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Bird community parameters were analysed in six stages of oak forest succession from
brushwood to climax. Bird data were collected in the breeding season with the modified
I.P.A. method, which gives density estimations for 100 m radius circles. Community
diversity, expressed in relative density and rarefaction speciés aumber was greatest in
the fourth stage of succession, in 61-80 year old forest stands. Open forest birds and
hole-nesters reach their maximum densities here. A sharp difference was found between
the community structure of the initial, open brushwood and the older, closed forest stages.
This pattern emerged both from comparisons of the whole community and of different
ecological groups of birds based on primary feeding, nesting and migratory habits. Differ-
ent speciation and adaptation mechanisms in the open and closed habitats are supposed
to be responsible for this difference. No clear pattern emerged from the lhnlysu of the
degree of specialisation within families.

Z. Waliczky, Hungarian Ornithological Society, Budapest, Kolté u. 21., H-1121, Hun-
gary. (Present address: Ecological Research Group, Hungarian Natural History Museum,

Budapest, Baross u. 13., H-1088, Hungary.)

1. Introduction

Succession is the process whereby plant and
animal communities succeed each other in
time. Secondary succession takes place
where some vegetation has existed before
but has been removed. The earlier vegeta-
tion might be removed by either a natural
(e.g., fire, wind, snow) or human action
(clear-cutting). The study of secondary suc-
cession may follow two general methods. One
of them is long-term, as is to examine the
development of vegetation at the same
place for a long time (direct method). The
other is short-term, when we suppose that
communities of different composition or age
are members of a successional process and
study them separately in the same year or within
a few years (indirect method). Both of the
methods are widespread among studies of ani-
mal communities.

Several hypotheses suggest that vegeta-
tion has the most significant role in form-
ing bird community structure, through either
its physiognomy (MacArthur 1964, MacAr-
thur & MacArthur 1961, MacArthur et al.

1962) or its floristics (Rotenberry 1985). Whether
general characteristics of succession such as
an increase in diversity, density, stability
and specialisation stated by Margalef (1968)
and Odum (1969) can apply to birds or not
is not yet unequivocal. In addition there is a
strong bias in bird community studies towards
north-temperate forests, so the possibilty of making
generalisations from the results is rather re-
stricted.

This paper analyses the bird community
structure of a typical central-european oak
forest secondary succession. To avoid bi-
ases caused by small study area size and
subjectively chosen successional stages, I
divided the whole successional sere into
20-year intervals and applied a method which
enabled me to survey comparatively large
arcas. The method and number of study
plots were chosen so that the results could
be comparable to those previously obtained
in a nearby beech sere (Moskdt 1988, Moskat
& Székely 1989). The multivariate analysis
of the vegetational and bird species com-
position of the two scries will be the topic
of another paper (Moskdt & Waliczky MS).
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Tab. 1. Vegetation variables of the successional stages.

Variable Successional stages
A B C D E F

Grass cover (%) 21 66 66 71 60 36
Shrub cover (%) 82 11 39 23 41 65
Canopy cover (%) 0 78 74 71 71 71
Tree height (m) 0.00 11.50 14.30 16.70 15.50 17.50
Shrub height (m) 2.49 1.39 1.30 1.55 2.57 2.98
Tree distance (m) 0.00 1.37 2.06 2.76 2.36 2.52
Shrub distance (m) 0.45 1.04 0.51 0.83 1.39 1.06
DBH (cm) 4.00 13.70 17.30 25.70 26.00 30.50

4 3 6 8 3 8

Number of tree species

Here I will discuss only the patterns of
bird community parameters (species numbers,
composition and density).

2. Study area

The study area is situated in the Buda-
hills near Budapest, North-central Hun-
gary (47°35° N, 18°90’ E). The hills lie be-
tween 215-529 m a.s.l. Average yearly pre-
cipitation is 650 mm, average temperature is
8.7°C (Pécsi 1958).

Different-aged oak forests were chosen
to represent the whole spectrum of sec-
ondary succession from the brushwood
stage to the climax. The study plots were
later grouped into six evenly aged stages,
each with a 20-year interval. These stages
can be characterized as follows:

Stage A: brushwood stage (<20 years
old). Very dense, shrub-like stands of pri-
marily Sessile Oak (Quercus petraea). The
percent coverage of several shrub species,
mainly Dog Rose (Rosa canina), Common
Hawthorn (Crataegus monogyna), Common
Pivet (Ligustrum vulgare), Wart-cress
" (Euonymus verrucosus) is very high in these
stands.

Stage B: young forest stage (21-40 years
old). These are homogenous, dense,
closed-canopy Sessile Oak-Turkey Oak
(Quercus cerris) stands. Canopy cover is
highest, shrub cover is lowest here.

Stage C: thinwood stage (41-60 years
old). These forests are almost homo-

genous plantations of Sessile or Turkey
Oaks, with scattered Wild Cherry (Prunus
avium), Field Maple (Acer campestre) and
Flowering Ash (Fraxinus ornus) trees.
More open stands with moderate shrub
cover consisted of mainly low (<1m)
shrubs.

Stage D: high forest (61-80 years old).
This includes the most open stands with
low srub cover and lowest tree density.
Tree species besides the two oaks are
Field Maple, Wild Service Tree (Sorbus
torminalis) and European Ash (Fraxinus
excelsior).

Stage E: preclimax stage (81-100 years
old).

Stage F: climax stage (>100 years old,
mostly between 101-120 years). The older
stands are similar in appearence, though
the oldest ones have higher shrub cover
and taller shrubs in average. In these stands
there are a few montane tree species like
Beech (Fagus sylvatica), Sycamore (Acer
pseudoplatanus), Norway Maple (Acer
platanoides) and European Ash.

The physiognomical parameters of each
successional stage can be consulted on Tab.
1, number of study plots and size of study
area on Tab. 2.

3. Material and Methods

3.1. Bird data
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Tab. 2. Main bird community parameters of the six phases of secondary oak succession. S : species
number; Sr : rarefaction species number; N : total number of individuals in each phase; D : density
(pairs/10 ha); n : number of study plots; A : study area (total coverage of study plots) (ha).

Phase S Sr N D n A
A 19 19.0 129 46.36 9 28.26
B 24 21.2 185 45.32 13 40.82
C 29 22.2 454 60.24 24 75.36
D 28 24.1 510 70.62 23 72.22
E 24 24.0 175 61.92 9 28.26
F 26 23.1 279 63.47 14 43.96

Bird density estimations were made in the
spring of 1988 on each of the 92 plots. The
method applied was the modified I.P.A.
method (Moskdt 1987). This is a point-
count survey with a fixed, 100 m radius.
All birds detected - heard or seen - have
to be recorded within a 10 minute interval
in each plot. The count has to be done
twice in the breeding season at the same
place, preferably once in April and once in
May. This aims to survey the whole bird
community, the early as well as late
breeders. For every species recorded the
higher estimate has to be accepted. Com-
pared to the territory-mapping method
this census gives an approximately 71% effi-
ciency (Moskdt 1987) in estimating bird
densities on a community basis.

For the sake of censusing on exactly the
same plots, big, yellow numbers were
painted on selected trees, marking the
centres of plots. The painting work and

selection of study plots was carried out in
early spring, in February-March.

3.2.Vegetation data

The physiognomical variables recorded
were as follows: grass cover, shrub cover,
canopy cover, tree height, shrub height,
tree distance, shrub distance, diameter of
breast height (DBH), number of tree spe-
cies. Grass, shrub and canopy cover were
estimated by eye on each plot. Data on
tree height, DBH and number of tree spe-
cies were collected from the data bank of
the Forestry Commission. Shrub height,
tree distance and shrub distance were
measured on at least twenty shrub and
tree individuals around each plot center
and later averaged.

3.3. Statistical analysis

Tab. 3. Species which have the highest dominance in different phases of oak succession (numeric
dominance is over 10 percent of the whole community).

Species Dominance (%) in stage
A B C D . E F
Sylvia atricapilla 15 11
Phylloscopus collybita 15
Luscinia megarchynchos 13
Fringilla coelebs 13 1 11
Emberzia citrinella 11 13
Parus major 1 13
Sitta europea 10
14

Sturnus vulgaris
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Fig. 1. The contribution of residents, short-dis-
tance migrants and long-distance migrants to the
whole community in the successional stages in
terms of species richness.

Because of the negative affect of differ-
ent-sized study plots on diversity calcula-
tions (Wiens 1989), a rarefaction method
was applied to estimate expected species
number on plots of equal size (James &
Rathbun 1981). This method has advan-
tages over diversity indices (Wiens 1989) and
gives a more accurate picture of community
heterogeneity over different areas. The pro-
gram RAREFACTION (Ludwig & Reynolds
1988) was applied for performing calcula-
tions. The formula is that of Hurlbert (1971):

zezi-[ 7))

where nj is the number of individuals of
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the ith species, N is the total number of
individuals and S is the species number
when the sample contains n individuals .

For measuring similarity between bird
communities in different successional
stages the SOrensen’s similarity index was
used:

C =2j/(a+bh)

where j : number of species common to
the two samples; a, b : total number of
species in samples a and b.

4. Results

4.1.General community parameters

The absolute number of species is highest
in stage C; the total number of individu-
als, average density per 10 ha and rarefac-
tion species number is highest in stage D
(Tab. 2.). The lowest number of species
and individuals was found in stage A, the
lowest density in stage B (Tab. 2).

The dominant species (over 10% of the
total number of individuals) of each suc-
cessional phase and their numerical domi-
nance values can be consulted on Tab. 3.
Species, which are dominant in more than
one phase are Blackcap (Sylvia atri-
capilla), Chaffinch (Fringilla coelebs),
Yellowhammer (Emberiza citrinella) and
Great Tit (Parus major).

4.2. Community similarity

Tab. 4. shows that community similarity is

Tab. 4. Sorensen’s similarity indices for the comparison of bird communities in different succesio-

nal stages in oak secondary succesion.

A B D E F

A 1.000 0.500 0.531 0.500 0.500 0.435
B 1.000 0.830 0.808 0.833 0.760
c 1.000 0.912 0.830 0.764
D 1.000 0.885 0.852
E 1.000 0.880
F 1.000
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Tab. 5. Grouping of bird species in each successional phase according to their primary nesting ha-
bits. Species numbers, numeric dominance in parentheses (percentage).

Breeding habit A B C D E F

Ground-nester 5(26) 6 (25) 7(24) 6 (22) 5(21) 5(19)
Shrub-nester 9 (47) 4(17) 5@7) 4(14) 3(2) 3(12)
Canopy-nester 3 (16) 4(17) 4 (14) 4 (14) 5(21) 5(19)
Hole-nester 2 (11) 10 (41) 13 (45) 14 (50) 11 (46) 13 (50)

lowest between stage A and all of the
other stages, especially stage F. Other
stages show a high similarity to each other
in terms of species; the indices are lower
for B-F and C-F comparisons.

4.3. Ecological groups

Grouping the species in each seral com-
munity according to their primary nesting
habits we see that ground-nesters and
foliage-nesters have similar ratios in every
stage. Shrub-nesting species predominate
in stage A then fall sharply and remain in
a fairly constant ratio in closed-canopy stands.
For the hole-nesters the situation is reversed,
they have the lowest contribution to the whole
community in stage A and predominate in all
of the stages from B to F (Tab. 5).

For the groups using similar feeding
places the ground-feeding group has the
highest contribution to total species num-
ber in stage A then stabilizes at a lower
level from stage B on. The foliage-
gleaners have a fairly constant ratio in the
whole sere. There are no bark-foragers in
the initial stage, from B on their ratio is
very similar to those of ground-foragers
(Tab. 6). .

4.4. Migratory status

Rarefaction species numbers were esti-
mated on 27.1 ha (the area of the smallest
number of study plots in a stage) accord-
ing to their status of being sedentary, short-
distance migrant or long-distance migrant.
Short-distance migrants have a low and
stable ratio in the whole sere (Fig. 1). On
the same figure long-distance migrants and
sedentary species show a reversed ratio:
starting from almost the same position the
former increases, the latter decreases in the
course of succession.

For densities of the same groups we see
very similar results with the difference that
long-distance migrants have the lowest ra-
tios in every stage and the short-distance
migrant group has intermediate position
(Fig. 2).

4.5. Specialization in genus and families
The highest species/genus ratio was calcu-
lated for stage C, and the highest spe-
cies/family and genus/family ratios were

found in stage A. In each case stage D has
the lowest indices (Tab. 7).

5.Discussion

5.1. General community parameters

Tab. 6. Grouping of bird species in different stages of forest succession according to their primary
feeding habits. Species numbers, numeric dominance in parentheses (percentage).

Feeding on A B D E F

Ground 10 (53) 6 (25) 9 (31) 9 (32) 7 (29) 7(27)
Foliage 9 (47) 12 (50) 14 (48) 11 (39) 10 (42) 11 (42)
Bark 0 (0) 6 (25) 6 (21) 8 (29) 7 (29) 8 (31)
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Fig. 2. The ratio of the three different group of
birds based on migratiory status in each of the
successional stages measured in abundances.

Absolute species number was found to be
highest in stage C (see results). The area
is greatest here, so it may come from the
species-area relationship proposed by Pres-
ton (1960, 1962). This predicts that the
greater the area the higher the species num-
ber it supports. This bias in species num-
bers towards the larger arcas can be elim-
inated by the application of the rarefac-
tion method (James & Rathbun 1981). Ac-
cording to successional theory (Odum
1969) community diversity and stability
increases during succession. For birds this
is supported by a weaith of studies (e.g.,
Kendeigh 1948, Odum 1950, Johnston &
Odum 1956, Karr 1968, Shugart & James
1973, Glowacynski 1975). However, this
increase is not monotonic in every case.
Smith & MacMahon (1981), for example,
found that diversity peaked in the precli-
max forest. According to the data of May
(1982) in North America and Bejcek &
Stastny (1984), Glowacynski & Weiner
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(1983) and Moskat & Székely (1986) in
Europe diversity and density show a two-
peaked distribution in the course of suc-
cession. In Europe the decrease takes
place between 30-40 years of age which is
in agreement with my density data but not
with the rarefaction species number.
Mosk4at & Székely (1986) explained it as a
consequence of a lack of both hole-nesters
and shrub-nesters in these communities.
The absence of high trees and a significant
shrub level is also true for our study forests
of this age.

My results that both density and rarefac-
tion species number have their peaks in
stage D do not fit the above-mentioned
patterns. Several common species reach
their maximum density here, namely
Great, Middle and Lesser Spotted Wood-
peckers (Dendrocopos major, D. medius
and D. minor), Tree Pipit (Anthus
trivialis), Collared Flycatcher (Ficedula
albicollis), Chaffinch and Golden Oriole
(Oriolus oriolus). In the habitat selection
of these species either old trees or open-
ness seem to play a significant role. The
vegetational physiognomy of this stage
satisfies these requirements as both
canopy and shrub cover are low here. This
follows from the forest management prac-
tice of selective thinning which creates a
situation uncommon in natural succes-
sion. However, there are no great differ-
ences between rarefaction species num-
bers of the five closed forest stages.

This similarity of the later stages is ex-
pressed in the similarity indices, too. The
same applies to ecological groups of birds.
All these suggest that there is a sharp
difference between shrub-like and closed-
canopy forests. Analysing bird community
data from successional seres of different
localities over Europe Blondel & Farré
(1988) found that the initial, open stages

Tab. 7. Degree of specialization in bird communities of different phases of forest succession in
terms of species /genus, species/family and genus/family ratios.

Ratio A B c D E F

Species/genus 1.357 1.500 1.526 1.400 1.333 1.368

Species/family 2.111 2.000 2.070 2.153 1.714 1.857
1.555 1.333 1.357 1.538 1.286 1.357

Genus/family
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differed much while old stages converged
to each other. They explained this on his-
torical grounds, namely, that the similar-
ity of the european forest faunas is pro-
nounced because these habitats were not
fragmented during the Pleistocene. On the
other hand, speciation in open and semi-
open habitats were helped by the fragmen-
tation of such habitats in the same time
period. This hypothesis is also helpful when
explaining the sharp demarcation found
between bird communities of the initial
stage A and closed forest stages in our
study.

5.2, Migratory status

The ratio of long-distance migrants is
highest in the initial brushwood phase and
decreases towards the climax while that of
the sedentary species show an opposite trend.
This is true for both the species number
and density. The difference between these
‘ ratios in the initial and later stages is
statistically significant (Mann-Whitney U-
test, p<0.05). The same pattern has been
obtained by many researchers for
european forest successions (Bilcke 1984,
Helle & Fuller 1988, Mdnkktdnen & Helle
1989), while a reversed ratio of tropical
migrants were found in North American
successions (MacArthur 1959).

There are three hypotheses explaining
these observations. MacArthur (1959) pro-
posed that the proportion of migrants is
highest in places where the change be-
tween winter and summer food supply is
greatest. Alerstam & Enckell (1979) hy-
pothesize that migrants are better com-
petitors in open habitats because birds
with simple niches can more easily fit into
an existing community in their winter quar-
ters. Finally, Bilcke (1984) assumes that
the proportions of migrants in the breed-
ing area is determined by the proportion
and geographic distribution of the vegeta-
tion types in the winter quarters. This lat-
ter hypothesis was strongly supported by
Monkktdnen & Helle’s work (1989). They
showed that the first two hypotheses
failed to explain intercontinental differ-
ences while that of Bilcke’s was successful
in doing so. The proportion of forested
land is highest in South America, lowest in

Africa. The nesting habits of long-dis-
tance migrants follow this pattern: in
North America they inhabit mainly for-
ested habitats while in Europe they select
open or brushy habitats more often.
Though a rigorous test of this hypothesis
is still needed, the arguments supporting
it seem strong.

5.3. Specialization

The hypothesis that specialization as measured
by species/genus, species/family or
genus/family. ratios increases during suc-
cession (Margalef 1968, Odum 1969) was
not supported by our data. Because others
reached the same conclusion (Glowacyn-
ski 1979, Helle 1985) either the method is
wrong for measuring specialization or the
hypothesis is false. A more promising
method would be to actually measure diet
or foraging microhabitat niche breadth of
every species in the successive communi-
ties and calculate the actual ratio between
specialists and generalists. Then we can
conclude whether specialisation increases
as succession progresses or not. In the ab-
sence of such data we cannot state that
succession in our case would lead to
greater specialization.
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Osszefoglalds

Madérkozosség-vdltozdsok kiillonbizo korid
tolgyesekben a Budai-hegységben

Jelen dolgozat a t8lgyerdei mésodlagos szukcesszi6 ha-
tasat vizsgélja a madarkdzdsségek szerkezetére. A vizs-
gélat a szukcesszi6 hat fazisédt foglalja magdban, a sG-
rdség fazist6l a klimaxnak tekinthet$ dreg erddkig. Az
egyes madérfajok denzitisadatait az Gn. médosftott LP.A.
médszerrel becsiltiik, amely 100 m sugarG kdrdkre
szolgéltat adatokat. Osszesen 92 mintavételi kor ada-
tai szerepelnek az elemzésekben, ezek fdzisonkénti
megoszldsa a sirdségtdl az dreg erddig a kdvetkezd:
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9, 13, 24, 23, 9 és 14,

A legalacsonyabb fajszdm a sGrdség fazisban,
alegalacsonyabb denzitds a vékony rudas erd4-
ben (B fazis) volt. Ez ut6bbinak az oka val6szi-
nileg a cserjeszint és az odlk szinte teljes hia-
nya ezekben az erddkben. A legmagasabb den-
zitds és rarefaction-médszerrel szdmitott faj-
szAm a szélaserdében (D fézis) mutatkozott, ami
azzal magyarézhat6, hogy szdmos odflaké faj
(pl. harkélyok, 6rvds légykapd) és nyflt, ligetes
erdbket kedveld faj (pl. erdei pityer) itt éri el a
maximélis denzitdst. Ez a nyitott, kis cserje-
szintd erdészerkezettel hozhat6 8sszefilggés-
be, amit az erdégazdéilkod4s a térzskivalaszté
gyéritéssel és az ezzel jar6 munkédlatok ut6ha-
tasaival hozott létre.

A teljes kdzbsségek €s a fészkelési, tapldlko-
z4si és vonuldsi szokdsokon alapulé 8kolégiai
csoportok 8sszehasonlitdsakor egyarént kifeje-
zett a kitlonbség a cserjeszintd, fiatalos fazis és
a tobbi, zar6dott fazis k6zdtt. Ez a hipotézisek
szerint a kétféle él6helyen killénbsz8 médon
lezajlott fajképz6 folyamatok és alkalmazko-
disi mechanizmusok kdvetkezménye lehet. Az
eur6pai madarkdzdsségek szukcesszidjaban alta-
lanos vonés, hogy a nyiltabb él18helyektd!l a zar-
tabbak felé haladva csdkken a kdzdsségekben a
hosszGtdvd, trépusi vonulék ardnya. Bilcke
(1984) hipotézise szerint, amelyet Ménkkdnen
és Helle (1989) is megerésitett, ennek magya-
rdzata az, hogy az afrikai teleldterilleten na-
gyobb ardnyban taldlhat6k nyilt - szavannés, fél-
sivatagi - él6helyek.

Margalef (1968) és Odum (1969) hipotézisét,
amely szerint a szukcesszi6 sorén a specializd-
ci6 mértéke ndvekszik, a faj/nemzetség, faj/csa-
14d, nemzetség/csalad ardnyszdmok nem tdmasz-
tottdk ald. Mivel més kutaték (pl. Helle 1985)is
hasonlé eredményeket kaptak, val6szind, hogy a
médszer nem alkalmas a tényleges specializicié
mértékének a megéllapftasara.

References

Alerstam, T. & P. H. Enckell. 1979. Unpredictable
habitats and the evaluation of bird migra-
tion. — Oikos 33: 228-232.

Bejcek, V. & K. Stastny. 1984. The succession
of bird communities on spoil banks after sur-
face brown coal mining. — Ekol. pol. 32:
245-259.

Bilcke, G. 1984. Residence and non-residence in
passerines: dependence on the vegetation struc-
ture. — Ardea 72:223-227.

Blondel, J. & H. Farré. 1988. The convergent
trajectories of bird communities along ecologi-
cal successions in European forests. —
Oecol.(Berlin) 75: 83-93.

Glowacynski, Z. 1975. Succession of bird com-

munities in the Niepolomicze forest (Southern Po-
land). — Ekol. pol. 23:231-263.

Glowacynski, Z. 1979. Some ecological parame-
ters of avian communities in the successional
series of cultivated pine forest. — Bull. Acad.
Pol. Sci., ser.sci. biol. C1.11 27: 169-177.

Glowacynski, Z. & J. Weiner. 1983. Successional
trends in the energetics of forest bird communi-
ties. — Hol. Ecol. 6: 305-314.

Helle,P. 1985. Effects of forest regeneration on the
structure of bird communities in northern Finland.
-— Hol. Ecol. 8: 120-132.

Helle, P. & R. J. Fuller. 1988. Migrant passerine
birds in European forest successions in relation to
vegetation height and geographical position. — J.
Anim. Ecol. 57: 565-579.

Hurlbert, S. H. 1971. The non-concept of species
diversity: A critique and alternative parameters.
— Ecology 52: 577-586.

James, F. C. & S. Rathbun. 1981. Rarefaction, rela-
tive abundance and diversity of avian
communities. — Auk 98: 785-800.

Johnston, D. W. & E. P. Odum. 1956. Breeding bird
populations in relation to plant succession on the
Piedmont of Georgia. — Ecology 37: 50-62.

Karr, J. R. 1968. Habitat and avian diversity on
strip-mined land in east-central Illinois. —
Condor 70: 348-357.

Kendeigh, S. C. 1948. Bird populations and biotic
communities in northern Lower Michigan. —
Ecology 29: 101-114.

Ludwig, J. A. & J. F. Reynolds. 1988. Statistical
Ecology. — Wiley, New York.

MacArthur, R. H. 1959. On the breeding distribu-
tion pattern of North American migrant birds.
— Auk 76:318-325.

MacArthur, R. H. 1964. Environmental factors af-
fecting bird species diversity. — Am. Nat. 98:
387-397.

MacArthur, R. H. & J. W. MacArthur. 1961. On bird
species diversity. — Ecology 42: 594-598.
MacArthur, R. H., MacArthur, J. W. & J. Preer. 1962,
On bird species diversity. I1. Prediction of bird
censuses from habitat measurements. — Am. Nat,

96:167-174.

Margalef, R. 1968. Perspectives in ecological
theory. — Univ. Chicago Press, Chicago.

May, P. G. 1982. Secondary succession and bird
community structure: patterns of resource utilization.
— Oecol. (Berl) 55:208-216.

Moskét, C. 1987. Estimating bird densities during
the breeding season in Hungarian deciduous
forests. — Acta Reg. Soc. Sci. Litt. Gothoburgensis
Zoologica 14:153-161.

Moskét, C. 1988. Breeding bird community and
vegetation structure in a beech forest in the Pilis
Mountains, N. Hungary. — Aquila 95:105-112,

Moskét, C. & T. Székely. 1986. Succession of bird
communities in beech forests. — The 2nd Scien-
tific Meeting of Hungarian Ornithological Society,



Z. Waliczky 9

Szeged. pp. 137-142. (In Hungarian, with English
summary.)

Moskét, C. & T. Székely. 1989. Habitat distribu-
tion of breeding birds in relation to forest
succession. — Fol. Zool. 38: 363-376.

Monkkdnen, M. & P. Helle. 1989. Migratory hab-
its of birds breeding in different stages of forest
succession: a comparison between the Palearctic
and the Nearctic. — Ann. Zool. Fenn. 26: 323-
330.

Odum, E. P. 1950. Bird populations of the High-
lands (North Carolina) Plateau in relation to
plant succession and animal invasion. — Ecology
31:587-605.

Odum, E. P. 1969. The strategy of ecosystem
development. — Science 164:262-270.

Pécsi, M. (ed.) 1958. Budapest természeti képe.
[Natural History of Budapest.] — Akadémiai
Kiadé, Budapest. (In Hungarian.)

Preston, F. W. 1960. Time and space and the var-
iation of species. — Ecology 41: 611-627.
Preston, F. W. 1962. The canonical distribution of
commonness and rarity. — Ecology 43: 185-2185,

410-432,

Rotenberry, J. T. 1985. The role of habitat in
avian community composition: physiognomy or
florisitcs? — Oecol. (Berl.) 67:213-217.

Shugart, H. H.Jr. & D. James. 1973. Ecological suc-
cession of breeding bird populations in northwestern
Arkansas. — Auk 90: 62-77.

Smith, K. G. & J. A. MacMahon. 1981. Bird com-
munities along a montane sere: community structure
and energetics.— Auk 98: 8-28.

Wiens, J. A. 1989. The ecology of bird communities.
I-II. — Cambridge University Press, Cambridge.

Received 11 November 1990, revised 18 February
1991, accepted 3 March 1991



