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Does large size make daughters of the blue-footed booby

more expensive than sons?
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Instituto de Ecologia, Universidad Nacional Auténoma de México, A.P. 70-275, México DF, 04510, México

Summary

1. In species where size dimorphism emerges during parental care, individuals of
the larger sex are presumably more expensive to produce than individuals of the
smaller sex.

2. We evaluated whether female offsprfng of the blue-footed booby, because of
their larger size, require greater parental feeding expenditure than males.

3. A field experiment compared growth rates of sons and daughters when hand-fed
the same amount of food, and a descriptive field study compared the parental feed-
ing rates to fledgling sons and daughters.

4. Females maintained greater rates of mass and ulna increase than males when
fed the same amount of food.

5. First-hatched chicks had higher probability to be fed than second-hatched
chicks. However, male and female fledglings were fed at similar rates by their par-
ents.

6. No evidence that daughters of the blue-footed booby receive a greater feeding
expenditure than sons was found. Faster motor development of males in this facul-
tatively siblicidal species might explain why they grow more slowly than females
with the same food budget.

Key-words: feeding investment, hand-fed, parental care, size dimorphism, Sula
nebouxii.
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Introduction

In animal species where the sexes differ in size, it is
generally assumed that members of the larger sex
are more expensive to produce than members of the
smaller sex (Clutton-Brock, Albon & Guinness
1981). Individuals of the larger sex have higher
growth and metabolic rates (Fiala 1981; Charnov
1982; Teather 1987; Teather & Weatherhead 1988;
Anderson etal. 1993b), and presumably require
more food to fuel growth than the smaller sex
(review in Anderson etal. 1993b; but see Newton
1978; Richter 1983; Stamps 1990).

Greater parental expenditure on offspring of the
larger sex has been reported in several species of
mammals and birds in which males are larger than
females (review in Clutton-Brock 1991). For exam-
ple, in mammals, greater milk intake by male off-
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spring occurs in the red deer (Cervus elaphus,
Clutton-Brock etal. 1981), the African elephant
(Loxodonta africana, lLee & Moss 1986) the
American bison (Bison bison, Wolff 1988) and the
California sea lion (Zalophus californianus, Ono &
Boness 1996), although similar maternal investment
in male and female offspring has been observed in
the southern elephant seal (Mirounga leonina,
McCann, Fedak & Harwood 1989) the grey seal
(Halichoerus grypus, Smiseth & Lorentsen 1995) and
the Antarctic fur seal (Arctocephalus gazella, Lunn
& Arnould 1997). In birds, greater energy demands
and food consumption by the larger sex have been
reported in species where male nestlings are larger
than females (Fiala 1981; Fiala & Congdon 1983;
Slagsvold, Reskaft & Engen 1986; Teather 1987,
1992; Teather & Weatherhead 1988). For example,
in red-winged blackbirds (Angelaius phoeniceus),
where males are roughly 30% heavier than females,
total energy assimilated between hatching and fled-
ging was 27% greater for males than for females
(Fiala & Congdon 1983). Field observations in two
different study sites, suggest that male nestlings were
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fed 29% more often than females (Teather 1992),
and that parental feeding rates increased with the
proportion of males in the brood (Yasukawa etal.
1990).

When females are the larger sex, parental expendi-
ture on daughters and sons has not been compared
in mammals (Clutton-Brock 1991), and the data for
birds are scarce and inconclusive. Observations of a
small sample of sparrowhawks (Accipiter nisus) in
captivity suggest that female nestlings, which grow
to be roughly 73% heavier than males, may con-
sume more food than males when food is provided
ad libitum (Frumkin 1988), although in the field
both sexes appeared to consume similar amounts
(Newton 1978; Newton & Marquiss 1979). In the
golden eagle (Aquila chrysaetos), female nestlings
grew to be roughly 30% heavier than males, but
they did not consume significantly more food than
males over the 10-week rearing period, either in the
field or in captivity (Collopy 1986). However,
females in the field consumed on average 39% more
food than males during the last 5weeks of the rear-
ing period and captive females were capable of comn-
suming more food per meal than were males
(Collopy 1986).

Differences in the relative costs of producing sons
compared to daughters have implications for the
population sex ratio. According to Fisher’s (1930)
theory, total investment by parents in offspring of
each sex should be equal at the end of parental care.
If individuals of one sex are more costly, then equal
investment implies producing more offspring of the
less expensive sex and a sex ratio biased towards the
cheaper sex is expected at independence.

Females of the blue-footed booby (Sula nebouxii)
are larger and about 27% heavier than males at 79
days of age, when growth rates of size and mass
reach an asymptote (Drummond et al. 1991; Guerra
& Drummond 1995). Producing females may thus
represent a greater cost to the parents. Although
male and female nestlings do not differ in size (ulna
and culmen lengths) and mass at hatching (Torres &
Drummond 1999), females grow faster and reach a
higher asymptotic size and mass (Drummond ez al.
1991).

The blue-footed booby raises from one to three
chicks that compete aggressively for food in the nest
(Drummond, Gonzalez & Osorno 1986). Both
parents incubate the clutch and feed their nestlings
by regurgitating sardines and anchovies into their
mouths (Nelson 1978; Drummond ef al. 1986).
Parents predigest food before transferring it to very
young chicks and transfer whole fishes to older
chicks (Guerra & Drummond 1995). As chicks age,
meals increase in size and decrease in frequency:
diurnal meals decreased from approximately 10 to 2
meals per day between ages 10 and 60 days (Guerra
& Drummond 1995). Parental feeding continues

after chicks have completed plumage development
(mean fledgling age = 86-0 days for males and 90-5
days for females; Drummond etal. 1991). Chicks
remain near the nest and are attended continuously
by at least one parent during the first 8-9 weeks of
the chick’s life (Nelson 1978). Thereafter, chicks fre-
quently wander during the day and return to nest
sites to be fed by their parents. However, there is no
data on the duration of the parental feeding period
after fledging (i.e. the time of fledglings’ indepen-
dence).

The blue-footed booby colony at Isla Isabel,
Mexico, has on average 825 nests per repro-
ductive season (SD, + 266 data from 10years; H.
Drummond, unpublished). This colony produces a
fledging sex ratio biased towards males. In 1989, the
sample of 751 chicks was male biased at hatching
(56%) and at fledging (56%; Torres & Drummond
1999). Fledging sex ratios during the five subsequent
years were male-biased varying from 56 to 70%,
except for one year when similar numbers of males
and females were produced (Torres & Drummond
1999). Greater production of sons agrees with
Fisherian expectations under the assumption that
daughters, because of their larger size are more
costly to rear.

To assess whether the observed male-biased sex
ratio does indeed reflect equal overall expenditure
on each sex, we evaluated whether daughters cost
more to rear than sons. To do this, we evaluated
whether daughters require a greater feeding invest-
ment than sons. We compared the growth rates of
male and female chicks experimentally fed the same
amount of food in the natal nest during the period
of maximum daily growth rates. Two feeding treat-
ments were established, one where chicks received a
food amount similar to natural broods, and one
where chicks received a food amount smaller than
natural broods. If daughters normally sustain their
faster growth by consuming more food than sons,
we predicted that daughters and sons would have
similar growth rates when fed the same amount of
food.

Also, investment in daughters and sons may differ
toward the end of the period of parental care, when
size dimorphism is established. To detect this, we
compared natural feeding rates to sons and daugh-
ters during the last weeks before the end of parental
care. If daughters require a greater investment than
sons to reach independence, we predicted that
female fledglings should be provisioned more fre-
quently or for a longer period than male fledglings.

Methods

Field work was conducted from March to July 1994
in the blue-footed booby colony on Isla Isabel, off
the Pacific coast of Mexico. All nests in a long-term
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study area were marked and surveyed every second
day, which allowed us to estimate the age of chicks
(42 days). Nestlings were marked with a coloured
wire 6-g leg band at hatching and a numbered plas-
tic leg band after age 7 days. Survival of nestlings
was recorded until fledging, when fledglings were
fitted with numbered steel bands. Chicks were sexed
by the length of their ulna at fledging, when this
structure has reached an asymptotic non-overlap-
ping bimodal size (Drummond et al. 1991; Torres &
Drummond 1997). This is a reliable method of sex-
ing blue-footed boobies. In a random sample of 16
fledglings, sex determination by ulna length and
later gonadal examination agreed in all cases
(Drummond efal. 1991). Additionally, the sex of
207 fledglings determined by ulna length was verified
4 years later by sexing on the basis of the highly dis-
tinct adult vocalizations. Sex determination by these
two methods agreed in all cases except 1 (Torres &
Drummond 1997).

FEEDING EXPERIMENT

To exclude variance due to sibling interactions, only
chicks from single-chick broods were used in the
feeding experiment. In the colony at Isla Isabel sin-
gle-chick broods are common: the proportions of
one-, two- and three-chick broods are on average
55, 38 and 6%, respectively (data from 10 reproduc-
tive seasons; H. Drummond, unpublished).

Subjects

Seventy-eight 22-day-old singletons were randomly
assigned to three treatment groups: 27 underfed
chicks (hereafter, the underfed group), 24 abun-
dantly fed chicks (the fed group), and 27 chicks fed
by their parents (the control group). Chicks were
sorted according to their hatching date, in blocks of

7 days, and then randomly assigned to each treat-
ment group. Since male and female chicks cannot be
distinguished when they are young, we were blind
with respect to the sex of the subjects during the
feeding experiment. The mean absolute mass of
male and female chicks at the beginning of the.
experiment were similar among the three treatment
groups. However, overall, females were significantly
heavier than males (Tablel). In contrast, mean
absolute ulna length was not significantly different
among nestlings of the three treatment groups or
between the sexes (Table1). In each group females
were heavier than males by 12% in the underfed
group, 6% in the fed group, and 10% in the control
group. Female ulna lengths were 2% larger than
males in the underfed and control groups, and 0-7%
smaller than males in the fed group.

Treatment

To control the amount of food received, we hand-
fed chicks at their nests and placed an adhesive
cloth tape (Micropore) around their necks at the
base of the cranium to prevent parental feeding
between hand-feeding events. This method of con-
trolling food delivery to chicks has been used for up
to 3 days without any signs of permanent harm
(Drummond & Garcia-Chavelas 1989; Nufiez-de la
Mora, Drummond & Wingfield 1996; Rodriguez-
Gironés, Drummond & Kacelnik 1996). Chicks
from the underfed and fed groups were fed during
nine consecutive days, from ages 22-30 days. This
age interval includes the maximum daily growth
rates for ulna length, and mass of female and male
chicks from natural nests (Torres 1996).

Nestlings were fed beside their home nests by
opening their beaks and putting fragments of fresh
local fish (skipjack, Katsuwonus pelamis, and bonita,
Sarda sarda) into their mouths. Hand-fed chicks

Table 1. Mean mass (g) and ulna length (mm) of male and female blue-footed booby chicks 1 day before they entered the
feeding experiment. Sample sizes are 12 females and 11 males in the underfed group, 7 females and 9 males in the fed

group, and 10 females and 16 males in the control group

F Two-way ANOVA

Females Males Treatment Sex Interaction
Mass
Underfed 653-08 4+ 22-70 582-91 4+ 2370 0-78 7-48* 0-20
Fed 617-40 + 29-80 580-41 + 26-20
Control 618-08 4+ 24-90 560-51 + 19-70
Ulna
Underfed 88-01 + 2:88 86-50 + 3-01 0-44 012 0-07
Fed 8530 + 3-77 8591 + 3-33
Control 8540 + 3:16 8361 +2-50
*P < 0-05.
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accepted the new diet and feeding method. The
amounts of food were based on the estimated base-
line food intake of blue-footed booby chicks of simi-
lar ages (Guerra & Drummond 1995). The underfed
and fed groups received 150 and 200 g (£ 1) of fish
per day, respectively, plus a 5% increment every sec-
ond day. During the 9days of treatment, chicks
from the underfed group received a total of 1472 ¢,
which is 21% less than baseline, while chicks from
the fed group received a total of 1964 g or 6% more
than baseline.

Each chick’s ration was delivered in three daily
feeding visits, a frequency similar to parental deliv-
eries to chicks of similar ages (mean = 3-4 feeds in
a 12-h period, range = 1-12, on Isla Isabel, Mexico,
Guerra & Drummond 1995; roughly 3-0 feeds in a
24-h period for two-chick broods, on Isla Espafiola,
Galapagos Islands, figure 7 in Anderson & Ricklefs
1992). Feeds were at roughly 06.00, 11.00 and
16.00h, providing 40, 20 and 40%, respectively, of
the daily ration.

During the feeding experiment 13 chicks died:
four in the underfed group, six in the fed group and
three in the control group. From the chicks that
died, six disappeared possibly victims of predation
by feral cats, two died showing serious injuries that
caused by adult neighbours
(Drummond et al. 1991), and another five probably
died because they were smaller and looked weaker
than the rest of the experimental chicks from the
start of the experiment. We could not exclude possi-
ble association between the experimental treatment
and the death of these last five chicks. However,
they were all from the latest 26 broods included in
the experiment, and from day 1 their masses were
11% lower and their ulnas were 9% shorter than
those of the other experimental chicks.

Hand-fed chicks were weighed on an Ohaus elec-
tronic balance (0-6000 + 1g) before each feeding,
and every morning the lengths of their left ulnas
were measured (+ 1mm). To verify that parents
resumed normal feeding, chicks were weighed and
measured during three additional days after the last
feeding (when tapes were removed at approximately
18.00 h). Chicks from the control group were simply
weighed and measured on the same schedule as
hand-fed chicks, but were not taped or fed by us.
Hence, although chicks in this group were not a
strict control, they illustrate normal growth of
chicks subjected to our weighing schedule. Daily
survival of hand-fed and control
recorded until fledging.

We analysed growth by calculating independently
the rate of increase of mass and ulna length of every
chick during the 9-day experimental period. To con-
trol for differences in chicks’ initial sizes, the rate of
increase was calculated as the difference between the
final and initial measures divided by the initial mea-

were probably

chicks was

sure. Rates of mass and ulna increase of male vs.
female nestlings were compared using Two-way
ANOVAs, with treatment (underfed, fed and control
groups) and sex as the main factors. Duncans’ mul-
tiple post hoc comparisons were made using a global
significance level of 0:05. The growth rates of ulna
and mass increase of hand-fed males vs. females
were -also compared by performing a Generalized
Linear Model with an Identity Link function, and
normal distribution of error, sex and treatment were
included as factors in the model (Crawley 1993).
This analysis simultaneously takes into account the
initial size of the chicks and allometric effects
between mass and ulna length.

PARENTAL FEEDING AFTER FLEDGING

Parental feeds to fledglings not involved in the
experiment were recorded daily from 14.00 to
19.00h, during the peak daylight feeding period
(Torres 1996; see also Anderson & Ricklefs 1992).
An observer walked slowly along a fixed route
through the study area, stopping for 30 min every
30m, alternating travel direction every day to avoid
any possible bias due to passing through the same
sites at the same time. We recorded all feeds to
fledglings within an estimated 30-m radius of the
observer, noting each fledgling’s band number
(using 10 x 23 binoculars). Each chick’s age, hatch-
ing sequence and sex determined by the length of
its ulna were subsequently recovered from data in
our project’s routine measurements of all chicks.
Feeding records began on 16 June, when roughly
20% of first-hatched chicks from the marked nests
in the study area were older than 90 days and con-
tinued until 15 July, just before the end of the repro-
ductive season. This recording method produced a
daily sample of the total feedings to marked fledg-
lings in the area surveyed. Assuming that male and
female fledglings are fed at similar times of day,
samples allow us to compare feeding frequencies to
the two sexes, but they do not yield an estimate of
absolute daily frequencies. The statistical analysis
was performed using a Generalized Linear Model
with a Logit Link function and binomial distribu-
tion of error (Crawley 1993). The maximal model
included sex and hatching sequence as factors and
age of chicks as a continuous variable. Feeds to
third-hatched chicks (31 to males and seven to
females) were not included in the analysis because of
small sample size.

Results
FEEDING EXPERIMENT

Feeding treatments produced differences in mass
and ulna increase (mass, F,gq = 5-08, P = 0-009;
ulna, F564 = 9-01, P = 0-0004). Overall, the under-



1137
R. Torres &
H. Drummond

© 1999 British
Ecological Society
Journal of Animal
Ecology, 68,
1133-1141

fed group (12 females and 11 males) showed lower
rates of mass increase than the fed (seven females
and nine males) and control groups (10 females and
16 males), while the rates of the fed and control
groups were not significantly different (Duncans’
multiple comparisons). The mean rates of mass
increase during the 9-day experimental period (mean
+ SEM g) were 0-32 + 0-02 in the underfed group,
0-40 £+ 0-02 in the fed group, and 0-38 + 0-02 in the
control group. Ulna growth rates of the underfed
and fed groups did not differ significantly, and both
of these groups grew more slowly than the control
group {(Duncans’ multiple comparisons). The mean
rates of ulna length increase (mm) were 0-33 + 0-01
in the underfed group, 0-36 + 0-01 in the fed group,
and 0-40 4+ 0-01 in the control group.

The prediction that under a regime of equal food
intake female and male chicks should have similar
growth rates was not supported. Female rates of
mass increase were significantly greater than male
rates (F1 64 = 11-92, P = 0-001; Fig. la): 33, 25 and
19% greater than male rates in the underfed, fed
and control groups, respectively. There was no sig-

0.5

Mass increase
[
N
I

0.3~

0.2

nificant interaction between treatment and sex
(Fr64 =0-13, P=0-87; Fig.la), suggesting that
rates of mass increase of both sexes differed simi-
larly at different levels of provisioning.

Similarly, female rates of ulna increase were
greater than male rates in the three groups
(F1,64 = 595, P=001; Fig.1b); by 9% in the
underfed group, 11% in the fed group and 13% in
the control group. As for mass increase, there was
no significant interaction between treatment and sex
(F164 = 0-15, P = 0-85; Fig. 1b).

After the 9-day feeding treatment, hand-fed nest-
lings grew normally or recovered rapidly, and no
noticeable harm was detected. Three days after
tapes were removed, nestlings of the three groups
did not differ in their mass or ulna lengths (mass,
Fy64 =060, P =051, ulna F,¢, = 0-68, P = 0-50),
suggesting normal parental feeding. Likewise,
experimental chicks eventually achieved a size that
was not significantly different from that of unmani-
pulated chicks (asymptotic ulna length for experi-
mental and unmanipulated chicks, respectively,
mean =+ SD; females 216 +2:93mm, » =29 and

" 1Male
7777 Female

Underfed

0.6 —(p)

Ulna increase
o
NS
T

03 -

0.2

Control Fed

Underfed

Control Fed

Fig. 1. Mean rates (4 SEM) of (a) mass and (b) ulna increase during the 9-day experimental period of blue-footed booby

male and female nestlings in the underfed (12 females and
females and 16 males) groups.

11 males), fed (seven females and nine males) and control (10
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216 + 3-35mm, »n =257, t =1-00, P =0-32; males
196 + 4-15mm, n =36, and 196 + 4-62mm, »n =
428, + =008, P =094). Survival to fledging of
experimental nestlings after treatment was high,
only one female died at age 58 days.

To further evaluate sex differences in growth rates
while controlling for possible allometric effects, we
compared the relationship between ulna and mass
increase of hand-fed chicks (i.e. only the underfed
and fed groups). Ulna and mass increases were posi-
tively correlated (F)36 =998, P =0003), and
chicks from the underfed group had on average 8%
lower rates than chicks from the fed group
(Fi36 =539, P=002; Fig.2). The differences
between the sexes were significant in both treat-
ments: females had 30 and 24% higher rates of
increase than males in the underfed and fed groups,
respectively (Fy36 = 597, P = 0-01; Fig.2). Neither
of the interactions were significant (treatment * sex:
Fi36 =323, P=1008, ulna increase * treatment:
Fi36 =044, P =050, ulna increase * sex: Fi3s =
0-01, P =089, ulna increase * treatment * sex:
Fy36 =336, P=008). Thus, females maintained
higher growth rates than males when fed the same
amount of food.

PARENTAL FEEDING AFTER FLEDGING

The probability of feeding of first- and second-
hatched chicks varied with age of chick and hatch-
ing sequence in our sample of 186 male and 115
female fledglings (age x* = 530, d.f. =1, P = 0-02,
sequence x> = 22-51, d.f.=1, P <0-0001; Fig.3).
First-hatched chicks had, on average, a 0-02 greater

probability of being fed than second-hatched chicks.
Disparities between first- and second-hatched chicks
did not change as chicks got older, though varia-
tions felt short of significance (interaction effect, age
* sequence X2 =318, d.f. = 1, P = 0-07,; Fig. 3). The
prediction of greater parental provisioning to
daughters than sons after fledging was not sup-
ported. Overall, the probability of feeding of male
and female fledglings did not differ (3* = 0-05,
d.f. =1, P = 0-82), whether age of chick (age * sex
¥ =0003, df. =1, P=095 andfor hatching
sequence were considered (sex * sequence y* = 272,
d.f. =1, P=009, sex * sequence * age y> = 007,
df. =1, P=079). Mean probabilities to be fed
were 0-06 for first-hatched males, 0-06 for first-
hatched females, 0-05 for second-hatched males and
0-03 for second-hatched females.

Discussion

FEEDING EXPERIMENT

We found no evidence that singleton daughters,
because of their larger size, require a greater feeding
investment by parents than sons. When both sexes
were fed the same amount of food, females main-
tained greater rates of mass and ulna increase than
males. Also, there was no indication of any interac-
tion between treatment and sex, showing that rates
of mass and ulna increase of both sexes were simi-
larly affected by the amount of food delivered to a
chick.

Although 9 days represents only roughly 13% of
the growth period (before asymptote of mass and
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©® Fed male
06 4 Fedfemale Fed female
o 0.5 - A 0] A Underfed female
g 04+ = “Fed male
O LA
é 03 e 'A"-(')\Underf?dmale
b S o® 2% o
0.2 -
o) ©
01+
0.0 | | t I | ]
020 025 030 035 040 045 0.50

Ulna increase

Fig.2. Rates of ulna and mass increase of blue-footed booby males and females of the underfed and fed groups.
Regressions were calculated using a Generalized Linear Model with normal error distribution. The estimated parameters
are from the minimal adequate model, i.e. all terms in the model are significant. Adjusted curves are dotted lines for males

and solid lines for females (r = 0-63, d.f. = 36, P < 0-0001).



