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AssTRACT.—Molting females of Monteiro’s Hornbills (Tockus monteiri) seal themselves in nest
cavities to breed until chicks are about half grown. To gain insight into the chronology of energy
requirements of the Monteiro’s Hornbill family unit in relation to this peculiar breeding strategy,
we measured a number of ecological, physiological, and environmental variables during the
Monteiro’s Hornbill’s breeding season. Those measurements included rates of energy expendi-
ture of female Monteiro’s Hornbills while in the nest cavity, characterizing their thermal environ-
ment, timing of egg laying, molt, hatching and fledging of chicks, as well as measuring clutch
size and chick growth. Temperatures within the nest box varied between 12 and 39°C and did
not affect the female energy expenditure. Female body mass and energy expenditure averaged
319 g and 5 W, respectively, at the start of concealment and decreased by on average 1.1 g day™!
and 0.05 W day™ during at least the first 30 days of the 52-58 day concealment period. Clutch
size varied between 1 and 8 and averaged 4.1 eggs, with eggs averaging only 66% of the mass
predicted for a bird of this size. Over the range of chick ages at which the female might leave
the nest, the predicted energy requirements for maintenance and tissue growth for a Monteiro’s
Hornbill chick increase sharply from 1.2 W at age 8 to 3.0 W at age 25. Reduction of the female
energy requirement with time, the relatively low growth rate and therewith low energy require-
ments of Monteiro’s Hornbill chicks, and an appropriate timing of the female’s exodus from the
nest cavity all aid in containing peak energy demands to levels that are sustainable for the food
provisioning male. Received 1 May 2002, accepted 23 April 2003.

Risume.—Les femelles en mue du Calao de Monteiro (Tockus monteiri) s’enferment dans les
cavités ot elles nidifient jusqu’a ce que les poussins aient atteint la moitié de leur développe-
ment. Pour mieux comprendre la chronologie des besoins énergétiques de la famille de Calao
de Monteiro en relation avec cette singuliére stratégie de reproduction, nous avons mesuré dif-
férentes variables écologiques, physiologiques et environnementales au cours de la saison de
reproduction du Calao de Monteiro. Ces mesures incluent la dépense énergétique des femelles
de Calao de Monteiro durant leur claustration, la caractérisation de leur environnement ther-
mique, la cinétique de la ponte, de la mue, de 'éclosion et du développement du plumage des
poussins, ainsi que le nombre d’ceufs et la croissance des poussins. La température a l'intérieur
des nichoirs a varié entre 12 et 39°C et n’a pas affecté les dépenses énergétiques des femelles.
La masse corporelle des femelles et leurs dépenses énergétiques ont été en moyenne de 319 g et
5 Watt, respectivement, au début de la claustration et ont diminué en moyenne de 1.1 g/jour et
0.05 Watt/jour pendant au moins les 30 premiers jours des 52-58 jours de la période de claus-
tration. Le nombre d’ceufs a varié entre 1 et 8 et a été en moyenne de 4.1, leur masse atteignant
en moyenne seulement 66% de la masse prédite pour un oiseau de cette taille. Pour la gamme
d’ages des poussins auxquels la femelle est susceptible de quitter le nid, les besoins énergé-
tiques prédits pour l’entretien et la croissance des tissus d’un poussin de Calao de Monteiro
augmentent brusquement de 1.2 Watt a I’age de 8 jours a 3.0 Watt a I'age de 25 jours. La dimi-
nution des besoins énergétiques de la femelle au cours du temps, le taux de croissance relative-
ment faible, et de ce fait les faibles besoins énergétiques des poussins du Calao de Monteiro, et
I'abandon du nid par la femelle au moment opportun, sont autant de facteurs qui permettent
de restreindre la demande énergétique a un niveau compatible avec I’approvisionnement en
nourriture par le male.
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HORNBILLS (BUCEROTIDAE) EXHIBIT a Very pecu-
liar breeding habit wherein females seal them-
selves into the nest cavity by closing off the cav-
ity entrance with a plug made out of mud and
feces (Kemp 1995). Male assistance in that effort
varies among species, but is generally limited to
provisioning additional mud, some millipedes,
and nest-lining material. In Monteiro’s Hornbill
(Tockus monteiri), the breeding female remains
concealed for up to 6-9 weeks, spanning egg
laying, incubation, and part of the nestling rear-
ing period. For the entirety of that period, the
male is responsible for providing the entire fe-
male and offspring’s nutritional requirements,
doing so by transferring food to the female
through a small, vertical slit that is retained in
the nest plug. The female’s nutritional needs are
further exacerbated by her simultaneous molts
of all flight feathers, an energetically costly pro-
cess (Klaassen 1995).

The sealed nest cavity of hornbills prob-
ably promotes very low nest predation rates.
From an energetic viewpoint, however, it is
not an obviously beneficial breeding strategy.
Presumably a high evolutionary pressure exists
on animals to economize energy use to increase
fitness (Drent and Daan 1980). Accordingly,
one may wonder how and why the apparently
extravagant breeding biology of hornbills could
have evolved: the male finds himself confronted
with a huge work load for much of the breed-
ing season in caring for the reproductive and
molting needs of his reclusive partner as well
as their offspring. This breeding strategy seems
to be in disagreement with current hypotheses
purporting conservative energy use by low
latitude birds and mammals. Animals from low
latitudes often face low or unpredictable food
availability (Thiollay 1991, Lovegrove 1996,
Boix-Hinzen and Lovegrove 1998) and would
benefit from reduced rates of metabolic heat
production to avoid heat stress (Weathers 1979,
Ellis 1984, Klaassen and Drent 1991, Klaassen
1995). Given those notions on the energetics of
low-latitude birds, it is of interest to examine
the energetic requirements of hornbill families
to gain functional understanding of their un-
usual breeding biology.

We accordingly measured the energy ex-
penditure of incubating female Monteiro’s
Hornbills by recording oxygen consumption in
the nest. Additionally, data on the timing of egg
laying, molt, hatching and fledging of chicks, as
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well as clutch size and chick growth rates were
obtained to provide insight into chronology
of the energy requirements of the Monteiro’s
Hornbill’s family unit over the course of the
breeding season.

METHODS

The study was conducted in Daan Viljoen Game
Reserve situated 20 km west of Windhoek, Namibia,
in the Khomas Hochland hills (22°30°S,16° 58’E;
1,560 m above sea level). The vegetation in the area
is highland savanna characterized by tree species
such as Acacia reficiens, A. erubescens, and Combretum
apiculatum, whereas along river courses A. erioloba,
A. karroo, Ziziphus mucronata, and Rhus lancea pre-
dominate. Hornbills only breed after rainfall, which
is ~350 mm annually, yet highly variable. A project
on breeding biology of hornbills was started in this
area in 1984. By 1996, a total of 80 nest boxes suitable
for Monteiro’s Hornbills were installed, which has
created an exceptionally dense breeding population
of Monteiro’s Hornbills in the Daan Viljoen Game
Reserve. Whereas breeding densities for Monteiro’s
Hornbills normally range between 0.10 and 0.21
pairs km? (Kemp 1995), breeding densities in Daan
Viljoen Game Reserve may be 10x higher in some
years. Volume of those nest boxes is ~15 L and
typically measured 18 x 17 x 50 cm. Birds reduced
the effective size of the nest boxes to 7-11 L due to
accumulation of nest material.

As part of the hornbill project, Daan Viljoen Game
Reserve’s nest boxes were checked during the months
December-May 1984, 1989, 1990, 1992-1994, and 1996.
During the breeding season, at varying intervals nest
boxes were visited (though 65% of all visits daily and
90% of all visits within six days) and their contents
examined by removing the top lid. The mass of newly
laid eggs (+0.1 g), and chick and female body-mass
(+1 g) was measured using Pesola spring balances. In
adult females, central tail feather length (tail, +1 mm)
was measured with a ruler. Egg masses were only
recorded in 1992 (57 eggs in 14 clutches) and 1993
(122 eggs in 24 clutches). In 1984, 261 body-mass
measurements of 12 Monteiro’s Hornbill chicks from
three nests were taken. In 1992, a total of 689 body
masses of 71 chicks from 19 nests were registered.
Morphometric measurements on females were con-
ducted in all years except 1984.

In addition to the measurements described
above, oxygen consumption of 34 incubating female
Monteiro’s Hornbills was measured at randomly se-
lected times of day from 21 February until 14 March
during the 1996 breeding season. All measurements
were conducted in the field using a portable indirect
calorimeter system and modified nest boxes to act as
metabolic chambers. The portable indirect calorimeter
system consisted of a battery driven 12 V pump (KNF
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Neuberger, Frieburg, Germany), a 1357 Brooks Sho-
Rate flow meter (Brooks Instrument, Veenendall, The
Netherlands), and a battery driven Servomex 570A
oxygen analyzer (Servomex Group, Crowborough,
United Kingdom). Air from the nest box passed
through a 1.5 L silica gel drying tube before being
sampled for oxygen content.

After arrival at a nest site, we activated the respi-
rometry system and drew ambient air through the
oxygen analyzer for approximately half an hour. That
provided a stable reading of oxygen concentration in
the outside air. Meanwhile the nest box was carefully
removed from the tree and quickly (within 15 min)
transformed into an airtight metabolic chamber using
heavy-duty plastic bags and duct tape. The entrance
was sealed with a transparent plastic sheet to main-
tain the original light levels inside the box. The inlet
of the hose leading from the nest box to the indirect
calorimeter was positioned just in front of, and in a few
cases, through the entrance slit of the nest box. A tiny
hole was made at the rear of the next box near the base
to serve as an air inlet. After switching from outside
air to air from the nest box, half an hour was needed
to stabilize the system. A calibrated thermistor was
placed below the top lid of the box for measurement
of nest-box temperature (+0.05°C). The nest box was
subsequently replaced in its original position or, to
reduce handling time, in exactly the same orientation
at the bottom of the tree as when attached to the tree.
Air was drawn from that improvised metabolic cham-
ber at a constant and moderate airflow between 42-47
(n=6) or 89-101 (n =28) L h'! corrected to STPD assum-
ing a local stable air pressure of 850 hPa (E. van der Zee
Windhoek Meteorological Station pers. comm.). Each
minuteatemperatureand oxygen concentrationreading
was automatically recorded to a Squirrel 1252 data log-
ger (Grant Instruments, Cambridge, United Kingdom).
Oxygen consumption measurements lasted 1.5 h
(1 h), after which an additional ambient air sample
was again passed through the system for half an hour
to get a final reference sample of inlet air. Following
oxygen consumption measurements, content of the
nest box was inspected for presence of eggs and fe-
male morphometrics were taken. Subsequently, the
nest box was unwrapped and placed in its original
position at the tree. Some of the Monteiro’s Hornbill
females started screaming when we handled the nest
box, yet all except for one became quiet as soon as we
had finished installing the equipment. Rates of oxygen
consumption were calculated as the mean value of
all measurements taken over the entire measurement
period. Measurements where the variation in oxygen
consumption over the measuring period was large
(SD > 20% of mean) were omitted from the analyses
(n = 2; also including the screaming individual).
Oxygen consumption was calculated according to
Klaassen et al. (1997) assuming a respiratory quotient
of 0.71 (i.e. assuming the bird catabolized fat and
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protein). Energy expenditure was calculated using
a conversion efficiency of 19.6 k] L' O, consumed
(Gessaman and Nagy 1988).

In addition, to study in more detail possible daily
variation in oxygen consumption, one female was
subjected to an oxygen-consumption trial lasting
19 h, outside air being drawn through the system for
30 min every 1-2 h of measurement after which a 1h
stabilization period followed before measurements
were resumed. Of this long-duration measurement,
only the first of the six measurement periods was
used for comparison with the measurements on the
other Monteiro’s Hornbill females.

Thirteen individuals in this study on which in-
cubation energy expenditure was measured were
concomitantly used for a paternity analysis study
(Stanback et al. 2002). Within 12 h, laid eggs were re-
moved and in three cases replaced with similar-sized
plastic dummy egg replicas.

To acquire a better understanding of the thermal
environment of incubating Monteiro’s Hornbills,
we measured daily temperature profiles in three oc-
cupied nest boxes for 24-h periods and one of those
for five more days, during the 1996 breeding season.
A thermistor was placed under the top lid of those
nest boxes and temperatures were measured at 15 min
intervals and stored on a Squirrel 1252 data logger.
Coincident ambient temperatures were obtained from
atmospheric temperature registrations measured at
the meteorological station in Windhoek, Namibia,
14 km from the study site.

All statistics were performed using STATISTICA
5.5 (StatSoft, Tulsa, Oklahoma). Logistic growth curves
were fitted to the chicks” body mass data using a non-
linear estimation procedure. The logistic growth curve
was used as the basis for a tentative estimation of the
energy requirements of growing hornbill chicks. Those
requirements were assumed to consist solely of resting
energy expenditure and tissue energy deposition. Other
energy costs associated with chick growth (activity and
thermoregulatory costs) are probably negligible in this
hole-nesting low-latitude species (Weathers 1996) at
least for the first half of the nestling period (Klaassen
1994). The chick’s resting energy expenditure was es-
timated from the chick’s body mass using equations 2
and 5 in Weathers and Siegel (1995), in combination
with the average body mass of adult females. The tis-
sue energy deposition was estimated by multiplying
the body mass increase with age with the mass specif-
ic tissue energy density according to Weathers (1996;
3.51 + 4.82 x body mass/asymptotic body mass).

Energy expenditure of incubating female horn-
bills was analyzed in relation to time of day (day or
night), treatment (eggs removed [n = 10] vs. clutch
intact or original eggs replaced with plaster eggs [n =
22]), clutch size, stage of molt (i.e. central tail feather
length; for the one newly concealed individual still
having its old tail, central tail feather length was set to
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zero), nest-box temperature, square of nest-box tem-
perature, and body mass using backward multiple
regression and analysis of covariance.

Using body-mass data for all females over all years,
we investigated whether body mass changed during
concealment. Only data for individuals with multiple
measurements per breeding season were used. To
correct for individual and across-year variation, body
mass was analyzed in relation to days since voluntary
concealment using analysis of covariance with year x
individual as random factor.

REesuLTs

Ambient temperature varied between 13 and
35°C at Windhoek Meteorological Station dur-
ing the 1996 research period (Fig. 1). The range
of temperatures measured in three different
nest boxes over one- to six-day periods was
slightly wider, ranging from 12 to 39°C.

Clutch size of nests studied in 1996 varied
between 1 and 8 and averaged 4.1 eggs (SD =
1.6, n = 38). The mass of the eggs varied between
11.7 and 18.5 g and averaged 15.4 g (SD = 1.4,
n = 176), being only 66% of the predicted mass
for birds of that size (Rahn et al. 1975).

Growth rate of chicks (Fig. 2) fitted a logistic
growth function very well (r* = 0.886). The cal-
culated daily energy requirements for resting
and growth rapidly increase over the first three
weeks of life and remain stable (Fig. 2). Over the
range of chick ages at which females are known
to first leave nests, predicted energy require-
ments of a Monteiro’s Hornbill chick for rest-
ing and tissue growth combined increase from
1.2 W at age 8 days to 3.0 W at age 25 days.

Analysis of covariance (ANCOVA) showed
that the energy expenditure of incubating fe-
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Fic. 1. Ambient and nest-box temperatures during
March 1996. Thin lines: minimum and maximum tem-
peratures at Windhoek Meteorological Station during
the period of measurements of oxygen consumption
in 1996. Heavy lines: daily variations in temperature
in three different nest boxes (A, B, and C) with incu-
bating females.
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Fic. 2. Body mass (upper panel) and predicted
energy requirements (lower panel) in relation to age
for Monteiro’s Hornbill chicks. A logistic growth
curve was fitted to the body mass data (body mass =
293.5/[1+18.0e 014 2s¢]). The shaded area indicates the
period in which the female leaves the nest (Kemp
1995). Energy requirements in part consist of resting
energy expenditure (E__, Watts) and tissue deposition
(E,, Watts), which are cumulatively presented. The
predicted peak energy requirements for a Monteiro’s
Hornbill chick is indicated.

male hornbills was neither affected by time of
day nor by the treatment of the various clutches
(ANCOVA with clutch size, central tail feather,
nest-box temperature, square of nestbox tem-
perature, and body mass as covariates; effect
of time of day: F = 0.51, df = 1 and 24, P =
0.481; effect of treatment: F = 0.10, df = 1 and
24, P = 0.810). Removing all factors from the
analysis and conducting backward multiple-
regression analysis on the remaining covari-
ates only revealed stage of molt (i.e. central tail
feather length) to have a significant effect (Fig.
3) on energy expenditure of the incubating fe-
male. Stage of molt has a high correspondence
with duration of incubation. In a reduced ma-
jor-axis analysis of central tail-feather length
versus number of days since the first egg was
laid, central tail-feather growth rate was esti-
mated at 3.8 mm day! (n =29, = 0.929, P <
0.001). Because stage of molt has a high corre-
spondence with duration of incubation, age of
clutch was equally inversely correlated with
energy expenditure of incubating females (n =
29, r* = 0.229, P = 0.009). Thus, with duration of



870

Concealment duration, days
0 10 20 30

Energy expenditure, Watts

0 50
Ligi, mm

100

FiG. 3. Energy expenditure during incubation (E, ,
Watts) of Monteiro’s Hornbill females in relation to
stage of molt (central tail feather length, L _,, mil-
limeters; E,_=5.014-0.014L_;n=32,1=0.191,P =
0.012). Along the upper abscissa, duration of conceal-
ment is indicated, which was calculated using 3.8 mm
central tail feather growth/days (see text).

concealment females spend less energy. Among
females examined for oxygen consumption
in 1996, no variation in body mass during the
course of the breeding season was apparent (n
=29, r* = 0.001, P = 0.884). However, using all
repeat female body-mass measurements from
all years and controlling for individual and
among-year variation (by including year x indi-
vidual as random factor) a clear body-mass de-
crease was apparent with concealment duration
of 1.1 g day! (Fig. 4). Continuous measurement
of oxygen consumption in one incubating fe-
male (Fig. 5) showed no signs of a daily rhythm
in energy expenditure.

DiscussioNn

The predicted basal metabolic rate during the
resting phase for nonpasserines with an average
body mass of 319 g is 1.94 W (Daan et al. 1989).
Predicted thermal conductance for a bird of this
size during the resting phase is 0.058 W °C™
(Aschoff 1981). Assuming a body temperature
of 40°C, the lower critical temperature for such
a bird would amount to ([40 x 0.058 — 1.94] /
0.058 =) 6.6°C. Predicted lower critical tempera-
ture for Monteiro’s Hornbills is thus well below
the lowest nest-box temperature recorded. One
may expect the true lower critical temperature
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Duration of concealment, days

Fic. 4. Body mass of female Monteiro’s Hornbills
(M, grams) in relation to duration of concealment
(t, day). ANCOVA with individual x year, n = 83,
as random factor; n = 321, r> = 0.206, P < 0.001; M =
343-1.1¢.

of the concealed and molting female Monteiro’s
Hornbill to be higher than predicted due to
reduced insulation associated with molt, a
somewhat lower energy expenditure than pre-
dicted (see below), and extra thermoregulating
costs of incubation. However, the additional
energetic costs for incubation on top of the
resting costs are probably low (Williams 1996)
and the reduced insulation as a result of molt is
probably very moderate (Schieltz and Murphy
1997). In addition, the material in the nest box
might provide extra insulation (Buttemer et al.
1987). Thus, it is very likely that the Monteiro’s
Hornbill females in our study were rarely if
ever cold stressed. On the upper end of the
nest-box temperature range, hornbills might
have faced a thermoregulatory challenge, with
nest-box temperatures sometimes approaching
body temperature. However, tropical species
seem to be more adapted to exploiting hyper-
thermia as a mechanism to contend with heat
stress than nontropical species (Weathers 1997).
In any case, an effect of temperature on energy
expenditure measurements of the females was
not apparent. We therefore conclude that the
thermal environment of the birds was within
their thermal neutral zone for most of the time.

During the course of her stay in the nest,
we measured a decrease in female energy ex-
penditure by as much as 33%. That reduction
might become even more substantial later on
during her concealment in the nest because
we only conducted measurements during the
first half of her voluntary imprisonment up
until hatching of the first chicks. Although
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FiG. 5. Average energy expenditure for each period
of measurement (+SD, closed dots) and temperature
in the nest box (open dots) in relation with time of
day for an incubating Monteiro’s Hornbill in nest C42
from the evening of 29 February 1996 until noon the
next day.

we did not note any significant body-mass
reduction in our sample of females used for
measurements of energy expenditure, a daily
body-mass decrease during concealment was
noticeable in a larger sample using all repeated
female body-mass measurements over the
years of study. With her forced immobility in
the nest box, the female conceivably has less
use for much of her functional tissues—such
as muscles—and might subsequently reduce
their size, function, or both. This slimming of
specific tissues might also bring about a reduc-
tion in energy expenditure (e.g. Chappell et al.
1999). Flexibility of the “metabolic machinery”
of organisms, for which probably an example
in female hornbills is presented here, has only
recently gained interest in life-history studies
(Piersma and Lindstrom 1997). Whether or not
the slimming of functional tissues is a special
physiological adaptation in hornbills is ques-
tionable. Without appropriate training, most
animal tissues reduce in size. In any case, that
reduction in female energy expenditure over
time will clearly benefit the male and the family
as a whole. By reducing her energy expenditure,
he can either forage less or give his offspring a
larger share of the food he brings in. A further
lowering of the energy requirements of the
family unit would be achieved by low daily
energy requirements of the young. Growth rate
affects those requirements through its effects on
requirements for tissue synthesis and deposi-
tion. Growth rate of Monteiro’s Hornbill chicks
are exactly as predicted for tropical land birds
showing a 30% slower growth rate than predict-
ed for birds from temperate latitudes (Ricklefs
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Fic. 6. Timing of egg laying, incubation, molt, hatch-
ing, fledging, and the female nest exodus relative to
the moment the female entered the nest. For the pre-
laying, incubation, and fledging periods the most ex-
treme observations are indicated by black bars. Data
from this study and Kemp (1995).

1976). However, that slow growth rate is also
expected to reduce resting energy expenditure
as was found in an interspecific comparison of
hatchling birds (Klaassen and Drent 1991) and
intraspecifically in Arctic Tern (Sterna paradisaea)
chicks (Klaassen and Bech 1992). Resting ener-
getic costs of the chicks depicted in Figure 2 are
not corrected for the typically low growth rate
of Monteiro’s Hornbill chicks and might thus be
overestimated.

Total energy requirements of the chick are
not only composed of the energetic costs for
resting and tissue growth, but include activity
and thermoregulatory costs. Thermoregulatory
costs are presumably low, given the prevailing
temperature conditions, the heat production of
the female during early development, and the
energy savings associated with huddling (e.g.
Boix-Hinzen and Lovegrove 1998). Typically,
activity costs, which are not included in Figure
2, start to become important during the second
half of the developmental period and may then
be substantial (Klaassen 1994, Weathers 1996).
The peak energy requirements of a chick thus
occur towards the end of the developmental
period after two-thirds of the nestling period.
Peak energy requirements for chicks of the size
and growth rate of Monteiro’s Hornbill chicks
are predicted to be 6.9 W (Weathers 1996).
However, Weathers (1996) noted that the few
tropical species included in his data set typically
exhibited peak energy requirements 15% below
those predicted. That is probably not only due
to low thermoregulatory costs in tropical com-
pared to high latitude chicks, but also to a lower
resting energy expenditure associated with
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their low growth rates. Adjusting predicted en-
ergy needs for Monteiro’s Hornbill chicks with
the same percentage results in an estimation of
5.8 W for the peak energy requirements (Fig. 2).
Still, predicted peak requirements of a single
chick are much higher than the requirements of
the adult female. The leaving of the nest by the
female before the peak requirements of the nest-
lings are reached is probably not only important
to alleviate peak energy demands on her male
partner but also to assist him in the provision-
ing of their nestlings (Kemp 1995).

Given changes in energy requirements
throughout the breeding period for young and
female, scheduling of female nest exodus influ-
ences energy requirements of the whole family
unit. In Figure 6, an attempt is made to compile
the breeding season’s schedule for Monteiro’s
Hornbills depicting the timing for a number of
the most characteristic events for this stage in
the yearly cycle. It shows that the female leaves
the nest before nestlings are halfway through
their nestling period. Thus, the female leaves
the nest before peak requirements of the brood
are reached (cf. Fig. 2). The same phenomenon
is also found in some semialtricial birds, where
the chicks are left unattended from approxi-
mately halfway through development when
their energy requirements are rapidly increas-
ing (Klaassen 1994, Stienen and Brenninkmeijer
1999). Thus, the progressive reduction in the
energy requirements of the confined female, the
low rate of energy demand attendant with low
growth rates of Monteiro’s Hornbill chicks, and
the careful scheduling of female molt and nest
exodus collectively ameliorate the peak energy
demands of the family unit and the consequent
workload on the male. Nevertheless, the male’s
workload for his family seems dispropor-
tionately high, yet seems to be compensated
by a high paternity insurance (Stanback et al.
2002). Given that Monteiro’s Hornbill is a truly
monogamous species, it may be advantageous
to reduce the total family costs wherever possi-
ble, an endeavor to which this peculiar breeding
strategy may contribute by low female mainte-
nance costs while in the nest.
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