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SPECIAL FEATURE

Community and Evolutionary Ecology of Nectar1

Pollination is an integral part of reproduction of most flowering plants. Worldwide, 90% of
some 250 000 angiosperm species rely on pollination for successful reproduction, and nectar is
the primary resource provided by plants to attract mutualist visitors. Despite the ubiquity of
nectar as an ecosystem resource, our understanding of the importance of nectar has primarily
been confined to nectar as a food reward for pollinators. However, recent findings suggest that
nectar may mediate interactions with a wide variety of plant visitors other than pollinators. Nectar
is frequently consumed by organisms ranging from insect predators and parasitoids to lizards,
and can confer increased plant resistance or susceptibility to antagonistic plant visitors. The
composition of nectar may be important in structuring insect communities, multi-trophic inter-
actions, and ultimately plant communities via direct and indirect interactions. The physiology
and costs of nectar production, and the heritability of nectar traits, may limit the extent to which
selection by pollinators or other agents can shape the evolution of nectar traits. On the other
hand, the ability of floral visitors to find nectar may limit the extent to which animals can specialize
on this resource.

The focus of this Special Feature is to highlight the community and evolutionary ecology of
interactions that revolve around nectar as a resource. The last in-depth review of nectar was
published in 1983, (The Biology of Nectaries, B. Bentley and T. Elias, Editors. Columbia Uni-
versity Press, New York, New York, USA). That volume summarized advances in the under-
standing of both the physiological mechanisms of nectar secretion and the ecological role of
nectar in plant–animal interactions. In the subsequent two decades, great strides have been made
in these topics, and summarizing this literature is beyond the scope of this feature. Our goal is
to highlight the areas that represent the most exciting recent ecological and evolutionary advances,
and to draw attention to questions that are still largely unexplored in an effort to inspire future
research.

Traditionally, nectar has been thought of as a relatively simple food resource; however, recent
chemical advances combined with field ecological investigation have shown the importance of
nectar composition to community ecology. The feature opens with strong demonstrations of the
importance of nectar composition, with three papers focusing on insect community structure
(Blüthgen and Fiedler), animal foraging and nectar scent (Raguso), and plant evolution in a
geographic context (Rudgers and Gardener).

In the next section, we highlight the mechanistic role that nectar plays in nonpollinating
interactions. A considerable fraction of floral visitors do not act as pollinators, but rather consume
nectar without providing pollination service. Because nectar attracts both pollinators and nectar
robbers, plants face a dilemma or possible trade-off in defending against nonpollinating floral
visitors without deterring pollinators. Irwin, Adler, and Brody offer conceptual and empirical
insight into how plants cope with attack by nectar robbers through nectar and floral traits. With
the defensive function of nectar in mind, Wäckers and Bonifay continue this line of reasoning
by demonstrating that foliar and bracteal nectar respond in different ways to herbivory, following
predictions of the Optimal Defense Theory. Bracteal nectar may serve a role in pollination as
well as an indirect defensive function in attracting predators and parasitoids of herbivores. How-
ever, the function of foliar nectar is more likely strictly defensive. On the flip side, Adler and
Bronstein show that floral nectar may increase plant susceptibility to herbivore attack, especially
in cases where pollinators act as herbivores in different life history stages. Through these inter-

1 Reprints of this 57-page Special Feature are available for $8.50 each, either as pdf files or as hard copy.
Prepayment is required. Order reprints from the Ecological Society of America, Attention: Reprint Department,
1707 H Street, N.W., Suite 400, Washington, DC 20006.
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actions, nonpollinating floral visitors may impose strong selection on plants that could reinforce
or conflict with selection by pollinators.

Despite the almost dogmatic view that nectar traits have evolved in response to selection by
pollinators and other floral visitors, surprisingly little is known about the magnitude of additive
genetic variation for nectar traits. The feature closes with a synopsis of our current understanding
of the heritability of nectar traits and constraints on their response to selection, highlighting both
the methodological advances and pitfalls to measuring heritability of nectar (Mitchell). Under-
standing the degree to which nectar traits are heritable is critical to argue that the ecological
effects of nectar on community-level interactions, described above, can have evolutionary con-
sequences.

Although this work is focused on the community and evolutionary ecology of nectar, the
diversity of approaches highlighted in this Special Feature can be applied profitably to the study
of many other phenotypic traits and interactions. For example, geographic approaches to the study
of coevolution (see Rudgers and Gardener) have been successfully applied to understand how
chemical traits mediate predator–prey interactions. Similarly, nectar traits that mediate community
structure of ants (see Blüthgen and Fiedler) are functionally similar to chemical traits in plants
that affect the community structure of grazers in terrestrial and aquatic ecosystems. The diversity
of approaches and systems addressed in this feature demonstrate the fundamental importance of
nectar in mediating a wide variety of multispecies interactions. We hope this feature will inspire
a future generation of biologists to integrate nectar into the conceptual framework of community
and evolutionary ecology.

—R. E. IRWIN

Guest Editor
University of Georgia

—L. S. ADLER

Guest Editor
Virginia Tech University

—A. A. AGRAWAL

Special Features Editor
University of Toronto

Key words: community ecology; evolutionary ecology; herbivory; insect community structure; multi-
species interactions; mutualism; nectar; nectar robbing; nectar scent; parasitoids; plant evolution; polli-
nation.
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COMPETITION FOR COMPOSITION: LESSONS FROM NECTAR-FEEDING
ANT COMMUNITIES

NICO BLÜTHGEN1 AND KONRAD FIEDLER

Department of Animal Ecology 1, University of Bayreuth, 95440 Bayreuth, Germany

Abstract. Studies of the relationship between the composition of nectar and its con-
sumers often focus on single or very few species, thus ignoring dynamics in diverse as-
semblages. Conversely, most documented patterns of nectarivore communities have not
been linked to nectar quality measures. In a study of nectar-foraging ant communities in
an Australian rain forest, we found that nectar source partitioning between consumers may
be driven by two factors: (1) variation in nectar composition preferences mediated by taste
and physiological requirements, and (2) severe asymmetrical competitive interactions within
the community. Ant communities are strongly shaped by competitive hierarchies. When
foraging for extrafloral and floral nectar sources, wound sap, and homopteran honeydew,
competitively superior weaver-ants (Oecophylla smaragdina) showed a significant pref-
erence for nectar composition, whereas most other common community members were
nonselective. Nectars frequently used by O. smaragdina were characterized by similar amino
acid profiles and higher sugar and amino acid concentration. We hypothesize that, for nectar–
consumer relationships, as for other interactions in complex communities, the interplay
between species-specific physiological optima and context-dependent asymmetrical com-
petition is essential to explain consumers’ preferences and the dynamics of the system.

Key words: amino acids; Anonychomyrma gilberti; carbohydrates; Formicidae; interspecific
competition; nectar composition; nectar-feeding ants; niche partitioning; Oecophylla smaragdina;
tropical rain forests.

INTRODUCTION

Plant nectar is an almost ubiquitous resource in ter-
restrial ecosystems and is widely utilized by a range
of animals. Studies on nectar-mediated interactions of-
ten focus on the degree of resource partitioning and
specialization among nectarivores, which may have
profound consequences for both animals and plants.
Analyses of resource partitioning are commonly based
on observed encounters, e.g., for flower visitors (Waser
et al. 1996, Ollerton and Cranmer 2002), whereas the
mechanistic chemical basis for nectar source selection
remains largely unknown. The quality and quantity of
nectar and pollen, although representing the main food
items collected by flower visitors, appear generally un-
derstudied in regard to niche partitioning of flower vis-
itors.

Thirty years ago, Baker and Baker (1973) suggested
that variation in nectar amino acids plays a key role in
flower–pollinator interactions. Nectar amino acid con-
tent has been correlated with ‘‘pollinator types’’ and
their additional diets (Baker and Baker 1975, Kevan
and Baker 1983, but see Gottsberger et al. 1984). How-
ever, the underlying hypotheses are still largely un-

Manuscript received 23 June 2003; revised 15 October 2003;
accepted 17 October 2003; final version received 3 November
2003. Corresponding Editor (ad hoc): L. S. Adler. For reprints
of this Special Feature, see footnote 1, p. 1477.

1 Present address: Department of Animal Ecology and Tropical
Biology, University of Würzburg, Am Hubland, 97074 Würzburg,
Germany. E-mail: bluethgen@biozentrum.uni-wuerzburg.de

explored (Gardener and Gillman 2002). The lack of
information is even more apparent for the selection
among, and composition of, extrafloral nectar and other
plant exudates. On the other hand, phagostimulatory
effects of different nectar characteristics have been ex-
amined in great detail for a growing number of nec-
tarivore species (e.g., Inouye and Waller 1984, Mar-
tı́nez del Rio 1990, Lanza 1991, Erhardt and Rusterholz
1998, Wäckers 1999, Wada et al. 2001), but usually
under isolated and controlled situations rather than in
complex natural environments. The goal of this paper
is to link nectarivore community patterns to feeding
preferences and competitive abilities of individual
component species.

Ants are a suitable model system because they are
highly abundant on nectar sources in tropical forests.
Nectar is an important part of the diet for large pro-
portions of tropical ant faunas (Blüthgen et al. 2003,
Davidson et al. 2003). Moreover, ant communities are
determined by pronounced competitive hierarchies, in
which competitively superior and territorial species
(dominants) can be distinguished from submissive ants.
In many ant faunas around the world, behavioral dom-
inance usually coincides with numerical dominance
and is typically restricted to certain ant genera with
large colonies (Jackson 1984, Savolainen and Vepsä-
läinen 1988, Majer 1993, Andersen 1995, Davidson
1997, Dejean and Corbara 2003). The ant community
investigated in this study (including 43 species ob-
served on nectar or honeydew sources) contained two
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TABLE 1. Stepwise forward multiple linear regression analysis (with ridge correction, k 5
0.1) modeling the explanatory power of four nectar characteristics to explain foraging in-
tensity of Oecophylla smaragdina ants at natural food sources.

Factor b† T P VIF‡

1) Amino acid profiles (NMDS)
2) Total amino acid concentration (g/L)
3) Sucrose/(sucrose 1 hexose)
4) Total sugar concentration (g/L)

0.31
0.27

0.17

1.6
1.4

(20.2)§
1.0

0.11
0.17

0.32

1.9
2.1

(1.1)
1.5

Note: Summary statistics of the whole regression model, with adjusted coefficient of multiple
determination, R 5 0.26, F3,28 5 4.6, P , 0.01.2

a

† Standardized regression coefficient.
‡ Variance inflation factors for predictor variables, where F . 1.0.
§ Factor 3 was excluded from the whole model because F , 1.0.

species that fulfill the criteria of territorial dominants:
Oecophylla smaragdina (Fabricius), subfamily For-
micinae (see also Hölldobler 1983, Andersen 1995),
and Anonychomyrma gilberti (Forel), Dolichoderinae.
Colonies of both species maintain mutually exclusive
territories and are highly aggressive against each other,
whereas the remaining species have subdominant or
nondominant status. The subordinate species regularly
co-occur within the dominant’s territories and may use
the same trails and nectar sources (Blüthgen et al.
2004b). Among the two dominants, only O. smarag-
dina can utilize most common trees for their silk-woven
nests (Blüthgen and Fiedler 2002), whereas A. gilberti
nest exclusively in trunks of Syzygium erythrocalyx
trees (Monteith 1986, Blüthgen et al. 2004b). Although
both species have large colonies that actively forage
on several trees around their nest sites, dietary choices
of the latter species could be more restricted due to
their dependence on their host tree.

Two questions are specifically addressed in this
study: (1) Can foraging choices by ants among natural
nectar sources be predicted by nectar composition (sug-
ars, amino acids)? (2) How do dominant ants, espe-
cially O. smaragdina, differ from subordinate species
in their resource selectivity?

MATERIAL AND METHODS

The study was carried out in a tropical lowland rain
forest in northern Queensland, Australia (168079S,
1458279E, 80 m a.s.l.). Foraging of ants for floral nectar
(FN), extrafloral nectars (EFN), and homopteran hon-
eydew was assessed between 1999 and 2002 during 19
months of field surveys. Surveys included the forest
canopy (0.95 ha) accessed with the aid of a tower crane
(Australian canopy crane project) and haphazardly se-
lected plants in the understory of the crane site and in
surrounding areas along paths or scattered throughout
the forests (within ;5 km radius of the crane site). In
order to ensure independence of association records,
only replications of the same ant species occurring on
the same plant species were considered that were sep-
arated by .8 m (closer plants were often visited by
ants of the same colony). Plant individuals were la-
beled, and repeated observations of the same individual

were pooled. In total, 43 ant species were observed to
collect FN, EFN, or wound sap from 47 plant species
(432 plant individuals), and honeydew from at least 12
species of honeydew producers on 25 plant species (81
plant individuals) (Blüthgen and Fiedler 2002, Blüth-
gen and Reifenrath 2003, Blüthgen et al. 2004b).

From a subset of these sources used by ants, car-
bohydrates and amino acids were analyzed using high-
performance liquid chromatography (HPLC) on 135
samples collected from 92 plant individuals (Blüthgen
et al. 2004a). This subset included all common nectar
sources attended by ants, excluding only some rare
sources (representing fewer than five individual plants
where ant visits were observed) and/or those where
nectar production was insufficient to allow quantitative
sampling after ant exclusion (among which only Ichn-
ocarpus fructescens R.Br. represented more than five
individuals with ants observed). Analyzed sources in-
cluded FNs from 10 plant species and EFNs from 16
plant species (48% of the plant species attended by ants
for nectar, but this species pool represented 87% of the
respective plant individuals). These FNs include three
sources on which ants were present but did not show
any nectar consumption, although nectars were acces-
sible (Blüthgen et al. 2004a), whereas nectar from nar-
row flower tubes inaccessible to most ants was ex-
cluded from this analysis. Moreover, wound sap exu-
dates from two plant species (representing the only
ones observed to be used by ants on more than a single
plant individual), and homopteran honeydew from
three of the most abundant honeydew producers living
on four different plant species (four honeydew sources,
representing 16% of the host plant species and 30% of
the host plant individuals) were included. Mean nectar
composition was calculated for each of these 32 sourc-
es; plant species names, sample size, and compositional
data are presented in Appendix A. These 32 sources
are henceforth referred to as ‘‘nectar sources.’’

For the present paper, we related the mean compo-
sition of the 32 sources to their overall use by ants. We
performed multiple regression analyses in order to
model the contribution of four selected nectar char-
acteristics describing sugar and amino acid concentra-
tion and composition (Table 1) to ant species foraging.
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Qualitative similarities of amino acid profiles were ex-
pressed as axis scores obtained by nonmetric multi-
dimensional scaling (NMDS) of all pairwise Sörensen
similarity index values (Clarke 1993). Only a single
dimension was used (stress: 0.155). This axis was sig-
nificantly correlated with the mean number of amino
acids present and with concentrations of several single
or grouped amino acids, e.g., hydrophilous amino acids
(Appendix B). The second axis in a two-dimensional
NMDS lacked any strong relationship with amino acid
parameters (Appendix B) and was therefore excluded
from further analyses. Note that our model did not in-
clude total nectar production of each plant. An indirect
estimate of nectar production, namely the median num-
ber of ant workers simultaneously exploiting nectar
sources on each plant individual (see Dreisig 1988),
showed no significant positive effect on resource choic-
es by any ant species (data are not shown). Data for
total sugar and amino acid concentration were log-
transformed, and sugar composition was arcsine-trans-
formed. Significant linear correlations among trans-
formed predictor variables occurred between the
NMDS axis and the total amino acid concentration (r
5 0.55, P , 0.001), and between the latter and total
sucrose concentration (r 5 0.37, P , 0.05), whereas
the remaining variables were not intercorrelated (r #
0.18, p $ 0.32). Because of collinearity, ridge correc-
tion was used with k 5 0.1 (Legendre and Legendre
1998), but conclusions remained stable irrespective of
choices of k between 0.0 (no correction) and 0.5. A
stepwise forward procedure included variables of effect
size F . 1.0 in the model. For each ant species, we
defined a resource use intensity (i) for each nectar
source as the dependent variable with i 5 log(number
of individuals of a plant species where the source was
consumed 1 1).

This index (i) ranged from 0 to 3.2 and was used to
account for variable importance of different nectar
sources to the nutrition of the respective ant species
(data on the number of plant individuals attended by
ants are shown in Appendix A; no data were available
on the total abundance of these plants).

Separate regression analyses were performed for the
16 most common ant species (all were found on $10
plant individuals including $5 of the 32 nectar
sources). Analyses were performed using the package
Statistica (StatSoft 1999).

RESULTS

Nectar preferences among ant species.—Oecophylla
smaragdina used 19 of the 32 nectar sources analyzed,
the broadest spectrum and the greatest abundance of
nectar sources observed among all ants in this study.
A combination of three nectar characteristics (each
with F .1.0) explained a significant proportion of the
variance in resource selection by this ant species: ami-
no acid composition, total amino acid concentration,
and total sugar concentration (Table 1). O. smaragdina

tended to prefer sources with similar amino acid pro-
files (NMDS; see also Appendix B), higher total amino
acid concentration, and higher sugar concentration, as
shown by significant positive individual correlations.
None of these predictors alone was significant in the
multiple regression model, and they were partly inter-
correlated (see Methods). The significant multiple re-
gression remained unaffected when honeydew sources
or when rare sources (fewer than five plant individuals
attended by any ant) were excluded from the analysis
(the effect of amino acid composition became signifi-
cant after excluding honeydew).

Significant (P , 0.05) or marginally significant (0.05
, P , 0.06) multiple regression models were found
in only four additional ant species (see Appendix C).
In these species and all other cases in which trends
were detectable (including all factors where F . 1.0,
except in Leptomyrmex unicolor), ants were more fre-
quent on sources with lower sugar concentration and/
or lower relative sucrose content, as opposed to O.
smaragdina; amino acid characteristics did not have
any effect on the foraging of these ants. Hence, only
the competitively dominant species (O. smaragdina)
demonstrated significant preferences for higher nectar
quality through its foraging pattern on natural nectar
and honeydew sources, whereas the rest of the com-
munity was more abundant on poorer resources or non-
selective. In addition, no ant species other than O.
smaragdina showed a significant model when honey-
dew sources were excluded from the analysis.

Monopolization of nectar sources by O. smaragdi-
na.—O. smaragdina was most abundant (recorded on
five or more plant individuals) at four species of plants
with EFNs, one species with a wound sap, and two
honeydew sources (thus at seven out of 32 sources).
Four of these seven cases represent the only sources
in which at least 16 out of 17 focal amino acids were
present (Appendix A). These four cases were: (1) hon-
eydew samples collected from Sextius ‘kurandae’
membracids on Entada phaseoloides or on (2) Cae-
salpinia traceyi lianas (both Fabaceae sensu lato [5
Leguminosae]), and (3) extrafloral nector from Fla-
gellaria indica (Flagellariaceae) or from (4) Smilax cf.
australis (Smilacaceae) (see Plate 1).

The former two honeydew sources represented the
most frequently attended liquid food source of this ant
at the study site (Blüthgen and Fiedler 2002). Fur-
thermore, per capita ant recruitment to homopterans on
the two leguminous liana species was significantly
higher than to homopterans on other host plants (Blüth-
gen and Fiedler 2002). The honeydew sources were
exclusively used by O. smaragdina and were always
attended by ants. This effective resource monopoliza-
tion was probably a consequence of territorial defense
(Blüthgen et al. 2004b). The two EFNs on F. indica
and S. cf. australis were also most commonly attended
by O. smaragdina and often monopolized by these
dominant ants in a similar way as honeydew sources.
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PLATE 1. Oecophylla smaragdina typically monopolizes honeydew and nectar sources, including aggregations of Sextius
‘kurandae’ membracids on Entada phaseoloides (left) and extrafloral nectaries on Smilax cf. australis leaves (middle). Other
sources are often shared by different ant species, e.g. nectaries on Clerodendrum tracyanum leaves by Camponotus vitreus
and Crematogaster cf. pythia (right). Photo credit: Nico Blüthgen.

Simultaneous co-occurrences of different ant species
foraging for nectar on the same plant individual were
significantly less common than expected on F. indica
and never observed on S. cf. australis plants; such co-
occurrences between ants were frequent on many ex-
trafloral and floral nectars that were poorer in amino
acids (Blüthgen et al. 2004b) (see Plate 1). Thus, hon-
eydew and nectar sources that were particularly rich in
amino acids were defended and monopolized by the
dominant ant in a similar way.

DISCUSSION

Ant communities are strongly hierarchical. Compet-
itively dominant and territorial species can be distin-
guished from competitively inferior species; the dis-
tribution of the latter may be partly controlled by the
dominants (Savolainen and Vepsäläinen 1988, Dejean
and Corbara 2003). Dominant ants often monopolize
some nectaries and honeydew-producing homopteran
aggregations, whereas subordinate ants are more op-
portunistic and commonly share attended nectaries with
other species simultaneously (Schemske 1982, Dejean
et al. 1997, Blüthgen et al. 2000). This pattern was also
pronounced at our study site (Blüthgen and Fielder
2002, Blüthgen et al. 2004b). In the present paper, we
were able to link differences in resource monopoliza-
tion with nectar production and composition. The key
traits influencing the foraging patterns of the compet-
itively dominant ant Oecophylla smaragdina were ami-
no acid composition and higher total concentration of
amino acids and sugars, corresponding to the impor-
tance of amino acids for ant nutrition. Amino acids are
the major nitrogenous compounds in nectar and hon-
eydew, and despite their high C:N ratio, these sources
can contribute substantially to the nitrogen supply of
ant colonies (Blüthgen et al. 2003). Preferences and
monopolization by the dominant ant were thus asso-
ciated with high-quality resources, whereas low-quality
nectars were used more opportunistically by both dom-
inant and subordinate ants. Subordinate ants, including
highly abundant species such as Crematogaster spp.,

either showed no preference in the foraging model, or
they were more common on sources with lower sucrose
or total sugar concentration, suggesting an impact of
competitive interactions. Even among dominant ants,
nectar quality was not universally important. The sec-
ond dominant ant, Anonychomyrma gilberti, did not
show any significant preference among the selected
sources, possibly due to its specialization for nest sites
on its host tree Syzygium erythrocalyx, which also func-
tions as a main honeydew and nectar source (Monteith
1986, Blüthgen et al. 2004b).

Several alternative sources of variation may act upon
ant foraging that could potentially obscure stronger ef-
fects of nectar composition on ant foraging. (1) Our
analysis was based on an average nectar composition
of each source species, represented by sampling one or
a few individuals at different times of the year, and the
overall visitation pattern on this source species. How-
ever, these traits are variable between (and within) plant
individuals and over time, and resource selection by
ants is based on plant individuals rather than on average
species values. (2) The local pool of resources available
to each ant colony only includes a small, spatially re-
stricted portion of those analyzed, and thus actual
choices are limited. (3) Niche differentiation and com-
petitive avoidance among nectarivores may also occur
along niche dimensions other than nectar composition,
such as seasonal or diurnal activity patterns (Hossaert-
McKey et al. 2001) and differential selection of habitat
patches (Biesmeijer et al. 1999), along with spatiotem-
poral heterogeneity. Despite these potential sources of
uncontrolled variation, effects of nectar composition
on foraging of O. smaragdina were significant.

In addition to observations on natural resources, we
performed cafeteria experiments offering artificial
‘‘nectar’’ solutions and comparing ant foraging be-
tween paired treatments (Blüthgen and Fiedler 2004).
In the absence of competition, O. smaragdina and many
other ant species preferred sugar solutions containing
amino acid mixtures over pure sugar solutions. Among
the most attractive solutions to most ants was an amino
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acid mixture mimicking one of the main honeydew
sources exclusively used by O. smaragdina (secreted
by Sextius ‘kurandae’ on Caesalpinia traceyi; see Ap-
pendix A). Most ants also preferred sucrose over most
other carbohydrates, whereas trisaccharides like me-
lezitose were not particularly attractive to much of the
Australian ant community. Despite some degree of in-
terspecific variation, the results indicate that, where
they exist, gustatory preferences for sugars and amino
acid mixtures are broadly similar across the ant com-
munity. In contrast, preferences for single amino acids
in sugar solutions are highly species-specific and idi-
osyncratic. Interspecific variation in sugar and amino
acid preferences has also been found in other studies
(Lanza and Krauss 1984, Lanza 1991, Lanza et al.
1993, Koptur and Truong 1998).

These described preference patterns were found in
the absence of competitors. However, when other ant
species were present at the same bait pair in our ex-
periments, discrimination between different solutions
was significantly less pronounced, i.e., the ants were
more evenly distributed between the alternative solu-
tions (Blüthgen and Fiedler 2004). These findings pro-
vide experimental evidence that competition strongly
affects dietary selection (see also Nonacs and Dill
1990). The high concordance of preferences among
sugars and for amino acid mixtures found in the ex-
periment, in combination with the opportunistic choic-
es by competitively inferior ants among natural nectar
sources, suggest that the diversity of nectar-consumer
communities is more related to processes driven by
competition and spatiotemporal variation in resource
availability than to specializations of the component
species on particular resources.

Our study emphasizes the need to study interactions
within their complex environment. For example, in iso-
lated experimental situations such as in typical bio-
assays and cafeteria experiments, one would conclude
that ants are highly selective among different nectar
compounds. These single-species experiments are valu-
able to search for potential preferences in complex en-
vironments. However, when considering community
interactions, such selectivity may only translate into
actual resource selection in competitively superior spe-
cies or when competition is relaxed. In diverse tropical
insect communities, most species are relatively rare and
probably competitively inferior. Hence we expect sub-
stantial discrepancies between physiological prefer-
ences for nectar types and actual resource utilization
in such communities. Such differences between real-
ized and fundamental niches are likely to reflect com-
petition costs.

How widespread is variation in nectar preferences
and competition in other nectarivore communities?
First, gustatory preferences vary substantially between
different nectarivores (Lanza and Krauss 1984, Roubik
and Buchmann 1984, Alm et al. 1990, Lanza et al.
1993, Roubik et al. 1995). These differences may be

linked to variable nutrient requirements across different
taxa (Kevan and Baker 1983, Alm et al. 1990), colonies
(Cassill and Tschinkel 1999), sexes (Erhardt and Rus-
terholz 1998), or seasons (Sudd and Sudd 1985, Rus-
terholz and Erhardt 2000). Moreover, physiological
constraints also may be important and may limit dietary
selection, e.g., chemoreception (Wada et al. 2001) or
digestive enzymes (Martı́nez del Rio 1990). Thus,
physiological preferences for nectar composition may
be highly variable and specific, but we have little in-
formation about whether and how these differences
may translate into the structure of real nectarivore com-
munities.

Secondly, if nectar represents a spatiotemporally
limited resource for nectarivores, inter- and intraspe-
cific competition should be pronounced. For instance,
competition between nectarivores was implied by stud-
ies testing various optimal foraging models (Dreisig
1995, Ohashi and Yahara 2002). Effects of interspecific
competition between nectarivores have been demon-
strated in several systems (Pyke 1982, Biesmeijer et
al. 1999), including competition between unrelated tax-
onomic groups (Morse 1981, Laverty and Plowright
1985, Thomson 1989). Competitive hierarchies can be
strong and complex in diverse flower-visitor commu-
nities (Kikuchi 1963, Nagamitsu and Inoue 1997).
Choices between available flowers (such as the identity
of plant species, or their positions within a plant) may
differ between situations in which competitors were
present or absent (competitive release) (Inouye 1978,
Bowers 1985, Laverty and Plowright 1985, Thomson
1989). In an experimental study of three hummingbird
species in Arizona, Pimm et al. (1985) showed that all
species preferred feeding on higher sucrose concentra-
tions when competition was low and increasingly used
the poorer resources when competitors were abundant.
Competition between hummingbirds was highly asym-
metric in that the behaviorally dominant species af-
fected the foraging of subordinate species but not vice
versa.

In conclusion, gustatory preferences can vary within
and across nectarivore species in any given community.
However, prevailing competition among nectarivores
in natural, diverse assemblages is expected to constrain
strongly the extent to which such preferences translate
into patterns of actual resource use and partitioning.
The present study on nectar-feeding ants in combina-
tion with previous work using artificial nectars (Blüth-
gen and Fiedler 2004) demonstrates that competitive
hierarchies may determine patterns of foraging for ami-
no acids in nectars. This may be a more general phe-
nomenon affecting interactions and resource partition-
ing between nectarivores and nectar plants, and may
provide a fruitful area for further studies in community
dynamics.
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APPENDIX A

A table showing sugar and amino acid composition of nectar and honeydew sources is available in ESA’s Electronic Data
Archive: Ecological Archives E085-038-A1.

APPENDIX B

A table of NMDS (nonmetric multidimensional scaling) ordination of amino acid profiles is available in ESA’s Electronic
Data Archive: Ecological Archives E085-038-A2.

APPENDIX C

Multiple linear regression models for foraging patterns of 16 ant species are available in ESA’s Electronic Data Archive:
Ecological Archives E085-038-A3.


