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Summary 

The main ecological difference between the Great Reed Warbler (Acrocephalus arundina- 
ceus arundinaceus) and Eastern Great Reed Warbler (Acrocephalus acrocephalus orienta- 
lis) lies in the density of breeding population, which in the Eastern subspecies studied in 
Japan is on average 10 times higher than that of European populations of the Western sub- 
species. In this study it is shown that potential food resources of the Great Reed Warbler in 
Japan are more than ten times more abundant than those in Poland, with respect both to the 
number of potential prey items (invertebrates) and to their total biomass. This strongly sug- 
gests that such high densities of Great Reed Warbler in Japan are at least partly due to more 
plentiful food supply. Other factors which could explain the difference between breeding 
densities in Japan and Poland are the predation by Marsh Harrier (Circus aeruginosus) in 
Poland and lack of competition with Reed WarNer (Acrocephalus scirpaceus) in Japan. 
The abundance of food on the sample plot in Japan resulted primarily from outbreaks of 
dipterans of the suborder Nematocera, the most common of which were Chironomidae. 
Although Chironomidae were not the preferred prey, they made up a substantial proportion 
of the diet of nestlings. In both studied areas, apart from dipterans, the greatest proportion 
of nestlings' diet constituted arachnids. Differences in nestlings' diet between study sites 
resulted mainly from a greater proportion of Nematocera and lower proportion of Coleop- 
tera and Odonata in Japan. 
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Zusammenfassung 

Potentielles Nahrungsangebot und Nesflingsnahrung der westlichen (AcrocephMus 
arundinaceus arundinaceus) und i~sflichen Form (Acrocephalus arundinaceus orientMis) 

des Drosselrohrs~ingers 

Die unterschiedliche Dichte der Brutpopulationen ist ein wichtiger 6kologischer Unter- 
schied zwischen den heiden Unterarten des Drosselrohrs~ingers (Acrocephalus arundina- 
ceus). Im Durchschnitt ist die Abundanz hei der 6stlichen Unterart in Japan 10real so hoch 
wie bei der europ~ischen Population der westlichen Unterart. Diese Untersuchung macht 
deutlich, dass das potentielle Nahmngsangebot in Japan mehr als 10real so grog ist wie in 
Polen. Das gilt sowohl ffir die Anzahl der Beutetiere (Invertebraten) wie ftir die Biomasse. 
Es legt die Vermutung nahe, dass die grof3e Populationsdichte des Drosselrohrs/~ngers in 
Japan p r im~  anf die enorme Nahrungsmenge zurtickzuftihren ist. Weitere G~nde  k6nn- 
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ten das Fehlen der Rohrweihe (Circus aeruginosus) sowie die fehlende Konkurrenz dutch 
eine weitere Rohrs~ingerart sein. In Polen tritt neben dem Drosselrohrs~inger in grN3erer 
Dichte der Teichrohrs~inger (Acrocephalus scirpaceus) auf. Die hohe Abundanz von Nah- 
rungstieren in Japan ergab sich in erster Linie dutch das Massenschltipfen yon Mticken 
(Nematocera), besonders von Zuckmticken (Chironomidae). Obwohl sie nicht bevorzugt 
gefressen wurden, machten sie doch einen erheblichen Anteil an der Nestlingsnahrung 
aus. Neben den Fliegen (Diptera) stellten in beiden Untersuchungsgebieten die Spinnen 
(Araneae) den gr6gten Anteil. Im Vergleich zu Polen fanden sich in Japan die gr/Sf3ten Un- 
terschiede in der Nestlingsnahrung bei einem h/3heren Anteil an Mticken und einem gerin- 
geren an K~ifern (Coleoptera) und Libellen (Odonata). 

Introduction 

The breeding biology and ecology of the two 
subspecies are very similar (viz. Saitou 1976, 
Dyrcz 1995). The most striking differences be- 
tween the forms is in the density of breeding 
population. In six populations of the Eastern 
Great Reed Warbler so far studied, the density 
of breeding pairs per unit of reed area was at 
least ten times greater than in seven studied po- 
pulations of the western form (Dyrcz 1995, 
Dyrcz & Nagata 1998). This study was aimed 
at establishing whether these differences are 
influenced by food resources. Until recently 
the two forms were considered as subspecies 
although the appliance of molecular markers 
suggests they are distinct species (Leisler et al. 
1997). In this paper we follow the main texts 
(Leisler 1991, Cramp 1992) and treat the forms 
as subspecies. 

Study areas, material and methods 

The study of the Eastern Great Reed Warbler 
was carried out in the 1996 breeding season on 
a sample plot (2.3 ha), which comprised a reed 
bed (600 m long and c. 30 -60  m wide) along 
the southern bank of the Kasumigaura Lake 
(Honshu, Japan, 36.00 N, 140.25 E) near the 
mouth of the Semei River. The reed bed repre- 
sents a more or less natural plant community 
with dispersed single bushes of willow (SaIix 
spp.) and rose (Rosa sp.). From the land side 
the plot is bordered by paddy and lotus fields. 
Studies on western Great Reed Warblers were 

conducted in the 1997 breeding season on fish- 
ponds situated c. 5 km east of Milicz (51.32 N, 
17.17 E) in south-western Poland. The study 
area (c. 16.5 ha) comprised a reed-bed forming 
a 900 m long and 40-130  m wide zone along 
the bank of a large fish-pond. Reed (Phrag- 
mites australis) predominates but locally there 
are areas of cattail (Typha spp.) often with a 
mixture of reed. Along the dike which borders 
the pond, there are abundant shrubs (willow, al- 
der and others) and old trees, mainly oaks 
(Quercus robur), The ground is covered with 
herbaceous vegetation dominated by grasses. 

On both study plots every effort was made to 
find all nests. During nest controls the faeces of 
nestlings at the age of 5 - 1 0  days were col- 
lected. After the collection fresh droppings 
were conserved in the field with a small 
amount of salt and later stored in a refrigerator. 
For examination, faeces were dispersed by 
soaking them in water for two hours and ana- 
lysed under a binocular microscope at 20x 
magnification. The prey remains were used to 
count the number of individuals (Flinks & Pfei- 
fer 1987) and the length per individual was es- 
timated approximately. The method of faeces 
analysis has been thoroughly validated by Da- 
vies (1976, 1977a, 1977b), Ralph et al. (1985) 
and Jenni et al. (1989). In Japan, altogether 108 
nestlings' droppings with fragments of 905 an- 
imals were analysed. They were collected in 18 
nests. In Poland the figures were 103 droppings 
(in 16 nests) and 666 animals. An attempt was 
made to evaluate the size and composition of 
potential food resources in study areas by the 
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Fig. 1. Food composition (number of individuals) of the Great Reed Warbler nestlings in both study areas. 
Others = Isopoda, Opilionidea, Mecoptera, Insecta-unidentified, Pisces and Amphibia. 
Abb. 1. Nestlingsnahrung des Drosselrohrsgngers in den beiden Untersuchungsgebieten. Andere: Isopoda, 
Opilionidea, Mecoptera, unbestimmte Insekten, Fische und Amphibien. 

sweep-net method. On both study sites samples 
were collected in reed and gramineous vegeta- 
tion neighbouring the reed bed. Each sample 
comprised 20 strokes of a sweep-net in 5 ran- 
domly chosen places (100 strokes in total). In 
Japan samples were collected four times during 
the breeding season; in Poland five times. The 
average first egg date on the Japan plot in 1996 
was 29 May and on the Polish plot 22 May, so 
the difference in the timing of the breeding sea- 
son between study areas was small. In both 
areas samples were taken during prelaying, 
laying and incubation periods. Collected ani- 
mals were treated with ether and subsequently 
preserved in 70 % ethyl alcohol. In the labora- 
tory the animals were classified, generally to 
order level, counted and their total dry body 
mass was assessed. 

In the paper the number of prey items given 
are the numbers observed without applying 
any correction factor for differential recogniza- 
bility. 

Previous studies (Ezaki 1992, Bug 1997) as 
well as personal, unpublished observations 
suggest that both in Japan and in Poland Great 
Reed Warblers collect their food partly within 
a reedbed and partly outside it, in the vicinity. 
This influenced the choice of places where 
samples of potential food were taken. In Milicz 
Great Reed Warbles also foraged on trees and 
bushes growing on dikes, where samples were 
not collected. However, previous study in the 
same area (Dyrcz & Zdunek 1996) indicates 
that resources of potential food in trees~ushes 
and in grasses are similar. A resemblance be- 
tween different samples was assessed using the 
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Table 1. Potential food resources of the Great Reed Warbler in both study areas 
Tab. 1. Potentielles Nahrungsangebot des Drosselrohrs~ingers in den beiden Untersuchungsgebieten. 

Seimei - Japan Milicz - Poland 

Date Reed Herbaceous Date Reed Herbaceous 
vegetation vegetation 

7 V 96 4119 1372 8 V 97 61 545 
17 V 2010 466 12 V 287 1193 

A 28 V 2108 6385 16 V 182 941 
7 VI 3870 38 500 26 V 268 666 

5 VI 352 2298 

median: 3113.5 3878.5 268 941 
Total 12 107 46 723 1150 5643 

as above 2645 683 as above 50 325 
1007 194 275 860 

g 851 2405 120 645 
5110 65 275 100 440 

135 1515 

median: 1826 1544 120 645 
Total 9613 68 557 680 3785 

A - No. of prey items; B - Biomass (dry weight, rag) 

Renkonen index (1938). In the case of bird as- 
semblages, the value 5 0 - 7 0  % of Re index 
shows clear similarity, while more than 70 % 
may be evidence of belonging to the same 
community (Tomialojc 1970). When data sets 
were very small (Table 2) differences in loca- 
tion were tested with the permutation test using 
exact statistical inference (Anonymous 1996). 
In the paper the taxonomy of insects according 
to Richards & Davies (1977) was applied. 

Results 

Prey composition based on the analysis of 
faeces 

In both subspecies food composition (num- 
ber of individuals) was very similar (Fig. 1), 
fairly complex considering prey taxonomy and 
ecology. Most prey constituted winged insects 
capable of strong flights which were frequently 
caught in the air or collected on plants. Presum- 
ably all arachnids and beetles were collected in 
the foliage. Some water animals (freshwater 
snails, small fish and frogs) were present in the 
diet. The proportion of prey present in both 

study sites (Re) amounted to 71.3 %. Differ- 
ences in prey composition were statistically 
significant 0~ 2 = 196.9, p < 0.0001). In both 
studied populations, the most abundant prey 
items in nestlings' food were arachnids and 
dipterans. The main differences resulted from 
greater proportion of Diptera-Nematocera 
0~ 2 with Yates' correction = 122.5, p < 0.0001) 
and lower proportion of Coleoptera (X2= 64.4, 
p < 0.0001) in Japan, where the proportion of 
Odonata was also lower (;(2 = 12.1, p = 0.0005; 
Fig. 1). 

Lengths of p rey  in Poland and Japan were 
compared in the contingency table (one class 
of prey length was ignored as the number of 
items was equal to zero on both plots; Fig. 2). 
The prey for nestlings was on average smaller 
in Semei (Japan) than in Milicz (Poland; 
Fig. 2). The average length of prey in the for- 
mer area was 11.83 mm (s. d. = 8.701, n = 905) 
and in the latter 14.41 mm (s.d. = 10.151, 
n = 6 6 6 ) .  This difference was significant 
()~2 = 34.52, df = 5, p < 0.001) and resulted 
chiefly from a greater proportion of the biggest 
prey (categories 3 - 7 ,  Fig. 2) in Milicz. 
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Fig. 2. Distribution of the length of prey of the Great Reed Warbler in both study areas. 
Abb. 2. Hgufigkeitsverteilung der Beutel~ngen des Drosselrohrs~ngers in beiden Untersuchungsgebieten. 

Nestlings'  food and potential food resources 
in the habitat 

Considering both the number of  prey items and 
their dry weight, food resources in Semei (Ja- 
pan) were far more richer than in Milicz (Po- 
land; Table 1). Both the number and dry weight 
of  prey items in reeds (Table 1) were signifi- 
cantly higher in Japan than in Poland (permuta- 
tion test: p < 0.020). This trend was also 

observable in herbaceous vegetation (Table 1), 
but differences were statistically insignificant 
(permutation test: p < 0.2). 

The proportion of  various taxa differed con- 
siderably (Re = 59.0 %) between study areas 
(Fig. 3). The most striking and important 
differences seem to be  in the proportion of  
dipterans, representatives of  the suborder Ne- 
matocera. In Japan they constituted 96 % of  

Table 2. The biomass of the Great Reed Warbler on sample plot in Japan vs biomass of the Great Reed War- 
bler and Reed Warbler on sample plot in Poland 
Tab. 2. Biomasse der Drosselrohrs~inger der Probefl~iche in Japan im Vergleich zur Biomasse yon Drossel- 
rohrsfingern und Teichrohrs~ingern der Probefl~iche in Polen. 

Seimei - Japan 1996 Milicz - Poland 1997 
Acrocephalus arundinaceus A. arundinaceus + A. scirpaceus 

No. of pairs/ha 18.2 0.4 + 19.5 
Mean mass of an individual (g) 25.5 27.2 12.3 
Biomass/ha (g) 928.2 21.8 + 479.7 

Sources of data: Dunning 1993, Bujnicka 1997, Dyrcz & Nagata 1998, Hatupka 1998. 
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Fig. 3. Taxa of invertebrates comprising potential food resources of the Great Reed Warbler in reed and her- 
baceous vegetation in both study areas. 
Abb. 3. Potentielles Nahrungsangebot ftir den Drosselrohr~inger in beiden Untersuchungsgebieten. 

potential prey items as against 55.1% in Po- 
land. All differences between taxa, shown in 
Fig. 3, are statistically highly significant. 

Both in Japan and Poland, similarities be- 
tween potential food and food brought to nest- 
lings were not strong. Re amounted to, 
respectively, 41.6 % and 39.6 % (Fig. 4 and 5). 
Instead, there were a number of differences. In 
Japan extremely rich resources of Nematocera 
(mainly Chironomidae) were exploited by 
Great Reed Warblers feeding nestlings. Nema- 
tocera constituted nearly 38 % of nestlings' 
food whereas Araneida, Odonata (mainly Zy- 
goptera freshly emerged), Orthoptera and Le- 
pidoptera were chosen much more selectively. 
In Poland, in some periods Nematocera also 
appeared in masses and constituted an impor- 
tant proportion of food. Great Reed Warblers 
showed preferences for Araneida, Odonata 

(that seemed to be more common on Milicz 
ponds than in Semei) and Lepidoptera. 

Discussion 

This study shows that food resources for Great 
Reed Warbler were generally more than ten 
times greater in Japan than in Poland. This re- 
fers to both the number of potential prey items 
and their biomass. These differences corre- 
spond with the density of the breeding popula- 
tion, which was more than ten times higher in 
Japan than in Poland (Table 2). This may indi- 
cate that there is a causal relationship between 
these parameters: thus high densities of breed- 
ing pairs in Semei, and elsewhere in Japan, 
could be a result of richer food resources. Ad- 
ditionally, the mentioned differences in breed- 
ing densities of the two subspecies may result 
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Fig. 4. Comparison of potential food (collected by the sweep-net method in reed and herbaceous vegetation, 
A) and food brought to nestlings (analysis of faeces, B) in Japan. 
Abb. 4. Potentielles Nahrungsangebotes (ermittelt fiber Kescherf~inge in Schilf und krautiger Vegetation, 
A) und Nestlingsnahrung (nach Kotanalysen, B) in Japan. 

from the lack of the Reed Warbler in Japan. 
The species is much smaller than the Great 
Reed Warbler, but the prey of the two species is 
similar and therefore they may compete (Dyrcz 
1979). Even the total biomass of the Great 
Reed Warbler and the Reed Warbler on sample 
plot in Poland is only half that of the Eastern 
Great Reed Warbler in Japan (Table 2). This 
suggests that the food factor is more important 
than the competition between related species. 
The Marsh Harrier, an important predator of 
older nestlings and fledglings of the Great 
Reed Warbler (Dyrcz 1981, Witkowski 1989) 
bred in the study area in Poland but not in Ja- 
pan. This also could influence the high breed- 
ing density of the Japanese population. 

The abundance of potential food supply for 
the Great Reed Warbler in Japan goes back pri- 
marily to outbreaks of Nematocera, especially 

Chironomidae. Although these dipterans are 
not usually the most preferred type of food, 
they formed an important proportion of the 
nestlings' diet. It seems plausible that during 
shortages of the preferred food, it could be re- 
placed by Chironomidae. The abundance of 
Chironomidae in Japan compensated for the 
less frequent occurrence or availability of dra- 
gonflies and beetles and on average lower prey 
size in comparison with Poland. However, the 
length of many Chironomids in Japan exceeded 
8 ram. Arachnids, as shown in other studies 
(Dyrcz 1979) are a substantial and typical prey 
of nestlings' diet in the Great Reed Warbler. 

A pronounced difference in the productivity 
may result from differences in climate and 
level of eutrophication. Meteorological data 
from Japan used in this study refer to Tokyo, 
located only 50 km SW of the Kasumigaura 
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Fig. 5. Comparison of potential food (collected by the sweep-net method in reed and herbaceous vegetation, 
A) and food brought to nestlings (analysis of faeces, B) in Poland. 
Abb. 5. Potentielles Nahrungsangebotes (ermittelt tiber Kescherf~inge in Schilf und krautiger Vegetation, 
A) und Nestlingsnahrung (nach Kotanalysen, B) in Polen. 

Lake and also near the sea shore. In the study 
years, the average temperature in the breeding 
season of the Great Reed Warbler (May, June) 
was about 3 °C higher in Tokyo than in Milicz. 
The precipitation level in Tokyo was also high- 
er (Table 3). These difference are relatively 
small. However, when we take into account the 
whole year, differences, between the study 

areas are greater (Table 3). The most striking 
difference concerns winters, mild in Japan, 
which is a result of a maritime climate. In To- 
kyo mean multiannual temperatures in Decem- 
ber, January and February amounted to, 
respectively, +6.1, +3.7, +4.3 as opposed to 
+0.4, -1.2, -0.2 °C in Milicz. Annual precipita- 
tion in Tokyo is almost three times higher than 

Table 3. Meteorological differences between study regions 
Tab. 3. Meteorologische Unterschiede zwischen den Untersuchungsgebieten. 

Tokyo Milicz 
Mean daily temperatures (°C) in May 
Mean daily temperatures in June 
Precipitation (mm) in May 
Precipitation in June 
Mean annual temperature 
Mean annual precipitation 
Altitude (m) 

18.1 (1996) 15.2 (1997) 
22.6 (1996) 19.3 (1997) 
128 (1996) 68.7 (1997) 
36 (1996) 25.8 (1997) 

14.7 8.5 
1562 576 

4 109 
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in Milicz. This suggests that climate may lie 
behind the richer food resources in Japan. 

Although Milicz ponds are eutrophic, they 
are not polluted. In contrast, the Kasumigaura 
Lake is polluted by discharged sewage and its 
level of eutrophication is presumably higher. 
Some direct observations: the smell of the 
water, its colour and abundant rubbish support 
this assumption. A high level of eutrophication 
is favourable to outbreaks of Chironomidae. In 
this way humans could indirectly influence the 
high breeding densities of Great Reed Warbler 
in Japan. The importance of the food factor 
may also be seen in the fact that no cases of 
nestling starvation have been reported in Japan 
(Urano 1990, Ezaki & Urano 1995), whereas 
the starvation of young is relatively frequent in 
Poland (and some other parts of Europe), espe- 
cially in nests of secondary females in polygy- 
nous groups (Dyrcz 1977, 1986; Ezaki & 
Urano 1995). 

Considering the mild climate of the lowlands 
of Honshu, the later start of breeding in Japan, 
compared to Poland, seems surprising. The 
average first egg-date is at least 7 days later in 
Japan, although dates of arrival from winter 
grounds are similar in the two countries (Dyrcz 
1995). It is probable that the timing of breeding 
in Japan is adjusted to outbreaks of Chironomi- 
dae. However, there is not enough data to con- 
firm this assumption. 
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