Flexible foraging behaviour in the Danish Parus

guild: a privilege of the Coal Tit?
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(Med et dansk resumé: Fleksibel fourage-
ringsadferd hos smdfugle i mejsegildet:
Sortmejsens privilegium?)

Introduction

Ever since Darwin (1859) introduced his charis-
matic ideas and views, competition has had a
leading role in the scientific discipline of ecology.
However, interest first became intensified when
studies of niches were undertaken (Grinell 1917,
Lack 1944). Niche shifts, where species expand
their resource utilisation in the absence of ecolog-
ical similar species, have most often been inter-
preted as indirect proofs of the existence and sig-
nificance of interspecific competition (see also
Herrera (1978), Sgrensen (1997) and Sgrensen
(1998)). Numerous studies have investigated
niches and demonstrated niche shifts in a wide
range of organisms, such as bees (Inouye 1978),
birds (Alerstam et al. 1974, Alatalo 1981, Grant &
Grant 1982, Madsen 1985), fishes (Werner & Hall
1976), lizards (Pacala & Roughgarden 1982) and
primates (Ganzhorn 1989).

A number of tit species belonging to the genus
Parus are prominent members of bird communiti-
es in most temperate woodlands. Together with
additional species they form distinct assemblages
(Parus guilds) of foliage-gleaning species, which
are often seen foraging together. Comparative
studies of tits have shown niche shifts consistent
with the interpretation of interspecific competition
(Alerstam et al. 1974, Herrera 1978, Hogstad
1978, Alatalo 1980, 1981). Such shifts have been
demonstrated on both regional and local scales,
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between areas of allopatry and sympatry (e.g.,
Gotland vs Swedish mainland (Alatalo 1981)). In
addition, field experiments have confirmed that
competition occurs among species in the Parus
guild (Alatalo et al. 1985, 1987).

In a previous study (Sgrensen 1997), I reported
consistent niche shifts in Coal Tit Parus ater popu-
lations on two Danish islands, compared to two
mainland sites and, in addition, local niche shifts
in relation to flock composition. But what about
the other species in the Danish Parus guild? A
study from Finland demonstrated niche shifts in
response to different flock compositions by Gold-
crests Regulus regulus and Willow Tits P. monta-
nus (Alatalo 1981) (see also Hogstad (1978) for
Norwegian data). On the other hand, Alerstam et
al. (1974) found that only Coal Tits performed
niche shifts when Swedish mainland and insular
populations were compared. Moreover, Herrera
(1978) demonstrated niche shifts by Blue Tits P.
caeruleus in Spanish oak woodlands. Hence, the
picture is blurred.

The aim of the present study was to investigate
whether species in the Danish Parus guild (apart
from Coal Tits) respond to changes in flock
composition by modifying their foraging behav-
iour, locally, as well as geographically. The local
shifts were examined by observing mixed flocks,
which generally provide an excellent opportunity
to study niche shifts in ecological time, since dif-
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ferent species can be observed with or without
putative competing species. Niche shifts between
sites (geographical niche shifts) were assessed by
observing tit populations at two mainland sites and
two islands. As far as I know, previous studies
have not involved multiple islands and mainland
sites. The present study was performed in autumn,
whereas most earlier studies on foraging behav-
iour have been performed during winter.

Populations, study areas and methods
Five species of tits commonly breed in Denmark.
Four species are widely distributed, whereas
Crested Tits P. cristatus are restricted to Jutland
and Funen. In addition, Crested Tits, and to some
extent Marsh Tits P. palustris, are largely absent
from isolated islands in the Danish archipelago
(Wiggins & Mgller 1997). The data were gathered
in autumn 1995 at four sites: Mols (56°14°N,
10°34°E) and Stensbzk (55°16°N, 8°57’E) (main-
land); and Anholt (56°42’N, 11°34°E) and Lasg
(57°16’N, 11°00’E) (islands). Observations were

made from mid-September to early November at
Mols; in mid-October at Stensbak; from late
September to early November on Anholt; and in
late October on Lasg. The data were collected
alongside with the Coal Tit data previously pre-
sented (Sgrensen 1997).

The islands Anholt and Lesg in the Kattegat
covers 23 km?2 and 100 km2, respectively. The
shortest distance from Anholt to the mainland is 48
km, from Lasg 29 km. The distance between the
two islands is 72 km. Pines Pinus sylvestris and P.
mugo dominated the woods on Anholt; on Lasg,
pine, spruce Picea abies and P. sitchensis, and
deciduous trees were all common. The Mols site
was dominated by pine and spruce with some larch
Larix decidua and deciduous trees, especially
birch Betula spp. The Stensbzk site was domi-
nated by spruce with some pine.

Anholt and Lasg sustain the same Parus spe-
cies, namely Great P. major, Blue and Coal Tits.
The mainland sites also hold these species, but
here Crested and Marsh Tits are present as well.
The study sites thus represent pairwise geographi-

Tab. 1. Tests of potential study site differences in median foraging site scores (Mann-Whitney U-tests). Mols and
Stensbak are mainland sites, Anholt and Leasg islands. GT: Great Tit, BT: Blue Tit, GCr: Goldcrest. SE: Standard

error of the mean.

Mann-Whitney U-tests af potentielle forskelle mellem valg af fourageringssted pa studielokaliteterne. Mols og Stens-
beek er fastlandslokaliteter, Anholt og Leesg er ger. GT: Musvit, BT: Blamejse, GCr: Fuglekonge. Tests er lavet for 3
forskellige treetyper; Pine: Fyrretreeer, Deciduous: Lovtreeer, Spruce: Grantreeer. SE: Middelfejl pa middelveerdi.

Species Study sites Tree Score? SE N Zb P

Art Lokalitet Treetype

GT Mols vs Anholt Pine 2.29/2.37 0.10/0.09 40/43 -1.8 0.86
Mols vs Lesg Pine 2.29/2.25 0.10/0.15 40/36 -1.2 0.24
Mols vs Anholt Deciduous 2.41/2.49 0.07/0.13 60/20 -0.6 0.54
Mols vs Lesg Deciduous 2.41/2.43 0.07/0.08 60/44 -0.1 0.96
Anbholt vs Lesg Pine 2.37/2.25 0.09/0.15 43/36 -1.5 0.15

BT Mols vs Anholt Pine 2.46/2.85 0.21/0.22 12/9 -1.6 0.10
Mols vs Anholt Deciduous 2.74/2.14 0.09/0.38 23/6 -1.7 0.09

GCr Mols vs Anholt Pine 3.42/3.58 0.16/0.04 19/153 0.7 0.50
Mols vs Lesg Pine 3.42/3.61 0.16/0.07 19/51 -0.9 0.36
Mols vs Anholt Spruce 3.66/3.58 0.08/0.12 29/15 -0.4 0.67
Mols vs Lesg Spruce 3.66/3.68 0.08/0.09 29/24 -0.1 0.89
Stensbaek vs Anholt  Spruce 3.82/3.58 0.06/0.12 28/15 -1.5 0.13
Stensbzk vs Lasg Spruce 3.82/3.68 0.06/0.09 28/24 -1.2 0.22
Anbholt vs Lesg Pine 3.58/3.61 0.04/0.07 153/51 -0.5 0.60
Anholt vs Lesg Spruce 3.58/3.68 0.12/0.09 15/24 -0.5 0.59
Mols vs Stensbzk Spruce 3.66/3.82 0.08/0.06 29/28 -1.5 0.12

a Mean values middelveerdier
b Corrected for ties korrigeret teststgrrelse
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Fig. 1. Foraging site scores (left) and foraging heights (right) for Goldcrests on Anholt during foraging-bouts in
spruce stands with or without Great Tits (GT) present. Bars indicate one SE.

Fourageringsscorer (til venstre) og fourageringshgjder (til hgjre) for Fuglekonger pa Anholt under fouragering i
grantreeer med eller uden tilstedeveerelsen af Musvit (GT). SE er angivet over sgjlerne.

cal replicas (Anholt/Lasg and Mols/Stensbak) in
terms of Parus guild composition, thus diminish-
ing the problem of potential differences in local
environments of the study sites. Additional speci-
es, such as Goldcrest, Treecreeper Certhia famili-
aris, and Chiffchaff Phylloscopus collybita were
sometimes part of the guilds. Thus, besides Coal
Tits, Goldcrests, Great and Blue Tits are found at
all four sites; these were all included in the inves-
tigation for geographical niche shifts. Potential
niche shifts in relation to flock composition (local
shifts) were investigated at Mols, and for Gold-
crests also on Anholt, using the presence/absence
procedure previously applied (Alatalo 1981,
Sgrensen 1997).

After localising flocks or single birds, foraging
sites were recorded every 15 s. Due to the activity
of the birds and the dense canopy, the number of
observations usually ranged between one and
three; more than five observations per individual
were never made. In order to minimise observer
bias, the first record was not taken until 15 s after
the focal bird was sighted. Tree category (pine,
spruce, larch or deciduous), foraging site, esti-
mated foraging height (to the nearest m), and flock
size and composition were recorded. The
following foraging sites were distinguished: trunk,
branch, twig and needle (Ulfstrand & Nilsson
1976). Foraging site scores were defined on an
ordinal scale signifying a spatial gradient:
trunk=1, branch=2, twig=3 and needle=4.

To assess the degree of intraspecific competi-
tion between Coal Tits, observations were divided

into two categories: Coal Tits foraging alone and
Coal Tits foraging with conspecifics only.

In order to minimise the detrimental effect of
pseudoreplication (Hurlbert 1984), which has
plagued most earlier investigations, mean values
of foraging site scores and foraging heights for
each individual were used in all statistical treat-
ments. Possible niche shifts were investigated by
Mann-Whitney U-tests (foraging site medians)
and unpaired t-tests (foraging height means).

Results

No significant differences could be found in any
mainland/island comparisons of foraging site
scores of Goldcrests, Great and Blue Tits. Further-
more, there were no inter-island, nor any inter-
mainland differences with respect to foraging site
scores of the three species (Tab. 1).

Potential local niche shifts (flock composition
shifts) at Mols were investigated, but could not be
demonstrated for any species. This applied to fora-
ging site scores (Tab. 2) as well as foraging
heights (Tab. 3). The same picture emerged in the
Goldcrest population on Anholt, during foraging
bouts in spruce stands with or without Great Tits
present (Fig. 1). Unfortunately, I was unable to
gather enough data on the Goldcrest with and
without Coal Tits present from any of my study
sites.

Finally, I found no differences in foraging site
scores when Coal Tits were observed alone or with
conspecifics only (Tab. 4). Hence, the degree of
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Tab. 2. Foraging site scores of birds in the Parus guild in relation to flock composition at Mols. CrT: Crested Tit, MT:
Marsh Tit, CC: Chiffchaff (other abbreviations as in Tab. 1).

Fourageringsscorer for arter tilhprende mejsegildet sat i relation til floksammensctning, Mols. CrT: Topmejse, MT:
Sumpmejse, CC: Gransanger (pvrige forkortelser som i Tab. 1).

Species Flock composition Tree Score? N 7Zb P

Art Floksammenseetning Treetype

GT Without CrT and BT Pine 2.33+0.11 35 11 027
With CrT 2.14+0.14 7 ’ ’

GT Without BT and CrT Deciduous 2.46 +0.09 33 04 0.66
With BT 2.36+0.13 25 ’ ’

MT Without GT and BT Deciduous 2.72+0.10 15 08 043
With GT 2.79+0.11 16 ’ ’

CrT W}thout GT Pine 2.14+0.11 32 07 0.46
With GT 2.01+0.12 16

BT Without GT and MT Deciduous 2.73+0.14 11 01 0.89
With GT 2.79+0.10 14 ’ ’

BT Without GT and MT Pine 2.51+0.35 7 03 0.74
With GT 2.40+0.19 5 ’ ’

CcC Without GT Pine 3.35+0.15 10 1 026
With GT 3.14+0.11 14 ’ ’

a Mean + SE

b Corrected for ties korrigeret teststprrelse

Tab. 3. Foraging heights (m) of birds in the Parus guild in relation to flock composition at Mols (see Tab. 1 and Tab.
2 for abbreviations).

Gennemsnitlige fourageringshgjder (m) for arter tilhprende mejsegildet sat i relation til floksammensctning, Mols
(forkortelser som i Tab. 1 og Tab. 2).

Species Flock composition Tree Height2 N t P
Art Floksammenscetning Treetype
GT Without CrT and BT Pine 49+04 35 153 013
With CrT 6.3+1.0 7 ' ’
GT Without BT and CrT Deciduous 3.5+0.2 33 153 013
With BT 29+03 25 ' ’
MT Without GT and BT Deciduous 2.6+0.3 14
With GT 1.9+0.2 16 1.80 0.083
CrT Without GT Pine 6.8+0.6 32
With GT 7.0+0.7 16 017 087
BT Without GT and MT Deciduous 3.6+0.4 11 151 014
With GT 2.8+04 14 ’
BT Without GT and MT Pine 5.1+0.37 156 015
With GT 6.0+£0.5 5 ' ’
CcC Without GT Pine 6314 10
With GT 52+04 10 0.77 0.45

aMean + SE
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Score#?
Coal Tits alone Coal Tits with conspecifics zZb P N
Sortmejser alene Sortmejser med artsfeeller
Mols, pine 3.75+0.20 3.44+0.19 -1.5 0.13 10/13
Mols, spruce 3.57+0.11 3.50+0.08 -0.9 0.36 39/57
Anholt, pine 3.20+0.13 3.15+0.10 -0.6 0.55 45/53
Stensbek, spruce 3.69+0.13 3.61+0.11 -0.2 0.88 12/31

aMean * SE
b Corrected for ties korrigeret teststprrelse

intraspecific competition on foraging site choice
among Coal Tits appears to be negligible.

Discussion

Niche shifts in species belonging to the Parus
guild have previously been demonstrated in
Sweden (Alerstam et al. 1974), Spain (Herrera
1978) and Finland (Alatalo 1981), so local niche
shifts by subdominant species, such as Goldcrest,
Chiffchaff and Marsh Tit were to be expected in
Denmark. Due to the missing Marsh and Crested
Tits on both islands, geographical niche shifts
were anticipated by at least the Goldcrest. How-
ever, none of these expectations were met. The
results might have turned out differently if the
study had been performed in winter, when resour-
ces are scarce, thus creating a greater incentive to
optimise foraging efficiency (Alatalo 1980). Still,
it is likely that no niche shifts have occurred over
evolutionary time or are occurring (ecological
time). The former is in accordance with Wiggins &
Mgller (1997), who conclude that the present
breeding distributions of the Parus guild species in
the Danish archipelago are largely a result of
biogeographic factors (island size and isolation)
and dispersal propensity, but not interspecific
competition. Consequently, interspecific competi-
tion might not have been a strong selective agent
in the three species (Goldcrest, Great and Blue Tit)
on the two islands, unlike insular Coal Tits (Sgren-
sen 1997).

Previous studies have not considered intraspe-
cific competition. The present study suggests that
the degree of intraspecific competition among
Coal Tits of foraging site selection is negligible. A
possible explanation of this lack of competition

might be kinship among Coal Tits in the same
flock. Coal Tits might by this non-competitive
approach promote the survival of relatives.

The studied species showed little flexibility in
their foraging behaviour, indicating a rather rigid
foraging organisation, at least in the non-winter
period. My study does not exclude the possibility
of small-scale flexibilities (e.g. foraging flexibili-
ty as a response to differential microhabitat prey
density (Smith & Sweatman 1974)). Other factors
that could have influenced searching efficiency are
morphological constraints (e.g. large size of Great
Tits (Wiggins et al. 1998)), predation risk, prey
abundance, palatability and conspicuousness (see
Royama (1970) for details). However, these con-
siderations are beyond the scope of this paper.

The evidence from the present study, combined
with my earlier findings, indicates that the Coal Tit
is the only species in the Danish autumn Parus
guild that alters its foraging behaviour in response
to differential flock composition, geographically
as well as locally. This flexibility is probably
necessitated by the small size of the Coal Tit, as a
method of coping with the competitive pressures
exerted by the other species in the guild, whereby
foraging optimisation might be achieved. Another
way for Coal Tits to optimise their foraging efforts,
in spite of fierce interspecific competition, seems
to be an overall refrainment from intraspecific
competition.

The other species in the autumn Parus guild
occupy, by virtue of their dominance status, profit-
able foraging sites (e.g. Great Tits and Crested
Tits), or are forced to occupy low-quality foraging
sites (e.g. Goldcrests and Coal Tits), in return for
the many benefits of flocking (Krebs et al. 1972,
Krebs 1973).
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Resumé

Fleksibel fourageringsadfzerd hos smafugle i mejse-
gildet: Sortmejsens privilegium?

Fourageringsadferd hos en lang reekke smafugle blev i
efteraret 1995 studeret pa fire lokaliteter i Danmark.
Undersggelsen blev udfert pa to ger, Anholt og Leesg,
samt pa to jyske lokaliteter, Mols Bjerge og Stensbak.
Jeg var interesseret i at undersgge potentielle nichefor-
skydninger for derigennem at kunne sige noget om
graden af interspecifik konkurrence i disse fuglesam-
fund, hvori de fleste arter er mejser.

Denne artikel, der er en opfglgning pa Sgrensen
(1997), undersgger to slags nicheforskydninger: (1)
geografiske adferdsforskelle mellem ger og fastlandslo-
kaliteter og (2) lokale og midlertidige forskelle i
fraveer/tilstedevearelse af dominante arter, sisom Musvit
Parus major og Topmejse P. cristatus. Pa Anholt og Lesg
er Topmejsen og Sumpmejsen P. palustris fravarende.

De to nicheparametre fourageringsscore og -hgjde
blev undersggt; fourageringsscoren er en talmassig angi-
velse af fourageringsstedet pa treet: stamme=1, gren=2,
kvist=3, nale=4. Jeg fandt hverken geografiske nichefor-
skydninger med hensyn til fourageringsscore (Tab. 1)
eller lokale forskydninger i fourageringsscore og -hgjde
(Tab. 2, Tab. 3).

Den narvaerende undersggelse indikerer, at interspe-
cifik konkurrence er (og har veret) en svag evolutionar
drivkraft for de undersggte arters udvikling og udbredel-
se. Disse indikationer er i overensstemmelse med
konklusionerne fra et nyligt studium af mejsers udbre-
delse pa 53 danske ger (Wiggins & Mgller 1997).

Undersggelsen understreger Sortmejsens P. ater unik-
ke status i "mejsegildet" med hensyn til dens fleksible
fourageringsadferd (Sgrensen 1997). Hermed antydes
en temmelig veletableret fourageringsorganisation i
resten af gildet — i hvert fald om efteraret.

Sortmejsen er med sine 9,5 gram den n@stmindste art
i gildet, og er derfor en af de laveste i hierarkiet. En Sort-
mejse, der konfronteres med en stor Musvit eller en
hidsig Blamejse P. caeruleus, ma ofte ngjes med mindre
optimale fgdekilder. Sortmejsens fleksibilitet bevirker
imidlertid, at den hurtigt kan skifte til mere profitable
fgdeomrader, nar chancen byder sig. Min undersggelse
indikerer ogséa en anden made, hvorpé fgdekonkurrence
mindskes — Sortmejser undgar nemlig i vid udstrekning
konkurrence med artsfeeller (Tab. 4).

References

Alatalo, R.V. 1980: Seasonal dynamics of resource parti-
tioning among foliage-gleaning passerines in northern
Finland. — Oecologia (Berl.) 45: 190-196.

Alatalo, R.V. 1981: Interspecific competition in tits
Parus and goldcrest Regulus regulus: foraging shifts
in multispecific flocks. — Oikos 37: 335-344.

Alatalo, R.V., L. Gustafsson, M. Lindén & A. Lundberg
1985: Interspecific competition and niche shifts in tits
and the goldcrest: an experiment. — J. Anim. Ecol. 54:
977-984.

Alatalo, R.V., D. Eriksson, L. Gustafsson & K. Larsson
1987: Exploitation competition influences the use of
foraging sites by tits: experimental evidence. — Ecolo-
gy 68: 284-290.

Alerstam, T., S. G. Nilsson & S. Ulfstrand 1974: Niche
differentiation during winter in woodland birds in
southern Sweden and the island of Gotland. — Oikos
25:321-330.

Darwin, C. 1859: On the origin of species by means of
natural selection, or the preservation of favoured races
in the struggle of life. — John Murray, London.

Ganzhorn, J. U. 1989: Niche separation of seven lemur
species in the eastern rainforest of Madagascar. —
Oecologia (Berl.) 79: 279-286.

Grant, R. B. & P. R. Grant 1982: Niche shifts and compe-
tition in Darwin’s finches: Geospiza conirostris and
congeners. — Evolution 36: 637-657.

Grinnell, J. 1917: The niche-relationships of the Califor-
nia Thrasher. — Auk 34: 427-433.



Herrera, C. M. 1978: Niche-shift in the genus Parus in
southern Spain. — Ibis 120: 236-240.

Hogstad, O. 1978: Differentiation of foraging niche
among tits Parus spp., in Norway during winter. — Ibis
120: 139-146.

Hurlbert, S. H. 1984: Pseudoreplication and the design of
ecological field experiments. — Ecol. Monogr. 54:
187-211.

Inouye, D. W. 1978: Resource partitioning in bumble-
bees: experimental studies of foraging behaviour. —
Ecology 59: 672-678.

Krebs, J. R. 1973: Social learning and the significance of
mixed-species flocks of chickadees (Parus spp.). —
Can. J. Zool. 51: 1275-1288.

Krebs, J. R., M. H. MacRoberts & J. M. Cullen 1972:
Flocking and feeding in the Great Tit Parus major - an
experimental study. — Ibis 114: 507-530.

Lack, D. 1944: Ecological aspects of species-formation
in passerine birds. — Ibis 86: 260-286.

Madsen, J. 1985: Habitat selection of farmland feeding
geese in West Jutland, Denmark: an example of a
niche shift. — Ornis Scand. 16: 140-144.

Pacala, S. W. & J. Roughgarden 1982: Resource parti-
tioning and interspecific competition in two two-
species insular Anolis lizard communities. — Science
217: 444-446.

Royama, T. 1970: Factors governing the hunting behav-
iour and food selection of the Great Tit (Parus major
L.). = J. Anim. Ecol. 39: 619-688.

Smith, J. N. M. & H. P. A. Sweatman 1974: Food-
searching behaviour of titmice in patchy environ-
ments. — Ecology 55: 1216-1232.

Foraging behaviour in tits 171

Serensen, M. F. L. 1997: Niche shifts of Coal Tits Parus
ater in Denmark. — J. Avian Biol. 28: 68-72.

Serensen, M. F. L. 1998: [Field studies of interspecific
competition: observations versus experiments.] —
Dansk Orn. Foren. Tidsskr. 92: 268-274. (In Danish
with English summary)

Ulfstrand, S. & S. G. Nilsson 1976: Quantitative compo-
sition and foraging niches of a passerine bird guild in
pine plantations in Denmark during winter. — Ornis
Scand. 7: 171-178.

Werner, E. E. & D. J. Hall 1976: Niche shifts in sunfish-
es: experimental evidence and significance. — Science
191: 404-406.

Wiggins, D. A. & A. P. Mgller 1997: Island size, isola-
tion, or interspecific competition? The breeding distri-
bution of the Parus guild in the Danish archipelago. —
Oecologia (Berl.) 111:255-260.

Wiggins, D. A., A. P. Mgller, M. F. L. Sgrensen & L. A.
Brand 1998: Island biogeography and the reproduc-
tive ecology of Great Tits Parus major. — Oecologia
(Berl.) 115: 478-482.

Accepted 15 November 1998

Martin Fyhn Lykke Sgrensen
GAIA LIFE

Observator Gyldenkernes Vej 7
DK-4340 Tgllgse



