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Abstract. The study had two meain objectives:
{1} t0 analyze intergpecific differences in foraging
subsirate utilization, foraging strategies, niche
breadth, and niche overlap among the five
flycatchers, and {2} to test the association
between species foraging pattemns on trees and
the study site free structure. The study was
conducted in a primeval beech-fir forest in the
Sramkova National Nature Heserve, the Mald
Fatra Mts., in the vyears 1I1957-2000. Species
specific respurce use patterns indicated theilr
position on generalist-specialist gradient. D, urhica
and M. striata showed lower values of niche
preadth, but higher walues of nice overlap.
Foraging patterns of E rubectlas and F parva
indicated rather opportunistic use of foraging
substrates. Thelr niche breadth reached the
highest wvalues, whereas niche overlap was
generally lower in comparison to airspace spe-
ciglists. Niche breadth and ovetlap velues for
F. albicoilis tend to have more or less medium
values giving this species a position somewhere
hetween the two groups. Resource partitioning
was also well distinguished by foraging height.
All species showed considerable cpportunism in
feading on tree species. None of the two most
dominant tree species was significantly preferred.
Acer pseudoplatanus was the most selected
foraging substrate. This may bhe result of its
ralatively large leaf area, thus supporting highe:
numbers of insests.

Keywords: flycatchers, Delichpn urbica, Erithacus
rubscula., Ficedula albicellis, Ficedula parva,
Muscicaps siriata, foraging niche, niche characts:-
istics, niche overlap, resource partitioning, vegoeta-
tuon  structure

Introduction

Theoiy of resource allocation (MacArthur and
Laving 1964, Levins 1968, MacArthur 1970, see
Schoener 1974 {or review) and limiting similarity
{(MacArthur and Levins 1867) assumed that
species within communities compete for re-
sources that sre spread along & continuous
gradient Species segregation along this resource
gradient reflects their resource requirements, The
degree of segregation or level of specialization
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depends on the sunilarity of resources and their
abundance. The models predict that the extend
of segregation respectively specialization should
be favored if resources are abundant or totally
different. In opposite, when resources are gimilar
or are scarcely distributed, generalist strategy or
opportunistic use of resources should be more
advantageous.

These rather simplistic mathematical models
moved significantly forward ideas concerning
structure and functioning of ecological commu-
nities in the senss of competition and have
influenced conceptual framework in ecclogy until
now (Cody and Diamond 1974 Connell 1983,
Schoener 1985, Stewart 1998). Currently, inter-
spaciiic competition &8 the primary process
forming the community stracture has faced
considerable criticiam and the influence of other
naturel processes such as predation, parasitisin,
and environmental stochasticity {Tilman 1587,
Fawre and Auger 1933; Richter, Oppliger, and
Chrigste 1993) has been viewed as simultaneously
important for the mechanisms of community
shaping.

The main objective of this study was to
analyze resource use patterns among five species
of flycaichers in a primeval ecosystem. The
following problems of the niche organization in
the flycatcher guild were znalvzed:

1. Interspecific differences in foraging substrate
utilization
2. Interspecific differences in foraging strategies,
3. Do tree foraging patterns of individual speciss
reflect the species composition of tree layer
of the studied ecosystem or are there some
species speciic wee species preferences?
Estimate species niche hreadth.
How much do species in the guild overlap
in their muitidimensional foraging substzate
niche?

o

Study area

The data were gathered in the Sramkova
National Nature Reserve, the Mala Fatra Mis. The
Malda Fatra Mts. lie in the north-western part of
Slovakia. The investigation was conducted in a
27.5ha (500 = 550 m) forest interior study plot
representing the climax stage of a Westam
Carpathian beech-fir forest. The study plot is
situated in the slevation 950-1200 m. The site
belong into a cold mountain climatic zone with
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Tres species Density Minimum Maximum Standarg Standard  Dominance
n/ ha density density deviation error %
Fagus silvativa 209,398 24 923 596.280 18%.5567 47.386 44 762
Abies alba G4 728 0.000 299,140 74 985 15.768 20.245
Corvius avellana 27 421 0 0G0 299 14 T8.£91 17.058 5.862
Picea abies £2.435 0,000 124.641 31.118 6.958 4 7596
Acer pseudoplatanus 19.543 0.000 174.498 47 £91 10.664 4 263
Ulmus giabra 13.711 0.0G0 29.713 27 377 5.122 203
Sorbus aucupana 11.218 0.000 274.212 £1.442 13.739 2.398
Betiula pendula 0.182 - o s 0.039
[.arix decidia {.108 — - — — 0.023
Acer platanoides 3.073 e R = 0.016
Tilia cordata 0.036 — — — — G.008
Standing dead trees 68.563 0.000 196,427 b5.475 12.4056 14,664
Sum of live tress 487.808 100.000

Table 1.

The tree species diversity, density, and dominance in the beech-fir study site in the 3Sramkova

Mational Nature Beserve. The measurement wete cartied cut by 0.04 ha circular plot method {n = 24) following
MNoom (1980} and Korian (1986) Densities of Beiuls pendula, Larix decidua, Acer platancides, and Tilia cordals

were estimated

the average July air temperatures 10-12 "C. Total
year precipitation wvaries from 900-1200 mm
(VolodGuk 1986). The slope inclination is 20°-48"

The forest is unevenaged with considerable
spatial heterogeneity. The original plant species
composition has been preserved. The study site
is dominated (> 5 %, Table 1} by besch (Fagus
silvatica), silver fir {Abies alba), Norway spruce
(Picea abies), sycamore (Acer pseudoplatanus),
and elm (Ulmus glabra) with admixture of other
tres species such as rowan (Sorbus sucuparia),
silver birch {Fetuls penduols), European larch
(Larix decidus), maple {Acer platanoides). and
smali-leaved lime (Tilia cordata). Dominant tree
species have sirong regeneration. The canopy
height is up to 45 m. The scrub layer mainly
consists of hazel {Corylus avellana), elder {Sam-
bucus racemosa), currant {Ribes spp.), and
samplings of the dominant tree species. The herb
layer is mainly composed of ferns Dryopteris filix-
mas, Athyrivm filix-femina, forbs Rubus spp.,
Impatiens glandulifera, Senecio nemorensis, Oxalis
acatoselia, Jalium odoratum, Dentaria bulbifers,
Lunaria rediviva, Homogyne alpina, grasses Luzula
nemorosa, Calamagrostis arundinacea, and small
scrubs Vaccinium myrtillus,

According to Biaun-Blagquent classification, the
study site belongs into the alllance Luzulo-
Fagion, association Abieti-Fagsta. Having fol-
lowed the Zlainik forest phytosociological ap-
proach, Volodfuk (18986 defined in the reserve
Fageto-Abietum and Fageto-Aceretum forest
types

Methods
Vegetation sampling

On the gquantitative description of the floristics
and structure of vegetation cover, the 0.04 ha
circular plot method was applied. The method
was originally proposed for bird-vegetation re-
lationship studies by James and Shugart (1970)
and improved by Noon (1881). The presented

sampiing design is based on the Noon s (1581)
appioach. The original technigue was slightly
modified in order to include additional varizbles
and toc clarify existing ambiguities. The detail
description of the sampling approach for each
measured resp. estimated variable I8 described
in Korfan (19986).

The circular plots {r=11.3m) were regulasly
distributed in the intersections of a rectangular
grid system 100 x 100 m, so the sampling inten-
ity was one clrcular plot per hectars. This
gampling design is suitable for mapping variation
in tree species abundance across the study site
as well as to estimate their total abundance
{Greenwood 1996). Totally, 24 circular plots
covering the area of 0.963 ha were placed to the
siudy gite tc measure tree species composition
and density {Table 1). Sampling was carried out
during the period from August until mid-
Septembear in 1988-839. Tress Hetula pendula,
Tariy decidua, Acer platanoides, and Tilia cordata
were very scarcely dispersed. Due to the insuf-
ficient number of circular plots to catch the
presence of these species, their popuiation densities
were estimated from the area of the whole study
site by wvisual count. These estimates can also
be considered as reliable due to & very precise
plot checking during bird censuses and foraging
observations.

sampling of bird foraging pattemns

The bird foraging data were collected in the
period 1997-2000 from the middle of May until
end of July In order to collect foraging obser-
vations, two ohservers ciossed the study plot in
random manner and observed as many different
feeding birds ag possible. Individuals were watched
as long as they continuously remained in sight.
The observations were usually camied our for a
whole day, During the observations, different
section of the study plot were sampled with
approximately ecual intensity. Each foraging
observation was written to a field cards with the
standardized list of foraging substrate and
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movement categories (Appendix}. When a forag-
ing bird was seen, the following information were
recorded to the card: species, sex, time length
of observation, the time of day {CET), foraging
height, foraging substrate, type of foraging
movement, and direction of foraging movement
whettier it was in vertical or horizontal direction
to the three trunk. Foraging heights were
estimated by eve,

Foraging movement was defined as any di-
1ected activity whose linmediate purpose was to
capture a prey item. For the purposes of this
study, the foraging movement classification scheme
was taken from Remsen and Robinson (1930),
Their proposed clagsification ascheme is wvery
detailed, however its application for a study on
the community level would give an extremely
large data matrix containing high proportion of
zeto values, thus could cause a serious problems
to further statistical analyses. Therefore, the
considerable reduction of attack categories was
necessary. Attack categories resp. foraging
movements were divided into four main types:
gleaning, hovering, sallying thawking}, and prob-
ing (pecking). Gleaning (included reach, hang,
lunge; is a foraging lactics when a stationary
prey item is taken from the surface of a nearby
substrate by perching or hopping bird. Hovering
fincluded sally-hover, sally-stalll is picking an
exposed prey from a substrate by actively flying
bird similarly as a humminghird feeds on nectar
from a flower. Sallying {included leap, sally-strike,
sally-giide, sally-pounce, flutter-chase, flush-pur-
sue, hawk) iz flying from an observation peich
1o attack a food item usually in longer distance
and then retumning to a perch. Probing {included
peck, hammer) is a maneuver when the bird
ingerts the bill intc the substiate to catch a
subsurface prey item. The attack is directed af
food that is invisible from the surface without
substrate manipulation. Unfortunately, it was
impossibile to determine by sight the caught prey
item, of to distinguish successful from unsuc-
cessful attacks. Consequently, all observations
indicate only foraging maneuvers regardless their
nrey catching efficiency.

The data matrix ceonsists of four varables
indicating foraging heights, sixteen foraging
sibstrate variables, eighteen variahles reflecting
type of foraging movement and two variables
indicating direction of foraging movemen:s.

Even though, the number of studies have
showed significant intraspecific, seasonal, yearly,
etc. variation in foraging behavior {e.g. Heijl and

Verner 1990, Sakai and Noon 1890), none of these
aspects 18 analyzed in the present paper and
will be subjected to future studies. For the
purpose of this study, the only pooled data for
all individuals of each apecies collected in the
period 19972000 were used in the further
analyses,

Statiztical analyses

Flyeatcher guild determination Foraging guild
structure of the primeval forest was defermined
by the posteriori approach {(Wiens 1989). A data
matrix 25 species » 39 variables describing for-
aging behavior, substrates, and heights (Appen-
dix} were analyzed by multivaried statistical
procedures such as hierarchical cluster analysis
and correspondence analysig in order to illustrate
guiid structure. Multivaried statistical procedures
revealed a pattern representing five guilds:
foliage gleaners, flycatchers, arcund foragers,
bark f{oragers, and stream foragers. The guild of
fiveatchers contained five species: Delichon urbica,
Erithacus rubecula, Ficeduls albicollis, Ficeduiz
parva, and Muscicapa striata. The flycatcher
guild was primarily distinguizhed by higher usze
ct sally foraging stiategy and airspace foraging
substrate in comparison to the other quild
members {Korflan and Adamik in press).

Niche breadth Foraging substiate niche breadth
was estimated from the collected data by using
the Leving' index (Feinsinger, Spears, and Poole
1981)

B,=1/RY p
it

where B is Levins' measute of niche breadth,
p, 15 the proporiion of § tems, out of all resource
categories. Values of the index ranges from 1/
R, when the population uses one resource state
axclusively there foraging substrates), to 1.0,
when population uses all available resources in
equal proportion,

NWiche overiap The niche overlaps of the species
pairs were calculated by the following equation
{Hurlbert 1978}

. He ' .
Ly mlv.é z if’w'"*ﬂ:»-fi =me {pt“pﬁ}

whete p =x/X and p_ =y/Y, ¥ 18 the number
of 1 items used by population of species ¥, out
of all resouice categories (X} used by the

Species Number and Mean 5D of Dominance Mean 500 of

total time (s) abundance abundance (%) foraging  fotaging

of observations (pairs/ plot) height {m}  height
Enthacus rubeculs 81 {698) 13.60 2.99 8.72 2.83 3.72
Delichon urbica 324 (2800; —_— e e 76.64 d50.44
Ficedula albicollis 107 (531} 6.57 1.13 4.21 16.71 7.24
Ficedula parva 164 (667) 2.00 1.38 1.28 B.54 6.24
Muscicapa striata 75 {730) 3.27 0.00 2.09 16.65 7.34

T T L L o L T O T b e R oot oo

Table 2. The total number and time of observations, abundance and foraging height of five species belonging
to dycatcher guild The census data were gathered by temitcry mapping method in the period 1997-99,
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the

population, ¥ 18 the number of I items used
by population of species y, out of all resource
categories (Yh This measute ol overlap ranges
from 0 {no overlap) to 1 {complete overlap). The
index was calculated for every posgible pair of
individual species.

tatistical tests Between species and pairwise
comparisons in use of foraging substrates and
movermnents were statistically tested by Yates
chi-sguare test and Fisher's exact test (FET) All
computations were performed on PC statistical
package MNCSS 97 {Hintze 1997).

E

Results

Interspecific differences in substrate untilization
Interspecific foraging substrate preferences were
dlustrated on the proportional use of 14 types
of foraging substiates (Fig. 1} For easier inter
pretation, variables describing foraging aifinities
to individual tree parts were analyvzed sepatately.
The number of used substrates and relative
proportion of individual items significantly varied
betwesn species.

Delichon urbica used to feed only in the air
cimilarty, Muscicapa striata significantly preferred
atr feeding (FET, P < {0.001), however it ocoa-
signally used to feed on all dominant tree
species Use of other substrates can be consider
very rame and probahly aceidental F. albicollis
primarily foraged on the trees and in the ait,
neither trees nor air foraging was preferred (FET,
P < 0.583). Few attacks were also seen on litter
In comparison to the above mentioned species,
Ficedula parva and Erithacus rubecula usad very
large scale of foraging substrates. Both usad
resources in a very generalist manner. F. parva
was ohserved to feed practically on all substrates
except rocks (Fig. 1). It preferred to {eed on live
{65.93 %) and dead trees (5.08 %), ground {6.78 %},
and air {31.51 %} F parva favored feeding on
trees (pooled data for all species} to any other
substrate {pairwise comparisons, FET, # < 0.02).
E rubecala used less foraging subsirate types,

Erithacus rubeciia

Ficedula parva

Ficeduia albicollis

vet their use, on the other hand, was much more
even. This shght differences might have been
caused by different sample sizes (Tahle Z).
E rubecula favored f{eeding mainly on trees
{55.74 %), bare ground (24.58 %), and litter {8.56 %)
It preferted feeding on live trees {pocled data
for all species) to other substrates (FET, P < 0.02)

Tree space utlization In order to show how
individual species, differ in the utilization of tree
microsites, a lee space was divided into four
parts: trunk, branch, twig, and leaf (Fig 2).
D urhica was excluded from the further analyses
because it exclusively foraged in airspace. M. striata
as the second highest airspace specialist {oraged
on all tree narts. However, it significantly did
not preferred any tree parts (pairwise compar:-
song, FET). Also, E. rubecuia did not show affinity
to utilize any particular tree part. F. albicollis
significantly more frequently foraged on leaves
(47.22 %) then on trunk (13.89 %) and branches
{11.11 %), but no further differences were found
in pairwise comparisons 1o the other tree parts.
F parva alsc preferred leaves to any other tree

parts (FET, P <0.001). Similarly to the last
species, any further significant differences were
not detecied.

Opportunism versus specialization

in order to analyze whether mmdividual speciaes
tend to selectively foraged on certain type of tree
species, the palrwise comparisons between forag-
ing proportions on tiees and the ocourrence of
ree species were conducted for each species
(Tabie 3). Data on the structure of tree laver were
gathered from circular plot sampling (Table 1).

In general, all tested fAycatchers showed more
of less opportunistic use of resources at least in
congideration to tree laver of the forest structure.
The main dominant tree species, Fagus silvatica
and Abies alba, were not selectively utilized by
any species (Table 3), so they were utilized in
compalable frequencies to their occcurrence.
E. rubecula (FET, P<0.01) and F parva (FET,
P = .06} significant association  with
Picea Acer pseundoplatanus showed the

showed
abfes

Muscicapa sinata

Delichon urkica

0% 0% 4% 6% 8% 1H00%
WS AN OFPA B AP BUC [13A HCA
W OthTree MM DeadTree ElLitter B BareGrd  WHa W Hock 0 Adr
Fig. 1. The foraging substrate preferences between % fycatchers in the primeval beech-fir forest. 14 subsirate
variables were selected 1o ilustraie the substrate utilization patterns. See Appendix for explanations.
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niche breadth. Niche hreadth values for indi
vidual species are presented in Table 4. Out of
all species, H. rubecula had the widest niche
breadth (B =0.24) It foraged on 23 substrates
representing 52.27 % of the total numbe:r of
foraging substrates. Even though, ¥ parva totaily
nsed the highest number of substrate itemns (26)
representing 59.09 %, s niche breadth 0.19 was
lower in comparison to E rubecula. F. albicollis
as a syngenic species, however, had much lower
value .10, It used only 15 (34.09 %} foraging
substrate types. Highly specialized species on
airspace foraging, M. strigta and D. urbica, showed
the lowest niche breadth values 0.05 and 0.02
resp. In fact, L), urbice was observed to feed only
in airapace, thus his niche breadth value ze-
flected one item proportion.

Niche breadih values are very geod indicators
of [oraging specialization of the five fiycatcher
species. F. rubecula and F. parva can be char-
acterized from the 1esource use tactics as
generalists, both species used relatively wide
range of foraging substrates and feed in pretty
much opportunistic manner. Relative proportion
of airspace foraging for both species is relatively
low, E. rubecula foraged in airspace only in
441 % out of all ochservations, whereas in the
case of F. parva, it was 26.47 %. Conversely,
M. striata and D urbica representing two ape-
vialized species stay on the opposite site of
rescurce use tacties. M. striata used airspace
substrate (67.19 %) significantly higher compared
to any other substrate (palrwise comparisons.
FET, P <0.001).

Niche overlap

Niche overlap values between species pairs can
be considered relatively low (Table 4) indicating
efficlent resource partitioning mechanisms within
the guild. The higher overlap valies than 0.5
were found only for three pairs of species
D, urhica - M. striata, M. striata - F. albigoliis,
and F. albicollis - F. parva. Results indicates that
aven airspace specialist, D urbics and M. striata,
had relatively low overlap, thus theoretically
speaking, competition for food resources would
be low if any. Moreover, their foraging space
was very well distinguished by foraging heights
(Table 2). Similarly, foraging heights between
syngenic Ficedula species were well divided,
F. albicollis favored foraging in upper strata,
while F. parva preferred foraging in lower strata.

Generalists, F parva and E. rubecula, using wide
range of foraging substrates had lower overlap
values then 0.5,

Discussion

The very principal question raising from the
priteary objectives of this study is: what species
can be considered as specialist and what as
generalist? A concept dietary specialization is
influenced by all aspects of species life history:
niche requirements, ecomorphological adapta-
tions, optimal foraging, and phylogeny, There are
several possible ways how (o answer these
question depending on the obiectives of a
particular study. Sherry (1990} distinguished two
approaches: {1) ecological {tactical) and (2} evo-
lutionary {strategic). The ecological approach
emphasizes short-term responses of individual
organisms to resourge availability and abun-
dance, while the evolutionary approach ig based
on long-term, genetically based constraints and
adaptations cof consumeis to pattems in the
predictability of resources in space and time. In
practice, several examples showed that these 1o
approaches may offer opposite conclusions {Sherry
1920}, For example, a neoctiopical flycatcher
Negotruccus ridgwayi (Tyrannidae) iz ecological
generalist, yet aspecialist from the evelutionary
aspect. (Generally, neotropical flycatchers are
dietary specialists in comparisons 1o temperate
apecies from evolutionary aspect, however, these
two groups do not differ from the ecological view
point. Palectropical and neotropical migratory
flycatchers have to be adapted to very wide
range cof scological conditions in arder to survive
migration. Through the year, they ccouny a very
broad range of ecological conditions, thus have
to be adapted to the wide range of ecological
factors e.g bieeding versus wintering grounds
where they utilize different focd resources and
interact with different residents, Consegquently,
from strategic aspect generalist strategy can be
evolutionary favored for migratory flycatchers.
Why 1esident tropical species are alpo generalist
remained unclsar. The results are very coptio-
versial, for instance, Sherry (1984} argues that the
differences are raising from taxcnomically broad,
but ecologically homogeneous diet.

For the purposes of this study, a specialist is
a species that uses a narrow range of resources,
whereas a generalist uses a broader range of

e —————————— T —————————— L L L SRy

Species pair Delichon Erithacus Ficedula Ficedula Muscicapa
urbica rubecula albicoilis paiva striata
Micha breadth (Bn) (.02 0.24 0.10 (.19 0.05
Delichon urbics 1.00 0.04 (143 0.26 0.67
Enthacus rubeculs .04 1.00 0.35 .46 0.30
Ficeduls albicollis 0.43 (.35 1.00 .63 0.63
Ficeduls parva 0.26 (1.48 0.53 1.00 0.48
Muscicapa striata 0.67 0.30 (.63 .48 1.00

R L e T O O e ¥ 1 e S T

Table 4. Niche breadth and pairwise niche overlap values for the five species of fiycatchers. The index

calculations

werg based on 44 variables representing foraging

substrates (niche dimensions},
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regources (Recher 1990}, Nonetheless, this defi-
niticn can be applied only in exactly delined
temporzl and spatial conditions. Resource use
patterns among the studied flycatchers indicated
their position on generalist-specialist gradient.
D. urbica and M. strista utilized lower number
of foraging substrates, thus they had lower values
of niche breadth, but higher wvalues of nica
averlap in comparison to the generalist. Analyses
of foraging patterns for E. rubecula and F. parva
indicated rather opportunistic use of foraging
substrates. Their niche breadth values reached
the highest values, whereas niche overlap was
generally lower in comparison {0 aiispace spe-
cialists. Niche breadth and overlap values for
F. alhicollis tend to have more ot less medium
values giving this species & position somewhere
between the twe groups. Resource partitioning
was zlso very well distinguished by the mean
foraging beight and i#ts standard dewiation.

All species showed considerable opportunism
in feeding on tee species. None of the two
dominant tiee species was significantly preferred
by any species. A pseudoplatanus was the most
selected foraging substrate. It was favored by
F. parva, F. albicollis, and M. striata. This may be
result of its relatively large leaf area, thus higher
number of insects species can occur on its laige
leaves. K. rubecula and F. parva showed signifi-
cant association with Ficea abies. In contrast,
Corylus avellana was aveided by F parva and
F. albicollis. Also, standing dead trees were
gelected in lower frequency then thelr occunence
by F parva, Further studies on mentioned as-
sociation patterns could give clearer answers on
their origin whether it is caused by some
ecological phenomena or it is only an effect of
small or non-random data set.

The models of resource allocation (MacArthur
and Levins 1964, Levins 1968, MacArthur 1870)
can, however, be interpretad in other possible
ways for specific rescurce use patteins (see
Introduction). For instance, if species are spe-
cialized on a certain resource type, more species
should be able to co-exist, and thus community
diversity should increase. In a community where
a generalist would dominate the available re-
sources, there would be much lower prebability
for co-existence and the species diversity would
decline. Nevertheless, the outcomes ©f maodels
were not very strict, so discussions about other
alternative cutcomes gave further very wvaluable
inside into the resource partitioning schemaes. For
example, species diversity would increase even
in a community dominated by generalists if
overlap among species in the resource use was
possible. This specific event may occur in the
situation when resources are very abundant
comparad to species life requirement or othet
factors such ss environmental stochasticity, pre-
dation, parasitism, etc. would lower the effects
of competition so that cna species would not
be capable to outcompete another.

The last case seems to elegantly fit the
resource partitioning pattern in the stodied
primeval beech-fir ecosystem. Food availability for
birds in the ecosystem probably overcomes life
requirements of majority of species in any year.

This assumption can be supported by very low
variations in population abundances in the biid
assemblage between vear of catermpillar outhreak
and normal years {unpublished data). In the
caterpillar outbreak year several species e.q.
P. ater were feeding more f{reguently on beech
leaves, which were the main feeding substrate
for caterpillars during the outbreak period, then
in normal yvears when it favored contfers. This
facts underline strong foraging opportunism even
for some specialized species, thus supporting
view that probably majority of species utilize {ood
what is curnrently the most available and acces-
gible to theit ecomorphelogical adaptations.
Frimeval ecosystem in general have very complex
focd web dynamics, therefore, even in the year
when abundance of "optimal" food items is jow
species are capable to switch on less suitable
food types. Consgaquently, mecharisms of inter-
specific competition do not seem to play the
deminant 1cle in shaping structure of primeval
acosystems at least of this particular type. Similar
resuits were reported from long-term studies of
bird community dynamics in the Bislowieza
Mational Park in Foland (Tomialojc and Weasolowki
1984)
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Vaoriable Varabde descriplion Meazurement unit

1. Helghthin Minimal saging neight durng s single [oraging anservation meter Jm}

2. HeightMax  Maximal foraging height during a single foraging observaiion metar {m}

3. HeightAwer  Average foreging height during a single foraging observation metar {m)

4. F& Foraging manourer on besch Kagus silvafics presefce/ absance (1, &)

5. AR Foraqng maneuver on gihvet fir Ablas alba prasence’ abgence (1, )

6 Pa Foraging maneusver on Norvay sprace Fioed abies presence’ absence (1, O

7. AP Frlaging maneuver o aycamore Acer peeudoplamnis prasence’ abwence (1, 0)

A UG Frragitty manegier on alm Ulmus glabes prasence! absence (1, 0)

9 5A Foraging manswver on rowan Sorbus aucuparis prasence/ ahsence (1,-6)
10. CA Furaging manewver on hazel Corpus avaliana prasence/ absende (1. 0)
11 OthTres Foraging manewvar on other live tree specios presence/ absenes (1, O
11 Lirter Foraging maneuvar on litter presence/ absence (1, B
t3. BameGid Foraging maneuver on bare ground presence’ absence (1, O
14. Herb Foaging manewver on heth layer prasgnce’ abeence (1, O
15, DeadTree Frraging maneuwvaer ob dead samding tres prasunce’ absencd (1, 0
6. FallTres Foraging manewvar on fallen dead tred presence shaence (1, 8
17. Watar Faraging meneuwver on or in water prosence’ absence [1, )
18. Rock Faraging maneuver on ook presence’ abgencs {1, G
19 Adr Foraging manewvar in airgpace pregenael absence (1, )
20. Tor Fomaging movement i hocizontal dirsction presances absenca (1, &
21 Ve Foraging movemeant in vertical direction pasence’ abmencd (1, 0
. GTunk {riean from trunk presencel absence {1, 0}
3  (GLesi Czhaan from beat presence’ abzensa (1, 0}
24 GBranch (Hean from brangh” pregence’ absence {1, 0}
&5 OTwig Glean fom twin”™ pregence’ absence {1 0)
26 GLEAN Glean in combination with other faraging substiate mresences abesnos (1. 0}
27. HTonk Hower at runk ptesence/ abssnca {1, )
28  MLeaf Howver at legf presences abagnce (1. 0}
29. HHranch Hower at branch’ pressnce/ absence {1, 0
30 HTwig Hower at twig™ presance’ absence {1, 0)

1. HGVER Hover in combination with other foraging subatrane presence’ ahsance {1, 0)
2. FTrunk Probe o7 peck into trunk presonced’ absence {1, 0}
33 PBranch Peoba o1 peck into branch” presences abaence (L, 0)
34, PFROBE Probe oF peck into other foraging substrate presanced absence (1, 0
345, HwTmnk Haw or sally 10 trunk presanca absenoe i1, 0)
36, Hwleafl Hawk or sally 1o beal presence’ abgencs {1, )
37 HwBranch  Hawk or sally to brench’ presences shsence {1, Of
38, HwTwwig Hawlk or sally to teig™ pressnce’ ahsonce (1, O
i3, HAWK Hawk or sally io combinstion with other substrete (enaliy ai) presence/ sheence {1, @)

Appendix. List and charasteristics of used wvariables of foraging sobsuates and movements with the indication of messutemant
unite {« branches are undersiood as the main branches growing fiom the free tronk, = twigy are understood as emaller branches
growing foim the maln branches)



