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Summary. The three age-sex classes of rufous humming-
birds (Selasphorus rufus) that directly interact on south-
ward migratory stopovers in our California study system
differ in territorial ability and resource use. Immature
males are behaviorally dominant to adult and immature
females and defend the richest territories. Here, we test
the hypothesis that the territorially subordinate age-sex
classes compensate exploitatively for their exclusion
from rich resources. Our results show that females were
able to accumulate energy stores at rates comparable to
males despite their subordinate territorial status. Ter-
ritorial females gained body mass at the same rate and
in the same pattern as males, and resumed migration at
the same body masses. Moreover, during periods when
birds were nonterritorial and used dispersed resources,
adult and immature females maintained or gained body
mass, whereas immature males lost mass. We suggest
that females may be energetically compensated by (1)
lower costs of flight incurred during foraging and de-
fense, resulting from their lower wing disc loading, and
(2) greater success at robbing nectar from rich male
territories, resulting from duller coloration (immature
females), experience (adult females), and, possibly, hor-
monal differences. In the future, experiments will be
necessary to distinguish the various hypotheses about the
mechanisms involved in compensation.
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Introduction

Sexual and age-related differences in resource use have
been documented in many studies of nonbreeding birds
(for reviews see Selander 1966; Morse 1980; Grubb and
Woodrey 1990; Wunderle 1991). One explanation for
these differences is based on.sex- and age-related differ-
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ences in interference competition (Miller 1967; Gauth-
reaux 1978; Morse 1980 ; Peters and Grubb 1983). In the
accompanying paper (Carpenter et al. 1993b), we exam-
ined whether differences in resource use among age-sex
classes of rufous hummingbirds (Selasphorus rufus) were
associated with differences in interference abilities. For
the most part, results were consistent with the inter-
ference hypothesis. Relative to immature females, imma-
ture males were more likely to acquire territories in at
least two nectar-limited years, defended these territories
in areas of higher flower density, and defended territories
with more flowers and more nectar. Moreover, immature
males were occasionally observed to aggressively displace
females from their territories.

Two important results, however, were not consistent
with predictions from the interference hypothesis. First,
adult females surpassed immature males by some mea-
sures of territorial ability, suggesting that age-related
experience may play a role in territorial dynamics.
Second, although there was always a surplus of males
without territories, both adult and immature females still
acquired and maintained some territories at our study
site in all years. Females may have been able to withstand
the superior fighting ability of males because of prior
residency (sensu Davies 1978 ; Krebs 1982) and familiar-
ity with their territories. Arguing against this explanation
are our observations of aggressive displacements of ter-
ritorial females by immature males (Carpenter et al.
1993b), and aggressive expansions of territories held by
immature males into areas defended by females (Carpen-
ter et al. 1991).

In this paper we consider an alternative explanation
for why some females held territories in the presence of
dominant immature males, based upon sexual differences
in ability to exploit resources. The “exploitation hypoth-
esis” [also known as the “specialization hypothesis”
(Desrochers 1989)] argues that age-sex classes use dif-
ferent resources because they differ in net energy intake
per unit time spent foraging, generally as a result of
differences in body size, morphology, and/or experience.
Under the exploitation hypothesis, each class prefers




306

Table 1. Bill length and wing length of rufous hummingbirds measured in the field at our study site in 1984 and 1986 (X + SE)

Age-sex class

One-way ANOVA

Adult male Immature male Adult female Immature female F P
Bill
length (mm) - 17.0+0.1 (66) 17.940.1 (36) 17.840.1 (102) 30.2 <10-%2
Wing
length (mm) 40.7 43.040.1 (142) 44.6+0.2 (57) 45.1+0.1 (171) 85.8 <10-9®

Sample sizes are indicated in parentheses. Mean wing length of

adult males is taken from Kodric-Brown and Brown (1978); data

on bill length of adult males were not available

» Multiple comparisons indicated that immature males differed sig-
nificantly from both adult females (P=10"%) and immature
females (P < 10~9), but adult and immature females did not differ

resources most suited to its specific size, morphology, or
foraging capabilities (Selander 1966; Glase 1973; Wun-
derle 1991).

The exploitation and interference hypotheses are not
mutually exclusive, however. In some species, young
birds may differ from adults in resource use both as a
consequence of their own inefficiency and interference
from adults (Draulans and van Vessem 1985; Goss-
Custard and Durell 1987). Moreover, field studies (Ko-
dric-Brown and Brown 1978 ; Temeles 1986; Alatalo and
Moreno 1987), as well as theoretical analyses (Persson
1985), suggest that when dominants differ from subor-
dinates morphologically, a balance may exist whereby
dominants have an interference advantage and subor-
dinates have an exploitative advantage. Specifically, the
superior interference ability of dominant classes in the
acquisition of preferred resources may be offset by
superior exploitative abilities of the subordinate classes
in the use of less preferred resources (Kodric-Brown and
Brown 1978; Morse 1980; Lynch et al. 1985; Temeles
1986).

In order to evaluate this “dual asymmetry” hypoth-
esis, we assume that subordinate females are “hopeful
potential dominants” (sensu West Eberhard 1975, p. 15)
and that there is no advantage of subordination in the
sense proposed by the shepherds hypothesis (Rohwer
and Ewald 1981). That is, we assume that differences in
resource use by subordinate and dominant classes arise
as a direct consequence of exclusion of subordinates by
dominants, and that if compensation by subordinates
occurs, it must result from morphological and/or behav-
ioral adaptations that enable them to “make the best of
a bad bargain” (Lynch et al. 1985). These assumptions
are reasonable in our system because all birds should
prefer high-density patches of flowers, since flight costs
between flowers are reduced, thereby increasing the net
rate of energy gain during foraging. Indeed, when rufous
hummingbirds are familiar with artificial feeders, all age-
sex classes aggregate at these artificially rich resources;
under such circumstances, large numbers of females and
immatures can sometimes overwhelm the defense of
feeders by adult males (Kodric-Brown and Brown 1978).

Previous studies of hummingbirds have suggested a
number of mechanisms by which females could be com-

significantly from each other (£=0.60)

b Multiple comparisons indicated that immature males differed sig-
nificantly from both adult females (P<10-°) and immature
females (P<10~9), and adult females differed significantly from
immature females (P=0.017)

pensated energetically relative to males. First, age-sex
classes of rufous hummingbirds differ in wing length
(Table 1; see also Stiles 1972 ; Kodric-Brown and Brown
1978; Johnsgard 1983), and hence in wing disc loading
(the ratio of body mass to area swept out by the wings;
hereafter WDL). Among individuals with similar body
masses, WDL is highest in adult males, followed by
immature males, adult females, and finally, immature
females. High WDL is thought to improve agility and
acceleration while raising flight costs, whereas low WDL
reduces costs of hovering and forward flight at the ex-
pense of ability to defend a territory (Epting and Casey
1973; Feinsinger and Chaplin 1975; Pennycuick 1975;
Epting 1980). Hence, we expect females to have lower
flight costs relative to males with similar masses. When
compounded over the duration of a stopover, such dif-
ferences in energy expenditure may be ecologically sig-
nificant.

Second, male rufous hummingbirds have shorter bills
than either adult or immature females (Table 1; see also
Johnsgard 1983; Temeles and Roberts 1993). Longer
bills increase the rate and efficiency of nectar intake from
flowers with long corollas, because they allow greater
maximum extraction depths and shorter handling times
(Wolfet al. 1972; Hainsworth 1973 ; Ewald and Williams
1982 ; Montgomerie 1984; Temeles and Roberts 1993). In
a laboratory experiment, Temeles and Roberts (1993)
demonstrated that female rufous hummingbirds can feed
more quickly than males at artificial flowers with dimen-
sions similar to the flowers we studied. Hence, the longer
bills of females might confer an exploitative advantage
in our system by allowing females to feed more quickly
at flowers, as well as by increasing the size range of
flowers they can use in other habitats, since longer bills
allow birds to use longer flowers (Temeles and Roberts
1993).

Third, age-sex classes differ in coloration : adult males
are brightest, with rufous backs and an iridescent red
throat; immature females are dullest, with green backs
and no red on the throat; and immature males and adult
females are similar in appearance and intermediate be-
tween the two extremes (Stiles 1972; personal observa-
tions). Ewald and Rohwer (1980) demonstrated that
drab individuals of another color-polymorphic hum-
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mingbird were more successful at robbing other ter-
ritories without being detected. Hence, we might expect
female rufous hummingbirds, especially immatures, to be
more successful at stealing nectar from rich territories
than males.

Here we examine whether age-sex classes of rufous
hummingbirds differ in ability to exploit flowers distrib-
uted at different densities. If females are able to compen-
sate for their interference disadvantages, we expected
that when both sexes are nonterritorial and using sparse
resources, females would have a higher foraging effi-
ciency (as expressed by rates of mass gain) relative to
males. We also expected that, once territorial, females
would gain mass as fast on their flower-sparse territories
as males do on their flower-dense territories. Finally, we
also examine several possible mechanisms underlying
exploitative compensation, including spatial variation in
nectar production and intraspecific differences in forag-
ing rate and thieving ability.

Methods

Study system. Rufous hummingbirds migrate during the summer
from their breeding grounds in northwestern North America to
their wintering grounds in Mexico (Grant and Grant 1967 ; Phillips
1975; Calder 1987). En route, all age-sex classes stop periodically
in mountain meadows, establish and vigorously defend territories
based on patches of flowers, and require up to 3 weeks to replenish
their 1-2 g migratory fat store from flower nectar before resuming
their journey (Gass 1979; Carpenter et al. 1983, 1993a; Hixon et al.
1983). Adult male rufous hummingbirds finish breeding and mi-
grate about 3—4 weeks before the females and immatures (Phillips
1975; Calder 1976; personal observations), and rarely overlap with
the other age-sex classes at our study site (Carpenter et al. 1993b).

Our study site is a 2-ha meadow located along a spring-fed
stream flowing from the base of the east slope of the Sierra Nevada,
27 km northwest of Bishop, California (37° 30’ N, 118° 30°W,
1700 m elevation). The surrounding habitat is sagebrush scrub high
desert, but associated with the stream are willows and a grassy zone

* supporting a single species of hummingbird-visited plant, Castilleja
' linariaefolia (Scrophulariaceae). The distance from corolla opening

to flower base in this plant ranges from 15 to 20 mm (Carpenter
1988).

Procedures. Most of the data reported here were collected each year
from 1980 to 1986, beginning in mid- to late July or early August
(when rufous hummingbirds arrived), and finishing during the end
of the migration in late August or September. At any one time, up
to 50 individuals established territories in the 2 ha of Castilleja
(Carpenter 1987). We mist-netted, identified, weighed, and color-
marked the birds (Carpenter et al. 1993b), and measured their bill
length and wing length to the nearest millimeter. Netting, marking,
and subsequent daily mapping of marked and unmarked territory
owners allowed us to obtain data on mass gain by nonterritorial as
well as territorial individuals, and to determine dates when in-
dividuals resumed migration. Resumption of migration is behavior-
ally conspicuous (Carpenter et al. 1983, 1993a).

We selected several territorial individuals to study intensively
each summer. Territory area, number of flowers defended, and
nectar standing crops were measured daily for these birds (Carpen-
ter et al. 1993b). During five 1-h sessions each day over several days,
we recorded the time and duration of all major behaviors of these
territory owners, including their flower visitation rates (calculated
as the ratio of number of flowers visited during a foraging bout to
the total elapsed time, including travel time between flowers) and
their reactions to intruding birds attempting to poach nectar.
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During the same periods, we monitored the birds’ body masses with
an electronic perch-balance (Carpenter et al. 1983).

Because accurate sampling of nectar required destruction of the
flowers, we measured nectar production rates on territories using
the following protocol (Carpenter 1983). We bagged one set of
flowers on a territory in the evening at the same time that we
measured unbagged flowers for standing crops. We collected the
bagged flowers 24 h later and measured their nectar contents. The
rate of nectar production was then estimated by subtracting the
baseline standing crop values from the night before, and dividing
the result by the elapsed time. This 24-h bagging technique may
underestimate nectar production rates if nectar production is stim-
ulated by more frequent nectar removal, which occurs in unbagged
flowers due to foraging by birds. However, a test of this possibility
for this population of C. linariaefolia showed that no such stimula-
tion occurs (Carpenter 1983).

Statistical analyses. There were missing cells in our two-way classi-
fication (year X age-sex class) of body mass upon resumption of
migration, and also of flower visitation rates, so we initially
analyzed these data using means model ANOVAs (Milliken and
Johnson 1984). In these tests, the null hypothesis was that the means
of all non-empty cells are equal. When means model ANOVAs
showed no differences among cell means, we lumped data from all
years to improve sample sizes, and then conducted one-way
ANOVAs to look for differences among the age-sex classes.

Because of an uncorrectable problem with heteroscedasticity in
our sample, and because rate of mass gain is in part dependent on
body mass (Carpenter et al. 1993a), we treated mass change in birds
without territories as a nominal variable. Nonterritorial birds that
were opportunistically recaptured and reweighed were classified
according to whether they (1) gained or maintained body mass or
(2) lost body mass. After first testing for differences in initial body
mass among the age-sex classes in this sample, we analyzed these
data using a test for independence between age-sex class and mass
change.

Intrusion durations were analyzed using a two-way ANOVA,
with data log-transformed because of heterogeneous variances.

Significant F-tests in ANOVAs were followed with multiple
comparisons using Fisher’s least significant difference (LSD)
procedure (Milliken and Johnson 1984).

All sample statistics reported in text or shown in figures are
based on non-transformed data. Unless stated otherwise, all sample
sizes refer to numbers of individuals. When multiple measurements
were made on the same individual, the mean of these measurements
was used as one replicate in statistical analyses.

Results

Mass gain and resumption of migration
when territorial

Despite defending more sparsely flowering territories
with fewer total flowers and lower nectar standing crops
(Carpenter et al. 1993b), immature females gained mass
at the same rate and in the same pattern as the other
age-sex classes (Fig. 1). Moreover, females departed at
body masses similar to those of males (Fig. 2). Empty
cells precluded the use of a full two-way ANOVA with
year as a factor, but a means model ANOVA applied to
the data on departing masses indicated that there were
no differences among non-empty year/age-sex cells
(F1736=0.54, P=0.91). When years were then lumped,
improving sample sizes, there were still no detectable
differences among the age-sex classes (one-way ANOVA:
F, 5;,=0.51, P=0.60).
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+ Fig 1. The time course of body mass change in immature males
(solid line), adult females (dashed line), and immature females
(dotted line) defending territories during migratory stopovers.
Means and SEs of body masses measured in the afternoon or
evening are shown for each day from 2 weeks prior to migration.
Data depicted represent a total of 396 measurements on 193 hum-
mingbirds during 8 years (1979-1986)
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Fig. 2. Body masses (g) measured during the evening before resump-
tion of migration or on the morning when migration was resumed.
Bars indicate means and SEs. Sample sizes are shown inside bars

Mass gain when nonterritorial

Some individuals of all age-sex classes spent one day or
more without territories (Carpenter et al. 1991). These
birds flew long distances between sparsely flowering
areas in the meadow and between other birds’ territories
from which they attempted to poach nectar. By analyzing
mass change in these nonterritorial birds, we assessed the
relative efficiencies with which the different age-sex class-
es were able to use sparse resources. We expected that if
females are superior at nonaggressive exploitation, then
they should be less likely than males to lose mass when
nonterritorial. This prediction was upheld: whereas 7 of
11 immature males lost body mass during nonterritorial
periods, only 1 of 8 adult females and 2 of 11 immature
females lost body mass when nonterritorial (y*=7.24,
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Fig. 3. Rates of body mass change (g/day) in hummingbirds during
nonterritorial periods. Means and SEs are shown in figure. Sample
sizes are as follows: immature males, 11; adult females, 8 ; immature
females, 11 '

df=2, P=0.027). Mean rates of mass change were —0.06
g/day in immature males, +0.03 g/day in adult females,
and +0.06 g/day in immature females (Fig. 3). Initial
body masses of birds in this sample did not differ among
the age-sex classes (F,,,=0.82, P=0.45), and are
therefore unlikely to have biased the results on mass
change rates.

Nectar production and flower visitation

Spatial variation in nectar production rates is one mech-
anism that could potentially compensate females for
their territorial disadvantages. Specifically, flowers in
sparse areas might produce nectar faster than flowers in
dense areas. Because nectar production rates differed
among years at our study site (Carpenter et al. unpub-
lished data), we tested this possibility using an analysis
of covariance (ANCOVA), with nectar production rate
on a territory as the dependent variable, year as a catego-
rical variable, and flower density on the territory as the
covariate. We restricted this analysis to territories on
which nectar production rate and flower density were
measured within one day of each other. Because only one
relevant data point was available from 1980, this analysis
focused on 1981-1986, with a resulting sample size of 36
territories. When we controlled for year effects in this
way, we found no relationship between nectar produc-
tion rate and flower density (F, 3,=0.63, P=0.43).

We used flower visitation rate (number of flowers
visited per unit time during foraging bouts) as an index
of foraging speed and analyzed data from 1981-1986 on
birds for which we obtained at least ten foraging bout
observations. A means model ANOVA detected no dif-
ferences among means of non-empty cells in the two-way
(year x age-sex) classification (Fy; ,,=1.88, P=0.11).
When we then lumped years, improving sample sizes, the
age-sex classes still appeared to have similar flower visita-
tion rates (one-way ANOVA: F, ,,=0.13, P=0.88).

t:
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Fig. 4. Durations of intrusions by nectar robbers before being
chased by territory owners, in relation to the age-sex classes of both
owners and intruders. Intrusions that occurred while a territory
owner was temporarily absent are excluded. Intrusion data from
1980 and 1982 are also excluded: data from 1980 were taken in a
different way than the other years, and 1982 was an anomalous year
in which intrusions were difficult to score because territory bound-
aries were difficult to determine (Carpenter 1987). Data from all
other years are pooled for analysis. Sample sizes (numbers of intru-
sions onto territories held by immature males, adult females, and
immature females, respectively) are as follows: intruder =immature
male (103, 19, 22); intruder = adult female (31, 8, 6); intruder =im-
mature female (22, 30, 49). These sample sizes include data on both
marked and unmarked individuals, and reflect total numbers of
observations, which exceed the numbers of different individuals
involved ’

Thievery

We assume here that the success of stealing nectar is
positively correlated with the length of time an intruding
bird is able to remain on its victim’s territory before being
chased. Intrusion duration depended on the age and sex
of both owner and intruder (Fig. 4; two-way ANOVA
on log-transformed data, F,,s;=6.76, P<0.0001).
Separate one-way ANOV As showed that intrusion dura-
tions did not vary among age-sex classes of intruders if
the owner was either an adult female (F,s,=2.08,
P=0.13) or an immature female (F, ;,=2.76, P=0.07).
However, on the rich territories defended by immature
males, immature male intruders were quickly detected
and chased, whereas adult and especially immature
females remained much longer (Fig. 4; F,153=11.53,
P <0.0001). Multiple comparisons indicated significant
differences between immature males and both adult
(P=0.006) and immature (P<0.0001) females, but not
between the two age classes of females (P=0.10).

Discussion

Evidence for exploitative compensation

_ If females were impeded by their territorial disadvan-

tages during migratory stopovers, one would expect rates
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of body mass gain and final body masses at migration to
be lower than those of males. These predictions were
rejected: territorial females gained mass at the same rate
and in the same pattern as territorial males, and females
and males departed at similar masses. Furthermore,
stopover durations did not differ among the age-sex
classes (Carpenter et al. 1991; Russell et al. unpublished
data). These results suggest that the reason why imma-
ture females usually passed through our study site later
than the other classes (Carpenter et al. 1991) is not
because they are slower to refatten on stopovers, but
perhaps because they leave the breeding grounds later.
This possibility needs further investigation.

The patterns of mass gain by territorial individuals
were identical among the age-sex classes despite the facts
that (1) immature females had more sparsely flowered
territories than adult females, who in turn had more
sparsely flowered territories than immature males; and
(2) immature females defended fewer flowers with lower
standing crops than immature males, with adult females
more similar to males. The lack of any detectable conse-
quences of these disadvantages strongly suggests that
females somehow were able to compensate for them
exploitatively over the duration of a migratory stopover.
Compensatory exploitation is perhaps even more strong-
ly supported by the fact that nonterritorial females
gained mass whereas nonterritorial males lost mass
during migratory stopovers.

Mechanisms of exploitative compensation

Low flower density is expected to increase the foraging
cost per flower by increasing the distance and flight time
between flowers. Therefore, all other things being equal,
low flower density should reduce the net energy gain per
flower visited by birds on sparsely flowered territories
(females, especially immatures) relative to birds with
densely flowered territories (immature males).

The expected reduction in females’ foraging efficiency
due to the low flower densities accessible to them could
potentially be countered by at least five factors: (1) flow-
ers in sparse areas might produce nectar faster than
flowers in dense areas; (2) females might achieve higher
rates of energy intake during foraging bouts; (3) females
might forage for longer periods of time; (4) females
might incur lower flight costs during foraging, as
proposed by the WDL hypothesis; and (5) females may
be more effective than males at poaching on rich, de-
fended areas.

Our data on nectar production rates clearly ruled out
the first hypothesis. The second hypothesis is somewhat
more difficult to evaluate, because higher rates of energy
intake could result from faster transit flight during forag-
ing and/or faster flower handling. We used flower visita-
tion rate as a measure of foraging speed and were not
able to detect any differences among the age-sex classes.
However, flower visitation rate is a compound measure
that incorporates both flight speed between flowers and
flower handling speed, and our data did not allow us to
separate the forward flying portion of foraging from
flower handling. We have no data on flight speeds, but
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flight mechanics theory (Pennycuick 1975) predicts that
more heavily wing-loaded individuals have higher opti-
mal flight speeds and should fly faster. We therefore have
no reason to expect that females would fly faster than
males, but rather the opposite.

If transit flight was actually slower in females, as
suggested by flight mechanics theory, then the lack of a
detectable difference in flower visitation rates among the
age-sex classes, together with the longer distances be-
tween flowers on female territories, implies that females
handled flowers faster. Faster flower handling in females
was predicted on the basis of their longer bills, but could
also have been due to the lower nectar standing crops on
. their territories (see Fig. 3C in Carpenter et al. 1993b),
since lower standing crops should reduce the amount of
time required to extract the nectar. In any case, we
conclude that females were very unlikely to have com-
pensated by way of higher energy intake rates while
foraging, because they visited similar numbers of flowers
per unit foraging time but obtained less nectar per flower
visited than did males.

We have not presented any data with which we can
directly evaluate the third hypothesis (females might for-
age for longer periods of time). However, previous lab-
oratory experiments (Diamond et al. 1986; Karasov et al.
1986) and field studies (Hixon and Carpenter 1988) have
strongly suggested that crop-emptying rate constrains
the amount of time spent foraging by this species to only
c. 20% of each hour. Therefore, extension of foraging
bout duration or frequency seems a very unlikely source
of compensation for females.

We have no data on flight energetics, but cheaper
flight in females would be consistent with flight mechan-
ics theory (Pennycuick 1975), which predicts a positive
relationship between cost of flight and WDL. Further-
more, rates of mass gain in nonterritorial birds were
inversely related to WDL in a pattern mirroring the
theoretical expectations for flight costs (Fig. 3).

Finally, our data on nectar thievery suggest important
differences in robbing ability among the age-sex classes.
Although most individuals of all age-sex classes were
chased eventually when they entered another bird’s ter-
ritory (Carpenter et al. 1993b), the data on intrusion
durations (Fig. 4) clearly show that intruding females,
especially immatures, were somehow able to remain
within the more densely flowered male territories for
longer periods than intruding males. Superiority of
immature females over immature males as nectar thieves
is consistent with the hypothesis that drab-plumaged
birds are more difficult to detect visually, but reasons for
the superiority of adult females over similarly colored
immature males must be sought elsewhere. There are at
least two other factors which could influence thievery.
First, the age-sex classes also differ in experience. Adult
females have performed at least two previous migrations,
and their experience might benefit them relative to imma-
tures. Second, sexual differences involve hormonal dif-
ferences that could be associated with levels of aggres-
sion. Females might be more capable than males of
invading a male’s territory and acting in a submissive
way which could forestall chase.

In sum, energetic compensation by females could have
resulted from lower flight costs associated with WDL
differences, and/or from more effective thievery resulting
from coloration differences and other factors, but prob-
ably not from the other hypothetical mechanisms. Bill
morphology may have conferred some advantage on
females in terms of faster flower handling, although none
was detected in this study; however, any such advantage
was apparently countered by slower flight speeds and/or
greater distances between flowers, and therefore not suf-
ficient to account for the compensation we observed.

Multiple causation is common in ecology (Hilborn
and Stearns 1982), and it is apparent that no single factor
can unambiguously explain our results. Controlled ex-
periments using individuals of known morphology and
coloration will be necessary to assess the relative contri-
butions of the different factors-to female compensation.

Evolution of sex- and age-related differences

Our observational and correlative approach could not
disentangle clearly the relative importance of WDL, col-
or, and bill length in determining exploitative advan-
tages, and it seems likely that they all play some role.
A variety of mechanisms based on sexual selection, re-
productive role division, and intersexual food com-
petition may have contributed to the evolution of in-
cipient sexual differences in morphology and color of
hummingbirds (see Hedrick and Temeles 1989; Shine
1989 for reviews of genetic models of, and empirical
evidence for the evolution of sexual dimorphism). Sexu-
ally dichromatic features typically are attributed to sex-
uval selection (Darwin 1871; Fisher 1930; Selander 1972),
but some authors have suggested that conspicuous col-
oration may have evolved in hummingbirds in a non-
sexual context as an aggressive signal for mediating com-
petitive interactions unrelated to reproduction (Bleiweiss
1985). Kodric-Brown and Brown (1978) hypothesized
that the higher WDL, as well as bright coloration, of
male hummingbirds reflects sexual selection for increased
territory-holding abilities during the breeding season,
whereas the lower WDL and duller coloration of females
reflect natural selection for increased foraging efficiency
during the rearing of young. .
Regardless of their evolutionary origin, we suggest
that these differences might be magnified through natural
selection during migration if they reduce the intensity of
intraspecific food competition. Continuing competition
between age-sex classes during migration may enforce
and augment morphological and plumage differences
among them, and future studies should compare and
assess the relative importance of different factors in the
evolution and maintenance of these differences.

Conclusions

Previous studies of hummingbird communities have
found that differences in morpholegical characteristics
are often associated with differences in foraging behavior




and territorial ability (e.g., Feinsinger 1976; Des Granges
1978 ; Feinsinger and Colwell 1978; Kodric-Brown and

' Brown 1978; Feinsinger et al. 1979; Snow and Snow
- 1980). Our results provide direct evidence that, in hum-
- mingbirds, territorially inferior individuals can compen-

sate exploitatively for their interference disadvantages.

Behavioral dominance is common in many taxa of

animals (reviewed by Gauthreaux 1978), and other forms
. of compensation are known to occur. Individuals or
. species with subordinate social status may possess an
- enhanced capacity for facultative escape behaviors
. (Alford and Bolen 1977; Bennett and Bolen 1978), or

physiological adaptations for energy conservation

- (MacMillen 1981; Roskaft et al. 1986). We suggest that
. tradeoffs between interference and exploitation abilities

may be widespread yet frequently overlooked strategies

" in nature.
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