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Abstract

Parental care is costly, and in many organisms, the male or the female par-

ent benefits from reducing its own care which may be compensated for by

its mate. One of the parents may even face all costs of parental care if its

mate deserts and leaves him/her to care for the offspring alone. Theoreti-

cal models have generated contrasting predictions as to how parents nego-

tiate a resolution of this sexual conflict over care, although empirical tests

are largely lacking. We investigated pre-desertion behaviour (nest atten-

dance) of a highly polygamous passerine, the Eurasian penduline tit

(Remiz pendulinus) that exhibits intense sexual conflict over care culminat-

ing in clutch desertion by the male, by the female or by both parents. We

conjectured that nest attendance of parents should predict desertion, so

that the lack of care provided by the deserting parent may be compensated

for. By analysing over 200 000 video frames (2.50 ± 1.36 d per pair,

302 ± 170 min/d) of 20 pairs, we show that nest desertion is not a gradual

process and cannot be predicted by nest attendance. These results are con-

sistent with the argument that the predictable desertion may not be evo-

lutionarily stable, and suggest that male and female penduline tits do not

negotiate clutch desertion.

Introduction

The behaviour of both males and females plays a

major role in the evolution of breeding systems and

parental care (Clutton-Brock 1991; Lessells 1999;

Houston et al. 2005; Alonzo & Sheldon 2010). Given

that both parents benefit from having offspring, but

each pays a cost, the interests of males and females

over care are often divergent (sexual conflict over

care; Trivers 1972; Arnqvist & Rowe 2005; Houston

et al. 2005; van Dijk & Székely 2008; McGraw et al.

2010). Interactions between parents during nest

building, incubation or feeding of young are seen as

opportunities for negotiation and have been suggested

to mediate conflict resolution between parents

(Székely et al. 1996; Houston et al. 2005; Johnstone

& Hinde 2006). The outcome of these negotiations

and the extent to which parents respond to each other

vary widely both across and within species from com-

plete insensitivity to the partner’s behaviour (Steineg-

ger & Taborsky 2007) to a matched (Hinde 2006) or a

compensatory response (Griggio & Pilastro 2007;

reviewed by Harrison et al. 2009). These diverse out-

comes depend in part on whether parents monitor the

offspring’s need and/or quality through the behaviour

of their mate (Johnstone & Hinde 2006). Other poten-

tial explanations are the antipodal predictions as to

whether parents should adjust their behaviour in

relation to future parental investment by, for exam-

ple, reducing offspring provisioning to save resources

which may then be invested in future reproductive

bouts (Beissinger 1987; Bell et al. 2010), or whether

they would be better off disguising their parental care

decisions (see Kokko 1998).

Understanding the precise details of parental inter-

actions is essential as they can influence the outcome

of parental care decisions, for instance through nego-

tiation, which typically leads to less parental effort

(McNamara et al. 2003; McGraw et al. 2010). Paren-

tal interactions have received substantial theoretical
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attention (Houston et al. 2005; Johnstone & Hinde

2006) that produced different predictions depending

on the type of interaction, such as the negotiation vs.

‘sealed bid’ models; sealed bid models assume that

each parent chooses a level of parental care indepen-

dently of the effort of its mate (Schwagmeyer et al.

2002; McGraw et al. 2010). In addition to the social

environment, which includes parental interactions as

well as interactions with competitors or future mates,

also the non-social environment in which the interac-

tions take place may have an important influence on

the outcome of parental interactions. For instance, if

food is sparsely available, both parents may be

required to raise the offspring successfully, limiting

the opportunity to desert and remate (Houston &

McNamara 1999; Kelly & Alonzo 2010; McGraw et al.

2010). However, empirical investigations of the pre-

dictions as to whether parents should negotiate care

or whether they should play a sealed bid and how this

depends on the environment are rare. The only two

detailed studies of pre-desertion behaviour we are

aware of were carried out in snail kites, Rostrhamus

sociabilis, (Beissinger 1987) and in rock sparrows,

Petronia petronia, (Griggio & Venuto 2007), both spe-

cies in which either the male or the female deserts the

brood.

The parents’ behaviour may reveal their decision to

abandon the young if there is a time difference

between the decision to desert and actual desertion.

This would be the case if premature desertion by

either parent negatively influences the parents’ fit-

ness, for instance through increased mortality of the

offspring. A study in snail kites, for example, sup-

ported the argument that a parent’s behaviour may

reveal a decision to desert, since nestling provisioning

prior to desertion was reduced by the would-be deser-

ter (Beissinger 1987). In species where offspring pro-

visioning by the male has important implications for

female fitness, a strong selection by females on males

that reliably signal their parental quality is expected

(Hoelzer 1989; Møller & Jennions 2001). The study

on rock sparrows showed that deserting males

guarded their mates more than males that provided

care (Griggio & Venuto 2007). Although this may not

necessarily benefit the female directly, as she may lose

out on extra-pair mating opportunities, the female

may use the male’s mate-guarding behaviour to assess

his likelihood that he will desert her. The male thus

reveals its decision to desert through increased mate-

guarding, thereby potentially providing the female

with the opportunity to compensate for the male’s

reduced parental care (Hinde & Kilner 2007; Wiebe

2010). Male rock sparrows also guarded their desert-

ing females more than caring females. This suggests

that females may also reveal their decision to desert

the brood (Griggio & Venuto 2007).

Here, we focus on pre-desertion behaviour of Eur-

asian penduline tit, Remiz pendulinus, an ecological

model species of sexual conflict over care. This species

has an extremely diverse breeding system – a com-

mon trait across five European populations (van Dijk

et al. 2010a) – that is consistent with intense sexual

conflict over care (Arnqvist & Rowe 2005; Szentirmai

et al. 2007). Both males and females are highly polyg-

amous (up to six mates sequentially in a single breed-

ing season), and the male (at 5–20% of nests), the

female (50–70%) or both (30–40%) desert the clutch

at about the third day of the egg-laying process before

incubation commences in all populations that have

been studied to date (Persson & Öhrström 1989; van

Dijk et al. 2010a). Therefore, at the time of desertion,

their elaborate, domed nest is in a near final stage and

contains about three eggs (van Dijk et al. 2008). The

consistency observed in several populations over a

number of years on the frequency and timing of

desertion makes mortality or disturbance unlikely

explanations for desertion. Incubation and brood care

in this species are always carried out by one parent

only, either by the male or by the female (Persson &

Öhrström 1989; Szentirmai et al. 2007; van Dijk et al.

2010a).

As clutch desertion by one parent in penduline tits

is likely to have ramifications on the fitness of the

deserted mate (Møller & Jennions 2001; van Dijk

et al. 2012), we conjectured that the deserting parent

benefits if its desertion can be predicted. On the one

hand, the deserting parent may reduce its parental

investment prior to desertion to save resources for

future breeding or survival (Beissinger 1987). The

deserted parent may then compensate for the lack of

investment by its partner. Alternatively, the deserting

parent may increase its investment into reproduction

prior to desertion, so as to compensate for the lack of

care it is going to provide once he or she deserted, and

thus potentially enhance survival prospects of the off-

spring that will be cared for by its mate. We therefore

predicted that the behaviour of the would-be deserter

and its mate changes nearer desertion, and behaviour

should therefore predict whether the male, the female

or both parents desert the clutch. One assumption of

the latter prediction is that there is a minimum period

for either parent during which it is beneficial to stay

with its partner. This assumption seems realistic, as

for males, there may be a minimum period required

to ensure paternity over the offspring and to ensure

the female will initiate egg-laying and complete the
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clutch. Females on the other hand may benefit from a

prolonged pair bond by laying additional eggs, which

may be subsequently cared for by the male (Arnqvist

& Rowe 2005; van Dijk et al. 2010b). However, if the

decision to desert would be followed immediately by

the actual desertion, then we would not observe a

change in the parents’ behaviour prior to desertion.

This may also benefit the deserting parent by not giv-

ing the partner the chance to pre-empt to be deserted

(Houston et al. 2005).

Using course behavioural records (about 2 h/d),

van Dijk et al. (2007) showed that neither vocal

behaviour nor nest building predicts nest desertion in

Eurasian penduline tits. The low resolution of

behavioural records, however, may not have been

sufficient to detect subtle changes in behaviour

towards desertion; nest building behaviour, for

instance, might decrease only a few hours before

desertion takes place. To test the proposition that the

behaviour of parents changes nearer desertion, we

carried out a detailed pre-desertion behavioural study

by recording nest attendance of mated penduline tits

until desertion by one (or both) parent(s) occurred.

Nest building, either inside or outside of the nest, is

the most time-consuming activity at the nest: during

the day, males and females spent about twenty per

cent of their time on nest building, excluding the time

spent searching for nest material (males and females

spent about two-third of their time away from the

nest), whereas less than five per cent of time is spent

on, for instance, vocalisations (R.E. van Dijk, I. Szen-

tirmai, J. Komdeur and T. Székely, unpublished data).

Nest building is therefore a candidate behaviour to be

traded-off against other activities such as looking for

future mates or saving resources for future breeding

attempts. It is also a behaviour directly associated with

the progress of egg-laying and thus the process of

desertion: desertion takes place at about third day of

egg-laying (van Dijk et al. 2008), and egg-laying com-

mences when the nest is in a certain stage of construc-

tion (Szentirmai et al. 2005).

Methods

Study Site and Data Collection

Fieldwork was conducted in a 1321 ha reed-marsh,

Fehértó, in southern Hungary (46°19′N 20°6′E)
between April and August in 2006 and 2007. We used

standard field methods as described in our Field Proto-

col (http://www.bath.ac.uk/bio-sci/biodiversity-lab/

pdfs/PT_%20Field%20Guide_1_2.pdf) to search for

and check nests, to trap penduline tits using mist nets

and to observe them. To avoid nest abandonment,

trapping was only performed at nests that were in

advanced stages of building and never lasted longer

than 30 min. Handling of the birds was carried out

with routinely used, harmless methods, and all birds

were released into the wild. Nest desertion patterns

are not influenced by these activities (I. Szentirmai, R.

E. van Dijk and T. Székely, unpublished data, van Dijk

et al. 2010a). Our research methods conformed to the

Hungarian legal requirements and permits were pro-

vided by the Kiskunság National Park (ref: 23864-2-3/

2006, 23864-3-2/2007).

We investigated nest attendance by male and

female penduline tits using a time-lapse video camera

(Sony DCR-HC44E with 129 optical zoom), set up at

approximately 10 m from the nest. This stored one

picture every 5-s during daylight hours from pair for-

mation until nest desertion (2.50 ± 1.36 d of video

recordings per pair, 302 ± 170 min/d, n = 20 pairs).

A total sample of 232,816 frames was analysed frame

by frame by one observer (REvD) using MATLAB

v.6.5, coding presence on (or inside) the nest as: (i)

male-only, (ii) female-only, (iii) both male and female

or (iv) absence of both parents.

Males and females are sexually dimorphic with

males having larger masks and lighter crown feath-

ers, and darker coloured breast and mantle feathers

than females (Kingma et al. 2008). To distinguish the

pair from potential intruders, we used colour rings

(which were read at 39.3% of video frames), individ-

ual differences in plumage (Kingma et al. 2008) and

behaviour (e.g. intruders are often on the outside of

the nest and build very little). When bird’s identity

was ambiguous (7.4% of frames), these frames were

removed from the data set before analyses. Intruders

usually leave the nest as soon as the resident male or

female arrives. During regular nest checks and

behavioural observations carried out for a previous

study (van Dijk et al. 2007), we observed no interac-

tions, or copulations, with intruding birds, other than

a resident bird successfully chasing the intruder away

from the nest. Although 23.5% of offspring is sired

by an extra-pair male, cuckoldry is not associated

with nest desertion (van Dijk et al. 2010b). If a par-

ent had not been observed at the nest for at least

1 h, it was classified as ‘deserted’. One hour is suffi-

cient to score the presence of parents and establish

permanent desertion: none of the birds classified as

‘deserted’ was observed at the nest afterwards (van

Dijk et al. 2007; van Dijk et al. 2010a). We only

included pre-desertion records in the current study,

although recordings were decoded until at least 1 h

after desertion.
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R. E. van Dijk, J. Komdeur & T. Székely Nest Attendance and the Resolution of Sexual Conflict



Data Analyses

We calculated nest attendance separately for males

and females, as well as synchronous nest attendance,

as the percentage of their time spent at the nest.

Given the non-independence of data on nest atten-

dance within nests, we used linear mixed models

(LMMs) with restricted maximum likelihood to pre-

dict nest attendance. Nest attendance was square-root

transformed prior to analyses to achieve a normal

error distribution. Parental strategy (care or desert)

and time before desertion were entered as fixed

effects, and nest ID as the random variable to account

for the pseudoreplication introduced by the statistical

non-independence of multiple periods per nest. Year

was not significant (p > 0.379) and excluded from

final models. In the LMMs data, up to 48 h before

desertion were included to increase the number of

nests per time period. The resolution of the time

before desertion consisted of 2-h periods for analyses

concerning 48 and 24 h before desertion, and of

30-min periods for analyses concerning the final 3 h

before desertion. For each time period, the mean nest

attendance of the male, of the female and of both syn-

chronously was calculated. The 30-min periods for

the final 3 h before desertion were chosen to increase

the resolution of data on nest attendance within the

brief period of 3 h while keeping a robust value for

mean nest attendance per time period since too short

time periods would result in highly fluctuating mean

nest attendances.

We used binary logistic regression models to investi-

gate if male and female strategy (care or desert) was

predicted by percentage of male and female nest

attendance, or by the percentage of time the male and

female spend at the nest simultaneously (Hosmer-

Lemeshow’s goodness-of-fit, p > 0.141). Statistical

analyses were performed using SPSS 17.0 (SPSS Inc.,

USA), except for the LMMs which were performed

using the package nlme in R (R Development Core

Team, 2010).

Results

Five nests of 20 were deserted by the female, seven by

the male, and eight nests were deserted by both par-

ents. Biparental desertion was a rapid process. At four

of eight biparentally deserted nests, we knew the time

of desertion of both parents: the median difference

between desertion of first and second parents was 3 h

11 min 15 s (minimum 25 s, maximum 24 h

21 min 5 s). At an additional biparentally deserted

nest, we knew the time of desertion of the female, but

not of the male. Three nests were deserted first by the

female, and two nests first by the male.

Males attended the nest for 17.9 ± 7.1% of time,

females for 16.7 ± 6.3%, and synchronous nest atten-

dance was rare with 0.2 ± 0.3%. Nest attendance did

not predict whether the male, the female or both

deserted the nest. Firstly, nest attendance neither by

males nor by females changed nearer desertion

(Table 1). This conclusion remained unchanged when

we restricted the analyses to 24 h (male nest atten-

dance: p = 0.350, n = 18 nests) or 3 h before deser-

tion takes place (male nest attendance: p = 0.127,

n = 13; female nest attendance: p = 0.475, n = 13),

except for female nest attendance for the 24-h

data set, which showed a slight, but significant

increase towards desertion (0.07 ± 0.03 (model effect

estimate ± SE), df = 55, t = 2.251, p = 0.028, n = 18).

Secondly, male, female and simultaneous nest atten-

dance by male and female, did not predict whether

the male or female parent deserted the nest (Fig. 1,

Table 2).

Discussion

This study provided two key results. Firstly, biparental

desertion was a rapid process so that both parents

deserted shortly after one another. Secondly, nest

attendance behaviour of neither male nor female pen-

duline tits changed nearer desertion. These results

contrast with previous studies in which would-be

deserters reduced their nestling provisioning (snail

kites; Beissinger 1987), or carried out more intensive

mate-guarding (rock sparrows; Griggio & Venuto

2007).

We suggest three explanations for the difference

between these studies and ours. Firstly, revealing the

decision to desert may not be evolutionarily stable if

the costs of signalling are high. For instance, the mate

Table 1: Nest attendance (% of time) by (a) male or (b) female Eurasian

penduline tits in response to parental strategies (care or desert) and

time before desertion takes place. Predicted effect sizes and standard

errors are given (n = 20 pairs)

Model effect

estimate (±SE) df t p

(a)

Male parental strategy 0.58 ± 0.58 18 1.006 0.328

Time before desertion �0.01 ± 0.01 104 1.207 0.230

(b)

Female parental strategy 0.30 ± 0.40 18 0.764 0.455

Time before desertion 0.00 ± 0.01 104 0.373 0.710
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of a would-be deserter may attempt to interfere and/

or pre-emptively desert to prevent its partner from

deserting, thereby leaving the costs of care, such as

missed mating opportunities or reduced future sur-

vival, to the partner (Clutton-Brock 1991; Houston

et al. 2005; Dobbs et al. 2006). Which of the two con-

trasting predictions, revealing or concealing a decision

to desert, should be expected to prevail, may depend

on the environment in which parental interactions

and subsequent desertion take place. For instance, in

an environment where mating opportunities for both

sexes are high, which is often true for Eurasian pen-

duline tits (Szentirmai et al. 2007; van Dijk et al.

2010a), a parent should not reveal its decision to des-

ert in order to prevent pre-emptive desertion by its

mate. If mating opportunity for only one sex is high,

however, revealing a decision to desert by the sex

with mating opportunities may allow the part-

ner, which is less likely to pre-emptively desert, to

compensate sufficiently for the reduction in parental

care.

Secondly, male and female penduline tits are

sequentially polygamous and there is a race for new

mates, whereas desertion is facultative in both snail

kites and rock sparrows, and when it takes place, it

only results in two broods in a season (Beissinger

1987; Pilastro et al. 2001). Penduline tits desert only

a few days after pair formation (van Dijk et al.

2007), whereas both snail kites and rock sparrows

desert during the brood-rearing period (Beissinger

1987; Pilastro et al. 2001). For these reasons, pendu-

line tits have a substantially shorter time window to

interact and may thus make decisions to care or des-

ert much faster than do snail kites or rock sparrows.

Although individual traits, such as the size of the

mask (van Dijk et al. 2010c), may be assessed

quickly, nest building behaviour and egg characteris-

tics may only be assessed nearer the time of deser-

tion. Additionally, as both males and females may

desert, delaying desertion may result in being

deserted.

Finally, extra-pair paternity was related to polyg-

amy in rock sparrows (Pilastro et al. 2002), whereas

cuckoldry was not associated with sequential polyg-

amy in penduline tits (van Dijk et al. 2010b). This

could explain why mate-guarding behaviour in the

rock sparrow would predict desertion in the rock spar-

row, but not in penduline tits. In this study, simulta-

neous nest attendance, reflecting mate-guarding,

would be expected to be positively associated with

nest desertion by the male, so as to ensure paternity

over the eggs that will be laid by the female after his

desertion (van Dijk et al. 2010b). As we show in this

study, nest attendance did not predict desertion.

Theoretical models predict that parents negotiate

the amount of parental care (McNamara et al. 1999;

Houston et al. 2005). Although the behaviour of

Eurasian penduline tit parents is unlikely to be inde-

pendent of that of their partner (McNamara et al.

2002), the results we present here suggest that Eur-

asian penduline tits do not negotiate about nest

desertion. Accordingly, we showed previously that

although the decision to care or desert is predicted by

the individual’s own condition and attractiveness

and thus appears state-dependent, these traits do not

predict the partner’s parental care decision (Wright &

Cuthill 1990; Barta et al. 2002; Bleeker et al. 2005;

van Dijk et al. 2010c). Instead, van Dijk et al. (2012)

showed that an individual’s expected reproductive

payoff of a given decision about parental care pre-

dicts the resolution of sexual conflict over parental

care.

Table 2: Parental care strategy in response to male and female nest

attendance (% of time; see Fig. 1). Predicted effect sizes and standard

errors are given (n = 20 pairs, df = 1)

Attendance

Model effect

estimate (±SE) Wald p

Male strategy (care vs. desert)

Male �0.055 ± 0.075 0.526 0.468

Female 0.027 ± 0.087 0.094 0.759

Male and female 1.222 ± 1.888 0.419 0.517

Female strategy (care vs. desert)

Male �0.090 ± 0.075 1.442 0.230

Female 0.007 ± 0.082 0.007 0.934

Male and female 0.073 ± 1.770 0.002 0.967
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Fig. 1: Male and female nest attendance (% of time) in regard to paren-

tal strategies (male and female desertion including biparental desertion;

n = 20 pairs), comparing (a) nests at which the male deserts (white;

n = 15) or cares (grey; n = 5; binary logistic regression, p > 0.468), and

(b) nests at which the female deserts (white; n = 13) or cares (grey;

n = 7; p > 0.230; see further details in Table 2). Boxplots indicate the

median, the interquartile range, the maximum and minimum values

excluding outliers, and outliers.
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The decision to care or desert in penduline tits is

thus more likely a ‘single-shot’, rapid decision by

each parent, rather than a result of a sequence of

interactions, and quickly followed by actual deser-

tion. However, monitoring the mate’s behaviour on a

fine-scale has previously been suggested for other

species, including the St Peter’s fish, Sarotherodon

galilaeus. In this system, the fertilised eggs are left on

the ground before either parent may pick them up

and start the oral incubation. The other parent, i.e.

either the male or the female, may desert at this stage

and leave their mate to provide all parental care,

while in some cases, both parents desert the eggs

(Balshine-Earn & Earn 1997). In the pied babbler,

Turdoides bicolor, a cooperatively breeding bird, mem-

bers of a group exchanged information about, and

thus actively signal, future contributions to coopera-

tive effort, which was then anticipated, influencing

the levels of cooperative behaviour of others (Bell

et al. 2010). The latter study emphasises the signifi-

cance of process in behavioural decisions. We argue

that fine-tuning of interactions may depend on the

type of behaviour. For future work, it will be interest-

ing to test whether cooperatively breeding animals

are more likely to reveal future contributions to

shared interests than animals that exhibit conflicting

interests.

The question whether parents should negotiate

over care or not is relevant beyond the resolution of

sexual conflicts, for instance to breeding system evo-

lution. Parental care and mating systems associated

with one another (Owens & Bennett 1997; De Vleesc-

houwer et al. 2000; Thomas & Székely 2005), and

therefore, a better understanding of whether parents

should exchange information about care provisioning

will be important to reveal how a feedback between

care provisioning and level of polygamy influences

the evolution of breeding systems.

In conclusion, our results are consistent with the

argument that the behaviour of penduline tit parents

should not predict their decision to desert and that

instead nest desertion is a rapid process. Given that

the behaviour of parents likely depends on the part-

ner, further works are needed to unravel how subtle

adjustments of behaviour influence the resolution of

sexual conflict over care, and how common and wide-

spread negotiations over care are. Vocal behaviour

(singing, calling) and/or nuptial courtships could be

candidate traits advertising the parent’s commitment

to provide care (but see van Dijk et al. 2007).

Research on parental interactions, including experi-

mental manipulation of parental behaviour prior to

desertion, such as mate removal, remains important

and will provide further insight into how parents

decide about parental care.
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Tits Remiz pendulinus: the process of clutch desertion.

Ibis 149, 530—534.

van Dijk, R. E., Komdeur, J., van der Velde, M., Szentir-

mai, I., Yang, X. T., Ffrench-Constant, R. & Székely, T.
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