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Sexual dimorphism in foraging behaviour of the Great Spotted
Woodpecker Dendrocopos major during winters with rich
crops of Scotch pine cones
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During the winters of 1990-1991 and 1991-1992, when rich crops of Scotch pine
cones were observed, the foraging behaviour of male and female Great Spotted
Woodpeckers was studied in the Wielkopolski National Park, in western Poland .
Fourteen foraging characteristics were distinguished. Aggressive behaviour was ob-
served only rarely . During both winters the exclusive male and female territories
probably did not exist, or were very small and close to one another. Both sexes fed
mainly on pine cones and microhabitat utilization and foraging behaviour patterns
were generally similar. However, significant differences were found in almost all
aspects of male and female feeding niches . Males, more than females foraged on cones
and their foraging behaviour was more stereotyped . Females used a greater spectrum
of microhabitats and techniques, and were more mobile than males. This was probably
a consequence of male social dominance, which influenced the females to feed more
often on alternative food . These differences are thought to be a result of less defined
territories due to a temporarily richer food supply .

North American (Yeager 1955, Selander & Giller
1959, 1963, Baldwin 1960, Koplin 1969, Willson
1970, Morse 1972, Peters & Grubb 1983) and
European (Hogstad 1971, 1976, 1978, Winkler
1973, Aulén & Lundberg 1991) studies of the
foraging habits of sympatric woodpeckers have
disclosed stratal segregation, as well as behav-
ioural differences . For woodpecker species in
which both sexes cohabit a common feeding ter-
ritory, sexual dimorphism has been related to
intraspecific differences in niche utilization

(Kilham 1965, 1970, Selander 1965, 1966, Ligon
1968, Jackson 1970, Short 1970, 1971, Willson
1970, Koch et al . 1970, Kisiel 1972, Hogstad
1976, 1978).

Niche partitioning can arise from genetic
differences or behavioural plasticity (Werner &
Hall 1976). In the first case, intersexual niche
partitioning occurs because each sex has a dif-
ferent, genetically determined preferred niche
(Jackson 1970, Williams 1980). So, the foraging
niche of each sex should not be influenced by the
opposite sex. In the second case, niche differences
between sexes are the result of social dominance
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(Ligon 1968, 1973, Kilham 1970, Glase 1973,
Hogstad 1976, 1978). Most often males, by their
aggressive behaviour, displace females from a
part of the species niche. An experimental analysis
of sex-specific foraging in the Downy Wood-
pecker Picoides pubescens (Peters &Grubb 1983)
supports the second hypothesis . After removing
all males (1) or all females (2) from woodlots,
the authors observed a change in foraging be-
haviour only in case (1), in which females started
to forage like males. Therefore, we can make an
assumption that the sexes in closely related
woodpecker species have different foraging
niches, due to female avoidance of the foraging
microhabitat of socially dominant males.

TheGreat Spotted Woodpecker Dendrocopos
major and the Downy Woodpecker are not
strongly dimorphic species. Only the bill-length
is significantly greater in males (Selander 1966,
Wallace 1974, Hogstad 1978). Hogstad (1976,
1978) hypothesized that weak dimorphism in
several Dendrocopos species is a consequence of
separate feeding territories during the non-
breeding season (Pynnönen 1938, 1961). There-
fore, stronger dimorphism is a defence against
intersexual competition in the species with com-
mon territories during the non-breeding season
(Hogstad 1976, 1978).

In the present study, the intersexual differ-
ences in microhabitat utilization and foraging
behaviour of the Great Spotted Woodpecker were
investigated during two winters with a relatively
high food availability of rich cone crops. The
most important questions addressed are :

1 . Does higher food availability during winter
lead to increased overlapping of male and
female foraging niches?

2. Do both sexes of the Great Spotted Wood-
pecker eat vegetable and animal food in the
same proportion?

3. How can we explain the differences in the
foraging behaviour between males and fe-
males?

2. Materials and methods

The study was conducted during the winters of
1990-1991 and 1991-1992 in an oak-hornbeam
forest, partly mixed with pine, near Poznań
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(Wielkopolski National Park - later WNP,
Grabina Reserve and surroundings ca . 30 ha,
52°15'N, 16°50'E) . The dominant tree species
are Quercus robur and Pinus sylvestris mixed
with less numerous Carpinus betulus, Betula spp.
and Acer spp. The fraction of dead trees in the
study area vary between 5.4% and 14.9% (mean
12.7%, based on several samples from 1 ha square
plot - see Osiejuk 1993). During both winters
the Scotch pine had a rich cone crop .

The foraging behaviour of birds was closely
observed between 8 :00 and 12:00, from 1 De-
cember to 28 February during each winter. To
minimize the effect ofweather, observations were
made only on fine days . One-tree-one-record
method was used (1T1R, Matsuoka 1977, Ishida
1990) . Eight to ten individuals (Osiejuk 1993)
were followed and foraging variables were noted
using a tape-recorder. Data for the two years
were pooled . Fourteen foraging variables were
recorded :

Microhabitat utilization:
Tree species used for foraging,
Tree height (< 10, 10-20, 20 [m]),
Tree diameter at breast height [cm],
Type of tree : dead or alive,
Part of tree used (trunk, branch diameter [cm] :

10, 10-5, 5-3, 3-1, <1),
Height of foraging above the ground (<5, 5-10,

10-15, 15-20, 20 [m]),
Type of the foraging place: dead or alive,
Foraging behaviour:
Foraging technique (gleaning - picking inverte-

brates from the surface; probing - peering
and poking for arthropods on the surface;
scaling - scaling the bark of dead branches or
trunks for food; excavating - subcambial ex-
cavation ; picking up cones and husking),

Foraging pattern: stationary or dynamic,
Body position : horizontal - head up, head down,

head up and down alternately ; vertical -back
up, back down, back up and down alternately,

Movement pattern (straight, spiral, sideward
around),

Direction of movements (up, down,up and down
alternately),

Length of movements [m] (finishing height mi-
nus starting height),

Length of flights between trees [m] .
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Cases of aggressive behaviour between indi-
viduals were also noted. The total time of observa-
tions were 177 minutes for males and 120 minutes
for females (169 and 114 1T1R observation) .
During the breeding seasons of 1991 and 1992
four territories (pairs) were found on the studied
area (Osiejuk 1992, 1993 and unpubl . mat.) .

Foraging diversity was calculated using the
Shannon-Wiener indexH'=-Sp; logp;, where H'

is the diversity value for the particular observation
category (i .e . tree species, foraging technique
etc.), p; is the number of individual observations
made within the sub-division of each category i,
i = 1, 2, . . ., n. All values are expressed as the
ratio J' = H' /Hmax, where H.- is the maximum
possible diversity, representing equal utilization
of all sub-divisions of the categories used by the
species (Pielou 1966).

The degree of intersexual overlap in niche
utilization has been quantitatively determined
using Horn's (1966) equation

in which X and Y represent the total number of
observations (total time) for males and females,
respectively, in the particular category ; x; and y;

represent the number of occurrences (fraction of
observation time) made in the ith sub-division
within each category for Xand Y, respectively .

I used the contingency table method (Rosner
1986) to analyse the original numerical data
concerning foraging behaviour and microhabitat
analysis .

3. Results

3.1 . Microhabitat utilization

Generally, the microhabitat utilization pattern was
similarin males and females, but some significant
differences were found. Males foraged more on
Scots pines (.y2 = 3.17, df = 2, P = 0.2) and on
dead trees than females (x2 = 13 .56, df = 1 , P <
0.001, Table 1) . Females preferred slightly higher
trees, but the difference wasnot significant (x2 =

0.45, df = 1, P = 0.51, Table 1), and spent more
time foraging in the lower part of a tree stand (x2
= 30.65, df = 3, P < 0.001, Table 2) . Both sexes
most often foraged on trunks, but males also
used thicker branches than females (.y2 = 20.96,
df = 5, P < 0.001,Table 2) . No significant differ-
ences were found in the diameter of trees used by

Table 1 . Sexual dimorphism in utilization of different
tree species, trees with different height, diameter at
breast height, and condition .

Table 2 . Sexual divergence in selection of place of
foraging .

Tree characteristic
Percentage

Male
of feeding time

Female

Tree species
Quercus robur 3.7 11 .6
Pinus sylvestris 95.2 88.0
Other 1 .1 0 .4

Tree height [m]
<10 0.0 0.0
10-20 59.5 45.9
< 20 40.5 54 .1

Tree diameter at breast
height [cm]
< 20 5.5 8.7
20-40 76.4 78.6
> 40 18 .1 12 .7

Tree condition
Alive 21 .2 47.7
Dead 78.8 52.3

Place of foraging Percentage of
characteristic Male

feeding time
Female

Place of foraging
Trunk 37.0 32.2
Branches Ø > 10 cm 12 .9 24.3
Branches Ø) 5-10cm 31 .1 8.4
Branches Ø 3-5 cm 0.7 1 .1
Branches Ø 1-3 cm 13.4 25 .7
Branches Ø) < 1 cm 4.9 5.3

Place of foraging condition
Alive 19.7 36.0
Dead 80.3 64.0

Height of place of foraging [m]
<5 - -
5-10 - 2.2
10-15 1 .4 14.5
15-20 72.4 60.6
> 20 26.2 22.6
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both sexes (x 2 = 2.68, df = 2, P = 0.26) . Females
fed more than males on living substrates (x2 =

8 .83, df = 1, P = 0.003, Table 2) . In other aspects
of microhabitat utilization the differences be-
tween the sexes of the Great Spotted Woodpecker
were smaller (Tables 1 & 2) .

3.2 . Foraging behaviour

Foraging behaviour of males and females was more
similar than microhabitat utilization . The variables
connected with locomotion on trees (foraging pat-
tern (x2 = 0.004, df = 1, P = 0.95), movement
direction, body position (x 2 = 4.30, df = 2, P =
0.12), and movement patterns) were nearly the
same or identical (Table 3) . Greater differences
were found only in the preference of foraging
techniques (x2 = 15 .16, df = 4, P = 0.004). Males
fed mainly on cones - 87.9% of feeding time
(husking and picking, Table 3) ; females - 80.1%.
Males picked up cones faster, therefore, the picking
up time / husking time ratio was higher for males
(males - 0.08, females - 0.18) . This difference
explains why males foraged on branches with a
diameter of 5-10 cm almost four times more often
than females and two times less frequently on
branches of 1-3 cm in diameter (husking places
were located on branches 5-10 cm, cones were

picked up from twigs with diameter < 1 cm). Males
did not use scaling at all and females used it to a
very small extent (Table 3) .

The greatest intersexual differences concerned
the velocity of movements on trees and flights
between trees . Females were markedly more ac-
tive than males, spending twice as much time on
feeding with a dynamic foraging pattern, however,
this difference was not significant (Table 3) . Since
the fraction of feeding time with dynamic foraging
pattern was low in both sexes (3% and 7%) no
detailed analysis was made . Both observations of
mean length of flights between the place of forag-
ing (male 12 m, female 19 m; t = -3.16, df = 172, P
= 0.002) and the average time of observation (male
133 and female 179 seconds; t = 2.63, df = 281, P
= 0.009) support the hypothesis that females are
more mobile than males (Table 4) .

3.3 . Aggressive and territorial behaviour

Aggressive behaviour was observed four times
during 297 minutes of total observation time . All
of these observations concern a male attacking a
female . Aggressive behaviour was initiated when
females fed too close to males (0.5-2 m) . Many
times I observed a few individuals feeding within
10-30 m of each other without any aggressive
behaviour.

Table 3 . Sexual differences in foraging behaviour of
Great Spotted Woodpecker .

3.4 . Foraging diversity and intersexual niche
overlap

In my study I found that the females scored
higher values of foraging diversity in nine cat-

Table 4 . Characteristic of the flights between places
of foraging - intersexual divergence .

Characteristic of the fligths Male Female

The total lenght of the flights during
1 our of observation [m/h] 288 589

Number of fligths during 1 hour of 24 31
observation

Average length of the flight [m] 12.3 18.8
Number of observations 96 78

Foraging behaviour
characteristic

Percentage of
Male

feeding time
Female

Foraging pattern
Stationary 96.9 93.3
Dynamic 3.1 6 .7

Movement direction
Up 89.2 73.2
Up & down 10.8 26.8

Body position
Horizontal with head up 93.4 93 .1
Vertical with back down 6.6 6.9

Foraging technique
Gleaning 4.0 2 .2
Probing - -
Scaling - 4.9
Excavating 8 .1 12.8
Husking 81 .7 68.0
Picking up cones 6.2 12 .1
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egories (except the categories : tree species, tree
diameter, and movement pattern) (Table 5,
Wilcoxon matched-pairs signed-ranks test, z =
-2.31, P = 0.0208) . These results indicate that
the foraging behaviour of males in WNP was
more stereotyped than that of the females. The
degree of intersexual overlap, Ro, ranged from
0.92 to 1 . Overlap in niche utilization between
the sexes were lowest in places of foraging, tree
condition, and height of foraging (Table 5) .

4. Discussion

During the two winters studied both sexes of the
Great Spotted Woodpecker foraged mainly on
Scots pine cones. The differences in the use of
almost all categories show that female foraging
behaviour was more diverse (Tables 1 to 5) . Be-
cause females foraged on animal food during
20% of their feeding time (males only 12%),
they used a greater spectrum of microhabitat,
techniques and other factors.

In winters with low food availability males
and females of the Great Spotted Woodpecker
hold exclusive territories, so the microgeografic
allopatry is reduced by intersexual competition
for food . Consequently, both sexes show similar

Table 5. Indices of intersexual overlap in foraging
behaviour and foraging diversity of males and fe-
males of Great Spotted Woodpecker .

ORNIS FENNICA Vol. 71, 1994

foraging patterns and do not waste energy in
conflict over foraging sites (Hogstad 1978).

During the two winters I studied the food
availability was high, because of rich crops of
Scots pine cones. Aggressive behaviour was
rarely observed except for individuals feeding
too close to each other. Birds frequently fed within
10-30 m of each other without any aggressive
behaviour. This suggests that during my studies
exclusive male and female territories did not ex-
ist or they were very small. Pynnönen (1939)
noticed that Great Spotted Woodpeckers, espe-
cially when populations are high take up such
clearly defined territories that the boundaries can
be drawn to the exact trees . Pulliainen (1963)
made a similar observation. Because the observed
individuals were not marked, it is hard to recog-
nize which situation I found in WPN (i .e . no
exclusive territories or territories are very small) .
However, the analysis of the flights of observed
birds support the first hypothesis .

Based on the results obtained we can assume
that both sexes tried to maximize energy income
by feeding on the `easiest food' (Stephen & Krebs
1986, see also Pulliainen 1963, Osiejuk 1991) .
But females, as a social sub-dominant (Ligon
1968), were sometimes forced to resign tempo-
rarily from this kind of food . This probably hap-
pens only if they come too close to a male . Some
facts support the conclusion that niche differences
between the sexes may arise from male domi-
nance. (1) Female has to shift to a less preferred
niche in the presence of a male (only when dis-
tance between the male and female is very short) .
(2) While females were more mobile than males
during foraging, they - suprisingly - spent
more time on husking and picking. So, cones
were a relatively worse kind of food for females
(lower ratio energy income / time of foraging,
Stephens & Krebs 1986). My observations sug-
gest that it might be caused by the females' be-
haviour to avoid energy-wasting combats (see
Skoczylas 1961, Kilham 1962, 1970, Ligon 1968,
Williams & Batzli 1979, Peters & Grubb 1983).
Maybe, during foraging on competetive food,
females have to keep an eye on males, so they
needed more time for husking and picking up .

Because of a difference between the habitats
and a difference in methodology, it is hard to
make a comparison between my results and

Variables of micro-
habitat utilisation
and foraging
behaviour

Indices of
intesexual
overlap

(R o)

Foraging
(J')

Male

diversity

Female

Tree species 0.98 0.38 0.35
Tree height 0.99 0.70 099
Tree diameter 0.98 0.66 0.60
Tree condition 0.94 0.69 1
Place of foraging 0.91 0.81 0.82
Place condition 0.98 0.72 0.94
Height of foraging 0.94 0.46 0.72
Foraging pattern 0.99 0.20 0.36
Movement direction 0.97 0.49 0.84
Body position 1 0.35 0.36
Movement pattern 1 0 0
Foraging technique 0.96 0.42 0.62

Mean 0.97 0.49 0.63
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Hogstad's (1978) in a straightforward way. There
are, however, some basic differences between
these two studies:

1. Hogstad (1978)
a)

	

low food availability,
b) exclusive male and female territories,
c) similar foraging behaviour of male and

female,
d) intersexual competition for food reduced

by microgeografic allopatry .
2. Wielkopolski National Park

a)

	

high food availability,
b) probably no exclusive territories (or very

small territories),
c) significant differences in foraging be-

haviour of male and female,
d) intersexual competition for food reduced

by female shift to a less preferred niche
in the presence of males.

The conclusion is that the differences be-
tween feeding niches of the male and female of
the Great Spotted Woodpecker were related to a
less territorial system, in my study, due to a
temporarily richer food supply .
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Selostus: Puolalaisten käpytikkojen
talviruokailu

Wielkopolskin kansallispuistossa tutkituilla
käpytikkakoirailla ja -naarailla havaittiin erilaiset
ruokailutavat . Koiraat söivät enemmän käpyjä
kuin naaraat, jotka olivat ruokailussaan moni-
puolisempia ja liikkuvampia. Kirjoittaja arvelee
erojen syyksi koiraan sosiaalista ylivaltaa.

References

Aulén, G. & Lundberg, A . 1991 : Sexual dimorphism and
patterns of territory use by the White-backed Wood-
pecker Dendrocopos leucotos . - Ornis Scand . 22:60-
64 .

Baldwin, P . H . 1960 : Overwintering of woodpeckers in
bark beetle-infested spruce-fir forests of Colorado. -
Proc . 12 int . Orn . Congr . : 71-84 .

149

Glase, J . C . 1973 : Ecology of social organization in the
Black-capped Chickadee . - Living Bird 12:235-267 .

Hogstad, O . 1971 : Stratification in winter feednig of the
great spotted woodpecker Dendrocopos major and the
three-toed woodpecker Picoides tridactylus . - Omis
Scand. 2:143-146 .

- 1976 : Sexual dimorphism and divergence in winter
foraging behaviour of three-toed woodpecker Picoides
tridactylus and three Dendrocopos species . - Ibis
118 :41-50 .

-

	

1978 : Sexual dimorphism in relation to winter foraging
and territorial behaviour ofthe three-toed woodpecker
Picoides tridactylus and three Dendrocopos species.
- Ibis 120:198-203 .

Horn, H . S . 1966 : The measurements of `overlap' in eco-
logical studies . - Am. Nat. 100 : 419-424 .

Ishida, K . 1990 : Woodpecker activities and forest struc-
ture, with regard to recording techniques for conser-
vational research . - In : Carlson, A . & Aulen, G .
(ed .), Conservation and management of woodpecker
populations. Swedish University of Agricultural Sci-
ences, Department of Wildlife Ecology, Uppsala, Re-
port 17:103-116 .

Jackson, J. A . 1970 : A quantitative study of the foraging
ecology of downy woodpeckers . - Ecology 51 :318-
323 .

Kilham, K . 1962 : Reproductive behaviour of Downy
Woodpecker . - Condor 64:126-133 .

-

	

1965 : Differences in feeding behaviour of male and female
hairy woodpeckers . - Wilson Bull . 77 :134-145 .

- 1970 : Feeding behavior of Downy Woodpeckers . I .
Preferences for paper birches and sexual differences .
- Auk 87:544-556 .

Kisiel, D . S . 1972 : Foraging behavior of Dendrocopos
villosus and D . pubescens in eastern New York State .
- Condor 74:393-398 .

Koch, R . F ., Courchesne, A . E . & Collins, C . T . 1970 :
Sexual differences in foraging behaviour of white-headed
woodpeckers . - Bull . Sth. Calif . Acad . Sci. 69:60-64 .

Koplin, J . R . 1969 : The numerical response of woodpeck-
ers to insect prey in a subalpine forest in Colorado. -
Condor 71 : 436-438 .

Ligon, J . D. 1968 : Sexual differences in foraging behaviour
in two species of Dendrocopos woodpeckers . - Auk
85:203-215 .

- 1973 : Foraging behaviour ofwhite-headed woodpecker
in Idaho . - Auk 90:862-869 .

Matsuoka, S . 1977 : On the ecological overlaps and differ-
ences among five sympatric species of woodpeckers,
with special reference to their foraging ecology. -
Dr. thes ., The University of Hokkaido [English sum-
mary] .

Morse, D . H . 1972 : Habitat utilization of the red-cockaded
woodpecker during winter. - Auk 89:429-435 .

Osiejuk, T . S . 1991 : Foraging behaviour of young great
spotted woodpecker (Dendrocopos major) in summer.
[In Polish with English summary] -Not . omit . 32(3-
4) : 27-36 .



150

- 1992 : Habitat selection and foraging behaviour od
woodpeckers, treecreepers and nuthatch-preliminary
report . - In : Materiay z Konferencji Naukowej :
Przyroda Wielkopolskiego Parku Narodowego, Jeziory
2 grudnia 1992r. [In Polish] .

- 1993 : Habitat selection vs territory size in bark-for-
aging guild . [In Polish] - Master's Thesis in Dept.
ofAvian Biol . and Ecol., University of A . Mickiewicz,
Poznań .

Pielou, E . C. 1966 : The measurement of diversity in dif-
ferent type of biological collections. - J . Theor . Biol .
13 :131-144 .

Peters, Wm. D . & Grubb, T . C . Jr . 1983 : An experimental
analysis of sex-specific foraging in the downy wood-
pecker, Picoides pubescens . - Ecology 64(6) : 1437-
1443 .

Pulliainen, E . 1963 : Observations on the Autumnal Terri-
torial Behaviour of the Great Spotted Woodpecker,
Dendrocopos major (L.) . - Ornis Fennica 40:132-
139 .

Pynnönen, A . 1939: Beitrdge zur Kenntnis der Biologie
finnischer Spechte, I . - Ann. Soc . Zool-Bot . Fenn . 7 .

Rosner, B . 1986 : Fundamentals ofbiostatistics.-Duxbury
Press, Harvard University, Boston Massachusetts .

Selander, R . K. 1965 : Sexual dimorphism in relation to
foraging behaviour in the hairy woodpecker . - Wilson
Bull . 77:416 .

-

	

1966 : Sexual dimorphism and differential niche utili-
zation in birds . - Condor 68:113-151 .

Selander, R . K . & Giller, D . R . 1959 : Interspecific relations
of woodpeckers in Texas . - Wilson Bull 71 :107-
124 .

ORNIS FENNICA Vol. 71, 1994

-

	

1963 : Species limits in the woodpecker genus Centurus
(Aves) . - Bull . Am . Mus . Nat. Hist . 124:215-273 .

Short, L . L . 1970 : Reversed sexual dimorphism in tail
length and foraging differences in woodpeckers . -
Bird-Banding 41 :85-92 .

- 1971 : Systematics and behavior of some North
American woodpeckers, genus Picoides (Aves) . -
Bull . Am . Mus . Nat . Hist. 145 :1-118 .

Skoczylas, R . 1961 : Dynamika liczebno ści, rozmieszczenie
pionowe i zachowanie terytorialne dzi ę cioł a pstrego
du żego (Dryobates major L .) w borze sosnowym. -
Ekol . Pol . Seria A9:229-243 .

Stephens, D . W. & Krebs, J . R . 1986 : Foraging theory . -
Princeton University Press.

Wallace, R. W. 1974 : Ecological and social implications
of sexual dimorphism in five melanerpine woodpeck-
ers . - Condor 76:238-248 .

Werner, E . E . & Hall, D. J . 1976 : Niche shifts in sunfishes :
experimental evidence and significance. - Science
1991:404-406 .

Williams, J . B . 1980 : Intersexual niche partitioning in
Downy Woodpeckers . -Wilson Bull . 92:439-451 .

Williams, J . B . & Batzli, G. 0 . 1979 : Interference compe-
tition and niche shifts in the bark-foraging guild in
central Illinois . -Wilson Bulletin 91 :400-411 .

Willson, M . F . 1970 : Foraging behaviour of some winter
birds of deciduous woods . - Condor 72:169-174 .

Winkler, H . 1973 : Nahrungserwerb and Konkurrenz des
Blutspechts, Picoides (Dendrocopos) syriacus . -
Oecologia, Berl . 12:193-208 .

Yeager, L. E . 1955 : Two woodpecker populations in rela-
tion to environmental change . - Condor 57:148-153.


