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Dispersion and association of five abundant passerine bird speciea (Acrocephalus
arundinaceus, 4. sch baenus, 4. scirp s, Locustella luscinioides and Emberiza
schoeniclus) were studied in a marsh in Hungary, at 7 different levels of spatial scale.
The index of dispersion (variance/mean) and Morisita’a index gave very similar results
for the dispersion of the species. The method block-quadrat variances revealed patterns
on much higher acales, connected with the habitat, The Ochiai, Dice, and Jaccard
indices, the chi-square test of association, and Kendall's rank correlation coefficient
were applied for the measare of association between species. Results on dispersion and
agsociation showed a high order dependency on block size. Biological explanation of the
results are also discussed.

1. INTRODUCTION

A considerable proportion of ornithological work has focused on the structure of avian
communities, by examining several mechanisms like habitat selection, competition, and preda-
tion affecting the dispersion of bird populations (Cony 1985, see review in Wiens 1989), but
papers on the analysis of spatial pattern are very scarce. Analysia of the spatial pattern of
bird populations reveals how individuals are dispersed in space, brought about by mechanisms
of intraspecific and interspecific interactions among populations (TaiLor & Worwop 1982,
Suerry & HormEs 1985). Interactions with the spatial pattern of habitat ceuld also be in
the centre of interest (SEAW & ATKINsON 1990, LHraNCz et al. 1990),

Dispersion of organisms in space and time is not only a population characteristic, it is in
close connection with community structure. Spatial variatien and changes of the patch strue-
ture in time can influence the community pattern in numerous ways (WIENs 1989), so dis-
persion can indicate environmental changea as well.

Ecological patterns suffer from scale dependency. Which is the right scale, how can we
interpret our results on community characteristica? Is there any mathematical solution for the
scale problem? As WIENS et al. (1987) and Wiens (1989) pointed out, the term “scale problem™
covers effects of a wide variety of scales (biogeographical, regional, local, ete.}, However,
scale is not a property of the object being observed, but a property of the method of observation
(ALLEN & STARR 1982). An accurate analysis of a bird community can be achieved by viewing
the community at several levels of resolation (MaureR 1985).

Different levels of the local spatial scale are examined in this paper,
We asked the following questions:

— How can we determine by simple spatial statistical tools the main
characteristics of dispersion of some selected bird species?

— How consistent are the results in spatial pattern analysis obtained by
different methods ?
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— Do dispersion characteristics of selected marshland passerines depend on
spatial scale?

— Is there a consistency in the association of some bird species at different
levels of spatial scale?

— Is it worth to apply statistical tools for examining spatial patterns when
community characteristics are studied?

To answer these questions, we conducted a study in the marshland Kis-Balaton, in W.
Hungary in two consecutive years during the breeding season. Although forested areas have
been shown to be better for satudies on the structure of avian communities (SEERRY & HoLwmes
1985}, this marshland provided some special advantages, like relatively long transect routesina
more of less homogenous habitat. Our study also revealed some ecological characteristica of
certain abundant marshland-nesting migratery passerines,

2. STUDY AREA

The study was conducted in the marsh Kis-Balaton, which is situated around the month
of the river Zala entering Lake Balaton, West Hungary {46°42" N, 17°21’ E), The area is com-
posed of the following plant associations: Scirpo phragmitstum, Typhetosum angustifoliae,
Caricetosum elatae, C. acutiformis. Bushes and trees of Salix albs and S. fragilis were very
scarce in the area. Bird surveys were carried out in reed belts {Phrogmitetum communis)
along the small dykes, forming a long continneus transect of circular shape.

3. METHODS

3.1. Bird censuses

Line transect surveys were carried out in May 1989 in the early hours under fine weatber
conditions. Field surveys were also carried out in 1990. We registered the distance of singing
males, or observed specimens/pairs from the starting peint of the transect measured in ateps
{one step was about 0.75 m), Lateral distances of birds from the survey route were also reg-
istered. Detections of singing birds dominated over vismal ebservations. Single line transect
surveys could not result in well-identified territories, so we examined the dispersion pattern of
the location of individual male birds, rather than the dispersion of territories.

3.2. Data manipulation

For the statistical analysis of dispersion and association of bird species we divided the
transect data into continnous blocks, and set up a distance limit of 50 m for the width of th:
transects. In order to study the effect of apatial scale on the results, 7 block sizes were appliede
25, 50, 100, 200, 300, 400, and 300 steps long blocks. Total length of transect was 18000 steps
{about 13.5 km).

3.3, Statistical analyses

In vegetation research, plant ecologists generally apply the method gquadrat-variance
for the detection of dispersion of individuals of a species. The method of block-gqnadrat vari-
ances (BQV} iz based on examining changes in the variance and the mean of the number of
individuals at different block sizes, as the latter increases in powers of 2 (GRE1G-SyITH 1983,
KErRsHAW & LooNEY 1985). We tried to apply this technique for bird data. Computations were
carried out by the program BQV (Lupwic & RevyNoLps 1988),

We measured the dispersion of the species by the index of dispersion (ID), which
expresaes the variance-to-mean ratio as a test for agreement with a Poisson model. This index
is the most popular among the gronp of dispersion indices, because we can test it by.chi-
square test statistic, or for large sample size by the d statistic (ELLIoTT 1977), The program
POISSON was used for computation of the index of dispersion (Lupwic & REy~orLns 1988).

Acta Zool. Hung. 38, 1992



MARSHLAND-NESTING BIRDS 49

Morisita’s dispersion index (MoRisITA 1971) was also applied to measure dispersion, using a
program written by the first anthor.

Association of the species was measured by association indices {Ochiai, Dice and Jac-
card), and by the chi-squre statistic with help of the computer program SPASS0OC (Lupwic &
ReyNorDs 1988). A rank correlation coefficient, Kendall’s tau was also applied for the mea-
surement of interspecific association (see e.g. SogarL & Rorrr 1941). Rank correlations were
computed by the statistical package SPSS/PC+ (Norusis 1986).

4. RESULTS

4.1. Bird species selected for analysis

During the transect surveys 24 passerine bird species were detected in
1989, and 18 in 1990. For statistical considerations we selected the five most
abundant species for the calculation of spatial characteristics, namely the
Great Reed Warbler (Acrocephalus arundinaceus L., 1758), the Sedge Warbler
{Acrocephalus schoenobaenus L., 1758), the Reed Warbler (Acrocephalus scirpa-
ceus (HERM.), 1804), Savi’s Warbler (Locustelle luscinioides (Savr), 1824), and
the Reed Bunting (Emberiza schoeniclus L., 1758). A total of 707 oceurrences
were registered for the selected five species, but only observations within a
50 m lateral distance were used for analyses (615 records). In more details,
the data set composed of 16 and 26 records for the Great Reed Warbler, 105
and 83 for the Sedge Warbler, 57 and 76 for the Reed Warbler, 54 and 40
for the Reed Bunting, 80 and 78 for the Savi’s Warbler in 1989 and 1990,
respectively.

4.2. Dispersion patterns
4.2.1. Block-quadrat variance

The method is usually applied when no visual aggregation in the pattern
i8 detected. Peaks in the graph of the variances plotted against the series of
block sizes reveal the scale of pattern. For the Sedge Warbler, the Reed
Warbler, the Reed Bunting, and Savi’s Warbler the initial block size was
50 steps long. We did not calculate block-quadrat variances for the Great Reed
Warbler because of insufficient data.

Each of the graph of block-quadrat variances show one or two peaks
(Fig. 1), detecting some tendency for aggregation in dispersion. Each of the
species show a peak in variance at block size 32 in 1989, although for Savi’s
Warbler it is not a primary peak. In 1990 two species also showed the peak
at block size 32 (Reed Bunting and Savi’s Warbler), but the peak was shifted
to block size 16 for the Reed Warbler, and peaks were not so evident for the
Sedge Warbler. Since the method of quadrat-variances uses block sizes increas-
ing in powers of 2, the result may be somewhat different from the exact scale.
For example, for the Sedge Warbler the BQV method showed a peak at 1600
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Reed Warbler (A. scirpaceus), Reed Bunting (Emberiza schoeniclus), and Savi's Warbler
{Locustella luscinioides) in the marsh Kis-Balaton, W. Hungary in 1989 and 1990,
{block width = 50 m, block size 1 = 50 ateps, 1 step = ca. 0.75 m).
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steps, but a more precise estimation by Hill’s two-term local quadrat variance
method (Hiry, 1973) revealed 1900 steps.

Two interesting conclusions may be drawn from the quadrat-variance
analyses: (1) there are tendencies for clumping in each of the species analyzed
by the BQV technique at least in one of the years, and (2) the block size of
clumping seems to be very large. (See more below.}

Tahle 1

Dispersion types of five abundant passerine hird species based on index of
dispereion in the marsh Kis-Balaton in 1989

(U = uniform, R = random, ¢ = clomped pattern)

Blook length {steps)

Species

25 50 100 200 300 400 39
Acrocephalus arundinacens GR C C C C C C
Acrocephalus schoenobaenus U U R R R R R
Acrocephalis scirpaceus R R R R R R R
Emberiza schoeniclus R R U R R R R
Locustella luscinioides R U U U U U U

4.2.2, Dispersion indices

The results of computation of the dispersion index (ID) can be consulted
in Tables 1 and 2, and the results of Morisita’s index in Tables 3 and 4. Although
these indices belong to two basically different groups, the results are very
gimilar. For the Great Reed Warbler both of them revealed a clumped pattern
in all of the block sizes in 1989, and for Savi’s Warbler both of them mostly
revealed uniform pattern. For the other three species {Sedge Warbler, Reed
Warbler, and Reed Bunting) there is a tendency for showing a random pattern
at larger block sizes.

Table 2

Dispersion types of five abundant pagserine bird species based on index of
dispersion in the marsh Kis-Balaton in 199

(U = uniform, R = random, C = clumped pattern)

Block length (steps)

Species

25 50 100 200 300 400 500
Acrocephalus arundinaceus R R R R R R R
Acrocephahis schoenobaenus R u R R R R R
Acrocephalus scirpaceus R R R R R R R
Emberiza schoeniclus C CGR R R R R R
Locustella luscinioides U U U U u U U
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Tahle 3

Dispersion types of five abundant passerine bird species based on Morisita’s index
in the marsh Kis-Balaton in 1989

(U = uniform, R = random, C = clumped pattern)

Block length (steps)

Speciea
25 50 100 200 I 400 300
Acrocephalus arundinaceus G R C C C C C c
Actrocephalus schoenobaenns u U R R c R R
Acrocephalus scirpacens R R R R R R R
Emberiza schoeniclus R R U R R R R
Locustella luscinioides R U U U u u U
Table 4

Dispersion types of five abundant passerine bird species based on Morisita’s index
in the marsh Kis-Balaton in 1990

(U = uwniferm, R = random, G = clumped pattern)

Block
length (steps)

3 50 100 200 300 400 500
Acrocephalus arundinacens ¥ C R R R R R
Acrocephalus schoenobhaenns R U R R R R R
Acrocephalus scirpaceus LW R R R R R R
Emberiza schoeniclus C C R R C R R
Locustella Inscinioides R U C U U R U

The dispersion index (ID) and the Morisita’s index of dispersion did not
reveal any important tendencies for clumping in the four species analyzed
by the BQV method. The scale of clumping for these species revealed by the
BQV method (see above) is out of the range chosen for these indices, The
limit in block size for these indices was chosen to be 500 steps, but with the
BQV method we analyzed variances of blocks up to 3200-step long. We obtained
gimilar results for the interval incommon.

4.3. Association of individual bird species

4.3.1, Association indices

Lupwic & RevnoLps (1988) recommended the Ochiai, Dice, and Jaccard
indices to measure interspecific association, These indices are relatively simple
ones, easy to use and to understand the rationale underlaying them, they use
binary (presence/absence) data. Furthermore, their favourable properties have
been proven by extensive tests. The three indices applied for Kis-Balaton data
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revealed nearly the same associations between species, but the indices Ochiai
and Dice gave somewhat higher values than the Jaccard index did (Fig. 2).
Values of each of these indices showed an increasing tendency in relation to
increasing block size. For the sake of simplicity only the values of the Jaccard
index are presented for all pairs of species and for all block sizes (Tables 5
and 6).

index value
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Fig. 2. Behavionr of 3 assoclation indices, Qchiai, Dice, and Jaee;rd. demonstrated using the
Sedge Warbler — Reed Bunting data from 1989.

Table 5

Valuea of the Jaceard index for pairs of bird species in the marsh Kis-Balaton in 1989
(abbreviations of genera: A, = Acrocephalus, E. = Emberisa, I.. = Locustella)

400 500

—  Qchiai
Dice
%+ Jaccard

A
A,
A,
A,
A.
A,
A,
A,
A.
E.

Blook leagths (stepe)

Pairs of spocics 15 0 100 EL ] Ao 400 1]
srundinacens — A. schoenobacnus 000 00% 004 010 013 018 027
arundinncens — A, scirpacens 000 002 007 010 0l6 023 033
arundinacens — E. schoenichus 000 000 005 .12 016 019 023
arundinaceus — L. luscinicides 001 0.01 0.01 006 007 014 0.24
schoencbaenus — A, scirpaceus 0.04 008 015 035 044 0351 067
schoenobaenus — E. schoeniclus 008 011 024 044 049 061 077
schoenobsenus — L. luscinioides 009 014 028 048 066 078 0.83
acirpaceus — E. schoeniclus 0.63 008 015 028 041 048 0.65
scirpaceas — L. hseinioides 002 006 019 036 051 059 0.71
schoeniclus — L. luscinioides 008 011 G20 042 051 058 0.72
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Table 6

Values of the Jaccard index for pairs of bird species in the marsh Kis-Balaton in 1990
{abbreviations of genera: A, == Acrocephalus, E. = Emheriza, L. = Locustella)

Block length (steps)

Pairs of species

25 50 100 200 300 400 500
A. arundinaceus — A, schoenobaenus 0.02 0.06 012 019 027 036 0.44
A. arundinacews — A, scirpacens 0.04 008 014 023 028 034 034
A. arundinaceus — E, schoeniclus .03 003 009 015 0,18 0.34 0.38
A, arundinaceus — L. luscinioides 003 012 013 022 033 042 0.44
A. schoenobaenus — A, scirpaceuns 003 008 016 033 045 053 0.62
A. schoenobaenus — E. schoeniclus 004 011 0.9 040 048 0.70 0,68
A. schoenobaenus — L, luscinioides 0.05 009 023 049 0.62 068 0.87
A. scirpacens — E. schoenichas 000 002 007 020 031 0531 059
A. scirpaceus — L. luscinioides 0.06 012 0.20 040 055 062 0.70
E. schoeniclus — L. luscinigides 0.09 010 016 031 040 053 0.62

4.3.2. Chi-square test of association

Chi-square test of association has also been applied for binary data.
Only few of the chi-square values proved to be significant at the 59, prob-
ability level (Tables 7 and 8), which means that the two species in question
are associated. Although there are several changes in the sign and value of the

Table 7 -

Values of the chi-square statistic for associations of pairs of bird species in the marsh Kis-Balaton
in 1989 (abbreviation of species: A, aru = Acrocephalus arundinacens, A. sch. = Acrocephalus
schoenobaenus, A, sci. = Acrocephalus scirpaceus, E. sch, = Emberiza achoeniclus, L. lus. =
Locustelln luscinioides) (When chi-square value > 3.84 reject the hypothesis that the two species
are independent; * = hiased, chi-square values are considered biased if the expected frequency
of any cell in a 2 X 2 tahle < 1 and/or the expected frequencies of more than 2 cells < 5 following

Zar (1984))
pais of spec | Amociation (— oz +) and block leugth (steps)
25 50 100 200 300 400 500
A. aru. — A, zch. —2.59 —0.15 —0.92 —0.42 —0.01 +0.01* J1.09*
A, arn. — A, sci, —129 060 +0,20 —0.06 087" 4226 4400
A. aru. — E. sch. —1.24 —2.33 —10.10 +0.16 +0.87* +0.30 —0.06
A, aru. — L. lus. —0.29 —160 —6.41 —5.66 —7.39 —3.12* —o0.12*
A, sch. — A, sei —0.68 —1.96 —4.46 —0.67 —2.62 —3.82* —1.09*
A. ach. — E, sch. +1.66 4001 +0.33 4188 —0.M 40.00* J-0.40*
A. sch. — L. lus. +148 4000 —0.18 —0.08 —008 —0.68* —0.30*
A. sci. — E. sch. —040 —000 -028 —-112 —¢10 —0.05 40.06
A, sel. — L. lus. —1.96 —3.22 —0.31 —0.68 —0.50 —0.21*  40.,12*
E. sch. — L. lus, +3.40 +0.24 —0.03 —+0.28 —0.50 —2.20*% —0.79*
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Table 8

Values of the chi-square statistic for associations of pairs of hird species in the marsh Kis-Balaton
in 1990 (abbreviation of species: A. arn, = Acrocephalus arundinacens, A. sch. = Acrocephalus
schoenobaenus, A. sci, — Acrocephalus scirpaceus, E, sch. = Emberiza schoeniclus, L. lus. =
Locustella luscinioides) (When chi-square valae > 3.84 reject the hypothesis that the two species
are independent; * = biased, chi-square values are considered biased if the expected frequency
of any cell in a 2 X 2 table <1 andfor the expected frequencies of more than 2 cells <5 following

ZAR (1984))
Puirs of . Association (— or 1) and block length {stepn)
i 25 50 100 200 200 400 500

A. arma. — A. sch. —0.26 4 0.06 +0.13 —0.11 — 00T  +0.00* 40.61*
A, aru. — A. sci, +1.26 +1.60 +4-1.20 -+1.04 +0.18 +0.06 —0.26
A. are, — E. sch. +40.45 —0,11 +0.05 —0.09 —-0.50 4-0.30 +0.19
A. aru, — L. lus. 4004 +851 +0.66 1024 1137 +£201* -0.78*
A. sch. — A. sci. —0.97 —1.12 —2.57 —4.31 —4.24 —4.09 —1.66*
A. sch. -- E, ach. +0.31 +2.08 +1.50 +4.93 +4.46 +9.88* -+3.13*
A. sch. — L. lus. - {,28 —0.9%6 —0.03 +0.00 —0.46 —1.69 —0.13*
A, sci. — E. ach. —3.92 —4,07 —4.76 —2.56 —0.58 +0.18 +1.33
A, sel. — L. lus. +0.13 +-0.25 —0.10 —0.14 —0.03 —0.01* —0.38*
E. sch. — L. lus. +820 4144 4021 4001 4002 —0.33* —0.56*

chi-squares between pairs of species along the quadrat series, this technique
gives relatively stable results for the significant species considering all of the
scales together (Fig. 3) (see also the next paragraph).

4.3.3. Rank correlation

Kendall’s rank correlation provides a robust test of association. Although
it does not need simplified binary data, this test is based on the rank order
of data elements, not on the values of data. Tables 9 and 10 represent the
significant associations between species according to Kendall’s rank correlation.
There is considerable concordance of Kendall's taus with the associations
revealed by the chi-square tests. Significant associations revealed by rank
correlation seem to be fluctuating along the block size series: some of the
associations are not apparent at certain levels, but there is ne contradiction
among the results (Tables 9 and 10, Fig. 4). Most of the associations apparent
at a given block size can be revealed by choosing a net so rigorous significance
level,

5. DISCUSSION

5.1. Dispersion types of marshland passerines. A question of technique
‘We studied the spatial pattern of five abundant passerine birds (Great
Reed Warbler, Sedge Warbler, Reed Warbler, Reed Bunting, and Savi’s

Warbler) in the marsh Kis-Balaton. Several methods were applied for the
detection of dispersion type and association between species.

Arta Zool. Hung. 38, 1992



56 C. MOSKAT, Z. WALICZEY & A. BALDI

Table 9

Values of Kendall's rank correlation coefficient computed for five passerine bird species in the
Kis-Balaton in 1989 (only significant correlations are shown at the probability level «59%)
(scale refers to block length measnred in steps; 1 step = 0.75 m)

Block-size Speties Kepdall's tan Significance n
25 E. schoeniclus — L. luscinioides 0.068 0.033 T20
50 A, scirpaceus — L. luscinioides —0.092 0.040 360

100 A. arundinaceus — L. Iuscinioides —0.187 0.006 180
100 A, schoenobaenuz — A. scirpaceus —0.159 0.012 180
200 A, arundinaceus — L. Iuscinioides —0.265 0.004 90
200 A. schoenobaenuzs — E, schoeniclus 0.19% 0.021 90
200 A. schoenobaenus — A, scirpaceus —0.202 0.015 90
300 A. arundinaceus — L. luscinioides —0.316 0.004 60
300 A, schoenobhaenus — E. schoeniclus 0.199 0.034 60
306 A, schoenobasnus — A. scirpaceus —0.379 0.000 60
400 A. arnndinaceus — L. luscinioides —0.380 0.002 45
400 A. schoenobaenus — E, schoeniclus 0.206 0.047 45
400 A. schoenobhaenus — A, seirpaceus —0.324 0.004 45
500 A. arundinacens — L. luscinioides —0.441 4,002 36
500 A, schoenobaenue — A. scirpaceus —0.493 0.000 36
Table 10

Values of Kendall’s rank correlation coefficient computed for five passerine bird species in the
Kis-Balaton in 1990 (only significant correlations are shown at the probability level «<39)
(acale refers to block length measured in steps; 1 step = 0.75 m)

Block-size Speciss Keodsll's tan  Significance n
25 E. schoeniclus — L. luscinioides 0.104 0.002 754
25 A, scirpaceus — E. schoeniclus —0.072 0.024 754
50 A. arundinaceus — L. luscinivides 0.148 0.002 377
50 A. scirpaceus — E. schoeniclas —0.104 0.021 377

100 A, scirpaceus — E. schoeniclos —0.166 0.009 188
200 A, schoenobaenus — E. schoeniclus 0.187 0,025 94
200 A. scirpaceus — E. schoeniclus —0.183 0.027 94
300 — - — 62
400 A. schoenchaenus — E. schoeniclus 0.368 0.002 47
400 A. schoenobaenus — A. scirpaceus —0.342 0.002 47
500 A. schoenohaenus — E. schoeniclus 0.310 0.012 37
500 A. schoenobaenus — A, scirpacens —0.279 0.018 37
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The method of block quadrat variance revealed the spatial scale of
clumping. The block size of clumping was 32 for nearly all of the cases (3200
steps, ca, 2400 m). This value is larger than the average territory size of these
species (HuT, 1986), and is possibly connected with habitat structure. In the
same study area habitat preferences of passerines were analyzed by the GIS
technique (LOriNcZ et al., 1990). Three main types of vegetation were identi-
fied: homogenous reed patch, edge or patch of woody vegetation, and the
ecoton of the two former types. This study applied 300 step long blocks of
sampling units.

The index of dispersion (ID) and Morisita’s index revealed a very similar
pattern of dispersion for the five bird species. Although these results show
small variations according to block size, they seem to be stable. SmErRY &
HoLmes (1985) examined the dispersion of 7 forest passerine birds by the
Lloyd’s and Morisita’s indices, and showed their consistency within a quadrat
BlZe.

What are the dispersion types of the bird species studied? Although
cach of the three basic dispersion types (uniform, random, and clumped) were
detected to some extent, we have to punctuate the question. We have to
define the circumstances more precisely,

The different methods revealed different aspects of spatial pattern of
species. The index of dispersion is applicable for assessing the agreement of
the data to the Poisson series. ID has limitations in measuring the degree of
clumping, because it is strongly influenced by sample size (ErLioTT, 1977).
Morisita’s index is relatively independent of mean density, it is a measure of
the departure from randomnese based on Simpson’s diversity, A number of
tests and measures of departure from random expectation are available, but
their measures of non-randomness have special characteristies, so they can be
congidered as relative values (GREIG-Smith, 1983).

All of the results seem to be scale-dependent. For the passerine birds
in Kis-Balaton LORrINCZ et al. (1990) applied the dipersion index proposed by
Jounson & Zimmer {1985). It is based on individual-te-nearest-individual
distances, so this technique is independent of scale problem. However, the
dispersion index of JoHNsoN & ZiMmMrR showed a clear tendency for detecting
clumped pattern. According to Ldnixcz et al. (1990) this distance index applied
for all transects revealed only clumped patterns for the same five species
analyzed in the present study, but uniform (regular), and random types also
occurred in the original transects. Detailed tests and comparisons of dispersion
indices based either on blocked or distance data are badly needed, because of
the lack of well-defined recipes for field-work and analysis in ornithology.
Spatial pattern is an important characteristic of populations, first of all in
the landscape ecological viewpoint,
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5.2, Interspecific association of abundant bird species

An easy way for the evaluating of interspecific association is the applica-
tion of association indices. The Jaccard index revealed close associations
between the following pairs of species: Sedge Warbler-Reed Bunting, Sedge
Warbler-Savi’s Warbler, and Reed Bunting-Savi's Warbler, i.e. all possible
combinations of these 3 species. The main problem with association indices
like the Ochiai, Dice, and Jaccard-index is that there is no way for testing
their significance. As their values increase with block size, they c¢an be con-
sidered as relative values, Chi-square tests of association gave instable results
in relation to block size, but the valaes of Kendall’s tau seem to he more
stable. From the results gained in different block sizes we constructed the
everall plexus-graphs of the five species (¥Figs 3 and 4), which demonstrate
both the positive and negative relationships between species, No contradic-
tions were found in the results, so we can recommend its usage.

L. lus. L. lus.
1989 - ' 1990
—— - /’_J.-" .
A, an] '. E._ sch.
I - /'_/-’-'--.
I: = e ,
! - T ;
A. sci.- — ~— A. sch A. sci.——— A. sch.
L. ws.
1989 & 1990 =
-,
T i
- |
A. aru. E. sch.
+ | e e
L |
A. sci, ————— ‘A. sch.

Fig. 3. Associations of five bird species obtained by the chi-square test of association, Results

at the 7 different spatial scales (block sizes from 50 steps to 500 steps) were pooled into one

figure per year, moreover the results from the two years were also pooled to demontarate the

overall association structure. (A, aru, = Acrocephalus arundinaceus, A, sch. = Aerocephalus

schoenobasnus, A. scl. = Acrocephalus scirpaceus, L. lus. = Locustells fuscinioides, E, ach, =
Emberiza schoeniclus).
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1589 L. lus. 1690 L. lus.
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o/ | + // L+
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Fig. 4. Associations of five bird species based on the ng:ﬂimce of the Kendall’s rank correla-

tion coefficient at 5% probability level. Results at 7 different spatial scales (block sizes

from 50 steps to 500 steps) were pooled into one figure per year, to demonstrate the overall

association structure. (A, ard. = Aerocephalus arundingcens, A. sch, = Acrocephalus schosno-

baenus, A, sci. = Acrocsphalua scirpaceus, L. h:;al = i[.ocuudla luacinivides, E. sch, — Emberiza
schoeniclus).

Kendall’s rank correlation revealed a significant positive association
between the Sedge Warbler and the Reed Bunting. This association is likely
to be produced by their similarities in habitat preference, because the block-
quadrat variance analysis revealed the same spatial scale of clumping for
both of these species in 1989 (block size: 32), but in 1990 this similarity was
not so evident. The Reed Warbler also showed the highest variance at block
size 32, but its relationship was negative with both of these two species.

5.3. Biological aspects versus mathematical solution for the scale problem

Spatial scale affects the distributional pattern of organisms. On a suffi-
ciently large acale, many animals tend to be aggregated (TavLoR et al., 1978,
Tayror & Worwop, 1982). SuerrRY & HorMgs (1985) found that dispersion
patterns of several forest bird species changed with the size of the area analyzed.
These changes were the consequences of both interspecific and intraspecific
social interactions and fine-scale habitat patchiness. For all species we also
found that the dispersion detected by dispersion indices is highly scale-depen-
dent: the dispersion of individuals show a uniform (regular) or a random pat-
tern on a small scale, but aggregation peaks occur at the higher scales. This is
more a property of the habitat than the species itself. If the scale analyzed
exceeds greatly the extent of the habitat patches, the individuals will tend
to be gathered in the habitats most suitable for them for feeding and nesting.
Within each habitat patch territoriality will lead to a more uniform dispersion
of pairs.
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The same applies to asszociation indices, too. Species with similar habitat
affinities show a tendency to occur together when other habitat patches are
congidered at a greater scale. In our study the Sedge Warbler, Savi’'s Warbler
and the Reed Bunting are such species. According to the results of Hur (1986),
these species show a marked overlap in their habitat choice. There are generic
differences in their morphologies, however, which enable them to utilize dif-
ferent resources where they co-occur, On the other hand, species with high
morphological similarity differ in their habitat selection. LEISLER analyzed the
foot morphology of Central European Acrocephalus and Locustella species
and stated that the Reed and the Great Reed Warblers are well adopted for
clinging to vertical stems, but the Sedge Warbler is well adopted for more
heterogenous vegetation structure. Although the foot of Savi’'s Warbler is
adopted for walking, its long hind toe and large claws provide high clinging
ability for climbing vertical stems when choosing song perches (LEISLER, 1975},
Multivariate analysis of habitat eeparation in Central European Acrocephalus
species revealed greater similarity of habitat occupancy between the Reed
and the Great Reed Warblers than hetween the Sedge and the Reed Warblers.
The latter two species were separated by the presence or the absence of a
dense vegetation layer between 1 and 2 m, while the former pair of species
are separated by different densities of the lowest vegetation layers and by
differences in vegetation height (LErsLer, 1981). SvENssoN (1978) reported
the territorial exclusion of the Sedge Warblers by the Reed Warbler. Dissimi-
larities in habitat occupancy and a possible background process (territorial
exclusion) are reflected by the high negative association hetween the Reed
and the Sedge Warblers revealed by the present study.

At the population scale we have two species, which seem to be scale-
independent in their dispersion. For Savi's Warbler in the blocks of up to
500 steps length the dispersion of individuals is uniform. This suggests that
thie species is highly territorial and very agressive intraspecifically. The other
species, the Great Reed Warbler shows the opposite in dispersion type. The
males were clumped at every scale in the 1989 analysis. This can be explained
in several ways. One can hypothesize that (1) the food resource they utilize
is either very abundant or unpredictable in time so that they are not worth
to be defended. Another possibility that (2) the microbabitat suitable for
nesting is so rare that individuals are forced to breed in close proximity and
forage to higher distances. Which explanations is closer to reality cannot be
decided because of the small number of individuals recorded in this year (16
singing males within the belt of 50 m lateral width), as the Great Reed Warbler
was the least abundant species among the five species selected for analysis.
In 1990, when movre birds were counted (26), the pattern disappeared when the
dispersion index (ID) was used. The second hypothesis seems to be supported
by Cstre® (1983) in some marshesin Hungary. He frequently observed Great
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Reed Warblers feeding in the reed far from their nests. Nests of the birds were
found close to the reed/water edge. Kosryrko (1989) studied the habitat
selection of Acrocephalus and Locustella species on small lakes in the surround-
ings of Posnan, and stated that the Great Reed Warbler was specialized in
habitat selection with respect to vegetation structure. The Great Reed Warblers
nested in littoral reeds close to water. A similar result was obtained by LEISLER
(1981): principal component and discriminant analyses of six Acrocephalus
species in Central Europe revealed that the Great Read Warbler inhabit the
extreme edge of a marshland habitat gradient.

Although statistical techniques are effective tools in the study of scale
problems, they have limitations. We can ask if all of the scales having bio-
logical importance could be determined by statistical analyses, or all of the
scales revealed have any biological meaning? Most of the results gained in
the present study showed great agreement with the statistical and biological
aspects, but further research in the methodology of spatial pattern analysis
for birds is badly needed. '

3.4, Methodological conclusions

We can recommend the parallel use of some alternative techaiques both
for the characterization of spatial pattern and to reveal interspecific associa-
tions. All of the dispersion and association indices (index of dispersion, Morisita’s
dispersion index, Ochiai, Dice and Jaccard indices of association), and the
chi-square test of association are powerful tools for detecting patterns. All the
methods applied proved to be scale-dependent, so the application of different
scales (block sizes}) is desirable. The method of block-quadrat variances (BQYV),
generally applied in vegetation research, is also applicable for bird data. While
dispersion and association indices work at the territorial or on somewhat
greater fine scales, the method BQY is applicable for the detection of larger,
habitat-type scales,
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