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Abstract The aim of the study was to determine the relation between landscape structure, point counts number and the
number of breeding bird species occuring in different types of farmland. Species number was evaluated using point counts on
she plots localised in Polish and German farmland (from 30-52 points/plot, 10 min/point, radius — 100 or 150 m). The
equation: S = cAl, where S — species number, A — sample size (number of points), ¢, z— parameters, was used to test the
relation between point counts number and species numbers. The coefficients of determination amounted to 0.95-0.99. Among
the parameters of equation, ¢ was more strongly correlated with landscape parameters (e.g. wood cover). The analysis revealed,
that unified farmland requires bigger representative sample size compared to other, more diversified types of farmland. At least

50 points are needed for proper comparing bird species number between farmlands or periods.
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INTRODUCTION

In spite of an advancement of research on the ecol-
ogy of farmland birds in Poland during the last several
years (Gorski 1988, Kot 1988, Jermaczek & Tryjanowski
1990, Kujawa 1994, Tryjanowski 1999), the amount of
data is insufficient. Tomiatoj¢ (1997) has proposed to
start monitoring of birds just in farmland. One of the
regarded methods is point counting.

Agricultural landscapes are shaped by natural
condition as well as by strong human influence. In a
result they differ markedly between regions. However,
the structure of vegetation cover changes rapidly from
year to year. It is the source of serious difficulties with
defining a key factors which affect the differences in
bird richness and abundances if the results from differ-
ent regions or periods are compared on the base of too

small sample size. Number of species recorded
strongly depends on the sample size. The relation be-
tween species number and sample size (area or num-
ber of samples) is often described by the equation:
S =cAz where S— number of species, A — size of plot
and ¢, z — parameters (e.g. Rosenzweig 1996, and es-
pecially to farmland birds see Tryjanowski 1999).

The aim of the study was:
— to verify whether in various agricultural landscapes
the relation between number of points (A) and the
number of breeding bird species (S) fit to the model
above;
— to show the influence of landscape structure on the
relation above;
— to investigate some methodological problems linked
to the impact of landscape structure on relation be-

tween sample size and species number.
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STUDY AREA

The study was carried out in two typical lowland
agricultural regions in Central Europe: in western Po-
land (General D. Chtapowski Landscape Park, 50 km
south of Poznan) and in northern Bavaria, Germany
(valley of Main river near town Knetzgau). Land-use
type in both study areas is similar. About 80% of the
area consists of crop fields (with cereals, root crops and
rape) and 20% of grasslands, woodlands, built-up areas
and small water bodies. Of two bigger plots (each of
800 ha) one was localised in Poland (P) and one in
Germany (G). Four smaller plots (each of 185 ha) were
localised in Poland (A, B, C and D).

METHODS

Bird species number was determined on all six plots
by point counts method. Birds were counted during 10
min/point within the same radius for all species. Fol-
lowing observations were interpreted as a breeding
pair: males with or without territorial behaviour as well
as females if males were not observed. The birds flying
over were not taken into account. Two variants of the
method were used:

1) To define a general pattern of the relation be-
tween species number and sample size, on two bigger
plots (P and G) birds were counted around 52 points
up to 150 m from point. The points were regularly
distributed (each 350-400 m). Counting was carried out
in one time in the breeding season (12-28 May 1994).

2) The influence of farmland structure on the rela-
tion between sample size and the number of species
was studied on plots A, B, C and D. The birds were
counted around 30 points/plot up to 100 m from point
in two terms in breeding season: 18-30 April, and 25
May-5 June 1995. Plots were localised in following
types of farmland:

a) "homogeneous" — crop fields, with ca 3% of affor-
ested areas (plot A),

b) "with shelterbelts" — crop fields, with 8% of affor-
ested areas shaped mainly as shelterbelts (plot B),

c) "with small woods" — crop fields, with 21 % of forest
islands (plot C),

d) "with large woods" — crop fields, with 41% of big
forest complexes (plot D).

The relation between the number of points and the
number of species was determined by the analysis of
the increment of total number of recorded species fol-
lowed by the increment of the number of points.
Summing up the points was performed 20 times with
randomised rotation. Significance of that relation was
testified using the equation: S = cA7(see Introduction).

Significance of the relation between the landscape
structure and the parameters of equation was checked
by Spearman's rank correlation analysis. Landscape
structure was quantified by following variables: a) % of
crop fields, b) % of grasslands, c¢) % of woodlands, d) %
of built-up areas, e¢) % of water bodies, f) Shannon-

Wienerd diversity index

W -

(where p, — the proportion of habitats listed above),
g) the density of woodlands edges and h) the density of
all boundaries between distinguished habitats.

RESULTS
Number of counting points and the number of
species

The number of species recorded on the plots P and
G increased with number of points (Fig. 1). This incre-
ment was non-linear: from 0 to 10 points the species
number increased correspondingly by 18 and 22, from
11 to 20 points — by 6 and 10, from 21 to 30 points —
by 5 and 5, from 31 to 40 points — by 2 and 2, from 41
to 50 points — by 1 and 2. So, it seems that further en-
largement of sample size would not allow to record
significant number of new species — probably lower
then 1 species per next 10 points.

Observed numbers of species are well fitted to the
model S = cA7 which explains 96% (G) and 97% (P) of
observed variability However, in both landscapes the
model overestimated the expected values for small
(< 10) and big (> 40) numbers of points, while for
middle numbers of points expected values were un-
derestimated (Fig. 1).

The influence of landscape pattern
For all studied types of the farmland the general
pattern of the relation between species number and

number of points was non-linear, well fitted to ac-
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cepted model S = cA', which explained 95.5-99.3% of

observed variability. Similar to former analysis based
on longer series of 52 points, accepted model overesti-
mated the predicted number of species for small and
big numbers of points, but underestimated predicted
values for middle numbers of points (Fig. 2).

In homogeneous farmland (almost without non-
farmed elements) the relation between the number of
points and the number of species was close to linear. It
means that this type of farmland requires much bigger
number of points to collect representative data than
farmlands characterised by the presence of woods,
shelterbelts etc. It seems that fifty points is minimal
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Fig. 1. Relation between sample size (number of points) and the
number of species on plots P and G. Po, Go — values observed;
Pp, Gp — predicted.
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Fig. 2. Relation between the number of species and sample size in differ-
ent agricultural landscapes. Dots — values observed, lines — predicted.
H — homogenous farmland (y = 3.79x“ , r = 0.99), Sb — with shelter-
belts (y = 11.72k*“, r = 0.97), Ws - with small woods (y = 13.26x02,
r2=0.99), Wl —with large woods (y - 16.13xav, r2=0.95).

sample size which can be used for comparison of spe-
cies number between plots in farmland or between
years.

Pattern of the relation between the coefficient of
variability of species number and number of points
was different in the studied farmlands (Fig. 3). For
example, the coefficient amounted to 20% for 5 points
in farmland "with small woods" or "with shelterbelts",
while up to for 20 points in "homogeneous" farmland.

Among the parameters of model (i.e. ¢ and z) ¢ was
much more correlated with the landscape structure
(Table 1), e.g. especially with the percentage of crop

fields, percentage of woodlands and H' (plot
120
100
Ws
I- 80
(6 W
1 11
&
o
£ 40
8
0
0 5 10 15 20 25 30

Number of counting points

Fig. 3. Relation between coefficient of variability of species numbers
and sample size in different agricultural landscapes. H — homoge-
nous farmland, Sb — with shelterbelts, Ws — with small woods,
W1 — with large woods.

Table 1. Coefficients of Spearman's rank correlation between
the parameters of the equation S = cA' and the habitat variables.
*p <0.05.

Parameters of landscape structure c z
Crop fields (%) -0.9% 0.7
Woodland (%) 0.9* -1.0*
Grassland (%) 0.2 0.0
Built-up area (%) -0.2 0.6
Shannon-Wiener's diversity index FI' 0.9* -0.7
Woodland edges per area unit 0.1 0.0
All habitat edges per area unit 0.1 0.0
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"Knetzgau" was excluded from the analysis because of
lack of data on landscape structure). Parameter z seems
to be much more weakly linked to the structure of
landscape. It confirms Rosenzweig's (1996) opinion
that the value of parameter z is related mainly to the
scale of analysis of the species-area curve, but not to the
habitat structure.

CONCLUSIONS

1) In the material studied the equation S = cA2well
described the relation between the number of bird
species breeding in farmland and number of points. In
six examples analysed the coefficient of determination
amounted to 0.95-0.99.

2) Among the parameters of equation, ¢ was more
differentiated, and also more dependent on the struc-
ture of landscape. It was significantly correlated with
the percentage of crop fields (negatively), and with the
percentage of woodland as well as with diversity index
H' (positively).

3) Homogeneous farmland requires higher number
of points (if compared to farmland with woods or
shelterbelts) to achieve assumed error in bird abun-
dance estimation.

4) When point counts method is used in farmland,
comparison of species richness between different plots,
or between years, should be based on at least 50 points.
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STRESZCZENIE

[Ocena liczby gatunkéw na obszarach rolniczych
metoda punktowa: znaczenie struktury krajobrazu
iliczby punktéow]

Zalezno$¢ liczby gatunkéw od wielkosci powierzch-
ni najczesciej opisywana jest rOwnaniem S = cA2(S —
liczba gatunkow, A — wielko$¢ powierzchni, ¢, z —
parametry). Celem badan byto sprawdzenie, czy row-
nanie to dobrze opisuje t¢ zaleznos¢ w roznych typach
krajobrazu rolniczego oraz ustalenie, w jaki sposob
struktura krajobrazu wplywa na parametry rOwnania.
Liczbg gatunkow ptakow oceniono przy uzyciu meto-
dy punktowej na szes$ciu powierzchniach badawczych
w krajobrazie rolniczym w Polsce i w Niemczech. Na
dwoéch duzych powierzchniach (w Polsce — P, w Niem-
czech — G, po 800 ha kazda) sprawdzono czy liczba
gatunkow w stosunkowo duzej skali przestrzennej
zalezna jest od wielkos$ci proby zgodnie z powyzszym
roOwnaniem. Na czterech mniejszych (po 185 ha) po-
wierzchniach w Polsce: A — w krajobrazie rolniczym
Luproszczonym" (3% zadrzewien), B— w krajobrazie
rolniczym 8% za-
drzewien), C — ,,z zadrzewieniami k¢powymi" (21%
zadrzewien), D — ,,z duzymi kompleksami zadrze-
wien" (41% zadrzewien), oceniono wptyw struktury

»Z zadrzewieniami pasowymi"

krajobrazu na zaleznos$ci pomiedzy wielko$ciag proby
(liczba punktow) i liczba gatunkow. Zaleznos¢ liczby
gatunkow od liczby punktow ustalono badajac, w jaki
sposob liczba gatunkéw ros$nie wraz z liczba losowo
wybieranych punktéw. Kolejno$§¢ sumowania punk-
tow losowano 20-krotnie, obliczajac w ten sposob
$rednig liczbe gatunkow (a takze wspolczynnik jej
zmiennosci) dla jednego, dwoch, itd. az do trzydziestu
punktow. Istotno$¢ zaleznos$ci liczby gatunkow od
liczby punktow testowano korzystajac z przytoczonego
wyzej roOwnania. Liczba gatunkow stwierdzonych na
powierzchniach P i G wzrastata wraz z liczbg punktow

nieliniowo (Fig. 1), stosunkowo zgodnie z rozwazanym
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modelem — liczba punktéw objasniata na tych po-
wierzchniach odpowiednio 96% i 97% zmiennos$ci
w liczbie gatunkéw. Model ten dobrze opisywat bada-
ng zalezno$¢ roéwniez na czterech mniejszych po-
wierzchniach o zrdéznicowanej strukturze krajobrazu
(Fig. 2). Wedlug tego modelu od liczby punktéw zale-
zato 95.5 do 99.3% zmienno$ci w liczbie gatunkow,
jednak parametry réwnania bytly silnie zré6znicowane
— ¢ wynosito od 3.79 do 16.13, z — od 0.37 do 0.63
(Fig. 2). W krajobrazie ,,uproszczonym" (A) zaleznos$¢
liczby gatunkéw od liczby punktéw byta prawie pro-
stoliniowa, a w krajobrazie ,,z duzymi kompleksami
zadrzewien" (D) najbardziej krzywoliniowa. Zalezno$¢
pomig¢dzy wspodtczynnikiem zmienno$ci liczby ga-
tunkéw a liczbg punktéw réowniez ksztaltowata sig
roznie w roznych typach krajobrazu. W krajobrazie
uproszczonym wspotczynnik ten, dla danej liczby

punktéw, mial znacznie wyzsze wartosci, niz w pozo-
stalych typach krajobrazu i osiggal wartosci zblizone
do notowanych dla innych, bardziej urozmaiconych
krajobrazéow rolniczych dopiero przy liczbie punktoéw
bliskiej 30. W$rod parametrow rownania parametr ¢ byt
bardziej zré6znicowany i silniej skorelowany ze zmien-
nymi opisujacymi strukture¢ krajobrazu — udzialem
p6l uprawnych, laséw oraz wskaznikiem réznorodno-
$ci H' (Tab. 1). Potwierdza to jedno ze spostrzezen
Rosenzweiga (1996), ze parametr z jest stosunkowo
mato zalezny od typu S$rodowiska, a jego wartos$ci
zwigzane sa raczej ze skalag prowadzenia badania.
Z przeprowadzonych analiz wynika, ze, aby zniwelo-
waé wptyw roznic w strukturze krajobrazu rolniczego
na uzyskane wyniki, pordwnania terenow pod wzgle-
dem liczby gatunkéw ptakéw powinny byé prowa-

dzone na podstawie co najmniej 50 punktow.
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