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Habitat requirements and foraging behaviour of the Corsican

nuthatch Sitta whiteheadi

Jean-Claude Thibault, Roger Prodon, Pascal Villard and Jean-François Seguin

Thibault, J.-C., Prodon, R., Villard, P. and Seguin, J.-F. 2006. Habitat requirements
and foraging behaviour of the Corsican nuthatch Sitta whiteheadi . � J. Avian Biol. 00:
00�00.

We examined the relationship between the Corsican nuthatch Sitta whiteheadi , a
passerine endemic to the island of Corsica and Corsican pine Pinus nigra laricio forest,
its virtually exclusive habitat, currently restricted to inland mountains. The Corsican
nuthatch prefers older Corsican pine stands with tall, large trees, and avoids younger
stands, both in the breeding and wintering seasons. This preference is explained by the
greater availability of pine seeds from older trees. Territorial adults are almost
completely sedentary, a trait that is influenced by seed hoarding behaviour. From
late autumn to early spring (i.e., when cones are mature), and during sunny weather
(i.e., when cones are open), nuthatches remove pine seeds from cones and cache them
on branches and under the bark of trunks. The birds retrieve the cached seeds in cold
and wet weather. The presence of old Corsican pine stands appears to be a key-factor in
the survival of the Corsican nuthatch, whose habitat is currently threatened by logging
and fires.

J.-C. Thibault (correspondence) and J.-F. Seguin, Parc Naturel Régional de Corse, rue
Major Lambroschini, B.P. 417, F-20184 Ajaccio cedex, Corsica, France. E-mail:
jncldthibault@aol.com. R. Prodon and P. Villard, Biogéographie et Écologie des
Vertébrés, École Pratique des Hautes Études, Université Montpellier II, c.c. 94, Place
Eugène Bataillon, F-34095 Montpellier Cedex 5, France.

The Corsican nuthatch Sitta whiteheadi is an endemic

bird to Corsica island (428N, 98E; western Mediterra-

nean). It is closely related to the red-breasted nuthatch

Sitta canadensis and to the Chinese nuthatch Sitta

villosa (Pasquet 1998), and is probably a relict of a

lineage that was formerly more widely distributed in the

mid-latitudes of the Holarctic. The Corsican nuthatch is

socially monogamous. It lays eggs from early April to

mid-June, depending of the abundance of pine cones; the

higher the number of cones available on the territories

the previous winter, the earlier the breeding occurred

(Thibault and Villard 2005). Its range is currently

restricted to the mountain forests of Corsica, where the

Corsican pine Pinus nigra laricio , an endemic form of the

European black pine, is its main habitat (Thibault et al.

2002). The Corsican nuthatch is absent from most of the

range of another pine, the maritime pine Pinus pinaster,

which is as abundant as the Corsican pine on the island

(their stands cover 210 km2 and 213 km2, respectively;

Anon. 1988). The main explanation for the nearly

exclusive use of Corsican pine by the Corsican nuthatch

is that the seeds of this tree are its main food resource;

the seeds of the maritime pine are too hard to be easily

eaten by the bird (Thibault et al. 2002). Individual

Corsican pines may reach the age of several centuries

(Conrad 1990), and stands are considered mature from

at least 120 years. This pine produces its first cones at an

age of 15�30 years (Anon. 1990, Lannier 1993, Saı̈d

2000, C. Meredieu in litt.). Cones open and release their

seeds from November to March (Anon. 1990, Moneglia

2003). Although there is a peak in cone production every

2�4 years (Anon. 1990, C. Meredieu in litt.), Corsican

pines produce cones every year, unlike some other pine

species (Debazac 1991). There are on average 33 seeds

per cone and, in a mature stand, the number of cones

have been estimated as several thousands per hectare

# JOURNAL OF AVIAN BIOLOGY

JOURNAL OF AVIAN BIOLOGY 00: 00�00, 2006
DOI: 10.1111/j.2006.0908-8857.03645.x

JOURNAL OF AVIAN BIOLOGY 00:0 (2006) Online Early (OE): 1-OE



during good crops (Moneglia 2003). Individual seeds are

relatively small (mean size: 6.3�/3.4 mm, mean weight:

21 mg, Thibault et al. 2002) but together represent a

large potential resource for animals. However, seeds are

not permanently available during winter and spring, and

seed-caching behaviour has been suspected to be of

crucial importance for the survival of the Corsican

nuthatch (Löhrl 1960, 1988).

Although the Corsican nuthatch is not considered

threatened (BirdLife International 2000), its population

is very small (ca. 1400�2200 pairs), and suitable habitat

� mature Corsican pine forest � is currently restricted to

less than 16 000 ha (own unpubl. data). This area is still

declining owing to fires (Thibault et al. 2004), forestry,

and competition with maritime pine (own unpubl. data).

The current range of the Corsican nuthatch is fragmen-

ted in about 70 isolated pines stands and forests, ranging

from only several hectares to several thousands hectares

(own unpubl. data). A better understanding of the

relationship between the Corsican pine and the Corsican

nuthatch is thus essential to promote appropriate con-

servation strategies and forestry practices.

The aims of this paper are: (i) to define the main

characteristics of the pine stands used by the species,

(ii) to specify to what degree Corsican nuthatches are

year-round residents in mountain forests, (iii) to describe

nuthatch’s foraging behaviour during the critical cold

season in relation to the phenology of its resource-tree,

the availability of seeds, and local climate, (iv) to discuss

the adaptative significance of the relationships between

pine and nuthatch, as well as key-factors essential for

their conservation.

Methods

Bird sampling

We estimated nuthatch abundance by point-counts at

100 sites where vegetation was also described (see

below). The sites were not selected randomly. Taking

into account access facilities, we attempted: (i) to select

various Corsican pine stands (young, mature, or old), or

more or less mixed with other tree species (beech Fagus

sylvatica , maritime pine Pinus pinaster, fir Abies alba , or

birch Betula pendula ), but always with at least 30% of

Corsican pines, (ii) to spread the sampling sites across a

large part of the Corsican pine range (Anon. 1988), from

670 to 1480 m a.s.l., (iii) to minimize the risk of double

counting and to prevent any edge effect by choosing

points at least 150 m apart from each other, and at least

300 m from the nearest ecotone. Sampling was done in

1996, 1997 and 1998 in seven forests (from North to

South: Ascu, Valdu Niellu, Casamacioli, Aitone, Corte,

Venacu, and Rospa Sorba; Fig. 1). The point-count

method was similar to that of Blondel et al. (1981), i.e.

with unlimited distance of detection and two 20-minute

long visits to each site. Each site was visited once a year

between 21 March and 30 April, when birds initiate their

breeding, and the count was repeated once in another

year at the same point and about the same date. As an

index of relative nuthatch abundance on each point, we

used the average number of territorial males hear calling

during the two counts.

Checking nuthatch altitudinal movements and occupancy

of territories

We looked for possible altitudinal movements of terri-

torial nuthatches by counting the nuthatches on 11

stations along a line-transect from 400 to 1,480 m

a.s.l., from Marignana to Bocca di Vergio, along the

road D70. This transect ran through holm oak Quercus

ilex and chestnut Castanea sativa groves, chestnut and

Corsican pine groves, and pure forest of Corsican pine

(from 900 m upward). The transect was sampled once in

the early breeding-season (March�April), and once in

the post-breeding season (August to January), during

two consecutive years (1996�1997). Nuthatches respond

to the calls of neighbours year round (pers. obs.) so

standard recorded songs were broadcast to increase the

detectability of birds.

The occupancy of territories was examined by regular

monitoring of the territories of colour-ringed and

unringed nuthatches in the Ascu forest (from 1,020 to

1,580 m) in 1999 (19 territories), 2000 (17) and 2001 (17).

Territory is defined here as including both nest-site and

foraging range, occupied and defended year-round. The

occupation of these territories was checked both in the

breeding season (March to July) and in winter (Decem-

ber to January).

The aim of ringing was to verify whether breeding

birds over-wintered within their own territories or not,

and to look for a possible relationship between the

foraging range area and the habitat quality. Territorial

adults were caught in the Ascu forest with mist nets

spread below the canopy (i.e., from ground level up to

8 m), and colour-ringed. Birds were lured with broadcast

calls so, due to their strong territorial behaviour, more

males than females were ringed. The birds were sight-

recorded afterwards (from December 2000 to February

2001) with binoculars (10�/42 or 8�/30).

Measuring the foraging and hoarding activities of nuthatch

in winter

Foraging nuthatches, colour-ringed or not, were ob-

served in the Ascu study site during 34 days between 16

January and 28 February 2001, for about 120 h in total,

by the same observer (PV). Recording was at 15-second

intervals (controlled with a chronometer) from contin-

uous observations of a given nuthatch using bino-

culars (10�/42 or 8�/30). Every 15-s, the substrate

was identified as in one of the seven categories: cone,

lichen, needle, twig, small branch, branch, or trunk. We

2-OE JOURNAL OF AVIAN BIOLOGY 00:0 (2006)



recorded whether birds caught insects or extracted seeds

from cones. It was difficult for a single observer to follow

birds continuously when they foraged and then hoarded,

so we attributed to ‘hoarding’ any record of bird leaving

a cone with a seed in its bill to go to the trunk or

branches of another tree, generally in the vicinity,

then immediately coming back to forage at the same

tree again.

Pine and forest stand sampling

We described the structure of the 100 sampling sites by

measuring the following variables (with their abbrevia-

tions). They were measured within a 400 square metres

area, i.e., within a radius of 11.3�14.0 m (depending on

slope) around the sample point: ALTI: elevation in

metres, measured with an altimeter daily calibrated, or

read directly from maps (Institut Géographique Na-

tional; scale: 1:25 000; 10 m intervals between contour

lines), CV4, CV8, CV16, CV32, CV64: canopy cover

(%), visually estimated by comparison with a reference

chart (cf. Prodon and Lebreton 1981) within a series of

five layers with limits in geometrical progression, i.e., 2�
4 m above the ground, 4�8 m, 8�16 m, 16�32 m, and

32�64 m, FV: index of foliage volume; this estimation

of the volume of the canopy was calculated from the

above cover values (FV�/CV4�/2�/CV8�/4�/CV16�/

8�/CV32�/16�/CV64�/32), then log-transformed, HP:

height (m) of the highest Corsican pine, measured with a

dendrometer (Suunto†), NP: number (log-transformed)

of Corsican pine stems of any diameter, including

saplings, DP: mean diameter (cm) of Corsican pines 20

cm or more in diameter at breast height (DBH); in

calculations, DP was arbitrarily fixed at 10 cm when

there was no pine�/20 cm DBH, AP: basal area at DBH

of the Corsican pine, i.e., sum of the areas of cross

section of the pines �/20 cm DBH, DX and AX: mean

diameter and basal area, respectively, of trees (�/20 cm

DBH) other than Corsican pine, and X%: proportion of

tree species other than the Corsican pine (mainly

beeches), calculated from the ratio of the basal area of

the non-Corsican pine trees to the basal area of all the

trees (X%�/100�/AX/( AP�/AX)).

In the Ascu forest, from October to December 2000,

2001 and 2002, we measured cone production in pines by

counting � with a 10�/42 binocular � the number of

cones per tree on the 10 Corsican pines (DBH]/20 cm)

nearest to a nuthatch nest-site that had been occupied

during the previous breeding season. We counted closed

cones that became mature a few weeks later and thus

represented the crop of the year. This measure is

Fig. 1. Distribution map of the
Corsican pine in Corsica and
localities of study areas:
meteorological station of
Calacuccia (star), line-transect
(star), census sites (dots).

Meteorological station

Line transect

Ascu

Casamacioli

Corte

Venacu

Rospa Sorba
Aitone

Valdu Niellu
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accurate because the foliage of Corsican pines is sparse

and cones relatively few.

Estimating habitat quality and foraging surface area in

winter

From December 2000 to February 2001, we monitored

15 color-ringed adults in the Ascu forest. The birds were

located daily and plotted on a 1:10.000-map divided into

1-ha grid squares. Each square was scored 1, 2 or 3,

according to the following scale of putative habitat

quality for the nuthatch (in decreasing order): 1�/old

forest (�/160-year old), 2�/mature forest (:/120�160-

year old), 3�/pines erratically scattered among rocky

grassland or shrubland. The a priori scoring was done

using aerial colour photograph (scale 1:10.000) from the

Institut Géographique National. A crude estimate of the

surface area of the home range of a given individual was

obtained by counting the number of different 1-ha

squares in which this individual was observed. The

mean ‘quality’ of a given range was calculated a poster-

iori by averaging the scores of the used squares within

this home range.

Climatic data

The temperatures (daily minima and maxima) were

recorded under shelter in a standard way at the Ascu

study site (1,420 m a.s.l.). Some missing data were

extrapolated, with a slight altitudinal correction, from

the nearby station of Calacuccia (900 m; Fig. 1).

Statistical methods

The relationship between forest stand characteristics and

nuthatch abundance was first investigated by simple

linear regression, testing significance by an analysis of

variance procedure (F test), and by PCA to get a

synthetic view of the data set. We then quantified the

relationship between relative abundance of Corsican

nuthatch and the habitat variables using upward step-

wise multiple regression, after having factored out the

influence of altitude. The correlation between the

diameter of pine trunks and the production of cones

was measured by simple linear regression on log-

transformed data (to normalise variances). The relation-

ship between winter foraging range and habitat quality

was tested using non-parametric correlation (Spearman

or Kendall correlation coefficient) and that between

foraging substrate and temperature was modelled by

logistic regression. We used ADE-4 (Thioulouse et al.

1997), Statistica 6 (Statsoft 2002), and SAS 8.0 statistical

package software. Means are reported 9/1 SD.

Results

Sedentariness and territoriality of the Corsican

nuthatch

No evidence of any altitudinal movement was detected

along our line-transect during the two years of the study.

Both in spring and outside the breeding season, the

nuthatches were present only from 900 m a.s.l. (i.e.,

the lower limits of the Corsican pine forest along the

transect) upwards.

Most territories (i.e., 95% in 1999�2000; 88% in

2000�2001; 94% in 2001�2002) were occupied year-

round by males, but fewer were occupied year-round by

females (Table 1). Some colour-ringed breeding males

retained their territories from one winter to the next. The

situation for females may have been similar, but our

sample was too small to test this hypothesis. Unoccupied

territories in winter were situated within the altitudinal

range of occupied territories, so the proportion of

occupied sites did not seem to be related to the altitude.

We assumed that the colour-ringed birds we observed

again later were located on their own territories, but we

did not know to what extent the boundaries of territories

changed between the breeding and wintering seasons.

Nuthatch abundance and forest characteristics

Zero to four nuthatches were recorded during a single

count. The average number of nuthatches recorded

during the two visits on a same point in the breeding

season (NN) varied from 0 to 3.5 (mean 1.03) in the

different sites.

Table 1. Occupancy of territories by adult Corsican nuthatches in the Ascu forest during the breeding season and the following
winter. The number of ringed birds during winter is indicated in brackets.

Occupied territories during breeding Occupied territories during the
following winter

Year No. of territories Ringed birds Year No. of territories No. of birds

Male Female Male Female

1999 19 17 5 2000 18 18 (10) 15 (2)
2000 17 14 6 2001 15 15 (10) 12 (4)
2001 17 9 8 2002 16 16 (6) 15 (4)
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The first axis of the PCA of 10 pine stand descriptors

was positively correlated with the height, diameter, and

canopy cover (above 16 m) of the pines and negatively

related to the number of pine stems (large numbers of

stems correspond to numerous saplings); this axis clearly

corresponds to the age of the stands. The second axis is

related to the density of the undergrowth, i.e., to the

canopy cover between 2 and 16 m, which can be effected

by trees other than pines (Fig. 2a). Projecting NN values

on the 100 point-counts corresponding to the sampling

sites in the first plane of PCA shows that nuthatches

were more numerous in the sites where the pines were

tallest, had large diameter and high canopy cover (in the

upper layers, 16�32 m and 32�64 m; Fig. 2b). Nuthatch

numbers were lower where the vegetative cover of the

lower layer (between 2 and 16 m) was high, and/or the

proportion of non-pine trees was relatively high.

Nuthatches were generally absent in young pine stands

with numerous saplings. Certain vegetation descriptors

were inter-correlated. The highest positive correlations

were observed between HP and DP (r�/0.77), and

between log(FV) on the one hand and HP, CV32, and

CV16 on the other (r�/0.85, 0.84 and 0.77, respectively).

The highest negative correlations were observed between

NP on the one hand, and FV and DP on the other (r�/

�/0.66 and �/0.63, respectively; PB/0.001 in all cases).

As the number of nuthatches NN slightly increased

with altitude in the data set (r�/0.17, P�/0.088), this

variable was factored out before quantifying the influ-

ence of pine stand characteristics on NN. The number of

nuthatches NN was significantly and positively corre-

lated with (in decreasing order) the height of the

Corsican pines (r�/0.54), their diameter (r�/0.49), the

foliage volume index (r�/0.48, PB/0.001 in all cases),

and negatively correlated with the number of pines

(including saplings) per area (r�/�/0.33; PB/0.001).

No nuthatches were recorded when the height of the

Corsican pine was lower than 15 m (or their diameter

less than 28 cm), and the counts were always positive

when this height was equal or greater than 32 m (or the

diameter greater than 58 cm). Although there seemed to

be no direct correlation between NN and the percentage

of non-Corsican pine trees (r�/�/0.12, P�/0.25), the

maximum numbers of nuthatches recorded (i.e., the

greatest census values) were 3.5, 2, 1.5, and 1, when

this percentage was 0%, 10%, 35%, and 70%, respec-

tively. This apparent lack of correlation may be related to

the fact that the proportion of Corsican pine was never

lower than :/30% in our data set. As regards the five

variables of the foliage profile (canopy cover), the best

correlation with NN was found with the 16-32m layer

(r�/0.45, PB/0.001).

From five dendrometric variables considered together

(HP, NP, DP, logFV, X%), a step-up multiple-correlation

procedure retained the maximum height of the Corsican

pines (HP) and the percentage of non-Corsican pine

trees (X%) as significantly correlated � the former

positively, the latter negatively � with nuthatch abun-

dance (Table 2, first model). From the five cover values

of the stratification profile, the same procedure retained

only the 16�32 m layer and, marginally, the 4�8 m layer,

the former positively, the latter negatively (Table 2,

Fig. 2. Principal Component Analysis of 10 descriptors of pine
stands, using data from 100 census plots: (a) Correlation circle
in the PC1-PC2 plane, with the 5 variables of foliage cover
(CV4�/2�4 m layer; CV8�/4�8 m layer; CV16�/8�16 m layer,
CV32�/16�32 m layer, CV64�/32�64 m layer) and the 5
dendrometric descriptors (HP: height of the highest Corsican
pine; NP: number of Corsican pine stems; DP: mean diameter
of Corsican pines; FV: index of foliage volume, X%: proportion
of non-Corsican pines trees; see text). (b) Scores of the 100
sampling plots on the PC1-PC2 plane. The surface of a given
dot is proportional to the number of nuthatches recorded on the
corresponding plot (top right: maximum values of abscissa and
ordinates).

JOURNAL OF AVIAN BIOLOGY 00:0 (2006) 5-OE



second model). However, the selection of the variables

should be considered with caution due to multi-colinear-

ity among variables.

Productivity of cones as a function of the diameter

of the tree

The production of cones was considerably lower in 2000

than in 2001 and 2002 (mean number of cones per tree:

in 2000�/209/36, n�/160; in 2001�/1229/114, n�/120;

in 2002�/1039/160, n�/142). Nevertheless, within each

of the three years, the number of cones on a pine tree was

significantly correlated with the diameter of its trunk:

year 2000 (r158�/0.17, PB/0.05), year 2001 (r118�/0.65,

PB/0.0001), year 2002 (r140�/0.36, PB/0.0001); the

larger the tree, the more numerous the cones.

Nuthatch foraging behaviour in winter

Relationships between home range surface area and

habitat quality in winter

During the three months of the study, the 135 visits

enabled us to map the ranges of fifteen adults nuthatches

(11 males, 4 females). Range areas varied from roughly 1

to 8 ha. There was a highly significant correlation

between the home range areas and their mean ‘‘quality’’

estimated by the average of the quality scores of their

constituent squares (Spearman correlation coefficient

rS�/0.90, PB/0.001).

Foraging and seed hoarding

We obtained 3086 sight records of foraging activity from

46 different nuthatches (28 males and 18 females). The

nuthatches foraged mainly on Corsican pines (98.5%).

Only 1.5% of the records were on birches. On the pines,

the birds foraged mostly on open cones (62%, n�/1,911)

extracting the seed by the wing with their bill, and less

frequently on other substrates i.e, lichen, needle, twig,

branch and trunk (38%, n�/1,175). We could not

identify the food items � arthropods or retrieved seeds

� gathered by nuthatches when foraging in bark crevices.

Nuthatches were rarely seen eating seeds when foraging

on cones (0.04%, n�/11) and about half of the records of

foraging on open cones were followed by hoarding

activity (51.4%, n�/982), suggesting that most of the

seeds picked from cones were hoarded. Birds hoarded

under bark or in bark crevices on pines, often on the

undersides of main horizontal branches, and generally in

the upper part of the tree. Hoarding was usually at less

than 50 meters from the foraging tree. There were several

observations of birds putting a small piece of bark on the

crevice and of birds shifting a seed to another place.

Switching of foraging behaviour as a function of

temperature

We examined the daily variation in the proportion of the

total observed foraging time that was spent on cones

(total foraging time was 3086 15-second time units,

within 1911 foraging events, from 34 days). During

the study period, temperatures on different observation

days ranged from �/108 C to �/16.58 C. Within this

range, the relative use of cones by foraging nuthatches

increased with temperature (Fig. 3). The probability that

nuthatches foraged on the cones according to tempera-

ture was fitted to logistic models, taking into account

either the daily minima, or the daily maxima, or both

(with or without interaction; Fig. 3, Table 3). The

probability that nuthatches foraged on the cones accord-

ing to temperature was fitted to logistic models, taking

into account either the daily minima, or the daily

maxima, or both (with or without interaction; Fig. 3,

Table 3). Although the effect of the daily minima was

Table 2. Multiple correlation between the average number of
nuthatches recorded during the counts (after the influence of
altitude has been factored out) and two sets of pine stand
descriptors, as resulting from a step-up procedure. The first
model corresponds to the selection of two variables among five
dendrometric descriptors. The second model corresponds to the
selection of two variables among five variables of foliage cover
(see Fig. 2 for the abbreviations of the variables).

First model HP X%

Partial regression coefficient 0.446 �/0.201
P-level B/0.001 0.018
Multiple correlation coefficient R�/0.59

Second model CV32 CV8

Partial regression coefficient 0.484 �/0.17
P-level B/0.001 0.07
Multiple correlation coefficient R�/0.48
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Fig. 3. The probability of Corsican nuthatches foraging on pine
cones (ordinate) as a function of the daily maximum tempera-
ture (abscissa). The fitted curve corresponds to a logistic model
whose linear predictor is �/6.33�/0.854�/Tmax. Goodness of
fit: Pr�/Log Ratio x2B/0.0001 (see Table 3).
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significant when considered alone, the best fit and the

most parsimonious model was obtained with the daily

maxima alone, with an inflexion point at �/7.48 C (curve

on Fig. 3). However the distribution of the events

around this point was not symmetrical, as no bird was

observed foraging on cones when the maximal tempera-

ture was lower than 68 C, and none was observed

foraging on trunks or branches when the maximal

temperature was higher than 138 C.

Discussion

Food and seasonal cycle of the Corsican nuthatch in

the pine forest

Nuthatch sedentariness

Although there are occasional sightings of birds outside

the Corsican pine range (Thibault and Bonaccorsi

1999) during the non breeding season, the Corsican

nuthatch appears to be strictly sedentary. Matthysen and

Adriaensen (1989) have suggested that the social system

of the Corsican nuthatch is based on permanent pairs

defending their territories throughout the year. Our

monitoring of a set of marked birds in the Ascu forest

during three consecutive years confirmed that most

breeding pairs maintained their territories throughout

the winter. A similar pattern has been observed with

other species of nuthatch in temperate zones (Matthysen

1998).

Nuthatch home range size and pine productivity in seeds

Nuthatch territories are smaller when pines are larger

(i.e., more productive). In young stands and clearings,

birds must forage over a larger area than in old stands.

Conner et al. (2001) reported that the home range area

of the red-cockaded woodpecker Picoides borealis was

inversely correlated with the habitat quality measured by

the density and age of the pines. A positive relationship

between the age of trees and productivity in seeds has

been shown in several conifers species, both in temperate

and tropical climates (Holimon et al. 1998, Latta et al.

2000).

Nuthatch diet through the annual cycle

During the breeding season, nuthatches catch arthro-

pods on trees (trunk and canopy), as well as in flight

(Villard et al. 2003). At that time, the cones are still

closed (Anon. 1990, unpubl. data), and the seeds of the

year are not yet available. Field observations during

incubation and brood rearing periods confirm that

adults bring mainly insects to the nest, although adults

recover some seeds hoarded in caches or on open cones

when cone crops are abundant (unpubl. data). From late

autumn to early spring (i.e., when the cones are mature),

nuthatches can collect seeds but only during sunny

weather when the cones are open because they still close

on cold and humid days. In the field, it is difficult to see

when nuthatches eat seeds, but the large proportion of

time spent by birds hoarding when the cones are open

strongly suggests that seeds constitute an important if

not the virtually exclusive resource for nuthatches during

winter. Remains of seeds and the occurrence of very

small stones in faeces, support this view (unpubl. data).

The birds also take advantage of the sunny periods

(when cones are dehiscent) to hoard seeds in bark

crevices. These cached seeds are retrieved in cold and

wet weather by birds foraging on branches and trunks.

Adaptative value of seed hoarding

Seed hoarding by animals is an adaptive strategy that

has two functions: accumulating food reserves, and

removing food surplus from competitors (Källander

and Smith 1990, Brodin and Ekman 1994). Most of

the nuthatch species whose biology is known store

food (Nilsson et al. 1993, Harrap and Quinn 1996).

The related red-breasted nuthatch stores food (mainly

conifers seed) during fall and winter (Grubb and Waite

1987, Ghalambor and Martin 1999), but in years of low

cone production, the birds disperse various distances to

compensate for the scarcity of resources (Ghalambor

and Martin 1999). The strict sedentariness of the

Corsican nuthatch in the Corsican pine forest is facili-

tated both by the long period of cone opening (4�
5 months) of this pine, and by the absence of years

with no cone production (Debazac 1991). Sedentariness

of a large fraction of the avifauna in the Pyrenean pine

forests, and particularly of the common crossbill Loxia

curvirostra , has also been related to the relative stability

in pine seed production (Génard and Lescourret 1987,

Senar et al. 1993, Clouet 2000). In Scotland, ‘large-

billed’ crossbills (L. scotica and L. pytyopsittacus ) also

exploit annual seed crops of Scots pine P. sylvestris and

are largely sedentary, in contrast to ‘small-billed’ cross-

bills that exploit sporadic crops of spruce Abies and are

itinerant (Marquiss and Rae 2002). In Northern Europe,

both the European nuthatch Sitta europaea and the

willow tit Parus montanus hoard seeds during autumn

for the winter months (Nilsson et al. 1993, Brodin 1994,

Brodin and Clark 1997). In southern Europe, coal tits

Table 3. Correlation between the use of the pine cones by the
Corsican nuthatch as substrate for foraging, and the daily
temperature (minimum Tmin, or maximum Tmax). Selection of
a logistic model (AIC: Akaike Information Criterion).

Model Log ratio
Pr�/x2

Scaled
deviance

Number of
parameters

AIC

Tmin 0.82 28.68 4 36.7
Tmax B/0.0001
Tmin�/Tmax 0.97

Tmin 0.59 29.64 3 35.6
Tmax B/0.001

Tmin B/0.001 35.29 2 39.3
Tmax B/0.001 29.4 2 33.4
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Parus ater seem to hoard seeds to provide against food

scarcity during the short periods of bad weather

(Brotons and Haftorn, 1999), a behaviour similar to

that recorded in the Corsican nuthatch.

Sedentariness in high altitude forests implies the

ability to cope with the adverse conditions of the cold

season, when food resources become scarce or hardly

accessible. In the supra-Mediterranean and montane

levels of Corsica, the mean number of days below

freezing, and with snowfall, are ca. 20�30, and 90,

respectively (Bruno et al. 2001). Seed hoarding seems an

adaptative trait enabling Corsican nuthatches to stay on

their territories in the mountains even during such cold

and snowy periods, when most other bird species have

moved downhill to warmer areas. Climatic conditions

were even more severe than today in Corsica during the

cold periods of the Pleistocene, when conditions were

about 7�98C cooler (Prodon et al. 2002). Nevertheless,

the Corsican nuthatch is clearly a paleo-endemic that

could not have re-colonized Corsica after the last glacial

maximum. Although the presence of Corsican pine on

the island during the last glacial maximum has some-

times been questioned (Reille et al. 1997), it is very likely

that the persistence of this tree, at least at low altitudes,

and the hoarding behaviour of the nuthatch, together

enabled the survival of this island endemic during this

critical period.

Is there coevolution between the Corsican nuthatch

and the Corsican pine?

The study of co-evolution between some conifers and

corvids has shown that birds could be the main dispersal

agent of seeds (Ligon 1978, Vander Wall and Balda

1981, Tomback and Linhart 1990). As regards the case

of the Krüper’s nuthatch Sitta krueperi and the Turkish

pine Pinus brutia , a co-adaptation has been suggested,

on the basis of the complete coincidence of the ranges of

the bird and of the pine, and of the fact that the Krüper’s

nuthatch stores the seeds in sites a priori suitable for

their germination (Frankis 1992). However, the case of

the Corsican nuthatch and the Corsican pine is different.

Among the different agents responsible for the dispersal

of pine seeds (Lanner 1998), the wind seems the

main factor for the dispersal of the light winged seeds

(Benkman 1995) of the Corsican pine (Saı̈d 2000).

Moreover, Corsican nuthatches hoard seeds under the

bark of trunks or living branches. Since we have no

evidence of bird caching seeds in the ground, the

hoarding activity of the nuthatch does not seem to

have any positive effect on seed dispersal. Thus, although

the Corsican nuthatch depends on the Corsican pine for

food, the reproduction of the pine seems independent of

the nuthatch.

Nevertheless, coevolution could be involved in the

reciprocal morphological selection in both bill of birds

and cone of pines, as has been established for crossbills

(Benkman 1999, Benkman et al. 2003). The Corsican

nuthatch is a seed predator unable to open cones like

crossbills, but has a long and thin bill that seems to be a

tool perfectly adapted to extract seeds by their wing

when the cone is open. We could verify with a living bird

that the shape and length of nuthatch’s bill exactly fits

the spaces between the scales of open cones, suggesting

these may select for nuthatch bill morphology. But

conversely we do not know if the nuthatch, by its

predation, has driven selection for the morphology of

cones and seeds. Seeds are periodically overabundant,

attracting large numbers of seed-eating birds such as

siskins Carduelis spinus and chaffinches Fringilla coelebs

(pers. obs.), but during the years of low seed production,

sedentary birds, as great spotted woodpecker Dendroco-

pos major, coal tit, and Corsican nuthatch are the only

seed-eater species in Laricio pine forests, where they are

likely to exert severe predation on seeds. The same

situation pertains after wildfire when cones opened by

the heat of the fire have attracted numerous seed-eating

birds (Thibault and Prodon 2006). In this case, the

postfire regeneration of pines completely depends on the

seeds surviving in the cones, so we cannot exclude a

negative effect of seed predation by birds on tree

recruitment.

Habitat selection and conservation issues

We have here shown the preference of the Corsican

nuthatch for older stands with tall large Corsican pines,

and its avoidance of younger stands, both in the breeding

and wintering seasons. We have also shown that this

preference is probably related to a greater availability of

seeds for birds on tall trees during the cold season. An

increase in the productivity of seeds with the age of

the trees has previously been shown for several conifer

species, both in temperate and tropical climates (Holi-

mon et al. 1998, Latta et al. 2000). Structural features

of the trees may also play a role in nuthatch feeding

preference, as the thick bark of older Corsican pines �
being deeply fissured � offers more potential caches for

hoarding seeds and searching for arthropods than the

bark of younger trees. Lastly, older pine stands are more

likely to offer dead snags favourable for digging nest

holes. Thus, the presence of old Corsican pine stands

is a key-factor for the survival of the Corsican nuthatch.

This bird, as well as other species that exploit conifer

seeds, may be threatened if logging and/or fires lead

to the replacement of older stands by younger ones

(Benkman 1993).

The Corsican pine forest is considered as a habitat of

European concern (Annex I of the Habitat Directive,
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Anon. 2001). The surface area of the Corsican pine

forest is currently ca. 21,000 ha, i.e., no more than 2.4%

of the island area, and less than 16 000 ha are considered

as ‘‘mature forest’’ (own unpubl. data). Moreover, the

old stands have a fragmented distribution, as a conse-

quence of both forestry practice and repeated fires. Old

pine stands are mostly confined to less accessible areas

where they are often classified by foresters as ‘‘out

category’’ or ‘‘ecological series’’. Therefore, the strict

conservation of these old stands is essential for the

survival of Corsican nuthatch in the long-term. In this

context, large forest fires like those of the summers 2000

and 2003 in the Corsican mountains represent a major

threat to the survival of this endemic species (Thibault

et al. 2004).
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