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This study examines factors affecting nest defence in Aquatic Warblers Acrocephalus
paludicola, a passerine species with uniparental (female) care. Stuffed predators, the
Hen Harrier Circus cyaneus and the Polecat Mustela putorius, were presented at nests
at various stages of the breeding cycle throughout the breeding season. The intensity of
nest defence increased as the breeding cycle progressed and the offspring value
hypothesis explained this pattern better than the vulnerability hypothesis. The number
of nestlings and time of the breeding season (date) did not affect the level of nest
defence. The results suggest that the nest defence behaviour of Aquatic Warblers was
predator-specific. As expected, females’ defence behaviour towards the mammalian
predator was more risk-prone than that towards the avian one: the Polecat was
approached more closely with a greater number of flights. Also the vocalisations given
towards the two predators were different: in the presence of the polecat, compared

with the harrier, loud, conspicuous “trr” calls were more frequent.

1. Introduction

Since the appearance of Trivers’ (1972) model of
parental investment, which emphasised fitness
costs and benefits of parental decisions, several
hypotheses predicting variation in nest defence
have been presented (review in Montgomerie &
Weatherhead 1988, Redondo 1989, McLean &
Rhodes 1992, Vinuelaet al. 1995). So far, the best
documented pattern found in studies of nest de-
fence has been the increase in the intensity of par-
ents’ reaction to predators during the course of a
nesting attempt (review in Montgomerie & Weath-
erhead 1988, McLean & Rhodes 1992). On the
ultimate level this has been explained by the off-
spring value hypothesis and the vulnerability hy-
pothesis. The offspring value hypothesis interprets

the escalation in nest defence as an adaptive re-
sponse to increasing offspring value. The hypoth-
esis predicts a gradual, exponential increase in the
level of nest defence during the breeding cycle
and a maximum response at nest-leaving (Mont-
gomerie & Weatherhead 1988). According to the
second hypothesis (Harvey & Greenwood 1978,
Brunton 1990) the intensity of nest defence cor-
relates with the vulnerability of offspring to pre-
dation which is an increasing function of their
stage of development. For altricial species this
model (Brunton 1990) predicts a flat defence re-
sponse during incubation, a rapid increase just
after hatching followed by a much slower increase
with a peak just prior to fledgling.

Among other factors that might influence the
level of defence, the most important ones seem to
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be offspring number and the progress of the breed-
ing season. Parent birds could be expected to de-
fend large broods more vigorously than small
ones, since the former bring higher fitness ben-
efits (Regelmann & Curio 1983, Rytkonen et al.
1995). Montgomerie and Weatherhead (1988)
suggested that the effect of clutch/brood size need
not necessarily be found in species with unipa-
rental care because relative risk and cost of de-
fence for a single parent is greater. Most authors
have argued that defence level should increase
with the progress of breeding season due to de-
clining renesting potential (Weatherhead 1989,
Rytkonen et al. 1995). Yet, field studies have given
weak support for this hypothesis: most have found
either a seasonal decline in nest defence or a sta-
ble investment (review in Halupka & Halupka
1997).

Finally, several authors (e.g., Gochfeld 1984,
McLean & Rhodes 1992) have suggested that the
behaviour of nest-defending birds (kinds of dis-
plays) depends on the type of predator and its in-
tensity is related to the threat that the predator
poses to the displaying parent. Intruders that are
more dangerous for adult birds are expected to
evoke a weaker response, as the risk, and thus
cost, of defence is higher.

In this study I examined the influence of char-
acteristics of the offspring (their age and number),
season and predator type (avian vs. mammalian)
on nest defence in the Aquatic Warbler Acroce-
phalus paludicola. I tested which of the two hy-
potheses explaining the ultimate function of the
“offspring age effect” better fit to the empirical
data. The Aquatic Warbler has uniparental (fe-
male) care (Dyrcz & Zdunek 1993a). This allowed
me to test the prediction that in such species, the
most risky elements of antipredatory displays will
not vary in intensity with the offspring number
(Lazarus & Inglis 1986, Montgomerie & Weather-
head 1988).

2. Material and Methods

The study was carried out in May—July 1990 in
the marshes of the Biebrza River Valley (NE Po-
land). The study site was a sedge (Carex spp.)
meadow with some sparse concentrations of
bushes. It adjoined a dam that may have made the
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area more accessible to terrestrial predators.

Cup-shaped and very well hidden nests of
Aquatic Warblers are placed in sedge tussocks.
Nest losses caused by predators are low (22.2%
according to the Mayfield method; Dyrcz & Zdu-
nek 1993b). Most females raise two broods each
season. In 1990, modal clutch size was 5 and the
number of nestlings ranged from 2 to 6. The breed-
ing season started in mid May and lasted till the
end of July. On average, the incubation and nes-
tling periods were, respectively, 12 and 15 days
long.

Females were presented with two models of
predators (stuffed specimens): the female Hen
Harrier Circus cyaneus and the Polecat Mustela
putorius. A stuffed male Reed Bunting Emberiza
schoeniclus, a common species in the study area,
was used in control experiments. Both, harriers
and polecats prey on passerines’ nests and adult
birds (e.g., Witkowski 1989, Lode 1995, K. Schul-
ze-Hagen pers. comm.), although terrestrial preda-
tors are supposed to pose much smaller threat to
parents. Harriers are presumably the most impor-
tant predators of Aquatic Warbler nests in the
study area (Dyrcz & Zdunek 1993b, A. Dyrcz pers.
comm.). Mustelids occurred in the study area (L. Ha-
lupka, unpubl. data) and might cause some nest
losses.

A hundred experiments (45 Harrier, 45 Pole-
cat, 10 Bunting) were performed at 58 nests of
different females (the population was colour-ring-
ed). To avoid the possible problem of reinforce-
ment of birds due to “revisitation” of the nest by
the same predator (Knight & Temple 1986), a
given model was exposed only once at each nest.
Thirty nine nests were exposed to both predator
models and 12 to one. Bunting was presented at
7 separate nests as the only model and at 3 nests
tested previously with the polecat or the harrier.
The order of models’ presentation and the test age
for each nest were random. Successive exposures
at the same nest were separated by an interval of
at least 24 h.

It could be argued that, in fact, the majority of
females were tested twice (first for the reaction to
one predator and next for the reaction to the other)
and this could affect their response. To check
whether such an effect occurred, I compared av-
erage calling rates (the most variable behavioural
measure with the biggest sample size) of two
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groups of females to the same predator. The test
revealed that females which were naive to the ex-
perimental procedure responded to the polecat
with a similar intensity as females which were
already tested for reaction to the harrier (ANCOVA
controlling for the effect of offspring age: F, ,,=
0.779, p = 0.392). Likewise, completely naive
females called to the harrier with the same inten-
sity as females which were already tested with
the polecat (F, 44=0.037, p = 0.850). Hence, there
was apparently no effect of habituation for birds
visited twice with two different models.

Two people organised each trial. After hiding
the observer in a blind, the second person posi-
tioned the model and went away. At the nestling
stage, models were placed when a female was out
of view and during incubation females were gen-
erally flushed from the nest. Dummies were placed
2 m from and facing the nest. The Polecat model
was placed on the ground while the Harrier dum-
my was attached to a 1 m long stick (Harriers sit-
ting on such short poles were observed in the area).
Half a minute after model placement (this allowed
the second individual to leave the nest vicinity) a
stopwatch was started. During subsequent 10 min-
utes the kind and number of calls, number of flights
and minimum distance (to the nearest 0.5 m) at
which the bird approached the model were re-
corded. Since females appeared at the nest up to
5 min after the beginning of experiment (most im-
mediately after model placement), for each indi-
vidual data from first 5 min of reaction were ana-
lysed. The intensity of nest defence was described
by three behavioural measures: call rates (number
of calls per minute), flight rates (number per
minute) and minimum distance (in m) between
the nest defender and the predator. During con-
trol experiments (n = 10) with the Reed Bunting
females did not exhibit nest defence behaviour
and were engaged in their usual activities (forag-
ing, feeding the offspring). Some females re-
mained hidden during the presentation of the
predator, so their distance from the model was
difficult to assess. This resulted in smaller sam-
ple sizes of minimum distances.

The three variables (offspring age, offspring
number, season advancing), hypothesised to shape
the antipredator behaviour, covaried. Therefore,
to analyse the effect of a single variable on nest
defence intensity, the partial product-moment

correlation had to be used (Sokal & Rohlf 1995).
Confidence intervals for partial correlation coef-
ficients were calculated with the bootstrap per-
centile method using 5 000 iterations (Wasserman
& Bockenholt 1989, Efron & Tibshirani 1993; for
the interpretation of confidence intervals in the
light of statistical power analysis see Steidl et al.
1997). The bootstrap method was also used to
compare the rates of increase in intensity of nest
defence around hatching time and in advanced
stages of the breeding cycle.

Before proceeding with the correlation analy-
sis or ANCOVA, I checked whether variables had
normal distribution. If the departure from normal-
ity was significant, the data were transformed
using the angular transformation (for percentages)
or (for other variables) an optimal transformation
formula was sought with the Box-Cox algorithm
(Sokal & Rohlf 1995) to satisfy requirements of
Kolmogorov-Smirnov test (P > 0.1) for normal
distribution. Some 95% confidence intervals pre-
sented in section “Results” are not symmetrical
because they were calculated with transformed
data or with the use of bootstrap simulations (see
above). All p-values in significance tests are two-
tailed. Experiments with the Polecat and the Har-
rier will be referred to as, respectively, PO- and
HA-experiments.

3. Results
3.1. Description of antipredator behaviour

Only females reacted towards the presented mod-
els of predators. Nest defence behaviour consisted
mainly of calls and flights.

Calls. Disturbed females gave two kinds of
call: a short “check’ and a longer, louder and more
conspicuous (at least to humans) “trr”.

Flights. Females often moved from one post
to another, always round the model and not over
it. A movement longer than 0.5 m was defined as
a “flight”.

In experiments with both models call rates
correlated with flight rates (in the case of harrier
the correlation was marginally significant). In HA
experiments, the frequency of flights increased
significantly as females approached closer the
predator (Table 1; see also below).
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3.2. Influence of offspring age, offspring num-
ber and time of season

In the presence of both predators, call rates in-
creased with the age of offspring. The increase in
the frequency of flights was significant only in
HA experiments. The decrease in minimum dis-
tances was not significant either in the HA or the
PO experiments (Table 2, Fig. 1).

Generally, both hypotheses predict an increase
in nest defence. Therefore it is difficult to dis-
criminate between them using correlation analy-
sis. However, the exact pattern of increase is dif-
ferent. In the vulnerability model, we should ex-
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pect a rapid increase in nest defence just after
hatching, followed by a period of a less sharp
growth. In contrast, the offspring value model
requires a gradual increase in nest defence, with-
out the threshold around hatching time. These dif-
ferences could be expressed in a quantitative form
allowing to test which hypothesis better fits em-
pirical data. If an increase (A) in reaction level
observed around hatching will be stronger than
an increase (B) observed in advanced stages of
the nestling period (i.e. A-B > 0), the vulnerabil-
ity hypothesis should be preferred. Otherwise (i.e.
A-B <=0), the offspring value hypothesis would
be supported. The value of A was calculated as a

Table 1. Relationships between the three measures of intensity of nest defence. Coefficients of the product-
moment correlation given in the upper right part of the table refer to the HA experiments (n=45) and those in

the lower left part to the PO experiments (n = 45).

Call rate Flight rate Min. distance
r n p r n p r n P
Call rate 0.287 45 0.056 -0.084 32 0.648
Flight rate 0.622 45 0.001 - 0.581 32 0.001
Min. distance -0.196 35 0.259 -0.130 35 0475

Table 2. Relationships between measures of defence intensity (call rate, flight rate and minimum distance from
the predator) and factors hypothesised to influence it (offspring age, offspring number and breeding season
advancing) in experiments with the Polecat and the Harrier. Partial product-moment correlation coefficients

(see legend) are given with 95% bootstrap percentile confidence limits.

Polecat Harrier
partial lower/upper n p partial lower/upper n p
r c.l. r c.l

Offspring age vs.

Call rate ®¢ 0.510 0.282/0.670 45  0.001 0.576 0.358/0.752 45  0.001
Flight rate ®° 0.171 -0.117/0.451 45  0.261 0.295 0.006/0.544 45  0.049
Min. dist. >¢ -0.112 -0427/0.196 35 0.522 -0.175 -0.482/0.144 32  0.338
Number vs.

Call rate >° 0.038 -0.200/0.286 45 0.804 0.198 -0.126/0.468 45 0.192
Flight rate ¢ 0.112 -0.147/0.378 45 0.464 0.160 —0.084/0.392 45 0.294
Min. dist. &¢ 0.109 -0.219/0.327 35 0.532 -0.031 -0.361/0.235 32 0.866
Season vs.

Call rate ® -0.250 -0.478/0.016 45 0.098 -0.218 -0.439/0.069 45 0.150
Flight rate &° —-0.055 -0.368/0.245 45 0.720 —-0.155 -0.404/0.139 45 0.309
Min. dist. > 0.099 -0.296/0.354 35 0.571 -0.117 -0.432/0.197 32 0.524

2 offspring age held constant
b offspring number held constant
¢ season advancing held constant
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difference between median intensity of nest de-
fence during four days preceding hatching and four
following days. B was calculated as a difference
between median level of defence by parents heav-
ing 8-11 versus 12-15 day nestlings. Since the
probability distribution of A—B was not known, I
bootstrapped this value (5 000 iterations). Results
are shown in Table 3. Confidence intervals for
A-B overlapping zero suggest that the increase
in nest defence was similar around hatching and
in advanced stages of the nestling period. Thus
the offspring value hypothesis seemed to be bet-
ter supported by the data.

The signs of correlation coefficients suggest a
slightly stronger investment in larger clutches/broods
and a weak seasonal decrease in the intensity of

A 1 o L 1 L 1 1 i A 1 P

-9 -6-3 2 5 8 1114

nest defence. However, these trends were not sig-
nificant (Table 2).

3.3. Influence of predator species

Since most females were tested with both preda-
tor models, when comparing their reaction to each
predator type, a test for matched pairs was em-
ployed. I compared the reaction of individuals
presented with each predator controlling for the
effect of offspring age (an ANCOVA model with
individual females and predator type as factors
and offspring age as a covariate).

During PO experiments females approached
the predator more closely and were more mobile
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than during HA experiments whereas calling rates
were similar (Fig. 1 and 2). However, in the pres-
ence of the Polecat females uttered significantly
more “trrs” than in the presence of the Harrier
(Fig. 2).

4. Discussion
4.1. Influence of offspring age

The level of nest defence tended to increase
through the breeding cycle and the offspring value
hypothesis better explained the pattern of growth
in parental reaction than the vulnerability hypoth-
esis (Greig-Smith 1980, Onnebrink & Curio 1991,
Meilvang et al. 1997).

The strongest correlation with the breeding
stage was found for call rates, the least risky ele-
ment of defence behaviour. Flight rates and mini-
mum distances, that seem to be better indices of
undertaken risk, did not change significantly or
their increase/decrease was less pronounced. This
may be a feature of parental behaviour in species
with uniparental care, where the potential cost of
nest defence is greater than in biparental species,
since the death or injury of the parent always dra-
matically reduces the probability of survival of
the current offspring (Montgomerie & Weather-
head 1988, see also Lazarus & Inglis 1986 for a
discussion of “present costs” of nest defence).

4.2.Influence of offspring number and season
advancing

The offspring number did not influence the level
of defence. This could support the hypothesis that

Table 3. The 95% bootstrap percentile confidence
intervals for the difference between A and B value
(see text for details) in measures of nest defence,
which showed a significant increase with age of the
offspring.

Harrier Polecat
lower/upper c.l. lower/upper c.l.
Call rate —20.0/8.9 -32/11.3
Flight rate -0.2/0.3
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in species with uniparental care such a relation-
ship need not be observed (Lazarus & Inglis 1986,
Montgomerie & Weatherhead 1988). However,
also in many biparental species did clutch/brood
size not affect parental investment in nest defence
(e.g., Rytkonen et al. 1995, Vinuela et al. 1996).
The results seem to support the idea that the given
clutch size is optimal for the parent because it rep-
resents a certain proportion of lifetime reproduc-
tion (Montgomerie & Weatherhead 1988, Clutton-
Brock 1991). The experimental manipulation of
brood size could be the only way to advance re-
search of this problem (e.g., Wiklund 1990, Rytko-
nen et al. 1995).

The results of this study run counter to the pre-
diction that diminishing renesting potential should
enhance nest defence through the season (see also
Rytkonen et al. 1995, Halupka & Halupka 1997).
The effect of this factor, however, may have been
balanced by the decrease in offspring value due
to diminishing survival prospects (Wiklund 1990,
Hakkarainen & Korpimaki 1994). As the season
progressed, the offspring mortality increased as a
result of adverse weather, decline in food abun-
dance and insufficient food delivery: in early sea-
son significantly greater proportion of laid eggs
yield fledglings, compared to that in late season
(Dyrcz & Zdunek 1993b).

4.3. Influence of predator species

Nest defence behaviour evoked by the Polecat and
the Harrier differed both in structure and inten-
sity, demonstrating that the antipredator behav-
iour of Aquatic Warblers is predator-specific. The
Polecat was approached much closer (minimum
distance is considered as the best indicator of the
undertaken risk, e.g., Curio 1975) and distracted
more vigorously (frequency of flights) than the
Harrier. This may reflect differences in the threat
that these predators pose to adult warblers (see
Methods). Overall rates of calls, the least risky
element of the behaviour, did not differ between
models. However, there was a significant differ-
ence in the proportion of two calls used. The long
and conspicuous “trrs” were uttered more often
in the presence of Polecat, which could depredate
the nest but was relatively “safe” for mature birds,
while the short and difficult to localise “checks”
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to distract the Harrier, which could pursue and
kill the nest defender. Females may have adjusted
the kind of call (sound of a particular frequency,
pitch and timbre) so as it was best perceived by
the given type of predator (cf. East 1981, Gochfeld
1984). It is also possible that the two calls play
different roles. Greig-Smith (1980) in Stonechats
Saxicola rubetra and East (1981) in Robins Eri-
thacus rubecula found that one call (high-pitched
and with a narrow frequency range) functioned
as a warning signal and caused nestlings to stop
begging, whereas another call (that covered a wide
range of frequencies and was combined with
flights and a closer approach to the predator) was
used to distract an intruder from the nest. There
are some similarities between characteristics of
the two call-types of Stonechats and Robins on
the one hand, and “checks” and “trrs” of Aquatic
Warblers on the other. This resemblance may sug-
gest that they also have similar functions. Harri-
ers use acoustical cues while hunting (Rice 1982),
therefore uttering calls (“‘checks”) that silence the
young would be adaptive for the female. Such a
strategy seems to be less useful in the case of
smell-guided predators.

4.4. Concluding remarks

The type of predator well explained variation in
nest defence by Aquatic Warblers. Other factors
(offspring age and number, stage of the breeding
season) were much worse predictors. Only the off-
spring age correlated significantly with the re-
sponse of females: they increased alarm calling
rate, but apparently did not vary their flight rate
and minimum distance, components of behaviour
assumed to be better correlates of risk-taking. Such
results cannot be explained as a side-effect of small
sample size or insufficient statistical power of
tests. Confidence intervals of correlation coeffi-
cients (Table 2) considerably overlapping both the
positive and negative values close to zero, sug-
gest that the null hypotheses were indeed more
likely than their alternatives (Steidl et al. 1997). 1
suggest that most of findings presented in this
study could be interpreted as a consequence of
uniparental care. However, as there have been no
other studies of nest defence by altricial species
with such a type of parental care, we should wait
for more data to make more firm generalisations.
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Selostus: Sarakerttusen pesin puollus-
tuskiayttiytyminen suhteessa pesyeen
ikéiin, pesyekokoon, pesimiikauden vai-
heeseen ja petolajiin

Kirjoittaja tutki pesén puollustuksen voimakkuutta
eri tilanteissa sarakerttusella Koillis-Puolassa.
Tyon tarkoitus oli testata aiemmin esitettyja hypo-
teesejd pesédn puollustusintensiteetin vaihtelusta
pesyeen iidn, pesyekoon ja pesimikauden vaiheen
mukaan sekd selvittdd erilaisten petotyyppien
merkitysti tissé vaihtelussa. Sarakerttusella vain
naaras osallistuu pesyeen ruokintaan ja puollus-
tamiseen. Kirjoittaja jirjesti kokeen, missi eri
pesien naaraille néytettiin kahta vaihtoehtoista
petomallia, téytettyd sinisuohaukkaa tai hilleria.
Molemmat lajit ovat alueella sarakerttusen luon-
taisia petoja. Pesén puollustuksen intensiteettiéi
mitattiin varoitusdidnien médrélld aikayksikkod
kohti, minimietdisyydelld petomalliin ja pedon
ympirilld tehtyjen siirtymisten maérilla. Pesidn
puollustuksen voimakkuus kasvoi pesimikauden
edessid. Kirjoittaja osoitti, ettd havaittu voimak-
kuuden liséys oli selitettdvissd paremmin jélkeldis-
ten arvo -hypoteesin (offspring value hypothesis)
kuin jilkeldisten haavoittuvuus -hypoteesin (off-
spring vulnerability hypothesis) avulla. Jalkeldis-
ten arvo -hypoteesin mukaan vanhemmat jalkeli-
set ovat arvokkaampia emon kannalta kuin nuoret
jélkeldiset, koska emo on panostanut enemméién
aikaa ja resursseja vanhempiin jilkeldisiinsd, min-
ka vuoksi vanhempia jilkeldisid kannattaa puol-
lustaa voimakkaammin (suuremmalla riskilld).
Jalkeldisten méiré ja pesimikauden eteneminen
sindnsd eivit vaikuttaneet pesidn puollustuksen
tasoon. Petolajien vilillé oli kuitenkin selked ero
naaraiden kéyttaytymisessd. Odotuksen mukaises-
ti naaraat ottivat suuremman riskin (liikkuivat
enemman ldhempénd petomallia) hillerin ollessa
petomalli kuin sinisuohaukkamallin kanssa. Naa-
raat nayttivit kdyttivén eri varoituséénti hillerin
kuin sinisuohaukan ldsnéollessa.
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