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Parental-care responses by yellow warblers
(Dendroica petechia) to simultaneous
manipulations of food abundance and brood
size

G.A. Lozano and R.E. Lemon

Abstract: Theoretical models view biparental care as a state of equilibrium that can be maintained only when the amount of
parental care provided by one parent depends on the amount provided by its mate. According to these models, biparental care
results when a decrease in the contribution of one parent is partialy, but not completely, compensated for by an increase in the
contribution of the other parent. Furthermore, this equilibrium state can only be stable if any other external factor affects male
and female effort equally. We used yellow warblers (Dendroica petechia) to examine whether changesin brood size and food
abundance affect the parental contributions of the sexes equally. Supplemental food did not affect parental care by either sex,
but brood size did. Both males and females provided more to larger broods, and in large broods only, their provisioning rates
increased with nestling age. Parental effort per nestling was similar in the two sexes, being higher for smaller broods and
increasing with nestling age. Based on brood biomass, parental effort was greater for smaller broods, and decreased with
nestling age in females only. Therefore, in agreement with current models of the maintenance of biparental care, the effects of
brood size and nestling age on parental care did not differ significantly between the sexes. Nonetheless, data from other species
and theory indicate that the costs and benefits of providing parental care differ between the sexes, so it is unlikely that
biparental care can be maintained solely by a partial compensation response.

Résumé :Les modéles théoriques définissent les soins biparentaux comme un état d’équilibre qui ne peut étre maintenu que
lorsque I'importance des soins assurés par un parent dépend de I'importance de ceux assurés par son conjoint. D’aprés ces
modeles, les soins apportés aux petits sont biparentaux lorsque la diminution de la contribution d’un parent est partiellement,
mais pas entierement, compensée par une augmentation de la contribution de I'autre. De plus, cet état d’équilibre n’est stable
que si tout facteur externe affecte également I'effort du male et celui de la femelle. Nous avons tenté de détermlieatesi la tai

la couvée et I'abondance de la nourriture affectent également la contribution des deux parents chez la Paruline jaune
(Dendroica petechia). L'addition de nourriture n’affecte pas les soins apportés par I'un ou l'autre parents, mais la taille de la
couveée a de l'influence. Les méles et les femelles apportent une contribution accrue aux couvées plus grosses et il n'y a que
chez les grosses couvées que la fréquence des apports parentaux de nourriture augmente en fonction de I'age des oisillons.
L'effort parental par oisillon est égal chez les deux parents, est plus élevé dans le cas des petites couvées et adfigente avec

de l'oisillon. L'effort parental calculé par biomasse de couvée est plus élevé dans le cas des petites couvées et diminue avec
I'age des oisillons seulement chez les femelles. Ces résultats sont en accord avec les modéles courants sur le maistien des soi
biparentaux, a savoir que les effets de la taille des couvées et de I'dge des oisillons sur les soins parentaux ne diffézent pa

les méles et les femelles. Néanmoins, les données sur d’autres espéces et d'autres théories indiquent que les coBts et bénéfice
reliés aux soins parentaux different chez les méles et les femelles et il est donc peu probable que les soins biparentaux ne
puissent étre que le résultat d’'une réaction de compensation partielle.

[Traduit par la Rédaction]

Introduction

Biparental care can be viewed as a compromise between two
individuals with both common and conflicting interests.
Chase (1980) and Houston and Davies (1985) used this
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approach to develop similar models to explain how biparental
care is maintained. Both models are based on the assumption
that an individual'’s parental effort depends on the amount of
parental effort contributed by its mate. Depending on how
individuals respond to each other’s parental effort, several
equilibrium states are possible, ranging from the absence of
parental care to complete biparental care. Biparental care
results when a decrease in the contribution of one parent is
partialy, but not completely, compensated for by an increase
in the contribution of the other parent. According to these
models the compensatory response must be partial; complete
compensation would lead to uniparental care.

This prediction has been tested recently in severa biparen-
tal, socally monogamous species by experimentally decreas-
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ing parental care in one parent and observing the response of daily for nests. All nests were visited daily to determine the chronol-
its mate. Testosterone implants have been used to reduce ogy of egg laying. Five days after incubation began, a clear tray (5 cm
male care in dark-eyed juncos (Junco hyemalis) (K etterson et in diameter) was placed within 20 cm of each nest. At each nest, 10
al. 1992) and barn swallows (Hirundo rustica) (Saino and mealworms were placed in the tray every morning until the day of

hatch. This was done to give parents the opportunity to identify the

Maller 1995). In both studies females compensated fully fortray as a potential food source and to confirm that the food in these

reductions in male help. Wright and Cuthill (1989) found trays was being consumed.

incomplete compensation when tail weights were used 0 Ag nests became available they were grouped into quartets. All
manipulate the parental care of starlin§aius vulgaris). nestlings at a nest usually hatch within a 30-h period. The day after
Markman et al. (1995) used the tail-weight method in orange-hatching started at a nest, the nest was randomly assigned to one of
tufted sunbirdsNectarinia osea) and found incomplete com-  four treatments: supplemental food/large brood, supplemental brood/
pensation in only some aspects of parental care. In yellowsmall brood, control/large brood, and control/small brood. These
warblers Dendroica petechia), experimental reductions of treatments entailed cancelling the suppler_nental'food or increasing it
male care significantly reduced nestling growth, but femalesto 50 mealworms per day, and exchanging chicks among nests to
did not match or compensate for the decreases in male hel btain a brood size of six or two. For each such exchange, all avail-
(Lozano and Lemon 1996). More examples are needed befor Ible nestlings from the population were used, which means that nest-

eneralizations can be made. but clearl artial compensands allocated to a nest may have hatched at several other nests, but
9 ralizations » bu ry, p p they were all 1 day old and of approximately the same size. The

tion does not always occur, and may not be a required featurg,egian clutch size of nests used in this experiment was five eggs.
of biparental care. o Nest watches were carried out daily at each nest when nestlings
The aforementioned models do not negate the possibility ofwere from 2 to 6 days of age. Before each nest watch began, the nest
other factors affecting parental care. However, the assumpwas approached to count the nestlings, and if appropriate, to deliver
tion of interdependence, coupled with the prediction of partial food. The nest was then observed for 10 min from a concealed loca-
compensation, means that any external factor must affect thgon about 10 m from the nest. This time was used to verify the iden-
parental contribution by the two sexes equally. The two par-tity of the parents, to ensure that they were continuing to feed their
ents cannot simultaneously use each other's contributions t§estlings despite our presence, and, for nests in the supplemental
regulate their parental effort and also respond independently°d treatment, to confirm that the mﬁal\r/]vorr?]s }Nere_ being con-h
to some other, external factor. Biparental care can only bers]umed' The test does not depend on W ether the food is given to the
S ’ . estlings or consumed by the parents; the intent was to provide an
maintained as long as any other factor increases or decreasggironment of higher food abundance and observe what the parents
the parental effort of both parents, in effect merely shifting gig under these conditions. In most cases, consumption of meal-
the equilibrium point. In this experiment we used yellow war- worms began as soon as they were placed in the dish. Data collection
blers to test this corollary of current models of biparental carestarted following the 10-min pretrial period and continued for
(Chase 1980; Houston and Davies 1985). We tested whethe30 min, during which time the number of nestling-feeding and nest-
the two sexes responded similarly as we simultaneouslyvisiting trips and the time spent brooding by the female were
decreased the costs of providing parenta' care by increasingecorded. Nest visits include nestlmg-feedmg V|.S|FS. The tWO.Varl'
food abundance, and manipulated presumed benefits by alte@Ples were noted because parents sometimes visit the nest with food
ing brood sizes. in their beaks but fail to deliver it, visit without any food, or visit only
We used brooding time and nestling-feeding and nest-1© remove faecal sacs,

L : f | Previ Nestling masses were recorded after all nest watches. When nest-
visiting rates as estimates of parental care. Previous work, ' \vere 6 days old their wing chords, ninth primary feathers, and

with yellow warblers (Lozano and Lemon 1995) indicated (arsj were also measured. Nestlings were not disturbed thereafter
that food abundance affects maternal care but not paternadecause of the risk of forcing fledging. To eliminate other potential
care. On the other hand, we expected brood size to be asources of variance, nest watches were conducted only under favor-
important determinant of parental effort for both sexes able weather conditions, and, if possible, only during the morning.
(Trivers 1972; Winkler 1987). However, changes in parental Data from 8 quartets were obtained in 1994 and 6 in 1995, for a
effort may not necessarily reflect changes in brood size (Lackotal of 56 nests, 14 per treatment. However, because of inclement

1947; Nur 1984), so we also considered parental care peyveather, time constraints, and nest losses, it was not possible to
' ’ obtain data from nestlings of all five ages from every nest, therefore

nestling. Finally, parents often face a trade-off between thesam le sizes range from 8 to 13 nests per treatment for each nestlin
quality and quantity of the offspring they produce, so paren- P 9 P 9

tal care may be regulated not solely by the number of nest-"y,iance due to differences between the two years was removed
lings but also by the size of these_ nestlings. Therefore, W&y carrying out a one-way ANOVA with year as the independent
also analyzed the effects of brood size and food abundance iariable; the residuals of these ANOVAs were used in later tests. This

terms of parental effort per total brood biomass. procedure was carried out for brooding times, nestling-feeding rates,
and nest-visiting rates, and not for the derived per-nestling and per-

Materials and methods brood biomass variables. The derived variables were calculated after
correction for year differences. All variables were subsequently

The fieldwork was carried out at Pointe a Fourneau’ 228, transformed as required to remove any existing heteroscedasticity.

73°51'W) on Tle Perrot, Quebec, Canada, from May to July in 1994  Parental effort was analyzed using type Ill sum of squares univari-
and 1995. Upon their arrival at the breeding grounds, birds were capate unbalanced three-way repeated-measures ANOVAs (Ferguson
tured in mist nets. Each bird was banded with a numbered aluminumand Tanake 1989; Maxwell and Delaney 1989; von Ende 1993;
USFWS band and a unique combination of three colored plasticWiner et al. 1991). This analysis has the advantage of using all avail-
bands. Several morphological measures were taken from each bird able data while avoiding pseudoreplication. Parental effort was first
the time of banding, including body mass, wing-chord length, and analyzed separately for each sex with brood size and food presence as
tarsus, rectrix, and ninth primary feather lengths. the main factors, nestling age as the repeated-measures factor, and all
Starting in the third week of May, the study area was searchednteractions. Parental care was also analyzed for all birds together,
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Table 1. Correlations between male and female parental care, lated with female effort, in terms of both nestling-feeding (
separately for each treatment. 0.366,n=199,p = 0.0001) and nest-visiting ratas<0.357,
n= 199,p= 0.0001). The strength of these correlations dif-
Group n r p fered among treatments. Generally, the correlations were
stronger in nests with six nestlings than in nests with two
Nestling-feeding rate nestlings (Table 1), but this difference was statistically signif-
No supplemental food icant only for nestling-feeding rateg £ 6.55,p < 0.0001).
Two nestlings 44 0.2346 0.1253 Several results were consistent throughout all analyses.
Six nestlings 55 0.3762 0.0046  Food abundance did not have a significant effect on any
Supplemental food aspect of parental care. Two-way interactions involving food
Two nestlings 51 -0.1357 0.3423  apundance and all three-way interactions were not significant.
Six nestlings 49 0.3051 0.033
Total Parental care
Two nestlings 95 0.0395 0.704  The crucial prediction of the models was that the two parents
Six nestlings 104 0.3394 0.004  would react differently to the manipulations. This prediction
Nest-visiting rate was tested by examining the interaction effects of sex with
No supplemental food nestling age and brood size. However, this factor was not
Two nestlings 44 0.3386 0.0246  gignificant, therefore the effects of brood size and nestling
Six nestlings 55 0.3664 0.0059  age on parental care did not differ between the sexes.
Supplemental food Males attending larger broods visited their nests signifi-
Two nestlings 51 0.0784 0.5845  cantly more than males with reduced brodelg §3) = 20.05,
Six nestlings 49 0.2699 0.0607 p< 0.0001). There was a significant increase in nest visits
Total with nestling age among broods with six chickg, g =
Two nestlings 95 0.205 0.0464  11.36,p< 0.0001) but not among broods with two chicks
Six nestlings 104 0.3106 0.0013  (Fi45g = 1.63,p=0.1781). Although the response of males

with large broods was large enough to lead to a significant
overall increase in nest visits with nestling age, (> =

with sex and brood size as the main effects and nestling age as the 8.99,p < 0.0001), the brood size x nestling age interaction
repeated-measures factor. In these comparisons, interaction effects effect was not significanf{4 16 = 2.17,p = 0.0766), so the
involving the factor “sex” were examined to determine whether sta-nestling age effect did not differ significantly between
tistically significant factors from previous analyses affected the broods of two and six nestlings (Figa)1The results were the
parental effort of the sexes differently. Also, males’ nest-visiting same in terms of nestling-feeding rates, except that the brood

rates were Compared with those of females and also with females’size X nestllng age interaction term was indeed Slgnlﬂcant
nest-visiting rates exclusive of brooding time. (F% 126] = 3.00,p = 0.0210).

Differences in nestling size were compared using a multivariate = o510 care consists of two activities that cannot be carried
ANOVA with brood size and food presence as the predictor variables . ; . . .
ut simultaneously: brooding and feeding the nestlings. As

and tarsus, ninth primary, and wing-chord lengths as the dependen‘?. h th f | f les T qnifi
variables. All tests were two-tailed, and effects were accepted as stalVIth those of males, females’ nest-visiting rates were signifi-

tistically significant ap < 0.05. cantly higher for larger brood$ 531 = 12.95,p = 0.0007)
Animals were handled in accordance with the principles and and at older nestling agef§ { 106) = 3.32,p = 0.0127), but the
guidelines of the Canadian Council on Animal Care. differences were not as pronounced. When analyzed sepa-
rately for each brood size, maternal care increased signifi-
Results cantly with nestling age among enlarged broo@g dg =
3.45, p< 0.0126) but not among broods with two chicks
A one-way ANOVA was first carried out to account for vari- (Frasg = 0.88, p= 0.4788) (Fig. ). Brooding time
ance between the two years. There were no significant differ- decreased with nestling ag€{ 127 = 8.52,p= 0.0001), so

ences between the years in males’ nestling-feeding and nesfemales’ nest-visiting rates excluding the time spent brooding
visiting rates, nor in females’ nestling-feeding rates. Thewere not affected by nestling agéf;14= 0.53, p =
only significant differences between the two years were for0.7133). Nestling-feeding rates excluding brooding time were
females’ nest-visiting rates=(; 1971 = 6.86,p = 0.0095) and higher for enlarged brood$( 533 = 6.58,p= 0.0132), but
brooding timesK(; 1931 = 7.51,p = 0.0067). The mean num-  there were no differences in nest-visiting ratgg £ = 0.86,

ber of female visits per half hour was higher in 1994 than inp = 0.3576) (Fig. &).

1995 (4.61 vs. 3.30), but conversely, brooding times were

higher in 1995 than in 1994 (744 vs. 526 s). Parental care per nestling
Nestling-feeding and nest-visiting rates were highly and We also analyzed the effects of our manipulations on paren-
significantly correlated for males¢E 0.919,n= 199, p= tal effort on a per-nestling basis. As before, the interaction

0.0001) and femalesrd= 0.8929,n= 199, p = 0.0001). effects involving sex were not significant. Therefore, when

Therefore, for ease of presentation, only nest-visiting dataanalyzed on a per-nestling basis, the effects of nestling age

will be mentioned hereafter, except when nestling-feedingand brood size did not differ between the sexes.

data show distinct patterns and vyield statistically different Among males there was a highly significant increase in

conclusions. nest-visiting rates with nestling ag&fi06= 7.57, p=
Male parental effort was weakly but significantly corre- 0.0001). However, in contrast to the previous analysis, male
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Fig. 1. Mae and female parental care responses to brood-size and food-abundance manipulations.

No supplemental food, small brood

L
)
1
vz

No supplemental food, large brood
Supplemental food, smail brood
Supplemental food, large brood

«©
—~
O
N’

© < ~
(uiw og/ ou) el BuiisiA-}sau sfe|n

(

L n 1 "
@© © < (3]

uiw Qg/ ou) ajel Buisia-}sau sjewa

12}

(uiw og/-ou) a1el Bunisia-lsau
Buipooiquou sjews

L s L "
o © © < N

Nestling age (days)

1(53] = 857,p S
915-14] = 081,

el

Females responded similarly. Females’ visits per nestling0.0050) but did not change with nestling ag
Even after accounting for differences in total brood bio-

0.5221) (Fig. ).

with sex were not significant, which indicates that the effects

females’ nest-visiting rates per nestling, exclusive of brood-
0.0045), and there was also a significant decrease as nestlingd not differ between the sexes.

ing time, were higher for reduced broo

Parental care per unit of brood biomass
ling was greater inAgain, the interaction effects of nestling age and brood size

p

%]
©
= .
i >
£ $<82gueE
= SE=EZaS
OU) o ey
= S, Qoo
© I <
8d& =Q = S
o _- o o 5
59~ -2 3
(T 3a__ oo
~—~ -
s )@ 3%09% o
SQRENZ=0O0S205
B3 SN = QE S
=3 gE ©
o ~ n o0
(=T A= _ T O |
T o= Qo
L i o
L SBb Y SEETS
%O (@) [ o
s aw._ﬂme [}
n-209
%] S ¥ O
MOS = = = C 1"
2 bohaeLC S
SSQESs3S0 A
DL c [OR = e =
| e S”SS <
= nncad® O =
S s E €
= c = ]
oo} eh.med -=
apRLuno_<Cgn°
o)) aumTC
= [N e] > =
Ow rhh .
e =259 3e?
506 £BcNloD>

© 1998 NRC Canada



920

Can. J. Zool. Vol. 76, 1998

Fig. 2. Mae and female parental effort per nestling versus food abundance and brood size.
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mass, both male and femal e care was significantly greater for
reduced broods than for enlarged broods (males: Fj 53;=
841, p = 0.0057; females: Fi; 53;= 7.81, p= 0.0072;. This
difference was more pronounced at 2 days of age, sufficiently
so in females to yield a significant age effect (F4 124)= 3.37,
p = 0.0117) (Figs. 3a and 3b)

The time spent brooding per unit of biomass was aso sig-
nificantly greater for reduced broods than for enlarged broods
(Fri53= 1632, p= 0.0002) and decreased with age

(Fia,120)= 2348, p= 0.0001). Females’ visiting rate per unit
of brood biomass, exclusive of time spent brooding, was also
higher for reduced broods-(g 533 = 9.61,p= 0.0031), and
decreased with nestling agg /115 = 5.74,p = 0.0003) (Fig.

3c¢). These results were generally similar to those of the previ-
ous “per-nestling” analysis.

Nestling survival and growth
Nestling survival was assessed separately for enlarged and
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Fig. 3. Mae and female parental effort per total brood biomass versus food abundance and brood size.
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tially consistent with our previous results (Lozano and Lemon

plementation on mean nestling masses or nestling size, both
An increase in food abundance had no significant effect on
parental care at these two brood sizes. These results are par-

measured at 6 days of age.

Discussion

0.0015) but not for reduced broods

0.252;) (Fig. 4).

%,88] = 448, 6]
=137,p=
here were no significant effects of brood size or food sup-

in both groups the mean brood size decreased as the nestlings
88]

reduced broods. Initial brood sizes for these treatments were
got older; however, the decrease was significant for enlarged

set at two and six nestlings, respectively. Any partial nest loss
necessarily led to a decrease in mean brood size. As expected,

broods (F
(FL?
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Fig. 4. Effect of food abundance and initial brood size on nestling survival. Open symbols denote no supplemental food and solid symbols
supplemental food; squares denote reduced broods and circles enlarged broods.
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1995) in that food abundance did not affect male care, but the
lack of a significant effect on maternal care was unexpected.
In a previous study (Lozano and Lemon 1995) we found that
when brood size was standardized at four nestlings, higher
food abundance increased maternal care. In this study, sup-
plemental food increased some measures of parental care
only among enlarged broods, but these results were not statis-
tically significant. We can only surmise that the effects of
food abundance and brood size interact, so that at extreme
brood sizes the effect of food abundance on parental care is
lower than at normal brood sizes. However, more experimen-
tal studies are needed, so the question of how food abundance
affects the relative contributions of the two sexes remains
open.

In contrast, parental care was significantly affected by
brood size and nestling age, congruent with findings from
other species and with theoretical expectations. The interac-
tion effects of nestling age and brood size with sex were not
significant, which indicates that the effects did not differ
between the sexes. For both sexes parental care generally
increased with nestling age and brood size (e.g., Carlisle
1985; Curio 1987; Montgomerie and Weatherhead 1988;
Markman et al. 1995). However, the brood size effect was not
linear: the nest-visiting rate at nests with six nestlings was not
3 times those at nests with only two nestlings.

Parental care per nestling did not differ between the sexes,
and was lower for both sexes at nests with large broods than
at nests with reduced broods (Fig. 2). The latter result could
be a consequence of two mechanisms. First, the requirements
of large broods may be beyond what parents can provide, in
accordance with Lack’s (1947) hypothesis that brood size is
determined by the maximum number of young that can be fed
by the parents. The decreased nestling survival among
enlarged broods (Fig. 4) also lends support to this hypothesis.
Second, provisioning rates for reduced broods may be rela-
tively higher because of the greater needs of these nestlings.
Smaller broods lose heat faster, which means that before nest-
lings acquire the ability to thermoregulate, females have to

spend more time brooding, and afterwards nestlings may need
to maintain a dlightly higher metabolic rate (Dawson and
Evans 1957; Dunn 1975; Verbeek 1995). This idea is sup-
ported by the fact that the provisioning rate per unit of brood
biomass was still higher in reduced broods, and highest for 2-
day-old nestlings (Fig. 3).

Present models view biparental care as one of several pos-
sible equilibrium states reached between two individuas
whose parental contributions are interdependent (Chase 1980;
Houston and Davies 1985). Several outcomes are possible
depending on how individuals react to their partner’s paren-
tal contribution. This interdependence requires that each par-
ent must, directly or indirectly, be able to monitor its partner's
contribution, and that any other external factor must affect the
parental effort contributed by the sexes equally. The two par-
ents cannot simultaneously use each other's contribution to
regulate their parental effort and also respond independently
to some other, external factor. The required interdependence
of male and female effort cannot be maintained if only one
parent adjusts its parental effort based on factors other than its
mate’s contribution.

When the sexes were analyzed separately, there were some
differences between them. For instance, male care was
greater in larger broods, and only in large broods did it
increase with nestling age. In contrast, maternal care was
higher in larger broods, and, independently of brood size,
increased with nestling age. For both sexes parental effort per
nestling was higher in smaller broods and increased with
nestling age. Parental effort per unit of brood biomass was
greater in smaller broods for both sexes; decreases with nest-
ling age occurred in both sexes, but were significant only
among females. However, when the sexes were analyzed
together, the effects of nestling age and brood size on parental
care did not differ significantly between the sexes.

The only major distinction between the sexes is that only
for female care were there significant differences between the
two years of the study. In 1994, females visited their nests
more but brooded less than in 1995, probably because 1994
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was more rainy than 1995. Only females brood, o it is per-
haps not surprising that climate has an important effect on
female care but no detectable effect on male care. These
results also highlight the trade-off faced by females between
providing two types of parental care: brooding and nestling
feeding. It islikely that parental care is also regulated by fac-
tors besides those manipulated in our experiment, and some
of these may affect the sexes differently.

Evidence from other species indicates that the parental
contributions of males and females are not necessarily regu-
lated by the same factors, or at least not to the same extent.
For example, in pied flycatchers (Ficedula hypoleuca),
Moreno et al. (1995) found that brood size affects energy
expenditure in males but not females. In mountain chickadees
(Parus gambeli), the contribution by males relative to females
increased with brood size (Grundel 1987). In northern mock-
ingbirds (Mimus polyglottos), the relative contribution by
males increased with nestling age (Breitwisch et al. 1986). In
great tits (Parus major), experimentally elevated ectoparasite
loads led to increases in male, but not female, effort (Christe
et al. 1996). Therefore, the fact that male care and female care
are regulated differently is not new. However, the implica
tions of these results for current models of maintenance of
biparental care have been generally overlooked.

Markman et al. (1995) suggested that parental contribution
systems could be better explained by considering the benefits
to males and females of parental and nonparental activities,
rather than by current models of biparental care. The benefits
of providing parental care can differ drastically between the
sexes depending on the occurrence of extra-pair paternity. In
yellow warblers, for example, extra-pair paternity can vary
within one population from 25.9% in one year to 43.2% in the
following year (Yezerinac et al. 1995). This means that a
large portion of parental effort in males has no direct bearing
on their fitness and is, in effect, wasted, whereas females
always allocate parental care to their genetic offspring. Con-
sequently, maternal care is under stronger selection than
paternal care, and we should expect female care to be regu-
lated by arelatively wider array of factors, and females to be
more responsive than males to the needs of their offspring.

Males should avoid caring for unrelated young, so paternal
effort should correlate with paternity (Trivers 1972). Interspe-
cific comparisons using 52 bhird species show that feeding of
nestlings by malesis negatively correlated with the frequency
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wrote “No theory currently exists for predicting how parents
should adjust their allocation as conditions change.” More
recently, Markman et al. (1995) stated that present models of
biparental care are not sufficient to explain sex-related pat-
terns of parental care. In our experiment we failed to show
differences in the way male and female care is regulated.
Nonetheless, data from other species and theory indicate that
the costs and benefits of providing parental care differ
between the sexes, so it is unlikely that biparental care can be
maintained solely by a partial compensation response. How-
ever, more complex models would necessitate having deter-
mined the relationship between social mating systems and
genetic mating systems, which is an issue of major impor-
tance facing behavioral ecology today.

Acknowledgments

We thank G. Goggin-Michaud, D. Lafleur, and C. Riley for
their uncompromising help with the fieldwork. Financial sup-
port was provided by the Natural Sciences and Engineering
Research Council of Canada and the Fonds pour la formation
de chercheurs et l'aide a la recherche (Québec). Previous
versions of the manuscript were reviewed by J. Grant,
D. Kramer, D. Lafleur, G. Pollack, R. Titman, H. Reiswig,
K. Yasukawa, and L. Wolf.

References

Breitwisch, R., Merrit, PG., and Whitesides, G.H. 1986. Parenta
investment by the northern mockingbird: male and femalerolesin
feeding nestlings. Auk, 103: 152—159.

Carlisle, T.R. 1985. Parental response to brood size in a cichlid fish.
Anim. Behav.33: 234-238.

Chase, |. 1980. Cooperative and noncooperative behavior in ani-
mals. Am. Nat115: 827-57.

Christe, P., Richner, H., and Opplinger, A. 1996. Begging, food pro-
visioning and nestling competition in great tit broods infested
with ectoparasites. Behav. Ec@1.127-131.

Curio, E. 1987. Brood defense in the great tit: the influence of age,
number and quality of young. Arde#: 35-42

Dawson, W.R., and Evans, F.C. 1957. Relation of growth and devel-
opment to temperature regulation in nestling field and chipping
aparrows. Physiol. ZooB0: 315-330.

Dunn, E.H. 1975. The timing of endothermy in the development of
altricial birds. Condor77: 288-293.

Ferguson, G.A., and Takane, Y. 1989. Statistical analysis in psychol-

of extra-pair paternity (Moller and Birkhead 1993). In ogy and education. 6th ed. McGraw-Hill Publishing Co., New

contrast, intraspecific studies in socially monogamous and

; h ork.
polygynous species have repeatedly failed to show any relag o qerick, p.c. 1087. Responses of male white ibises to their mates’

tionship between paternal care and extra-pair paternity (€.9., extra-pair copulations. Behav. Ecol. Sociobil: 223-228.
Frederick 1987; Gavin and Bollinger 1985; Leonard et al. Freeman-Gallant, C.R. 1997. Parentage and parental care: conse-

1995; Westneat 1995; Westneat et al. 1995; Yezerinac et al quences of intersexual selection in savannah sparrows? Behav.
1996). This apparent contradiction may be resolved if we Ecol. Sociobiol40: 395-400.

consider that the rate of extra-pair parentage would be loweGavin, T.A., and Bollinger, E.K. 1985. Multiple paternity in a terri-

if males were able to detect it, and nonexistent if males had_ torial passerine: the bobolink. Auk)2: 550-555.

the ability to distinguish between within-pair and extra-pair Grundel, R. 1987. Determinants of nestling feeding rates and paren-
young. There are some interesting scenarios in which males, tal investment in the mountain chickadee. Con8ir319-328.
would benefit from knowingly caring for unrelated young ouston, A.l., and Davies, N.B. 1985. The evolution of cooperation

. f . and life history in dunnocks Prunella modulatis.Behavioural
(e.g., Soler etal. 1995; Zahavi 1995; Freeman-Gallant 1997), ecology: the ecological consequences of adaptive behaviour.

but otherwise, in biparental species, the benefits of extra-pair - gjited by R. Sibley and R.H. Smith. Blackwell Scientific Publica-

paternity could not accrue to females if males were able to tons, Oxford. pp. 471-487.

adjust their parental effort according to their paternity. Ketterson, E.D., Nolan, V., Jr., Wolf, L., and Ziegenfus, C. 1992.
In 1982, in support of empirical studies, Wittenberger Testosterone and avian life histories: effects of experimentally

© 1998 NRC Canada



924 Can. J. Zool. Vol. 76, 1998

elevated testosterone on behavior and correlates of fithess in the Trivers, R. 1972. Parental investment and sexual seletti@exual
dark-eyed junco (Junco hyemalis). Am. Nat. 140: 980-999. selection and the descent of man, 1871-1Hdited by B. Camp-
Lack, D. 1947. The significance of clutch size. 18&,302-352. bell. Aldine Press, Chicago. pp. 136-179.

Leonard, M.L., Dickinson, J.L., Horn, A.G., and Koenig, W. 1995. Verbeek, N.A.M. 1995. Body temperature and growth of nestling
An experimental test of offspring recognition in western blue-  Northwestern CrowsCorvus caurinus. Can. J. Zool73: 1019—

birds. Auk,112: 1062-1064. 1023.

Lozano, G.A., and Lemon, R.E. 1995. Food abundance and parentalon Ende, C.N. 1993. Repeated-measures analysis: growth and other
care in yellow warblers Oendroica petechia). Behav. Ecol. time-dependent measurds. Design and analysis of ecological
Sociobiol.37: 45-50. experimentsEdited by S.M. Scheiner and J. Gurevitch. Chapman

Lozano, G.A., and Lemon, R.E. 1996. Male plumage, paternal care Hall, New York. pp. 113-137.
and reproductive success in yellow warbl&androica petechia. Westneat, D.F. 1995. Paternity and paternal behavior in the red-
Anim. Behav51: 255-263. winged blackbirdAgelaius phoenicus. Anim. Behav49: 21-35.

Markman, S., Yom-Tov, Y., and Wright, J. 1995. Male parental care Westneat, D.F., Clark, A.B., and Rambo, K.C. 1995. Within-brood
in the orange-tufted sunbird: behavioural adjustments in provi- patterns of paternity and paternal behavior in red-winged black-
sioning and nest guarding effort. Anim. Beha. 655—-669. birds. Behav. Ecol. Sociobid7: 349—-356.

Maxwell, S.E., and Delaney, H. D.1989. Designing experiments andWiner, B.J., Brown, D.R., and Michels, K.M. 1991. Statistical prin-
analyzing data. Wadsworth Publishing Co., Belmont, Calif. ciples in experimental design, 3rd ed. McGraw-Hill, Inc., New

Montgomerie, R.D., and Weatherhead, P.J. 1988. Risks and rewards York.
of nest defense by parental birds. Q. Rev. Ei81.167-187. Winkler, D.W. 1987. A general model for parental care. Am. Nat.

Moreno, J., Cowie, R.J., Sanz, J.J., and Williams, R.S.R. 1995. Dif- 130: 526-543.
ferential response by males and females to brood manipulations inWittenberger, J.F. 1982. Factors affecting how male and female
the pied flycatcher: energy expenditure and nestling diet. J. Anim.  bobolinks apportion parental care investments. Cor@br22—

Ecol.64: 721-732. 39.
Mgller, A.P., and Birkhead, T.R. 1993. Certainty of paternity covaries Wright, J., and Cuthill, 1. 1989. Manipulation of sex differences in
with paternal care in birds. Behav. Ecol. Sociol88l.261-268. parental care. Behav. Ecol. SociobR8: 171-181.

Nur, N. 1984. The consequences of brood size for breeding blue titsyezerinac, S.M., Weatherhead, P.J., and Boag, P.T. 1995. Extra-pair
II: nestling weight, offspring survival and optimal brood size. J. paternity and the opportunity for sexual selection in a socially
Anim. Ecol.53: 497-517. monogamous birdOendroica petechia). Behav. Ecol. Sociobiol.

Saino, N., and Mgller, A.P. 1995. Testosterone-induced depression 27: 179-188.
of male parental behavior in the barn swallow: female compensa-Yezerinac, S.M., Weatherhead, P.J., and Boag, P.T. 1996. Cuckoldry
tion and effects on seasonal fithess. Behav. Ecol. Socidtiol. and lack of parentage-dependent paternal care in yellow warblers:
151-157. a cost—benefit approach. Anim. Beha. 821-832.

Soler, M., Soler, J.J., Martinez, J.G., and Mgller, A.P. 1995. Magpie Zahavi, A. 1995. Altruism as a handicap—limitations of kin selec-
host manipulation by great spotted cuckoos: evidence for an avian tion and reciprocity. J. Avian BioR6: 1-3.

Mafia? Evolution49: 770-775.

© 1998 NRC Canada



