots to beech dominated subplots. Subplots distributed 
themselves in a triangular structure around the three cov-
er type categories (beech, hornbeam and maple; Fig. 4). 
Contrary to the timber stand results, most of the subplots 
were not aggregated in the corners indicating a gradient 
between the different types, particularly between horn-
beam and maple dominated coppices. 

The spatial representation of the subplot scores on the 
first axis of the PCA (Fig. 5) confirmed the spatial struc-
ture in the shrub layer: hornbeam-dominated coppice 
occurred essentially in the northeastern part while maple-
dominated coppice occurred mostly in the northwestern 
part. Few subplots were dominated by beech (five sub-
plots). We therefore did not take into account beech-dom-
inated subplots when establishing our classification.

As subplots with coppices in the beech stand were not 
numerous (15 subplots) and differed in major cover type 
categories, we discarded them when dividing the reserve. 
Because the gradient structure was marked between cop-
pice types, we used extreme score classes on the first 

oak

maple

pine trees

other deciduousother resinuous
cedar wood

hornbeam douglas fir

beech

plum tree

-1

1
-1 1

-1

1
-1 1

Figure 2. Biplot of the PCA of timber stand data in which arrows rep-
resent major cover-type categories and open squares represent subplots. 
The black dot represents the average timber stand subplot in the reserve, 
with its average vegetation composition.

Figure 3. Spatial distribution of the three classes of subplot scores on 
the first PCA axis using timber stand data. Subplots without timber 
stand data are presented in white and subplots without timber stands 
are presented in black. The dashed line represents the division identified 
between the oak and beech stand types. 
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PCA axis to determine the limits of coppice types. Two 
types were thus distinguished (see Fig. 5): the maple-
dominated coppice in the northwest and the hornbeam-
dominated coppice in the northeastern part. This classi-
fication accounted for 32% of the total inertia in cop-
pice data. Because of the gradient structure between cop-
pice types, intra-group variability was relatively high: 
64 of 73 subplots in the northwestern part (71% of the 
area) were dominated by maple, and 99 of 149 subplots 
in the northeastern part (67% of the area) were horn-
beam-dominated subplots. 

Discussion

Different and separate vegetation communities occurred 
in the Chizé reserve. Three major habitats can be iden-
tified from our analysis: the maple-dominated shrub lay-
er in the northwestern part of the oak stand, the horn-
beam-dominated shrub layer in the northeastern part of 
the oak stand, and the beech stand without shrub layer 
in the south. The high degree of spatial structure at the 
timber stand and the shrub layer scales could be expect-
ed because the forest has been managed by the ONF for 
more than 200 years. Our results fit previous conclu-
sions based on data collected at the forest station scale 
on soil types and vegetation (Werno 1984). They also 
fit with results obtained on a data set collected in 2001 

on the distribution of plant species between 0 and 1.20 
m (Dray et al. 2002). 

At the timber scale, our results validate those previ-
ously obtained on other vegetation data (Pettorelli et al. 
2001) where two habitat types were recognised; the north 
zone corresponding approximately to the oak stand and 
the south zone corresponding to the beech stand. Roe 
deer access food items between 0 and 1.20 m (Duncan 
et al. 1998), so any difference in the dominant species 
at the stand scale was not expected to affect roe deer per-
formance. However, the stand type was shown to affect 
the distribution of the preferred plant species by roe deer 
(Pettorelli et al. 2001, Dray et al. 2002). Moreover, this 
previous distinction was shown to affect roe deer per-
formance, as we reported a significant 0.6 kg difference 
in winter body mass of fawns (Pettorelli et al. 2001), a 
significant 0.5 kg difference in adult female body mass 
and a significant 0.9 kg difference in adult male body 
mass (Pettorelli et al. 2002) between the heavier individ-
uals living in the oak stand and those in the beech stand. 
We found no coppice in the beech stand. Coppices were 
identified as a major determinant of roe deer habitat qual-
ity, as they are directly linked to food availability and 
refuge possibilities (Cibien & Sempéré 1989, Mysterud 
et al. 1999). This may also explain why lower fawn and 
adult body masses were found in the beech stand (Petto-
relli et al. 2001, 2002).

-1

1
-1 1

oak

maple

other deciduous

hornbeam

beech

-1

1
-1 1

Figure 5. Spatial distribution of three classes of subplot scores on the 
first PCA axis using coppice data. Subplots without coppice data are 
presented in white and subplots without coppices are presented in 
black. The dashed line represents the division established between 
oak and beech stand types and the two coppice types (hornbeam vs 
maple-dominated coppice).

Figure 4. Biplot of the PCA of coppice data in which arrows represent 
major cover-type categories and open squares represent subplots. The 
black dot represents the average coppice subplot, with its average 
vegetation composition.
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At the shrub layer scale, our results also underline the 
heterogeneity of the oak stand quality for roe deer. 
Hornbeam, which constitutes a principal (around 10% 
of summer diet by weight; Maizeret et al. 1991) and 
highly preferred (eaten 10 times as much as its availabil-
ity in the reserve; Tixier et al. 1997) component of roe 
deer diet in spring and summer, is found primarily in the 
northeast part of the oak stand. Spring and summer are 
two periods of high-energy requirements for roe deer 
(Andersen et al. 1998). Females raise two fawns on aver-
age, and males defend their territory (Andersen et al. 
1998). During this period, small cervids need to select 
food items that are highly digestible and rich in soluble 
carbohydrates (Maizeret & Tran Manh Sung 1984) like 
hornbeam (Tixier et al. 1997, Duncan et al. 1998). Con-
sidering the heterogeneity in expected habitat quality in 
the oak stand, the distinction of separate coppice types 
in the oak stand was expected to improve the importance 
of habitat quality for determining roe deer condition 
indexes like body mass. This was recently confirmed 
for fawn body mass, with a 1-kg difference (instead of 
0.6 kg) between the heavier individuals living in the oak 
stand with hornbeam dominated coppices and those in 
the beech stand (Pettorelli et al. 2003).

Generally, approaches that concurrently use GIS and 
multivariate analyses are coupled with clustering meth-
ods in order to determine major vegetative communi-
ties. In our case, clustering methods were not conceiv-
able for three different reasons. First, clustering meth-
ods generally do not consider spatial proximity. Spatially-
constrained clustering procedures are available but were 
not usable because they generally apply to binomial or 
Poissonian data (generally provided by health science; 
Kulldorff 1997). Second, clustering methods (spatially 
constrained or not) do not consider natural frontiers like 
roads, which are major delimiters of roe deer home ranges 
(Hewison et al. 1998). Because our purpose was to define 
a major spatial structure of vegetation at a scale that is 
relevant for coupling vegetation and deer data, we need-
ed to consider such components of deer habitats. Finally, 
there was a strong pattern in the vegetation community 
distribution and a simple spatial representation of PCA 
scores was clearly enough to define major coppices and 
timber stand types. The goal of our study was to define 
the major vegetation communities occurring in the 
reserve to better understand the role of habitat on deer 
population dynamics. Our aim was not to develop a 
robust method for identifying fine spatial vegetative 
structures. 

This method could, however, suffer from the fact that 
delimitation of the different classes is not objective. This 
is particularly clear when dealing with gradient struc-

tures like the hornbeam-maple gradient occurring in our 
oak stand. But this simplification could also be viewed 
as the important point in our study. Deer populations 
have been continuously increasing in Europe over the 
last decades and some species like roe deer are difficult 
to count (Cederlund et al. 1998). Since 1990, research-
ers and managers have looked for index methods to 
replace counts as the basis for management decisions 
(Morellet et al. 2001). There is more and more evidence 
that habitat quality is a major determinant of body con-
dition indexes and survival for deer species at both inter- 
and intra-population scales (Gaillard et al. 1993, Tilman 
& Kareiva 1997, Milner-Gulland et al. 2000, Pettorelli 
2002). In some cases, not taking habitat substructure into 
account, even at the intra-population scale, could lead 
to a significant loss in revenue from management (e.g. 
by harvesting two contrasting subpopulations at the same 
rate; Milner-Gulland et al. 2000). 

The need for coupling vegetation and animal data is 
growing, like the need for tools (Manly et al. 1993, 
Boyce & McDonald 1999). Considering the recent im-
portance of habitat quality as a determinant of deer per-
formance at the intra and inter-population scales, we 
believe that further research should be carried on the 
relationship between habitat type and structure and deer 
population dynamics, and that the coupling use of GIS 
and multivariate analysis could be helpful in that pur-
pose. Forestry data in France are both abundant (descrip-
tions of major plant cover per plot are available for near-
ly all managed forests) and sometimes underused. A first 
approach relating for example the forest potential esti-
mated by occurrence of favourable vegetation commu-
nities to deer performance (e.g. body mass of hunted 
animals) could bring insights into how habitat compo-
sition affects deer performance at the national scale (Sper-
ber 1975, Denis 1985). 

We did not provide new methodology, as PCA, GIS 
and the combined use of both tools are known (Kadmon 
& Danin 1997, Ohmann & Spies 1998, Kadmon & Hel-
ler 1998, Guisan et al. 1999). What is new is the use of 
landscape ecology methodology for management pur-
poses. The connection between vegetation and animal 
data is clearly a new challenge for ecologists and man-
agers who need simple and efficient tools robust enough 
to integrate site particularities. We present a simple use 
of GIS and PCA, which provides simple and efficient 
results on the habitat structure at a relevant scale. We 
are aware that our approach could be improved (e.g. by 
developing spatially-constrained clustering methods suit-
ed for our type of data); such biological situations could 
constitute some very interesting departure points for 
biometry researchers. 
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