
1. Introduction

Sørensen and Renkonen indexes give a possibility to com-
pare bird communities by estimating the degree of simi-
larity in species composition and dominance structure. 
In Polish literature the use of these indexes was applied 
to breeding bird communities as proposed by Tomiałojć 
(1970). The estimation of similarity between bird commu-
nities requires relatively stable species composition and 
a number of birds among compared time periods (Brauze 
& Zieliński 2006). Also the same study methods are re-
quired. Difficulties with meeting this kind of conditions 
for wintering bird communities in small urban green areas 
(Brauze & Zieliński 2006) cause that Sørensen and Renko-
nen indexes, applied to this kind of research (e.g. Górska & 

Górski 1980; Luniak 1980; Biaduń 1994, 1996a, b; Cler-
geau et al. 2001), may provide information of little value.

The aim of this study was to recognize how possible 
changes in species composition, number of birds and prob-
lems with their detection, influence values of Sørensen and 
Renkonen indexes. The application of these indexes was 
tested for bird communities wintering on small urban green 
areas. 

2. Study area

Studies on wintering birds were conducted in central Poland 
in three plots, parts of urban green areas in Bydgoszcz – 
the plot BYD, Solec Kujawski – SOL and Toruń – TOR.
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The plot BYD (14.5 ha; 53º12’N, 17º98’E); about half 
of the plot was covered with one hundred years old riverine 
alder Alnus glutinosa forest and dense undergrowth, con-
sisting mainly of elderberry Sambucus nigra shrubs. The 
rest of the area was covered by nearly one hundred years 
old pine Pinus sylvestris forest with sparse undergrowth. 
Grass areas with a few small buildings did not exceed 10% 
of the study area.

The plot SOL (11.0 ha; 53º08’N 18º21’E) was almost 
completely covered by low, nearly one hundred years old 
pine forest. Shrubs of low or medium density, mainly with 
black cherry Padus serotina, covered over half of the plot. 
A small part of the area had an open character.

The plot TOR (10.0 ha; 53º00’N, 18º36’E); the north-
ern part was covered with over one hundred years old pine 
forest with scarce undergrowth. A part of the area, adjacent 
to flooded riverine areas of the Vistula River, was covered 
by 70 – 100 years old multi-species deciduous forest with 
dense undergrowth. Remains of the flooded riverine forest 
with old poplars Populus sp. covered a small part of the 
area. There were a few ponds in the park, with the total 
area not exceeding 1 ha, and a sport grass field.

3.1. Material and methods

The study was conducted from mid December 1999 to mid 
February 2000. Birds were counted independently by both 
authors (B and Z), observers with similar field experience. 
Each observer (B and Z) controlled each plot six times, 
evenly on different dates, performing two subsequent 
counts on the same day, marked as the early one – E and 
the late one – L. The first one was being started about 8.00 
a.m. and the late count, performed right after the early one, 
was finished before noon. The counting rate was standard-
ized to 10 ha/1.5 hour, as in Biaduń (1996a, b).

All six single counts of birds conducted in the same plot 
by one observer (B or Z) at the same time of the day were de-
fined in this paper as a “survey”. Thus four “surveys” marked 
with symbols BE, BL, ZE, ZL were obtained for each plot: 
observer B – 6 early counts (BE) and 6 late counts (BL), 
observer Z  – 6 early counts (ZE) and 6 late counts (ZL).

The similarity of species composition was determined 
by the Sørensen index (QS), whereas the similarity of 
dominance structures by the Renkonen index (Re). Indexes 
were calculated as follows:

QS = 2W*100% / A + B Re = Σx
A  – number of species in 

A community
B – number of species in B 

community
W  – species shared by A and B 

communities

x – minimum value of 
dominance (%) for 
species in two compared 
communities

Species composition of bird communities and domi-
nance structures were compared among all surveys for 
each of the two plots (BYD/SOL, BYD/TOR, SOL/TOR). 
Therefore, 16 values of the similarity indexes, both QS and 
Re, were for each of the two compared plots (Tab. 1). Dif-
ferences between the values of these indexes obtained by 
comparison of two data sets collected by different observ-
ers were defined as an INTER effect (8 values of QS and 
Re indexes; Tab. 1). The analogous differences in indexes’ 
values obtained for the same observer were regarded as an 
INTRA effect: INTRA B and INTRA Z effect, for observer 
B and Z respectively (four values of QS and Re for each 
effect; Tab. 1). The Mann-Whitney test was used to com-
pare similarity values for species composition (QS) and 
dominance structure (Re) between distinguished effects. 
The significance level was at p < 0.05.

4. Results

During the quantitative studies of wintering avifauna in 
SOL, TOR and BYD plots, 22, 32 and 34 bird species 
were recorded respectively. Densities of avifauna ob-
tained during four “surveys” in each plot were as follows: 
82.3 – 138.4 ind./10 ha – BYD, 46.7 – 57.6 ind./10 ha – 
SOL and 145.8 – 204.2 ind./10 ha – TOR. 

Differences between maximum and minimum values of 
similarity in species composition (QS) of avifauna of the 
two plots for all “surveys” (n = 16; Tab. 1) ranged from 8.4 
(BYD/SOL) to 11.9% (BYD/TOR); (Tab. 2). The analo-
gous differences for the similarity of dominance structure 
(Re) ranged from 11.8 (SOL/TOR) to 22.4% (BYD/TOR); 
(Tab. 2). For INTER and INTRA effects (n = 8), differ-
ences between maximum and minimum values of QS and 
Re indexes were similar (Tab. 2). For INTRA B and IN-
TRA Z effects (n = 4), differences between maximum and 
minimum values were in some cases considerably higher 
(e.g. values of Re index for BYD/TOR plots ranged from 
2.2% for INTRA Z effect to 18.2% for INTRA B effect). 
However, minimum and maximum values of the described 
differences were recorded for both INTRA B and INTRA 
Z effect (Tab. 1).

Coefficients of variation (CV) for values of Sørensen 
and Renkonen indexes obtained for the similarity of winter 
avifauna between two plots during all “surveys” ranged 
from 4.9 to 7.6% (QS) and from 8.9 to 14.1% (Re). Analo-
gous values of CV for INTER and INTRA effects were 
similar (Tab. 2). The biggest differences between CV val-
ues were recorded for INTRA B and INTRA Z effects (e.g. 
for BYD/TOR plots for INTRA B and INTRA Z effects, 
the values were respectively: 1.5 and 8.4% for QS, whereas 
12.7 and 1.4% for Re; Tab. 2).

Significant differences were observed only for values 
of similarity in species composition for BYD/SOL plots 



Table 1. Similarity of bird species composition (Sörensen index – QS%) and dominance structure (Renkonen index – Re%) between 
“surveys” (BE, BL, ZE, ZL) in two plots BYD/TOR, SOL/BYD, SOL/TOR with distinguished effects: INTER (white, 
n = 8), INTRA B (pale grey, n = 4) and INTRA Z (dark grey, n = 4)

QS
BYD

Re
BYD

BE BL ZE ZL BE BL ZE ZL

TO
R

BE 54.1 52.5 45.2 45.2 BE 70.2 88.1 68.2 68.8

BL 53.3 54.3 47.1 54.5 BL 69.9 86.4 67.2 66.6
ZE 57.1 53.0 50.6 55.7 ZE 73.8 88.4 68.1 69.6
ZL 53.8 54.8 45.5 52.5 ZL 73.7 82.9 70.3 68.8

QS
SOL

Re
SOL

BE BL ZE ZL BE BL ZE ZL

B
Y

D

BE 48.1 46.7 50.0 50.0 BE 42.5 40.5 50.1 41.2
BL 45.6 47.6 50.7 50.8 BL 38.7 35.1 45.1 37.9
ZE 44.1 46.2 49.3 49.2 ZE 42.5 41.1 52.4 42.6
ZL 47.3 49.2 52.2 52.5 ZL 32.8 35.4 39.3 30.9

QS
SOL

Re
SOL

BE BL ZE ZL BE BL ZE ZL

TO
R

BE 52.0 46.4 53.1 50.0 BE 41.2 36.6 44.6 39.1
BL 51.0 52.6 55.4 52.6 BL 38.8 34.5 44.5 37.1
ZE 49.1 47.5 53.7 54.2 ZE 39.4 35.1 43.2 38.1
ZL 48.1 46.7 52.9 50.0 ZL 40.8 36.5 46.3 39.2

Table 2. Ranges (max. – min.) and coefficients of variation (CV – %) of values of Sörensen (QS – %) and Renkonen (Re – %) in-
dexes obtained for similarity of winter avifauna between (/) study plots (BYD, TOR, SOL) for all “surveys” and individual 
effects (INTER, INTRA, INTRA B, INTRA Z) 

BYD/TOR BYD/SOL SOL/TOR
QS Re QS Re QS Re

All “surveys”
max. – min. 11.9 22.4 8.4 21.5 9.0 11.8

CV 7.6 10.7 4.9 14.1 5.5 8.9

INTER
max. – min. 11.9 22.4 6.7 17.3 8.7 9.5

CV 9.2 11.0 5.0 13.5 6.1 8.9

INTRA
max. – min. 10.2 20.0 6.9 21.5 7.8 11.8

CV 6.0 11.2 5.0 15.6 4.9 9.5

INTRA B
max. – min. 1.8 18.2 2.5 7.4 6.2 6.7

CV 1.5 12.7 2.4 8.0 5.6 7.6

INTRA Z
max. – min. 10.2 2.2 3.3 21.5 4.2 8.2

CV 8.4 1.4 3.5 21.5 3.6 9.1
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between INTRA B/INTRA Z effects (the Mann-Whitney 
test: U = 0.0, n = 8, P = 0.02). In this case, all values of 
the Sørensen index obtained by Z observer were higher 
than values obtained by B observer (Tab. 1). Such differ-
ences were not recorded for the remaining values, for the 
similarity of species composition and dominance structure 
indexes, obtained for plots: BYD/SOL, BYD/TOR, SOL/
BYD, and between effects: INTER/INTRA, INTER/IN-
TRA B, INTER/INTRA Z, INTRA B/INTRA Z (the Mann-
Whitney test, for P < 0.05).

5. Discussion and conclusions 

High values of coefficients of variation and large differ-
ences in maximum and minimum values of similarity in 
the dominance structure (Re), and to a lesser degree in spe-
cies composition (QS), obtained for wintering bird com-
munities in two plots during the same season were caused 
mainly by two factors. Firstly, there are considerable dif-
ficulties with the assessment of the real number of birds 
in the plot (Nilsson 1974; Tomiałojć 1974; Brewer 1978; 
Donald et al. 1997). Secondly, species composition and 
the number of birds in the small plot change during the 
whole winter (Källander et al. 1977; Jokimäki & Suhonen 
1998; Brauze & Zieliński 2003, 2004, 2006). Under such 
conditions, even during one winter day the same observer 
can obtain a different, statistically significant, number of 
birds (Brauze & Zieliński 2003). Consequently, the com-
parison of winter avifauna between two different areas may 
reflect only temporary stages of the dynamic system of the 
number of birds and species richness. Additionally, diffi-
culties with the assessment of the real number of birds are 
superimposed on this dynamic system. 

As a consequence of large differences between the ob-
tained values of the Re index is the fact that “proper” esti-
mation of the dominance and structure similarity becomes 
problematic. Thus, according to the three-step interpreta-
tion of the Re index (0 – 50, 50 – 70, 70 – 100%) proposed 
by Tomiałojć (1970), in some cases, it would be justified 
to apply two different similarity categories for the domi-
nance structure between TOR/BYD and BYD/SOL plots 
(Tab. 1).

Significant differences between INTRA B/INTRA Z ef-
fects in the similarity of species composition were recorded 
only once (the Mann-Whitney test). This implies that de-
spite of the wide range of values obtained for QS and Re 
indexes, the observers in the present study had no clear ten-
dency to over- or underestimate the similarity in winter avi-
fauna. Differences in the obtained similarity indexes would 
probably be much higher if this study were conducted by 
observers with considerably different field experience, such 
as in Källander et al. (1977), Fannes and Bystrak (1981), 
Tomiałojć (1992), Rosenstock et al. (2002).

The obtained results point out the lack of possibility 
for unambiguous estimation of the dominance structure 
similarity (Re), and to a lesser degree, also bird species 
composition (QS), for winter avifauna in two small plots 
in the urban green areas.
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