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The influence of male territorial and foraging behaviours on female choice has received little attention in
studies of resource-defence mating systems even though such male behaviours are thought to affect vari-
ation in their territory quality and mating success. Here we show that female purple-throated carib
hummingbirds Eulampis jugularis preferred to mate with males that had high standing crops of nectar
on their flower territories. A male’s ability to maintain high nectar standing crops on his territory not
only depended on the number of flowers in his territory, but also on his ability to enhance his territory
through the prevention of nectar losses to intruders. We observed that males defended nectar supplies
that were two to five times greater than their daily energy needs and consistently partitioned their terri-
tories in order to provide some resources to attract intruding females as potential mates. Such territorial
behaviour resulted in males defending some flowers for their own food and other flowers as food for
intruding females. Collectively, our results suggest that variation in mating success among males is
driven primarily by variation in territory quality, which ultimately depends on a male’s fighting ability
and size.

Keywords: hummingbird; Eulampis jugularis; mate choice; mate competition; territoriality; foraging

1. INTRODUCTION

Males of many animal species defend food supplies in
order to acquire mates (Andersson 1994). A major ques-
tion in studies of such resource-based mating systems is
the relative importance of male competition versus mate
choice in sexual selection on male traits (Alatalo er al.
1986; Hews 1990; Andersson 1994; Kelly 2008; Jones &
Ratterman 2009). Less studied is how male territorial
defence and foraging behaviour contribute to variation
in food resources and territory quality, which may occur
in two ways. First, males will vary in their ability to evict
intruders and thereby prevent resource losses. Such
variation in behaviour would be expected to contribute
to variation in territory quality and mating success, i.e.
better defenders would have higher quality territories con-
taining more food resources not just because they are able
to claim better territories, but because they are able to pre-
vent resource losses to intruders. Second, if the defended
food resource is used by both males and potential female
mates, then the extent and manner by which the food
resource is shared should affect territory quality and
mating success.

Investigations linking mate choice and territory quality
to male defence and foraging behaviours require a system
in which food resources can be easily quantified. Hum-
mingbirds have been model organisms for studies of
resource defence and foraging behaviour owing to the
relative ease by which their food resource, nectar, can
be measured (e.g. Wolf er al. 1972; Carpenter et al.
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1983; Powers & McKee 1994; Bateson et al. 2003;
Temeles ez al. 2005, 2009). Despite studies of male court-
ship and display behaviours in a number of hummingbird
species (e.g. Powers 1987; Hurly ez al. 2001; Ficken ez al.
2002; Camfield 2003; Clark 2009; Clark & Dudley
2009), the link between male defence of nectar resources,
foraging behaviour and sexual selection has not been
established. A major problem has been the difficulty of
observing hummingbird mating in the wild.

Here we examine how variation in male territorial and
foraging behaviours affect mating success in the purple-
throated carib Eulampis jugularis, a hummingbird native
to the mountainous islands of the Eastern Caribbean.
Although sexes are monomorphic in plumage, males are
considerably larger and more massive in body size than
females, with wings 8.6 per cent longer and body
masses 25 per cent greater than those of females (Wolf
1975; Temeles et al. 2000). With regard to feeding
traits, females have bills that are 20 per cent longer and
30 per cent more curved than bills of males (Temeles
et al. 2009). These differences between the sexes are
strongly associated with sexual resource partitioning of
two species of Heliconia, a primarily neotropical genus
of plants (Temeles ez al. 2000; Temeles & Kress 2003).
Males are associated with Heliconia caribaea, which they
defend against conspecifics and heterospecifics. Females
are associated primarily with Heliconia bihai, which they
visit in a trap-lining fashion, although they also feed at
H. caribaea. A close correspondence between floral
traits and energy rewards of these two heliconias to the
bill morphology and energetic requirements of each sex
of purple-throated carib provides strong evidence for a
role of ecology in the evolution of sexual dimorphisms
in this hummingbird species. Nonetheless, because
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males of E. jugularis defend the same plants in both the
breeding and non-breeding seasons (Wolf & Hainsworth
1971; Temeles er al. 2005), we have argued that sexual
selection may also play a role in the evolution of their
larger size (Temeles ez al. 2000; Temeles & Kress 2003).

In the investigations reported here, we focused on two
aspects of male territoriality at H. caribaea. First, we
examined the male traits and territory characteristics
associated with male—male competition and female
choice. Second, we examined how male territoriality
and foraging behaviour affected nectar supplies within
territories. We show that males defended nectar supplies
in excess of their energy needs and specifically maintained
flowers for their own needs and flowers for the use of
females as potential mates. We also demonstrate that a
female’s choice of a male depended on the nectar supplies
within his territory, which in turn depended on his
prevention of nectar losses to intruders.

2. MATERIAL AND METHODS

Our study was conducted at a continuous tract of H. caribaea
approximately 1.6 km in length on Morne Joy along Warner
Road, Dominica, West Indies (15°23’33” N, 61°22'16"” W),
from 20 March to 31 May 2007. These dates encompassed
the breeding cycle of purple-throated caribs at this site,
although dates of breeding for this species vary from year
to year and from site to site (Wolf 1975; E. J. Temeles &
W. J. Kress 2007—-2009, personal observations).

(a) The birds

Prior to the start of observations and experiments, we captured
hummingbirds with mist nets and marked them with unique
combinations of coloured leg bands. For each bird, we
measured (in mm) the length of the exposed culmen, total
bill length, wing chord, tarsus length and length of the first
retrix (Temeles er al. 2009). We banded 12 territorial males,
two non-territorial males and 28 females. With the exception
of one female, all birds were adults in after hatching-year
plumage (Schuchmann 1999).

We identified the boundary of each territory by observing
the point at which territorial males evicted intruders, which
in our study included conspecific males and females, green-
throated caribs (Eulampis holosericeus), female Antillean
crested hummingbirds (Orthorhynchus cristatus), bananaquits
(Coereba flaveola) and Lesser Antillean bullfinches (Loxigilla
noctis). The latter two species either pierced flowers to rob
nectar (C. flaveola) or physically removed flowers and con-
sumed them (L. noctis; Temeles er al. 2005). We then
measured the number of plants, inflorescences per plant and
bracts per inflorescence within each male’s territory and
marked each plant with a unique number using liquid paper.
Within our study area, we identified 12 contiguous territories.

We observed territorial males from the hours of 0630 to
1430 Atlantic standard time from 19 April to 25 May
2007. To ensure that each male was observed under similar
meteorological and temporal conditions, we staggered obser-
vations in 2 h blocks from 06.30 to 08.30, 08.30 to 10.30,
10.30 to 12.30 and 12.30 to 14.30 over a 9 day period so
that each male was observed for a total of 8 h from 06.30
to 14.30 over 9 days. We repeated this 9 day observation
cycle twice. For each male in each observation session, we
recorded seconds spent sitting, foraging, flycatching, chas-
ing, perch shifting and gone (see Temeles ez al. (2005) for
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descriptions of these behaviours) and the identity and the
number of flowers of the plant visited when feeding. We
also recorded whether heterospecific intruders successfully
fed, and if so, the number of flowers visited during each
intrusion. We used the average across all time-observation
periods for each male in our data analyses.

Wolf (1975) and Schuchmann & Schuchmann-Wegert
(1984) described the mating sequence of the purple-throated
carib as a multi-stage process in which one or more of the
following stages may occur, in or out of sequence. In stage 1,
a female intrudes onto a male territory and is chased repeat-
edly by the male until she is allowed to remain. In stage 2, the
female is allowed to feed at flowers by the male, who hops
near her, often with his wings outspread. In stage 3, both
sexes display to each other with outstretched wings and
usually the hovering pair circles in the air. Stage 4 of the
mating sequence is copulation, in which the male mounts
the female from the rear or both sexes attempt cloacal contact
with appressed abdomens. We noted these four stages and
referred to stage 1 as ‘time spent chasing females’ (s) and
stages 2—4 as ‘time spent courting’ (s) in calculations of time
and energy budgets. During each female intrusion, we also
recorded whether the female fed, the number of flowers and
identity of the plant at which she fed, whether the male allowed
her to feed or whether she fed without interacting with the
male and whether the sequence resulted in copulation.

We used the time budgets to calculate 24 h energy budgets
for 12 territorial males. Calculations of energy budgets were
based only on the proportions of time activities during which
birds were under observation; i.e. we excluded the time that a
male was gone from his territory. We converted time budgets
to energy budgets using measurements of flying, standard
and resting metabolism of purple-throated caribs (see
Temeles er al. (2005) and the electronic supplementary
material for details).

(b) The plants

Individual plants of Heliconia may live up to 20 years and
flower for up to four months (Berry & Kress 1991); thus,
during our study, territory boundaries remained fixed. Flow-
ers produce nectar during the late hours of the night as well
as during the day, and we measured 24 h nectar production
by covering inflorescences with mesh bags to exclude animal
visitors and then extracting nectar from picked flowers using
25 pl capillary pipets. We sampled three flowers from each of
three different plants for each of the 12 male territories, and
used the average nectar production per plant in our statistical
analyses. Similarly, we measured standing crops of nectar per
flower by sampling the amount of nectar in one flower for
each of three plants during each of the four observation
time intervals for a total of 12 flowers sampled for each terri-
tory and five undefended sites. On Dominica, H. caribaea
contains up to 20 flowers per bract, and within bracts, each
flower opens sequentially and lasts for a single day. At peak
flowering, all of the bracts of an inflorescence may each
bear a single flower on the same day, but during our study,
percentages of flower-bearing bracts per inflorescence
ranged from approximately 25-50% at peak flowering. We
therefore multiplied the number of bracts on a male’s terri-
tory by 0.25 and 0.50 to estimate the number of flowers on
his territory. Based on our measurements of 24 h nectar
production, we used 160 pl and 22 per cent sucrose
(weight : weight) as the volume and concentration of nectar
per flower, which is equivalent to 0.946 cal ul™'.
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(¢) Statistical methods

We estimated relative fitness by dividing the number of copu-
lations obtained by individual males by the mean number of
copulations of all 12 males. Although we cannot exclude the
possibility that females may store sperm from multiple males
to use in the production of a clutch, our observations suggest
that the number of copulations is a reliable correlate of
reproductive success. We never observed a marked female
mate with two different males throughout our observations.
We did, however, observe two females mating twice with
the same male within the same 2 h observation interval.
We assume that mating success within one breeding cycle is
correlated with lifetime reproductive success.

Male traits (total culmen, wing, tail and tarsus lengths)
and measures of territory quality (territory area, bract num-
bers, nectar standing crop) were log(e)-transformed and
standardized to have zero mean and unit variance prior to
analyses. We estimated directional selection differentials by
conducting separate regressions of these variables against
relative mating success. We then estimated the standardized
selection gradients (') as the partial regression coefficients
from a ‘best-model’ stepwise multiple regression of relative
mating success on these variables (e.g. Hews 1990). Owing
to small sample sizes (n = 12 males), we did not examine
quadratic (stabilizing and disruptive) selection. We employed
a similar procedure to examine factors affecting territory
quality. All regressions were performed using the PROC
REG procedure in SAS v. 8.2 (SAS Institute, Cary, NC).

We used y*-tests of independence and exact tests to com-
pare the number of feeding visits to plants between territorial
males and intruding females for each of the 12 territories. We
used x* goodness-of-fit tests to examine whether their visits
to plants were non-random compared with expectations
based on relative availabilities of bracts per plant within
territories. Because expected frequencies were small for
many of these comparisons, we used Monte Carlo esti-
mations with 10° draws to compute p-values for these tests.
We excluded plants that were not visited by either sex and
combined adjacent plants that received fewer than five
visits from either the territorial male or intruding females
for the analyses. All tests of independence and goodness-
of-fit tests were performed using the PROC FREQ procedure
in SAS v. 8.2. For regression analyses of factors affecting
territory quality, we used Morista’s overlap measure as a
summary statistic of the degree of overlap in plant use by
territorial males and intruding females (Smith & Zaret
1982).

We conducted a multivariate repeated measures analysis
of variance (MANOVA) from the GLM procedure in SAS
v. 8.2 to examine patterns of nectar standing crops and
female intrusions, with time interval (i.e. 06.30-08.30 to
12.30-14.30) as the repeated measure and male mating
status (mated or unmated, undefended) as the subject vari-
able. We used rtests and paired rz-tests with Bonferroni
sequential adjustments of p-values (Rice 1989) to compare
means within and between subject variables following these
analyses. Statistics are presented as means + s.e., and
percentages were arcsine-transformed for statistical tests.

3. RESULTS

(a) Territory characteristics and female intrusions
Territories of the 12 males studied averaged 108 + 11 m?>
in area and contained an average of 676 + 44 H. caribaea
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bracts. These territories would hold 169 + 11 flowers at
25 per cent of population flowering and 338 + 22 flowers
at 50 per cent (peak) of population flowering. At 25
per cent flowering, the average territory offered 25 + 2
kcal per day, and at peak flowering, 50 + 4 kcal per day.
The energy rewards from territories greatly exceeded the
average 24 h energy expenditure of males, which was
10.7 £+ 0.1 kcal.

Standing crops of nectar per flower were highest in
early morning (06.30—-08.30), and we observed no sig-
nificant differences in standing crops of nectar between
undefended sites and territories of seven mated or five
unmated males at this time (figure 1; t-tests with
Bonferroni adjustments, p>0.05). Standing crops per
flower, however, declined rapidly at undefended plants
as the morning progressed and were significantly lower
relative to standing crops on territories of mated males
from 08.30-10.30, 10.30—12.30 and 12.30-14.30, and
to standing crops on territories of unmated males from
12.30-14.30 (figure 1; repeated measures MANOVA:
F5,,=36.6, p < 0.0001; r-tests with Bonferroni correc-
tions, p < 0.05 overall). In addition, standing crops per
flower of unmated males were significantly lower than
standing crops per flower of mated males from
08.30-10.30, 10.30-12.30 and 12.30-14.30 (figure 1;
t-tests with Bonferroni corrections, p < 0.05). Differences
in standing crops between males were not a consequence
of differences in the quality of plants on territories: 24 h
nectar production per flower on territories of mated
males (160.7 + 3.1 pl per flower) did not differ signifi-
cantly from 24 h nectar production on territories of
unmated males (158.3 + 4.0 pl per flower; g = 0.47,
»=0.65).

The pattern of female intrusions onto male territories
was exactly opposite the pattern of nectar standing
crops per flower on undefended areas. The intrusion
rate of females onto territories was lowest in the early
morning, when nectar standing crop was highest on unde-
fended areas, and then increased progressively over the
course of the day as nectar standing crop on undefended
areas declined (figures 1 and 2; repeated measures
MANOVA: F;g=28.25, p=0.008). Female intrusion
rate was significantly higher on territories of mated
males relative to unmated males from 10.30-14.30
(figure 2; 1o = 2.3, p = 0.045); however, female intrusion
rate did not differ significantly between mated
and unmated males across the entire 06.30—14.30 obser-
vation period (repeated measures MANOVA: F; ;o = 1.87,
»=0.201).

(b) Mating success

Of the variables wing, tail and tarsus lengths and territory
area, bract numbers and nectar standing crop per flower,
only nectar standing crop was significantly related to male
mating success (figure 3), although both wing length and
bract numbers had p-values < 0.1. Of these six variables,
only nectar standing crop exhibited a statistically signifi-
cant directional selection gradient (figure 3), accounting
for 35 per cent of the variation in male mating success.
The average standing crop of nectar on territories of
mated males (41 + 2 pl per flower; n =7 males) was
significantly greater than the average standing crop of
nectar on territories of unmated males (25 +3 wl per
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Figure 1. Mean standing crops of nectar +s.e. (ul per
flower) of Heliconia caribaea on territories of seven mated
and five unmated male purple-throated caribs and five unde-
fended sites at four different time intervals (06.30—08.30,
08.30-10.30, 10.30-12.30 and 12.30-14.30, abbreviated
06.30, 08.30, 10.30 and 12.30). Standing crops on unde-
fended sites were not significantly different from those on
male territories for 06.30-08.30, but were significantly
lower than on territories of mated males for the latter three
time categories and on territories of unmated males for
12.30-14.30. Standing crops also were significantly lower
for unmated as opposed to mated males for 08.30—10.30,
10.30-12.30 and 12.30-14.30 (z-tests and paired r-tests
with Bonferroni adjustments, p < 0.05 overall).
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Figure 2. Mean rate of intrusion + s.e. (intrusions per hour)
of female purple-throated caribs on territories of seven mated
and five unmated males at four different time intervals (see
figure 1). For each time interval, differences between
unmated and mated males were not significant, but female
intrusion rates were significantly lower on territories of
unmated males than on territories of mated males for the
time intervals 10.30-12.30 and 12.30-14.30 combined
(z-tests with Bonferroni adjustments, p < 0.05 overall).

flower; n=5 males; 15 =4.14; p < 0.006). Differences
between mated and unmated males for the five male traits
and other measures of territory quality were not significant.

(¢) Territory defence

We observed no significant difference in the rate of intru-
sions by heterospecifics onto territories of mated (3.2 +
0.5 intrusions per hour) versus unmated (2.6 + 0.5 intru-
sions per hour) males (zo = 0.89, p = 0.39). Mated males,
however, chased a greater percentage of heterospecific
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Figure 3. Relationship between relative mating success
(copulation rate per male/mean copulation rate) and nectar
standing crop (ul per flower, log(e) transformed and standar-
dized) for 12 territorial male purple-throated caribs. (8’ +
s.e.=0.97 + 0.41, Fy;; =5.37, p=0.043, r* = 0.35). The
regression remains significant excluding the outlier in the
upper right (p = 0.026).

intruders (98 + 1%) than unmated males (67 + 11%;
t, = 2.7, p=0.05). As a result, heterospecific intruders
fed at a significantly greater number of flowers on terri-
tories of unmated males (2.9 + 0.8 flowers per hour)
than on territories of mated males (0.6 + 0.3 flowers
per hour; 5 = 2.6, p = 0.04). Unmated males also sus-
tained a significantly greater rate of intrusions onto their
territories by other conspecific males (0.40 + 0.11 intru-
sions per hour) than mated males (0.02 + 0.02
intrusions per hour; 7, = 3.40, p = 0.03). Consequently,
male intruders fed at a greater number of flowers on
territories of unmated males (0.6 + 0.3 flowers per
hour) than on territories of mated males (0.0 + 0.0
flowers per hour; z, = 2.2, p = 0.09).

(d) Plant use by males and females

As noted above, males defended nectar-containing plants
in excess of their daily needs. Our observations revealed
that these males specifically maintained plants for their
own use and other plants for use by intruding females,
and with the exception of three unmated males having
the fewest plants and bracts in their territories, territorial
males and intruding females differed significantly in their
feeding visits to specific plants and flowers within each ter-
ritory ()(2 and exact tests, p’s < 0.01; figure 4 and the
electronic supplementary material). These sexual differ-
ences in selective feeding at specific floral resources
resulted from non-random plant use by males and females.
Visits by males and females differed from expectations
based on the availability of bracts, and hence flowers
(-tests, p’s < 0.01, and the electronic supplementary
material). Consistent with these analyses, Morista’s overlap
in plant use between territorial males and intruding females
was significantly lower for mated males (0.48 + 0.09) than
for unmated males (0.86 + 0.09; 7o = 3.21, p=0.011).

(e) Determinants of territory quality

To assess the relative importance of factors affecting
nectar standing crop per flower on the territories of the
12 males, we examined its relationship to six variables
(male wing, tail and tarsus lengths; numbers of bracts



Hummingbird mate choice and competition E. ]J. Temeles & W. J. Kress

1611

0.74
male P
0.6 7 Z
@ 0.5
= 044
g
8 0.3
g
= 0.2
7
0.1 é
V
L NN
83 91 90 92 789 84 85 86

plant number

Figure 4. Example of plant partitioning by a territorial male
and intruding females. This graph shows the relative
frequency of feeding visits by territorial male P (= M,
hatched) and intruding females (= F, solid) to H. caribaea
plants on his territory. On nine of the 12 male territories
studied, males and females differed significantly in their
visits to plants (}* and exact tests of independence, p’s <
0.05; striped bar, M, n = 167; filled grey bar, F, n = 102).

on male territories; nectar losses to heterospecifics (het-
erospecific thefts per hour); and plant-partitioning with
females (Morista’s overlap)). Of these variables, numbers
of bracts, tarsus length, the number of heterospecific
thefts per hour, and degree of plant-partitioning
(Morista’s overlap) with females were significantly related
to nectar standing crops (table 1). In stepwise regressions,
only the number of heterospecific thefts per hour and
tarsus length entered the regression as significant predic-
tors of nectar standing crop, explaining 52 and 20 per
cent of the variation among males in this measure of
territory quality (table 2).

4. DISCUSSION

On the island of Dominica female purple-throated carib
hummingbirds prefer to mate with males that have high
standing crops of nectar in the flowers of H. caribaea in
their territories (figure 3). Females clearly responded to
changes in nectar standing crops on and off territories,
because rates of female intrusions were highest on territories
in late morning and early afternoon (figure 2), at times
when nectar standing crops on undefended areas were
lowest (figure 1). These high nectar standing crops
depended not only on the number of bracts and flowers
on a male’s territory, but also upon the male’s ability to par-
tition his territory through the differential use of flowering
plants for his own energy needs and for those of the females
(figure 4), as well as through the prevention of nectar losses
to intruders. We suggest that females initially assess the
quality of males on the basis of the number of bracts in
their territories and then select mates on the basis of
nectar standing crops as accumulated and maintained by
male defence and foraging. Such choices result from com-
parative evaluation of standing crops of males in a
population at a given point in time (Bateson & Healy 2005).

(a) Male resource holding potential
A male’s ability to maintain a high-quality territory in the
form of high nectar standing crops was best explained by
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Table 1. Standardized regression coefficients (B8) from
simple linear regressions of six male traits and territory
characteristics against nectar standing crop for 12 territorial
male purple-throated caribs.

male character B +s.e. statistic P

number of bracts 0.54+0.24 1 =221 0.052
wing length 0.37+0.21 ¢ =1.67 0.126
tail length 0.17+0.29 t;=0.59 0.566
tarsus length 0.56 +0.24 1, =2.33 0.042
Morista’s overlap —0.62+0.22 ¢ =—2.79 0.019

heterospecific theft 0.008

per hour

—0.68 +£0.21 ¢ = —3.29

Table 2. Standardized selection gradients (8") from stepwise
multiple regression of six male traits and territory
characteristics against nectar standing crop for 12 territorial
male purple-throated caribs. Only variables with p < 0.05
are shown.

male character B + s.e. statistic p

heterospecific thefts —0.58+0.17 ;= -3.35 0.008
per hour

tarsus length 0.42 +0.17 1, =2.45 0.037

his prevention of nectar losses to heterospecific intruders,
and to a lesser extent, large size as indexed by tarsus
length (table 2). Males that were most successful at pre-
venting nectar losses to heterospecific intruders also
were more successful at preventing nectar losses to male
conspecific intruders, at dominating neighbouring
males, and at feeding on neighbours’ territories. Nectar
losses to heterospecifics is a proxy for resource holding
potential (RHP; including fighting ability) and territory
defence, and we cannot rule out other factors such as
condition, plumage (which we did not examine), prior
residency (Davies 1978; Shutler & Weatherhead 1991),
or individual personality (Drent er al. 2002), all of
which could affect RHP in addition to large size. Individ-
ual Heliconia plants may live for 20 years and we have
observed banded male purple-throated caribs defending
the same plants for as many as five years. In some cases,
males continued to inspect patches in previously
defended territories even during periods when the helico-
nias were not in flower. Strong site fidelity and possible
residence effects may explain why some males defended
poor-quality patches, and also why such males were
more frequently absent from territories. It is possible
that these males were younger individuals and simply
prospecting for new territories (Amrhein er al. 2004).

Our study indicates that RHP is crucial for the quality
of a male’s territory and hence his mating success.
Successful defence is based in part on large size, but
further experimental manipulations are needed, not just
of territory quality but also of male traits and behaviours
(e.g. residency), to completely understand the
determinants of aggressive outcomes.

(b) Nectar partitioning
Studies of nectar-feeding birds on feeding territories
demonstrate that the benefit of floral defence is that it
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allows territorial birds to accumulate a large supply of
nectar on their territories (Gill & Wolf 1975; Temeles
et al. 2005). In the case of male purple-throated caribs
on breeding territories, territoriality serves not only as a
defence of a valuable and rich nectar resource by males
for their own energy needs, but more importantly as an
attractant for potential female mates. Males defended
flower territories that contained two to five times the
energy required to meet their daily needs and our obser-
vations indicate that the defence of excess plants was
specifically for mate attraction. In nine of 12 territories,
the floral resources were divided into sections that
included bracts and flowers visited primarily by the terri-
torial male or bracts and flowers that potential female
mates were allowed to visit (see figure 4 and the electronic
supplementary material). Such defence and partitioning
of resources, which we term ‘nectar farming,’ is analogous
to the activities of farmers who actively manage their crop
resources to maximize productivity and success.

Territorial rufous hummingbirds Selasphorus rufus
(Paton & Carpenter 1984) and other avian species
(Davies & Houston 1983) use food resources on their
territories non-randomly as a defence against intruders.
We suggest that for some hummingbirds, such as the
purple-throated carib, the same non-random foraging
behaviour may be incorporated into mating behaviour
and territory-partitioning in which some flowers are
defended and maintained not for the use of the territorial
male but rather for the use of intruding females. Wolf &
Stiles (1970) also found that male fiery-throated hum-
mingbirds (Panterpe insignis) partitioned or shared
clumps of flowers on their territories with one to two
females, depending on flower availability. Male humming-
birds typically do not participate in parental care
(Schuchmann 1999) and these researchers viewed the
nectar provided to nesting females from male territories
as indirect parental assistance by males. In P insignis,
female choice presumably evolved because the higher-
quality resources conferred by sharing nectar increased
reproductive success (Andersson 1994).

In Dominica we did not observe the same females
repeatedly visiting male territories over the breeding
season, although we observed marked females regularly
visiting undefended patches of H. caribaea (presumably
while they were nesting and rearing young). Differences
in indirect male parental assistance between purple-
throated caribs and P insignis may depend upon the
quantity of floral resources. Wolf & Stiles (1970) con-
cluded that in the case of P insignis, female reproductive
success might be limited by flower availability, and
indirect assistance might allow those females, and hence
their mates, to rear more young. By contrast, the greater
availability of food to female purple-throated caribs may
emancipate males from any indirect parental assistance,
and the benefits received by females through mate
choice on the basis of territory quality and male behaviour
seem to be entirely genetic (Andersson 1994).

(¢) Concluding remarks

A number of studies of resource defence mating systems
have found that females choose males on the basis of
territory quality, rather than male physical attributes. As
shown here, variation in territory quality may arise
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through variation in male defence, foraging behaviour,
and food- resource partitioning. We suggest that consider-
ation of the breadth of male behaviours—specifically the
prevention of food-resource losses to intruders and non-
random foraging on the territory—may provide a better
understanding of sexual selection in resource-defence
mating systems by linking variation in territory quality
to measurable aspects of male behaviour.
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