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Predation and food availability are two major eco- 
logical factors affecting reproduction in birds (Rick- 
lefs 1969). Food availability may affect primarily the 
ease of raising offspring (Duckworth 1990, Westneat 
et al. 1990). For example, if food is abundant near the 
nest or is easily gathered, parental effort will be less 
than if food is located far away or hard to obtain. In 
this sense, food access is an important determinant 
for the necessity and amount of biparental care. One 
would expect that, in the process of territory choice 
and because of their high initial investment, females 
should be more selective than males for factors im- 

portant for nest-site protection (e.g. vegetation den- 
sity; Hoi and Winkler 1988, Martin 1988, Velarde 1992). 
Males, however, should be more selective regarding 
food availability. Since males generally have better 
options for desertion, food availability mainly influ- 
ences their opportunities for further matings. How- 
ever, male territory choice cannot be independent of 
female preferences. To partially fulfill male and fe- 
male requirements the territory should have a high 
food supply and well protected nest sites. 

High nest predation can also favor a male's pro- 
pensity to become polygynous, due to the increased 
probability of survival for offspring in different nests 
(R. Montgomerie, J. Briskie, and T. Poldmaa, 1992 
abstract Int. Behav. Ecol. Congress). Also, the pro- 
pensity to become a secondary female can be greater 
under situations with high nest predation. For in- 
stance, the likelihood of a Great Reed-Warbler (Acro- 
cephalus arundinaceus) female to choose an already 
mated male is higher under high predation risk. In 
this species males provide care only to chicks of their 
primary female and with predation risk the likelhood 
of nest losses for primary females increase and in turn 
the secondary female's chances to get a primary status 
(Bensch and Hasselquist 1991). Therefore, male and 
female territory choice might be influenced by dif- 
ferent factors and the interrelations of them. The re- 

lationships between ecological factors in a territory 
are poorly known. Still less is known about how these 
relationships affect territory choice or the mating sys- 
tem of a species (Martin 1992). 

Comparing two study areas of the Marsh Warbler 
(Acrocephalus palustris), we could show that in the area 
with high vegetation density, food abundance was 
low and vice versa. This indicates a negative rela- 
tionship between the two ecological factors. Settle- 
ment of Marsh Warblers was earlier and reproductive 
success was higher in the area with higher vegetation 
density. Moreover, a difference in male feeding effort 
was indicated for the two areas (Ille and Hoi 1995). 
In this study, we want to elucidate the relationship 

between food availability and nest-site cover in Marsh 
Warbler territories, its influence on territory choice 
and reproductive success and, finally, its importance 
for male and female reproductive strategies. 

Methods.--Our study was conducted in a marsh area 
around Lake Neusiedl in eastern Austria (47ø56'N, 
16ø45'E) for five breeding seasons (1989-1993). The 
study area consisted of a 1.5-km strip of land along a 
water ditch. 

Birds were mist netted and color banded. To de- 

termine the time of territory occupation we used male 
singing behavior and the laying date (date of the first 
egg) of the females. Reproductive success was eval- 
uated based on clutch size, chick development (cal- 
culated as deviations from mean mass in grams of a 
given chick age), and number of hatchlings and fledg- 
lings. Male and female feeding rates were recorded 
during 1-h periods from a mobile blind that was placed 
5 to 10 m from the nest. Observations started the day 
after erecting the blind. Feeding protocols were car- 
ried out at about noon (1100-1500). On average, three 
observation periods were spent at each nest where 
chicks were four to nine days of age. 

Insects were collected during the nestling phase 
with pitfall traps to obtain an index of insect abun- 
dance and activity. The traps had a diameter of 10.2 
cm and were filled with 2% formaldehyde to a depth 
of 4 cm. At each nesting site, six traps were set for 
two days at a height of 10 cm above the ground within 
a radius of 5 to 10 m of the nest. A nutrition index 

(N) was calculated as: 

N = n s/100, (1) 

where n is the number of insects and s is insect size 

(mm, measured using a micro scale). 
To characterize the habitat surrounding the nest, 

the following three habitat variables were recorded: 
(1) proportion of main vegetation types; (2) vegeta- 
tion height; and (3) vegetation density at a height of 
1.0 m. Six point samples were taken at distances of 5 
m from the nest. The most important habitat types 
were: (a) stinging nettles; (b) reeds; (c) vegetation 
lower than 1 m, including grasses, sedges and tules; 
and (d) water. The proportion covered by these hab- 
itat types was estimated within a 5-m radius of the 
nest. Vegetation density was measured by means of 
a vegetation stratimeter (VSTRAT 901; see Opper- 
mann 1989) and is given as percent of covered area. 
At the nest site, we measured nest height, vegetation 
density, vegetation height, distance to the water, and 
type of vegetation. 

A discriminant analysis (Ludwig and Reynolds 1988) 
was used to evaluate the importance of different veg- 
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Fig. 1. Relation between vegetation density (per- 

cent of covered area within radius of 5 m of nest) and 
insect abundance (nutrition index within radius of 5 
m of nest) for each Marsh Warbler territory. 

etation parameters for nest predation. Vegetation pa- 
rameters were compared between successful and dep- 
redated nests. Multivariate transformation proce- 
dures were applied to habitat variables (see Dunn 
1981) to meet the requirements of the test. A multiple- 
regression analysis was used to control seasonal ef- 
fects and number of chicks for the relation between 

male feeding component and nutrition index. Non- 
parametric statistical tests were used (Siegel 1956). 

Results.--Vegetation density in Marsh Warbler ter- 
ritories was negatively correlated with their food 
abundance given as a nutrition index (r = -0.69, P 
< 0.001, n = 24; Fig. 1). Additionally, we found a 
negative correlation between food abundance and 
vegetation height (r = -0.70, P < 0.001, n = 24), 
whereas territories with high food supply had also 
higher proportions of low (vegetation lower than 1 
m) vegetation (r = 0.55, P < 0.001, n = 24). On average, 
vegetation density was 40.98 + SD of 14.51%. Vege- 
tation density was normally distributed among ter- 
ritories (Kolmogoroff-Smirnov goodness-of-fit test, X 2 
= 0.12, df = 23, P > 0.1). 

From territory establishment until the end of the 
breeding season there was a slight increase in food 
abundance (r = 0.31, P = 0.04, n = 32). However, it 
was not significant during the feeding period (r = 
0.25, P = 0.17, n = 32). There is no evidence that food 
abundance around the nest site influenced reproduc- 
tive success. We found no relation between the nu- 

trition index and clutch size, number of nestlings, or 
chick development (Table 1). 

No correlation was found between clutch size or 

number of nestlings and vegetation density when 
controlling for the seasonal variation in vegetation 
density (Table 1). Also, there was no correlation be- 
tween vegetation and nestling development, yet when 
depredated nests are included, there was a significant 

TABLE 1. Partial correlation coeffidents between food 

availability (nutrition index) or vegetation density 
and different parameters of reproductive success 
(sample size in parentheses). For correlation be- 
tween nutrition index and fledgling success, dep- 
redated nests were excluded. 

Nutrition Vegetation 
index density 

Clutch size -0.28 (32) 0.09 (23) 
No. fledglings 0.04 (32) -0.19" (16) 
Chick development 0.15 (12) 0.28 (12) 

ß If depredated nests included, correlation is 0.53 (P = 0.01, n = 25). 

correlation with the number of fledglings (Table 1). 
Fledgling success increased with increasing vegeta- 
tion density, which indicates the importance of nest 
predation. Twenty (32.3%) of 62 nests failed, and 14 
of these 20 were depredated (70.0%). In three cases, 
cuckoo parasitation (15.0%) and weather were the 
cause. There were no partial nest losses due to star- 
vation or other reasons. Comparing depredated and 
successful nests, vegetation variables significantly dif- 
fered between depredated and successful nests (Table 
2, Fig. 2). Nest predation showed a seasonal peak 
(Kruskall-Wallis test, t = 15.2, df = 7, P = 0.03; Fig. 
3). There was a positive correlation between the week- 
ly number of active nests and predation rate (percent 
nests depredated; r = 0.37, P = 0.03, n = 59). 

Examining the relationship between both ecolog- 
ical factors and male territory choice, we found that 
males selected territories with higher vegetation cov- 
er. This is shown by the correlation of the rank of 
territory establishment with vegetation density and 
height (Table 3). The preferred territories also had a 
lower insect supply than those that were later occu- 
pied (Table 3). The male feeding component was not 
related to territory establishment (r = 0.15, P = 0.74, 
n = 7). 

We found no correlation between the male feeding 
component and a measure of female choice--the start 
of egg laying (r = 0.09, P = 0.64, n = 27). However, 
the start of egg laying was highly correlated with the 
rank of territory establishment (r = 0.79, P < 0.001, 
n = 22) and to vegetation cover (Table 3). This indi- 

T^I•LE 2. Correlations of four habitat variables (en- 
tered at significant level [P < 0.05] after univariate 
F-test) and first discriminant axis. Correlation co- 
efficient (r) and univariate F- and P-values given 
(n of 25 for distance to edge and 26 for other vari- 
ables). 

r F P 

Distance to edge -0.80 9.9 0.004 
Percent open vegetation 0.70 4.5 0.04 
Vegetation density -0.90 14.6 0.001 
Vegetation height -0.78 9.6 0.005 
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cates that female territory choice depends on vege- 
tation cover rather than paternal quality. 

There was considerable variation in the male feed- 

ing component (• = 37.71%, range 0.0-55.9%). The 
male feeding component was not correlated with the 
number of chicks (r = 0.09, P = 0.62, n = 20). The 
male feedings per chick actually decreased with the 
number of chicks (r = -0.44, P = 0.02, n = 20), but 
this decrease had no significant effect on chick de- 
velopment (r = -0.28, P = 0.37, n = 7). Since a male's 
opportunities for further matings partly depend on 
the date of first pairing, we controlled for this sea- 
sonal effect (using start of egg laying) and the number 
of chicks per clutch when examining the relationship 
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Fig. 3. Number (+SE) of depredated nests (open 
circles) in relation to active nests (nests containing 
eggs or nestlings; filled circles) throughout season 
(given as weeks from date of first egg laying). Five 
years (1989-1993) of data pooled. 

10 

ß 2 

TABLE 3. Correlation (with n in parentheses) be- 
tween territory establishment or start of egg laying 
and four ecological factors. 

Territory 
establishment Egg laying 

Vegetation density -0.43' (23) -0.38 (24) 
Vegetation height -0.51'* (23) -0.47* (24) 
Proportion low 

vegetation 0.46* (23) 0.58** (24) 
Nutrition index 0.69*** (20) 0.68*** (31) 

* P < 0.05; ** P < 0.01; *** P < 0.001; others P > 0.05. 

between the male feeding component and food avail- 
ability around the nest site. Eliminating these effects, 
the male feeding component was negatively related 
to the nutrition index (rm, = -0.52, P = 0.04, n = 17), 
whereas there was no relation to feedings per chick 
(r = -0.31, P = 0.22, n = 17). 

Discussion.--The timing of territory establishment 
by males and the start of egg laying by females in- 
dicate that in Marsh Warblers both sexes prefer ter- 
ritories with high vegetation density. However, fe- 
male choice also can be based on male-quality fea- 
tures. Since territory quality often is interrelated with 
male quality (Heisler 1981, Reid and Weatherhead 
1990), we cannot exclude that some factors of male 
quality might be interrelated with territory quality. 
Nevertheless, there is evidence that female choice is 

not based on male parental quality alone, supported 
by the fact that the timing of territory establishment 
was not related to later male parental effort. There- 
fore, territory establishment is not a good predictor 
for male parental quality. 

Marsh Warblers selected territories with higher 
vegetation density, which revealed a significant effect 
on reproductive success, mainly due to reduced nest 
predation. Although there was considerable variation 
in food availability among territories, we found no 
influence of food availability in nest proximity on 
reproductive success (Table 1). This result can be ex- 
plained partly by the fact that Marsh Warblers arrive 
very late in the breeding season (Schulze-Hagen 1991, 
Ille and Hoi 1995), and they use only a short breeding 
window (Schulze-Hagen 1991) concurrent with an 
optimal food supply (Schulze-Hagen et al. unpubl. 
manuscript). The variation of food supply at this time 
may be unimportant for nestling survival; food sup- 
ply may already be above a critical threshold for af- 
fecting offspring development. 

Our results show that food availability and vege- 
tation density are negatively related. Territories, 
therefore, provide either a high food availability or 
good nest protection, making the preference of dense 
territories at least reasonable. Due to the fact that food 

availability does not appear to be influential for re- 
productive success, male Marsh Warblers may have 
the opportunity to emancipate themselves from pa- 
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ternal duties and become polygynous (Emlen and Or- 
ing 1977, Dowsett-Lemaire 1979, Wittenberger and 
Tilson 1980), a possibility supported by our results. 
We might expect food supply in the territory to de- 
termine the male feeding component. However, as 
mentioned above, females prefer territories with good 
nest protection. Therefore, we would expect contra- 
dicting interests between the sexes. To increase their 
mating chances, males may have been forced to oc- 
cupy high-vegetation-density territories that when 
considering other factors may not have been optimal 
for the males. Male chances for a further mating de- 
pend on: (1) food supply (because this determines 
independency from parental care); (2) date of first 
mating (because this influences chances of obtaining 
second mate); and (3) the availability of territories 
with high food supply in relation to high-vegetation- 
density territories. For instance, a surplus of territo- 
ries with well protected nest sites will decrease male 
mating chances because females will first select the 
well-protected territories. In our study area, most ter- 
ritories had a high vegetation density. In such situ- 
ations, only few females were forced to settle in low- 
quality (low vegetation density) territories. There- 
fore, territory choice is under female control and male 
opportunities for polygyny are low. Territory choice 
would be under male control if only few well pro- 
tected territories were available. This situation would 

enable a male to mate quite early in the season, even 
in less protected territories. 

Under conditions of high predation pressure, 
spreading the chicks over several nests can be a strat- 
egy to increase the survival chances of at least some 
nestlings (R. Montgomerie, J. Briskie, and T. Poldmaa, 
1992 abstract Int. Behav. Ecol. Congress). Thus, apart 
from habitat quality (see polygyny-threshold mod- 
els), polygyny also may be favored by high nest pre- 
dation (Bensch and Hasselquist 1991). In territories 
with poor food conditions where the necessity for 
male parental care is high, extrapair copulations might 
be an alternative strategy to spread chicks over several 
nests. At the moment, no information on extrapair 
paternity in Marsh Warblers is available. 
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