DISCUSSION (NLD)

Our results suggest that certain
patterns of species richness in H. wagner-
iana patches and bract communities can
be predicted by the Equilibrium Theory
of Island Biogeography. We found that

the bracts in large patches support sig-
nificantly greater species richness than
those in small patches and that species
richness is positively correlated with
bract volume. We also found that
species richness was independent of
bract age (Figure 2a). Therefore, it is
possible that bracts achieve an equilib-

dance appears to be correlated with age.
Limited by their brief existence, bracts
may not reach carrying capacity, and
therefore abundance would not be ex-

pected to increase with volume but

rather with age; over the course of time,
there would be a greater cumulative
number of random dispersal events for
the older bracts.

Finally, if bract age determines to-
tal invertebrate abundance, and if bracts
of varying age are found dispersed
throughout large and small patches,
then patch size should not influence to-
tal abundance. Since our results do not

rium in which extinction rates are lower
in both the bracts of large patches and
the large individual bracts, creating
higher species richness. However, due
to the ephemeral nature of the bracts, it
is questionable whether bracts are able
to reach equilibrium. For this reason,
other factors, aside from immigration
and extinction, may influence species
richness.

We observed a significant relation-
ship neither between total abundance in
bracts contained in large and small
patches nor between total abundance
and bract volume. Instead, total abun-

support our prediction that bracts in
large patches would support greater to-
tal abundance than those in small
patches, it seems age instead of patch
size may play a central role in determin-
ing total abundance.

INTRODUCTION

Each Heliconia plant species has be-
come specialized over time to attract one
of the two hummingbird groups, her-
mits and non-hermits, for pollination
(Stiles 1975). Hermits are characterized
as non-territorial, traplining foragers
with curved bills. Trapline foraging
hummingbirds feed along a sequenced
route of flower patches, holding flower-
centered territories only "rarely and in-
consistently” (Stiles 1975). Heliconia-
pollinating non-hermits have straighter
and shorter bills than the corresponding
hermits. Such non-hermits establish
territories in patches of flowers large
enough to sustain their daily energy re-
quirements (Stiles 1975).

At La Selva Biological Reserve,
Costa Rica, we studied a unique rela-
tionship between Heliconia pogonantha
and several hummingbird species.
Heliconia pogonantha is specialized for
hermit hummingbird pollination, but
both hermits, including the little hermit
(Phaethornis longuemareus ), the long-
tailed hermit (Phaethornis superciliosus ),
the bronzy hermit (Glaucis aena), and the
band-tailed barbthroat (Threnetes ruck-
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COMPETITIVE INTERACTIONS BETWEEN HERMIT AND NON-HERMIT
HUMMINGBIRDS IN RELATION TO PATCH SIZE OF HELICONIA POGONANTHA
INFLORESCENCES

Charles R. Preuss, Matthew B. Royer, and Marco Seandel

Abstract, Heliconin pogonantha is the only species of Heliconia in La Selva, Costa Rica known to be
pollinated by both hermit and non-hermit hummingbirds. In this study, we examined how patch
sizes of H. pogonantha affect the feeding behaviors of the four species of hermit and one species of
non-hermit hummingbirds that harvest nectar from these flowers.

The non-hermit species, the red footed plumeleteer (Chalybura urochrysia), visited only large
patches and never small patches. The number of visits made in large patches by the red-footed
plumeleteer was significantly greater than the number made by hermits. The red-footed
plumeleteer was the only hummingbird that perched near the inflorescences or chased other
hummingbirds from H. pogonantha patches. Hermits visited small patches significantly more
than large patches. The patch size, along with possible territorial exclusion, appears to affect the
distribution of feeding visits by hermits and non-hermits in H. pogonantha.

eri), and a non-hermit, the red-footed
plumeleteer (Chalybura crochrysia), have
been observed feeding on its floral nec-
tar. We examined the relationship be-
tween patch size of inflorescences and
the corresponding feeding behaviors of
hermits and non-hermits.

We hypothesized, first, that the
red-footed plumeleteer would visit large
patches more often than small, because
larger patches may be more energeti-
cally dependable and, second, that
hermits would be found more fre-
quently in small patches due to inter-
specific competitive exclusion from the
large patches occupied by the red-footed
plumeleteer.

METHODS

We conducted this study at the
successional plots, La Selva Biological
Station, Costa Rica, on 12-13 February
1993. All growth within the 1.9ha area
was five years old or less (Figure 1).
Within the plots we sampled, H.
pogonantha was the predominant hum-
mingbird-pollinated plant flowering at
this time. The 1-2 year-old plots in the
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Figure 2. Mean # of visits by hermit and non-

hermit hummingbirds in small and large
foraging patches at La Selva Biological
Reserve, Costa Rica.

southwest end of the area were excluded
from the study because of the abun-
dance of Calathea quadraspica in-
florescences, a known food source for
hummingbirds (Kennedy 1983).

We sampled all patches of H. pogo-
nantha in the remaining successional
plots. A patch was defined as a number
of clumped, healthy inflorescences sepa-
rated by any neighboring inflorescences
by at least the diameter of that clump.
We considered inflorescences to be
healthy if the most recently emergent
bract was fresh and determined the
patch size by the number of inflores-
cences. A discontinuity in the frequency
distribution of patch sizes allowed us to
define patches of less than five inflores-
cences as small and greater than inflo-
rescences as large.

We observed each patch for twenty
minutes, recorded each hummingbird
visit to the patch, and noted whether the
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bird was a hermit or non-hermit. We
also recorded all discernible bird behav-
ior.

RESULTS

We found that the size of patches
had a measurable effect on the distribu-
tion of hermits and non-hermits. The
latter were observed visiting large
patches much more frequently than
hermits (39 visits vs. 5 visits, Ug=165,
p<.001; Figure 2). For small patches, we
observed the opposite trend (0 visits by
non-hermits vs. 17 visits by hermits;
Figure 2). Similarly, hermits visited
small patches more frequently than
large patches, and non-hermits visited
large patches more frequently than
small patches (Us=155, p<.001 and
Us=80, p<.001, respectively). Among
the hermits seen at patches, we observed
a single long-tailed hermit and several
each of band-tailed barbthroats and
bronzy hermits. However, the propor-
tions of the two latter species were not
determined due to the density of the
vegetation and the brevity of most visits.

Aggressive behavior and perching
within or near the patch were observed
only for red-footed plumeleteers and
thus were seen only in large patches.
Out of seven observed aggressive inter-
actions, four chases were between
plumeleteers, one involved a hermit
being chased by a plumeleteer, and, in
two interactions, the fugitive bird was
unidentified. On ten occasions, we ob-
served plumeleteers perching within a
near the patch (for a total of 13min),
while hermits were not seen perching at
all near the flowers.



DISCUSSION

The hypothesis that red-footed
plumeleteers would visit large patches
more frequently than small patches was
supported. This pattern may be a result
of the red-footed plumeleteers' mainte-
nance of territories in order to meet
daily energy requirements. No plumele-
teers were found in patch sizes of less
than six inflorescences, indicating that a
patch size threshold may exist for the
establishment of these territories. The
existence of a threshold is consistent
with the concept of maximizing energy
gain. Patches that are below the thresh-
old do not contain resources beneficial
enough to justify the costs related to de-
fense. Patches above the threshold size
are defended as territories, and competi-
tors are actively excluded. Our observa-
tions revealed that behavior indicative
of competitive exclusion (i.e. chasing)
was instigated by the territorial red-
footed plumeleteers in every confronta-
tion and occurred only in patches
greater than the threshold size. A fur-
ther indication of plumeleteer territorial-
ity was perching. Only red-footed
plumeleteers were observed perching
within large patches, suggesting that
these birds spend a significant amount
of time in one area.

The competitive exclusion effected
by red-footed plumeleteers seemed to
affect the normal traplining feeding pat-
tern of hermits. One might expect the
normal traplining pattern to consist of
hermits visiting large patches to maxi-
mize energy intake while minimizing
time spent foraging (Optimal Foraging
Theory). Our results, however, are con-
trary to this expectation, as we observed
hermits significantly more often in small
patches than in large patches.

A further explanation for the de-
fense of large territories by red-footed
plumeleteers and the resultant exclusion
of hermits may be the difference in
morphology between the bill of the
Plumeleteer and the corolla of H. pogo-
nantha. While the red-footed plumele-
teer has a uniquely long bill among non-
hermits, which allows them to reach the
nectaries of H. pogonantha, this species
may still have limited efficiency of nec-
tar-feeding from H. pogonantha flowers
(Stiles 1975). This limited efficiency is
likely due to relative incompatibility of
the straight bill of the red-footed
plumeleteer with the curved corolla of
H. pogonantha flowers. It is logical,
therefore, that red-footed plumeleteers
should require relatively large patches
in which to forage. Hermits, by contrast,
possess a bill closely resembling the H.
pogonantha corolla and can harvest nec-
tar quickly and efficiently. This may
allow them to meet nectar requirements
by traplining in smaller patches.

The unique relationship between
Heliconia pogonantha and several species
of hummingbirds could be further ex-
amined by removing red-footed
plumeleteers from their territories and
noting whether hermit feeding patterns
are altered. Identification of the exact
differences between red-footed plumele-
teer and hermit feeding efficiency on H.
pogonantha would also provide an inter-
esting topic for future study.
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