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SEX DIFFERENCES IN PARENTAL CARE IN A CORSICAN BLUE
TIT PARUS CAERULEUS POPULATION
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Bafibura J ., P. Perret, J . Blondel, A. Sauvages, M-J . Galan & M.M. Lam-
brechts 2001 . Sex differences in parental care in a Corsican Blue Tit Parus
caeruleus population. Ardea 89(3) : 517-526.

Parental behaviour of Blue Tits Parus caeruleus was video-recorded and
analysed in an insular Mediterranean population that is believed to be
adapted to food-limited conditions of an evergreen woodland . The popula-
tion undergoes high external parasitism by blowflies (Protocalliphora) .
Contribution of male and female mates to parental care of nestlings was
assessed when the nestlings were 13 days old (fledging takes place 21-22
days after hatching) to examine whether the sexes differ in their parental
roles. Males brought a higher proportion of caterpillars, the optimal food
for nestlings, than females . The caterpillars delivered by males were also
larger. We suggest that males were more selective than females in prey
choice because females were more time-constrained as they spent more
time at the nest and their visit rate was higher. In addition to feeding nest-

\ female Blue Tits perform nest sanitation and mending at all nestling
__~r• stages. The only aspect of nest sanitation shared with males is the removing

~ of faecal sacs, this activity being done by the males at a higher rate than i n
the case of females . We suggest that in the studied Blue Tit population, the
sex differences in prey selectivity and feeding frequency result from the
fact that females have to undertake especially intensive nest sanitation in
response to high blowfly infestation . We would expect different patterns of
parental care in non-parasitised populations living in rich habitats .
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INTRODUCTION tion to the necessary defence of nesting sites and
territories (Wittenberger & Tilson 1980 ; Davies

Lack (1968) suggested that monogamy is on aver- 1991) . Another process influencing parental care
age the most profitable strategy for both sexes in is a conflict of male and female interests over the
terms of reproductive success under the environ- effort to be allocated into rearing nestlings (Les-
mental and social conditions prevailing in birds . sells 1998). Sex-specific selection pressures and
In altricial birds, the monogamous association constraints may produce some balanced differ-
between males and females could be based on ences in parental duties even in strictly monoga-
indispensable complementarity of most important mous species (Clutton-Brock 1991) . This can be
forms of maternal and paternal care of nestlings, seen as a division of labour between the two sex-
such as brooding, provisioning of food or protec- es, so that the sexes may exhibit an exclusive spe-
tion from external dangers and parasites, in addi- cialisation in some activities, a difference in the



518 ARDEA 89(3), 2001

rate of performance of an activity, or a difference (e .g . Massa & Lo Valvo 1996; B. Naef-Daenzer &
in selectivity with respect to prey (Leffelaar & Keller 1999 ; L. Naef-Daenzer et al . 2000; Rauter
Robertson 1986 ; Ketterson & Nolan 1994) . This et al . 2000) . Nutritional needs of nestlings, both
last aspect may lead to intersexual food niche dif- qualitative and quantitative, as well as prey abun-
ferentiation as a way to increase reproductive suc- dance should be reflected in the diet supplied by
cess by exploiting a wider range of prey (Gosler parents. We would like to check if food delivered
1987, 1993; Przybylo 1995) . to nestlings differs between the sexes in Blue Tits ,

Sexual roles in incubation and food provision- which could suggest that the foraging decisions of
ing to nestlings have been the most often consid- either sex result from different constraints .
ered aspects of sexual differences in parental care One could expect an influence of habitat-spe-
in birds (e.g . Kluijver 1950; Royama 1966; Burger cific food abundance on the observed allocation
1981 ; Greenberg & Gradwohl 1983 ; Moreno 1984; of time and energy in parental care (Martin 1987) .
Knapton 1984; Breitwisch et al. 1986 ; Leffelaar & Under severe tropic conditions birds have to work
Robertson 1986; Smith et al . 1988 ; Grundel & harder per unit of the amount of food and, as a
Dahlsten 1991 ; Kuitunen et al. 1996; Rytkonen et consequence, are not able to collect enough quan-
al. 1996). Some authors have in addition studied tity of prey of satisfactorily high quality in com-
such sexually differing parental activities as nest parison to favourable habitats (cf. Wright et al.
defence (e.g . Burger 1981; Rytkonen et al. 1995 ; 1998). This should cause a selection pressure
Lessells et al .1998). Other forms of parental care working against too big clutch/brood sizes and a
of nestlings, including nest sanitation, have rarely relative reduction in clutch size was actually
been investigated with respect to parental division observed in some poor habitats (Blondel et al .
of labour (Carere & Alleva 1998) . Thus studying 1998, 1999). The adaptive adjustment in clutch
intersexual differences in both feeding and other size should result in parental effort of birds being
forms of parental care of nestlings seem especially similar in different habitats . This could obscure an
justified in tits as model species for many behavi- effect of the increasing parental effort of males
oural investigations (Perrins 1979; Gosler 1993). expected by theory in habitats with poor resource

It has long been known that caterpillars are the availability (Emlen & Oring 1977). In this paper
preferred and optimal food of nestling tits Parus we focus on inter-sexual differences in parental
spp . and especially Blue Parus caeruleus and behaviour in a food-limited population of Blue
Great Tits Parus major (e .g . Betts 1955 ; Van Ba- Tits inhabiting evergreen woodland on Corsica .
len 1973 ; Perrins 1979, 1991 ; Gosler 1993; Rid- The Tit population studied is believed to be wen
dington & Gosler 1995; Bafibura et al . 1999). A adapted to the poor sclerophyllous habitat (Blon-
conspicuous consequence of this caterpillar-spe- del et al. 1993, 1998, 1999) . The following proper-
cialisation is the dependence of the life history of ties characterize the habitat-population system
Tits on the short period when caterpillars are most studied:
abundant, especially in habitats with a poor sup-
ply of caterpillars (Van Balen 1973; Zandt et al . Caterpillar peak abundance in the study site is
1990 ; Perrins 1991 ; Blondel et al. 1991 ; 1993, 1999; much lower than in other habitats (Dias & Blon-
Dias & Blondel 1996 ; Lambrechts et al . 1997) . On del 1996 ; Blondel et al . 1999) .
the other hand, during their development, nestling The proportion of caterpillars in the nestling
Tits need also other prey, especially spiders (e .g. diet is among the lowest recorded in the literature .
L . Naef-Daenzer et al . 2000), probably because of Instead, there is a high proportion of spiders (term
some special nutrients (Tinbergen 1981 ; Bell 1990; used hereafter for Araneae and Opiliones) and
Graveland & Drent 1997 ; Zandt 1997). Foraging grasshoppers (Orthoptera), resulting in a relative-
decisions are known to be undertaken with ly high diversity of nestling food types (Blondel
respect to prey abundance and nestling demands et al. 1991 ; Banbura et al. 1994) .
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Life history traits attributable to selection studied at the time of recording was 5 .33 ± 1 .63 .

pressures resulting from food restrictions are In the laboratory, the tapes were played and all
observed in this population, such as a delay in the parental activities of males and females were
onset of breeding and lower clutch size relative to recorded ; in particular the time when an adult bird
other habitats (Blondel et al. 1993, 1999; Lam- arrived at the nest with a prey item, prey taxo-
brechts et al . 1997) . nomic category (caterpillars, grasshoppers, spi-

Large year-to-year variation in the effects of ders, others), prey body-size category (3-step
brood size manipulation on the absolute number classification) and time of leaving the nest were
of local recruits was recorded, apparently corre- noted . Such activities as removing faecal sacs,
sponding to variation in food abundance (Blondel grooming nestlings, fluffing the nest structure and
et al. 1998). mending the nest were also recorded (time and

Nests are infested by exceptionally high loads number of cases) . The reason for considering the
of blood-sucking larvae of blowflies (Protocalli- above prey taxa in this study is that caterpillars
phora) (Hurtrez-Bousses et al. 1997) . are the preferred prey, while spiders and grass-

hoppers are the main alternative prey in the study
The essential aim of the present paper is to test area with only a small proportion of other arthro-
whether parental behaviour of Blue Tits differs pods such as Coleoptera, Diptera, Dermatoptera,
between males and females in a population living and Hemiptera (Blondel et al . 1991 ; Banbura et al .
on the island of Corsica. In particular we are inter- 1994, 1999) . Within each taxonomic category,
ested in a potential intersexual differentiation of items of prey were classified to three ordinal cate-
the proportions of the main prey taxa delivered to gories of body size by comparison with the beak
nestlings, differences in body sizes of prey, nest and head size of adult birds (I = small (length <
attendance, food delivery rates, and characteris- 1cm for caterpillars, < 1 .5 cm for grasshoppers
tics of nest sanitation behaviour. and abdomen diameter < 0.2 cm for spiders) ; 2 =

middle (length 1- 2 cm, 1 .5 - 2 cm and diameter
0.2 - 0 .6 cm, respectively) ; 3 = large (length > 2

METHODS cm for both caterpillars and grasshoppers an d
diameter > 0 .6 cm for spiders)) . The size catego-

The data for this study were collected in Pirio, ries were constructed in order to make individual
Corsica (42°24'N, 08°44'E) as part of a long-term prey volumes (masses) roughly comparable
study of the population biology of Blue Tits in among taxa (P. Perret unpubl. data) . Averages of
Mediterranean France (see Blondel et al. 1993, these size categories were calculated for each

1999). The study site was located in an evergreen female and male and were tested for sex differ-
forest dominated by the Holm Oak Quercus ilex. ences using paired t-tests, separately for the main
Parental care activity of individually-marked prey taxa .
adult Tits was video-recorded in a random sample A ll statistical analyses were aimed at discov-
of 15 nest-boxes using video surveillance micro- ering differences between female and male par-
cameras (Panasonic WV-KS152) fixed to the ents and because of an assumed lack of indepen-
nest-boxes ; recordings were made on VHS video- dence within breeding pairs, paired tests (paired t-
tapes . The nests studied were all in the same sta- test) or procedures controlling for within-pair
ge, 13 days after hatching on the day of recording . links (conditional probability in the contingency
The study was carried out between 9 and 26 June table) were used (Sokal & Rohlf 1995). The con-
1996 with the total time of recording being c. 95 tingency table analyses and determining of their
hours and mean per nest 6 .29 ± 2.74 (SD) hours . respective degrees of freedom followed Everitt
We recorded 3183 feeding trips of parental tits . (1977, pp . 67-79) . Consequently, mean values of
Mean (± SD) brood size in the sample of boxes different variables characterising parental activ-
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Fig. 1 . Composition of food brought to the nestlings by male and female Blue Tits in 15 nests studied in Pirio (n
= 3183 feeding trips) . Original nest numbers are given with symbols .

ities per individual male and female breeding proportion as opposed to all other prey in nestling
partners were used as unit observations. Data diet, in relation to nest and sex factors . An analy-
were log- or aresine-transformed, when suitable sis of a contingency table for the number of feed-
(Sokal & Rohlf 1995) . All statistical analyses were ing visits with a particular type of prey (caterpil-
carried out applying the STATISTICA package lars v . other prey) as a response variable and with
(StatSoft 1997) . nests (15) and sex (2) as factors for all 3183 feed-

ing trips showed that the variables were interde-
pendent in general (G43 = 449 .39 ; P < 0 .0001),

RESULTS that nests (breeding pairs) differed in the compo-

sition of prey supplied to nestlings (G28 = 311 .82;
Among the aspects of parental behaviour that may P < 0 .0001), and that prey was dependent on sex,
be expected to differ between male and female while controlling for nest effects (G15 = 162 .57 ; P
parents is provisioning nestlings with food of var- < 0 .0001) (Fig. 1) . Males on average delivered a
ying quality. As caterpillars are the most prefer- higher proportion of caterpillars in the food provi-
able food for Blue Tit nestlings, we analysed their sioned to nestlings (Fig . 2) .

Table 1 . Mean size category of caterpillars, spiders and grasshoppers in food supplied to nestlings by parent Blue
Tits in 15 nests studied . Mean prey size categories for each male and female in all their feeding visits were calculat-
ed and used in a paired data t -test for intersexual differences . The unit data point was the average prey size for an
individual parent bird .

Mean prey size category (± SD) supplied by :

Prey Males Females t 14 P

Caterpillars 2.25 ± 0.38 1.89 ± 0.48 6.261 <0.001
Spiders 1.57 ± 0.13 1.51 ± 0.20 1.921 0.075
Grasshoppers 2.55 ± 0.34 2.59 ± 0.39 1.088 0.2979
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m 80 tant prey categories, i .e . spiders and grasshoppers

(Table 1) .

was a qualitative difference betweenThere
60 nest visiting behaviour of females and males .

Males provisioned food and collected faeces

~ 40 whereas females besides undertaking the same
e. two activities also exhibited more sophisticated

nest sanitation behaviour. This additional activity

m

L* o

ó 20 is time consuming but was not performed on each
occasion a female visited her nest . C. 30% of

Q 0 female visits (n = 1642) included less or more
0 20 40 60 80 extensive burying in and fluffing of the nest struc-
percent caterpillars prey (%) -males ture, while males did never undertake this task (n

= 1264) (Gl = 377.07, P < 0.0001) . This observa-
Fig. 2

. Intersexual differences in the average tion, together with the fact that females differed in
unweighted percentage of caterpillars in food supplied
by parents to nestling Blue Tits in 15 nests studied

. 12 the extent of their sanitation activity resulted in a

males out of the 15 delivered a higher proportion of cat- very high variance in the average time that fema-
erpillars than their female partners (G, = 5.78, P = les spent at the nest per hour of observation, 25 .18

0 .016). (with mean 7.44 min h-1), as compared to males ,

0 .31 (with mean 2 .23 min h-1) (F14 114 = 81 .23 ; P <
0.0001) . The mean time for each female (n = 15)

Male parents brought on average bigger cater- and each male (n = 15) was the unit observation in
pillars to their nestlings than did females (Table this case .
1) . The higher proportion of caterpillars in the diet Nest attendance, as measured by the number

combined with their larger body size is evidence of minutes per hour spent at the nest per nestling,

for an intersexual difference in the quality of food reached lower values for males than for females,

provisioned to chicks . There was no analogous after controlling for nest effects (Table 2) . Also

difference in the body size of the next two impor- feeding rate, as indicated by the number of visits

Table 2. Intersexual differences in components of parental behaviour of Blue Tits in 15 nests studied . Paired

t-tests were used .

Mean value ( ± SD) for

Behaviour Males Females t 14 P

Visiting rate 13.20 ± 5.31 16.20 ± 7.36 3.724 0.002

(visits h-t )
Nest attendance 0 .48 ± 0.26 1.61 ± 1.61 4.811 <0.001
(min h-1 chick-) (tested on log-transformed data)
Feeding rate 2.55 ± 0.87 3.23 ± 1.15 3.974 0.0014
(visits h-1 chick-1 )
Faeces removal 0.22 ± 0.12 0.15 ± 0.11 2.983 0.0099
(n visit't) (tested on arcsine-transformed data)
Feaces removal rate 0 .043 ± 0.03 0.027 ± 0.02 2.347 0.034
(n visit-I chick-1)
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per hour per nestling, was higher for females than males are bigger with respect to body size . Provi-
males (Table 2) . On the other hand, the rate at sioning young in the nest has direct consequences
which faecal sacs were removed from the nest, as for nestling growth, and consequently, for repro-
measured by the number of visits with faeces ductive success of parent birds (Keller & Van
removal per total number of visits, is higher for Noordwijk 1994 ; Wright et al. 1998) . Optimal for-
males also with respect to brood size (per chick) aging theory predicts that parents should select
(Table 2) . the most profitable foraging patches and collect

the most nutritionally efficient prey in order to
maximize the net energetic gain in relation to for-

DISCUSSION aging effort (Stephens & Krebs 1986). Optimal
foraging is realised under constraints resulting

In the analysed population of Corsican Blue Tits, from the spatial distribution of foraging patches
male and female parents turned out to show a sex- as well as by time available to forage . The fact
specific pattern in such aspects of their parental that Blue Tit females visit the nest more often
care as delivering to nestlings a different propor- results in constraining their time budget more
tion of caterpillars of different body size, feeding strictly than in the case of males, which may
nestlings at a slightly different rate, spending a result in their lower selectivity . On the other hand,
different proportion of time at the nest, and under- males who visit the nest less often and spend the-
taking some qualitatively different activities at the re less time per visit have more time than females
nest. Most of the differencés are not great but sig- to be more selective with respect to type and size
nificant . The described pattern makes sense in the of prey.
context of the theory of monogamy in birds (Lack Similar conclusions result from some other
1968 ; Emlen & Oring 1977 ; Wittenberger & Tilson studies, for example on Wheatear Oenanthe
1980; Davies 1991) . oenanthe and on Willow Tits Parus montanus,

Blue Tit breeding pairs differ considerably in where males brought larger prey loads than their

the composition of the diet supplied to nestlings. mates (Moreno1987; Rytkonen et al. 1996) . Grieco

This result supports our previous hypothesis that (1999) experimentally demonstrated that selectiv-

territories in our study site substantially differ in ity in relation to prey quality increases in Blue

quality (Bafibura et al . 1994; Blondel et al . in Tits whose time budget was relaxed by providing

press) . Variation among territories in prey avail- additional food close to the nest . On the other

ability may influence the nestling diet (cf. Kluij- hand, the rate of nest visiting, quality and quantity

ver 1950; Gibb & Betts 1963; Cowie & Hinsley of nestling food may be an element of male and

1988 ; Zandt et al . 1990; Massa & Lo Valvo 1996 ; female tactics in the division of labour. This can
B. Naef-Daenzer & Keller 1999; L. Naef-Daenzer be easier observed in polygynous species as in the
et al. 2000; Rauter et al. 2000) . This territory or Great Red Warbler Acrocephalus arundinaceus

nest effect diversifies breeding conditions within where males were reported to compensate fewer

the system studied and may interact with other nest visits by bringing larger prey (Sejberg et al.
factors considered. 2000).

In the analysed population of Corsican Blue In contrast to caterpillars, no intersexual dif-
Tits males proved to feed nestlings less frequently ference was observed with respect to body size of
than female, which is probably not exceptional spiders and grasshoppers . This pattern is reason-
among monogamous birds (Davies 1991 ; Conrad able in view of the fact that bigger-sized grass-
& Robertson 1993) . On the other hand, males sup- hoppers and spiders are difficult to swallow for
ply chicks with a higher proportion of caterpillars, nestling Blue Tits whereas even big caterpillars
preferred food of nestlings, in comparison with are swallowed relatively easy (Banbura et al.
females . Moreover, the caterpillars delivered by 1999) .
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Sexual dimorphism in body size and beak which could be the case with younger nestlings

traits of Blue Tits in the Pirio population is very (Perrins 1979 ; Blondel et al . 1993) . Female visits
low in comparison with continental populations to the nest are often multipurpose, when sanita-
and will be the subject of a separate paper (J . tion activities and bringing green plant material
Blondel, in preparation) . However, the intersexual accompany feeding nestlings (Bafibura et al .
differentiation in body sizes of the caterpillar prey 1995b ; Hurtrez-Bousses et al . 1998) . The most
and the lack of such differentiation of both the spectacular of these activities is the fluffing of the
spider and grasshopper prey may suggest a way to whole nest structure that is done by females
further explore the intersexual niche differentia- squeezing through the nest material . This behavi-
tion hypothesis (Gosler 1987) . Przybylo (1995) our can be interpreted as a component of anti-par-
analysed a correlation between the degree of sex- asite sanitation action, similar to that performed
ual dimorphism and variation in body size of prey by Great Tits (Christe et al. 1996) . Such behaviour

delivered to nestlings, pooling all prey taxa . The may be especially important in the Pirio case as
correlation turned out non-significant but one the studied population was highly infested with
might expect a different result when considering blood sucking blow fly Protocalliphora larvae

the optimal prey only. (Hurtrez-Bousses et al . 1997) . An important func-
Besides visiting the nest at a lower rate, male tion of this behaviour might be to sift different

Blue Tits in the Pirio population spend also there remains down to the bottom of the nest cavity .
much shorter time during an average visit than Removing faecal sacs, performed by both female
females . The fact that male visits are shorter and and male Blue Tits, is evidently not sufficient for
less variable in time results from their scope limit- the nest to remain clean, so that the nests deprived
ed to feeding chicks and removing faeces . The of females very soon become contaminated with
removal of faeces is the only sanitation activity remains of food, pieces of the peeling skin or even
performed by male Blue Tits . That they remove dead chicks (unpublished observations) . Howev-
faeces more frequently per visit than females may er, these activities are time-consuming, resulting
result from the fact the bigger-sized prey better in female-biased nest-attendance . Because during
stimulates faeces production (Royama 1966) . some visits females only feed nestlings and dur-

We suggest that male Blue Tits lack the capac- ing other visits they extensively clean nests, the
ity to undertake other types of nest sanitation to time of visits is very variable . An additional
keep the nest clean, perhaps because they evolved effect, not mutually exclusive with the above one,
from the nest construction behaviour that is per- may result if females tactically prolonged time
formed exclusively by females in this species spent in the nest to make their mates working .
(Perrins 1979) . Male Blue Tits are also known not In the harsh environmental conditions of the
to be able to brood eggs or nestlings (Perrins Corsican evergreen woodland we would expect
1979) . The lack of capability of nest cleaning may some special properties of Blue Tit parental care .

explain why widowed male Blue Tits are less suc- Poor trophic conditions cause the diet supplied to
cessful in raising broods than widowed females nestlings to be more diverse than in most other
even in the case of bigger nestlings who do not populations and comparable to to that in some
need brooding (Sasvari 1986) . Although a wid- poorest habitats, with preying on grasshoppers
owed male we observed in the Pirio study popula- being a special characteristic of Corsican Blue
tion appeared to adequately provision his brood, Tits (i .e . van Balen 1973 ; Cowie & Hinsley 1988;
all the nestlings died after a couple of days (Ban- Zandt et al . 1990, Blondel et al . 1991 ; Riddington
bura et al. 1995a). & Gosler 1995). The intersexual difference in the

Because the nestlings in this study were obser- quality and size of prey catched by parents as well
ved 13 days after hatching, it is evident that it is as in the frequency of feeding may to a large
not brooding which keeps females on the nest, extent result from the high degree of nest infesta-
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tion by blowflies . Christie et al. (1996) and Hur- ing : Theory, Methodology, and Applications . Stud-

trez-Bousses et al. (1998) showed that high para- ies in Avian Biology 13 : 416-422 .

sitic loads caused female Tits to increase their Betts M .M. 1955. The food of titmice in oak woodland .
J. Anim. Ecol. 24 : 431-445.

sanitation activity, which has to negatively influ- Blondel J., A . Dervieux, M. Maistre & P. Perret 1991 .
ence time available for foraging. Because we are Feeding ecology and life history variation of the
not aware of any comparative data for Blue Tit Blue Tit in Mediterranean deciduous and sclero-

populations living under low parasite loads, we phyllous habitats . Oecologia 88 : 9-14.

can only suggest a prediction for a future study. Blondel J ., P. Dias, M . Maistre & P. Perret. 1993 . Habi-
tat heterogeneity and life history variation of Medi-

We would expect that the female selectivity with terranean Blue Tits (Parus caeruleus) . Auk 110 :
respect to food should be inversely proportional 511-520.
to the nest parasite prevalence . Blondel J., P. Dias, M. Maistre, P. Perret, S . Hurtrez-

Bousses & M .M. Lambrechts 1998 . Is small clutch
size of a Corsican blue tit population optimal?
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