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Abstract.  Breeding bird atlases providing distribution data at a regional scale are be-
coming increasingly common. To assess the ability of such data to develop broad-scale bird-
habitat models, we used data from a breeding bird atlas and landscape variables obtained
from a geographic information system (GIS) to study the distribution of seven woodpecker
species in the Jura, France: the Black (Dryocopus martius), Green (Picus viridis), Grey-
headed (P. canus), Great Spotted (Dendrocopos major), Middle Spotted (D. medius), and
Lesser Spotted (D. minor) Woodpeckers, and the Wryneck (Jynx torquilla). We used logistic
regression to develop predictive models from variables that described each 575-ha atlas cell
in terms of forest composition, forest class richness, edge density, and elevation. For all
seven species, prediction rates were better than chance; however, improvements over chance
classification varied from 14-39%, indicating that predictive ability was species-specific.
From our study, we identified limitations inherent to working with gridded data, including
grid positioning problems and inability to compute spatial variables. In spite of these limi-
tations, our models could be used for simulations, to improve the atlas itself, and to identify
potential suitable habitat.
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Résumé. Les atlas d’oiseaux nicheurs, recueils de données de distribution a I'échelle
régionale, sont désormais courrants. Afin d’évaluer I'utilité de ces atlas pour créer des mo-
deles espéce-milieu a large échelle, nous nous sommes servis de données provenant d’un
atlas local d’oiseaux nicheurs et de variables extraites via un systéme d’information géo-
graphique (SIG) pour étudier la distribution de sept especes de pics dans le Jura, France:
les pics noir (Dryocopus martius), vert (Picus viridis), cendré (P. canus), épeiche (Dendro-
copos major), mar (Dendrocopos medius), et épeichette (Dendrocopos minor), et le torcol
fourmilier (Jynx torquilla). Nous avons utilisé la régression logistique pour développer des
models prédictifs, en caractérisant chaque maille de 575 ha de la grille de recensement par
sa composition forestiére, sa richesse en types de forét, sa densité de lisiéres, et son altitude
moyenne. Pour les sept especes de pics, nous avons obtenus des taux de prédiction supérieurs
a ceux dis a la chance. Cependant, la capacité de prédiction est dépendante de I’espéce
modélisée, I’amélioration apportée par nos modeles variant de 14% a 39%. Notre étude nous
a permis d’identifier des limitations inhérantes a I’utilisation de données présentées sous
forme de grille, telles que les problemes de positionnement de la grille, et la difficulté
d’obtenir des variables spatiales. Malgré ces limitations, nos modeles présentent des appli-
cations en simulation, pour améliorer I’atlas, et pour identifier des sites potentiellement
favorables aux pics.

INTRODUCTION

Wildlife-habitat relationship (WHR) models,
that relate the presence of wildlife species to
characteristics of their environment, have be-
come a tool commonly used in wildlife manage-
ment. WHR models fall into two categories. In
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deductive models, existing knowledge of the re-
lationship between a species and its habitat can
be used to derive modeling rules, so that the
actual location of species does not have to be
known. In inductive models, on the other hand,
habitat variables are gathered at or around a
known species location, and some type of statis-
tical analysis is used to select which variables
are the best predictors of the species’ occur-
rence. Inductive models are most useful to help
formalize our understanding of a species’ rela-
tion to its habitat, but require that the species’
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distribution be known. Because it is difficult to
obtain distribution data over broad areas, habitat
selection studies have often been conducted at a
relatively fine scale, for example by collecting
environmental data within close proximity of a
reproduction site. Broad-scale distribution data
such as the outline of a species’ range can be
used to develop WHR models, but are too crude
to be used for habitat management.

Another type of broad-scale distribution data
is becoming available, and with a level of detail
far superior to that of traditional range maps.
Distribution atlases, in the form of systematical-
ly sampled grids, are now common, thanks to
the coordinated efforts of dedicated volunteers.
The size of the cells within the grid varies, usu-
ally from 1 or 2 km for local or regional studies
(Glayre and Magnenat 1984, Thomas and Abery
1995) to as large as 30 km for entire countries
(Robertson et al. 1994). Several recent studies
have looked at the potential of such atlases to
provide information other than distribution per
se, including prediction of species distribution
from incomplete atlas data (Osborne and Tigar
1992), estimation of rate of species decline
(Thomas and Abery 1995), study of seasonal
patterns of migration (Underhill et al. 1992), es-
timation of population size (Robertson et al.
1994), and impact of commercial afforestation
on bird species diversity (Allan et al. 1997).

Likewise, Geographic Information Systems
(GIS), computer-based systems for the manipu-
lation and analysis of spatially-distributed data
(Johnson 1990), have revolutionized the analysis
of habitat data. In a GIS, geographical elements
(such as forest patches, roads, tracts of land
ownership) are described in terms of their spatial
location (x-y coordinates), their characteristics
(cover type, size, etc.), and their spatial relation-
ship with respect to other features in the map
(topology). It is the ability to generate topology
that distinguishes a GIS from other types of
computer graphics (Burrough 1986). Three
methods are available to build a GIS database:
(1) digitizing (the process by which elements on
a paper map are assigned x-y coordinates in the
computer), (2) classifying satellite images (clus-
tering and labeling reflectance values from a raw
satellite image to obtain a land cover map), and
(3) using a Global Positioning System to obtain
x-y coordinates for objects in the field. The re-
sulting digital information is stored in individual
layers. Typical GIS layers used in WHR studies
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may include land cover, topographic variables
(elevation, slope, aspect), human features (such
as roads), stream network, and species distribu-
tion (such as nest sites, radio-locations, or grid
cells coded for species presence). Overlay pro-
cedures are used to extract habitat characteristics
at each species location; the resulting data are
usually transferred to a statistical software for
analysis. The power of a GIS lies in its ability
to analyze large datasets (many species loca-
tions, or data collected over broad areas as in
the case of distribution atlases) in very little
time.

A breeding bird atlas was recently released
for the Jura département (hereafter Jura), a
5,055-km? French administrative entity encom-
passing a variety of land cover types over a
broad altitudinal gradient. According to the at-
las, seven species of woodpeckers (Picidae)
breed in the Jura: the Black Woodpecker, Dry-
ocopus martius; Green Woodpecker, Picus viri-
dis; Grey-headed Woodpecker, P. canus; Great
Spotted Woodpecker, Dendrocopos major; Mid-
dle Spotted Woodpecker, Dendrocopos medius;
Lesser Spotted Woodpecker, Dendrocopos mi-
nor; and Wryneck, Jynx torquilla. In this study,
we used the distribution data for these seven
species and landscape-scale habitat variables in
a GIS to develop inductive WHR models in or-
der to test the usefulness of atlas data in pre-
dicting species distributions. Woodpeckers were
good candidates for our models because they
vary in their ecological requirements such as the
degree of dependence upon forest, the level of
habitat specialization, and the scale of habitat
use. Woodpecker species are also of conserva-
tion interest, as their populations have shown
signs of decline in many countries worldwide
(Carlson and Aulén 1990). In addition, habitat
requirements of woodpecker species in Europe
are well known, which allowed us to compare
habitat data extracted at the scale of the atlas
grid with the existing scientific and anecdotal
knowledge of habitat associations, thereby ver-
ifying the biological relevance of the variables.

METHODS

STUDY AREA

Located in the eastern part of France, the Jura
can be divided into several physiographic re-
gions which follow an altitudinal gradient (range
180-1,495m) from northeast to southwest: the
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FIGURE 1. Location of the study area in France and physiographic entities of the Jura (adapted from IFN 1993).

Plains, Little Mountain, First, Intermediate, and
Second Plateaux, and Upper Jura regions (Fig.
1). This gradient of increasing elevation influ-
ences climate, vegetation, and patterns of human
land use. With 45% forest cover (Jovéniaux
1993), the Jura is one of the most forested dé-
partements in France. Highly managed decidu-
ous forests (rich in oak, Quercus spp.) dominate
areas below 450 m and, as elevation increases,
are replaced with beech (Fagus sylvatica) and
mixed forests (beech, white fir Abies alba). Nor-
way spruce (Picea abies) predominates from
800 m to 1,300 m. Several large forested areas
of the First Plateau that were once deciduous
have been largely converted to monocultures of
fir following World War II. High elevation co-
niferous forests dominated by Norway spruce
grow in the wettest and coldest portions of the
Jura; these uneven-aged stands are managed
through selective cutting. Large tracts of agri-
cultural crop lands are located in the Plains;
elsewhere, agricultural tracts are small and de-
voted essentially to cattle grazing. The Jura is

lightly developed compared to other French dé-
partements.

DIGITAL DATABASE

The distribution maps presented in the Breeding
Bird Atlas of the Jura are composed of 945, 575-
ha cells (2.3 X 2.5 km). Bird censuses were con-
ducted yearly from 1985 to 1992 inclusive by
members of the Groupe Ornithologique du Jura
(full details available in Jovéniaux 1993). A
thorough examination of the results was done at
the end of each field season to ensure that all
cells were censused with the same intensity re-
gardless of topography and to limit the observer
bias that could be introduced by a pre-acquired
knowledge of the avifauna of certain cells (Jov-
éniaux 1993, pers. comm.). As users of the pub-
lished atlas, we made the assumption that the
information presented in the maps was accurate,
and we did not conduct additional testing of the
quality of the atlas. We used the GIS software
PC Arc/Info 3.4.2 (ESRI 1994) to generate dig-
ital versions of the distribution maps for the sev-
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en woodpecker species, in which each cell of the
census grid was assigned one of two values: 0
(absence) or 1 (presence).

Because habitat data were lacking for part of
the cells that overlapped the border of the Jura,
we eliminated 89 cells from analysis. For each
of the 856 remaining cells, we extracted the fol-
lowing 16 habitat variables in the GIS: percent
composition of 13 forest classes, forest class
richness (the number of different forest classes),
edge density, and mean elevation. A forest cover
map, recently released for the whole Jura at a 1:
200,000 scale, was obtained from the Inventaire
Forestier National (IFN) and digitized using PC
Arc/Info 3.4.2. (ESRI 1994). Every forest patch
of the paper map resulted in a polygon on the
GIS digital map. These polygons were then in-
dividually coded in the GIS according to the fol-
lowing 13-class legend (IFN 1980): mature de-
ciduous forests (MatDecid), where mature,
large-diameter trees (>45 cm; mostly oak Quer-
cus spp.) compose more than 50% of the cano-
py; plain coppice (Coppice), also dominated by
oak, but with a lower proportion of large-diam-
eter trees and a canopy cover less than 50%;
xeric forests (Xeric), characterized by small-di-
ameter trees (<25 cm) and often a dense under-
story of boxwood (Buxus sempervirens);, scree
forests (Scree), restricted to humid scree slopes;
mountain deciduous forests (MtnDecid), rich in
oak and beech of medium-size diameter (25-45
cm), often with a dense coppice of beech; beech
forests (Beech), pure or mixed with conifers; fir
forests (Fir), dominated by conifers, of which at
least 75% are white fir; spruce forests (Spruce),
dominated by conifers, of which at least 75%
are Norway spruce; shelterwood cuts
(ShelterCut), in which conifers (usually fir) are
planted under an overstory of mature deciduous
trees that is eventually removed; other cuts
(OtherCut), any other type of regeneration cut,
such as clearcuts, or plantations in open fields;
patchy forests (Patchy), small woodlots and
clumps of trees of varied composition (although
predominantly deciduous), used for wood pro-
duction by local people; riparian and heteroge-
neous forests (RipHetero), usually small clumps
of trees connected by a network of edges or
wooded pastures; and nonforested (Open).

Forest class richness was computed for each
cell as a measure of habitat fragmentation. Edge
density was obtained after combining all the for-
est classes into one (edge being the limit be-
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tween forest and nonforest). The GIS was used
to compute, for each cell, the total length of the
line(s) representing the boundary between
patches of forest and patches of nonforest. This
value (in meters) was divided by the area of the
cell (in hectares) to obtain edge density (m ha™').
Finally, a map of elevation was produced by
manually overlaying a grid of points printed on
an acetate sheet on top of 1:100,000 topographic
maps and recording elevation at each point. The
grid was created by systematically locating 16
points within each atlas cell, which roughly cor-
responded to 1 point every 600 m. These 16
values were averaged to obtain a mean elevation
for each cell.

STATISTICAL ANALYSES

We used the logistic regression (LR) procedure
(SPSS 1990) to create the models because this
multivariate statistical technique permits the pre-
diction of binary attributes such as presence/ab-
sence (McCullagh and Nelder 1983). LR is par-
ticularly suited to data in which the distribution
is highly skewed and includes many zeros
(Stowe et al. 1993, Green et al. 1994), which
was the case for the forest cover data. Variable
reduction followed Hosmer and Lemeshow
(1989): (1) variables were selected based on the
statistical significance of their effect in univari-
ate LR analysis (Wald statistic, P =< 0.05 for
individual tests and not overall experimentwise
error), (2) one of a pair of strongly correlated
variables (r > 0.7) was eliminated, (3) perfectly
discriminated variables were excluded, and (4)
variables judged to be ecologically important,
even if not statistically significant in the univar-
iate LR analysis, were kept, as long as the sign
of the regression coefficient was consistent with
knowledge of the species’ habitat requirements.
We used combinations of the selected variables
to create several models for each species, based
on a priori hypotheses about woodpecker-habi-
tat relationships we derived from published lit-
erature. We selected a “‘best model” by com-
paring the predictive capabilities of the model
(percent presence and absence correctly classi-
fied) and the significance of the variables enter-
ing it (based on the partial correlation between
the dependent and the independent variables; R
statistic in SPSS). Prediction maps were ob-
tained by recoding, in the GIS, each cell with
the corresponding probability of presence P =
1/(1 + e7?), where z represents the regression
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TABLE 1. Significance of the Wald statistic of univariate logistic regressions for 16 variables for seven wood-

pecker species in the Jura, France.?

Great Middle Lesser
Black Green Grey-headed Spotted Spotted Spotted
Y
Variable Woodpecker Woodpecker ‘Woodpecker Woodpecker Woodpecker ‘Woodpecker ‘Wryneck

Elevation + Fkk —kkk — k%% — ke —kkk —kdek —kkk
Richness + + —k + — —* -
EdgeDen +* + - + — —* -
MatDecid - + kR ok EE ok E o+ ok -
Coppice — % + o+ kK 4 k% + Fekek + Fkk* —
Xeric +* + n/aP = n/a® - -
Scree - +* - + - + +
MtnDecid —* + - + —* —* -
Beech + k% — ks — + — —% —k
Fir 4Kk —kkok - + n/ab — &%k — %
Spruce oS- kkk —kkk — — — — —
ShelterCut - + + +* - - -
OtherCut + - - +* - + -
Patchy —* +* - - —* + + Rk
RipHetero - +* - - —* - -
Open — kg + KKk — —kdK — kK% + 4 ckekok

2 +/—: sign of the coefficient of the variable in the regression equation.

b Perfectly discriminated variables.

* P < 0.05, *** P < 0.001.
equation. Cells were classified as “predicted ture confirmed that variables statistically

presence” or “predicted absence” using cut-off
points selected to maximize both the number of
presences and absences correctly classified.

Because high classification rates can be ob-
tained by chance when number of presences and
absences are unequal (Morrison 1969, Capen et
al. 1986), we estimated the improvement of the
models over chance using Cohen’s Kappa (K)
statistic (Titus et al. 1984). A K > 0 indicates
fewer misclassifications than if cells were clas-
sified by chance alone. We tested the null hy-
pothesis that K = Q using a Z-test.

We used chi-square tests to assess the fit of
each model to the logistic curve (Loftsgaarden
and Andrews 1992). Model probabilities were
ranked, split into eight groups, and summed
within each group to obtain predicted presences;
this value was subtracted from 1 to obtain pre-
dicted absences. Observed values were the num-
ber of true presences and absences within each
group. A good fit of the model to the logistic
curve results in a small chi-square value, that is,
a large P value.

RESULTS

The output of univariate LR differed among spe-
cies (Table 1), indicating that despite the coarse-
ness of the scale of analysis, the habitat vari-
ables could be used to discriminate among spe-
cies. A review of the published scientific litera-

significant at P = 0.05 were meaningful with
regard to the ecology of the species (Tobalske
1998).

The best models obtained from multiple LR
used 2 to 6 variables (Table 2). Model perfor-
mances differed among species, but all the mod-
els classified presences and absences better than
chance alone (K > 0; Table 3). Improvement
over chance classification ranged from 39% for
the Black Woodpecker, to only 14% for the
Wryneck, which was still a statistically signifi-
cant improvement (P = 0.001). Models for the
Black and Middle Spotted Woodpeckers were
most successful at correctly classifying presenc-
es and absences (K > 0.3; Table 3). Errors of
omission (presences predicted as absences) and
commission (absences predicted as presences)
occurred for every species (Table 3; Fig. 2).

The models fit the logistic curve reasonably
well. The pattern of distribution of the residuals
was random for all seven species, and there was
no statistically significant difference between the
logistic curve and the observed results for five
of the seven species (x% < 10.64, P = 0.1). For
the Black and Green Woodpeckers, the statisti-
cally significant difference (P < 0.1) was due to
a large value in one of the 8 intervals. Collaps-
ing this interval with the next one lowered the
chi-square value in both cases (from 20.72 to
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TABLE 2. Regression equations of logistic regression models for seven woodpecker species in the Jura, France.

Species

Equation

Black Woodpecker

~1.1626 — (0.0203MtnDecid) + (0.0161Beech) + (0.0329Fir) +

(0.033Spruce) — (0.0142ShelterCut) — (0.02770pen)

Green Woodpecker

—1.7149 + (0.0556EdgeDen) + (0.0135MatDecid) —

(0.0643Spruce) + (0.01790pen)

Grey-headed Woodpecker

—1.3833 — (0.0066Elevation) + (0.0212MatDecid) +

(0.0346Coppice)

Great Spotted Woodpecker
(0.01060pen)
Middle Spotted Woodpecker

0.852 + (0.0274MatDecid) + (0.0397Coppice) —

—1.6992 — (0.0085Elevation) + (0.0543MatDecid) —

(0.010760therCut)

Lesser Spotted Woodpecker
Wryneck
(0.02110pen)

—2.0048 + (0.0257MatDecid) + (0.0385Coppice)
—3.9794 — (0.083Fir) — (0.1957Spruce) + (0.1259Patchy) +

13.39 for the Black Woodpecker and from 15.67
to 10.22 for the Green Woodpecker).

DISCUSSION

To assess the usefulness of atlas data for pre-
dicting the distribution of woodpecker species in
the Jura, France, we created wildlife-habitat re-
lationship (WHR) models using 575-ha cell,
species distribution maps, and simple, broad-
scale habitat variables. The models predicted
species distribution better than chance alone (Ta-
ble 3). However, the wide range of Cohen’s Kap-
pa values among models revealed that model
success was species specific; this represents a
practical weakness for the utility of the models
for managers of wildlife habitat. Available lit-
erature on fine- and broad-scale habitat needs of
woodpeckers in Europe helps to explain why
there was considerable variation in prediction
rates among the models.

The Black Woodpecker is a generalist, in
terms of habitat selection, compared to other
members of the family (Tjernberg et al. 1993).
However, it nests preferentially in large trees

with smooth bark, such as beech trees, and tends
to avoid excavating in conifers (Cuisin 1988).
The forest cover map we used was well suited
to modeling its distribution because large beech
trees occurred not only in the Beech category,
but also in the Fir and Spruce categories (IFN
1980, pers. observ.) Hence, a grid cell classified
as 100% Fir or Spruce may contain several suit-
able nesting trees. Even better results would
have been obtained, had we excluded the Plains
region from the study area (Fig. 1). Previously
considered to be a typical mountain species, the
Black Woodpecker is currently expanding its
European range into lowland deciduous forests
(Cuisin 1980, Spitznagel 1990). Its sporadic use
of deciduous forest in the Plains region was dif-
ficult to model, although presences in cells with
a high proportion of MatDecid could be pre-
dicted because Open entered the model nega-
tively.

The Middle Spotted Woodpecker is highly de-
pendent on large forests of mature oaks (Short
1982, Wesolowski and Tomialojc 1986). Good
prediction results were obtained because such

TABLE 3. Classification results of logistic regression models for seven woodpecker species in the Jura, France.

Great Middle Lesser
Black Green Grey-headed Spotted Spotted Spotted
Descriptor? Woodpecker ‘Woodpecker ‘Woodpecker ‘Woodpecker Woodpecker Woodpecker Wryneck
Eo 22 150 7 192 6 56 23
Ec 166 164 208 140 81 158 250
Po 0.78 0.63 0.77 0.61 0.90 0.75 0.68
Pc 0.64 0.50 0.72 0.51 0.84 0.65 0.63

K*SE 039 +005 027 =0.03 0.16 £0.06 020 =*0.04 036 *008 029 005 0.14 = 0.05

VA 8.7%* 7.8%% 2.9%

5.8%* 4.6%* 6.3%* 3.1%*

2Eo = Errors of omission; Ec = errors of commission; Po = percent correct classification observed; Pc = percent correct classification due to chance
alone; K = Cohen’s Kappa. See Titus et al. (1984) for a detailed description of the computations involved.

* P < 0.05, ** P < 0.001.
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FIGURE 2. Predicted distributions of seven woodpecker species in the Jura, France, obtained by recoding each
cell of the distribution maps with the output of a logistic regression model. Shaded: predicted presence. Dot:
true presence.
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forests entered the pool of variables from which
the models were built (MatDecid); in fact, uni-
variate logistic regression showed that this sole
variable correctly predicted 85.7% of presences
and 87.6% of absences for this woodpecker. The
large oak trees required by the Middle Spotted
Woodpecker for nesting form the basis of the
definition of the MatDecid category (see Digital
Database above).

The Green Woodpecker is an edge species
that avoids dense, unbroken forests, especially
coniferous ones, and prefers low elevation, de-
ciduous stands (Cramp 1985). The model re-
flects these preferences (Table 2). Although
many small patches of suitable habitat were
probably not mapped at the 1:200,000 scale of
the forest cover map, the positive correlation be-
tween the species’ presence and the variable
Open improved the predictive accuracy of the
model.

The Great Spotted Woodpecker has been de-
scribed as the most ubiquitous European wood-
pecker, both in terms of feeding requirements
and breeding habitat selection (Torok 1990, An-
gelstam and Mikusinski 1994); it occupies for-
ests of any structure and size as long as a few
old trees are present (Cramp 1985, Jovéniaux
1993). In our study, it was the most common of
the seven species (the only species with more
presences than absences) and it occurred in ev-
ery mapped forest class. This lack of strong hab-
itat preferences, at the 575-ha scale, made its
distribution difficult to predict. Although the
model still performed better than chance, we
suspect that if it had been built using density of
observations rather than presence-absence data
it may have been more sensitive to small differ-
ences in habitat preferences, and thereby more
accurate. In general, modeling the distribution of
very common species that were censused in a
large number of atlas cells may prove difficult.
In such instances, patterns of species-habitat as-
sociations may be revealed at a coarser or finer
scale.

Difficulties arose when developing models for
the remaining three species (Grey-headed and
Lesser Spotted Woodpeckers, and Wryneck) be-
cause their presences are tied to specific micro-
habitats that were not mapped by the IFN. We
found a correlation between the Grey-headed
Woodpecker’s presence and mature deciduous
and coppice forests, as suggested by Angelstam
and Mikusinski (1994). The variables used in the
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species’ models (Elevation, MatDecid, Coppice)
were biologically sound, but they predicted a
much broader distribution than that of the orig-
inal atlas map (Fig. 2). A closer fit between ob-
served and predicted would have been obtained,
had we been able to model the species’ distri-
bution at the microhabitat level. The Grey-head-
ed Woodpecker is known to prefer more humid
areas, such as beech, poplar, alder, or willow
patches along streams and rivers (Cramp 1985,
Jovéniaux 1993, Winkler et al. 1995). A similar
problem was encountered for the Wryneck. This
species is currently declining in the Jura, par-
tially because of small-scale habitat changes that
affect both feeding and breeding habitat (Jov-
éniaux 1993). The Wryneck requires both suit-
able nest holes (which it is unable to excavate),
and patches of warm, dry ground to find the ants
that compose the majority of its diet (Cramp
1985). It is therefore sensitive to the disappear-
ance of small patches of dry grasslands and of
orchards, and even to the felling of individual
trees if those provided a suitable nesting cavity.
Clearly, a 1:200,000 scale forest map cannot
capture such fine-scale habitat characteristics.

The Lesser Spotted Woodpecker, a species
that preferentially excavates highly decayed
wood, is often found in riparian forests (Cramp
1985, Jovéniaux 1993), where snags are more
common because of less intensive harvesting of
the stands (Spitznagel 1990, Olsson et al. 1992).
At the 575-ha scale, however, a negative corre-
lation was observed between the species’ pres-
ence and the RipHetero variable (Table 1). A
probable explanation is that riparian habitat
makes up only a small fraction of the area cov-
ered by this forest class, most of it being wooded
pastures. Many small riparian patches have not
been mapped at the 1:200,000 scale of the IFN
map. The model incorporates only such broad
forest types as MatDecid and Coppice, causing
omission errors where small forest patches with
decayed wood were not mapped, and commis-
sion errors where one of these two types oc-
curred, even though they may not contain trees
suitable for nest excavation (Table 3, Fig. 2). In
all three cases, a more detailed forest map may
have improved the fit of the models, but avail-
ability of fine-scale data for broad areas is often
limited. If small patches of suitable habitat had
been mapped, but had been located in an atlas
cell otherwise largely dominated by patches of
unsuitable habitat, the model would probably
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have misclassified this cell. Such a ““‘swamping”
problem is inherent to working with gridded
data.

We identified additional limitations of atlas
data, such as grid positioning problems and in-
ability to compute most spatial habitat variables.
The census grid used in the Breeding Bird Atlas
of the Jura was obtained by subdividing existing
1:50,000 scale maps into equal-sized blocks
(Jovéniaux 1993). The position of the cells has
no relation to the spatial distribution of land cov-
er types; indeed, only in a highly anthropogenic
environment would habitat patches have geo-
metric shapes. Consequently, species were
sometimes present in cells dominated by unsuit-
able habitat. The Black Woodpecker provides a
good example of such a grid positioning prob-
lem. In the Jura, this species nests sporadically
in large oak patches of the Plains region. Some
of these untypical presences could be predicted
because the cells were almost entirely forested,
and Open entered the models negatively. On the
other hand, if a presence was recorded in an at-
las cell that included mostly open habitat, for
example at the edge of a large forest patch, the
model did not predict a presence for that cell.
Such prediction failures will always occur with
gridded data.

The habitat variables used in the present study
are simple and typical of any large-scale wild-
life-habitat relationship study, especially when
grid cells are used as units. The spatial pattern-
ing of habitat types across landscapes, however,
is thought to exert a strong influence on the dis-
tribution of the vertebrate populations inhabiting
those landscapes (Wiens 1989). Little is known
of the relationship between the distribution of
woodpecker species and spatial characteristics
of the landscape other than patch area and patch
isolation (Haila et al. 1987, Wiktander et al.
1992, Hinsley et al. 1995). Unfortunately, bird
atlas data are poorly suited to assess the influ-
ence of spatial characteristics of the landscape
on species distribution. Even basic spatial infor-
mation such as patch size cannot be obtained for
the cells of a grid because each cell usually
overlaps many patches. Computing mean patch
size within cells could lead to confusing results;
a cell with several, medium-sized patches could
give the same outcome as one with one large
patch and many small ones. Similarly, nearest-
neighbor and patch type adjacencies cannot be
obtained because the exact patch in which the
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nest was located is unknown. Edge density and
forest class richness were the only two land-
scape variables that could be easily calculated
from our data. Number of patches was not in-
cluded in the analysis because it was strongly
correlated with forest class richness (r, = 0.75,
P = 0.001, n = 856) and edge density (r, =
0.88, P < 0.001, n = 856). The influence of the
amount of forested habitat was measured by the
variable Open, which turned out to be negatively
associated with the presence of forest wood-
peckers (Black, Great, and Middle Spotted
Woodpeckers) and positively associated with
that of species known to occur in more open
landscapes (Green Woodpecker and Wryneck).
It was not possible, however, to verify whether
Middle Spotted Woodpeckers preferred patches
of 30 ha or more, avoided those below 5 ha, and
did not favor those more than 3 km apart, as
reported by Cramp (1985). The negative asso-
ciation between the species’ presence and edge
density and forest class richness (Table 1) is the
only indication of the species’ possible avoid-
ance of small patches.

Despite the limitations outlined above, the
models we derived from the Breeding Bird Atlas
of the Jura have potential applications. They
provide quantitative information for the entire
département that can be compared with anec-
dotal and localized information. For example,
the conversion of deciduous forests to conifer-
ous ones has been suggested as a factor contrib-
uting to the decline of the Middle Spotted
Woodpecker (Pettersson 1985, Clergeau and
Chefson 1988, Jovéniaux 1993). Because the
model reflects the importance of mature decid-
uous forests to the species, and includes
OtherCut (which can consist of conifer planta-
tions on previously open grounds), it could be
used to simulate the consequences of additional
conversions/plantations on the species’ breeding
distribution. Spatial simulation modeling may be
one of the most powerful applications of GIS in
future land and resource management (Parker
1988). In our study, it would be simple to mod-
ify the existing forest map, run the models, and
compare the resulting distribution map to that
obtained with the original forest map. The mod-
els were not validated with an independent data
set, so it would be difficult to assess how much
confidence should be put in the output of such
a simulation (Morrison et al. 1992). Simulation
modeling could nevertheless be used as an ex-



MODELING WOODPECKER DISTRIBUTION USING ATLAS DATA

ploratory tool, as a warning signal of what may
happen under various management procedures,
and lead forest managers to think more critically
about the consequences of broad-scale modifi-
cations of the landscape. The conversion of
much of the First Plateau deciduous forests to
uniform conifer stands after World War II is an
example of such an alteration of the semi-natural
landscape. It may have contributed to the decline
of the Grey-headed Woodpecker in the Jura, be-
cause of the species’ preference for deciduous
forests.

Although we did not undertake our study to
provide specific management guidelines for
woodpecker species in the Jura, our results pro-
vide potentially useful information that could be
applied toward woodpecker habitat conserva-
tion. For example, habitat fragmentation is
among the most serious causes of the loss of
biological diversity (Harris and Silva-Lopez
1992). The variables EdgeDen and Richness can
be used as indicators of forest fragmentation in
the Jura. Woodpecker species negatively asso-
ciated with these variables (such as the Grey-
headed, Middle Spotted, and Lesser Spotted
Woodpeckers; Table 1) seemingly would benefit
from the maintenance of large patches of their
preferred forest types, especially lowland decid-
uous forest. On the other hand, the Black Wood-
pecker often occurs in fragmented forest (Haila
et al. 1987), but only up to a certain level of
fragmentation (Tjernberg et al. 1993). The pos-
itive association we observed between the Black
Woodpecker and the variable EdgeDen (Table 1)
should not, therefore, be seen as an indication
that fragmentation benefits this species. Rather,
the Black Woodpecker may tolerate a greater de-
gree of fragmentation than species which were
negatively associated with EdgeDen.

Another possible use of models developed
from atlas data is to improve the atlas itself. Be-
cause the output of logistic regression is not cat-
egorical, but probabilistic, the models can be
used to highlight cells with a higher probability
of species’ presence. This was done in Lesotho,
where the difficulty to access the most rugged
parts of the country and an uneven repartition
of the number of observers may have biased
species distribution estimates (Osborne and Ti-
gar 1992). During the creation of the Jura atlas,
much time and effort was devoted to ensure as
thorough a coverage of the study area as possi-
ble. Nevertheless, censuses may have underes-
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timated the distribution of such secretive and
rare species as the Grey-headed and Middle
Spotted Woodpeckers (Jovéniaux, pers. comm.).
Without first-hand knowledge of the area, it is
difficult to know whether absence cells were
comprised of truly unsuitable habitat. There can
be three reasons for absence cells: the cell lacks
suitable habitat, the cell contains suitable habi-
tat, but was unoccupied during the time frame
of the census (this is especially likely for species
exhibiting metapopulation dynamics), or, the
species was present, but went undetected. Pre-
senting distribution data as probabilities of oc-
currence, such as the output of LR models built
from the original presence/absence data, is one
way to limit the problem of false absences (Os-
borne and Tigar 1992). The maps presented in
Figure 2, showing cells with high probabilities
of presence but where no bird was detected (er-
rors of commission), would be useful to target
future censuses. In addition, because population
sizes of species tend to fluctuate, it may be valu-
able to identify and protect areas of suitable hab-
itat, even if they are not occupied at the moment.
This is especially important for species that have
declined but may be in a recolonizing phase
(Anthony et al. 1982). Identifying cells with a
high probability of presence would help biolo-
gists prioritize areas where finer-scale, time-con-
suming habitat investigations should be con-
ducted.

Overall, our study showed that analyzing
woodpecker distribution data from a breeding
bird atlas in conjunction with habitat variables
in a GIS provides a relatively simple way to
build habitat-association models, as long as one
is aware of the limitations of working with grid-
ded data, at a single, imposed scale. It may not
be possible to develop models for species that
are not showing strong correlations with habitat
variables at that scale. However, with increasing
numbers of species becoming threatened by hu-
man alteration of their environment, and little
time or funding available for detailed, fine-scale
studies, it will become crucial to make the best
use of existing information.
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