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Variation in extra-pair paternity

Social monogamy, i.e. where one male pairs with one female to produce offspring,

is the most common mating system found in birds (Lack 1968). However, since

the use of molecular techniques has become integrated in the study of avian

mating systems, our perception of monogamy has changed radically. True genetic

monogamy (i.e. all offspring are fertilised within the social pair-bond) occurs only

in 14% of studied passerines, while extra-pair paternity (EPP; i.e. offspring

resulting from fertilisations outside the social pair-bond) occurs regularly in the

remaining 86% (Griffith et al. 2002). On average, 11% of offspring in 19% of

broods have been found to be extra-pair, while in a quarter of the socially

monogamous passerine species studied over 25% of offspring are extra-pair

(Griffith et al. 2002). The reed bunting (Emberiza schoeniclus) is among the most

promiscuous, with 55% of offspring sired by extra-pair males and at least one

extra-pair offspring in 86% of broods (Dixon et al. 1994; Griffith et al. 2002).

The most promiscuous species detected up till now is not socially monogamous,

but breeds cooperatively; the superb fairy wren (Malurus cyaneus) was found to

have up to 76% extra-pair offspring in 95% of broods (Mulder et al. 1994;

Griffith et al. 2002). 

Factors explaining variation in extra-pair paternity

The large variation in EPP between species has a strong phylogenetic basis, as 55%

of the variation occurs at or above the taxonomic level of family (Arnold &

Owens 2002). This variation between bird families is suggested to be a result of

the variation in costs of cuckoldry, so that EPP should be most common in species

where the risks of punishment are low. Punishment is predicted to be low in

species where (i) the social male partner contributes little to the care of offspring

(Gowaty 1996; Møller 2000), as the withdrawal of paternal care would not affect

the female to a large extent, and (ii) high mortality rates occur, leading to males

investing in their current breeding attempt, as the chances of surviving to the next

breeding attempt are low (Mauck et al. 1999). In agreement, high rates of EPP

were associated with high rates of adult mortality and low levels of paternal care in

an interspecific comparison (Arnold & Owens 2002). 

Not only between avian families, but also between related species, between

populations within species and between individuals within populations a large

degree of variation in levels of EPP is found (Petrie & Kempenaers 1998). The

variation on these levels is suggested to be a result of the variation in the

opportunities and genetic benefits of cuckoldry (Arnold & Owens 2002). In

agreement, breeding density and synchrony (i.e. factors influencing the
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opportunities of cuckoldry) were identified as potentially important factors in

determining variation in EPP in an intra-species comparison (Westneat & Sherman

1997; Møller & Ninni 1998), but not in an inter-species comparison (Westneat &

Sherman 1997; Bennett & Owens 2002). Furthermore, factors possibly

influencing the genetic benefits of cuckoldry, such as male attractiveness and

genetic diversity, were also found to explain variation in levels of EPP within

species (Møller & Ninni 1998; Petrie et al. 1998; Griffith 2000). 

Present study

One of the best examples of the costs of EPP has been published from a previous

study on EPP in reed buntings: when using a strong within-male comparison, male

reed buntings reduced their level of paternal care with reduced paternity (Dixon et
al. 1994). In order to test the generality of behaviors, it is important to compare

populations of the same species (Griffith et al. 2003). We therefore set out to

repeat this study in a Dutch population, using the same methodology. 

With the advancement of molecular techniques, and the possibility to learn

these methods in the same lab as where the previous work on reed buntings was

done (under supervision of Prof. T.A. Burke), we were able to take the study of

EPP in reed buntings a step further. Besides determining a male’s cuckoldry rate in

his own brood, we were also able to assign the paternity of offspring to extra-pair

males, which has opened a whole range of possibilities to explain variation in EPP

between individual reed buntings.

Outline of the thesis

Benefits of EPP to females
As most birds species lack an intromittant organ, females are assumed to have at

least some control over whether insemination occurs (Birkhead & Møller 1992)

and females have been seen to actively seek and sollicit EPCs from extra-pair males

in several species (Kempenaers et al. 1992; Gray 1996; Neudorf et al. 1997;

Double & Cockburn 2000). Since potential costs are involved (Birkhead & Møller

1992b), females are expected to engage in EPCs only if they benefit. Benefits may

be either direct, i.e. beneficial for the female herself, or indirect, i.e. beneficial for

her offspring. Since extra-par males generally do not contribute anything else but

sperm (but see Gray 1997), direct benefits are expected to be of less importance

(Birkhead & Møller 1992).

In chapter 2 we adopt a female point of view by determining patterns of EPP in

broods of  individual reed buntings, both within and between seasons, to tests
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three hypothesised female benefits. First, females may engage in EPCs to increase

the probability of successful remating, should this be necessary (Birkhead &

Møller 1992). In a comparative analysis between species, evidence was found for a

relation between divorce and levels of EPP (Cézilly & Nager 1995). Second,

females may increase the genetic diversity of their offspring through mating with

multiple males (Birkhead & Møller 1992). Increased genetic diversity of offspring

increases the chance of at least some offspring performing well in unpredictable

environments (Williams 1975). Third, if males vary in genetic quality, females can

gain benefits for their offspring by acquiring high quality or ‘good genes’ through

EPFs with higher quality males (Birkhead & Møller 1992). Reed buntings are

capable of producing multiple broods in a single season and adults show high site

fidelity between seasons, thereby presenting an ideal opportunity to study patterns

of EPP in successive broods within individuals.

In chapter 3, we adopt a male point of view to test hypothesised female

benefits, firstly by determining characteristics related to male fertilisation success,

and secondly by determining differences in fitness related characteristics between

extra-pair young and their half-siblings. In this chapter we test predictions

following three female benefit hypotheses: females may benefit through gaining

‘good genes’, compatible genes, or insurance against infertility. Sexually selected

signals may provide females with cues to judge male genetic quality (Andersson

1994). Females seeking good genes for their offspring may also benefit through

selecting older males, as older males will on average be of higher quality than

younger males demonstrated through their survival (Trivers 1972; Manning 1985;

Kokko 1998). Age, size, plumage characteristics and song have all been shown to

be positively related with male fertilisation succes in many bird species (reviewed

in Griffith et al. 2002), and females selecting these characteristics may actually

produce offspring with higher fitness (Petrie 1994; Hasselquist et al. 1996). If

however the quality of the offspring depends on the combination of maternal and

paternal genotypes, rather than on the absolute quality of the paternal genotype,

females may seek extra-pair males that are genetically more compatible than their

social mate (Tregenza & Wedell 2000). This hypothesis predicts no relationship

between male characteristics and fertilisation success, but does predict that extra-

pair young are fitter than their half-siblings. The good genes and the genetic

compatibility hypotheses need not be mutually exclusive, as females may choose

high quality as well as compatible genes (Jennions & Petrie 2000). Female blue tits

gained different benefits from different males, as copulations with local males

produced offspring with good genes, while copulations with non-local males

increased offspring heterozygosity (Foerster et al. 2003). Alternatively, females

may directly benefit though insurance against (temporary) infertility of the mate.

Although the incidence of male sterility is expected to be too low for female

promiscuity to evolve (Birkhead & Møller 1992), male fertility may covary with

Chapter 1

10



male characteristics, allowing females to choose the most fertile male (Sheldon

1994). In this case no difference in fitness between extra-pair young and their half-

siblings is expected. 

Costs of EPP to females
As parental effort is considered to be costly (Williams 1966), males are expected to

provide less care to offspring sired by other males (Trivers 1972). Depending on a

male’s ability to discriminate between related and non-related offspring, he may

choose to reduce care to all offspring, or direct his care to his kin (Westneat &

Sherman 1993). Either way, females are expected to suffer the cost of decreased

paternal investment, which may lead to lower survival of the offspring, or, in case

of compensatory behaviour, to lower survival of the females themselves (Birkhead

& Møller 1992; Petrie & Kempenaers 1998). Although many studies found no

reduction of paternal effort with decreased paternity (reviewed in Whittingham &

Dunn 2001), evidence was found that this is a potential cost to females (Burke et
al. 1989; Sheldon & Ellegren 1998; Lifjeld et al. 1998). One of the best examples

of reduction of paternal effort with decreased paternity was found in reed

buntings. Dixon et al. (1994) used two broods of the same pair within one season

to show that males provisioned less to broods in which they sired a lower

proportion of the offspring. In chapter 4 we repeat the study by Dixon et al.
(1994) to investigate whether males reduce their parental effort in relation to

increased cuckoldry rates in our Dutch population of reed buntings. Furthermore,

we investigate whether males discriminate between related and unrelated offspring

in broods of mixed paternity.

Constraints on extra-pair mating behaviour
Currently EPP is often assumed to be the result of an active female choice for

extra-pair matings, however, it is unlikely that females can freely engage in EPCs.

The occurrence of EPP is a result of the interaction between the three players of

the extra-pair mating game (i.e. social male, social female, and extra-pair male)

and their conflicts of interest (Lifjeld et al. 1994; Petrie & Kempenaers 1998;

Westneat & Stewart 2003). There will always be a strong conflict between the

social and extra-pair male, as they directly compete over siring offspring. A conflict

between the social male and social female can only be expected if the female

benefits from gaining EPCs, for instance when paired to a low quality social male.

Alternatively, if the female does not benefit from EPCs, for instance when paired to

a high quality social male or when EPCs lead to injury, she is in conflict with the

extra-pair male and would benefit from cooperating with her social male. These

conflicts of interests have lead to both physiological and behavioural adaptations

by males and females, in what is likely to be a ongoing armsrace (BOX 1).

General introduction
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The importance of the age of the partner for the interaction between pair-

members was determined in a study on coal tits (Parus ater; Dietrich et al. 2004).

Old female coal tits had higher levels of EPP in their broods, but only when paired

to a young male. Dietrich et al. (2004) suggested this to be a result of the lower

mate guarding capacity of young males compared to old males in combination

with an increased capacity to escape mate guarding by old females compared to

young females. In chapter 5 we investigate the importance of the combination of

age of the pair-members on the levels of EPP in reed bunting broods.

In chapter 6 we determine the effect of breeding density, synchrony and

predation on the levels of EPP, since these factors may influence the degree of

interactions between individuals. Breeding density and synchrony may determine

the number of potential extra-pair partners available (Birkhead & Møller 1992),

while predation may affect the relative investment in extra-pair mating behaviour

of both males and females, thereby influencing levels of EPP in the replacement

brood. In chapter 7 we investigate the effect of weather conditions during the peak

fertile period of the female on the proportion of EPP in her brood. Daily

minimum temperature and rain duration may influence energy expenditure or

food availability, and thus the time budgets of both males and females.

In the last two chapters, I will view our results in a broader perspective. In

chapter 8, I have combined the results of six studies on EPP in reed buntings,

conducted in five different populations across Europe, and will discuss the

consistency between populations. Finally, in chapter 9, I will summarise the most

important results and discuss them in relation to current views and other studies

on patterns of EPP in other bird species. 

Chapter 1
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BOX 1: Physiological and behavioural adaptations to high levels
of sperm competition

The testis size relative to body mass is a measure for sperm production rate,

and has been shown to be larger in species with high levels of sperm

competition (Birkhead & Møller 1992). Females store sperm after copulation

and before fertilising their eggs, increasing the possibility of direct sperm

competition between sperm of different males in the female reproductive tract

(Birkhead & Møller 1992). A large variation in the number and size of the

sperm storage tubules has been found between species, although this was not

related to the degree of sperm competition in that species (Birkhead & Møller

1992a). In reed buntings, both males and females exhibited physiological

adaptations to high levels of sperm competition. The relative volume of the
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cloacal protuberance (i.e. site of sperm storage) of reed bunting males was

large compared to that of other socially monogamous passerines, the weight

of the testis was 23% larger than expected for a bird the size of a reed

bunting, and the spermatozoa were among the longest recorded for any bird

species (Dixon & Birkhead 1997). On the other hand, female reed buntings

possessed extremely long sperm storage tubules (Dixon & Birkhead 1997).

In addition to physiological adaptations, behavioural adaptations have also

been found in response to sperm competition. Two of the main behavioural

strategies of the male to prevent cuckoldry are mate guarding (i.e. close

following of the female by her social partner during the fertile period) and

frequent copulation (Birkhead & Møller 1992). Whether or not the female

has an active role in seeking EPCs will largely determine the effectiveness of

male mate guarding behaviour with regard to preventing cuckoldry (Lifjeld et
al. 1994). EPCs may occur by females moving away from her own territory

and seeking extra-pair males (i.e. a foray), so that guarding is aimed at

preventing female forays (Lifjeld et al. 1994), which would require almost

full-time mate guarding to be effective. Alternatively, extra-pair males may

initiate encounters by moving towards the females, so that guarding is aimed

at dissuading other males from approaching (Beecher & Beecher 1979), in

which case lower levels of mate guarding may already prove to be effective. 

Possibly as a result of differences in active female pursuit of EPCs, the

results regarding the effectiveness of mate guarding are controversial, as

positive (Chuang-Dobbs et al. 2001), negative (Gowaty & Bridges 1991;

Kempenaers et al. 1995) and also no relationships (Johnsen et al. 2003) with

levels of EPP have been reported. The importance of interactions between

pair-members has been shown by temporarily removing a male from his

territory. This reduced the effect of mate guarding, which lead extra-pair

males to increase their intrusions rates (Westneat 1992; Sundberg 1994;

Dickinson 1997; Komdeur et al. 1999). However, in these experiments, all

EPCs occuring during male removal occurred through male intrusions, and

not through female forays (Westneat & Stewart 2003).
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Abstract

Extra-pair paternity is an important aspect of reproductive strategies in many

species of birds. Given that in most species females control whether fertilisation

occurs, they are expected to benefit in some way from the extra-pair matings. In

this study we use patterns of extra-pair paternity in broods of individual reed

buntings (Emberiza schoeniclus), both within and between seasons, to test three

hypothesised female benefits: (1) assessing potential future partners, (2) seeking

genetic diversity, and (3) seeking good genes. Reed buntings are socially

monogamous, multi-brooded passerines with extremely high levels of extra-pair

paternity. We studied a population of reed buntings in the Netherlands in 2002

and 2003; 51% of offspring in 74% of nests were extra-pair. We show that

patterns of extra-pair paternity do not support the hypothesis that females assess

future partners through extra-pair paternity. The genetic diversity hypothesis is

not supported either, as (i) more broods than expected contained no extra-pair

young, (ii) more broods than expected were sired by a single male, either the social

male or an extra-pair male, and (iii) individual males differed in the proportion of

extra-pair young in their broods. Instead, these patterns support the good genes

hypothesis, which is in agreement with findings showing that older males are more

successful. However, some patterns were consistent with the good genes

hypothesis in one, but not in both years. We discuss whether females may seek

other genetic benefits in addition to good genes.



Introduction

Social monogamy, where a male and female form a pair and collaborate in raising

offspring, is the most common mating system in birds (Lack 1968). However,

recently molecular techniques have revealed that genetic monogamy is rare, as it is

found in only 14% of social monogamous passerine species studied so far (Griffith

et al. 2002). Males may gain direct benefits by engaging in extra-pair copulations

(EPCs), as these can lead to extra-pair fertilisations (EPFs), increasing a male’s

reproductive output without additional paternal investment (Westneat et al. 1990;

Birkhead & Møller 1992). Since the maximum reproductive success for females is

limited by the number of eggs they can produce, the benefits to females of EPCs

are less clear. Given that females have at least some control over whether

insemination occurs and EPCs are likely to be costly (Birkhead & Møller 1992),

females are only expected to engage in EPCs if there are potential benefits.

Females may gain direct benefits, such as fertility insurance (Wetton & Parkin

1991), foraging rights on the extra-pair male’s territory (Gray 1997) or the

opportunity to assess males as potential future partners (Heg et al. 1993; Cézilly

& Nager 1995). On the other hand, females may gain potential indirect benefits

such as increasing the genetic diversity (Brooker et al. 1990) or the absolute

quality (‘good genes’; e.g. Kempenaers et al. 1992; Hasselquist et al. 1996;

Sheldon et al. 1997; Kempenaers et al. 1997; Richardson & Burke 1999) of her

offspring. Alternatively, if the quality of the offspring depends on the combination

of maternal and paternal genotypes, females may seek to mate with males that are

more genetically compatible (Johnsen et al. 2000; Tregenza & Wedell 2000;

Foerster et al. 2003; reviewed in Jennions & Petrie 2000). 

One way to investigate the validity of these hypotheses is to determine patterns

of EPP in a series of broods produced by the same pair. These patterns enable us to

test between predictions that are specific to three of the hypotheses mentioned

above. Firstly, if females aim to increase the genetic diversity of their offspring, all

females are expected to engage in EPCs; therefore most or all broods are expected

to contain extra-pair young (EPY) that are sired by a number of different males

(Westneat et al. 1990). Secondly, if females seek to increase the genetic quality of

their offspring (good genes), only females paired with a low quality male (defined

as a male with few extra-pair young (EPY)) should engage in EPCs; broods are

expected to be sired by a single, preferred, male (Westneat et al. 1990) and

paternity in sequential broods of the same pair is expected to be consistent

(females being either faithful or unfaithful). As high quality males are expected to

be preferred both by their own females as well as by extra-pair females, we expect

a negative relationship between the number of EPY a male gains in a season, and

the percentage of paternity he loses in his own nests (Kempenaers & Dhondt

1993). Females are expected to choose the same extra-pair male for the next
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breeding attempt, if he is still alive (Weatherhead 1999). Thirdly, if females use

EPCs to assess future mates, females with EPP in the first nest are expected to be

more likely to change social mates before the next breeding attempt in the same or

the following season than faithful females, and possibly select the former extra-

pair mate as the next social partner (Heg et al. 1993). Only a few studies have

examined variation in paternity for the same individuals between breeding seasons

(Dunn et al. 1994; Yezerinac et al. 1996; Weatherhead 1999), and among broods

within years (double-brooded species; Dixon et al. 1994; Yezerinac et al. 1996;

Beheler & Rhodes 2003). However, none of these studies use the observed

patterns of paternity to their full extent in distinguishing between these female

benefit hypotheses. 

We studied patterns of paternity in a population of reed buntings (Emberiza
schoeniclus) in The Netherlands. The reed bunting is a small (18g), sexually

dimorphic passerine. Social monogamy is the most common mating system, with

high levels of EPP (50% of offspring in 80% of nests; Bouwman et al. 2005).

Polygyny does occur occasionally (6% of males; Bouwman et al. 2005), often

following the death of the neighbouring male. This species is capable of raising

two successful broods in a single season. Adults show high site fidelity between

breeding seasons (O'Malley 1993), thereby presenting an ideal opportunity to

study patterns of EPP within individuals, both within and between seasons. In this

study we investigate whether patterns of EPP in sequential nests of the same

individuals match the predictions that arise from the three hypotheses to explain

why females may benefit from engaging in EPCs. These hypotheses state that

females may use EPCs to: (1) gain genetic diversity for their offspring, (2) gain

good genes for their offspring, or alternatively (3) assess future mates.

Materials and Methods

Data collection
In 2002 and 2003 a population of reed buntings was studied in a 13-ha study site,

on the island of Noorderplaat (45 ha) in the De Biesbosch National Park in the

Netherlands (51º45´N, 4º45´E). The study site had an approximate density of 3

pairs per hectare. The vegetation consisted of a combination of reeds (Phragmites
australis), soft rush (Juncus effusus), hard rush (Juncus inflexus) and various species

of grasses. The height of the vegetation varied from 50 to 300 cm, with most of

the vegetation below 150 cm. A grid with cells of approximately 20 x 40 metres

was laid across the area for mapping territories and nests, using two-metre high

bamboo poles (individually marked with coloured tape) placed at every

intersection (figure 2.2).  
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Males arrived before females on the breeding site by the end of February, and

occupied a territory. Pair formation occurred one to two months before the onset

of breeding. Territories were mapped by plotting the location of the singing posts

of males. No territorial conflicts were observed; therefore strict boundaries could

not be drawn between neighbouring territories. In 2002 and 2003, respectively, 44

and 35 males held a territory in our study area. We did not see any floating males

in our study site. 

Within our study site, adult reed buntings were caught using mist nets, mainly

during the spring arrival period (end of February to beginning of April) and during

the incubation period. Birds were ringed with a numbered aluminium ring and a

specific combination of three colour rings, one above the aluminium ring and two

on the other leg, for individual recognition. A blood sample (20 µl) was taken

from the brachial vein and stored in 96% ethanol at room temperature. The

identities of the male and female belonging to a nest (territorial birds) were

determined by direct or video observations of colour-ringed birds protecting the

nest, incubating and feeding nestlings (for a description of the method using video

recordings see chapter 4). 

Nests are built on or just above the ground and are only used for a single

nesting attempt. Clutches consisted of 2 to 6 eggs (4.16 ± 0.13, n = 144). Nests

were located through systematic searches that flushed females off the nest, or

through observing territorial birds for any nest-related activities. Nestlings were

blood-sampled two days after hatching by taking a small blood sample (10 µl)

from the leg vein. If eggs did not hatch, we inspected them for embryonic

development, which, if present, was used as a source of DNA. To increase the

number of DNA samples from sequential nests, we induced renesting by removing

the first clutches of seventeen pairs after six to eleven days of incubation (2002: 6

pairs, 2003: 11 pairs; total incubation period: twelve to fourteen days; under

licence of the Dutch ethical committee). The embryos of the first clutch were then

used as a source of DNA, while the replacement clutch was blood-sampled after

hatching.

Within our study site we found 97.4% of all nests that fledged young (n = 78);

only in two cases did we see fledglings without locating the nest. However, due to

high levels of predation (see below), we were unable to locate all nests in the study

area. As there was no obvious difference in risk of predation across the site, we

believe we obtained a random sample of individual reproductive success for all

males in our site. 

As was also found in a previous study of reed buntings (O’Malley 1993), there

was a high probability of predation at both the egg and nestling stage (67%, n =

46 nests; sampled in 2001 without nest protection). The main predators were

stoats (Mustela erminea) and polecats (Mustela putorius); no avian predators were

seen in the study area. Therefore in the 2002 and 2003 seasons, after clutch

Patterns of paternity in sequential broods

21



completion a nest was protected against predators using exclosures, of 30 cm

height and a diameter of approximately 1 metre, made of wire netting and

bamboo sticks and pinned down with tent pegs. Adults were accustomed to the

exclosure by putting it around the nest but lowering it to the ground, initially

enabling them to walk to their nest. After an hour we checked if the adults had

returned to their eggs, indicating they had accepted the presence of the exclosure.

If so, we increased the height of the exclosure in 4 steps (10 cm per 1 to 2 hours),

allowing the adults to adjust their flyway into the nest. If the eggs were found to be

cold, we removed the exclosure and repeated this procedure two days later. It is

possible that the female abandoned her clutch in a maximum of 3 out of 83

nesting attempts due to the exclosure trials, but as none were resighted in the area

subsequently these females may themselves have been predated. Three birds did

not accept the exclosure after three attempts, after which we left these nests

unprotected. To further minimise the risk of predation nest visits were kept to a

minimum. Nest protection was removed when the nestlings were approximately 5

days of age. In 2002 the nest protection was found to be very effective, as 93% of

broods were not predated when protected (n = 42). Apparently predators learned

to circumvent the nest protection, as the three nests that were predated were

among the last nests of the season. In 2003 broods were occasionally predated

early in the season; after 37% of the protected nests had been predated (n = 27),

we stopped protecting the nests (halfway through the breeding season).

Paternity analysis
DNA was extracted from blood and tissue samples using salt extraction

(Richardson et al. 2001). The paternity of the nestlings was analysed using six

fluorescently-labelled microsatellite markers: Escµ1, Escµ4, Escµ6 (Hanotte et al.
1994), Pdoµ5 (Griffith et al. 1999), Mcyµ4 (Double et al. 1997) and Ppi2
(Martinez et al. 1999). PCR amplifications were performed using a Thermolyne

amplitron II or a Corbett Research thermal cycler using an initial hot start for 3

minutes at 94°C, followed by 30 cycles of 1 minute at 94°C, 1 minute at annealing

temperature and 1 minute at 72°C. Annealing temperatures were set at 55°C for

Escµ1, Escµ4 and Mcyµ4, at 52°C for Escµ6, at 50°C for Pdoµ5 and at 53°C for

Ppi2. Each 10-µl mix contained 10-50 ng of DNA, 1.0 µM of each primer, 0.2 µM

of each dNTP, 0.05 units of Taq polymerase (Advanced Biotechnologies) and

0.625 mM MgCl2 in the supplied reaction buffer (final concentration 20 mM

(NH4)2SO4, 75 mM Tris-HCL, pH 9.0, 0.01% (w/v) Tween). PCR-products

(except for Ppi2) were diluted by adding one volume of H20. Diluted PCR-

products were multiplexed in different combinations. Escµ1, Escµ4 and Pdoµ5

were multiplexed in a ratio of 2:1:2 and Escµ6, Mcyµ4 and Ppi2 in a ratio of 1:1:2

for samples of 2002; Escµ1, Mcyµ4 and Ppi2 were multiplexed in a ratio of 1:2:2

and Escµ4, Escµ6 and Pdoµ5 in a ratio of 2:2:1 for samples of 2003. One
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microlitre of multiplex-mixture was mixed with 1.5 µl of a loading buffer

containing 1.1 µl of deionised formamide, 0.18 µl of blue dextran loading dye and

0.22 ml of internal lane standard (ROX500, Applied Biosystems). These samples

were denatured by heating at 94° for 2 minutes and then placing directly on ice.

One microlitre of each sample was electrophoresed using a 10% denaturing

polyacrylamide gel on an Applied Biotechnologies (ABI) 377 XL DNA sequencer.

DNA fragments were analysed using DNA fragment analysis software (Applied

Biosystems GENESCAN (version 3.1) and GENOTYPER (version 2.5)). Parentage

was determined by using a likelihood-based approach in CERVUS (version 2.0)

(Marshall et al. 1998). This program assesses the confidence of paternity

assignment using criteria generated through a simulation taking into account allele

frequencies in the population, the number of possible candidate parents, the

proportion of candidate parents sampled, and the percentage of missing genetic

data and genotyping errors. The simulation derives a criterion (the delta value)

that estimates the critical difference between the LOD - the natural logarithm of

the likelihood ratio - scores of the first and second most likely candidate parents at

a level of >95% confidence and >80% confidence. 

In the parentage analysis, we first assessed whether the female and male

observed at the nest were the actual parents (using ‘exclusion analysis’). Firstly, the

maternity of the territorial female was assessed. Then the paternity of the

territorial male was assessed using the mother as ‘known parent’ in the analysis.

Using a ‘known parent’ increases the confidence level when determining the

second parent (in this case the father). CERVUS was given the choice between two

candidate parents: the territorial female or male and one potential, but unsampled,

other female or male. The delta values for the exclusion analysis were calculated

by entering the following simulation parameters in CERVUS: 10,000 cycles, 2

candidate parents present and 50% of candidate parents sampled. Genotypes were

available for 99% of all loci and we assumed that 0.01% of loci were mistyped.

The chosen level of typing error determines the number of mismatches CERVUS

will allow when assigning paternity (figure 2.1A,B). 

Next, paternity was assigned to offspring that were identified as not being sired

by the territorial male. The genotype of every offspring was set against the

genotypes of all ringed males present in the study site in that year (so called ‘open

analysis’), again using the mother as ‘known parent’. The critical values were

calculated by entering the following simulation parameters in CERVUS: 10,000

cycles, 68 (2002) or 62 (2003) candidate parents present, 90% of candidate

parents sampled, 99% of loci typed, and 0.01% of loci mistyped. In 11 cases (2%)

an assignment to a specific male was ‘forced’, when all the following requirements

were fulfilled. If a specific male was not ranked as the best candidate by CERVUS,

but that male was an extra-pair male which had already sired other offspring in

that particular nest, and there were no mismatches between the genotype of the
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offspring and that male, and the first ranked male did not father any other

offspring in that nest, then we decided to accept the specific male as the genetic

father (figure 2.1C). 

None of the loci deviated significantly from Hardy-Weinberg equilibrium.

Using the observed allele frequencies, CERVUS calculated a total exclusionary

power for the six microsatellite loci; in both years the probability of exclusion was

0.993 for the first parent and 0.999 for the second parent.
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mother and candidate male, when assigning paternity of extra-pair young (determined to be
extra-pair in the exclusion analysis) to an extra-pair father. 



Data analyses
Unless it is specifically stated that all nests were used, only nests from ringed males

containing more than one offspring were included in the analyses, to avoid over-

estimating the number of nests with no or all EPY. To avoid pseudo-replication,

only one randomly selected nest for each pair was included where appropriate.

Statistical analyses were performed using SPSS 11.0.1 (2001) and SAS. Non-

parametric tests were used for data that were not normally distributed. Means are

expressed with standard errors, probability values are two-tailed and the level of

significance was set at p < 0.05. 

If a brood contained offspring sired by more than one extra-pair male, then

both males were included when analysing the mean distance between the

cuckolded male’s territory and the extra-pair male. When determining the total

number of EPFs that a male gained, the analysis was performed both including all

males in the study site, and excluding the males from territories on the edge of the

study site (outer territories). This was done in order to avoid under-estimating the

number of EPFs that the peripheral males gained, as we did not sample nests

outside our study site.

We tested whether there was an excess of broods with no extra-pair young, or

with no or all extra-pair young, by fitting binomial distributions to the number of

extra-pair young per brood, and comparing the observed and expected

distributions using a chi-square goodness-of-fit test. The number of broods

expected to contain extra-pair young based on binomial distributions is calculated

using the following formula: expected broods = nCX . pX . qn-X . N, where nCX (i.e.

binomial coefficient) = n! / ((n-X)!X!), p = proportion of EPP in the population, q
= 1- p, n = brood size, X = number of EPY per brood, and N = number of

broods of size n (Sokal & Rohlf 1994; Perreault et al. 1997). More generally, we

analysed variance in the proportion of extra-pair young between broods using

generalised linear models with binomial errors and a logit link fitted using Proc

Genmod in SAS. We attached significance values to deviances or changes in

deviance using randomisation tests (Manly 1997). The general procedure used in

these tests was to randomly allocate the measured values across the measured units

while maintaining sample sizes per group or sub-group, and then recalculate the

deviance or change in deviance for these randomised data. The proportion of

1000 iterations in which the deviance or change in deviance was more extreme

than the observed value was taken as the p-value. For a more detailed desription of

the procedure see chapter 4).
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Results

Paternity assignment
In two years, 501 offspring were typed from 129 nests (2002: 280 offspring from

71 nests, 2003: 221 offspring from 58 nests). In 88% of these cases both the

territorial male and female were known (2002: 61/71 nests, 2003: 53/58 nests);

only the female was known in 5% of nests (2002: 4/71 nests, 2003: 3/58 nests)

and only the male was known in 6% of nests (2002: 6/71 nests, 2003: 2/58 nests).

Within the nests with a sampled territorial female, 97% of offspring (2002: n =

254; 2003: n = 215) had genotypes consistent with their being offspring of the

female attending the nest at a 95% confidence level, and almost 100% at an 80%

confidence level. In 2002, for one offspring CERVUS excluded the territorial

female to be the mother, which is expected to be the result of egg dumping (0.2%,

n = 501 offspring). This nest was excluded from further analysis.

Paternity was assigned to 87% of offspring (n = 501) with 95% confidence,

and to 88% of offspring with 80% confidence. Paternity could not be assigned to

49 young (10%). On average, 51% of all young were extra-pair (2002: 143/262,

2003: 98/211; χ2 = 3.10, df = 1, p = 0.08) and 74% of all nests contained at

least one EPY (2002: 56/66, 2003: 33/55; χ2 = 9.52, df = 1, p = 0.002). As the

frequency of nests containing EPP differed significantly between years, we

addressed the two years both together and separately in subsequent analyses.

Distribution of EPP
On average, 81% of females produced at least one EPY in a year (2002: 35/39;

2003: 23/33; χ2 = 4.59, df = 1, p = 0.03) and 70% of all EPFs occurred between

males and females from neighbouring territories (figures 2.2 and 2.3A). In total,

six exchanges in paternity were observed between two males (2002: n = 4; 2003:

n = 2). EPY were not evenly distributed among broods (figure 2.3B); in both years

significantly more broods without EPY were observed than expected from a

binomial distribution (table 2.1), and the proportion of EPY varied significantly

among broods (randomisaton test; 2002: deviance = 107.93, df = 43, p < 0.001;

2003: deviance = 112.62, df = 33, p < 0.001; 2002 + 2003: deviance = 171.12,

df = 67, p < 0.001). Broods were sired by one to four different males (figure

2.3C). Out of 78 broods, 29 were sired by a single male, either the social or an

extra-pair partner (2002: 16% by social male, 25% by extra-pair male, n = 44;

2003: 41% by social male, 21% by extra-pair male, n = 34). The number of

broods sired by a single male was significantly larger than the combined number of

broods expected to have either none or all EPY from a binomial distribution

(2002: χ2 = 17.68, df = 1, n = 44, p < 0.001; 2003: χ2 = 46.51, df = 1, n = 34,

p < 0.001; 2002 +2003: χ2 = 67.38, df = 1, n = 68, p < 0.001; table 2.1). 
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males are identified by “ur”. The grid used for locating territories is shown; every section is
approximately 20 by 40 metres. Arrows originate in the territory of the extra-pair male, and
point at the territory of the cuckolded male. 
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Consistency of EPP within individuals
We found no general increase or decrease in EPP with time of season (2002:

Spearman’s rho (rs) =  -0.27, n = 38, p = 0.10; 2003: rs =  0.12, n = 31, p =

0.51; 2002 + 2003: rs =  -0.10, n = 50, p = 0.50). Two successive broods were

sampled in a single season for 32 pairs. Within these broods the proportion of EPY

varied significantly (randomisation test; 2002: deviance = 77.9, df = 39, p =

0.005; 2003: deviance = 95.6, df = 31, p < 0.001; 2002+2003: deviance =

155.5, df = 63, p < 0.001). First broods did not differ systematically from second

broods in the proportion of EPY (randomisation test; 2002: change in deviance =

0.3, df = 1, p = 0.6; 2003: change in deviance = 1.1, df = 1, p = 0.5;

2002+2003: change in deviance = 0.0, df = 1, p = 0.9). Individual males differed

in the proportion of EPY in their double broods in 2003, but not in 2002

(randomisation test; 2002: change in deviance = 39.2, df = 19, p = 0.3; 2003:

change in deviance = 68.6, df = 15, p = 0.02; 2002+2003: change in deviance =

102.4, df = 31, p = 0.001). There was no correlation in the frequency of EPP

between the two broods when years were combined. However, when analysed

separately, 2003 showed a significant positive correlation, indicating that in this

year pairs that had fewer EPY in their first brood, also had fewer EPY in their

second brood (figure 2.4). 

While paired to the same social male, 24% (8/34) were ‘faithful’ to their social

male (i.e. no EPY) in either their first or second brood, and only 9% (3/34) were

‘faithful’ to their social male in both broods (figure 2.5). The remaining 68% of

females (23/34) were ‘unfaithful’ (i.e. at least one EPY) in both broods. 
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Table 2.1. Distribution of EPP among nests. The observed and expected (in brackets) values of
2002 and 2003 combined are presented (p = 0.51). More broods than expected contain no EPY
(2002 + 2003: χ2 = 40.96, df = 1, n = 68 nests, p < 0.001; 2002 (p = 0.55; data not shown):
χ2 = 5.57, df = 1, n = 44 nests, p = 0.02; 2003 (p = 0.46; data not shown): χ2 = 38.70, df =
1, n = 34 nests, p < 0.001). 

No. of broods with the following no. of EPY
Brood size 0 1 2 3 4 5 Total broods

2 2 (1.2) 2 (2.5) 1 (1.3) - - - 5

3 6 (2.0) 3 (6.3) 2 (6.5) 6 (2.3) - - 17

4 4 (1.1) 2 (4.6) 4 (7.1) 6 (4.9) 3 (1.3) - 19

5 7 (0.8) 1 (4.0) 3 (8.3) 6 (8.6) 1 (4.5) 9 (0.9) 29

total 19 (5.1) 49 (62.9) 68



Social mate choice
In total, 44 females produced more than one clutch within a single season

(including all nests found with known territorial male and female; 2002: n = 21,

2003: n = 23). In three of these cases (all in 2003), the social male disappeared

(assumed dead) after the first clutch, and the female remated. Females did not

change social partners within the same season when their original social partner

was still present in the study site (n = 41).

On average, 56% of ringed males and 45% of ringed females returned the

following year. There was no significant difference in return rates between the

sexes (males: n = 78, females: n = 72; χ2 = 1.83, df = 1, p = 0.18), but between

Patterns of paternity in sequential broods

29

A

B

0.0

% EPP nests 1

C

0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

%
 E

P
P

 n
es

ts
 2

0.0

0.2

0.4

0.6

0.8

1.0

0.0

0.2

0.4

0.6

0.8

1.0
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years a near significant difference in return rates was found (both sexes combined;

2001/2002: 22/37 returned, 2002/2003: 47/113 returned; χ2 = 3.58, df = 1, p =

0.06). Males and females showed a high degree of site fidelity, with 92% of

returning males (n = 26) and 69% of returning females (n = 13) occupying the

same or adjacent territory as they held in 2002. Both the male and female of four

pairs present in 2002 were also present in 2003; in three cases they changed social

partners and in one case they remated with the same social partner. The three

females that changed partner did not chose a previous extra-pair mate as their new

social partner, and were equally unfaithful to their previous and new social partner

(mean %EPP with previous partner (2002) vs. new partner (2003): 67% vs. 67%).

In the single case where the pair remained together, the male lost paternity of a

larger proportion of offspring in 2003 (0% in 2002 vs. 40% in 2003). 

Genetic mate choice
Of the 21 females that produced EPY in both their broods within a single season,

65% produced extra-pair offspring sired by a different extra-pair male in the

second brood than in the first brood, even though the extra-pair sires from the

first brood were still alive (2002: 9/14; 2003: 5/7; χ2 = 0.11, df = 1, p = 0.74).

Four out of six females that bred both in 2002 and 2003, and for which at least

one extra-pair father from 2002 was still alive in 2003, produced extra-pair

offspring sired by a different extra-pair mate in 2003.
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between years (χ2 = 1.43, df = 1, p = 0.23).



Males that sired EPY in other nests were less often cuckolded in their own nests

than males that did not sire EPY in other nests in 2002, but not in 2003 (figure

2.6). Similar results were found when males from the outer territories were

excluded (Mann-Whitney U test; 2002: U = 26.0, nno EPY = 9, nEPY = 13, p =

0.03; 2003: U = 27.5, nno EPY = 8, nEPY = 9, p = 0.40; 2002 + 2003: U = 62.5,

nno EPY = 13, nEPY = 15, p = 0.10). However, we found no relationship between

the proportion of EPP in a male’s own nest and the number of EPY he sired in

other nests (Spearman correlation; all males: p > 0.25; males from the outer

territories excluded: p > 0.4). 

Discussion

In our study population of reed buntings, 51% of offspring were sired by extra-

pair males and 74% of broods contained at least one extra-pair young. This high

frequency of EPP is comparable to that found in a British population (55% of

offspring in 86% of broods; Dixon et al. 1994) and in a population in the north of

the Netherlands (Lauwersmeer; 49% of offspring (n = 70) in 88% (n = 17) of

broods; unpublished data); these frequencies of EPP are among the highest found

in socially monogamous birds (Griffith et al. 2002). The occurrence of brood

parasitism was very low (<1%). Extra-pair mating behaviour mainly occurred

between neighbours, as shown in many other species (e.g. Yezerinac et al. 1995;

Perreault et al. 1997; Webster et al. 2001). In this study three hypotheses for why

females engage in extra-pair matings were investigated: to increase genetic

diversity of offspring, to increase genetic quality of offspring, and to assess

potential future partners.
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Assessing potential future partners
High site fidelity and multiple breeding may provide females with the opportunity

to select the best available partner based on information gained in the previous

nesting attempt (Beletsky & Orians 1991; Weatherhead 1999). A multi-species

comparison showed a positive association between EPP levels and divorce rate

(Cézilly & Nager 1995). However, in our study no social mate switching was

observed within a season, when both members of the pair were still present in the

study area. Only few males and females belonging to the same pair survived to the

subsequent season; of these the majority of individuals paired with a different

social mate. However, when changing social partners, females did not form a pair

with an extra-pair mate from the previous year. These results indicate that

individuals do not engage in EPCs in order to test potential future partners, which

is in agreement with findings in other species (yellow warbler (Dendroica
petechia), Yezerinac et al. 1995; red-winged blackbird (Agelaius phoeniceus),
Weatherhead 1999; black-capped chickadee (Parus atricapillus), Ramsay et al.
2000). In oystercatchers (Haematopus ostralegus), where life-long monogamy is

the rule, there is some evidence that females use EPCs to test potential future

mates; however these EPCs rarely result in EPFs (Heg et al. 1993). 

Genetic diversity versus genetic quality
The genetic diversity hypothesis predicts that most or all broods should contain

EPY, and that the brood should be sired by different males (Westneat et al. 1990).

In contrast, the genetic quality hypothesis predicts that not all broods should

contain EPY and broods should be sired by a single male (Westneat et al. 1990).

Furthermore, if females are choosy and males signal honestly their genetic quality,

paternity (both the frequency of EPP and the choice of father) should be consistent

in subsequent broods (Weatherhead 1999). Although some authors have made

clear predictions concerning the genetic diversity hypothesis (Westneat et al. 1990;

Kempenaers & Dhondt 1993), others have discarded it as unlikely to be a reason

for extra-pair mating behaviour (Birkhead & Møller 1992). Mating with just one

male will produce considerable genetic diversity just through meiosis and

recombination, and mating with multiple males will not increase this diversity to

any great extent (Williams 1975).

The patterns of EPP observed in this study were inconsistent with the

hypothesis that females seek genetic diversity for their offspring, and to a large

extent support the hypothesis that females seek good genes for their offspring.

First, less broods than expected contained EPY and the proportion of EPY in

broods varied significantly. Secondly, more broods than expected from binomial

probabilities were sired by a single male, either the social male or an extra-pair

male. Thirdly, there was significant variation between individual males in the

proportion of EPY in their broods in 2003 and both years combined, although not
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in 2002 alone. Fourthly, females showed consistency in the proportion of EPP

between their broods in 2003, although not in 2002. Fifthly, males that sired EPY

in other nests were more successful at siring offspring in their own nests in 2002,

although not in 2003.

Additional support for the good genes hypothesis comes from other recent

findings in the reed bunting, showing that older males are more successful at

gaining fertilisations both in their own brood and in other broods (chapter 3).

Whether this results from female choice for older males, from enhanced mate

guarding capability by older territorial males or from increased persistence by

older extra-pair males is unclear. However, in a Norwegian population of reed

buntings, where 30% of offspring in 54% of nests were extra-pair, there was no

difference in mate guarding effort between new and old breeders (Marthinsen et
al. 2005). Furthermore, we never witnessed aggression by extra-pair males against

females; but as we also never witnessed EPCs, this may occur out of sight. These

findings suggest that female choice is likely to be the main reason for the higher

reproductive success of older males.

However, not all patterns observed in our study were consistent with the good

genes hypothesis. First, there was no consistency in the proportion of EPP between

nests of the same female within a season in 2002. Secondly, males that sired EPY

in other nests were not more successful at siring offspring in their own nests in

2003. Thirdly, there was no relationship between the number of EPY a male

gained in other nests and the percentage of paternity he gained in his own nests.

The finding that there was no consistency in female choice of extra-pair male is

not necessarily in conflict with the good genes hypothesis. If females seek genes

from older males (chapter 3), they need not limit their choice of extra-pair partner

to one male but include all males older than the social partner. This may lead to

different males siring offspring in subsequent nests of the same female, which are

all expected to be older than the social male. 

Genetic compatibility
The genetic compatibility hypothesis is an alternative explanation for extra-pair

matings, even though the actual source of compatibility may still be unknown

(Kempenaers et al. 1999; Tregenza & Wedell 2000). This hypothesis states that

the quality of the male is female-specific, as it depends on the combination of male

and female genotypes (Tregenza & Wedell 2000). It comprises factors both from

the genetic diversity and the good genes hypotheses: when seeking genetic

compatibility, females try to increase the quality (for instance heterozygosity) of

the offspring, but through choosing genetically dissimilar mates the genetic

diversity is also likely to increase (Brown 1997). In contrast to the good genes

hypothesis, the genetic compatibility hypothesis allows reciprocal extra-pair

paternity between males and there is likely to be less variability in male mating
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success (Kempenaers & Dhondt 1993). This is in agreement with patterns of

paternity found in our study that did not fit the expectations of the good genes

hypothesis, as we found some cases of reciprocal paternity and there was no

relationship between a male’s within-pair and extra-pair success. 

The good genes and the genetic compatibility hypotheses need not be mutually

exclusive, as females may choose high quality as well as compatible genes

(Jennions & Petrie 2000). Female blue tits gained different benefits from different

males, as copulations with local males produced offspring with good genes, while

copulations with non-local males increased offspring heterozygosity (Foerster et al.
2003). Apart from pre-copulatory mechanisms (direct mate choice), post-

copulatory mechanisms (either cryptic female choice or sperm competition;

Jennions & Petrie 2000) could be used to gain genetic benefits. For instance,

females may use pre-copulatory mate choice to choose males above a certain

quality threshold, and after mating use post-copulatory mechanisms to identify

genetically compatible sperm (Jennions & Petrie 2000). If multiple males are

compatible, the identity of males siring offspring in subsequent nests may vary, as

shown in this study.

In order to reveal underlying mechanisms, it is important to determine

differences between maternal and paternal half-sibs (Griffith et al. 2002). If

females seek genetic diversity, maternal half-sibs are not expected to be different

from each other. If females seek good or compatible genes, EPY are expected to be

‘fitter’ than WPY when comparing maternal half-sibs (Griffith et al. 2002). In the

case of compatible genes, EPY are also expected to be ‘fitter’ than their paternal

half-sibs, raised in the father’s own nest (Johnsen et al. 2000). These differences

between WPY and EPY are presented in chapter 3.
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Abstract

The importance of extra-pair paternity (EPP) as an aspect of mixed reproductive

strategies is currently the focus of many studies. Since females generally control the

occurrence of inseminations, they are expected to engage in extra-pair copulations

(EPCs) only if they benefit, for instance through gaining (i) high quality or (ii)

compatible genes for their offspring, or (iii) insurance against infertility. To

distinguish between these benefits, we studied characteristics related to inter-male

variation in fertilisation success as well as differences in fitness between within-

and extra-pair offspring in the reed bunting (Emberiza schoeniclus), a socially

monogamous passerine with extremely high levels of EPP (i.e. 50% of young). We

found that older males were more successful at siring offspring in their own

broods as well as in other broods. We did not find differences between maternal or

paternal half-siblings in biometrics, heterozygosity, hatching success or survival.

Therefore the good genes or genetic compatibility hypotheses were not supported.

However, more extra-pair young than expected hatched earlier than their

maternal half-siblings, and thus were slightly older. As we found that male sperm

storage capacity increases with age, we suggest that through EPCs with old males,

females are insured against functional infertility of their young partner. As

offspring that hatch early in the hatching-order often have a fitness advantage,

extra-pair males may be selected to fertilise eggs early in a clutch, resulting in the

observed bias in hatching order of extra-pair offspring. 



Introduction

With molecular techniques becoming widespread, the study of extra-pair mating

behaviour in socially monogamous species, has become the main focus of many

behavioural ecologists. Extra-pair paternity (EPP) has been found to occur in 86%

of socially monogamous passerine species studied so far (Griffith et al. 2002).

Males may increase their reproductive output without additional paternal invest-

ment by engaging in extra-pair copulations (EPCs), as these can lead to extra-pair

fertilisations (EPFs; Westneat et al. 1990; Birkhead & Møller 1992). Since repro-

ductive success for females is limited by the number of eggs produced, the benefits

of EPCs to females are less clear. Given that EPCs are considered to be costly, that

females have at least some control whether insemination occurs (Birkhead &

Møller 1992), and that in some species females actively seek EPCs (reviewed in

Westneat & Stewart 2003), females are only expected to engage in EPCs if there

are potential benefits (Westneat et al. 1990; Birkhead & Møller 1992).

Females may obtain ‘good genes’ for their offspring through mating with a high

quality extra-pair partner (Westneat et al. 1990; Birkhead & Møller 1992). Male

characteristics that reflect male quality are expected to be related to fertilisation

success: a positive relationship between male fertilisation success and certain male

characteristics, such as age, size, plumage characteristics and song (reviewed in

Griffith et al. 2002), is often interpreted as support for females obtaining genetic

benefits for their offspring. However, a different explanation for this relationship

is based on the possible association of functional fertility of a male (i.e. the success

of ejaculates in fertilising eggs) with preferred male characteristics (Sheldon

1994b). Sheldon (1994b) argues that females may seek EPCs as a direct benefit to

themselves, namely to insure against functional infertility of their partner, resulting

in the same patterns of fertilisation success as would be found when females seek

genetic benefits for their offspring. One way to distinguish between these two

hypotheses, is to determine whether there are differences between offspring sired

through EPCs and offspring that are sired through within-pair copulations

(Sheldon 1994b). 

If females gain genetic benefits for their offspring, then extra-pair young (EPY)

are expected to be fitter than within-pair young (WPY) in the same brood (i.e.

maternal half-siblings; Griffith et al. 2002). As fitness of offspring is often difficult

to measure directly, factors have been examined which are expected to be related

to fitness. EPY have previously been shown to have a higher survival to fledging

(Kempenaers et al. 1997), a better condition at fledging (Sheldon et al. 1997), a

higher post-fledging survival (Hasselquist et al. 1996), and a stronger immune

response (Johnsen et al. 2000). However, several other studies showed no

difference between WPY and EPY in survival (e.g. Strohbach et al. 1998; Krokene

et al. 1998; Whittingham & Dunn 2001; Schmoll et al. 2003), reproductive

Male fertilisation success

39



success (Schmoll et al. 2003), immune response (Kleven & Lifjeld 2004), or

morphometrics (Krokene et al. 1998; Johnsen et al. 2000; Kraaijeveld et al. 2004;

Kleven & Lifjeld 2004). 

In addition to the intrinsic effects of paternal genes (i.e. good genes), the

importance of the interaction between maternal and paternal genes (i.e. genetic

compatibility; reviewed in Tregenza & Wedell 2000) have been assessed using

extra-pair offspring. Heterozygosity reflects the individual level of genetic diversity

and is often related to reproductive success (reviewed in Hansson & Westerberg

2002), therefore females may benefit through seeking copulations with genetically

dissimilar mates (Blomqvist et al. 2002; Tregenza & Wedell 2002; Richardson et
al. 2004, but see Hansson et al. 2004). In blue tit (Parus caeruleus) broods of

mixed paternity, EPY were more heterozygous than their maternal half-siblings

(Foerster et al. 2003). Extra-pair bluethroat (Luscinia svevica) offspring not only

had a higher immunocompetence than their maternal half-siblings in the same

brood, but also higher than their paternal half-siblings raised in the male’s own nest

(Johnsen et al. 2000). The authors therefore concluded that female bluethroats

were seeking compatible genes for their offspring rather than just good genes. 

We studied extra-pair mating behaviour and its fitness consequences in a

population of reed buntings (Emberiza schoeniclus) in The Netherlands. The reed

bunting is a small (18g), sexually dimorphic, socially monogamous passerine.

Males have a black head and throat patch (‘badge’) with a contrasting white collar,

and can often be seen singing high on reed stems or small bushes. Females lack

these conspicuous traits, and are also more cryptic in their behaviour. The levels of

extra-pair paternity found in different populations are among the highest found in

socially monogamous passerines (55% in England, Dixon et al. 1994; 50% in The

Netherlands, Bouwman et al. 2005). Three types of data are required to determine

how females may benefit from EPP: (i) the distribution of EPP among broods, (ii)

the distribution of EPP among males with different characteristics, and (iii) fitness

differences between WPY and EPY in broods of mixed paternity (Griffith et al.
2002). Previously, when addressing the first type of question, we found that EPP

was not evenly distributed among broods: more broods than expected contained

no or all EPY (chapter 2). The aim of this study was to address the second and

third type of question. First, we investigated whether male characteristics, such as

age, biometrics, plumage characteristics, song quality and quantity and sperm

storage capacity, were related to within- and extra-pair fertilisation success.

Second, we investigated whether there were differences in biometrics, heterozygo-

sity, hatching success, fledging success and recruitment rates between WPY and

EPY. If females seek good paternal genes for their offspring, EPY are expected to

be ‘better’ than WPY in broods of mixed paternity. If an additional effect of the

maternal genes is important for the fitness of offspring, we expect a male’s EPY to

be ‘better’ than the WPY in his own brood.
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Methods

General
From 2001 to 2003 we studied a population of reed buntings in a 13 ha study site,

on the island of Noorderplaat (45 ha) in ‘De Biesbosch’ National Park in the

Netherlands (51º45´N, 4º45´E). The study site had an approximate density of 3

pairs per hectare. For a full description of the study site and general methods see

chapter 2. In brief, adult reed buntings were caught using mist nets and ringed

with a numbered aluminium ring and a specific combination of three colour rings

for individual recognition. Birds were measured and a blood sample was taken

from the brachial vein for DNA analysis and stored in 96% ethanol at room

temperature. The identities of the male and female belonging to a nest (territorial

birds) were determined by direct or video observations of colour-ringed birds

protecting the nest, incubating and feeding nestlings. In 2001 approximately 50%

of adults were sampled, while in 2002 and 2003 nearly all adults were sampled

(2002: 98%, n = 88; 2003: 94%, n = 72).

Nests are built on or just above the ground and located through systematic

searches that flushed females off the nest, or through observing territorial birds for

any nest-related activities. Nestlings were bloodsampled two days after hatching by

taking a small blood sample from the leg vein. If eggs did not hatch, we inspected

them for embryonic development, which, if present, was used as a source of DNA.

At seven days of age the nestlings were ringed and measured. Within our study site

we found 97.4% of all nests that fledged young (n = 78) in 2002 and 2003; only

in two cases did we see fledglings without locating the nest. However, due to high

levels of predation, we were unable to locate all nests in the study area. As there

was no obvious gradient in risk of predation across the site, we believe we

obtained a random sample of individual reproductive success for all males in our

site. 

Male morphological measurements
We measured adult tarsus length with callipers (to the nearest 0.1mm), wing

length with a stopruler (to the nearest 0.5mm) and body mass with a 30-g Pesola

spring balance (to the nearest 0.1g). We took digital pictures of the badge,

together with a ruler, while the male was positioned in a standardised way. The

size of the badge was extracted from the picture using Adobe Photoshop 5.0.2., by

comparing the number of pixels in 1 cm2 to the number of pixels within the

selected area covered by the badge. The repeatability of badge size within one

capture event was high (Lessells & Boag 1987; table 3.1). The colour of the badge

ranged from brown- due to brown fringes on the edge of the black badge feathers-

(winter plumage), to completely black (full breeding plumage; Cramp & Perrins

1994). The colour of the badge was compared with 5 categories of pictures of reed
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bunting museum skins, and given a score on a scale of 1 (brown) to 5 (completely

black). The badge colour was highly correlated with time of season (rs = 0.72, p <

0.001, n = 92), as was also found by Dixon (1993), and the time between

measurements was highly correlated with the difference in colour score (rs = 0.79,

p < 0.001, n = 46). We therefore restricted the measurements for badge colour to

the peak of the breeding season, between 20 April and 30 June. There is no

significant relationship between badge colour and day within this period (rs = 0.21,

p = 0.26, n = 30). Neither was there a difference in return rates the following

season between males in relation to their badge colour (score 1: n = 0; score 2+3:

75% (n = 8), score 4+5: 58% (n = 24); χ2
1 = 0.16, p = 0.69). We estimated the

repeatability of measurements using 46 males that were captured on more than one

occasion within a year (Lessells & Boag 1987; table 3.1). As there was a significant

relationship between mass, day and time of day (F2,110 = 4.72, p = 0.011), we

used the unstandardised residuals of the regression as a measure for mass. 

For each male, we measured the cloacal protuberance (CP), an anatomical

structure that results from the enlargement of the seminal glomerus (i.e. the site of

sperm storage) during the reproductive season (Lake 1981), which reflects sperm

storage capacity (Nakamura 1990; Birkhead et al. 1991; Birkhead et al. 1993).

The CP approximates a barrel shape, therefore the height and width of the CP was

measured using callipers (to the nearest 0.1mm) from 1 April onwards, and the

volume of the CP (mm3) was calculated as the height * π *(width/2)2 (Mulder &

Cockburn 1993). As there was a significant curvilinear relationship between day of

season and CP (F2,72 = 72.2, p < 0.001), we used the unstandardised residuals of
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Table 3.1. Repeatabilities (r) of male reed bunting characteristics 

Characteristic F df (between, within) r

Morphometrics

Mass (res) 6.37* 42, 43 0.73

Wing length 21.89* 45, 38 0.91

Tarsus length 38.03* 45, 38 0.95

Badge size (within capture) 11.47* 196, 197 0.57

Badge size (between captures) 3.69* 45, 37 0.84

Song measures

Song length 3.70* 27, 127 0.33

Pause length 5.29* 27, 127 0.44

% performance 3.47* 27, 127 0.31

Syllable number 7.35* 27, 127 0.54

*: p < 0.001



the regression as a measure for CP. As the CP was measured twice of only six

individuals within one season, we did not calculate the repeatability for this

characteristic.

Age and survival
In 2002 and 2003, on average 96% of adult individuals within the study area were

ringed (2002: n = 88; 2003: n = 72) and approximately 80% of individuals from

territories surrounding our study area were ringed (n = 20).  On average 42% of

ringed adults breeding in 2002 returned to our study area the following breeding

season and reoccupied the same or a nearby territory. As recruitment rates of

fledglings are very low and adult reed buntings cannot be reliably aged using

plumage characteristics, few adults were of exact known age. We assumed ringed

adults returning in 2003 to be ‘old’ breeders and unringed adults to be ‘young’

breeders (following e.g. Veiga 1993; Yezerinac & Weatherhead 1997). This

classification was supported by our measurements of wing length and badge

colour, as winglength and scores for badge colour increased with age and ‘old’

males had longer wings and blacker badges than ‘young’ males (see results).

Song recording and analysis
Reed bunting males sing two types of song: a fast, pre-mating song and a slow,

post-mating song (Nemeth 1996). The songpeak of the first is reached during

territory settlement and the songpeak of the latter is reached during the incubation

period of the social female (Nemeth 1996). Mated males sing throughout the day,

but a peak in singing is reached approximately 1.5 hours before sunrise and a

second peak at six to seven hours after sunrise (approximately 11:00 am; O'Malley

1993; pers.obs.). We recorded song of 29 different mated males in May and June

2003, using a Marantz portable cassette recorder (model PMD 222) and a

Sennheiser directional microphone (model ME66/K6). Recordings were made

throughout the day, whenever an identified male was singing. The mean total

recording time for each male was 29.5 minutes (± SE 0.9; range: 17.4 – 39.8

minutes). On average 5.4 (± SE 0.4; range: 1 – 11) different song bouts were

recorded per male; a bout was included when it consisted of a minimum of 20

songs. Tape-recordings were analysed using Avisoft SASLab Pro (version 4.23b for

Windows), following Nemeth (1996). 

We measured the length of each song (to the nearest 0.01 second), the length of

the pause between songs (to the nearest 0.01 second), the percentage perform-ance

time (i.e. song length / (song length + pause length)), the number of syllables within

a song and the total number of different syllables produced by a male (repertoire

size). Song length, syllable number and percentage performance time were highly

correlated (all: r > 0.54, n = 29, p < 0.003) and pause length and percentage

performance time were highly correlated (r = -0.75, n = 29, p < 0.001). We
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calculated the repeatability of these measures between different bouts of the same

male (Lessells & Boag 1987; table 3.1). As syllable number and pause length showed

the highest repeatability and are not significantly correlated with each other (table

3.2), we selected these variables for inclusion in further analyses. Although the total

recording time differed between males, we found no relation-ship between the

number of different syllables produced by a male and the total recording time (r =

0.23, n = 29, p = 0.24). We therefore used the total number of different syllables

produced by a male as an estimate for repertoire size. This measure showed no

correlation with any of the other song quality measures (all: p > 0.17). 

Nestling characteristics
We weighed and measured 352 nestlings from 94 nests on several occasions

between 0 (day of hatching) and 10 days after hatching. Final measurements were

usually taken at day 7, as the risk of nestlings leaving the nest prematurely

increased after this time (normal departure: day 10 to 12). Up to approximately

day 3 after hatching, nestlings were only weighed (to the nearest 0.1g) using a

Pesola spring balance of 10g or 30g. From day 4 to day 10, nestlings were weighed

and tarsus length was measured using callipers (to the nearest 0.1mm). 

Two indices of heterozygosity (i.e. individual heterozygosity and mean d2), as

measures of degree of inbreeding, have been found to be related to measures of

fitness in other species (Coulson et al. 1998; Hansson et al. 2001). Individual

heterozygosity was defined as the proportion of scored loci that were hetero-

zygous; mean d2 was calculated as the squared distance in repeat units between the

two alleles, averaged for all scored loci (following Coulson et al. 1998). In total,

98% of sampled offspring (n = 501) were scored at 6 microsatellite loci, while the

remaining 2% were scored at 5 loci (see ‘nestling sex determination and paternity

analysis’ below).

Nestling sex determination and paternity analysis
DNA was extracted from blood samples using salt extraction (Richardson et al.
2001). Nestlings were sexed using Griffith’s universal PCR method for the sexing

of birds (Griffiths et al. 1998). Individuals were genotyped using six fluorescently

labelled microsatellite markers and parentage was determined by using a

likelihood-based approach in CERVUS (version 2.0; Marshall et al. 1998). This

program assesses the confidence of paternity assignment using criteria generated

through a simulation taking into account allele frequencies in the population, the

number of possible candidate parents, the proportion of candidate parents

sampled, and the percentage of missing genetic data and genotyping errors. The

criteria (delta criteria) estimate the critical difference between the LOD scores -the

natural logarithm of the likelihood ratio- of the first and second most likely

candidate at a level of >95% confidence and >80% confidence. For a detailed
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description of the methods chapter 2. In two years 501 offspring were genotyped

from 129 nests. Paternity was assigned to 90% of offspring. Extra-pair males sired

54.6% of offspring in 2002 (n = 262) and 46.4% of offspring in 2003 (n = 211). 

Data analyses
MALE FERTILISATION SUCCESS

We investigated the relationship between male characteristics and male fertilisation

success from three different points of view. First, we tested whether there was a

relationship between the proportion of EPP in a male’s own brood (‘cuckoldry

rate’) and male characteristics. We measured characteristics of 52 different males

of which at least one own brood (i.e. brood produced with the social female) was

DNA-sampled. We used multilevel generalised linear mixed models to analyse the

effect of male characteristics on the proportion of EPP in a male’s own brood,

assuming a binomial error distribution with logit-link function and using the

number of offspring in a brood as the denominator. The two-level hierarchical

structure of the binomial response data was built up with the male as the highest

level and the different broods for each male as the lowest level. This approach
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Table 3.2. Correlations between characteristics

Mass Wing Tarsus Badge Badge % Syllable Pause Repertoire
(res) length length size colour singing no. length size

Wing length 0.39** -
(88)

Tarsus length 0.40** 0.22* -
(88) (88)

Badge size 0.17 0.41** 0.03 -
(88) (88) (88)

Badge colour 0.16 0.48** 0.36* 0.37* -
(44) (47) (47) (47)

% singing 0.25 0.35§ 0.21 0.19 0.39§ -
(30) (30) (30) (30) (24)

Syllable no. 0.21 -0.01 -0.22 -0.15 -0.33 -0.03 -
(28) (28) (28) (28) (28) (26)

Pause length -0.14 -0.10 -0.12 -0.19 -0.16 -0.22 0.34§ -
(28) (28) (28) (28) (28) (28) (28)

Repertoire size -0.6 -0.12 -0.17 -0.18 -0.21 -0.1 0.05 -0.07 -
(28) (28) (28) (28) (28) (28) (28) (28)

Cloacal 0.29* 0.34* 0.14 0.18 0.24 0.37 0.31 -0.17 0.35
protuberance (49) (49) (49) (49) (39) (18) (16) (16) (16)

The correlation coefficient, samplesize (in brackets)  and statistical significance is shown
(§:p < 0.1; *: p < 0.05; **: p < 0.01).



allowed us to make full use of all available data, while at the same time accounting

for (i) having included individuals more than once, as males often had multiple

broods (both within and between seasons), and (ii) the number of offspring in a

brood, which varied between two and five offspring. The model was implemented

using reweighted iterative generalised least squares (RIGLS) and 1st order marginal

quasi-likelihood approximation (MQL; Rasbash et al. 2004). The significance of

variables was tested using the Wald statistic, which follows a χ2-distribution. Non-

significant variables were backwards eliminated. 

Second, we tested whether there was a relationship between extra-pair fertili-

sation success and male characteristics. We defined extra-pair fertilisation success as

the proportion of EPY sired out of the total number of EPY produced in that year

(‘EPP gained’), using males that were breeding within the study area. As males may

have been included more than once if they bred in multiple years, we again used

multilevel GLMM, as described above, but now using the total number of EPY as

the denominator. The identity of the male was included as the highest level, and the

different years of breeding as the lowest level. As males breeding on the edge of the

study site (i.e. with at least one adjacant territory that we did not search for nests;

2002: n = 14, 2003: n = 20) may have sired offspring in nests we did not sample

for DNA, we also repeated this analysis excluding these edge males. 

Third, we tested whether there was a relationship between total fertilisation

success (i.e. the proportion of offspring sired out of the total number of offspring

produced in that year) and male characteristics. The same approach was used as

described for extra-pair fertilisation success (see above). Finally, we directly

compared measurements of the cuckolded social male with the measurements of

the extra-pair male, which both sired offspring in the same brood, in a paired test

(‘WPmale vs. EPmale’; n = 48). If more than one extra-pair male sired offspring in

a brood, we used the average of their measurements in the analysis (n = 28).

Data collected on male characteristics in 2001 to 2003 were used in deter-

mining age-related characteristics by comparing measurements of males caught in

two subsequent years. Data from 2002 and 2003 were included in all other

analyses. Morphological measurements, plumage characteristics and cloacal protu-

berance measures were collected in both 2002 and 2003, but in uneven quantities,

while song characteristics and age classes were only available in 2003. Further-

more, several characteristics were intercorrelated (table 3.2). We therefore

performed the analyses in four steps, to maximise the use of the available data.

First, we analysed the relationship between the three levels of fertilisation success

(as described above) and separate characteristics, to get an indication whether

intercorrelated characteristics predicted similar responses of the dependent varia-

ble (table 3.3). Second, we analysed the relationship between the three levels of

fertilisation success and morphological measurements and badge size for both

2002 and 2003 combined (‘large dataset’) in a multiple variable analysis (table
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3.4A). Third, as less data were available on cloacal protuberances, we analysed the

relationship between the three levels of fertilisation success and morphological

measurements, badge size and cloacal protuberance for both 2002 and 2003

combined (‘medium dataset’; table 3.4B). Finally, we performed the same analysis

but this time including song variables, age variables and those morphological

measurements that were found to be significant in the large and medium dataset,

using data from 2003 (‘small dataset’) in a multiple variable analysis (table 4C).

The sample size of the small dataset was too small to include all variables in the

multiple analysis.
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Table 3.3. Analysis of the relation between individual male characteristics and fertilisation success.

Variable Cuckoldry EPP gained Total WPmale vs 
rate success EPmale

Mass (res) -0.53 +1.45 +3.14 § t = +0.48 
(52/108) (54/73) (54/73) (48)

Wing length -4.56 * +9.02 ** +18.59 *** t = +2.35 *
(52/108) (54/73) (54/73) (48)

Tarsus length +1.52 +0.97 -0.27 t = -0.12
(52/108) (54/73) (54/73) (48)

Badge size -0.89 +2.33 +1.97 t = +1.09
(52/108) (54/73) (54/73) (48) 

Badge colour -0.86 +9.02 ** +6.79 ** Z = +0.97
(34/66) (36/45) (36/45) (21)

% singing -2.86 § +4.02 * +4.17 * t = +1.52
(27/43) (30/30) (30/30) (14) 

Syllable no. -1.88 -1.51 -0.95 t = +0.35
(24/39) (26/26) (26/26) (14)

Pause length -0.40 -0.09 -0.22 t = +0.70
(24/39) (26/26) (26/26) (14)

Repertoire size +0.26 -0.57 -0.40 t = +0.13
(24/39) (26/26) (26/26) (14) 

Age class -3.00 § +11.71*** +4.39 * Z = +2.11 *
(24/39) (26/26) (26/26) (17) 

Cloacal protuberance -1.34 +2.34 +2.23 t = -1.8 §
(39/72) (41/49) (41/49) (25)

Fertilisation success is divided in (i) cuckoldry rate (i.e. proportion of EPP in male’s own brood; sample size (n)
indicates number of different males/number of broods in years combined), (ii) EPP gained (i.e. proportion of EPY
gained in other broods; sample size indicates number of different males/number of males in years combined),
(iii) total success (i.e. proportion of total number of offspring sired; sample size indicates number of different
males/number of males in years combined), and (iv) direct comparison of cuckolded within-pair male (WPmale)
and extra-pair male (EPmale; sample size indicates number of broods). Values of statistical tests (i.e. Wald
statistics unless stated otherwise) and the directions of the relationships are shown, significance is indicated
by §: p < 0.1, *: p < 0.05, **: p < 0.01, ***: p < 0.001. Significant variables are highlighted in bold.
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Table 3.4. Multilevel variable analysis of relation between male characteristics and fertilisation
success for data from 2002 and 2003: (A) ‘large dataset’, (B)’medium dataset’ and data from
2003: (C) ‘small dataset’

(A) Large dataset (2002 + 2003)

Variable Cuckoldry rate EPP gained Total success
(n=52/108) (n=54/73) (n=54/73)

Mass (res) +0.01 -0.01 +0.18

Wing length -7.57** +9.02** +18.59***

Tarsus length +4.67* -0.02 -0.84

Badge size +0.00 +0.57 +0.20

(B) Medium dataset (2002 + 2003)

Variable Cuckoldry rate EPP gained Total success
(n=39/72) (n=41/49) (n=41/49)

Mass (res) +1.52 +0.01 -1.06

Wing length -3.06§ +8.51** +16.76***

Tarsus length +0.37 -0.02 -0.19

Badge size -0.01 +0.49 -0.07

Cloacal protuberance -0.94 +0.38 +0.08

(C) Small dataset (2003)

Variable Cuckoldry rate EPP gained Total success
(n=24/39) (n=26/26) (n=26/26)

Mass (res) - - -

Wing length +0.01 -0.20 -0.04

Tarsus length +7.93** - -

Badge size - - -

Badge colour +1.44 -0.70 -0.02

% singing -1.80 +1.99 +0.14

Syllable no. -1.38 -1.76 -0.51

Pause length -3.53§ -0.59 -0.02

Repertoire size +0.50 -0.03 -0.10

Age -7.52** 11.71*** +4.39*

Fertilisation success is divided in (i) cuckoldry rate (i.e. proportion of EPP in male’s own brood; sample size (n)
indicates number of different males/number of broods in years combined), (ii) EPP gained (i.e. whether a male
sired offspring in other broods; sample size indicates number of different males/number of males in years
combined), and (iii) total success (i.e. proportion of total number of offspring sired; sample size indicates number
of different males/number of males in years combined). Values of Wald statistics and directions of the
relationships are shown. Significance is indicated by §: p < 0.1, *: p < 0.05, **: p < 0.01, ***: p < 0.001
and variables that were entered in the final model are highlighted in bold. Variables that were not entered in the
model are indicated with ‘-‘.



WITHIN- VERSUS EXTRA-PAIR OFFSPRING CHARACTERISTICS

Offspring sex in relation to paternity was analysed using generalised multilevel

linear model, assuming a binomial error distribution and transformed using the

logit link function. The number of offspring in the brood was used as the

denominator. We did not directly determine laying and hatching order of eggs; we

therefore selected offspring that we weighed between 0 (day of hatching) and 3

days after hatching, assuming that the differences in mass between offspring in the

same nest reflect differences in time of hatching (Slagsvold 1986; Amundsen &

Slagsvold 1991; Eikenaar et al. 2003). We analysed the effects of hatching order

by ranking the mass measurements within each nest and partitioned the ranks into

two groups: ‘early’ and ‘late’ hatching offspring. We used the median to separate

the ranks; in case of an odd number of offspring, the median mass measurement

was omitted from the analysis.

We analysed morphological differences between within- and extra-pair

offspring for both maternal and paternal half-siblings using the last measurements

of a brood. These were usually taken at day 7 after hatching (i.e. when the

nestlings were ringed; 71%, n = 80), but if the last measurements were taken on

day 5 or 6 after hatching (i.e. when a brood was predated before ringing; 13%, n
= 80) or after day 7 (i.e. when a nest was found with older nestlings; 16%, n =

80) these were also included. For maternal half-siblings, comparisons were done

within a brood, therefore correcting for age was not necessary. Paternal half-

siblings were compared between broods, thus biometry measurements were

corrected for age of the nestlings. Correcting for provisioning rates to WPY and

EPY was not necessary, as we found no difference in provisioning rates to maternal

half-siblings (chapter 4) nor to paternal half-siblings (provisioning rates corrected

for age and number of nestlings; t21 = 1.27,  p = 0.22). 

Statistical analyses were performed using SPSS 11.0.1 (2001) and MLwiN 2.0.

Non-parametric tests were used in SPSS for data that were not normally

distributed. Means are expressed with standard errors, probability values are two-

tailed and we assumed significance if p < 0.05. 
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Results

Male age and characteristics
Repeat measurements of several male characteristics (mass (residuals), wing length,

tarsus length, badge size, badge colour and cloacal protuberance) between years

were available. Within males, there was a significant increase from one year to the

next in wing length, badge score and cloacal protuberance (figure 3.1), but not in
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Figure 3.1. Repeat measurements in successive years for individual males of (A) wing length (t =
-7.71, n = 36, p < 0.001), (B) badge colour (Z = -2.88, n = 12, p = 0.004), (C) cloacal
protuberance (residuals over day; t = -4.63, n = 8, p < 0.002). The relationship y = x is
indicated by a line in the figure. 



the other characteristics (all: p > 0.18). The same result was found for wing length,

badge colour and cloacal protuberance when comparing these characteristics in

‘young’ and ‘old’ males in 2003 (figure 3.2A,B,C). In addition, old males spent more

time singing than young males (figure 3.2D). We found no difference between age

classes in syllable number, pause length or repertoire size (all p > 0.31).

Male fertilisation success
CUCKOLDRY RATE

When analysing variables separately, we found a significant negative effect of wing

length on cuckoldry rate (table 3.3). When combining the male characteristics in a

multiple regression within the large dataset, we found that cuckoldry rate was

significantly positively predicted by wing length and negatively by tarsus length

(table 3.4A). In the medium dataset wing length tended to be related with cuckol-

dry rate, but no effect of tarsus was found (table 3.4B). Consistent with the large

dataset, in the small dataset age class negatively predicted cuckoldry rate, and

tarsus length positively predicted cuckoldry rate (table 3.4C). In addition, there

was a trend for pause length between songs to negatively predict cuckoldry rate

(table 3.4C).
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Figure 3.2. Differences in characteristics between young and old males for (A) wing length (t50 =
-5.22, p < 0.001), (B) badge colour (t30 = -5.92, p < 0.001), (C) percentage time spent singing
(t28 = -2.61, p = 0.014), and (d) cloacal protuberance (residuals over day; t25 = -2.17, p =
0.040). Sample sizes are shown in the figure.



EPP GAINED

In total, 148 offspring of the total 473 sampled with known paternity were a result

of extra-pair fertilisations. Males that gained a large proportion of the total

number of extra-pair fertilisations had longer wings, blacker badges, spent more

time singing and were from a higher age class (table 3.3). All these are

characteristics we identified to be strongly related to age (figure 3.2). We obtained

similar results when excluding males from the edge of the study site (wing length,

badge colour, % singing and age class: p < 0.05, all other variables: ns). After

combining biometry characteristics from the large dataset in a multilevel model,

wing length significantly predicted the proportion of EPP gained (table 3.4A), so

that males with longer wings had more EPP. The same result was found within the

medium dataset (table 3.4B). Within the small dataset we found that age class

remained the single significant explanatory variable of the proportion of EPP

gained (table 3.4C), thus older males had more EPP. 

TOTAL FERTILISATION SUCCESS

In total, 375 offspring were produced of which we had measured characteristics of

the father (2002: n = 194, 2003: n = 181). Similar to the results found for the

proportion of EPP gained, males that gained a large proportion of the total

number of fertilisations had longer wings, blacker badges, spent more time singing

and were from an higher age class (table 3.3, figure 3.3). Furthermore, we found

that the proportion of fertilisations gained was significantly predicted by wing

length within the large and medium dataset (table 3.4A,B), or by age class within

the small dataset (table 3.4C). 

CUCKOLDED MALE VS. EXTRA-PAIR MALE CHARACTERISTICS

Finally, in a direct comparison of characteristics of extra-pair males with the

characteristics of social males they cuckolded, we found that wing length and age

class were significantly different, so that extra-pair males had longer wings and

were from a higher age class than the cuckolded social males (table 3.3; wing

length social male vs. extra-pair male: 79.2 ± 0.3 vs. 80.0 ± 0.2 mm; age class

social male vs. extra-pair male: 1.53 ± 0.12 vs. 1.88 ± 0.07). There was a

tendency for extra-pair males to have larger cloacal protuberances than the

cuckolded social males (table 3.3; residuals over day; 6.0 ± 3.8 vs. -4.9 ± 4.1).

There was no significant difference between cuckolded and extra-pair males in

mass, tarsus length, badge size and colour, song quantity and quality measures

(table 3.3). 

Within-pair offspring vs. extra-pair offspring
There was a significant effect of the interaction between sex and age on mass of

the nestlings (figure 3.4A) and a near-significant effect of this interaction on tarsus
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length (figure 3.4B) for nestlings between 0 and 10 days after hatching. We found

no bias in sex ratio between early or late hatching offspring (early vs. late: 54% vs.

48%; χ2
1 = 0.49, n = 65 nests, p = 0.48). However, we did find a bias in

paternity, so that early hatching offspring were more likely to be extra-pair, while

late hatching offspring were more likely to be within-pair (66% vs. 43% EPY; χ2
1

= 6.98, n = 65 nests, p = 0.008). There is no general bias in sex ratio, as sons and

daughters hatch (178 sons vs. 181 daughters: χ2
1 = 0.25, p = 0.62) and fledge

(122 sons vs. 122 daughters: χ2
1 = 0.0, p = 1.0) in equal numbers. We found no

relationship between the occurrence of EPP and unhatched eggs in a brood (% of

broods with at least one unhatched egg for broods with no EPP vs. broods with

EPP; 54% (n = 26) vs. 47% (n = 70); χ2
1 = 0.34, p = 0.56).

We found no effect of paternity on sex ratio (including all offspring of known

sex and paternity; sex ratio WPY vs. EPY: 49% (n = 194) vs. 48% (n = 199); χ2
1

= 0.27, p = 0.60). There was no difference between within- and extra-pair

offspring in pre-hatching mortality (WPY vs. EPY: 4.6% (N = 195) vs. 5.0% (n =

199); χ2 = 0.36, df = 1, p = 0.85) and pre-fledging mortality tended to be higher

in EPY (10% (n = 137)) than in WPY (5% (n = 132); χ2
1 = 3.14, p = 0.076).
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Figure 3.3. Relationship between total fertilisation success (i.e. the proportion of total number of
offspring sired) and male characteristics: (A) wing length, (B) badge colour, (C) % time spent
singing, and (D) age class. For details see table 3.3.



Only three nests of mixed paternity had partial brood mortality; there was no

difference in survival probability between WPY and EPY (χ2
1 = 0.74, p = 0.39).

Recruitment rates were low: on average 5% (n = 173) of offspring fledged in

2001 and 2002 was breeding in our study site the subsequent year. Daughters

recruited at a significantly lower rate than sons (1% (n = 90) vs. 8% (n = 91); χ2
1

= 4.64, p = 0.031). Only one (extra-pair) daughter and seven sons recruited in

our population; of the latter four were extra-pair (χ2
1 = 0.03, p = 0.86). There

was no tendency for recruited offspring to come from early (n = 3 offspring) or

late hatched eggs (n = 3 offspring).  

We compared mass, tarsus, percentage heterozygosity and mean d2 between

maternal half-siblings in 34 broods of mixed paternity. As WPY and EPY did not

differ in sex ratio, we included both sexes together in the analysis. EPY had longer

tarsi than their within-pair half-siblings (table 3.5). However, this difference in

tarsus length between maternal half-siblings disappeared when comparing within

early hatched (t13 = -1.20, p = 0.25) or late hatched (t10 = 0.83, p = 0.83)

offspring in a brood. There was no difference in mass, heterozygosity or mean d2
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between maternal half-siblings (table 3.5). There were 28 males of which measure-

ments were available of both WPY in his own nest and EPY in other nests. We

found no difference in mass, tarsus, heterozygosity or mean d2 when comparing

these paternal half-siblings (mass and tarsus corrected for sex and age; table 3.5).

Discussion

Male characteristics
A male’s fertilisation success can be determined at three different levels: (i) the

proportion of paternity lost to other males in his own brood, (ii) the proportion of

EPFs gained in other broods, and (iii) the proportion of total fertilisations gained,

both in his own and in other broods. In this study we showed that male

fertilisation success in reed buntings, at all three levels, is mainly predicted by

characteristics related to male age. This is in agreement with the predictions of the

good genes (Kempenaers & Dhondt 1993) and fertility insurance hypothesis

(Sheldon 1994b), but not necessarily with the genetic compatibility hypothesis

(Griffith et al. 2002). Older males will on average be of higher quality than

younger males, as they have shown to be able to survive longer (Trivers 1972;

Manning 1985; Kokko & Lindstrom 1996; Kokko 1998; but see Hansen & Price

1995). If females seek viability genes, they may benefit from selecting older males.

However, if male functional fertility improves with male age, then females seeking

EPFs to insure against infertility would generate a similar association between male
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Table 3.5. Paired comparison of characteristics between maternal half-siblings in broods of mixed
paternity (n = 34), and paternal half-siblings between broods (n = 28). 

Variables WPY EPY t-statistic p

Maternal half-siblings 

Tarsus length (mm) 17.6 ± 0.3 18.0 ± 0.3 -2.62 0.013

Mass (g) 13.6 ± 0.5 13.8 ± 0.4 -0.89 0.38

Heterozygosity (%) 89 ± 2 85 ± 2 1.38 0.18

Mean d2 861 ± 72 788 ± 75 0.97 0.34

Paternal half-siblings

Residual tarsus length (mm) 0.12 ± 0.08 0.09 ± 0.09 0.23 0.82

Residual mass (g) 0.09 ± 0.15 0.06 ± 0.14 0.14 0.89

Heterozygosity (%) 86 ± 2 84 ± 2 0.78 0.45

Mean d2 877 ± 86 885 ± 81 -0.08 0.94

Mean values ± SE for within-pair young (WPY) and extra-pair young (EPY) are presented. Significant variables
are highlighted in bold.



age and fertilisation success as females seeking viability genes for their offspring

(Sheldon 1994b). The age-related increase in size of the cloacal protuberance

supports Sheldons suggestion (1994b) of a higher functional fertility of older males

due to higher sperm storage capacities (Nakamura 1990; Birkhead et al. 1991;

Birkhead et al. 1993). Females seeking compatible genes (Tregenza & Wedell

2000) are not expected to benefit from selecting older males, as the benefits of the

combination of paternal and maternal genes does not change with age. 

In many species, males show age-related differences in plumage (e.g. Sundberg

& Dixon 1996; Richardson & Burke 1999), providing females with a cue to judge

male age. In reed buntings, females may use badge colour and the proportion of

time spent singing as an indication of male age, at least as being either young (1

year old) or old (>1 year old), as these variables increased with male age. In

agreement, males with longer wings also spent a larger proportion of time singing

in an English population of reed buntings (O'Malley 1993). Although wing length

and cloacal protuberance size also increased with age, it is unlikely that they are

used as cue to judge age. The direction of the relationships between age-related

characteristics and fertilisation success were identical, but not all characteristics

related to age predicted fertilisation success on each level with similar strength.

Apparantly these characteristics differ in importance when determining within- or

extra-pair fertilisation success. Particularly the comparatively minor effect of

cloacal protuberance on fertilisation success compared to the other age-related

factors was surprising. This discrepancy may be due to the lower strength of the

relationship between age and cloacal protuberance.

Males that were less cuckolded in their own broods appeared to be older and

had shorter tarsi than males that were cuckolded more frequently. Older males

sired more offspring in their own brood in several other species (Wagner et al.
1996; Perreault et al. 1997; Richardson & Burke 1999), but not in all (Wetton et
al. 1995; Sundberg & Dixon 1996; Kempenaers et al. 1997; Johnsen et al. 2001).

We do not have a good explanation for the negative relationship between tarsus

length and cuckoldry rate (i.e. once the age of the male is taken into account). We

would have expected larger males to be more successful, as tarsus length has been

found to be positively related to success in other species (e.g. Kempenaers et al.
1997). Interestingly, there was a tendency for less cuckolded males to sing with

longer pauses between songs. The pause length between songs may influence the

‘vigilance’ of males, i.e. time spent observing activity around him (O'Malley 1993),

so that males singing with longer pauses are able to react more effectively to

paternity threats, such as intruding extra-pair males. We are not aware of any

other study reporting such a relationship.

Males that sired both more extra-pair offspring in other broods and more

offspring in total were older, had longer wings, blacker badges and sang more.

Due to intercorrelations between the age-related characteristics, we are only
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confident to state an overall importance of age; to disentangle the relative

importance of each of these different factors related to age, a larger sample size is

required. Whether males are more successful because they are older, or for

instance because they have blacker badges, remains to be determined. In other

species, older males that were found to be more successful in siring offspring in

their own broods, were often also found to be more successful in siring extra-pair

offspring (Wagner et al. 1996; Perreault et al. 1997; Richardson & Burke 1999).

However, being successful in siring within-pair offspring is not a prerequisite for

being successful in siring extra-pair offspring (Wetton et al. 1995; Weatherhead &

Boag 1995; Sundberg & Dixon 1996; Dunn & Cockburn 1999). 

The strongest test of male success is a direct comparison of the social male and

the extra-pair male he is cuckolded by. We found that extra-pair males had longer

wings, were older and tended to have larger cloacal protuberances, confirming

that age is the main predictor of male success. Although the difference was in the

expected direction, badge colour and time spent singing did not significantly differ

between the social and extra-pair male. 

As reed buntings are highly sexually dimorphic, we were surprised that neither

badge size nor our measures of song quality significantly affected male fertilisation

success. Plumage ornaments and song quality significantly predict fertilisation

success in many species (reviewed in Griffith et al. 2002). Possibly these

characteristics do not play an important role in intersexual signalling in reed

buntings, but perhaps more in intra-sexual signalling (e.g. Møller 1987). 

An interesting question which remains, is which sex initiates extra-pair mating

behaviour in the reed bunting. Older males may be more successful, both when

they are actively selected by females, as is suggested to occur in Bullock’s orioles

(Richardson & Burke 1999), and when older males are more persistent or better

able to exploit EPC opportunities, as suggested for red-winged blackbirds

(Weatherhead & Boag 1995). Male reed buntings were often seen intruding in

neighbouring territories, especially during the fertile period of the female, whereas

females were not seen making extra-territorial forays or actively soliciting EPCs

(Marthinsen et al. 2005; pers.obs.). Buchanan (2001) however described seeing

two female reed buntings actively solicit EPCs on neighbouring territories. Due to

the secretive nature of females, we cannot exclude this occurs in our population,

or that females solicit copulations from intruding males. The occurrence of EPP is

the result of an interaction between social male, social female and extra-pair male,

and the fitness of all three depends on the behaviour of the others (reviewed in

Westneat & Stewart 2003). In support of this view, we previously found that the

age combination of the pair members affected the rate of cuckoldry, so that broods

of young males paired to old females contained a higher proportion of EPP

(chapter 5). More behavioural observations are needed on interactions between

the participants in extra-pair mating behaviour in the reed bunting. 
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Within-pair young versus extra-pair young
One way to distinguish between the three female benefit hypotheses is to

determine differences between within- and extra-pair young (Sheldon 1994b;

Griffith et al. 2002). If females seek insurance against infertility through EPCs,

WPY and EPY are not expected to differ in fitness, whereas if genetic benefits are

driving extra-pair mating behaviour, then EPY are expected to be of higher fitness

than WPY. To support the good genes hypothesis, EPY are expected to be fitter

than their maternal half-siblings, and to support the genetic compatibility

hypothesis, this should be the case within both maternal and paternal half-siblings. 

In a Norwegian population of reed buntings, no differences were found in

immunocompetence, growth rate or condition between within- and extra-pair

nestlings (Kleven & Lifjeld 2004). In our study, we found no differences in

survival, recruitment (although the sample size was very low), heterozygosity,

mean d2 and fledgling mass. However, we did find that EPY had significantly

longer tarsi than their maternal half-siblings, a trend also found in a reed bunting

population in Switzerland (Kaiser & Suter, unpubl.data). This difference in tarsus

length may be a result of (i) paternal genes, (ii) differential provisioning behaviour

to WPY or EPY, or (iii) EPY hatching earlier than WPY.

In blue tits and red bishops (Euplectes orix), successful males have longer tarsi

than unsuccessful males (Kempenaers et al. 1997; Friedl & Klump 2002). In

several species, including blue tits, tarsus length has been found to be heritable

(e.g. Dhondt 1982; Alatalo et al. 1989; Smith 1993). However, although extra-

pair blue tit nestlings had on average longer tarsi than their within-pair half-

siblings, this difference was not significant (Kempenaers et al. 1997). We showed

that male reed buntings with longer tarsi were not more successful; on the

contrary, males with shorter tarsi were more successful in siring offspring in their

own brood. A direct genetic link between tarsus length of father and offspring is

therefore not likely. 

Tarsus growth has been shown to be influenced by the provisioning behaviour

of the parents (e.g. Alatalo & Lundberg 1986; Moreno et al. 1997); possibly

females provide more food to extra-pair nestlings, thereby enhancing the growth

of tarsi. Previously we studied provisioning rates to individual reed bunting

nestlings in broods of mixed paternity and showed that males and females

provisioned to within- and extra-pair offspring at similar rates (chapter 4). 

An alternative explanation for the larger tarsi of EPY compared to WPY is

based on the finding that at an early age EPY are heavier than WPY, suggesting

that EPY either (i) hatch from larger eggs (Cunningham & Russell 2000), (ii)

develop faster (Neff 2004), or (iii) hatch earlier. Although we do not know

directly from which eggs offspring hatched, our data suggest that EPY hatch earlier

than WPY, resulting in longer tarsi around day 7, just because EPY are slightly

older. In agreement, the difference in tarsus length between maternal half-siblings
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disappeared when comparing within early hatched or late hatched offspring in a

brood. Earlier hatching may be caused by faster development in the egg, either due

to superior genes or maternal investment (Sheldon 2000), or, as we suggest, due to

hatching from eggs produced early in the laying sequence. Previous studies on the

relation between EPP and laying or hatching order have generated mixed results.

Significantly more EPY were found early in the laying sequence in house sparrows

(Cordero et al. 1999). In contrast, extra-pair offspring were biased towards eggs

laid later in a clutch in house martins (Delichon urbica; Riley et al. 1995) and

snow geese (Chen caerulescens; Dunn et al. 1999), and no relation was found in

red-winged blackbirds (Agelaius phoeniceus; Westneat et al. 1995) or tree

swallows (Tachycineta bicolor; Whittingham et al. 2003). 

The relation between hatching order and EPP in the reed bunting may be a

consequence of extra-pair male intrusion behaviour. In an English population,

intrusion rates of extra-pair males are highest during the three days before the first

egg is laid (O'Malley 1993), although this was not the case in a Norwegian

population (Marthinsen et al. 2005). In addition, male reed buntings guard their

females by close following during the fertile period before egg-laying, but reduce

mate guarding abruptly on the day the first egg is laid (Marthinsen et al. 2005;

O'Malley 1993). Possibly males perceive that the risk of losing paternity is higher

early in the clutch, and adjust their mate guarding behaviour accordingly. If young

males have a lower functional fertility than old males, as was suggested by the

lower sperm storage capacity (cloacal protuberance), females may seek insurance

against infertility of all her eggs by gaining EPFs from older males. We suggest that

this young male disadvantage in functional fertility combined with the timing of

intrusions by extra-pair males is a likely explanation for the observed bias of EPY

early in the hatching order. However, unlike Wetton & Parkin (1991) and Gray

(1997), we did not find a relationship between the hatching success of a brood and

the occurrence of EPP in that brood, which would have been in support of the

fertility insurance hypothesis. Neither was there a difference in hatching success

between nests of young or old males (p = 0.98).

It may be adaptive for extra-pair males to maximise the probability of fertilising

eggs early in the clutch, to increase the survival chances of their offspring. The last

eggs of a clutch are more likely not to hatch due to parental neglect when care is

directed to the earlier hatched offspring, or late hatched nestlings are more likely

to die at an early age, due to a lower competitive ability to gain food compared to

the earlier hatched offspring (Krebs 1999 and references therein). In reed

buntings, the last and sometimes fore last laid egg often hatched a day later than

the earlier laid eggs (pers.obs.). Thus EPCs fertilising the first eggs of a clutch may

result in offspring with a higher chance of surviving. However, we did not find an

indication that recruiting offspring hatched from eggs laid early in the clutch,

although the sample size was very small (n = 6). Neither did we find a significant
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difference between within- and extra-pair offspring in pre-fledging mortality, but

high offspring mortality may be limited to years with low food conditions that we

may not have encountered during our study period.

If early hatching extra-pair offspring have a fitness benefit, females would also

gain genetic benefits for their offspring through extra-pair matings, although these

may not have been apparent in our short-term measures of fitness. Similar patterns

in peaks of EPCs have been found in other species, but these appeared to be a

result of active female choice. Female chaffinches (Fringilla coelebs) and red-

winged blackbirds solicited EPCs closer to egg-laying than they did within-pair

copulations (Sheldon 1994a; Gray 1997). However, whether this resulted in a bias

of EPY towards early in the laying order is unknown.

We found no support for the genetic compatability hypothesis, as we found no

effect of the combination of maternal and paternal genes on offspring

characteristics. There was no significant difference in heterozygosity or mean d2

between maternal half-siblings from the same brood. Furthermore, we found no

indication that there was a difference in measurements between paternal half-

siblings, although in this case we could not account for any maternal or

environmental differences, besides provisioning rates, between within- and extra-

pair broods of the same male. In addition, in a Norwegian population of reed

buntings no difference was found in immunocompetence between paternal half-

siblings (Kleven & Lifjeld 2004). However, as data on long-term survival and

reproductive success are still lacking in reed buntings and our sample size was

relatively small when compared to the study by Foerster et al. (2003; n = 101

broods of mixed paternity), we cannot exclude the possibility that females do gain

genetic benefits though extra-pair matings. 

Conclusion
Older males are more successful in gaining fertilisations both within their own

brood and in other broods. Females engaging in EPCs may thus gain either

viability genes for their offspring or insurance against functional infertility of their

partner. When investigating differences between WPY and EPY, we found that

more EPY than expected hatched from eggs laid early in a clutch, resulting in EPY

being slightly older than WPY. Apart from this difference in age, we found no

differences between maternal and paternal half-siblings in several fitness

components. Therefore our data do not support either of the two genetic benefit

hypotheses. As we found a significant difference in sperm storage capacity between

young and old males, we suggest that through EPCs with old males, female reed

buntings are insured against functional infertility of their young social partner. As

offspring hatching early in a brood may have a fitness advantage, extra-pair males

may be selected to attempt to fertilise eggs early in a clutch, leading to the

observed bias in hatching order of EPY. This suggestion is supported by the
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pattern of intrusion behaviour of extra-pair males in an English population, as

intrusions peak just before the first egg of a clutch is laid (O'Malley 1993). 
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Abstract

Parental effort is considered to be costly; therefore males are expected to provide

less care to unrelated offspring. Theoretical models suggest that males should

either reduce their care to the entire brood, or alternatively distinguish between

related and unrelated nestlings and direct provisioning to kin when paternity is in

doubt. Reed buntings (Emberiza schoeniclus) have been found to have high levels

of extra-pair paternity (i.e. offspring of a male other than the male attending the

nest; 55% of offspring) and males are therefore under strong selection pressure to

adjust their parental effort according to the proportion of extra-pair paternity in

their brood. In this study we investigated whether male reed buntings exhibit a

reduction in paternal care (incubation and provisioning nestlings) in relation to

decreased paternity. We also assess whether males bias their provisioning towards

kin. We measured incubation time, provisioning rates and food allocation to

individual nestlings using video-recordings at the nests. Microsatellite DNA-

analysis was used to analyze the paternity of offspring. In direct contrast to a

previous study on the same species, our results provided no indication that males

lowered their effort with decreased paternity. Furthermore, in nests of mixed

paternity males did not bias their provisioning behavior to kin. It remains to be

investigated whether the absence of a relationship between paternity and paternal

care can be ascribed to absence of reliable paternity cues or whether the benefits of

reducing paternal care did not outweigh the costs in our study population. We

found no evidence that the level of paternal care affected male survival or

offspring mass, suggesting that both the benefits and costs of any reduction in

paternal care would have been low.



Introduction

Social monogamy is the most common mating system in birds and both sexes of

the breeding pair are often involved in providing parental care at different stages

of the breeding cycle (Lack 1968; Silver et al. 1985). However, molecular

paternity analysis has shown that extra-pair paternity (EPP; i.e. offspring of a male

other than the male attending the nest) is a widespread phenomenon in birds

(Birkhead & Møller 1992; Griffith et al. 2002; Westneat et al. 1990). As parental

effort is considered to be costly (Williams 1966) males are expected to provide less

care to offspring sired by other males (Trivers 1972). 

Theoretical models, developed to show how males should alter their parental

effort when paternity is in doubt, predict three main outcomes. Early models,

which assume that parentage is, on average, the same for all matings, that there is

no paternity assessment and the only cost of paternal care is missed opportunities

of re-mating (Grafen 1980; Maynard Smith 1978) indicated that paternal effort

may scarcely or not at all be affected by paternity. After adjusting the assumptions,

for instance by giving males the capability of assessing their paternity, other

theoretical studies predict that males should reduce paternal care to the brood

when certainty of paternity is low (Westneat & Sherman 1993; Whittingham et al.
1992; Xia 1992). Finally, some studies predict that extra-pair paternity may not

only affect total paternal effort, but also the allocation of care among individual

offspring, such that males discriminate against non-kin (Johnstone 1997; Westneat

& Sherman 1993).

The adjustment of paternal effort in relation to paternity in an entire brood has

been studied in many species (Whittingham & Dunn 2001). Several studies found

no adjustment of paternal effort with decreased paternity (e.g. Dickinson 2003;

Kempenaers et al. 1998; Peterson et al. 2001; Westneat 1995; Whittingham et al.
1993; Whittingham & Lifjeld 1995), while others have supported the prediction

(e.g. Burke et al. 1989; Lifjeld et al. 1998; Neff 2003; Neff & Gross 2001;

Sheldon & Ellegren 1998). For instance in the reed bunting (Emberiza schoeni-
clus), when comparing two broods, in the same season, from the same male, but

with different proportions of EPP, high proportions of EPP resulted in lower

provisioning rates by the territory male (Dixon et al. 1994). 

Only two studies have looked specifically at food allocation to individual

nestlings in broods of mixed paternity; one on red-winged blackbirds (Agelaius
phoeniceus; Westneat et al. 1995); and one on the common yellowthroat (Geo-
thlypis trichas; Peterson et al. 2001). Both studies failed to show that males biased

their provisioning behavior towards genetic offspring compared to extra-pair

offspring. Given the observed level of EPP in both species (red-winged blackbird:

25% of offspring (Westneat 1995); common yellowthroat: 20% of offspring

(Peterson et al. 2001)), selection pressures may not have been strong enough to
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develop adjustment of provisioning towards own kin in these species (Johnstone

1997). For that reason paternal adjustment towards kin in mixed broods should be

studied in a species with higher levels of extra-pair parentage.

Reed buntings are an excellent species in which to address the question of

whether males distinguish between kin and non-kin. They have levels of EPP -55%

of nestlings in 86% of nests (Dixon et al. 1994)- which are among the highest

found in socially monogamous passerines (Griffith et al. 2002). They usually form

socially monogamous pairs with biparental care during incubating and

provisioning and are capable of raising two broods in a single season (O'Malley

1993), and males have been shown to adjust their provisioning rate as a function

of their paternity level (Dixon et al. 1994). In order to test the generality of

behaviors, it is important to compare populations of the same species (Griffith et
al. 2003). The present study first investigates whether male reed buntings reduce

paternal care (incubation and provisioning) in relation to the proportion of EPP in

their broods in a population in the Netherlands, as has been shown previously for

provisioning rates in a population in England (Dixon et al. 1994). If paternity

levels are comparable between the two populations, then parental behavior is

expected to show a similar response to paternity. Furthermore, possible costs and

benefits of reducing paternal care are addressed. Second, this study investigates

whether males discriminate between kin and non-kin when allocating food to

individual nestlings. 

Methods

Data collection
The reed bunting is a small (males: 19g; females: 17g), sexually dimorphic

passerine. Monogamy with biparental care is the main mating system, but poly-

gamy does occur. The breeding season lasts from mid April until August. Pairs are

capable of raising more than one successful brood per year, and females quickly

renest if a brood is predated. Nests are built on or just above the ground.

Approximately half of the breeding adults return in subsequent breeding seasons,

and show high site fidelity (Cramp & Perrins 1994; O'Malley 1993). 

In 2001 and 2002, a population of reed buntings was studied in a 13 ha study

site, on the island of Noorderplaat (45 ha) in the National Park ‘De Biesbosch’ in

the Netherlands (51º45´N, 4º45´E). The study site had an average density of 2.5

pairs per hectare. Vegetation consisted of a combination of reeds (Phragmites
australis), soft rush (Juncus effusus), hard rush (Juncus inflexus) and various

species of grass. The height of the vegetation varied from 50 to 300 cm, with most

of the vegetation below 150 cm. A grid of which each cell was approximately 20 x

40 meter was laid across the area for mapping territories and nests.  
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Within our study site adult reed buntings were caught using mist nets. Birds were

ringed with a numbered aluminium ring and a specific combination of three color

rings for individual recognition. A blood sample (20 µl) was taken from the

brachial vein and stored in 96% ethanol at room temperature. Nests were located

through systematic searches that flushed females off the nest, or through checking

territories for any nest-related activities. To minimize the risk of predation, which

was mainly by stoats (Mustela erminea) and polecats (Mustela putorius), nest visits

were kept to a minimum. Nestlings were bloodsampled two days after hatching by

taking a small blood sample (10 µl) from the leg vein.

In both years, video-recordings during incubation and provisioning stage were

made between 5 May and 19 July and spread over the day between 7 am and 7

pm. No recordings were made during rainfall. Video-recordings of the pro-

visioning stage were limited to the time-period when the first hatched chick was

between four and six days of age. A dummy camera was placed at the nest a day

before the video was made to familiarize the birds with the camera. The actual

camera consisted of a color mini camera (model AVC56P/F36, size: 3 x 3 x 2 cm)

connected to a Sony video Hi8 camera recorder (model CCD-TR840E) with line-

in function, which recorded for three hours (90 minute tape on longplay). The

camera was placed on a metal wire approximately 30 cm above the nest, giving a

clear view of the nest. The Hi8 camera recorder was placed several meters away

from the nest behind a bush. After the camera was placed, the adults quickly

returned to the nest (4.06 ± 0.45 min, n = 50). Before recording provisioning

behavior, the nestlings were weighed and individually marked on their bill, using a

non-toxic black marker. The order of the markings was at random, and the sex

and paternity of the nestlings were unknown. 

Nestlings were weighed again at 7 days of age and given a numbered

aluminium ring. This is the latest that offspring can be taken out of the nest

without running the risk of premature fledging.   

Video analyses
Videos were analyzed using a television (Sony Trinitron) and VCR (Sony SLV-

T2000) with real-time display. The total recording time was defined from the time

of the first return of one of the parents until the end of the videotape. The time of

day, time of season, number of eggs or nestlings in the nest, and age of the first-

hatched nestling in days, was known for each recording. Video recordings of

incubation behavior had an average length of 167 ± 3.27 minutes (n = 63). Of

these nests, 48 survived at least until eggs hatched and nestlings could be blood

sampled and hence paternity determined (table 4.1). The incubation behavior of

31 different pairs, for which the proportion of EPP in their broods was later

determined, was recorded at least once (table 4.1). Incubation was expressed as the

number of minutes per hour spent incubating. Video recordings of provisioning
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behavior were made at 58 nests (table 1), with an average length of 177 ± 1.82

minutes. The provisioning behavior of 31 different pairs was recorded at least

once (table 4.1). Provisioning rate was measured as the number of feeds per

nestling, per hour, for each parent. A nestling was considered fed when it

swallowed (part of) a food item, therefore during one single visit more than one

nestling could receive food. The sex or paternity of the nestlings was unknown

when scoring the videotapes.

Sex determination and paternity analysis
DNA was extracted from blood samples using salt extraction (Richardson et al.
2001). Nestlings were sexed using Griffith’s universal PCR method for the sexing

of birds (Griffiths et al. 1998). The paternity of the nestlings was analyzed using

four fluorescently labeled microsatellite markers: Escµ1, Escµ4, Escµ6 (Hanotte et
al. 1994), and Pdoµ5 (Griffith et al. 1999). PCR amplifications were performed

using a Thermolyne amplitron II thermal cycler at an initial hotstart for 90 seconds

at 94°, followed by 30 cycles of 1 minute at 94°, 1 minute at annealing

temperature and 1 minute at 72°. Annealing temperatures were set at 55° for

Escµ1 and Escµ4, at 52° for Escµ6 and at 50° for Pdoµ5. Each 10-ml mix

contained 10-50 ng of DNA, 1.0 mM of each primer, 0.2 mM of each dNTP, 0.05

units of Taq polymerase (Advanced Biotechnologies) and 0.625mM MgCl2 in a

supplied reaction buffer (final concentration 20 mM (NH4)2SO4, 75 mMTris-

HCL, pH 9.0, 0.01% (w/v) Tween). PCR-products were diluted two times.

Diluted PCR-products of Escµ1, Escµ4 and Pdoµ5 were multiplexed in a ratio of

2:1:2, after which 1 µl of PCR-product (Escµ6) or multiplex-mixture was mixed

with 1.5 µl of a loading buffer containing 1.1 µl of deionised formamide, 0.18 µl
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Table 4.1. Sample sizes (number of nests or pairs) of video-recordings. 

Year Total nests All nests with No. of different Pairs with Double broods
known paternity pairs* double broods with D EPP**

Incubation

2001 14 6 5 1 1

2002 49 42 26 11 10

Provisioning

2001 17 7 5 1 1

2002 41 39 26 9 8

* 1 nest per pair;  individuals only included once (i.e. excluding remated individuals and secondary females) 
**∆ EPP =  Difference in proportion of extra-pair paternity between broods of the same pair



of blue dextran loading dye and 0.22 µl of internal lane standard (ROX500,

Applied Biosystems). These samples were denatured by heating at 94° for 3

minutes and then placing directly on ice. One µl of each sample was electro-

phoresed using a 10% denaturing polyacrylamide gel on an Applied Biotechno-

logies (ABI) 377 XL DNA sequencer. DNA fragments were analyzed using DNA

fragment analysis software (Applied Biosystems GENESCAN (version 3.1) and

GENOTYPER (version2.5)). Parentage was determined by using a likelihood-

based approach in CERVUS (Marshall et al. 1998). This program assesses the

confidence of paternity assignment through a simulation based on allele

frequencies in the population, the number of possible parent-candidates and the

number of parent-candidates sampled. 

The male and female present at a nest were determined by observations of

color-ringed birds during the incubation and nestling period. Potential offspring of

the male and female within the territory were identified using CERVUS. First,

potential offspring of each female were identified to check for egg dumping; then,

potential offspring of each male were identified using the mother as ‘known parent’

in the analysis. Using a ‘known parent’ in the analysis increases the confidence level

when determining the father. CERVUS was given the choice between two

candidate parents: the territory male and one potential, but unknown, extra-pair

male. The program calculates the likelihood that the territory male is the actual

father by using the natural logarithm of the likelihood ratio or so called LOD score.

The territory male is assigned as the father if the LOD-score is positive and rejected

if the LOD-score is zero or below. To accept the male as the father, a critical

difference is required in LOD scores between the first and the second candidate.

The critical values were calculated by entering the following simulation parameters

in CERVUS: 10,000 cycles, 2 candidate parents and 50% of candidate parents

sampled. We succeeded in obtaining 90% of all potentially available genotypes (i.e.

4 loci x (81 adults + 294 nestlings); n = 1500 genotypes). Assigned males were

accepted at >95% confidence. The used microsatellite loci had a total exclusionary

power of 0.978 and 0.996 for the first parent and second parent respectively.

Statistical analysis
Pairs that reared two broods in a single season were used to relate the difference in

proportion of EPP between nests with the difference in paternal care to the entire

brood, following Dixon et al. (1994). As pairs remained together and on the same

territory, no correction is necessary for characteristics of parents or territory.

Differences in incubation and provisioning effort between the two broods were

compared with the difference in the proportion of extra-pair paternity between

the two broods. The incubation and provisioning effort is expressed as the a male’s

proportion (‘share’) of male and female effort combined. In addition provisioning

effort is expressed as provisioning rate per hour, per nestling, for both males and
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females seperately, as this was used by Dixon et al. (1994), allowing a proper

comparison. A power analysis was performed using an expected effect size based

on the r2-value extracted from the results from Dixon et al. (1994) when

correlating the difference in male provisioning rate and the difference in extra-pair

paternity between nests. This yielded a value of r2 of 0.57, which corresponds to a

very large effect size (r = 0.75).

We analysed variance in the proportion of extra-pair young between broods

using generalised linear models with binomial errors and a logit link fitted using

Proc Genmod of SAS. In such models, statistical significance is often attached to

the deviance or change in deviance by comparison with a chi-square distribution.

However, the assumption that the deviance or change in deviance is distributed

asymptotically as chi-square often fails with low values of the binomial

denominator (the number of genotyped nestlings in a brood in our analyses;

C.M.Lessells, pers.obs.). We therefore attached significance values to deviances or

changes in deviance using randomisation tests (Manly 1997). The general

procedure used in these tests was to randomly allocate the measured values across

the measured units while maintaining sample sizes per group or sub-group, and

then recalculate the deviance or change in deviance for these randomised data.

The proportion of 1000 iterations in which the deviance or change in deviance

was more extreme than the observed value was taken as the P value. We carried

out such tests at three levels: first, we tested whether there was significant

variation between all broods in the sample by fitting the null model and carrying

out randomisation tests in which the paternity of nestlings (within- or extra-pair)

was randomly reallocated across broods while maintaining the observed sample

sizes per brood. Second, we tested whether there was significant variation in the

proportion of  extra-pair young between males (when we analysed data for males

with two broods in the same year) or between first and second broods by fitting

male identity or brood number (first or second) as explanatory variables in the

model. In the randomisation tests we reallocated the observed proportions of

extra-pair young in the brood (i.e. the number of extra-pair young and

corresponding number of young genotyped) across broods while maintaining the

observed sample size of broods per male or for first and second broods. Third,

when we analysed data for males with two broods in the same year, we tested

whether there was significant variance between the broods within males (i.e.

whether there was evidence that the two broods of a male differ more in the

proportion of extra-pair young than expected by chance if individual nestlings in

both broods have the same probability of extra-pair paternity). In these analyses

the relevant test deviance was the residual deviance after fitting male identity as an

explanatory variable. The randomisation test was carried out by simultaneously

reallocating the paternity of nestlings within each male across his two broods,

while maintaining the brood sizes of all broods in the sample.
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Broods of mixed paternity were used to investigate whether males bias their

provisioning towards own kin. This way no correction is necessary for age of the

nestlings. For each brood the average number of feeds per nestling, per hour (pro-

visioning rate) was calculated first for sons and daughters, and then for within-pair

and extra-pair nestlings. To avoid pseudo-replication, only one nest was included

for each pair. If the provisioning behavior of a pair had been recorded on more than

one occasion (i.e. from more than one brood in a season), then the brood in which

the numbers of within- and extra-pair young were most similar was included.

Statistical analyses were performed using SPSS 11.0.1 (2001), except for power

analysis which was performed using GPOWER (Faul and Erdfelder 1992). All data

were tested for normality and data that were not normally distributed were

transformed to achieve normality, or non-parametric tests were used. Unless

stated, means are expressed with standard errors, probability values are two-tailed

and the level of significance was set at p < 0.05. 

Results

Breeding ecology
Low levels of polygamy were found in both years; 9% of ringed males (n = 11) in

2001 and 5% of ringed males (n = 39) in 2002 had two females on their territory.

Male incubation and provisioning behavior at primary nests were within the range

of male incubation and provisioning behavior at monogamous nests (table 4.2).

Polygamous males did not incubate or provision at secondary nests. No difference

was found between male provisioning behavior at monogamous and primary nests

in this study or in that by Dixon et al. (1994), therefore no distinction was made in

subsequent analyses. Secondary nests of polygamous males are excluded from

further analyses.

On average a clutch consisted of 4.5 ± 0.07 eggs (n = 125 nests, range 2-6),

with a hatching success of 86%. This resulted in broods containing an average of

3.92 ± 0.11 nestlings (n = 79 nests, range 2-6). Females incubated longer and

provisioned nestlings at a higher rate than males (table 4.2; Wilcoxon signed rank

test: incubation time: Z = -4.86, n = 31, p < 0.001; provisioning rate: Z = -3.63,

n = 31, p < 0.001). Males assisted in incubating eggs in 35% of cases (n = 31

males). There was a significant negative correlation between male and female

incubation time (rspearman = -0.82, n = 11, p = 0.002). No effect was found of

clutch size, time of day, day of incubation or day of season on the presence or

absence of male incubation (logistic regression: all p > 0.5, n = 31), on the time

spent incubating by male or female (GLM: males (after log transformation): all p
> 0.2, n = 11; females: all p > 0.2, n = 31), or on the male share of incubation

(GLM (after log transformation): All p > 0.8, n = 11).
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The effect of age of nestlings, time of day, day in season, brood size and

provisioning rate of partner on provisioning rate was tested, and a significant

relationship was shown to occur between age of nestlings and provisioning rate for

both females and males (GLM: females (after log transformation): age F1,31 = 7.03,

p = 0.01, brood size F1,31 = 4.03, p = 0.06, rest p > 0.4; males: age F1,31= 12.03,

p = 0.002, rest p > 0.3). A male’s share of provisioning was not related to age of

nestlings, time of day, day in season or brood size (GLM: all p > 0.2, n = 31).

Extra-pair paternity
In total 294 nestlings from 75 nests were genotyped (2001: 38 nestlings from 10

nests, 2002: 256 nestlings from 65 nests). At 63 nests both male and female

members of the breeding pair were caught, and at 12 nests only the male was

caught. No cases of intra-specific brood-parasitism were found; all nestlings had

genotypes consistent with their being offspring of the female attending the nest,

i.e. the putative mother, at a 95% confidence level (2001: n = 19 nestlings, 2002:

n = 232 nestlings). The male attending the nest was excluded from being the

genetic father at a 95% confidence level for  49.7% of nestlings; thus these

nestlings were sired by an extra-pair male (2001: 18/38 nestlings vs. 2002:

128/256 nestlings; χ2 = 0.017, df = 1, p = 0.90). On average 80.0% of nests
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Table 4.2. Incubation (minutes per hour) and provisioning rate (per nestling per hour) at nests of
monogamous males and at primary and secondary nests of polygamous males.

Total Male Female M/(M+F) ratio

Incubation

Monogamous (n = 29) 45.5 ± 1.1 2.7 ± 0.9 42.8 ± 1.2 0.06 ± 0.02 

Range (min – max) (30.5 – 52.1) (0 – 22.6) (27.0 – 51.4) (0 – 0.46)

Primary (n = 2) 45.3 3.4 41.9 0.08

Range (min – max) (45.0 – 45.6) (0 – 6.8) (38.2 – 45.6) (0 – 0.15)

Secondary (n = 2) 45.1 0 45.1 0

Range (min – max) (38.8 – 51.4) (0 – 0) (38.8 – 51.4) (0 – 0)

Feeding rate

Monogamous (n = 29) 2.9 ± 0.2 1.2 ± 0.1 1.7 ± 0.1 0.41 ± 0.02

Range (min – max) (1.1 – 6.5) (0 – 2.8) (0.7 – 3.7) (0 – 0.67)

Primary (n = 2) 2.4 0.9 1.6 0.36 

Range (min – max) (2.3 – 2.5) (0.4 – 1.3) (1.0 – 2.1) (0.16 – 0.56)

Secondary (n =2) 3.9 0 3.9 0

Range (min – max) (3.6 – 4.3) (0 – 0) (3.6 – 4.3) (0 – 0)



contained at least one extra-pair young (2001: 6/10 nests vs. 2002: 54/65 nests; χ2

= 1.62, df = 1, p = 0.20). Males had no paternity in 22.7% of nests (2001: 4/10

nests, 2002: 13/65 nests), i.e. all offspring were extra-pair. Absolute differences in

proportion of EPP between first and second nests of the same pair ranged from 0

to 0.75 (n = 21 pairs). Among the broods produced by 21 pairs for whom two

broods in the same year were genotyped, the proportion of extra-pair young in a

brood varied significantly between the 42 broods in the sample (deviance = 81.89,

df = 41, p (randomisation test) = 0.003). However, individual males did not

differ in the proportion of extra-pair young in their broods (change in deviance =

40.04, df = 20, p (randomisation test) = 0.82). Neither did first broods differ

systematically from second broods in the proportion of extra-pair young (average

% EPP nest 1 and nest 2: 51% and 56%; change in deviance = 0.70, df = 1, p
(randomisation test) = 0.48). Nevertheless, there was significant variation between

broods within males (residual deviance = 41.86, df = 21, p (randomisation test) =

0.029). This shows that the probability of a nestling having extra-pair paternity

differs between the broods produced by a single male in the same year. 

Paternity and parental care
CARE TOWARDS ENTIRE BROODS

Incubation observations and extra-pair paternity levels were available for twelve

pairs (consisting of the same partners remaining on the same territory) that

produced two clutches in a single season (table 4.1). Eleven of these pairs had

numerically different proportions of EPP in their first and second brood; overall

for the 12 pairs, there was statistically significant variation between the two broods

within pairs (residual deviance = 25.95, df = 12, p (randomisation test) = 0.040).

We found no relationship between the difference in proportion of EPP between

broods and the difference in male share of incubation (figure 4.1A). Provisioning

observations were available on ten pairs that raised more than one brood in a

season (table 4.1). Proportions of EPP differed numerically between the first and

second brood in nine of these pairs; overall for the ten pairs there was statistically

significant variation between the two broods within the pairs (residual deviance =

22.61, df = 10, p (randomisation test) = 0.013). No relationship was found

between difference in proportion extra-pair paternity and difference in male share

of provisioning (figure 4.1B) or difference in maternal and paternal provisioning

rates per hour per nestling (figures 4.1C and 4.1D; corrected for nestling age).

Although the sample size is small, the power analysis showed that a significant

relationship similar to the one in Dixon et al. (1994) would have been detected

with a probability of p > 0.85 for α = 0.05 (r = 0.75, critical t(8) = 2.31, n = 10).

Males incubated at four nests and provisioned at eight nests where they had no

paternity at all. There were no differences in male share in both incubation and

provisioning at nests with no extra-pair paternity compared to nests with at least

Parental effort and paternity

75



one extra-pair offspring (incubation: Mann Whitney U test: U = 81.0, nno EPY = 8,

nEPY = 23, p = 0.59; provisioning: U = 72.5, nno EPY = 6, nEPY = 25, p = 0.90).

Furthermore there was no relationship between male share of incubation and

provisioning and the proportion of EPP in the brood among all males (incubation:

rs = -0.022, n = 31, p = 0.91; provisioning: rs = 0.16, n = 31, p = 0.38).

COSTS AND BENEFITS OF PATERNAL CARE

Nestlings of 33 nests were weighed before fledging. In one nest some nestlings

died before seven days of age and were therefore excluded from the analysis. No

relationship was found between the number of nestlings in the nest and the

average mass of nestlings at day seven (r = 0.15, n = 32, p = 0.40). Furthermore

there was no correlation between male provisioning rate and average fledging mass

(provisioning rate corrected for nestling age; r = 0.04, n = 32, p = 0.83). A

negative trend was found between female provisioning rate and average fledging
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Figure 4.1. The relationship between the difference in the proportion of extra-pair paternity
(EPP) between two broods of the same pair and (A) the difference in male share of total
incubation between two broods (r = 0.03, p = 0.92, n = 12); (B) the difference in male share of
total provisioning between two broods (r = -0.11, p = 0.77, n = 10); and the difference in
provisioning rate, per hour, per nestling, corrected for nestling age (unstandardized residuals) for
(C) males (r = 0.09, p = 0.80, n = 10) and (D) females (r = 0.24, p = 0.51, n = 10).



mass (provisioning rate corrected for nestling age; r = -0.32, n = 32, p = 0.07).

Total provisioning rate showed no relationship with average fledging mass

(provisioning rate corrected for nestling age; r = 0.17, n = 32, p = 0.36).

Male total parental effort was estimated by adding together a male’s share of

incubation and provisioning. There was no relation between male total parental

effort and his survival to the next year (U = 53.5, ndead = 9, nsurvive = 16, p = 0.30).

FOOD PROVISIONING TO WITHIN- AND EXTRA-PAIR YOUNG

Video observations of provisioning behavior where the allocation of food to

individual nestlings of mixed sex could be observed were made at the nests of 30

different males. Neither males nor females biased provisioning to either sons or

daughters (Wilcoxon: males: Z = -0.412, p = 0.68, n = 30; females: Z = -0.738,

p = 0.46, n = 30). Therefore no distinction was made in subsequent analysis.

Recordings were available for nests belonging to 20 different males, containing

nestlings of mixed paternity. At the time of observation extra-pair young had

similar mass as within-pair young when correcting for age (GLMM: χ2 = 0.027, p
= 0.87, n = 88 nestlings in 20 nests). Extra-pair young received the same number

of feeds as within-pair young (figure 4.2).
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Discussion
Paternity and paternal care: care towards entire broods
For males to adjust their paternal care towards the entire brood in relation to their

paternity, theoretical models require three assumptions to be met (Westneat &

Sherman 1993; Whittingham et al. 1992). First, levels of extra-pair paternity

should vary between breeding attempts of the same male, allowing males with low

paternity to achieve higher reproductive success in another brood. Several studies

have shown varying levels of paternity between nests of the same male (e.g. Dunn

et al. 1994; Yezerinac et al. 1996); in two different populations of reed buntings

significant variation was found in paternity levels between nests of the same male

in the same season (Dixon et al. 1994; Lessells 1994; this study).

Second, males should be able to assess their share of paternity. The actual level

of paternity in broods can be measured relatively easy using molecular techniques;

however, the certainty of paternity from a male point of view cannot be measured

(Kempenaers & Sheldon 1997). Different studies trying to experimentally decrease

certainty of paternity generated different results, as some did (Sheldon & Ellegren

1998) and others did not (Kempenaers et al. 1998) find a decrease in paternal

care. In the latter case it is not possible to determine whether the certainty of

paternity was not decreased by the experiment or whether there was no response

in paternal care to the sucessfully manipulated certainty of paternity (Wright

1998). When studying paternal investment in relation to paternity, it is important

to know whether paternity cues are available, as no adjustment of paternal care

can be expected if males cannot assess their paternity (Whittingham & Dunn

2001). In other species, males have been shown to judge their share of paternity

using access to the female during her fertile period (Davies et al. 1992), frequency

of extra-pair copulations (Ewen & Armstrong 2000; Møller 1988), and absence of

female during egg-laying (Sheldon et al. 1997). It has not yet been investigated

which cues reed bunting males use to assess their paternity, therefore it remains

unknown whether this assumption is actually met. As significant variation was

found in levels of paternity between broods of the same male, information may be

available from which males can derive their certainty of paternity (Lessells 1994).

Male reed buntings guard their mates during the fertile period, but only part-time

and both males and females were often seen to leave their territory, e.g. to forage.

Males were often seen intruding into a fertile female’s territory. However, due to

the secretive behavior of females, we do not know whether females also make

forays into other territories in search of extra-pair males. Intruding males were

usually chased by the territorial male, if he was present, while the female seemingly

did not pay any attention. We never witnessed extra-pair copulations. Thus

possible cues may be (i) absence of the female during her fertile period, (ii) the

number of intruding males into the territory or (iii) how the female reacts to these

males. 
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Third, the benefits of reducing paternal care should outweigh the costs. The

benefits of reducing care for the male may be decreased mortality (Nur 1984;

Yezerinac et al. 1996), and/or increased opportunities for additional matings

(Magrath & Elgar 1997; Smith 1995; reviewed in Magrath & Komdeur 2003).

The costs of reducing parental care seem obvious in terms of decreased survival of

offspring (Bart & Tornes 1989; Wolf et al. 1988). Monogamous males may not be

able to afford to reduce parental effort, as all offspring would suffer, including a

male’s own offspring (Davies et al. 1992). This would however not be the case if

males can distinguish between related and unrelated offspring and provide more

care towards kin. In the present study, no evidence of benefits or costs of reducing

care was found. Males did not appear to benefit through decreased mortality when

providing less paternal care. Neither was there any relationship detected between

fledging mass and male provisioning rate. Possibly our measure of paternal care is

not a good representation of paternal investment, thereby failing to show an effect.

Potentially, when providing less care, males may gain a reproductive benefit

through increased extra-pair fertilizations. These can occur throughout the

breeding cycle as reed buntings breed asynchronously and are multibrooded. More

needs to be known about the effect of paternal effort on offspring fitness and on a

male’s reproductive success resulting from other activities than parental care, such

as extra-pair mating behavior, to adequately address the third theoretical

requirement.

Male reed buntings in an English population have been shown to decrease their

provisioning rates when their paternity is reduced (Dixon et al. 1994). The change

in provisioning is however very marginal: when paternity is reduced by 100%

from one nest to the next – a change greater than expected from binomial

variation (Lessells 1994) –, provisioning rates only decrease by approximately 0.1

feed per nestling, per hour. This would be a change of 4%, when comparing this

to an average provisioning rate of 2.6 feeds per hour per nestling (Dixon 1993).

Females do not show any compensation for the decrease in male provisioning

rates, possibly because the decrease is very small. As male reed buntings provide

care even when they have no paternity in the brood, they may be prone to making

large paternity assessment errors.

The absence of a relationship between paternity and paternal care may be due

to the absence of reliable cues to assess paternity, or to benefits of reducing care

not exceeding costs (Whittingham & Dunn 2001). The reason why males differed

in their provisioning behavior as a function of their paternity levels between the

populations in England and the Netherlands remains unclear. The sample size in

our study (n = 10) was similar to that of the English population (n = 13; Dixon et
al. 1994), allowing a proper comparison. The power analysis showed there was a

high probability of detecting a relationship of comparable strength to the one

found in the English population. Furthermore, the levels of extra-pair paternity
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were similar for both populations (this study: 50% of nestlings vs. Dixon et al.:
55% of nestlings: χ2 = 1.04, df = 1, p = 0.31) and in both populations significant

variation in proportions of EPP between broods of the same male was found

(Lessells 1994; this study). In both populations, females do not change their

provisioning rate in relation to paternity, which may be expected since no egg

dumping appears to occur. The difference in female provisioning rate between two

nests within a breeding season varied from 0 to 0.23 feeds per hour per nestling in

the English population (Dixon et al. 1994), compared to a range from 0.05 to

0.54 feeds per hour per nestling in the Dutch population. Males seemed to have a

larger variability in provisioning rate in the Dutch population, as the difference in

male provisioning rate between two nests ranged from 0 to 0.21 feeds per hour

per nestling in the English population (Dixon et al. 1994), compared to a range

from 0 to 1.6 feeds per hour per nestling in the Dutch population. A range similar

to the one in the Dutch population was found in a Polish population, namely 0.8

to 1.8 feeds per hour per nestling (Buchanan 2001). When comparing the

proportions of EPP and provisioning rates of two broods of the same pair within

the same season, male reed buntings in Poland also failed to show a significant

decrease in provisioning rate with reduced paternity (p = 0.14, n = 13; Buchanan

2001). 

Variability in paternal care in response to paternity between populations was

also found in other species; e.g. barn swallows (Hirundo rustica; Møller 1988;

Smith & Montgomerie 1992), pied flycatchers (Ficedula hypoleuca; Alatalo & et
al. 1983; Lifjeld et al. 1998) and  red-winged blackbirds (Weatherhead et al.
1994; Westneat 1995). Whittingham and Dunn (2001) suggest that the absence of

cues to assess paternity is not likely to be the cause of variability in paternal care in

response to paternity between populations. A difference between populations in

males’ ability to assess paternity may arise through local environmental conditions.

For instance differences in food availability between populations could influence

paternity cues such as time-spent mate guarding. The average nestling provisioning

rates of reed buntings, as a measure for the food availability, was similar between

the three populations (England: 2.6 (n = 26) vs. Poland: 2.3 (n = 45) vs. The

Netherlands: 2.9 (n = 29) feeds per hour per nestling (Buchanan 2001; Dixon

1993; this study). Food availability is therefore not expected to influence

differences in paternity cues in this species. However, Whittingham and Dunn

(2001) argue that local conditions also drive the relative costs and benefits of

paternal care, which are expected to be of greater importance. 

Food provisioning to within- and extra-pair young
In the absence of a relationship between paternity and overall paternal care in the

reed bunting, discrimination against non-kin may still occur. As female reed

buntings are related to all the offspring in the nest, they are not expected to bias
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their provisioning behavior (as shown in our results). However, males do

experience high levels of cuckoldry, but fail to show any bias when allocating food

to individual nestlings. In addition, males have been observed to provision at nests

in which they had no paternity at all (Burke et al. 1989; Dixon et al. 1994; this

study). Furthermore, no relationship was found between paternal effort and male

survival to the following breeding season and between male provisioning rate and

fledging mass of nestlings. Therefore, the costs for a male to provision to unrelated

offspring or the benefits for related offspring to be recognized as kin by the father

may not be high enough to generate kin discrimination (Johnstone 1997). This

study confirms previous studies of a lack of kin recognition in parental care

(reviewed by Kempenaers & Sheldon 1996).

To conclude, this study found no indication that male reed buntings decreased

their paternal effort in relation to paternity, both between nests of the same male

in one season, and between individual nestlings. The availability of cues to assess

paternity and costs and benefits of reducing care, which are often neglected

(Yezerinac et al. 1996), play a crucial role in the relationship between paternity

and paternal care. This study included two aspects of costs and benefits of

reducing care, namely fledging mass and male survival in relation to paternal

effort; however, other aspects (e.g. fledging survival and recruitment, male extra-

pair fertilization success) also need to be addressed to understand the trade-off

between paternal care and other activities (such as self-maintenance or extra-pair

mating behavior). Furthermore, the need to study more than one population per

species is stressed, as local circumstances may play an important role in variability

in paternal care in relation to paternity.
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Abstract

In birds, females are generally assumed to determine whether extra-pair copu-

lations occur, and thus most studies on extra-pair paternity (EPP) have focussed on

female preference for male traits, whereas female traits have been largely

overlooked. However, the occurrence of EPP is likely to be a result of behavioural

interactions (e.g. mate guarding by the social male and escaping mate guarding by

the female), and may be related to individual experience, which is expected to

increase with age. We investigated the effect of age on levels of EPP in reed

buntings (Emberiza schoeniclus) a socially monogamous passerine with extremely

high levels of extra-pair young (more than 50% of offspring). In broods of older

males the rate of cuckoldry declined, which is in agreement with our previous

finding that older males are more successful, either through female choice or

through male experience. In contrast, older females tended to increase the level of

extra-pair paternity in their broods. When including the age of the partner, we

found that young males, but not old males, were cuckolded more by old females

than by young females. The increase in EPP with female age is not likely to be due

to disassortative mating with respect to age, an increased capacity of older females

to raise a brood without male help, nor a male preference for older females. We

suggest that with increase in age, females become more choosy when selecting

their mating partner, or alternatively, become more experienced at circumventing

paternity assurance tactics of young males. 



Introduction 

Extra-pair paternity (EPP) has been the focus of many studies of socially

monogamous birds (Griffith et al. 2002). By gaining extra-pair fertilisations

(EPFs), males may increase their reproductive success, while the expected benefits

to females are more controversial (Birkhead & Møller 1992). Given that EPCs are

considered to be costly, females are assumed to determine whether insemination

occurs (Birkhead & Møller 1992), and evidence has been found for females

actively seeking extra-pair copulatons (EPCs) in several species (e.g. Smith 1988;

Kempenaers et al. 1992; Double & Cockburn 2000), females are only expected to

engage in EPCs if there are potential benefits (Westneat et al. 1990; Birkhead &

Møller 1992). Most widespread support has been found for females gaining

genetic benefits for their offspring through extra-pair matings, but the results are

not consistent in all studied species (reviewed by Griffith et al. 2002).

Many studies have found that male characteristics, such as plumage coloration,

song, but most commonly age, are related to fertilisaton success (reviewed by

Griffith et al. 2002). This non-random distribution may be a result of two, not

mutually exclusive, mechanisms: (i) females may actively choose good viability

genes of older males for their offspring (Richardson & Burke 1999), or (ii) older

males increase their experience or investment in protecting paternity in their own

brood and gaining paternity in other broods (Weatherhead & Boag 1995). Due to

the increased risk of cuckoldry, younger males have been found to mate guard

more intensively than older males in several species (e.g. Wagner et al. 1996;

Johnsen et al. 2003). However, this does not necessarily translate into higher

levels of paternity, indicating that females can circumvent these paternity guards.

As individuals are often found to enjoy increased breeding success with greater

experience (Clutton-Brock 1988; Saether 1990), possibly females also increase

successful extra-pair mating behaviour with greater experience and thus age.

However, the relation between female characteristics and EPP has received far less

attention so far than the relationship between male characteristics and EPP (but see

Westneat 1992; Dunn et al. 1994; Wagner et al. 1996; Stutchbury et al. 1997;

Cordero et al. 1999; Kempenaers et al. 1999; Weatherhead 1999; Li & Brown

2000; Veiga & Boto 2000; Dickinson 2001). Only three studies have reported

female age to be correlated with the proportion of EPP in their broods. Young

female hooded warblers (Wilsonia citrina) had higher levels of EPP in their

broods; they arrived later on the breeding site than older females, possibly

restricting them in their choice of social mates (Stutchbury et al. 1997). Females

mated to low quality social males may seek more EPFs than females mated to high

quality males (Westneat et al. 1990). In contrast, old female tree swallows

(Tachycineta bicolor) and coal tits (Parus ater) were more likely to have higher

levels of EPP in their broods compared to young females (Kempenaers et al. 1999;
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Dietrich et al. 2004). However, in coal tits, this appeared only to be the case when

females were paired to young males, but not when paired to old males, which

suggests an interaction between the ability of males to mateguard on the one hand

and of females to escape mateguarding on the other (Dietrich et al. 2004). The

occurrence of EPP is thus not likely to be a result of only the female deciding

whether or not to engage in extra-pair copulations, but of the interaction between

the female, social male and extra-pair male and this interaction deserves more

attention in behavioural studies than received so far (Westneat & Stewart 2003). 

We investigated levels of within brood EPP in relation to age of the social

parents in the reed bunting (Emberiza schoeniclus), a socially monogamous

passerine with very high rates of EPP (55% of offspring (Dixon et al. 1994) and

50% of offspring (Bouwman et al. 2005)). We previously found that older males

were more successful in siring offspring both within and outside their own brood

(chapter 3). Assuming that females actively seek EPCs to gain viability genes for

their offspring, and gain experience in extra-pair mating behaviour with age, we

expected the proportion of EPP in the broods of individual females to increase

from one year to the next. More specifically, when including the age of the partner,

we expected to find a pattern similar to the one observed in coal tits (Dietrich et al.
2004). As old males are most successful in siring offspring, we expected young and

old females paired to old males to have low levels of EPP in their broods. Young

males may increase their investment in mateguarding as a result of the increased

risk of cuckoldry; thus we expected young females paired to young males also to

have lower levels of EPP in their broods. However, old females should be more

experienced at escaping mateguarding, and thus we predicted old females paired

to young males to have higher levels of EPP in their broods. Finally, we assessed

whether the quality of reed buntings increased with age, by using adult mass, onset

of breeding, clutch size of the first brood, hatching and fledging success and share

of nestling food provisioning rates as measures of quality.

Methods

General
We studied a population of reed buntings in 2002 and 2003 on the island of

Noorderplaat in ‘De Biesbosch’ National Park in the Netherlands (51º45´N,

4º45´E). Adults were caught using mistnets, individually colour-ringed, blood

sampled and weighed. Forty-four and 35 pairs bred in our study area in 2002 and

2003 respectively. In 2002, we ringed 97% of all individuals (n = 88) within the

study area and 80% of individuals (n = 20) from surrounding territories.  On

average 42% of ringed adults breeding in 2002 returned to our study area the

following breeding season and all reoccupied the same or a nearby territory. As
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recruitment rates of fledglings are very low and adult reed buntings cannot be

reliably aged using plumage characteristics, few adults were of exact known age.

We assumed ringed adults returning in 2003 to be ‘old’ breeders (n = 37) and

unringed adults to be ‘young’ breeders (n = 41; Veiga 1993; Yezerinac &

Weatherhead 1997). In support of our assumption, we found that wing length

increased for most individuals from one year to the next (p < 0.001) and, in

agreement, ‘young breeders’ had significantly shorter wings than ‘old’ breeders (p
< 0.001; chapter 3).

Nests were located through systematic searches that flushed females off the

nest, or by checking territories for any nest-related activities. The identities of the

male and female belonging to a nest were determined by direct observations of

colour-ringed birds protecting the nest, or video recordings of birds incubating and

feeding nestlings. Blood samples of nestlings were taken two days after hatching.

Unhatched eggs were removed and inspected for embryonic development, which

was used as a source of DNA. Video recordings (3 hours) were made of adults

feeding nestlings when the oldest nestling was between 4 and 6 days of age. 

Paternity analysis
DNA was extracted from blood samples using salt extraction (Richardson et al.
2001). Individuals were genotyped using six fluorescently labelled microsatellite

markers: Escµ1, Escµ4, Escµ6 (Hanotte et al. 1994), Pdoµ5 (Griffith et al. 1999),

Mcyµ4 (Double et al. 1997) and Ppi2 (Martinez et al. 1999). For a detailed

desciption of the methods see chapter 2. Parentage was determined by using a

likelihood-based approach in CERVUS (version 2.0; Marshall et al. 1998). This

program assesses the confidence of paternity assignment using criteria generated

through a simulation taking into account allele frequencies in the population, the

number of possible candidate parents, the proportion of candidate parents

sampled, and the percentage of missing genetic data and genotyping errors. The

criteria (delta criteria) estimate the critical difference between the LOD scores -the

natural logarithm of the likelihood ratio- of the first and second most likely

candidate at a level of >95% confidence and >80% confidence.

Data analysis
First, we determined the proportion of EPP from one year to the next within

individuals. We used 15 males and 9 females that produced at least one brood

with known paternity in both 2002 and 2003. Of these only one pair remained

mated to the same partner in both 2002 and 2003. The pair that remained

together was included in the analysis and highlighted in the figure. If within a year

more than one brood was sampled per pair, we averaged the level of EPP. The

level of EPP was arcsin transformed to reach a normal distribution, after which a

paired t-test was used. 
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Second, we determined the proportion of EPP in relation to age across individuals.

As we could only distinguish between ‘young’ (unringed) and ‘old’ (colour-ringed

in 2002) breeders in 2003, we used 30 pairs breeding in 2003 to determine the

effect of age (i.e. young vs. old) and the interaction between male and female age

on EPP. We used multilevel generalized linear mixed models to analyse the effect

of age on the proportion of EPP in a brood, assuming a binomial error distribution

with logit-link function and using the number of offspring in a brood as the

denominator. The two-level hierarchical structure of the proportional response

data was built up with the identity of the pair as the highest level and the different

broods for each pair as the lowest level (i.e. one or two broods). This approach

allowed us to make full use of all available broods, while accounting for including

more than one brood per pair. The model was estimated using reweighted iterative

generalised least squares (RIGLS) and 2nd order penalised quasi-likelihood

approximation (PQL; Rasbash et al. 2004). The significance of variables was tested

using the Wald statistic, which follows a χ2-distribution. 

We investigated the relationship between the proportion of EPP in broods of

individuals in 2002 and their probability of returning to our study site in 2003 by

using multilevel generalized linear mixed models, again assuming a binomial error

distribution with logit-link function and using the number of offspring in a brood

as the denominator. The two-level hierarchical structure of the proportion of EPP

was built up with the identity of the male or female as the highest level and the

different broods for each individual as the lowest level.

The first egg was laid six days earlier in 2002 than in 2003. The first egg day for

an individual was corrected for year-effect by subtracting the first egg day for that

year. Fledging success was not comparable within individuals between years, as

predation rates differed between years. Statistical analyses were performed using

SPSS 11.0.1 (SPSS Inc.) and MLwiN 2.0. Non-parametric tests were used if data

were not normally distributed after transformation. Probability values are two-

tailed and we assumed significance if p < 0.05. 

Results

Extra-pair males sired 54.6% of offspring in 2002 (n = 262) and 46.4% of offspring

in 2003 (n = 211; chapter 2). There is no statistical significant difference in level of

EPP between these years (χ2 = 3.10, df = 1, p = 0.08). The proportion of EPP in a

male’s brood declined as he aged one year (figure 5.1A), while females tended to

have a higher proportion of EPP in their brood when they grew one year older

(figure 5.1B). After combining male and female age and their interaction in one

model, we found a significant negative effect of the interaction between male and

female age on the proportion of EPP in a brood (table 5.1). When comparing the
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proportion of EPP for each age combination of the social parents, it appears that the

combination of young male and old female is more likely to have a higher proportion

of EPP in their broods than the other three age combinations (figure 5.2).

There was no assortative mating with respect to age, as we found no difference

between the number of males or females paired with a younger, older or similar

aged partner in 2003 (χ2 = 0.25, df = 1, n = 38 pairs, p = 0.62). Males

significantly increased in mass from one year to the next, while females did not

(table 5.2). Both males and females advanced the day the first egg was laid in their

nest with increasing age (table 5.2). Neither males nor females showed a change in

clutch size, hatching success or their share of total provisioning to nestlings from

2002 to 2003 (table 5.2). When comparing mass, first egg date, clutch size,

hatching success, share of provisioning and fledging success between young and

old individuals in 2003, we found no differences between the two age groups (all:

p > 0.17).
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Figure 5.1. Proportion of EPP in broods produced in 2002 and 2003 by individual (A) male and
(B) female reed buntings. Only one pair remained together in both years; the male and female of
this pair are indicated by a dashed line. The proportion of EPP decreased for individual males
(paired t-test; t = 3.65, n = 15, p = 0.003) and tended to increase for individual females (t = -
2.08, n = 9, p = 0.072).

Table 5.1. Multilevel GLM showing the effect of male and female age on the proportion of EPP in
broods (n = 45 broods of 30 different pairs). The parameter estimates (± se), Wald test statistic
and level of significance are shown. 

Model terms Estimate (se) Wald statistic df p

Male age 0.12 (1.09) 0.012 1 0.91

Female age 3.32 (1.23) 7.28 1 0.007

Male age * female age -3.58 (1.65) 4.70 1 0.03



The probability of males returning to our study site in 2003 was not affected by

the proportion of EPP in their broods in 2002 (average proportion of EPP for

resighted vs. non-resighted males: 0.52 vs. 0.60; n = 66 broods of 38 males; χ2 =

1.13, df = 1, p = 0.29). In contrast, females with a higher proportion of EPP in

their broods in 2002, were less likely to return to our study site in 2003 (average

proportion of EPP for resighted vs. non-resighted females: 0.40 vs. 0.66; n = 60

broods of 39 females; χ2 = 6.73, df = 1, p = 0.01).

Chapter 5

92

young male

12n =

pr
op

or
tio

n 
E

P
P

0.6

0.4

0.2

0.8

1.0

0.0

8

old male

14 11

young female
old female

Figure 5.2. Proportion of EPP in reed bunting broods in relation to age of the pair members in
2003. Bars indicate mean + se and sample sizes are shown above the bars. 

Table 5.2. Comparison of quality measures (± se) for individual male and female reed buntings
between 2002 and 2003. Mass, first egg date (corrected for year effect), clutch size of first brood,
hatching success (proportion of eggs hatched) and share of total provisioning within individuals
from 2002 to 2003. Statistics for Wilcoxon signed rank tests are presented. 

n 2002 2003 Z p

Males:

Mass (grams) 15 19.2 ± 0.2 19.5 ± 0.2 -2.45 0.014

1st egg date 15 15.0 ± 2.3 6.1 ± 1.6 -2.33 0.020

Clutch size 15 4.9 ± 0.1 4.9 ± 0.1 0.0 1.0

Hatching success 15 0.91 ± 0.04 0.85 ± 0.05 -0.95 0.34

M/(M+F) provisioning 13 0.37 ± 0.04 0.32 ± 0.04 -0.94 0.35

Females:

Mass (grams) 8 18.0 ± 0.4 18.6 ± 0.3 -1.54 0.12

1st egg date 9 22.3 ± 5.4 6.4 ± 2.1 -2.31 0.021

Clutch size 9 5.0 ± 0.2 5.0 ± 0.0 0.0 1.0

Hatching success 9 0.90 ± 0.04 0.96 ± 0.3 -1.30 0.19

F/(M+F) provisioning 5 0.61 ± 0.07 0.59 ± 0.03 -0.67 0.50



Discussion

As expected following the higher total fertilisation success of older males (chapter

3), the proportion of EPP in their broods decreased with age for individual male

reed buntings. This pattern was not due to higher return rates for high quality (i.e.

less cuckolded) males than for low quality (i.e. more cuckolded) males, as we

found no relation between the degree of cuckoldry in 2002 and the probability of

a male’s resighting in 2003. In contrast to males, the level of EPP in the broods of

females tended to increase with age. The finding that females with high levels of

EPP in their broods were less likely to return to our site, may be due to older

females (with higher levels of EPP) being more likely to die as a consequence of

ageing. This suggestion was supported to some extent, as females that returned

tended to have shorter wings (i.e. were younger; 72.2 ± 0.65 mm, n = 10) than

females that did not return (73.4 ± 0.38 mm, n = 26; t = 1.68, df = 35, p =

0.10). Alternatively, engaging in extra-pair mating behaviour may be costly to

females (e.g. through male harassment, disease transmittance or reduction in

paternal care (Birkhead & Møller 1992). This could lead to lower return rates for

females with high levels of EPP, either through lower survival or by moving to

other breeding sites. 

Similarly, comparing across individuals in 2003 also revealed that older females

and younger males had higher proportions of EPP in their broods. However, the

pattern was also dependent on the age of their social partner.  When comparing

the level of EPP for each age combination of the social parents, we found that

pairs consisting of young males and old females had higher levels of EPP in their

broods compared to the other pair combinations. This pattern is similar to that

found in coal tits (Dietrich et al. 2004), but to our knowledge has not been

reported in any other species.

There are several possible explanations why older females have higher pro-

portions of EPP in their brood than younger females. Firstly, extra-pair mating

behaviour may be constrained by the need for paternal care (Westneat et al. 1990;

Gowaty 1996). If males reduce paternal care when the rate of cuckoldry increases,

then only females that are capable of raising a brood alone or with reduced male

assistance, for instance older females (Saether 1990), can afford producing a high

proportion of EPP in their brood. Several studies have reported a decline in

paternal care with increasing cuckoldry (Dixon et al. 1994; Sheldon & Ellegren

1998; Lifjeld et al. 1998; Chuang-Dobbs et al. 2001), but others showed no

relationship (e.g. Kempenaers et al. 1998; Peterson et al. 2001; Dickinson 2003).

However, this is unlikely to explain our results because female reed buntings that

produced a high proportion of extra-pair young did not suffer the cost of decreased

paternal care in our population (chapter 4). Furthermore, older females did not

feed offspring more in relation to their partner than younger females. 
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A second explanation for increased EPP with female age may be that males prefer

attempting EPCs with older females, as older females may be of higher quality. We

found that females start breeding earlier when they were older and early breeding

has been found to increase reproductive success in other species (e.g. Perrins

1970). However, extra-pair fertilisations were not biased towards early clutches

(chapter 2 and 4). Furthermore, mass, clutch size and hatching success within

individual female reed buntings did not change between years and none of the

measured variables, including fledging success, differed between age groups in

2003.

A third explanation for increased EPP with female age may be that older

females become more choosy when selecting their mating partner, and may be

more inclined to seek EPCs when paired to a young male. Female mating

preferences have been shown to change with age in satin bowerbirds

(Ptilonorhynchus violaceus;  Coleman et al. 2004) and guppies (Poecilia
reticulata; Kodric-Brown & Nicoletto 2001). Alternatively, older females may

become more experienced at escaping mate guarding behaviour of their partner,

leading to more EPFs when a young male is paired to an old female than to a

young female. A study on a Norwegian population of reed buntings showed mate

guarding by the social male to be effective, as it was negatively related to cuckoldry

rate (Marthinsen et al. 2005). However, our expectation that young males invest

more in mateguarding was not supported in this Norwegian population, as there

was no difference in the time that old and young males spent mateguarding

(Marthinsen et al. 2005). Unfortunately, we did not measure mate guarding

behaviour in our population, so we could not determine if mate guarding intensity

changed with age. Older females having fewer extra-pair young in their brood

when paired with old males may be explained either by females choosing not to

mate outside the pairbond or by older males being more successful at guarding

their females. Detailed behavioural observations would be required to distinguish

between these two possibilities.

Our results emphasize that not only male age, but also female age and their

interaction is potentially a very important aspect to understanding extra-pair

mating behaviour. This pattern of partner age and proportions of EPP has now

been revealed in two species (Dietrich et al. 2004; this study), and may be quite

general across avian species. Furthermore, as suggested by Westneat and Stewart

(2003), it is clear that detailed behavioural observations are needed to understand

how interactions in extra-pair mating behaviour occur. 
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Abstract

Part of the large variation found in extra-pair paternity (EPP) within and between

species may be explained by breeding density and synchrony, since these may

affect the costs and benefits of extra-pair mating behaviour by influencing the

number of potential mates. Brood predation may influence breeding synchrony,

and is therefore also likely to affect costs and benefits of EPP. Furthermore, brood

predation may also induce a male bet-hedging strategy: to avoid complete loss of

reproductive success males may increase their attempts to fertilise offspring in

different broods. We investigated the effect of local breeding density, local

breeding synchrony and predation on the levels of EPP in reed buntings. The reed

bunting (Emberiza schoeniclus) is a socially monogamous passerine, with extremely

high levels of EPP (50% of offspring in 80% of broods). We found no effect of

local breeding density or two measures of local synchrony (breeding synchrony

index and number of fertile females) during the peak fertile period of the female

on the proportion of EPP in broods. Neither did we find an effect of predation of

the first brood (both natural and experimental) on the proportion of EPP in the

subsequent brood, or on the number of extra-pair fertilisations gained by the social

male in other broods. We conclude that extra-pair mating behaviour in our

population of reed buntings was not constrained by the number of potential mates

and that male nor female extra-pair mating behaviour appeared to be altered by

predation of their brood.



Introduction

Molecular techniques have revealed that extra-pair paternity (EPP) is common in

many socially monogamous birds (Griffith et al. 2002), but large variations in

levels of EPP have been  found between species, between populations of the same

species and between years within the same population  (Petrie & Kempenaers

1998). Breeding density and synchrony affect the temporal and spatial distribution

of potential extra-pair mates. Since the availability of extra-pair mates is likely to

affect the costs and benefits of EPP, and thus the chance that individuals engage in

extra-pair copulations (EPCs; Birkhead & Møller 1992), breeding density and

synchony have been suggested to contribute to the variation in levels of EPP

(Westneat & Sherman 1997; Møller & Ninni 1998).

At higher breeding densities, searching costs for extra-pair mates may be

reduced (Westneat 1990; Birkhead & Møller 1992). However, greater densities

may also impose costs, as the number of territorial intrusions by potential extra-

pair males increase (Komdeur et al. 1999), thereby increasing the chance of losing

paternity in a male’s own nest (Birkhead & Møller 1992). In addition, females

may experience more harassment by extra-pair males (Morton et al. 1990). In an

inter-species comparison, Møller and Ninni (1998) reported higher levels of EPP

with increasing densities, while Westneat and Sherman (1997) found no relation

between density and levels of EPP. In an intra-species comparison, a positive

relationship was found in several studies (Hoi & HoiLeitner 1997; Langefors et al.
1998; Richardson & Burke 2001), while others failed to find a relationship (Dunn

et al. 1994; Sundberg & Dixon 1996; Tarof et al. 1998; Veiga & Boto 2000;

Conrad et al. 2001). We are only aware of one study reporting high levels of EPP

at low breeding densities, but this was only the case when breeding synchrony was

also low (Thusius et al. 2001). 

Studies on the effect of breeding synchrony on the level of EPP have generated

two main hypotheses. If EPCs are mainly male driven, a trade-off between

mateguarding and extra-pair mating behaviour may be expected, leading to a

negative relationship between breeding synchrony and EPP (Birkhead & Biggins

1987; Westneat & Sherman 1997; Weatherhead & Yezerinac 1998). If on the

other hand EPCs are mainly female driven, females may be expected to make a

better judgment of relative male quality since more male-male competition is

occurring at the same time, leading to a positive relationship between breeding

synchrony and EPP (Stutchbury & Morton 1995; Stutchbury 1998a; Stutchbury

1998b). Support has been found for both hypotheses, as a negative (Strohbach et
al. 1998; Dunn et al. 1999; Saino et al. 1999; Thusius et al. 2001) and positive

(Stutchbury et al. 1997; Stutchbury 1998b; Chuang et al. 1999) relationship

between breeding synchrony and levels of EPP have been reported. However, also

no relationship between breeding synchrony and levels of EPP has been found in a
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number of studies (Dunn et al. 1994; Perreault et al. 1997; Weatherhead 1997;

Yezerinac & Weatherhead 1997). 

Brood predation is likely to affect breeding synchrony, since renesting attempts

following predation will occur later in the season than first attempts. Furthermore,

brood predation may also influence male and female extra-pair mating strategies.

If failure of the nest reflects the low quality of her social male, females may

increase their extra-pair mating effort (Gissing et al. 1998). Alternatively, males

may invest in a ‘bet-hedging strategy’. Males that gain fertilisations in different

broods may salvage some reproductive success when brood predation rate is high

(Perreault et al. 1997). Following predation of the first brood, males may increase

their investment in gaining extra-pair fertilisations (EPFs) in other broods. As a

trade-off between mate guarding and seeking EPCs has been found to exist in

several species (Chuang-Dobbs et al. 2001; Johnsen et al. 2003; Eikenaar et al.
2004), an increased investment in EPCs may result in higher levels of EPP in the

male’s own replacement brood. To our knowledge, only one study has presented

results on the effect of clutch or brood predation on subsequent levels of EPP. In

American goldfinches (Carduelis tristis), a positive association between nest failure

and proportion of EPP in the replacement brood was found (Gissing et al. 1998).

However, the mechanism behind this increase in EPP remained unclear (Gissing et
al. 1998). 

We investigated the effects of breeding density, synchrony and predation on

levels of EPP in a population of reed buntings (Emberiza schoeniclus) in The

Netherlands. The reed bunting is a socially monogamous passerine, but with

extremely high levels of EPP (50% of offspring in 80% of nests; Bouwman et al.
2005). This species is capable of raising two broods in a single season. Extra-pair

mating behaviour seems to be male-driven in this species, since males, but not

females, were often observed intruding in other territories (Marthinsen et al.
2005; pers.obs). We therefore expected a negative relation between breeding

synchrony and levels of EPP. Furthermore, we expected breeding density to be

positively related to frequency of EPP, as higher densities lead to increased extra-

pair mating opportunities. Finally, we predicted that, following both experimental

and natural nest predation, males increase their investment in seeking EPCs. This

was expected to result in more EPFs gained in other broods, and in higher

cuckoldry rates in their own broods. 
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Methods

Study area and data collection
From 2002 to 2003 we studied a population of reed buntings in a 13 ha study site,

on the island of Noorderplaat (45 ha) in ‘De Biesbosch’ National Park in the

Netherlands (51º45´N, 4º45´E). In 2002 and 2003 respectively 44 and 35 pairs

were breeding within our study site. On average, 96% of adult reed buntings were

caught using mist nets and ringed with a numbered aluminium ring and a specific

combination of three colour rings for individual recognition. A blood sample was

taken from the brachial vein for DNA analysis, and stored in 96% ethanol at room

temperature. 

Nests are built on or just above the ground and were located through

systematic searches that flushed females off the nest, or by observing territorial

birds for nest-related activities. The identities of the social pair of  a nest were

determined by direct or video observations of colour-ringed birds protecting the

nest, incubating and feeding nestlings (for a description of the method using video

recordings see chapter 4). Nestlings were bloodsampled two days after hatching by

taking a small blood sample from the leg vein. Unhatched eggs were inspected for

embryonic development, which, if present, was used as a source of DNA. We

located 97% of all nests that fledged young (n = 78) in 2002 and 2003; only in

two cases fledglings were seen without having located the nest.

Predation and nest protection
Predation rates of both eggs and nestlings of unprotected nests was high (67%, n

= 46 nests). The main predators were stoats (Mustela erminea) and polecats

(Mustela putorius); no avian predators were seen in the study area. Due to these

high levels of predation, we were unable to locate all nests before they were

predated. However, as there was no obvious gradient in risk of predation across

the site, we believe we obtained a random sample of individual reproductive

success for all males in our site. 

In the breeding seasons of 2002 and 2003, we protected nests against ground

predators. After clutch completion, nests were protected using small exclosures

(30 cm high and approximately 1 metre wide), made of bamboo sticks and wire

netting that was pinned down with tent pegs (see chapter 2 for a detailed

desciption of the procedure). Nest protection was removed when the nestlings

were approximately 5 days old. In 2002 the nest protection was very effective, as

93% of protected nests were not predated (n = 42). However, apparantly predators

learned to circumvent the nest protection, as the three nests that were predated

were among the last nests of the season. In 2003 broods were already occasionally

predated early in the season; after 37% of protected nests (n = 27) were predated,

we stopped protecting the nests in the second half of the breeding season. 
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Breeding density and synchrony
Because more than 90% of all extra-pair sires were resident within two territories

of the focal female (chapter 2), we determined breeding density and synchrony at a

local scale. Local breeding density was defined as the number of territories that

were at least partly located within a 100-meter radius (i.e. approximate equivalent

of including two territories) around the focal nest. 

An index for local breeding synchrony (Synchrony Index (SI); Kempenaers

1993) was calculated for each nest  by determining the proportion of females that

were fertile on territories at least partly located within a 100-meter radius around

the focal nest during the fertile period of the focal female. The local SI for a nest

equals the sum of the number of other fertile females on each day within a 100-

meter radius divided by the product of the number of days the focal female is

fertile and the number of other females within a 100-meter radius (Stutchbury et
al. 1998). 

As an alternative measure for breeding synchrony, we calculated the number of

females within a 100-meter radius around the focal nest that had at least one day

overlap in fertile period with the focal female (Johnsen & Lifjeld 2003). This

‘number of fertile females’ is an absolute measure for extra-pair mating

opportunities, while SI is a relative measure. As there is a very strong correlation

between these two measures of breeding synchrony (rs = 0.89, n = 121, p <

0.001), we only included one of these two variables at the same time in the

analyses. 

In general, females are expected to be fertile for the duration of sperm storage

before the first egg is laid, until the day the penultimate egg is laid (Birkhead &

Møller 1992). However, mate guarding behaviour of male reed buntings peaks

three days before the female lays the first egg, and dramatically drops after the first

egg has been laid (O'Malley 1993), indicating that this is likely to be the peak

fertile period. A similar peak fertile period has been shown in other passerines

(Krokene et al. 1996; Lifjeld et al. 1997; Sheldon & Ellegren 1998; Komdeur et
al. 1999). We therefore defined the peak fertile period of a female as three days

before the first egg is laid until the day the first egg is laid. 

Experimental predation 
To experimentally test the effect of predation on levels of EPP,  we induced

renesting by removing the first clutches of seventeen pairs after six to eleven days

of incubation (2002: 6 pairs, 2003: 11 pairs; total incubation period: twelve to

fourteen days; under licence of the Dutch ethical committee). The embryos of first

clutches were used as a source of DNA, while replacement clutches were blood-

sampled after hatching. 

Following successful first nests, the first egg of second nests was layed with a

median of 19 days after the fledglings leave the nests (range 4 –32 days, n = 19;
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figure 6.1). As fledglings may be predated soon after leaving the nest, the number

of successful broods may be overestimated. The distribution of the number of days

between fledging or predation of the first nest and laying the first egg of the

second nest is shown in figure 6.1. A replacement clutch is usually laid around 5

days after failure (range 3-29; figure 6.1). If females start egg-laying soon after

fledging the first brood, it is likely that they have lost their offspring. We used the

gap in the distribution of the number of days between nests following fledging (i.e.

11 to 14 days; figure 6.1) to distinguish between successful fledging and non-

successful fledging. We assumed that females that initiated their second nest within

10 days of fledging their first nest had lost their offspring (n = 5) and these broods

were included in the group of predated first broods.

Paternity analysis 
DNA was extracted from blood samples using salt extraction (Richardson et al.
2001). Individuals were genotyped using six fluorescently labelled microsatellite

markers: Escµ1, Escµ4, Escµ6 (Hanotte et al. 1994), Pdoµ5 (Griffith et al. 1999),

Mcyµ4 (Double et al. 1997) and Ppi2 (Martinez et al. 1999). Parentage was

determined by using a likelihood-based approach in CERVUS (version 2.0;

Marshall et al. 1998). This program assesses the confidence of paternity

assignment using criteria generated through a simulation taking into account allele

frequencies in the population, the number of possible candidate parents, the

proportion of candidate parents sampled, and the percentage of missing genetic

data and genotyping errors. The criteria (delta criteria) estimate the critical

difference between the LOD scores -the natural logarithm of the likelihood ratio-
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the laying of the first egg of the subsequent brood by the same pair in reed buntings for the years
2002 and 2003. The first brood may end either through fledging of the nestlings, or through
predation (either naturally, during the egg or nestling stage, or experimentally).



of the first and second most likely candidate at a level of >95% confidence and

>80% confidence. For a detailed desciption of the methods see chapter 2. In 2002

and 2003 combined, 501 offspring were genotyped from 129 nests and paternity

was assigned to 90% of offspring with 80% confidence. Extra-pair males sired

54.6% of offspring in 2002 (n = 262) and 46.4% of offspring in 2003 (n = 211).

Data analyses
We used multilevel generalised linear models to analyse the effect of breeding

density, synchrony and the time of season the clutch was initiated (‘first egg date’)

on the proportion of EPP in a brood, assuming a binomial error distribution with

logit-link function and using the number of offspring in the brood as the

denominator. The two-level hierarchical structure of the proportional response

data (i.e. proportion of EPP in a brood) was built up with the identity of the pair

as the highest level and the broods belonging to each pair as the lowest level. This

approach allowed us to make full use of all available data, while at the same time

accounting for (i) having included pairs more than once, as often a pair produced

more than one brood in a season or in different years, and (ii) the number of

offspring in a brood, which varied between two and five offspring. The model was

implemented using reweighted iterative generalised least squares (RIGLS) and 2nd

order penalised quasi-likelihood approximation (PQL; Rasbash et al. 2004). The

significance of variables was tested using the Wald statistic, which follows a χ2-

distribution. Variables with p > 0.1 were backwards eliminated, starting with

interaction terms. We presented the Wald statistic values of the variables in the

final model and of the eliminated variables prior to elimination. We tested the

effect of variables on the proportion of EPP in a brood including all broods. As

female may actively choose not to engage in EPCs (Birkhead & Møller 1992), we

also performed the multivariate analysis only using broods with at least one extra-

pair offspring.

To test if predation of the first nest affected the proportion of EPP in the

subsequent nest, we used a multilevel generalised linear model, as described above.

Next we tested whether males of which the first nest was predated gained more

EPFs than males that fledged their first brood. To allow a proper comparison, all

males need to be in a similar stage of their reproductive cycle. We therefore

compared the proportion of males in each group (i.e. first nest predated or

fledged) that gained EPP in another brood during the second peak fertile period of

their own female. 

Statistical analyses were performed using SPSS 11.0.1 (2001) and MLwiN 2.0.

Means are expressed with standard errors, probability values are two-tailed and we

assumed significance if p < 0.05. 
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Results

Breeding density and synchrony within and between years
The average local breeding density and local SI differed significantly between 2002

and 2003 (mean local breeding density: 9.6 ± 0.4 (n = 66) vs. 7.0 ± 0.3 (n =

55); t = 4.67, df = 119, p < 0.001; mean local SI: 0.12 ± 0.01 (n = 66) vs. 0.26

± 0.03 (n = 55); t = -4.77, df = 119, p < 0.001). The average number of fertile

females was not significantly different between the years (no. of fertile females:  U
= 1533.0, n2002 = 66, n2003 = 55, p = 0.13). Furthermore, there was a significant

negative relationship between the first egg date and both local SI (r = -0.41, n =

121, p < 0.001; figure 6.2) and the number of fertile females (rs = -0.33, n =

121, p < 0.001), but not between the first egg date and local breeding density (r =

-0.06, n = 121, p = 0.55). 

Influence of breeding density and synchrony on EPP
We found no significant interactions between year and any of the variables (all: p
> 0.14), nor between local breeding density and local SI (p = 0.55). Furthermore,

no significant effect was found of first egg date, local breeding density, local SI or

number of fertile females (after exchanging with breeding synchrony) on the

proportion of EPP, either when including all broods, or when including only

broods with EPP (table 6.1).

Influence of predation on EPP
There was no difference in the probability of a female laying a replacement clutch

between naturally predated clutches (75%; n = 12) and experimentally predated
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clutches (76%, n = 17; χ2 = 0.01, df = 1, p = 0.93). Replacement rates were not

different between nests that were predated in the egg (75%, n = 12) or nestling

stage (62%, n = 13; χ2 = 0.52, df = 1, p = 0.47). Furthermore, there was no

difference in the number of days before a replacement clutch was layed by the

same female for naturally predated clutches (median = 5 days, range = 3-29 days,

n = 7) or broods (median = 5 days, range = 4-23 days, n = 9), and

experimentally predated clutches (median = 5 days, range = 3-14 days, n = 15).

We therefore made no distinction between natural and experimental predation or

between predated clutches and predated broods in subsequent analyses. Pairs that

produced a second clutch (either after predation or fledging), always initiated their

first clutch before 55 April days (i.e. 25 May). Of all pairs that successfully fledged

a brood, which was initiated before this date, 57% (n = 37) layed a second clutch

(compared with predated first broods: χ2 = 1.85, df = 1, p = 0.17).

There was no difference between the two groups (i.e. with first nest fledged or

predated) in the clutch size of first or second nests, nor in the difference in clutch

size between first and second nests (table 6.3). Furthermore, there was no

difference between the fledged or predated group in the proportion of EPP in the

first or second nests, nor in the difference in proportion of EPP between first and

second nests (table 6.3). 

Second broods after fledging were produced significantly later in the season

than second broods after predation (median (range) day of first egg for fledged vs.

predated group: 2002: 81 (70-90), n = 12 vs. 52 (43-81), n = 12; t = 6.61, df =

22, p < 0.001; 2003: 85 (73-98), n = 7 vs. 58 (49-83), n = 16; t = 5.00, df =

21, p < 0.001). However, we found no difference between the peak fertile period

of second broods following either fledging or predation in breeding SI
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Table 6.1. Multilevel generalised linear model of the relation between time of season and local
socio-ecological factors during the peak fertile period of the female, and the proportion of EPP in
reed bunting nests for the years 2002 and 2003. The effect of variables are tested in a multivariate
analysis; (i) all broods are included (n = 121), (ii) only broods containing EPP are included (n =
88). The direction of the parameter estimates, values of the Wald test statistics and their
significance are shown. 

All broods Broods containing EPP
Variable Wald p Wald p

Year -  5.12 0.024 -  0.01 0.92

First egg date -  0.05 0.82 -  1.49 0.22

Breeding density +  1.59 0.21 +  0.92 0.34

Synchrony index (SI) +  1.22 0.28 +  0.35 0.55

No. fertile females (exchanged with SI) -  0.01 0.92 -  0.54 0.46



(respectively 0.12 ± 0.02 (n = 12) and 0.14 ± 0.02 (n = 31); t = -0.61, df = 41,

p = 0.55) or mean number of fertile females available (1.6 ± 0.3 (n = 12) and 1.5

± 0.3 (n = 31); U = 175.0, p = 0.76). We found no effect of predation of the

first nest on the proportion of EPP in the subsequent brood in a multivariate

analysis, after correcting for the effect of year, first egg date and proportion of EPP

in the first brood (table 6.2). 

Since there was no difference in the number of fertile females available during

the peak fertile period of second broods following either fledging or predation, no

correction for EPC opportunities was necessary. Males that had their first nest

predated were not more likely to gain EPFs during the peak fertile period of their

second nest than males that fledged their first brood (respectively 6% (n = 31) and

8% (n = 12); χ2 = 0.05, df = 1, p = 0.83).
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Table 6.2. Multilevel generalised linear model of the relation between fledging (n = 12) or
predation (n = 31) of the first brood and the proportion of EPP in the subsequent brood in reed
buntings for the years 2002 and 2003. Other ecological factors are also included in the initial
model. The direction of the parameter estimates, values of the Wald test statistics and their
significance are shown.

Wald p

Year - 5.22 0.022

First egg date + 1.55 0.21

EPP first brood + 0.19 0.76

Predated 0/1 + 0.62 0.43

Table 6.3. The difference in clutch size and proportion of EPP between two groups of reed
bunting pairs for which the first brood either fledged (n = 12) or was predated (n = 27). Presented
are mean values ± se, Mann-Whitney U test statistics and their significance, for first and second
nests and the difference between them. 

Fledged Predated U p

Clutch size

First nest 4.1 ± 0.4 4.3 ± 0.2 156.5 0.86

Second nest 3.3 ± 0.1 3.7 ± 0.2 112.5 0.11

Difference 0.8 ± 0.4 0.6 ± 0.3 143.0 0.55

Proportion of EPP

First nest 0.43 ± 0.11 0.56 ± 0.07 126.0 0.27

Second nest 0.41 ± 0.10 0.43 ± 0.06 152.0 0.76

Difference 0.02 ± 0.12 0.14 ± 0.08 137.5 0.46



Discussion

Influence of breeding density and synchrony on EPP
Local breeding density and synchrony did not significantly affect the proportion of

EPP found in reed buntings broods. Neither did we find an interaction between

breeding density and breeding synchrony, as was reported in the common

yellowthroat (Geothlypis trichas; Thusius et al. 2001) Possibly the breeding

density in our population exceeded a certain threshold level, resulting in sufficient

extra-pair mating partners available at all densities throughout the study site

(Dunn et al. 1994; Tarof et al. 1998). Alternatively, mate guarding behaviour may

increase as a response to a higher cuckoldry risk with increasing density

(Dickinson & Leonard 1996; Komdeur 2001; but see Vaclav & Hoi 2002),

resulting in similar levels of EPP in nests at low and high densities. Unfortunately,

we do not know whether mate guarding in the reed bunting is affected by breeding

densities.

Despite a large variation in breeding synchrony, we found no effect of local

synchrony index or the number of fertile females on the proportion of EPP, which

is in agreement with several other studies (Perreault et al. 1997; Weatherhead

1997; Yezerinac & Weatherhead 1997; Johnsen & Lifjeld 2003). Since synchrony

varied with time of season, an effect of synchrony could be underlying an

association between the time of season a clutch was initiated and the proportion of

EPP (Stutchbury et al. 1994; Thusius et al. 2001). However, we neither found an

effect of the time of season on EPP. This suggests that males were not constrained

in their extra-pair mating behaviour through mate guarding, which is in agreement

with the finding that Norwegian male reed buntings gain extra-pair fertilisations

during the fertile period of their female (Marthinsen et al. 2005). 

In the tree swallow (Tachycineta bicolor), also high levels of EPP but no effect

of breeding density or synchrony was found (Dunn et al. 1994). The absence of

these relationships is suggested to be a result of the capability of female tree

swallows to both sollicit and reject EPCs (Lifjeld & Robertson 1992; Dunn et al.
1994). Density is not expected to hinder females seeking EPCs, providing it is

above a certain threshold level, since female tree swallows have been seen to fly

long distances to forage (Dunn et al. 1994). Possibly females are able to judge the

quality of a male, without the necessity of simultanuous male display as a

consequence of breeding synchrony (Stutchbury 1998b). In addition, the absence

of an effect of breeding synchrony may be explained by the considerable number

of EPCs that is gained by floaters, which have no nest of their own (Kempenaers et
al. 2001). In reed buntings, floating is not a recognised strategy, since the paternity

of almost all offspring could be assigned to territorial males. Whether the absence

of a relationship between breeding density, synchrony and level of EPP may be a

result of female control of EPCs, remains unclear. More behavioural observations
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are needed to determine whether in addition to at least some male control of EPCs

through intrusions into female territories, female reed buntings have an active role

in solliciting and rejecting EPCs.

Influence of predation on EPP
Studying the influence of predation on levels of EPP is hampered by the

incomplete knowledge of the fate of fledglings and nests. We were unable to

determine offspring survival to independence, as reed bunting young and their

parents leave their territory after fledging (pers.obs.). We have therefore adopted

an indirect measure to determine the survival of fledged offspring using the

number of days between nests. Furthermore, second nests may have been

predated, resulting in third nests being classified as second and thus a false

inclusion in the group of fledged first nests. Unfortunately, we were not possible to

distinguish between delayed renesting by the female, and nest predation prior to us

locating the nest.  

We did not find any indication that predation of the first brood had an effect

on the proportion of EPP in the replacement brood. Although the fertile period of

the second nest is later in the breeding season for the fledged group than for the

predated group, this did not have an effect on the number of fertile females locally

available. Since predation did not increase asynchronous breeding, and we found

no effect of breeding synchrony on the proportion of EPP when including all

broods (see above), we cannot expect an effect of predation on levels of EPP from

a constrained male point of view. In reed buntings, females may not change their

extra-pair mating strategy following predation, if nest predation does not reflect

male quality. Females mainly build the nest (Cramp & Perrins 1994; pers.obs.) and

probably decide on its location, and nest defence against mammalian predators is

unlikely to be successful. In red-winged blackbirds, nests with higher proportions

of EPP were more often predated, due to reduced nest-defence by the social male

(Weatherhead et al. 1994). We did not find any difference in proportion of EPP

between first nests that fledged (0.49 ± 0.10, n = 15) and that were naturally

predated (0.50 ± 0.11, n = 11; t = -0.07, df = 24, p = 0.95). 

Female bet-hedging strategies in response to predation, such as through brood

parasitism (Rubenstein 1982; Petrie & Moller 1991; Poysa 2003), have received

more attention than male bet-hedging strategies, for instance through extra-pair

paternity (Perreault et al. 1997). Perreault et al. (1997) showed that as a result of

high levels of predation, male variance in reproductive success did not increase

through EPP, but males with EPP were able to salvage at least some reproductive

success. In reed buntings, EPP did increase male variance in reproductive success,

since actual reproductive success was 2.4 times larger than apparent reproductive

success (unpubl.data). This may have been influenced by the use of nest protection,

causing more broods to fledge than under natural predation conditions. We did
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not find any evidence that following predation of their nest, males invest more in a

bet-hedging strategy than following a successful nest. Males that fledged their first

brood are likely to have spent much energy on parental care, as both males and

females provide care to fledglings (Cramp & Perrins 1994; pers.obs.). Males of

which the first nest was predated are thus expected to have more reserves that they

could invest in seeking EPCs. Despite this potential difference in reproductive

effort between the two groups, no difference was found in the number of EPFs

gained. 

To conclude, we did not find any evidence that males or females adjust their

extra-pair mating behaviour following predation of their nest. However, since EPP

may allow males to salvage some reproductive success when suffering from high

predation rates, this may potentially be an adaptive strategy in response to high

levels of predation. A comparitive analysis between species or populations with

regard to the effect of nest predation rate and levels of EPP may reveal interesting

patterns. 
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Abstract

Extra-pair paternity (EPP) is common in many socially monogamous birds, but

large variations in frequency of EPP are found both between and within species.

Local ecological factors can affect the costs and benefits of extra-pair mating

behaviour, and may therefore influence the chance that individuals engage in

extra-pair copulations (EPCs). We investigated the effect of weather conditions

during the peak fertile period of the female on the levels of EPP in reed buntings.

The reed bunting is a socially monogamous passerine, with extremely high levels

of EPP (50% of offspring in 80% of broods). We found that higher daily minimum

temperatures and longer periods of rain during the peak fertile period were

associated with lower poportions of EPP. As during adverse weather conditions

individuals have to invest more in self maintenance, we suggest that during long

periods of rain the extra-pair mating behaviour of all individuals will be restricted,

leading to lower proportions of EPP. During cold mornings, time-consuming

activities such as mate guarding are likely to be more strongly affected than less

time-consuming activities such as EPCs, leading to higher proportions of EPP.



Introduction

Extra-pair paternity (EPP) is common in many socially monogamous birds

(Griffith et al. 2002), but large variations in frequency of EPP are found both

between and within species (Petrie & Kempenaers 1998). Interspecies comparisons

have found the occurrence of EPP to correlate with severable types of variables,

such as adult mortality, level of paternal care, morphological characteristics and

genetic variability (reviewed by Westneat & Stewart 2003). However, as levels of

EPP can be highly variable not only between species, but also between populations

of the same species (Gyllensten et al. 1990; Bjornstad & Lifjeld 1997; Griffith et
al. 1999) or even within a population between years (Langefors et al. 1998;

Johnsen & Lifjeld 2003), it is essential to get a better understanding of factors

influencing extra-pair mating behaviour on the individual level (Westneat &

Stewart 2003). Local ecological factors can affect the costs and benefits of extra-

pair mating behaviour (Birkhead & Møller 1992), and may therefore influence the

chance that individuals engage in extra-pair copulations (EPCs). 

Adverse weather conditions may act as constraints on extra-pair mating

behaviour through influencing energy expenditure or food availability and thus

time budgets (Westneat 1994; Dawson & O'Connor 1996; Redpath et al. 2002;

Vaclav et al. 2003). Up to date only one study investigated the effect of weather

conditions (i.e. morning temperature and precipitation) on frequencies of EPP. In

bluethroats (Luscinia s. svecica), lower morning temperatures during the peak

fertile period lead to lower levels of EPP in the brood, whereas the amount of

precipitation had no effect (Johnsen & Lifjeld 2003). We investigated the effects

daily minimum temperature and daily precipitation on levels of EPP in a

population of reed buntings (Emberiza schoeniclus) in The Netherlands. The reed

bunting is a socially monogamous passerine, with extremely high levels of EPP

(50% of offspring in 80% of nests; Bouwman et al. 2005). When adverse weather

conditions (i.e. low minimum temperatures and high rainfall) were prevailing

during the fertile period of the female, we expected a lower frequency of EPP in

broods, because both males and females will have to invest more in self

maintenance. 

Methods

Study area and data collection
From 2002 to 2003 we studied a population of reed buntings in a 13 ha study site,

on the island of Noorderplaat (45 ha) in ‘De Biesbosch’ National Park in the

Netherlands (51º45´N, 4º45´E). In 2002 and 2003 respectively 44 and 35 pairs

were breeding within our study site. On average, 96% of adult reed buntings were
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caught using mist nets and ringed with a numbered aluminium ring and a specific

combination of three colour rings for individual recognition. A blood sample was

taken from the brachial vein for DNA analysis, and stored in 96% ethanol at room

temperature. 

Nests are built on or just above the ground and were located through

systematic searches that flushed females off the nest, or by observing territorial

birds for nest-related activities. The identities of the social pair of  a nest were

determined by direct or video observations of colour-ringed birds protecting the

nest, incubating and feeding nestlings (for a description of the method using video

recordings see chapter 4). Nestlings were bloodsampled two days after hatching by

taking a small blood sample from the leg vein. Unhatched eggs were inspected for

embryonic development, which, if present, was used as a source of DNA. We

located 97% of all nests that fledged young (n = 78) in 2002 and 2003; only in

two cases were fledglings seen without locating the nest.

Fertile period 
In general, females are expected to be fertile for the duration of sperm storage

before the first egg is laid, until the day the penultimate egg is laid (Birkhead &

Møller 1992). However, mate guarding behaviour of male reed buntings peaks

three days before the female lays the first egg, and dramatically drops after the first

egg has been laid (O'Malley 1993), indicating that this is likely to be the peak

fertile period. A similar peak fertile period has been shown in other passerines

(Krokene et al. 1996; Lifjeld et al. 1997; Sheldon & Ellegren 1998; Komdeur et
al. 1999). We therefore defined the peak fertile period of a female as three days

before the first egg is laid until the day the first egg is laid.

Weather variables
The following weather data were retrieved from the Royal Netherlands

Meteorological Institute (KNMI) in De Bilt (The Netherlands), approximately 50

kilometers from our studysite: daily minimum and maximum temperature (ºC),

daily amount of precipitation (mm) and daily precipitation duration (hours). There

were significant correlations between these variables among themselves and with

the time of season (i.e. day the first egg of a clutch was laid (1 April = day 1; table

7.1). Although the timing of EPCs in reed buntings is unknown, in many species

both within- and extra-pair copulations occur mainly in the morning (Birkhead &

Møller 1992; Double & Cockburn 2000; Johnsen & Lifjeld 2003). We expected

low temperatures to have a larger impact on behaviour than high temperatures,

and therefore used daily minimum temperature (‘Tmin’) in the analyses. As we

expected the duration of precipitation (‘rain duration’) to impose larger

constraints on behaviour than the amount of precipitation (‘rainfall’; i.e.

longlasting lighter rain vs. short heavy rain shower),  we initially included the
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duration of precipitation in the analyses. However, to allow a comparison with the

study on bluethroats (Johnsen & Lifjeld 2003), we also analysed the effect of the

amount of precipitation on EPP by replacing rain duration with rainfall in the

analysis. The daily minimum temperature (ºC) and daily precipitation duration

(hours) were averaged over the days of peak fertility of the focal female.

Paternity analysis
DNA was extracted from blood samples using salt extraction (Richardson et al.
2001). Individuals were genotyped using six fluorescently labelled microsatellite

markers: Escµ1, Escµ4, Escµ6 (Hanotte et al. 1994), Pdoµ5 (Griffith et al. 1999),

Mcyµ4 (Double et al. 1997) and Ppi2 (Martinez et al. 1999). Parentage was

determined by using a likelihood-based approach in CERVUS (version 2.0;

Marshall et al. 1998). This program assesses the confidence of paternity

assignment using criteria generated through a simulation taking into account allele

frequencies in the population, the number of possible candidate parents, the

proportion of candidate parents sampled, and the percentage of missing genetic

data and genotyping errors. The criteria (delta criteria) estimate the critical

difference between the LOD scores -the natural logarithm of the likelihood ratio-

of the first and second most likely candidate at a level of >95% confidence and

>80% confidence. For a detailed desciption of the methods see chapter 2. In 2002

and 2003 combined, 501 offspring were genotyped from 129 nests and paternity

was assigned to 90% of offspring. Extra-pair males sired 54.6% of offspring in

2002 (n = 262) and 46.4% of offspring in 2003 (n = 211).
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Table 7.1. Correlations between weather variables and the first egg date of reed buntings nests (n
= 121) for the years 2002 and 2003 combined. The correlation coefficients are shown for daily
minimum (Tmin) and maximum temperature (Tmax) in ºC, daily amount of rainfall in mm and
daily duration of rain in hours. The statistical significance is indicated by §: p < 0.1, *: p < 0.05,
**: p < 0.01 and ***: p < 0.001.

First egg date Tmin Tmax Rainfall

Tmin (ºC) 0.75*** -

Tmax (ºC) 0.64*** 0.75*** -

Rainfall (mm) 0.05 0.03 -0.23* -

Rain duration (hours) -0.16§ -0.21* -0.57*** 0.78***



Data analyses
We used multilevel generalised linear models to analyse the effect of weather

conditions on the proportion of EPP in a brood, assuming a binomial error

distribution with logit-link function and using the number of offspring in the

brood as the denominator. The two-level hierarchical structure of the proportional

response data (i.e. proportion of EPP in a brood) was built up with the identity of

the pair as the highest level and the broods belonging to each pair as the lowest

level. This approach allowed us to make full use of all available data, while at the

same time accounting for (i) having included pairs more than once, as often a pair

produced more than one brood in a season or in different years, and (ii) the

number of offspring in a brood, which varied between two and five offspring. The

model was implemented using reweighted iterative generalised least squares

(RIGLS) and 2nd order penalised quasi-likelihood approximation (PQL; Rasbash et
al. 2004). The significance of variables was tested using the Wald statistic, which

follows a χ2-distribution. Variables with p > 0.1 were backwards eliminated,

starting with interaction terms. We presented the Wald statistic values of the

variables in the final model and of the eliminated variables prior to elimination. As

females may actively chose not to engage in extra-pair copulations (Birkhead &

Møller 1992), we also performed the multivariate analysis only using broods with

at least one extra-pair offspring (following Johnsen & Lifjeld 2003). 

Statistical analyses were performed using SPSS 11.0.1 (2001) and MLwiN 2.0.

Means are expressed with standard errors, probability values are two-tailed and we

assumed significance if p < 0.05. 

Results

The average daily minimum temperature, rainfall and rain duration during peak

fertile periods were not significantly different between the years (all p > 0.36).

After correcting for the effect of year and time of season, we found a significant

negative effect of rain duration and a near significant negative effect of minimum

temperature on the proportion of EPP (table 7.2). In contrast to rain duration,

rainfall did not significantly predict the proportion of EPP (Wald = + 2.61, p =

0.11) after exchanging these two variables in the model. When excluding broods

that did not contain any extra-pair offspring from the analysis, both minimum

temperature and rain duration during the fertile period of a female negatively

predicted the proportion of EPP in her brood (table 7.2, figure 7.1). Again, afer

exchange with rain duration, rainfall did not significantly predict the proportion of

EPP (Wald = 1.34, p = 0.25). 
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Table 7.2. Multilevel generalised linear model of the relation between minimum temperature
‘Tmin’ and rain duration (hours) during the peak fertile period of the female and the proportion of
EPP in reed bunting nests for the years 2002 and 2003. The effect of variables are tested in a
multivariate analysis, and corrected for the effect of year and time of season (‘first egg date’); (i) all
broods are included (n = 121), (ii) only broods containing EPP are included (n = 88). The
direction of the parameter estimates, values of the Wald test statistics and their significance are
shown. The values of variables included in the final model are highlighted.

All broods Broods containing EPP
Variable Wald p Wald p

Year -  4.09 0.043 -  0.02 0.88

First egg date +  1.00 0.32 +  0.53 0.47

Tmin -  3.25 0.071 -  5.69 0.017

Rain duration -  5.70 0.017 -  3.90 0.048
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Figure 7.1. Relationship between the proportion of EPP in a brood and (A) the average minimum
temperature (ºC), and (B) the average duration of rainfall (hours) during the peak fertile period
of the female in reed buntings for the years 2002 and 2003. Only broods containing at least one
extra-pair offspring are included (n = 88). As the data were analysed using a multilevel GLM
with pair identity on the highest level, the data in the figure are presented as the average
proportion of EPP per pair (n = 62). The line represents the predicted values of the final model.
For additional information see table 7.3.



Discussion

Daily minimum temperature and duration of rainfall during the peak fertile period

of the female both had a negative effect on the proportion of EPP in her brood.

Although there is a positive correlation between minimum temperature and first egg

date, the association between minimum temperature and EPP could not be

explained by the time of season at which the clutch was produced. Minimum

temperatures are likely to affect the amount of time that individuals have to invest in

self maintenance (Dawson & O'Connor 1996). In addition, insect abundance will

decrease with lower temperatures (Pollard et al. 1996), making foraging more

difficult. In contrast to the results found in bluethroats (Johnsen & Lifjeld 2003),

lower minimum temperatures during the fertile period lead to higher proportions of

EPP. For bluethroats in Norway, weather conditions encountered especially early in

the breeding season will be much harsher (e.g. reports of snow; Johnsen & Lifjeld

2003) than for reed buntings in the Netherlands. Therefore the trade-off between

self maintenance and extra-pair mating behaviour is expected to be stronger in

Norway, leading to the negative relationship between morning temperature and EPP

(Johnsen & Lifjeld 2003). Possibly energy demands during low temperatures in the

Netherlands are such that time-consuming activities, such as mate guarding, are

limited, but less time-consuming activities, such as EPCs (Dickinson 1997), are not.

Reed buntings forage mainly off their territory on communal breeding grounds

(Cramp & Perrins 1994; pers.obs.), which is likely to conflict with other behaviours

such as mate guarding (Westneat 1994; Komdeur 2001). Although mate guarding

behaviour has not been studied in our population, in Norwegian reed buntings

mate guarding has been found to be effective in protecting paternity (Marthinsen

et al. 2005). We therefore suggest that at low temperatures, mate guarding is

traded against self maintenance, e.g. foraging, thereby increasing the opportunity

for females and extra-pair males to gain EPCs. At higher minimum temperatures,

mate guarding behaviour may be less constrained, resulting in lower levels of EPP.

In serins (Serinus serinus), levels of EPP were higher in territories with high

food availability (Hoi-Leitner et al. 1999). The authors suggest that this relation is

a result of females in good quality habitat being less dependent on male assistance

in caring for offspring and therefore being more likely to seek EPCs (Hoi-Leitner

et al. 1999). However, Johnsen et al. (2003) prefer the interpretation that in

serins, as in bluethroats, extra-pair behaviour is constrained by energy demands. In

contrast to the study on serins, but in agreement with our study, lower levels of

EPP were found in broods of food-supplemented red-winged blackbirds (Agelaius
phoeniceus; Westneat 1994). The time budget of especially the male red-winged

blackbird was affected by the availability of additional food: with extra food,

males spent more time on their territories. As EPCs only occured on the female’s

territory, the increased presence of the social male on the territory allowed him to
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prevent more EPCs (Westneat 1994). Similarly, in house sparrow broods (Passer
domesticus) levels of EPP were lower when the social parents were food-

supplemented (Vaclav et al. 2003). However, in this species, females, but not

males, spent more time at the nest when extra food was available. This resulted in

partners being together for a longer period of time and consequently lower levels

of EPP in the brood (Vaclav et al. 2003). 

Longer periods of rain during the peak fertile period of reed buntings lead to a

lower proportion of EPP in the brood, which is in agreement with our

expectation. During rain, individuals probably seek cover to avoid getting wet, and

thus avoid an increase in energy expenditure (Nye 1964; McCafferty et al. 1997).

Furthermore, foraging is likely to be more difficult, as insects are less active and

thus less easy to find during rain (Poulsen 1996; Pollard et al. 1996). Therefore,

rain is likely to restrict movements of all individuals who are involved in extra-pair

mating, not only of the social male. The effect of the amount of rainfall was not as

strong as the effect of the duration of rainfall; longer periods of rain are more

restrictive to the behaviour of individuals than brief but heavy showers which may

fall in a relatively short period of time. Although not affected by the amount of

rain (Johnsen & Lifjeld 2003), possibly the extra-pair mating behaviour of

bluethroats is affected by the duration of rain.

Concluding remarks
Our data show that weather conditions during the peak fertile period of female

reed buntings affect levels of EPP. This is in agreement with the results found in

bluethroats (Johnsen & Lifjeld 2003), although mechanisms seem to differ

between these species. As weather conditions may explain part of the variation

found in EPP within and between species, they deserve more attention from

researchers studying EPP. Our next step would be to determine the specific role

played by male and female reed buntings in extra-pair mating, and which aspects

are affected by ecological factors. Detailed behavioural observations are required

to answer these questions.
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How consistent are patterns of paternity

between different populations

of reed buntings?

Karen M. Bouwman



Introduction

The extra-pair mating behaviour of reed buntings has been the focus of several

PhD-projects over the past 10 years. Sean O’Malley first discovered the high levels

of extra-pair paternity (EPP) in a population of reed buntings at Rutland Water in

Leicestershire (UK) during the years 1988 to 1990. Andrew Dixon continued

O’Malley’s study at the same fieldsite during the years 1990 to 1992. Graeme

Buchanan (2001) chose a study site at Stawe Grabovnica in Poland during the

years 1998 and 1999 and Oddmund Kleven studied a Norwegian population of

reed buntings at Øvre Heimdalen. During the years 2000 to 2002 Martin Keiser

studied reed buntings in Grande Cariçaie in Switzerland, which is now continued

by Stefan Suter. In 2000 I started studying reed buntings in the Lauwersmeer, The

Netherlands, but moved my study site to De Biesbosch, The Netherlands, for the

subsequent three years (2001-2003). The locations of these study sites are shown

in figure 1. In this chapter I will discuss the generality of patterns of EPP in reed

buntings, by comparing my main results in the population in De Biesbosch with

the results of the other reed bunting projects. 

Variation in EPP between populations

High levels of EPP were found in all populations of reed buntings that were

studied; only in one year in the Norwegian population was the percentage of EPP

relatively low (19%; table 8.1). Most females engaged in extra-pair mating

behaviour; the most extreme case being Dixons study where virtually all females

produced at least one extra-pair offspring (table 8.1). As a consequence, EPP

occurred in the majority of broods (table 8.1). There was no tendency for second

broods to differ from first broods in the proportion of EPP (Dixon 1993;

Buchanan 2001; Keiser & Suter, pers.comm.; chapter 2), or for EPP to vary with

time of season (Buchanan 2001; Kleven, pers.comm.; chapter 2). Copulations

were not observed frequently, since in two to three years of study less than fifty

within-pair copulations and only one or two successful extra-pair copulations

(EPCs) were witnessed (Dixon 1993; O'Malley 1993; Buchanan 2001; this study).

Given the high level of extra-pair fertilisations (EPFs), many copulations

(specifically EPCs) occurred out of sight. Males were often seen intruding in other

territories (Dixon 1993; O'Malley 1993; Buchanan 2001; Marthinsen et al. 2005;

this study), but only Buchanan (2001) reported seeing two females make forays

into other territories. 

Breeding densities were highly variable between populations, ranging from

approximately 1 to 10 territories per hectare. Breeding synchony indices (Kempe-

naers 1993) of reed buntings in The Netherlands, Poland and Switzerland were
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comparable with those of other species of the Fringillidae family (range: 0.17-

0.36; Stutchbury & Morton 1995), apart from the synchony index found in the

Norwegian population, which was among the highest found in all studied

passerines (range: 0.08-0.73; Stutchbury & Morton 1995). The higher breeding

synchrony found in the Norwegian population may be a result of the high latitude.

The breeding season will be shorter (day of first egg of first and last nest of the

season: Norway: 1 June – 4 July (Kleven, pers.comm.); The Netherlands: 22 April

– 20 July (own unpubl.data)), and unlike in the other populations, second broods

occur rarely (Kleven, pers.comm.).

Variation in EPP within populations

The difference between the highest and lowest average percentage of EPP in a

brood between populations was 25% (table 8.1). When excluding the percentage

of EPP of the Norwegian population, which appeared to be an outlier, the

variation between and within populations was similar (13% vs. 11%). Also male

return rates and breeding synchrony indices showed similar variation between and

within populations. The maximum difference in average male return rates between

populations was 17%, while within populations this difference was 19% (table

8.2). When including the Norwegian population, the maximum differences in

breeding synchrony indices between and within populations were not comparable

(37% and 14%), but when excluding the Norwegian population, the difference

Consistency between populations

127

Table 8.1. Variation in the mean percentage of offspring resulting from EPP (‘%EPP’), mean
percentage of broods containing EPP (‘%broods’), mean percentage of males that gained EPP in
other broods (‘%males’), mean percentage of females with EPP in their broods (‘%females’), mean
breeding density (number of territories per hectare) and mean breeding synchrony index between
different populations of reed buntings. Sample sizes are shown in brackets, ‘-’ stands for no data
available.

location %EPP %broods %males %females density synchrony reference

Biesbosch 51 (511) 74 (131) 47 (85) 78 (82) 3.1 0.33 chapter 2

Lauwersmeer 49 (70) 88 (17) 67 (9) 86 (7) 1.1 0.19 Own unpubl.data

England I 50 (122) 69 (29) 36 (14) 79 (14) 9.7 - O’Malley 1993

England II 55 (216) 86 (58) 54 (28) 97 (34) <8.1 - Dixon 1993

Poland 44 (217) 70 (59) 72 (29) 74 (42) 1.4 0.32 Buchanan 2001

Switzerland 41 (-) 66 (-) 47 (-) 74 (-) 1.3 0.28 Kaiser & Suter,
unpubl.data

Norway 30 (332) 54 (72) 22 (81) 54 (72) - 0.56 Kleven, unpubl.data



was respectively 14% and 11%. The breeding density appeared to differ between

populations, since there was a difference of 8.6 pairs per hectare between the

highest and lowest breeding density between populations, while this was only 1.8

pairs per hectare within populations (table 8.2).

These results suggest an important effect of year to year differences within

populations, since the differences between years within most populations are

comparable to the differences between populations. However, this similarity fails

to hold when including the Norwegian population, suggesting that in some cases

the differences between populations may be of greater importance than the

differences between years. Possibly the differences between the Norwegian and

other populations are influenced by the difference in latitude, i.e. climatological

factors (figure 8.1).

Although the sample sizes are small, the variation in proportion of EPP within

populations appears to be associated with breeding density, but not with male

return rates or breeding synchrony indices. On the population level, the highest

breeding densities seem to be associated with the highest levels of EPP in four out

of four populations, although low breeding densities are found in the year with the

lowest level of EPP in three out of four cases (table 8.2). In the case of the highest
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Table 8.2. Variation within populations in the percentage of offspring resulting from EPP
(‘%EPP’), breeding density (number of territories per hectare), breeding synchrony index, number
of males studied (‘# males’) and the percentage of ringed males that returned the subsequent year
(‘% return). Sample sizes are shown in brackets, ‘-’ stands for no data available. 

location year %EPP density synchrony # males % return 

Biesbosch 2001 47 (38) - - 17 -

2002 55 (262) 3.4 0.27 44 65

2003 46 (211) 2.7 0.38 35 48

Lauwersmeer 2000 49 (70) 1.1 0.19 11 -

England I 1988 59 (41) 12.58 - 18 -

1989 42 (81) 6.91 - 11 27

England II 1990 58 (98) 8.11 - 17 59

1991 45 (40) <8.11 - 7 -

1992 55 (78) <8.11 - 7 -

Poland 1998 39 (96) 1.06 0.38 17 -

1999 48 (121) 1.65 0.26 26 47

Switzerland 2000 43 (-) 1.49 0.30 - -

2001 43 (-) 1.19 0.33 - 36

2002 36 (-) 1.24 0.23 - 44

Norway 2001 19 (146) - 0.45 35 -

2002 38 (186) - 0.66 46 40



male return rates, the percentage of EPP was highest in the same years in two out

of three populations, while for the highest breeding synchrony index this was

found in two out of four populations (table 8.2). 

Distinguishing between female benefit hypotheses

1. Do females gain genetic benefits through EPP?
DISTRIBUTION OF EPP AMONG BROODS

The studies that investigated patterns of EPP among broods are listed in table 8.3.

These patterns were mostly inconsistent with the hypothesis that females seek

genetic diversity for their offspring (D), and provide some support for both the

good genes (G) and the genetic compatibility (C) hypotheses (chapter 2). First,

EPP was not evenly distributed across broods in any of the populations (contra D,

pro G + C; table 8.3). Second, the majority of broods, including broods with no
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Figure 8.1. Locations of the studied populations of reed buntings in Europe. 1: De Biesbosch
(The Netherlands), 2: Lauwersmeer (The Netherlands), 3: England, 4: Poland, 5: Switzerland, 6:
Norway. The coloured area indicates the breeding distribution of the reed bunting.



EPP,  was sired by a maximum of two different males (contra D, pro G + C; table

8.3). Third, males that sired EPY in other nests were on average more successful at

siring offspring in their own nests (contra D + C, pro G; table 8.3). However,

there was no relation between an individual male’s success at siring offspring in his

own and in other nests (contra G, pro D +C; table 8.3). This discrepancy may be

explained by a trade-off between mate guarding to protect paternity in one’s own

brood and seeking EPCs to gain fertilisations in other broods, even though overall

these males are more successful. Fourth, a few cases of reciprocal paternity

occurred in all populations, i.e. males siring offspring in each others nest (contra

G, pro D + C; table 8.3).  

DISTRIBUTION OF EPP AMONG MALES

All studies investigated the relationship between several male characteristics and

within- (table 8.4A) or extra-pair fertilisation success (table 8.4B). We found that

wing length, song output and badge colour were related to age (chapter 3). In

agreement, O’Malley (1993) found a correlation between wing length and song

output, suggesting that song output is also an age-related characteristic in the

English population. 

In the Dutch population, age and most age-related characteristics were found

to be negatively related to the proportion of EPP in a male’s own brood, so that

older males were more successful in siring within-pair offspring, i.e. preventing

cuckoldry (table 8.4A; chapter 3). These results were not supported in the other

populations (table 8.4A). Dixon even found an opposite trend: older males tended

to sire less offspring in their own brood. However, the sample sizes of the

Biesbosch population were much larger than those of the most other populations;
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Table 8.3. Distribution of EPP among broods. For descriptions of the patterns see text; + indicates
that the pattern was found, - indicates the pattern was not found, and the cell is left blank when the
pattern was not investigated. 

Patterns Biesbosch England II Poland Switzerland Norway

Non-random distribution? + + +

Mainly two sires per brood? + + +

Low cuckoldry rate = + +
high EPF success other nests?1

Low individual cuckoldry rate = - - -
high EPF succes other nests?2

Reciprocal paternity? + + + + +

1 at the population level
2 at the individual level



possibly the absence of similar associations in the other populations was a result of

a lack of power. In support, in the Polish population, the non-significant

associations were in the same direction as the ones that were found to be

significant in the Biesbosch. Unfortunately the directions of the associations were

not available for O’Malley’s data.

In the Dutch population, age and age-related characteristics were also

associated with the number of extra-pair young a male sired: older males were

more successful (table 8.4B; chapter 3). Similar results were found in the English
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Table 8.4. Relation between male reed bunting characteristics and (A) proportion of EPP in a
male’s own brood and (B) number of extra-pair young sired in other broods. ‘+’ and ‘-’ indicate
respectively a positive and negative relationship; ‘ns’ indicates the relationship was tested, but was
non-significant. The cell is left blank when the relationship was not investigated. Sample sizes are
shown in brackets. Significant relationships that are consistent with those found in the Dutch
population are highlighted.

(A) Biesbosch England I England II Poland Switzerland Norway

Age-related characteristics:

Age - (39) + (15) ns (12) ns (36)

Wing length - (108) ns (29) ns (-)

Song output - (43) ns (17) ns (15) ns (12)

Badge colour ns (66) ns (17) ns (15) ns (28)

Other characteristics:

Tarsus length + (108) ns (28) ns (-)

Mass ns (108) ns (28) ns (-)

Badge size ns (108) ns (12)

Song structure ns (39) ns (30)

(B) Biesbosch England I England II Poland Switzerland Norway

Age-related characteristics:

Age + (26) ns (15) ns (12) + (46)

Wing length + (73) ns (-)

Song output + (30) + (17) ns (15)

Badge colour + (45) + (17) ns (15)

Other characteristics:

Tarsus length ns (73) ns (-)

Mass ns (73)

Badge size ns (73)

Song structures ns (26)



(during O’Malley’s study) and Norwegian populations, but no indication of older

males being more successful was found in the English (during Dixon’s study) or

Polish population (table 8.4B). Again, this may be a result of too low sample sizes,

since the sample sizes used in our Dutch study were much larger than those in the

English and Polish study, and the non-significant associations were again in the

same direction. Unfortunately reed buntings are difficult to age using plumage

characteristics; only Buchanan used such a method (Buchanan 2001). The other

studies based the age classification on the high site fidelity of individuals (O'Malley

1993; chapter 3), and assumed new arriving (i.e. unringed) adults to be young and

returning birds to be old (Dixon 1993; O'Malley 1993; Kleven & Lifjeld 2004;

Kaiser & Suter, pers.comm.; chapter 3). Thus differences in return rates may be

associated with differences in fertilisation success between populations, since with

lower return rates, a larger proportion of males is expected to be young and have a

lower probability of gaining EPFs. However, male return rates hardly differed

between populations (table 8.2) and did not appear to be related to the percentage

of males that gained EPFs; return rates for the Polish and Norwegian population

were comparable (respectively 47% and 40%; table 8.2), but the percentage of

males that gained EPFs in these populations were the opposite maxima of the

range found (respectively 72% and 22%; table 8.2). 

The differences in results between the two studies of the English population

suggest either variation in associations between years, or differences in

methodology applied by O’Malley and Dixon. Variation in associations between

years may be expected, since local circumstances that may affect extra-pair mating

behaviour, such as breeding synchrony, food availability and weather conditions,

may also differ between years. Although the same methodology to measure song

output was used by O’Malley and Dixon, Dixon included the residuals of song

output over time of season in his analysis, while O’Malley used the uncorrected

measure. For measuring badge colour, a slightly different methodology was

applied in both studies, since O’Malley divided the range into six categories, while

Dixon used nine categories. 

DIFFERENCES BETWEEN WITHIN-PAIR AND EXTRA-PAIR OFFSPRING

When comparing extra-pair young and their maternal half-siblings in broods of

mixed paternity, we found that extra-pair offspring had significantly longer tarsi

than within-pair offspring (chapter 3), a trend that was also found in the Swiss

reed bunting population (table 8.5). Although this may be a result of high quality

paternal genes, we suggested that it is more likely to be a consequence of extra-

pair young hatching earlier than within-pair young and thus being slightly older

(chapter 3). No other differences between maternal half-siblings were found (table

8.5). Long-term fitness consequences of EPP were not available from any of the

populations, as recruitment rates of reed buntings are low. 
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TO SUMMARISE: DO FEMALE REED BUNTINGS GAIN GENETIC BENEFITS THROUGH EPP?
Dixon (1993) argued that indiscriminate female copulatory behaviour associated

with the genetic diversity hypothesis best explained his observation that almost all

females participated in extra-pair copulations (EPCs; 97%). However, gaining

genetic diversity is not likely to be an adaptive strategy, since there are no obvious

advantages to individuals (Birkhead 1998). Generally, the observed patterns did

not support the genetic diversity hypothesis, and we therefore discard this

hypothesis as a likely female benefit. 

In three out of five populations indications were found that males that were

successful in siring offspring were older than unsuccessful males. This supports the

predictions of the good genes (Kempenaers & Dhondt 1993) and fertility

insurance hypothesis (Sheldon 1994b), but not necessarily the predictions of the

genetic compatibility hypothesis (Griffith et al. 2002). The absence of a

relationship between male age and fertilisation success in some populations may be

a result of limited sample sizes, differences between years in local circumstances

affecting extra-pair mating behaviour or differences in methodology. 

Extra-pair young were generally not different from their maternal half-siblings.

Only tarsus length appeared to be longer in extra-pair young in both studies where

it was measured (chapter 3; Kaiser & Suter, pers.comm.). This may be a result of

superior paternal genes, however, evidence was found in the Dutch population that

this was more likely to be a result of a small difference in age between within- and

extra-pair young, due to a bias in hatching order (chapter 3). This interesting bias

towards early hatching of extra-pair offspring was not tested in any of the other

populations. The intrusion behaviour of extra-pair males observed by O’Malley

provides a plausible explanation for the bias in hatching order; intrusions peak

during the three days before the first egg is layed, and thus the first layed eggs are

more likely to be fertilised by extra-pair sires than the last eggs (O'Malley 1993).
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Table 8.5. Differences in nestling characteristics between maternal half-siblings in broods of
minsed paternity. ‘+’ indicates a positive relationship; ‘ns’ indicates the relationship was tested, but
was non-significant. The cell is left blank when the relationship was not investigated. Sample sizes
are shown in brackets.

Biesbosch Poland Switzerland Norway

Tarsus length + (34) + (-)

Mass ns (34) ns (39) ns (-)

Heterozygosity ns (34) ns (30)

Immunocompetence ns (19)



Earlier hatched eggs may have a fitness benefit (reviewed by Krebs 1999), and thus

is may be adaptive for both extra-pair males and females to bias extra-pair

offspring to eggs layed early in a clutch. However, no such peak close to egg-laying

was observed in the Norwegian population (Marthinsen et al. 2005).

Because fitness benefits may be revealed on a long-term basis, and only short-

term benefits have been measured in reed buntings due to low recruitment rates,

we have not been able to test the genetic benefits hypotheses rigorously. Although

the difference in tarsus length between within- and extra-pair offspring may be

related to future fitness benefits, so far we conclude that no support was found for

the genetic benefit hypotheses. 

2. Do female reed buntings gain direct benefits through EPP?
Buchanan (2001) suggested that female reed buntings may be trading EPCs for

foraging access on other territories, as females with more sires per brood foraged

on more male territories. In 2002, we studied foraging behaviour of adults during

the nestling phase in the Dutch population. Both males and females collected most

food either on neutral grounds (males: 54%, n = 269 foraging trips; females:

48%, n = 474 foraging trips) or on their own territory (males: 43%; females:

37%). Females collected significantly more food on other territories than males

(16% vs. 3% of foraging trips; χ2 = 22.7, df = 1, p < 0.001). There was a

significant positive relationship between the distance to neutral foraging grounds

and the proportion of foraging trips to other territories (rs = 0.39, p = 0.021, n =

35), which was also found in the Polish population (Buchanan 2001). We found

no correlation between the proportion of foraging trips made to other territories

and the proportion of EPP in a brood (rs = -0.04, p = 0.82, n = 32), nor between

the proportion of foraging trips made to other territories and the number of sires

per brood (rs = -0.13, p = 0.49, n = 32). Unlike Buchanan (2001), we found no

correlation between the number of extra-pair sires and the number of other

territories the female foraged on (rs = 0.17, p = 0.56, n = 14). 

There was no difference in the proportion of feeding trips to neutral foraging

grounds between the populations (Dutch vs. Polish: 48% (n = 474) vs. 45% (n =

± 581); χ2 = 0.01, df = 1, p = 0.94), but females from the Dutch population

foraged more in their own territories compared to other male territories than

females from the Polish population (71% (n = 474) vs. 58% (n = ± 581); χ2 =

9.22, df = 1, p < 0.01). This is not a result of higher territory densities, since

breeding densities were lower in the Polish than in the Dutch population.

Furthermore, fewer extra-pair males sired offspring in a brood in the Dutch than

in the Polish population (1.4 ± 0.1 (n = 88) vs. 1.8 ± 0.1 (n = 37); t = 3.14, df

= 123, p < 0.01), and a smaller proportion of the broods containing EPP were

sired by three or more different males (17% (n = 88) vs. 66% (n = 37); χ2 =

27.75, df = 1, p < 0.001). Possibly females from the Polish population have less
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foraging opportunities in their own territory and thus are more likely to forage in

other male’s territories, for which they may have to engage in EPCs with the

territory owner. However, this explanation was not supported by Buchanan’s

finding that the territories visited by females did not centre on males siring extra-

pair offspring in the brood (Buchanan 2001).

Costs of EPP to females

One of the best examples of females suffering a cost through engaging in EPP was

found in reed buntings. Using two broods of the same pair within one season,

Dixon et al. (1994) showed that males provisioned less to broods in which they

sired a lower proportion of the offspring. However, this result could not be

repeated in the Dutch (chapter 4) or Polish population (Buchanan 2001). In the

Polish population the relationship between paternal provisioning rate and

paternity was in the same direction, however not significant (p = 0.14), whereas in

the Dutch population the relationship was in the opposite direction and far from

significant (p = 0.8). The reason why males differed in their provisioning behavior

as a function of their paternity levels between the populations in England, Poland

and the Netherlands remained unclear. Sample size, levels of EPP, feeding rates

and male share of feeding rates (England: 0.40; Poland: 0.37; the Netherlands:

0.41) appeared to be similar between the studies, although males showed larger

variation in provisioning rates between broods in the Dutch and Polish than in the

English population (chapter 4). 

Constraints on the occurrence of extra-pair paternity

Breeding density and synchrony
Breeding density and synchrony may limit the number of potential extra-pair

partners available, and thus influence whether individuals engage in extra-pair

mating behaviour (Westneat & Sherman 1997; Møller & Ninni 1998). Only in

the English population an effect of breeding density was found on EPP. O’Malley

(1993) described a positive relation between breeding density and the number of

extra-pair offspring a male sired, while Dixon (1993) reported a tendency for the

proportion of EPP in a brood to increase with breeding density. No effect of

breeding density on EPP was found in the Dutch (chapter 6), Polish (Buchanan

2001) or Swiss population (Kaiser & Suter, pers.comm.) when invesitgating

individual cases. Breeding densities were approximately five times higher in the

English population than in the other populations combined (9.2 vs. 1.8 territories

per hectare), which is likely to have affected the extra-pair opportunities.
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Breeding synchrony has been calculated both on the population level, and on a

local scale (Kempenaers 1993). No effect of breeding synchrony on a local scale

was found in the Dutch (chapter 6) and Swiss population (Kaiser & Suter,

pers.comm.), while no effect of breeding synchrony on the population level was

found in the Dutch, Polish (Buchanan 2001), and in one year in the Swiss

population (Kaiser & Suter, pers.comm.). However, in 2002, both the probability

of EPP and the proportion of EPP in broods increased when individuals were

breeding more synchronously in the Swiss population. As a consequence,

following predation, replacement broods had low levels of EPP (Kaiser & Suter,

pers.comm.). In the Dutch population, replacement broods did not differ in levels

of EPP from first broods (chapter 6).

Male mate guarding
Males in many species attempt to protect their paternity by closely following their

mate, to either prevent her from seeking EPCs (Lifjeld et al. 1994), or to prevent

other males from gaining EPCs (Beecher & Beecher 1979). Whether or not the

female has an active role in seeking EPCs will largely determine the effectiveness

of male mate guarding behaviour with regard to preventing cuckoldry (Lifjeld et
al. 1994). Opposing results with regard to the effectiveness of mate guarding have

been reported in different reed bunting studies. Dixon (1993), reported only weak

mate guarding behaviour in the English population of reed buntings, as he found

no differences between the fertile period and other stages of the breeding cycle in

the proximity between male and female and the number of flights where the male

follows the female. However, O’Malley (1993) showed in the same population

that mate guarding did occur during the fertile period of the female, but that it was

not related to the proportion of EPP in the brood. This result supported the

hypothesis that guarding occurs in low quality males, which are trying to make

‘the best of a bad job’ (Lifjeld & Robertson 1992). On the other hand, Marthinsen

et al. (2005) found mate guarding to be effective in the Norwegian population of

reed buntings: higher levels of mate guarding were associated with lower levels of

cuckoldry. 

The differences in effectiveness of mate guarding between populations may be

a result of differences in the female role in seeking EPCs, as was found in red-

winged blackbirds (Agelaius phoeniceus). In an eastern population of red-winged

blackbirds, males initiated EPCs by intruding onto female territories, usually when

social males were not present to guard their mate, and females accepted or rejected

these EPC attempts; females rarely made forays to seek EPCs themselves

(Westneat 1992; Westneat 1994). In contrast, in a western population, females

often forayed away from their territory to sollicit copulations, while social males

rarely guarded their fertile mate (Gray 1996). Since neither the English or the

Norwegian studies report seeing female reed buntings actively solliciting EPCs, the

Chapter 8

136



role of the female is not expected to be different between the populations,

although due to the covert behaviour of female reed buntings, EPC sollicitations

may have passed unobserved. However, also the quality of mate guarding

observations may have been affected by the covert behaviour of females and low

visibility of pairs due to dense reed vegetation.

Weather conditions
In a Norwegian population of bluethroats (Luscinia s. svecica) evidence has been

found that extra-pair mating behaviour can be constrained by adverse weather

conditions, such as low temperatures. The Norwegian population of reed buntings

was studied at the same site as the bluethroats, and was the only population to

encounter extreme adverse weather (i.e. snow) during the fertile period in 2001.

Possibly this is associated with the relatively low levels of EPP found in that year.

In the Dutch population of reed buntings we found the opposite relation with

minimum temperature (range: 4.4 - 13.1°C), so that more EPP was found in

broods where the minimum temperature during the fertile period was high

(chapter 7). We suggested that in our relatively mild climate, time-consuming

behaviours such as mate guarding are constrained, while less time-consuming

behaviours such as gaining EPCs are less constrained. In harsh conditions such as

encountered in Norway, all behaviours that are a trade-off with self-maintenance

are likely to be constrained.

Conclusion

Most patterns of EPP appear to be consistent between populations of reed

buntings. Generally the percentage of offspring resulting from EPP is high, and

EPP occurs in the majority of broods. Since in most the cases the variation in EPP

within a population is similar to the variation between populations, the effect of

year appears to play an important role in determining the level of EPP. Both

within and between populations, we found indications that breeding density is

related with the level of EPP observed, while between populations, factors

associated with a difference in lattitude may be important. In three out of five

populations, male reproductive success is related to age. The absence of a

relationship between male age or age-related characteristics and within- or extra-

pair fertilisation success in some populations, or between years in the same

population, may be a result of differences between years, differences in

methodology or limited sample sizes. The differences between within- and extra-

pair offspring within broods of mixed paternity were consistent between

populations, however, whether the observed difference in tarsus length is a result

of females gaining genetic benefits for their offspring, remains to be determined.
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Recommendations for future studies on EPP in reed buntings

So far, the role of female reed buntings in initiating extra-pair mating behaviour

remains unclear. In order to understand the mechanisms behind extra-pair mating

behaviour, it is crucial to study female behaviour in more detail. Using radio

transmitters we may be able to determine whether females make covert extra-

territorial forays to extra-pair male territories, for instance before dawn, as was

seen in the superb fairy-wren (Malurus cyaneus; Double & Cockburn 2000). In

complete darkness, male reed buntings sing before other birds commence their

dawn chorus (pers.obs.); this early songpeak may be related to female extra-

territorial behaviour. Furthermore, we occasionally observed females sitting

conspicuously in reed stems while making contact calls. The possibility that these

are fertile females calling for extra-pair partners needs to be explored. Also the

behaviour of the fertile female with respect to intruding males needs to be

documented in greater detail. Through temporary removal of the social male, we

may be able to determine whether females actively accept and reject EPCs attempts

of intruding extra-pair males, without these males being deterred by the social

male.

The importance of different age-related male characteristics in gaining

fertilisations can be determined by manipulating characteristics that may be used as

a cue, either by females, if they actively select their partner, or by males in male-

male competition. Age as such cannot be manipulated, but badge colour or song

output may be altered by for instance painting the badge or temporarily muting a

male (Smith 1976; Westcott 1992). In order to rigorously test the genetic benefit

hypothesis, longterm fitness benefits need to be recorded. However, due to low

recruitment rates of offspring and a decreased survival of reed buntings (Newton

2004), this will be difficult to accomplish. In first instance it will be interesting to

see whether also in other populations extra-pair offspring have longer tarsi than

their half-siblings, and whether this is actually a result of a bias in laying or

hatching order. 

The study of EPP on reed buntings in different years and in different

populations provides us with the unique possibility to determine the variation in

levels of EPP which is explained by local ecological factors. Therefore, combining

our data in a ‘reed bunting database’ and performing a meta-analysis to determine

factors that explain variation in EPP in reed buntings should be our next step,

which will be a large contribution to understanding variation in EPP within

species.
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9
General discussion



“Where one sex invests considerably more than the other, members of the latter

will compete among themselves to mate with members of the former. Where

investment is equal, sexual selection should operate similarly on the two sexes.”

(p173; Trivers 1972). In accordance with these ideas, Trivers (1972) was the first

to propose ‘mixed reproductive strategies’ regarding the mating behaviour for

both males and females. If male parental investment is lower than female parental

investment, males should attempt to fertilise additional females, whereas females

should not only select their partner for the quality of his territory or paternal care,

but also for the quality of his genes. We thus expect conflicts of interests between

individuals. There are four individuals involved in extra-pair copulations: the

social pair male and female, and the extra-pair male and his mate (‘extra-pair

female’). Figure 9.1 shows three scenarios how potential conflicts of interests may

act (Petrie & Kempenaers 1998). There will always be a strong conflict between

the males, since they directly compete over the paternity of offspring (figure

9.1A,B,C). For females different scenarios are possible, as they can gain (figure

9.1A), lose (figure 9.1B), or suffer no fitness consequences from extra-pair

copulations (EPCs; figure 9.1C). In figure 9.1A, the female is paired to a low

quality male, and she would gain genetic benefits for her offspring by copulating

with a high quality extra-pair male. However, when the female is paired to a high

quality male, she would not benefit from EPCs with a low quality extra-pair male

(figure 9.1B). In figure 9.1C, only male behaviour drives EPCs, and females do not

gain benefits or suffer costs from EPP. Since male extra-pair mating behaviour is

likely to conflict with paternal care, a conflict between the extra-pair male and his

partner is expected (figure 9.1A,B,C; Eens & Pinxten 1995) and between the

social and extra-pair female (figure 9.1A; Mays & Hopper 2004). 

Gowaty (1996) launched a theory of coevolutionary selective pressures to

explain the occurrence of and variation in EPP, acting on males for control of

female extra-pair mating behaviour, and on females for resisting male efforts to

control them. Under the hypothetical condition that females are free to choose the

best male available, they are expected to be socially and genetically monogamous.

However, females are likely to be prevented from making the best choice, for

instance due to an inability to perfectly judge male quality, female competition for

the best mates, or having to choose between different male qualities, such as his

potential to provide parental care and the quality of his genes. While assuming that

females (i) at least partially control EPCs, (ii) gain genetic benefits through EPP

and (iii) run the risk of losing paternal care when engaging in EPCs, the

‘constrained female hypothesis’ posits that within species, a female’s options for

extra-pair mating behaviour, i.e. to resist the attempts of male control, depends on

her own quality and on the quality of the environment she is in (Gowaty 1996). In

figure 9.2, the theoretical effects of the interaction between female and environ-

mental quality on female fitness are described when females are ‘helped’ by males
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(e.g. paternal care for the offspring) and when they are not. When the

combination of female intrinsic quality and environmental quality is sufficiently

high, additional male help may not increase female reproductive success any

further. On the other hand when the combination of female intrinsic quality and

environmental quality is lower, females fitness may decrease when male help is

withdrawn, e.g. as a retaliation for female extra-pair mating behaviour (figure 9.2). 

In this thesis we investigated the variation in levels of EPP in a population of

reed buntings, a socially monogamous passerine with levels of EPP which are

among the highest found so far (Griffith et al. 2002). In this final discussion, I will
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Figure 9.1. Interactions between individuals involved in extra-pair copulations. Members of a
pair are enclosed in a box. Arrows indicate conflicts of interest (solid), or interactions where both
individuals would benefit (dashed). Dashed lines indicate no conflict of interest but also no
benefit. The strength of the interaction is indicated by the width of the arrows. In these
scenarios, there is always a strong conflict over paternity between social and extra-pair male,
while the social female may (A) gain benefits from EPCs, (B) suffer costs through EPCs, or (C)
not gain or lose from EPCs. In (A) and (B) extra-pair mating behaviour may be both male and
female driven, whereas in (C) only male behaviour drives EPCs. For a more detailed description
see text. 



place our results in the framework of the ‘constrained female hypothesis’ (Gowaty

1996), and discuss whether this hypothesis offers a likely explanation for the

variation in EPP observed between individuals. First I will discuss whether reed

buntings meet the assumptions required for the constrained female hypothesis to

act, and second I will consider the validity of the predictions. Furthermore, I will

discuss our results in relation to the scenario where male behaviour drives EPCs

(figure 9.1C). Wherever relevant I will draw comparisons with other recent work

on this topic.

Constrained female hypothesis

Assumption 1: are EPCs female driven?
There is obviously a conflict between the social male and the extra-pair male over

paternity. Hence, early literature on sperm competition has focussed on male-male

competition (reviewed in Lifjeld et al. 1994). Over the past ten years, more

attention has been directed to the role of females, even to the extent that there is

currently a general concensus that all adaptive explanations for EPP should focus

on female fitness (Westneat & Stewart 2003). This emphasis may however lead to

important interactions between the sexes being overlooked (Westneat & Stewart

2003). Generally, EPCs are considered to be at least partly female driven. Females
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Figure 9.2. The constrained female hypothesis predicts genetic mating patterns of socially
monogamous females. The upper curve describes how female fitness varies when females are
‘helped’ by males and when they are not. The curves converge for high female x environmental
quality because female fitness is limited by intrinsic variation in females. This model posits that
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environments. The model predicts relative levels of extra-pair paternity (EPP) for females x
environments below and above the point at which the curves converge. Modified from Gowaty
(1996).



have been shown to actively participate in EPCs through making forays, solliciting

EPCs, or selectively rejecting EPC attempts by extra-pair males (reviewed in

Westneat & Stewart 2003). In most species, males will make forays into female

territories and attempt EPCs (Westneat & Stewart 2003), while females will have

to evaluate these attempts, and subsequently accept or resist (Forstmeier 2004).

Both male investment in EPCs and female responsiveness to EPCs may be

influenced by the quality of the other sex, or by the interaction between

responsiveness and investment in EPCs (figure 9.3). For instance, males of certain

quality may be able to invest more in EPCs, but the degree of investment may also

depend on female quality or her responsiveness. If EPCs are under total female

control, copulations are expected to occur following the left pathway with no

interactions with male quality or investment, whereas under total male control,

copulations will occur following the right pathway (figure 9.3).

In different reed bunting populations, males have been observed intruding in a

fertile female’s territory (chapter 8), whereas female extra-pair mating forays were

reported only in a Polish population of reed buntings (Buchanan 2001). Females

may have performed covert forays in all reed bunting populations studied, as was

found through using radio telemetry in superb fairy wrens (Malurus cyaneas;
Double & Cockburn 2000) and hooded warblers (Wilsonia citrina; Neudorf et al.
1997). EPCs are seldom seen in reed buntings (chapter 8), and therefore it is

unknown whether female reed buntings selectively accept and reject EPC

sollicitations. Generally, since female reed bunting behaviour is secretive, we

cannot exclude female control of EPP (Westneat & Stewart 2003). 
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pair copulations (EPCs). Whether EPCs occur depends on male investment in EPCs and on the
readiness of the female to copulate (responsiveness). Male EPC investment is likely to depend on
the quality of the male, but may also be influenced by female quality and responsiveness. On the
other hand, female responsiveness may depend on her own quality, the extra-pair male’s quality
and his investment in EPCs. Modified from Forstmeier (2004).



Patterns of EPP as a result of interactions between individual reed buntings do not

provide conclusive results. Males in many species attempt to protect their paternity

by closely following their mate, to either prevent her from seeking EPCs (Lifjeld et
al. 1994), or to prevent other males from gaining EPCs (Beecher & Beecher

1979). Whether or not the female has an active role in seeking EPCs will largely

determine the effectiveness of male mate guarding behaviour with regard to

preventing cuckoldry (Lifjeld et al. 1994). Mate guarding was found to be an

effective paternity guard in Norwegian reed buntings, and thus EPCs were

suggested to be a result of male, and not female forays (Marthinsen et al. 2005).

However, this still does allow females to be selective in their choice. In the Dutch

population we found that higher levels of EPP occur when the minimum

temperature during the female fertile period was low (chapter 7). We suggested

this to be a consequence of mate guarding behaviour being restricted, thus

allowing EPCs to occur more easily. However, no distinction could be made

whether the increase in EPP is a result of increased female or extra-pair male

investment. 

Breeding density and synchrony may limit the number of potential extra-pair

partners available, and thus influence whether individuals engage in extra-pair

mating behaviour (Westneat & Sherman 1997; Møller & Ninni 1998). In the tree

swallow (Tachycineta bicolor), a socially monogamous species with levels of EPP

comparable to reed buntings, females control the occurrence of EPCs (Lifjeld &

Robertson 1992). In this species no effect of breeding density nor synchrony on

the level of EPP was found, for which the authors provide an explanation based on

female control of EPCs (Dunn et al. 1994; Kempenaers et al. 1999; Conrad et al.
2001). Female tree swallows appear to actively seek their extra-pair partners

outside the study area (only 20% of extra-pair offspring was assigned to a known

male), and thus are not likely to be limited by the number of copulation partners.

The absence of a relationship between breeding density and synchrony and levels

of EPP in the reed bunting (chapter 6), may thus be explained by female control

over whom they mate with. However, in reed buntings, extra-pair sires are mainly

close neighbours (chapter 2). Female control of EPCs does not always obviate an

association between breeding density and EPP. Thus, in Bullock’s orioles (Icterus
galbula bullockii), Richardson & Burke (2001) reported that levels of EPP

increased with breeding densities, despite the fact that females actively seek and

sollicit EPCs. 

Based on the general assumption that female participation is necessary for a

copulation to be successful (Birkhead & Møller 1992), at this moment we can

merely state that it is likely that female reed buntings exercise some control over

whom they mate with. Detailed behavioural observations are needed to determine

to what extent females control extra-pair mating behaviour in the reed bunting.
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Assumption 2: do females gain genetic benefits from EPP?
Using three approaches, we attempted to determine whether the patterns of EPP in

our population matched the predictions of the hypothesis that female reed

buntings gained genetic benefits for their offspring. First, we investigated the

distribution of EPP among broods and individual females (chapter 2). We found

that more broods than expected contained no EPP and that more broods than

expected were sired by a single male, which was in agreement with the predictions

of the genetic benefit hypothesis. Second, we determined whether male

characteristics were related to cuckoldry risk and success in siring extra-pair

offspring (chapter 3). We found that older males were more successful in

protecting paternity in their own brood as well as in siring offspring in other

broods. Although females may gain genetic benefits from engaging in EPCs with

older males, this is not necessarily the case (BOX 1).

Third, if females gain genetic benefits for their offspring, extra-pair offspring

are expected to be of a higher quality than within-pair offspring. Of all measured

characteristics (i.e. biometrics, heterozygosity and survival probabilities), we found

that only tarsus length differed between extra-pair young and within-pair young,

in that extra-pair young had longer tarsi (chapter 3). Increased growth rate

resulting in longer tarsi may be a result of superior paternal genes. However, at an

early age (< 4 days old), extra-pair offspring were heavier than their maternal

half-siblings, whereas this difference disappeared at a later age (± 7 days old).

Since differences in mass at an early age may indicate differences in hatching time

(Slagsvold 1986), we suggest that extra-pair offspring have longer tarsi, simply

because they hatch earlier (chapter 3). Hatching early may provide fitness benefits

compared to hatching late (Krebs 1999 and references therein), and it may thus be

an adaptive strategy for females and extra-pair males to bias extra-pair offspring

towards eggs early in the laying sequence. 

Fitness benefits may only be revealed on a long-term basis. Due to the low

recruitment rates of reed bunting offspring, we have only been able to measure

short-term benefits, and thus have not been able to test the genetic benefits

hypothesis rigorously. Although we did not find any direct evidence of increased

fitness for extra-pair offspring, at this moment we cannot reject this hypothesis. To

date, only one study has managed to measure reproductive success of offspring; in

coal tits (Parus ater), extra-pair offspring did not have a higher recruitment rate,

nor did they produce more fledglings or have a lower risk of cuckoldry in their

first year of breeding than within-pair offspring (Schmoll et al. 2003). However,

this study was likewise unable to determine whether extra-pair offspring survived

better or were more successful in gaining extra-pair fertilisations.

Variations in differences between half-siblings have been found between

populations of the same species. In a Belgian population of blue tits (Parus
caeruleus), strong support was found for females gaining good genes for their
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offspring through EPCs (Kempenaers et al. 1992; Kempenaers et al. 1997).

Successful males were older, had longer tarsi, sang longer songs and survived

better, while extra-pair offspring were more likely to survive to fledging. In an

Austrian population of blue tits, females appeared to gain compatible genes for

their offspring through EPCs, possibly in addition to good genes (Foerster et al.
2003). Extra-pair offspring sired by non-local males were significantly more

heterozygous than their maternal half-siblings, while this was not the case for

extra-pair offspring sired by neighbouring males. These neighbouring males were

older and larger than the cuckolded male, suggesting females may acquire good

genes through mating with these males, as was found in the Belgian population. In

three Mediterranean populations of blue tits, no differences in size, age, survival or

relatedness with the female between successful and unsuccessful males were found

(Charmantier et al. 2004), which suggests that genetic benefits through good genes

or genetic compatibility are absent. However, survival to fledging was higher for

extra-pair offspring than for their half-sibs (Charmantier et al. 2004), which in

turn does suggest that females gained genetic benefits. In contrast to these

populations, in a Norwegian population of blue tits, no evidence for genetic

benefits was found (Krokene et al. 1998). EPP was randomly distributed among

broods, there was no difference in morphology, age or survival between successful

and nonsuccessful males, and extra-pair offspring did not differ from their half-

siblings in growth rate, fledging mass or survival. The patterns of EPP in this

population were consistent with the fertility insurance hypothesis. 

Although differences between half-siblings are absent in some species,

populations or years, they may still exist under different environmental

circumstances (Schmoll et al. 2003). Genetic benefits, which are generally assumed

to be small (Møller & Alatalo 1999), may only be detectable under relatively poor

environmental conditions. An experimental approach, in which environmental

conditions are selectively made more stressful (i.e. by brood size manipulations),

may help clarify the environmental context dependance of the performance of

‘good genes’ (Schmoll et al. 2003).

Assumption 3: do females risk losing male assistance?
Generally it is assumed that the largest cost of EPP to females is reduction in

paternal effort (Birkhead & Møller 1992). However, so far little support has been

found for such costs of EPP to females. Only a few studies found evidence that

with decreased paternity, males reduce their provisioning rates to nestlings (Burke

et al. 1989; Sheldon & Ellegren 1998; Lifjeld & Dunn 2001b) or their degree of

nest defence (Weatherhead et al. 1994), whereas many others found no relation

between paternal care and paternity (reviewed in Whittingham et al. 1992). In the

reed bunting, conflicting results were found with respect to the adjustment of

parental care in relation to paternity. In an English population, males reduced their
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feeding rates to broods when their paternity was reduced (Dixon et al. 1994),

whereas no relation was found between paternal feeding rates and paternity in our

Dutch population (chapter 4). Despite this difference in the costs of EPP to females

between the populations, levels of EPP were similar (chapters 4 and 8). However,

male reed buntings from the English population did not decrease their feeding rates

to a large extent, since even when paternity decreased by 100% (i.e. from full

paternity to no paternity at all), males reduced their paternal feeding rate only by

4% (chapter 4). Hence, the risk of losing male care did not appear to be large in

either population and is not expected to affect female decisions with respect to

engaging in EPCs. However, both male and female provide care to fledglings after

leaving the nest (Cramp & Perrins 1994; pers.obs.), but the male provides the

largest share of care (Cramp & Perrins 1994). The length of post-fledging care is

not exactly known, but fledglings are expected to receive parental care up to

approximately 20 days after leaving the nest (Cramp & Perrins 1994). The

relation between a male’s parental care to fledglings and his level of paternity has

not yet been investigated in the reed bunting. During this period of post-fledging

care, female reed buntings may still suffer the cost of reduced paternal care.

Some support for this third assumption was found in the dusky warbler

(Phylloscopus fuscatus): females breeding late in the season, that do not expect to

receive male assistance, were more likely to have EPP in their broods than females

that did expect to receive male assistance (Forstmeier 2003). Other support was

found in an interspecies comparison: in species where male care was essential for

the survival of the offspring, the observed level of EPP was low, whereas in species

where females were able to raise a brood without male help, the observed level of

EPP was relatively high (Birkhead & Møller 1996).

Prediction: ‘high female x environmental quality’ leads to high levels of EPP 
Gowaty’s ‘constrained female hypothesis’ predicts that high quality females, or

females living in high quality environments, are more likely to have high levels of

EPP in their broods, since they will not suffer from a decrease in male help (figure

9.2; Gowaty 1996). Individual differences in female extra-pair behaviour may thus

be explained by (i) the intrinsic ability of females to raise offspring without male

help, and (ii) food availability, which may facilitate female care without male help.

These possible explanations are discussed below and summarised in table 9.1.

We found that with an increase in female age, the levels of EPP in the brood

tended to increase (chapter 5). More specifically, we found that when mated to a

young male, old females had higher levels of EPP in their broods than young

females, whereas this was not the case when mated to an old partner (chapter 5).

These results suggest that female responsiveness to EPCs may not be influenced by

male quality or investment alone, but also by female age (figure 9.4). With age,

individuals often increase their reproductive success due to an increase in breeding
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experience (Saether 1990). Hence, female ability to raise offspring without male

help may increase with age, allowing an increase in levels of EPP. An increase of

the levels of EPP with female age was also found in coal tits (Parus ater; Dietrich et
al. 2004) and, though non-significantly, in tree swallows (Tachycineta bicolor;
Kempenaers et al. 1999) and pied flycatchers (Ficedual hypoleuca; Ratti et al.
2001). As a result of differences in the depth of their bill, female dusky warblers

(Phylloscopus fuscatus) differed in their ability to collect large prey items and

hence in their ability to raise a brood without male help (Forstmeier et al. 2001).

However, females differing in bill morphology or age did not differ in the level of

EPP in their broods (Forstmeier 2003). 
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Table 9.1. Summary of the assumptions and predictions posited by the ‘constrained female
hypothesis’ (Gowaty 1996) and whether these are met in our study of the reed bunting. ‘+’
indicates that support was found in the reed bunting, while ‘-’ indicates that the issue remains
unresolved. 

‘Constrained female hypothesis’ Reed bunting

Assumptions:

EPCs are female driven -

Females gain genetic benefits -

Females risk losing male help -

Predictions:

High quality females have high levels of EPP +

High quality environments give rise to high levels of EPP -

female age

female responsiveness

male age

male investment in EPCs

copulation

Figure 9.4. Interactions between males and females possibly leading to the occurrence of extra-
pair copulations (EPCs). Female responsiveness to EPCs is not only be determined by male age or
male investment, but also by her own age. The width of the arrows indicate the strength of the
effect. For a more detailed description see text. Modified from Forstmeier (2004).



Females may not require male assistance in raising offspring if the food availability

is high enough, and thus females with good quality territories are expected to

accept higher levels of EPP in their broods. Approximately half of all reed bunting

foraging trips during nestling care are made to neutral grounds (chapter 8), and

thus food availability in the territory is not an appropriate measure. Support was

found in serins (Serinus serinus), where levels of EPP were higher in territories

with high food availability (Hoi-Leitner et al. 1999). In contrast, in house sparrow

broods (Passer domesticus) levels of EPP were lower when the social parents were

food-supplemented (Vaclav et al. 2003). The time budget of especially the female

house sparrow was affected by the availability of additional food. With extra food,

females spent more time at the nest, resulting in partners being together for a

longer period of time and consequently lower levels of EPP in the brood (Vaclav et
al. 2003). Similarly, lower levels of EPP were found in broods of food-

supplemented red-winged blackbirds (Agelaius phoeniceus; Westneat 1994).

However, in this species, males, but not females, spent more time on their

territories when extra food was available. As EPCs only occured on the female’s

territory, the increased presence of the social male on the territory allowed him to

prevent more EPCs (Westneat 1994). No effect of variation in food availability

was found on the levels of EPP in the dusky warbler (Forstmeier 2003).

To conclude, the assumptions of the constrained female hypothesis were not all

met in the reed bunting, since we did not find evidence that EPCs are female-

driven, that females gain genetic benefits through EPCs, or that females suffer

large costs in terms of decreased paternal care when engaging in EPCs.

Nevertheless, we found some support for the constrained female hypothesis, since

when paired to a young partner, old female reed buntings had higher levels of EPP

in their broods than young females. However, this does not necessarily mean that

older females can afford to seek EPCs because they are better able to raise

offspring without male assistance. Instead, when assuming that females do actively

seek EPCs, older females may have become more choosy when selecting their

extra-pair partner, or alternatively, have increased their experience in

circumventing their partner’s mate guarding (chapter 5). 

Male driven EPCs

Through EPFs, males gain obvious benefits in terms of increased reproductive

success, often without the additional cost of providing paternal care. The gains

through EPFs are generally larger than the losses in their own broods (Yezerinac et
al. 1995; Webster et al. 2001). Reed bunting males that gained EPFs produced 2.8

times as many offspring compared to males that did not gain EPFs. Realised

reproductive gain may be small due to high predation rates, but males may salvage
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some reproductive success through siring offspring in different nests (Perreault et
al. 1997). Since we used nest protection techniques during most of our study, male

reproductive success cannot be related to natural predation rates. Male reed

buntings did not gain more EPFs following a predated nest than following a

fledged nest (chapter 6). However, such a bet-hedging strategy may be followed by

all males and may not necessarily be induced by a predation event. We might

imagine that in species where the risk of predation is particularly high, there would

be strong selective advantage for those males that manage to sire young in a variety

of nests, thus spreading the risk of total failure. Interestingly, when comparing six

different ground or near ground nesting species within the family of Fringillidae,

we indeed found that high predation rates were associated with high levels of EPP

(table 9.2; figure 9.5). However, large variations in levels of EPP and nest

predation rates may be found between populations, and since in most cases both

types of data were not collected in the same population, the results must be

interpretated with care. An inter-species comparison relating nest predation risk to

levels of EPP may explain variation in EPP between species, but so far we are not

aware of any study including this variable in their analysis. 

Egg-dumping rarely occurs in reed buntings (chapter 2) and thus a female bet-

hedging strategy to compensate for predation risk is not likely. Possibly females do

not gain any benefits through engaging in EPCs, but also do not suffer any costs, in

which case a male bet-hedging strategy could be the sole driving force behind

EPCs (figure 9.1C). Previously in this chapter we have discussed that we have not

measured any large costs (i.e. reduced paternal care) or benefits (genetic benefits

for offspring) of EPP to female reed buntings. Although at this time we cannot

exclude that there are costs and benefits connected to EPP, it may be rewarding to

further investigate the possibility that male reed buntings determine extra-pair

mating behaviour as a response to high levels of predation.  
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Table 9.2. Relation between the percentage of offspring that result from extra-pair paternity
(‘%EPP’) and the percentage of nests that are predated (‘% predation’) in six related ground or
near ground nesting species belonging to the family of Fringillidae. Sample sizes are shown in
brackets.

Species % EPP % predation

Reed bunting Emberiza schoeniclus (Es) 46% (1468) 1 63% (435) 2

Yellowhammer Emberiza citrinella (Ec) 37% (123) 3 48% (845) 4

Indigo bunting Passerina cyanea (Pc) 35% (63) 5 57% (46) 6

Savannah sparrow Passerculus sandwichensis (Ps) 23% (160) 7 35% (266) 8

Song sparrow Melospiza melodia (Mm) 10% (38) 9 29% (140) 10

Corn bunting Miliaria calandra (Mc) 4% (44) 11 19% (74) 12

1 Chapter 8
2 Chapter 2; Crick et al. 1994
3 Sundberg & Dixon 1996
4 Crick et al. 1994; Stoate & Szczur 2001
5 Westneat 1990
6 Thompson et al. 1999
7 Freeman-Gallant 1996
8 Wheelwright et al. 1997
9 Smith & Zach 1979; Major & Barber 2004
10 Larison et al. 2001
11 Hartley et al. 1993
12 Hartley & Shepherd 1994; Crick et al. 1994
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Figure 9.5. Correlation between the percentage of offspring that results from extra-pair paternity
(‘%EPP’) and the percentage of nests that are predated (‘% nest predation’) in six closely related
Fringillidae species (rs = 0.94, n = 6, p = 0.005). Sample sizes, explanations to the abbreviations
and references to the different species are shown in table 9.2.
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BOX 2: Why are older males more successful in gaining within
and extra-pair fertilisations? 

The high fertilisation success of old males, both in their own and in other

broods, may be determined by several mechanisms, which are not mutually

exclusive. Since active female choice is not a prerequisite for gaining viability

genes for offspring, the first three mechanisms described below may allow

extra-pair offspring to be genetically superior to within-pair offspring

(Jennions & Petrie 2000). If females gain direct benefits for themselves rather

than genetic benefits for their offspring (# 4; see below), no differences

between within- and extra-pair offspring are expected.

1- Female choice for high quality males
Females may actively choose to copulate with older males, as is suggested for

Bullock’s orioles (Icterus galbula bullockii; Richardson & Burke 1999). Older

males will on average be of higher quality than younger males, as they have

shown to be able to survive longer (Trivers 1972; Manning 1985; Kokko &

Lindstrom 1996; Kokko 1998; but see Hansen & Price 1995). If females seek

viability genes, they may benefit from selecting older males. We found that

older males have an increased song output (chapter 3), which may be used to

attract females for EPCs. Female responsiveness may thus be influenced by

male age, reflecting male quality, but also by male song output (figure box

2.1A). 

2- Male experience
Older males may be more persistent or better able to exploit EPC oppor-

tunities, as was suggested for red-winged blackbirds (Weatherhead & Boag

1995). More experience due to ageing generally increases success, for instance

in breeding (Saether 1990), thus experience can also be expected to affect

success in gaining EPCs. Agression, persistence and frequent intrusions by

extra-pair males may increase female participation in EPCs, simply as a

response to higher costs of resistance (Dickinson 2001; figure box 2.1B,

following pathway ‘A’). However, if females generally resist all extra-pair

males, they will eventually copulate with males that are persistent or good at

forcing copulations (Westneat et al. 1990; figure box 2.1B, following pathway

‘B’). These traits may then be passed on to the next generation, leading to a

higher fitness and thus in support of the good genes hypothesis. 
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3- More sperm
Older males may be more successful through post-copulatory sperm

competition within the female reproductive tract. Older male reed buntings

have an increased sperm storage capacity (chapter 3), therefore their sperm

may be able to swamp other males’ sperm by inserting larger ejaculates (Martin

et al. 1974). Copulations may occur either following female choice (figure box

2.1A) or male experience (figure box 2.1B), but the eventual successful

fertilisation may be a result of the amount of sperm (figure box 2.1C). This

may lead to females gaining genetic benefits, if male offspring inherit the

extra-pair male’s viability genes. Increased sperm storage capacity with age

has been found in some other species as well, such as dark-eyed juncos (Junco
hyemalis; Deviche et al. 2000) and mountain white-crowned sparrows

(Zonotrichia leucophrys oriantha; Morton et al. 1990b), but not in others,

such as superb fairy-wrens (Malurus cyaneus; Mulder & Cockburn 1993).

4- Fertility insurance
Young males may suffer from functional infertility (i.e. the success of

ejaculates in fertilising eggs), resulting in females engaging in EPCs with older

males to insure against infertility of her eggs (Sheldon 1994b). Although

permanent infertility would be very strongly selected against (Birkhead &

Møller 1992), temporary infertility, low sperm counts or reduced sperm

mobility may be caused by injury, disease or malnutrition (reviewed by

Sheldon 1994b). If females seek insurance against the infertility of their

partner (i.e. direct benefit) rather than genetic benefits for their offspring,

they are likely to select older males on account of their higher sperm storage

capacity (figure box 2.1D). 

If total loss of paternity is a result of functional infertility of the social

male, as suggested for blue and great tits (Parus major; Krokene et al. 1998),

then possibly 32% of males (n = 71 males) have suffered from infertility in

our reed bunting population. This appears to be an unlikely high percentage

of males to be infertile; in comparison, 2 to 4% of males in blue and great tits

suffered from total loss of paternity (Krokene et al. 1998). The fertility

insurance hypothesis is difficult to evaluate, since studies showing opposite

results claimed their findings to be consistent with this hypothesis; nests with

mixed paternity contained more unhatched eggs in house sparrows (Passer
domesticus; Wetton & Parkin 1991), but less unhatched eggs in red-winged

blackbirds and tree swallows (Gray 1997a; Kempenaers et al. 1999).

However, egg failure may also be due to early embryo mortality, and this can

only be excluded by checking for absence of sperm on the inner perivitelline
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layers around the ovum (Birkhead et al. 1994). In tree swallows, all

unhatched eggs were fertilised (Kempenaers et al. 1999), while in house

sparrows 85% of unhatched eggs were fertilised (Birkhead et al. 1995), and

thus failed to hatch due to embryonic mortality. In reed buntings, hatching

success did not differ between nests with and without EPP (chapter 3). 

D

C

B

female qualityA

female responsiveness

male age

male song output

copulation

female quality

female responsiveness

male age

male experience in EPCs

copulation

female quality

female responsiveness

male age

male song output
male experience in EPCs

copulation

B A

B

fertilisation sperm storage

female quality

female responsiveness

male age

male song output
male experience in EPCs

copulation

fertilisation sperm storage

Figure box 2.1. Interactions between males and females possibly leading to the occurrence
of extra-pair copulations (EPCs) with old males. The width of the arrows indicate the
strength of the effect. For a detailed desription see text. Modified from Forstmeier (2004).
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De illusie van monogamie –

Patronen in het vreemdgaan gedrag van de rietgors
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Vreemdgaan gedrag bij vogels

Veel vogelsoorten vormen tijdens het voorjaar paartjes, waarna het mannetje en

vrouwtje samen zwoegen om een nest jongen groot te brengen. De hechte band die

lijkt te bestaan binnen paartjes -partners lijken elkaar vaak niet uit het oog te

verliezen- wordt door veel mensen gezien als het toonbeeld van trouw en saam-

horigheid. Dit gedrag blijkt echter minder idyllisch dan het op het eerst gezicht lijkt.

DNA onderzoek heeft aangetoond dat slechts in 14% van de onderzochte

vogelsoorten die in paren samenleven (sociale monogamie), de partners werkelijk

trouw zijn aan elkaar. Gemiddeld is 11% van de jongen in 19% van de nesten het

resultaat van ‘vreemdgaan’, hoewel de variatie tussen soorten groot is. Dit nieuwe

inzicht heeft aanzet gegeven tot een heel scala onderzoeken, die de factoren

bestuderen die aan de variatie tussen, maar ook binnen soorten, ten grondslag ligt. 

Mijn onderzoek

De hoofdpersoon van mijn onderzoek is de rietgors, een sociaal monogame

zangvogel die algemeen voorkomt in Europese rietgebieden, en zo ook in de

Nederlandse Biesbosch. Een Engels onderzoek beweert dat de rietgors één van de

extreemste soorten is als het gaat om vreemdgaan: meer dan de helft van de jongen

is afkomstig van ‘buitenechtelijke’ mannen. Mijn onderzoek bouwt voort op dit

Engelse onderzoek. In dit proefschrift maak ik gebruik van veldgegevens die ik heb

verzameld in de jaren 2002 en 2003. Mijn doel is ten eerste om te bepalen of deze

mate van vreemdgaan algemeen is voor deze soort. Ik wil dus weten of het ook

zoveel in Nederland voorkomt, of dat de populatie in Engeland een uitzondering is.

Verder zoek ik een verklaring voor het verschil in het success in vreemdgaan

tussen mannen: heeft de ene man iets wel, wat een andere man niet heeft? Wordt

het succes van een man bepaald door zijn eigen vasthoudendheid of overmacht, of is

het juist de vrouw die de keuze bepaald? Als de vrouw een actieve rol speelt bij de

keuze om wel of niet vreemd te gaan, verwacht je dat ze een afweging moet maken

tussen de voor- en nadelen daarvan. Maar wat zijn deze voor- en nadelen dan? 

Voor- en nadelen van vreemdgaan voor mannen

Voor mannen zijn de voordelen van vreemdgaan duidelijk. Met elke bevruchting

neemt het aantal jongen dat ze produceren toe, zonder dat ze meer ouderlijke zorg

hoeven te geven. De nadelen voor mannen lijken over het algemeen klein, zoals

kans op represailles van zijn vrouw of een verhoogd risico op sexueel overdraag-

bare aandoeningen.
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Voordelen van vreemdgaan voor vrouwen

Voor vrouwen zijn de voordelen echter minder voor de hand liggend: het aantal

jongen dat zij produceert zal niet groter worden doordat ze buitenechtelijk zijn of

niet. Wel kiest de vrouw meestal zelf voor wel of niet copuleren met een man.

Doordat de meeste vogelsoorten geen orgaan hebben om het sperma in het

lichaam van de vrouw te brengen (bv een penis), is de medewerking van de vrouw

nodig om inseminatie van sperma succesvol te laten verlopen. Bij  sommige

vogelsoorten is ook gezien dat vrouwen zelf actief op zoek gaan naar een

buitenechtelijke partner. Zodoende wordt algemeen aangenomen dat er aan

vreemdgaan wel degelijk voordelen voor vrouwen kunnen zitten. 

Er bestaan twee type voordelen: de directe voordelen die goed zijn voor de

vrouw zelf, en de genetische voordelen die goed zijn voor de nakomelingen van de

vrouw. Tot nu toe zijn er in weinig soorten aanwijzingen gevonden dat vrouwen

zelf voordeel krijgen van het vreemdgaan. Voorbeelden hiervan zijn toegang

krijgen tot betere foerageer gebieden, hulp krijgen bij de bescherming van het nest

tegen predatoren, of de garantie dat alle eieren bevrucht zullen zijn. Meer

onderzoeksresultaten wijzen op het verkrijgen van genetisch voordeel voor de

nakomelingen, waardoor buitenechtelijke jongen harder groeien of beter overleven

dan hun binnenechtelijke halfbroers en -zussen. In het geval dat de sociale man van

lage kwaliteit is, kan een vrouw door vreemd te gaan met een een betere kwaliteit

man, wel zogenaamde ‘goede genen’ verkrijgen voor haar jongen. Men spreekt van

genetische compatibiliteit, wanneer het uiteindelijke voordeel van de jongen niet

afhangt van alleen de genen van de man, maar van de combinatie van genen van

de man en de vrouw samen.

In hoofdstukken 2 en 3 kijken we welk van de bestaande theorien met betrek-

king tot voordelen voor de vrouw het meest van toepassing lijken te zijn op

rietgorzen. In hoofdstuk 2 blijkt dat er mogelijk genetische voordelen zijn uit de

consistentie in buitenechtelijk vaderschap tussen legsels van individuen, maar dit

kan niet onomstotelijk worden bewezen. Er blijken meer nesten zonder buiten-

echtelijke jongen te zijn dan dat je zou verwachten op basis van willekeurig

vreemdgaan gedrag, wat suggereert dat een aantal vrouwen niet vreemdgaat.

Mogelijk zijn deze vrouwen gepaard met een goede kwaliteit man. Dit wordt

ondersteund door de bevinding dat mannen die veel eieren bevruchten in hun

eigen nest, ook meer eieren lijken te bevruchten in andermans nesten. Dit resultaat

is echter maar in één van de twee jaren gevonden. 

In hoofdstuk 3 onderzoeken we of de verschillen in vreemdgaan tussen man-nen

gerelateerd zijn aan mannelijke eigenschappen, zoals leeftijd, gewicht, grootte,

borstvlek omvang, zang en hoeveelheid beschikbaar sperma. Het blijkt dat oude

rietgorzen meer succes hebben in het bevruchten van eieren, zowel in hun eigen nest

als in andermans nesten. Dit kan een resultaat zijn van drie mogelijke mechanismen:
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ten eerste kunnen vrouwen een voorkeur hebben voor oudere mannen, aangezien

hun overleving wijst op een goede kwaliteit genen. Ten tweede is het succes van de

oudere mannen te verklaren met hun langere ervaring in vreemdgaan. Ten derde

hebben oudere mannen meer sperma beschikbaar, met een grotere kans op

bevruchting als gevolg. Vrouwen met een minder vruchtbare partner kunnen door

vreemd te gaan met een oudere man onvruchtbaarheid van de eieren beperken. 

Als vrouwen vreemdgaan omwille van de genetische voordelen voor hun

nakomelingen, dan moeten er meetbare verschillen zijn tussen buitenechtelijke

jongen en hun halfbroers en –zussen. Het verschil dat het belangrijkst is te meten is

het verschil in hun toekomstige voortplantings succes. Helaas is dit gegeven

moeilijk meetbaar. Uitgevlogen jonge rietgorzen komen meestal niet terug naar het

geboorte gebied om te broeden. Als alternatief hebben we korte termijn verschillen

gemeten, zoals groei van de jongen in het nest en overleving tot uitvliegen. Hieruit

blijkt dat buitenechtelijke jongen eerder uit het ei komen dan binnenechtelijke

jongen, waardoor ze wat ouder zijn. Eerder uitkomen zou dus een betere

concurrentie positie in het nest kunnen bieden. De mannen lijken hun strategie

daarop aan te passen, want buitenechtelijke mannen proberen het vaakst vlak voor

de eileg in het territorium van een vruchtbaar vrouwtje te dringen. Dit maakt de

kans dat ze de eerste eieren in het legsel bevruchten het grootst, die waarschijnlijk

ook het eerste uitkomen. Wij hebben echter nog niet vast kunnen stellen dat

eerder uitgekomen eieren ook inderdaad betere kansen hebben. Om die reden

kunnen we op dit moment geen uitsluitsel geven over hoe vreemdgaan in het

voordeel van de vrouw werkt. 

Kosten van vreemdgaan voor vrouwen 

Het veel energie kost om ouderzorg te geven. Daarom is het te verwachten dat

mannen minder zorgen voor jongen waarvan ze niet zelf de vader zijn. Bij twijfel

over wie de werkelijke vader is, kan een man  - afhankelijk van zijn vermogen om

zijn eigen nakomelingen te herkennen - de hoeveelheid zorg aan het hele broedsel

verminderen, of onderscheid maken tussen zijn eigen en andermans jongen en

vervolgens vooral voor zijn eigen kinderen zorgen. In beide gevallen zal de

verminderde zorg nadelig zijn voor de vrouw, aangezien dit kan leiden tot lagere

overleving van haar jongen, of een lagere overleving voor haarzelf wanneer ze

voor de verminderde zorg compenseert.

Een Engelse studie aan rietgorzen toont een van de beste voorbeelden uit de

literatuur van verminderde vaderzorg voor het gehele broedsel. Wanneer een paar-

tje twee broedsels grootbrengt binnen een seizoen, blijkt dat de man meer voer

brengt naar het broedsel waarin hij van meer jongen de vader is. We hebben deze

studie herhaald in de Nederlandse populatie, wat wordt beschreven in hoofdstuk 4.
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Tot onze verrassing vinden we in onze populatie geen verband tussen de

hoeveelheid zorg die de man geeft, en het aandeel jongen waarvan hij de

biologische vader is. Het blijft onduidelijk waar dit verschil tussen de twee

populaties vandaan komt. In ieder geval maken mannen bij het voeren van de

jongen geen onderscheid tussen hun eigen nakomelingen en de buitenechtelijke

nakomelingen; beide krijgen gemiddeld even veel voer. Blijkbaar zijn rietgors-

mannen niet in staat hun eigen kinderen te herkennen.

Beperkingen aan vreemdgaan gedrag

Tegenwoordig wordt vaak aangenomen dat buitenechtelijk vaderschap het

resultaat is van de actieve keuze van de vrouw om vreemd te gaan of niet. Het is

echter niet waarschijnlijk dat vrouwen vrij zijn in die keuze: buitenechtelijk

vaderschap is het resultaat van de interactie tussen minstens drie individuen (de

vrouw, haar partner en de buitenechtelijke man) met vaak tegengestelde belangen. 

In hoofdstuk 5 tonen we het belang van de leeftijd van de partner voor de

interactie binnen een paar. Oude rietgors-vrouwen hebben meer buitenechtelijke

jongen in hun broedsel dan jonge vrouwen, als ze gepaard zijn met een jonge

man. Er zijn verschillende verklaringen mogelijk: (1) oude vrouwen zijn

kieskeuriger en niet tevreden met de kwaliteit van hun jonge partner, of (2) oude

vrouwen hebben meer ervaring in het aan de aandacht ontsnappen van hun jonge

partner. Blijkbaar zijn zowel jonge als oude vrouwen die met een oude man

gepaard zijn tevreden met hun partner, of worden zij door zijn ervaring van

vreemdgaan weerhouden. 

In hoofdstuk 6 bepalen we  het effect van dichtheid en synchroniteit van het

broeden op het voorkomen van buitenechtelijk vaderschap. Deze factoren beïn-

vloeden het aantal interacties tussen individuen en het aantal potentiële

buitenechtelijke partners binnen bereik. Vreemdgaan komt echter niet vaker voor

in delen van het gebied waar rietgorzen dichter op elkaar zitten of waar buren

meer of minder synchroon broeden. Ondersteuning ontbreekt ook voor onze

verwachting dat na predatie van het eerste nest individuen meer gemotiveerd zijn

om vreemd te gaan voor het vervolglegsel. 

Het vreemdgaan gedrag van rietgorzen wordt wel beperkt door slechte

weersomstandigheden. In hoofdstuk 7 blijkt dat minder vreemdgaan samenvalt

met een hogere nachttemperatuur en meer regenval. Bij regenachtig weer proberen

naar verwachting zowel mannen als vrouwen droog te blijven. Bij koud weer

worden juist tijdrovende activiteiten zoals het bewaken van de vrouw om

vreemdgaan te voorkomen, beperkt om meer voedsel te kunnen zoeken. De vrouw

heeft bij koud weer meer de gelegenheid om (snel) vreemd te gaan, omdat bij

relatief warm weer ze volop bewaakt wordt door haar partner.  
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Tot slot…

Inmiddels zijn er zes verschillende studies die op zes verschillende locaties in

Europa onderzoek hebben gedaan naar het vreemdgaan gedrag van de rietgors. In

hoofdstuk 8 heb ik de belangrijkste resultaten van deze studies op een rijtje gezet.

Uit deze vergelijking blijkt dat veel patronen  in het vreemdgaan gedrag van

rietgorzen onderling vergelijkbaar zijn. De variatie in het voorkomen van

buitenechtelijk vaderschap tussen jaren, maar binnen een populatie, lijkt even

groot als dezelfde variatie tussen populaties.

In het laatste hoofdstuk (hoofdstuk 9) bespreek ik het vreemdgaan gedrag van

rietgorzen vanuit het vrouwelijk en mannelijk perspectief tegen de achtergrond van

bestaande theorieën. Met name het mannelijk perspectief lijkt nieuw inzicht te

bieden. Wanneer nesten vaak gepredeerd worden (zoals bij de rietgors), hebben

mannen die veel vreemdgaan en hun genen spreiden over verschillende nesten een

grotere kans op volwassen nakomelingen dan mannen die  weinig vreemdgaan. Dit

idee wordt ondersteund door een voorlopige analyse van zes verwante soorten:

hoge nest predatie druk gaat hand in hand met frequent buitenechtelijk

vaderschap. Mogelijk zijn de mannen toch de drijvende kracht achter het

vreemdgaan gedrag in de rietgors. 
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Zegt de ene rietgors-onderzoeker tegen de andere: “The people who study things

like Blue Tits that nest in holes have no idea how difficult it is in the real world of

ground nesting birds.” (email Graeme Buchanan).

Wanneer je als net beginnende AIO een PhD thesis over rietgorzen onder ogen

krijgt met op de eerste pagina de boodschap “The Nightmare Ends”, vraag je je

toch wel even af waar je aan begonnen bent. Dat het toch nog allemaal

goedgekomen is, is mede te danken aan de hulp van veel mensen, waarvan ik een

aantal specifiek wil noemen in enigszins chronologische volgorde. Als eerste wil ik

Jan Komdeur noemen, die vanaf het begin van dit project betrokken is geweest als

begeleider en later ook als promotor. Zijn enthousiasme en stimulatie lijken

oneindig, en de drempel om even binnen te lopen om wat te vragen is altijd laag. 

Ook al heeft inmiddels de Biesbosch als ‘prime-time’ rietgors gebied de

gedachte aan de Lauwersmeer al lang verdrongen, de basis van mijn onderzoek is

toch in de Lauwersmeer gelegd. Staatsbosbeheer gaf me de gelegenheid eerst in de

Kollumerwaard aan de slag te gaan. In de Lauwersmeer zorgde boswachter Jan

Willems voor de praktische zaken, zoals het regelen van ons schaftkeetje als schuil-

plaats tegen wind en regen. De eerste rietgorzen werden er gemistnet onder scherp

toeziend oog van Ulbe Rypma en Karen Blaakmeer (na een eerdere demonstratie

op het BC waar helaas weinig rietgorzen zaten). Het grid van bamboepalen werd

door Marcel Edelenbosch op de centimeter nauwkeurig uitgezet, iets wat ik in de

Biesbosch zonder hem niet heb kunnen herhalen. Het leven op de kazerne werd

aanzienlijk veraangenaamd door de aanwezigheid van de koolmezengroep op de

kazerne en de BBQs bij de kokmeeuwenclub niet ver weg in Pieterburen.

Ook al bracht de MKZ veel ellende en narigheid voor mens en dier, toch

bracht het voor mij ook een lichtpuntje. De uitbraak bij Anjum en Ee maakte het

zoeken van een nieuw (en beter) veldgebied of zelfs een nieuw project wel heel

acuut nodig. Tijdens deze periode hebben vooral Simon Verhulst en Rudi Drent

mij advies gegeven over welke weg te vervolgen. Ik ben blij dat ik doorgegaan ben

met de rietgorzen, en wel in een nieuw onderzoeksgebied in de Biesbosch. Bart

Weel gaf me de vrije teugel in het zoeken van een geschikt plek, en Theo Muuse

gaf (naast vele vogeltips) de gouden tip: ga eens kijken op de Noorderplaat. De

Biokeet in De Dood werd mijn tweede thuis en Dirk Feij en Ellie mijn zeer

gewaardeerde buren. Verscheidene keren zijn we door hen gered, wanneer we met

schipbreuk ergens gestrand waren. Geen moeite was ooit teveel, en “effe

rommelen” is inmiddels een legendarisch begrip geworden. Geroemd zij Staatsbos-

beheer om hun schaftkeetjes, want ook op de Noorderplaat verscheen er weer één.

Ook hebben we in 2001 kosteloos gebruik mogen maken van ‘het pruttelbakkie’

en hebben we materiaal en gereedschap kunnen gebruiken voor het maken van

omheiningen (waar we de koeien buiten en de rietgorzen binnen pro-beerden te

houden). Oki van de commandotroepen op de Noorderplaat heeft ons veel tijd en
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energie bespaard door het fabriceren van bruggetjes over de sloten en het

onderscheppen van gejatte bamboepalen.

Elk jaar hebben studenten van de cursus dierecologie vele lange uren zoet

gebracht met het zoeken naar nesten; zonder de hulp van Trineke, Casper,

Carmen, René, Jan, Leonie en Suzette, zou mijn steekproef een stuk kleiner

geweest zijn! Marieke, Lisa en Jonneke trotseerden de kou en regen in de
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