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Electing to invest in parental care is an adaptive decision thought to 
involve a trade-off between remating and continuing parental effort. The 
rock sparrow, Petronia petronia, is an unusual species in which parental 
investment is highly variable and both sexes may desert the brood. Males 
contemporaneously engage in parental care, mate guarding, and court-
ing their current or new females. In this study we experimentally handi-
capped male rock sparrows during the nestling period by increasing their 
body mass in order to study the effects on male behaviour and the female 
response. Handicapped males exhibited lower sexual activity than control 
males but handicapped males did not reduce their offspring feeding rates. 
Females with a handicapped partner significantly increased the number of 
sexual soliciting postures towards their mates compared to females paired 
with control males. The females’ behaviour is probably a response to the 
sexual behaviour change of their partners. Our results suggest that with 
choices involving a trade-off between mating investment and parental 
investment, handicapped males chose the parental investment option. 
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INTRODUCTION

Animals that provide postnatal care to their offspring are likely to need 
to trade off allocations of time among diverse activities (see Clutton-Brock 
1991). In particular, theory suggests that a trade-off exists between male paren-
tal effort and mate attraction effort (Trivers 1972). It is generally assumed 
that males would increase their reproductive success by mating with as many 
females as possible while reducing parental care to a minimum, because male 
reproductive success is more strongly correlated to mating opportunities than 
is that of females (Bateman 1948). Moreover, while females can be secure in 
the knowledge that supported offspring are also their biological offspring, 
males cannot. However, the existence of males of different species that pro-
vide care for the young at the cost of further mating opportunities indicates 
a net benefit for these males (Clutton-Brock 1991). The optimal allocation 
of resources between sexual activities and parental care is influenced by life 
history traits, various ecological variables and the probability of finding a new 
partner (Székely et al. 1996, Székely & Cuthill 2000, Seki et al. 2007). More-
over, the optimal allocation varies between males because individual quality 
and age may influence reproductive investment (McNamara & Houston 1996, 
Kokko 1997, Bleeker et al. 2005). 

In male birds, courtship behaviour and parental care are generally 
thought to be mutually exclusive, but male rock sparrows, Petronia petron-
ia, simultaneously engage in courtship displays, directed at their partners or 
other females, and nestling care (Pilastro et al. 2003; Griggio et al. 2003a, 
2005). Indeed, in this species parental care is highly variable among individ-
uals: males may desert the brood, cooperate with the female in food provi-
sioning, try to copulate with their current, or new, mates, or take sole care of 
the nestlings when the female deserts (Griggio & Pilastro 2007, Griggio & 
Venuto 2007). For this reason, this species is a good subject for considering 
the parental care allocation strategy adopted by the male. To investigate the 
trade-off between sexual activities and parental care, we handicapped fathers 
(attaching to the base of the tail feathers four “split-shot” fishing weights) dur-
ing the parental-care period. 

The optimal level of investment in the brood for each partner has been 
previously investigated in several handicapping experiments (e.g. small weight 
addition or feather clipping) (e.g. Whittingham et al. 1994, Schwagmeyer et 
al. 2002). Generally, the first result emerging from these manipulative studies 
was that handicapped individuals decreased their parental care. The response 
of the partners of the handicapped mates was, however, not so unidirectional, 
and at least three patterns appeared: no compensation, partial compensation 
and complete compensation (for a review see Sanz et al. 2000). 

In a previous experimental study on rock sparrows, the female’s body 
mass was increased in order to manipulate the male’s perception of the 
female’s readiness to lay a second clutch and consequently to desert the brood 
(Griggio et al. 2005). Males mated to heavier females did not leave the nest 
but remained, increasing both their sexual activity and their parental care, 
even though loaded females did not significantly reduce their nestling feeding 
rate. This unexpected increase in food provisioning was explained as a pos-
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sible way for males to signal their paternal ability to the female in order to 
mate with her in the subsequent breeding attempt, or to use nestling feeding 
as a courtship strategy (trade food for copulations). 

Our paper has two aims: (i) to understand the trade-off between parental 
investment and mating investment, and (ii) to study the response of females 
to changes in their partners’ investment strategy, i.e., their behaviour. In par-
ticular, we want to learn whether handicapped males are capable of contem-
poraneously maintaining a high level of investment in both sexual activities 
and parental care. If not, it is likely that handicapped males will decrease their 
parental investment, maintaining — or even elevating — their sexual activities.

METHODS

Study species 

The rock sparrow is a passerine with a variable mating system: in a north Italian 
Alpine population about 1/3 of the males are polygamous and desertion of the brood 
by both females and males occurs (Griggio & Pilastro 2007). Usually, the rock spar-
row exhibits a biparental care system in which males decrease their food provisioning 
rate as the nestlings age (nestlings stay in the nest for about 18 days after hatching, 
Griggio et al. 2003a), to the extent that during the last few days most of the provision-
ing is performed by the female. Females take complete care of broods in the face of 
male abandonment (about 25% of fathers desert the brood, Griggio et al. 2003b). Less 
frequently, some males may take exclusive care of the nestlings when their females 
desert and begin to lay a second clutch (about 10% of females that successfully raised 
their first brood, Pilastro et al. 2001). In still other cases, males do not feed the young 
but remain at the nest courting, and trying to copulate with their mate (Griggio et al. 
2005). Some males defend a second nest-box and try to attract a second female. When 
the nestlings are close to fledging these males increase their territorial activity at the 
second nest site (Griggio et al. 2005). 

Experimental design: handicapping males

During the breeding seasons of 2003 (N = 9 pairs) and 2004 (N = 14 pairs), we 
randomly assigned 23 pairs to two experimental groups: control (N = 11) and loaded (N 
= 12). We conducted the experiment in two neighbouring study areas. The first study 
area was located between 1550 and 1800 m a.s.l. in the higher Susa valley, Western Ital-
ian Alps (Italian population). The population includes about 18-20 breeding pairs per 
year (Griggio et al. 2005). A part of this experiment (n = 9) was carried out in a sec-
ond study area (French population) near the French-Italian border (for more details see 
Matessi et al. 2005). This second population consists of about 30 breeding pairs per 
year. We recorded pair bonds, laying date, brood size and fledging success (no. young 
fledged/no. eggs hatched). Nest boxes were designed to also work, when necessary, as 
trapping devices. Trapped adults were individually colour-ringed and body mass (to the 
nearest 0.1 g), tarsus and wing length (to the nearest 0.1 mm) were measured (Sven-
sson 1992). Only the first broods of monogamous males (N = 17) or primary broods 
of polygynous males (N = 6) were included in the study. Using the same procedure as 
Griggio et al. (2005), when the young were 5 ± 1 days old, we increased the body mass 
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of males by attaching to the base of the tail feathers four non-toxic “split-shot” fishing 
weights (total load = 3.2 g). The load used represents about 10% of the body mass of 
male rock sparrows in the breeding season (Griggio et al. 2005). In the control group, 
males were captured and treated as above, but in this case we used four plastic beads 
similar to the experimental weights but weighing in total only 0.12 g. 

Behavioural observations

Birds were observed, and their behaviour recorded, for 1 hr the day before males 
were captured and manipulated. Then, from the day after the capture date, we per-
formed 2 hr of behavioural observations every 2-3 days (until the young fledged). The 
mean observation time per nest over the whole experiment was 10.65 ± 0.22 hr (± 1 SE; 
range 9-13.50 hr, N = 23), for a total of 245 hr.

We observed the nest entrance with 20-60 × spotting scopes while sitting in the 
open, 30–50 m from the nest. Each nest was observed during the morning and late 
afternoon (between 0600-1030 and between 1530-1900 hr), when the level of activity 
at the nest is highest (Griggio et al. 2005). We recorded the number of feeding trips to 
the nest per hour by both parents (feeding trips/hr). The dimensions of the prey were 
also recorded. Prey items were assigned to three size classes: approximately 0.5, 1.0 and 
1.5 (or more) times the bill length, following the protocol used in Griggio et al. (2005). 
We calculated the quantity of food delivered by the parents per hour of observation by 
multiplying the number of prey delivered by their size (quantity of food/hr). Moreo-
ver, we recorded the faeces removal trips per hour. We also recorded the time spent at 
the nest (min/hr) by the male and female; male courtship rate, measured as the time 
spent performing courtship displays (males display their yellow breast patch and/or tail 
towards females with ruffled plumage), hereafter displays/hr; the number of copula-
tions per hour; and compiled a mate guarding index (the proportion of arrivals to, and 
departures from, the nest in which the female was followed by the mate). We recorded 
the number of times in which females assumed the soliciting posture (a horizontal pos-
ture with plumage ruffled and wings shivering, see also Cramp & Perrins 1994) showing 
their readiness to copulate (hereafter soliciting/hr). Lastly, for the Italian population we 
recorded the time spent by males on a secondary nest-box (min/hr). 

Statistical procedures

The effects of manipulation on provisioning rate (feeding trips, amount of food), 
faeces removal trips, mate guarding, and presence at the nest of both parents were ana-
lysed using a repeated-measures ANOVA in which the behaviour before and after manip-
ulation were the dependent variables (within-subject factors) and treatment group, year 
and site (Italian or French population) were the independent variables. No copulations, 
female soliciting postures or male courtship displays were observed before the treat-
ment, so ANOVA models were used, in which these behaviours were the dependent vari-
ables and treatment group, year, and site were the independent variables. All statistical 
analyses were performed by using SPSS 13 (Norušis 1993). All probabilities were two 
tailed and all means are reported ± SE. 

Ethical note

Handling and ringing were performed with the appropriate permits and we took 
care to keep the disturbance to the parents and nestlings to a minimum. Manipulation 
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of the males (ringing, where necessary, and lead and plastic application) usually lasted 5 
min and we avoided visiting the nest again on the day of capture. Loading did not have 
any apparent adverse effects on either the nestlings themselves or on their provisioning 
(see results below).

RESULTS

We did not detect any differences between the two groups of males in 
weight, wing or tarsus length (Student t-test, all P > 0.42). There were no sig-
nificant differences in brood traits between the two groups of nests, nor in 
the (parental) behaviour of males and females, before the treatments (Table 
1, 2). The treatment did not significantly affect the time spent by the male or 
by the female at the nest (Table 2). After the treatment, we did not detect any 
differences between the two groups in terms of maternal effort in either the 
number of feeding trips or in the quantity of food delivered by the females to 
the nestlings (Table 2). After the treatment, loaded males performed a compa-
rable number of feeding trips to those of the control group males (Table 2). 
The quantity of food delivered by the males to the nestlings after the treat-
ment also did not differ significantly between groups (Table 2). Loaded males 
courted their mates significantly less than did control males (Table 1). Moreo-
ver, females paired with loaded males assumed a significantly higher number 
of soliciting postures compared to females paired with control males (Table 

Table 1.

Brood traits and sexual behaviour of male and female rock sparrows at their nest after male 
manipulation according to the treatment group. 

Loaded
(N = 12)

Control
(N = 11)

Treatment Year Site

F P F P F P

Laying date
161.9 
(1.66)

163.9 
(2.04)

0.48 .49 0.03 .86 0.92 .35

Brood size (no. nestlings)
5.17 

(0.30)
5.09 

(0.25)
0.08 .78 1.86 .19 0.03 .87

Copulation rate*
0.34 

(0.16)
0.04 

(0.03)
3.82 .07 2.13 .16 2.57 .13

Female soliciting rate*
0.16 

(0.06)
0.009 

(0.005)
6.74 .02 3.11 .09 3.09 .09

Male courtship rate*
0.03 

(0.007)
0.08 

(0.01)
10.44 .004 0.04 .84 0.56 .47

Details are given in the methods. Means and (SE) are given. Statistics refer to ANOVA models 
in which brood characteristics and sexual behaviour were the dependent variables, and male 
treatment group, year and site were the between subject factors. Interactions were all nonsig-
nificant.
*Corrected for the time spent by the male and the female at the nest. 
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1). The number of copulations was higher in the loaded group, but the differ-
ence was not significant (Table 1). Lastly, the manipulated males in the Italian 
population that at the time of treatment were defending a second nest signifi-
cantly reduced the time spent at the second nest after their manipulation (N = 
5, before manipulation: 3.90 ± 1.25 min; after manipulation: 0.55 ± 0.76 min), 
while the control males did not (N = 6, before manipulation: 7.08 ± 2.68 min 

Table 2.

Male and female behaviour at their nests, before and after male manipulation. Data is present-
ed according to treatment group. Details are given in the methods. Means and (SE) are given. 
Statistics refer to a repeated-measure ANOVA in which the behaviour before and after were the 
dependent variables, and male treatment group, year and site were the between subject factors. 

Loaded
(N = 12)

Control
(N = 11)

Within-
subject 
effects

Treatment Year Site

Before After Before After F P F P F P F P

Male at nest (min/
hr)

5.17 8.92 4.91 11.75 5.41 .03 0.31 .59 3.91 .06 2.64 .12

(1.23) (1.03) (1.08) (2.22)

Female at nest 
(min/hr)

11.44 6.29 6.82 6.25 6.42 .02 0.69 .42 2.76 .12 2.28 .15

(3.38) (0.80) (2.54) (0.57)

Mate guarding 
index*

0.02 0.05 0.02 0.07 4.05 .06 0.76 .39 3.78 .07 1.69 .21

(0.02) (0.04) (0.01) (0.05)

Male feeding trips 
(trips/hr)

3.04 1.24 3.54 0.99 31.95 .001 1.11 .31 5.44 .03 5.45 .03

(0.50) (0.53) (0.51) (0.25)

Female feeding 
trips (trips/hr)

4.37 5.47 3.27 5.81 11.29 .004 3.01 .10 0.13 .73 0.006 .94

(0.59) (0.45) (0.60) (0.65)

Male quantity of 
food /hr

3.62 1.89 3.64 1.26 12.63 .003 1.98 .18 6.25 .02 7.34 .02

(0.59) (0.96) (1.07) (0.34)

Female quantity 
of food /hr

5.02 8.66 4.22 9.72 57.44 .001 4.37 .06 0.001 .99 0.13 .73

(0.67) (0.66) (0.74) (0.69)

Male faeces 
removal (trips/hr)

0.25 0.39 0.27 0.1 0.09 .76 3.64 .08 0.76 .39 .06 .80

(0.13) (0.25) (0.14) (0.19)

Female faeces 
removal (trips/hr)

1.92 2.83 1.46 3.07 8.41 .01 0.67 .43 9.26 .008 1.72 .21

(0.47) (0.30) (0.41) (0.26)

* Proportion of all flights, arrivals to and departures from the nest-box, initiated by the 
female, that were followed by the pair male.
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; after manipulation: 10.71 ± 4.96 min; within-subject effects: F1,9 = 0.031, P = 
0.86; treatment: F1,9 = 5.99, P = 0.037; year: F1,9 = 0.028, P = 0.87).

DISCUSSION

Handicapped males decreased their sexual activity compared to control 
males somewhat, while their feeding rates were maintained at the same level. 
Females with a handicapped partner significantly increased their number of 
soliciting postures relative to females paired with control males. The females’ 
behaviour is probably a response to the sexual behaviour change of their part-
ners. Moreover, Italian loaded males that at the time of treatment were defend-
ing a second nest significantly reduced the time spent on the second territo-
ry after the treatment compared to control males. Thus, our results seem to 
suggest that with choices involving a trade-off between sexual behaviour and 
parental investment, handicapped males chose the parental investment option. 

A previous study on rock sparrows experimentally increased female body 
mass (Griggio et al. 2005). In that study it was observed that males mated to 
loaded females significantly increased their courtship rate and mate guarding 
but, unexpectedly, also increased their food provisioning to the nestlings, even 
though the manipulation did not significantly affect the female’s behaviour. The 
sexual interest of males paired with loaded females clearly indicated that male 
rock sparrows perceived the change in body mass of their mates as an indica-
tion of their readiness to lay a second clutch. Moreover, it was proposed that 
the increase in male provisioning rate may be a way for the male to reduce 
the female’s inclination to desert him or to increase her propensity to copulate 
with him and thus to obtain paternity in her next brood (Griggio et al. 2005). 

The results presented here, together with the previous study (Griggio et 
al. 2005), differ from other studies because the reactions of individuals whose 
partner was handicapped were apparently paradoxical: they increased sexual 
behaviours. One can argue that the males’ reaction is a counterstrategy to the 
perception of the risk of being deserted by the female (see above). But why did 
females paired with handicapped males show an increase in their number of 
copulation solicitations? One possible answer is that females increased their 
copulatory propensity to maintain elevated sexual interactions to strengthen the 
pair bond. In other words, it seems that females paired with handicapped males 
tried to increase the sexual interest of their apparently unmotivated partners; 
probably to influence their male’s decision on whether or not to stay with them. 
Males may respond to the copulatory propensity of their females by staying and 
helping females with parental care. In turn, males may exchange parental care 
of the nestlings of the first brood with copulations, to obtain some paternity in 
the females’ next brood (see also Griggio et al. 2005). This interesting hypoth-
esis calls for further experiments directed specifically to this question.

Another question arises from our studies on the rock sparrow (here, 
and Griggio et al. 2005): is the prestige of male rock sparrows increased (and 
thereby their direct fitness) by exhibiting good parental skills? Females can 
use various cues to assess the quality of potential mates (Sundberg & Larsson 
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1994, Penteriani et al. 2002, for a review see Andersson & Simmons 2006). 
As are other behaviours, such as singing or nest building, parental perform-
ance could also be under sexual selection pressure (Lotem et al. 1999, Danch-
in et al. 2004). If parental care is an element of mate selection, we can expect 
that, at least in some circumstances, the signal of care quality will evolve: the 
investment in current reproduction could function as a cue in mate choice 
for the next breeding attempt (e.g. Zahavi 1975, Wagner et al. 1996, Lotem 
et al. 1999). Recently, in a laboratory experiment, it was found that a fish, the 
male sand goby, Pomatoschistus minutus, fanned longer and did more nest 
construction in the presence of females, than did males without the visual 
stimulus of a female. These results suggest that males change their parental 
care behaviour in response to perceived mating opportunities (Pampoulie et 
al. 2004). It is clear that male parental care has a sexually selected signalling 
component, at least in this fish, but this hypothesis could also explain the 
parental performance of handicapped rock sparrows. Female rock sparrows 
have better chances to breed than do males: the number of available unmated 
territorial males is always higher than that of unmated females (Pilastro et 
al. 2002, Griggio et al 2003b). Thus, the males’ need to signal their quality in 
order to attract or maintain a mate, should be greater than that of females, as 
seems to be the case in our population. 

In summary, our results suggest that with choices involving the trade-off 
between female attraction and parental investment, handicapped males chose 
the paternal investment option. However, evidence from rock sparrows, report-
ed here and previously (Griggio et al. 2005), seems to support the hypothesis 
that male parental care should be under sexual selection and so the trade-off 
may be smaller than it initially appears, although other studies are necessary 
to clarify our understanding of the possible signalling component of male 
parental care.

ACKNOWLEDGMENTS

We thank G. Matessi and G. Venuto for their help with the practical work and 
the many assistants who helped with the fieldwork. We are very grateful to H. Hoi, V. 
Penteriani, R.H. Wagner, and to three anonymous referees for their constructive com-
ments that improved the manuscript. This study was partly funded by a research grant 
from the University of Padua (Ricerca Scientifica Ex-60% 2003-5 to A. Pilastro).

REFERENCES

Andersson M. & Simmons L.V. 2006. Sexual selection and mate choice. Trends in Ecol-
ogy & Evolution 21: 296-302.

Bateman A.J. 1948. Intra-sexual selection in Drosophila. Heredity 2: 349-368.
Bleeker M., Kingma S.A., Szentirmai I., Székely T. & Komdeur J. 2005. Body con-

dition and clutch desertion in penduline tit Remiz pendulinus. Behaviour 142: 
1465-1478.



163Trade-off: parental care and sexual behaviour

Clutton-Brock T.H. 1991. The evolution of parental care. Princeton, New Jersey: Princ-
eton University Press.

Cramp S. & Perrins C.M. 1994. Handbook of the Birds of the Western Palearctic. 
Oxford, UK: Oxford University Press. 

Danchin E., Giraldeau L.A., Valone T.J. & Wagner R.H. 2004. Public information: From 
nosy neighbors to cultural evolution. Science 305: 487-491.

Griggio M., Matessi G. & Pilastro A. 2003a. Male rock sparrow (Petronia petronia) nest 
defence correlates with female ornament size. Ethology 109: 659-669.

Griggio M., Matessi G. & Pilastro A. 2005. Should I stay or should I go? Female 
brood desertion and male counterstrategy in rock sparrows. Behavioral Ecology 
16: 435-441.

Griggio M. & Pilastro A. 2007. Sexual conflict over parental care in a species with 
female and male brood desertion. Animal Behaviour 74: 779-785.

Griggio M., Tavecchia G., Biddau L. & Mingozzi T. 2003b. Mating strategies in the Rock 
Sparrow Petronia petronia: the role of female quality. Ethology Ecology & Evolu-
tion 15: 389-398.

Griggio M. & Venuto G. 2007. The relationship between mate guarding and brood 
desertion in the Rock Sparrow Petronia petronia. Ethology Ecology & Evolution 
19: 175-182.

Kokko H. 1997. Evolutionarily stable strategies of age-dependent sexual advertisement. 
Behavioral Ecology and Sociobiology 41: 99-107.

Lotem A., Wagner R.H. & Balshine-Earn S. 1999. The overlooked signaling component 
of nonsignaling behaviour. Behavioral Ecology 10: 209-212.

Matessi G., McGregor P.K., Peak T.M. & Dabelsteen T. 2005. Do male birds intercept 
and use rival courtship calls to adjust paternity protection behaviours? Behaviour 
142: 507-524.

McNamara J.M. & Houston A.I. 1996. State-dependent life histories. Nature 380: 215-221. 
Norušis M.J. 1993. SPSS for Windows Base System User’s Guide Release 6.0. Chicago, 

Ill.: SPSS.
Pampoulie C., Lindström K. & St.Mary C.M. 2004. Have your cake and eat it too: male 

sand gobies show more parental care in the presence of female partners. Behavio-
ral Ecology 15: 199-204.

Penteriani V., Faivre B., Mazuc J. & Cezilly F. 2002. Pre-laying vocal activity as a signal 
of male and nest stand quality in goshawks. Ethology Ecology & Evolution 14: 9-17.

Pilastro A., Biddau L., Marin G. & Mingozzi T. 2001. Female brood desertion increases 
with the number of available mates in the Rock Sparrow. Journal of Avian Biology 
32: 68-72.

Pilastro A., Griggio M., Biddau L. & Mingozzi T. 2002. Extrapair paternity as a cost of 
polygyny in the rock sparrow: behavioural and genetic evidence of the ‘trade-off’ 
hypothesis. Animal Behaviour 63: 967-974.

Pilastro A., Griggio M. & Matessi G. 2003. Male rock sparrows adjust their breeding 
strategy according to female ornamentation: parental or mating investment? Ani-
mal Behaviour 66: 265-271.

Sanz J.J., Kranenbarg S. & Tinbergen J.M. 2000. Differential response by males and 
females to manipulation of partner contribution in the great tit (Parus major). 
Journal of Animal Ecology 69: 74-84.

Schwagmeyer P.L., Mock D.W. & Parker G.A. 2002. Biparental care in house sparrows: 
negotiation or sealed bid? Behavioral Ecology 13: 713-721.

Seki M., Wakano J.Y. & Ihara Y. 2007. A theoretical study on the evolution of male 
parental care and female multiple mating: Effects of female mate choice and 
male care bias. Journal of Theoretical Biology 247: 281-296. 

Sundberg J. & Larsson C. 1994. Male coloration as an indicator of parental quality in 
the yellowhammer, Emberiza citrinella. Animal Behaviour 48: 885-892.



164 Griggio et alii

Svensson L. 1992. Identification guide to European passerines, 4th ed. Thetford, UK: 
British Trust for Ornithology.

Székely T. & Cuthill I.C. 2000. Trade-off between mating opportunities and parental 
care: brood desertion by female Kentish plovers. Behavioral Ecology 10: 185-190. 

Székely T., Webb J.N., Houston A.I. & McNamara J.M. 1996. An evolutionary approach 
to offspring desertion in birds. Current Ornithology 13: 271-330.

Trivers R.L. 1972. Parental investment and sexual selection, pp. 136-179. In: Camp-
bell B., Edit. Sexual selection and the descent of man, 1871-1971. London: Hein-
emann.

Wagner R.H., Schug M.D. & Morton E.S. 1996. Confidence of paternity, actual pater-
nity and parental effort by purple martins. Animal Behaviour 52: 123-132.

Whittingham L.A., Dunn P.O. & Robertson R.J. 1994. Female response to reduced male 
parental care in birds — An experiment in tree swallows. Ethology 96: 260-269. 

Zahavi A. 1975. Mate selection — a selection for a handicap. Journal of Theoretical Biol-
ogy 53: 205-214.


