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The role of size and dominance in the feeding
behaviour of coexisting hummingbirds
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Interspeciﬁc competition can strongly inﬂuence community structure and limit the distribution and abundance of species. One of the main factors that determine hummingbird
community structure is competition for food. The temporal and spatial distribution of
nectar has a strong impact on hummingbird assemblages, shaping foraging niches according to hummingbird dominance and foraging strategy. We investigated whether body size
and the degree of aggressive dominance inﬂuence feeding behaviour of hummingbirds in
a temperate forest in northwestern Mexico (El Palmito, Mexico) when winter migrant
hummingbirds are present in the community. First, we determined the dominance status
of hummingbirds and evaluated the relationship between dominance and body mass,
wing disc loading and migratory status. Secondly, we determined how hummingbird species used plant species differently. Thirdly, we examined whether the most dominant
hummingbird species defended ﬂoral patches with more energy and/or with a larger
number of ﬂowers. At each ﬂower patch, hummingbird species, number of hummingbird interactions, feeding time and number of ﬂowers present were recorded. The total
number of calories available within each ﬂoral patch was also determined. Our results
demonstrate that the dominance hierarchy of 13 hummingbird species (migratory and
resident) was correlated with body size but not wing disc loading, and that members of
the hummingbird community showed a clear separation in resource use (by plant species). Hummingbirds at the top of the dominance hierarchy defended and fed on the
best ﬂower patches, deﬁned by the quantity of calories available. Hence, the feeding
behaviour of hummingbirds at El Palmito depends on the abundance of plant species
used by hummingbirds and on the amount of energy available from each ﬂower patch.
Thus, hummingbird body size, aggressive dominance and defence of quality ﬂower
patches determines niche partitioning among species.
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Competition for food resources is thought to be
one of the primary drivers determining community
organization in hummingbirds (Feinsinger 1976,
Wolf et al. 1976, Ornelas et al. 2002). Competition for resources has promoted morphological and
behavioural divergence in hummingbird assemblages (Brown & Bowers 1985, Maglianesi et al.
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2015a,b) as well as in other species assemblages,
for example among desert rodent and lizard communities (Pianka 1973, 1975, Kelt & Brown
1999). Hummingbirds have developed a wide
range of morphological and behavioural adaptations to ﬁll individual feeding niches (Abrahamczyk & Kessler 2015). Such adaptations are often
correlated with the availability of food resources,
enabling morphological matching with particular
ﬂowers and niche separation among members of a

2

 pez-Segoviano, R. Bribiesca & M. C. Arizmendi
G. Lo

community (Stiles & Wolf 1970, Maruyama et al.
2014, Abrahamczyk & Kessler 2015, Maglianesi
et al. 2015b, Rodrıguez-Flores & Arizmendi 2016).
Niche segregation among ﬂoral resources is particularly important among members of a hummingbird community as they derive ~85–90% of
their dietary requirements from ﬂoral nectar (Gass
& Montgomerie 1981), have high metabolic rates
(Schuchmann 1999), visit hundreds of ﬂowers
each day (Hurly & Healy 1996) and transfer pollen among ﬂowers during visits (Healy & Hurly
2001). Abrahamczyk and Kessler (2015) found
that the temporal and spatial distribution of nectar
has a strong impact on hummingbird assemblages,
shaping foraging niches according to hummingbird
dominance and foraging strategy. Therefore, the
co-evolutionary relationship between hummingbird species and ﬂoral resources is capable of
explaining many of the principles of community
organization (Feinsinger & Colwell 1978, MartınGonzalez et al. 2015).
Morphological complexity of hummingbird
assemblages within the temperate forests of North
America is lower (medium-sized birds with short–
medium straight bills) relative to those of the tropical forests of Central and South America (small to
large hummingbirds with short to long, straight to
curved bills; Kodric-Brown et al. 1984, Brown &
Bowers 1985). Hummingbird species richness is
also reduced in North America (Brown & Bowers
1985) when compared with the Central or South
American tropics. These patterns could indicate
that hummingbirds in North America have wider,
more generalized and overlapping feeding niches
than do hummingbird species occurring around
the equator (Abrahamczyk & Kessler 2015). For
species pairs with high niche overlap, competition
intensity between species is expected to be high
(Pianka 1973, Ricklefs & Miller 1999). However,
the morphological similarity among North American hummingbird species may indicate that niche
separation occurs through variation in feeding
behaviour. In Mexico, several studies have established different feeding behaviours among coexisting hummingbird species (Lyon 1976, Martınez
del Rio & Eguiarte 1986, Ornelas et al. 2002, Lara
et al. 2011).
Feinsinger (1976) found evidence for two types
of feeding behaviour in hummingbirds: holding a
territory and trap-lining. Territorial hummingbirds
defend an area where food sources, usually the
best available and most abundant, are found (Wolf
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1970). Trap-lining hummingbirds travel among
clumps of ﬂowers, presumably following a regular
route and visiting these clumps of ﬂowers in a particular sequence (Stiles 1975). However, aggressive
hummingbirds can gain access to the best food
resources without the cost of establishing and
defending a territory, feeding on high-quality
resources even when they are not clumped (Stiles
& Wolf 1970). The dominance of aggressive hummingbirds facilitates priority access to the best ﬂoral resources (Feinsinger 1976, Wolf et al. 1976,
Wolf 1978) while decreasing available options for
smaller subordinates (Morse 1982). Hence, behaviourally dominant hummingbirds can play a central role in determining the spatial and temporal
distribution of the hummingbird assemblage using
ﬂoral resources (Stiles & Wolf 1970, Ornelas et al.
2002). Dominant hummingbirds may inﬂuence
the feeding behaviour of subordinate hummingbirds (Sandlin 2000b, Muchhala et al. 2014), but
the dominant behaviour is subject to the quality of
the resources defended to compensate for the cost
of this behaviour (Cotton 1998, Justino et al.
2012). Thus, ﬂoral abundance and nectar resource
availability can directly inﬂuence the aggressive
behaviour of hummingbirds (Justino et al. 2012,
Rodrıguez-Flores & Arizmendi 2016).
In other nectarivorous birds (honeycreepers),
the interspeciﬁc dominance hierarchy is correlated
with body size and the degree of dependence of
each species on nectar for food (Carpenter 1978).
In general, dominant species are larger than subordinate ones and often access the best food resources
(Wolf et al. 1976, Morse 1982). Likewise, some
authors have proposed that aggressive dominance
in hummingbirds is related to body size (Lyon
1976, Las-Casas et al. 2012), higher wing disc loading (Feinsinger & Chaplin 1975, Kodric-Brown &
Brown 1978, Carpenter et al. 1993) and migratory
status (Des Granges 1979, Rodrıguez-Flores &
Arizmendi 2016). Des Granges (1979) deﬁned the
dominance hierarchy of the hummingbird community as the species at the top of the hierarchy that
wins most of their interspeciﬁc chases while the
species at the bottom lose most chases.
Complex hummingbird assemblages composed
of species with different body size and migratory
status occur during winter in western Mexico
(Arizmendi 2001). Hummingbird communities in
western Mexico have greater species diversity and
morphological variation (Des Granges 1979, Arizmendi 2001) compared with other North

Feeding behaviour of hummingbirds

American communities (Kodric-Brown et al. 1984,
Brown & Bowers 1985). In our study, we investigated whether body size and aggressive dominance
inﬂuence feeding behaviour of hummingbirds in a
temperate forest in northwestern Mexico. First, we
quantiﬁed the dominance status of hummingbird
species and determined whether dominance is
related to body size, wing disc loading and migratory status. Secondly, we evaluated whether the
hummingbird assemblage was organized by feeding
preferences for different plant species. Finally, we
examined whether the most dominant hummingbird species defended ﬂoral patches with more
energy and/or with larger number of ﬂowers. We
predicted that the body size of a hummingbird is
directly related to their level of dominance, which
in turn determines feeding preferences and the
quality of the ﬂower patch defended.
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2008). Three standard mist-nets (12 9 3 m) were
placed near ﬂowering sites for hummingbirds. The
mist-nets were operated for 2 days (from 07:00 to
17:00 h) at each site, representing a single sampling period. There were 10 sampling periods
between late autumn and winter (12 November
2010 to 26 February 2011). Sporadic mist-net
sampling was later performed to augment the data
for particular species (60 mist-net hours from 1
November 2015 to 28 February 2016). A total of
260 mist-net hours were dedicated to catching
hummingbirds over the course of the study. Wingchord length (mm) of each captured individual
was measured using a wing-ruler and body mass
was recorded using a digital scale to the nearest
0.10 g (Table S1). To calculate wing disc loading,
the formula LWD = W/p(b/2)2 was used, where W
is bodyweight (g) and b is 2.5 times wing-chord
(cm) (Feinsinger & Chaplin 1975).

METHODS
Hummingbird behaviour
Study area
The study took place at El Palmito-Concordia,
located in the Sierra Madre Occidental (23°350
20“N, 105°520 0“W), Mexico. The study area is
between 1800 and 2133 m above sea level (asl).
The climate is temperate sub-humid with an average annual precipitation of 1247 mm (SMN
2000). Fourteen hummingbird species have been
documented at the study site, including ﬁve migratory species that breed in the USA and Canada
(L
opez Segoviano 2012). The ﬂower patches were
located in an area of 300 ha within different types
of vegetation (oak-pine forest, cloud forest, forest
edges and clear-cut vegetation; Dıaz 2005). Observations and data collection were carried out from
10 November 2010 to 24 February 2011 and from
1 November 2015 to 28 February 2016, during
the autumn and winter seasons, when migratory
and resident hummingbirds coexist. The largest
numbers of hummingbird species are present in
the Sierra Madre Occidental region during the
winter season, mainly due to the arrival of migratory hummingbirds and the increased abundance
of food (Arizmendi 2001).
Body size
Body mass and wing disc loading were measured
as estimates of body size for hummingbird species
(Feinsinger & Chaplin 1975, Fleming & Muchhala

We documented the interactions among hummingbirds by conducting behavioural observations at a distance of ~8 m from ﬂower patches (following Cotton
1998). A ﬂower patch was considered to be a deﬁned
set of ﬂowers. Each ﬂower patch was made up of one
species of ﬂowering plant. We observed 324 ﬂower
patches belonging to seven plant species (the most
abundant ornithophilic species in the area); each
ﬂower patch was delimited from other ﬂower patches
by more than ~20 m. The observed ﬂower patches
had an average of 714 ﬂowers per patch (a minimum
of 29 and a maximum of 7134 ﬂowers). The seven
plant species (Salvia elegans, Salvia iodantha, Salvia
mexicana, Cuphea sp., Loeselia mexicana, Cestrum
thyrsoideum and Agave inaequidens barrancensis) represented ﬁve families (Lamiaceae, Lythraceae,
Polemoniaceae, Solanaceae and Asparagaceae). The
number of observed ﬂower patches of each species
was proportional to their abundance in the study
area. Each behavioural observation was made at a different ﬂoral patch at 1-h intervals between 07:00 and
15:00 h. Five hours of observations were performed
per day by two observers (324 in total); for each
observation, we recorded the hummingbird species,
the time and duration of each visit, the number of
ﬂowers probed and the outcome of aggressive interactions. The aggressive interactions were characterized
by a hummingbird chasing, vocalizing and attacking
other hummingbirds (Kodric-Brown & Brown 1978,
Cotton 1998, Camﬁeld 2006). The winner of an
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aggressive interaction was identiﬁed as the hummingbird that returned to feed or perch nearby (usually
within 3 min) after it had successfully defended and/
or chased off another hummingbird from a ﬂoral
patch (following Justino et al. 2012).
We recorded 13 hummingbird species of the 14
species known to occur in the region (Table S1).
Rufous Hummingbird Selasphorus rufus and Allen’s
Hummingbird S. sasin are not always distinguishable in the ﬁeld, as only adult male S. rufus can be
identiﬁed in the ﬁeld by their entirely rufous back
(Healy & Calder 2006). In the study site 24 adult
male Rufous Hummingbird and only one Allen’s
Hummingbird were captured. Hence we considered
all individuals recorded during the focal observations as Rufous Hummingbird.
Resource quality
Nectar concentration and volume was measured
from the most abundant ﬂower species (S. iodantha, S. elegans, C. thyrsoideum and A. inaequidens
subsp. barrancensis). Flowers were bagged before
they opened, nectar was extracted in the evening
and morning (S. iodantha n = 16 plants, 179
ﬂowers; S. elegans, n = 5 plants, 50 ﬂowers; C. thyrsoideum, n = 17 plants, 191 ﬂowers; and A. inaequidens subsp. barrancensis, n = 10 plants, 111
ﬂowers). In the case of the Agave, ﬂowers were not
bagged and nectar was extracted at dawn because
these ﬂowers feed bats and hawkmoths at night and
all their nectar will not necessarily be used by hummingbirds (Rocha et al. 2005). The nectar was
extracted using microcapillary tubes, and the nectar
concentrations were calculated using a portable
refractometer (Atago N-brand 1EBX with a range
of 0–32 Brix). To take into account the quality and
quantity of nectar produced by a ﬂower, the calories
produced per ﬂower were calculated by multiplying
the volume of nectar (lL) by the sugar concentration (mol) by 1.34, as proposed by Stiles (1975).
With this method, we can infer the amount of
energy available in the ﬂoral patch for hummingbirds to use and associate this with their behaviour.
Statistical analysis
We determined the dominance hierarchy of the 13
captured hummingbird species at El Palmito using
David’s score (Ds = w + w(2)  l  l(2)). This score
equally reﬂects the proportion of wins by species i in
its interactions with another species j, where w is the
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number of i wins, l is i losses, w(2) is the wins of species defeated by i, and l(2) is the losses of species to
whom i lost (David 1987, De Vries 1998). This
index for ranking dominance was designed for an
incomplete data matrix, with paired comparisons in
which not all species compete against each other
(David 1987). The resulting David’s scores indicate
the range of dominance of each species within the
interspeciﬁc interaction matrix (Chen et al. 2011).
In this case we considered an interspeciﬁc interaction
matrix of 13 hummingbird species from which a
David’s score was calculated. A linear regression was
then performed in the GRAPHPAD PRISM software
package (2007) to determine whether body mass
and wing disc loading of hummingbird species were
related to their resulting dominance score. We used
generalized linear models (GLMs; Gaussian distribution and identity link) to determine whether the
migratory status of hummingbird species was related
to their resulting dominance score. Normality and
homogeneity of variance of the data were tested by a
Shapiro–Wilk normality test (Crawley 2007). We
evaluated the nectar quantity of the most abundant ﬂower species to determine whether there is a
difference in the number of calories available among
the ﬂower patches constituted by different plant species: A. inaequidens subsp. barrancensis (22 patches
observed), C. thyrsoideum (54 patches observed) and
S. iodantha (240 patches observed). The ﬂower
patches of these species represented 97.5% of all
observed patches. The differences in energy available
among plant species (S. iodantha, C. thyrsoideum
and A. inaequidens) was determined by a non-parametric Kruskal–Wallis test and a post-hoc Dunn’s
multiple comparison test, after detecting a lack of
normality and homogeneity of variance of the data.
In addition, to determine whether the most
dominant hummingbird species dominate the best
ﬂoral patches (by the number of ﬂowers and quantity of calories), we used David’s scores from each
hummingbird species as the response variable and
the quality of ﬂower patches as the predictor variable. The response variable was David’s score for
interactions won. The relationship of the David’s
scores for hummingbird species to the number of
ﬂowers (log-transformed) and calories (log-transformed) in each ﬂower patch was determined
using generalized linear mixed models (penalized
quasi-likelihood; Faraway 2005, Crawley 2007).
We assume that interactions are not spatially independent and used the identity of each ﬂower
patch and interactions recorded during the same
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session and site as a random effect (Patch nested
within Site). Because the response variable is categorical, we used the penalized quasi-likelihood
approximation to maximum likelihood (quasi-distribution and identity link) and a Wald test based
on a chi-squared distribution was used to obtain Pvalues to assess the model (Faraway 2005, Crawley
2007). Analyses were performed within the R software (2017) using the MASS (Ripley et al. 2016)
and ado (Lesnoff & Lancelot 2015) packages.
RESULTS
We observed 654 hummingbird interactions (intraand interspeciﬁc), including 477 interspeciﬁc interactions in which one of the hummingbirds defended
a ﬂoral patch (Table S2). David’s score (Ds) showed
that larger hummingbird species (Rivoli’s Hummingbird Eugenes fulgens and Blue-throated Hummingbird Lampornis clemenciae) occupied the top
positions of the dominance hierarchy, whereas
smaller hummingbird species (Costa’s Hummingbird Calypte costae and Bumblebee Hummingbird
Atthis heloisa) were less dominant (Fig. 1). Dominance (Ds) was positively related to body mass
(Fig. 2a; R2 = 0.88, F1,12 = 72.0, P < 0.0001), and
wing disc loading (Fig. 2b; R2 = 0.33, F1,12 = 4.79,
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P < 0.0511) but was only signiﬁcant for body mass.
Migratory status was not signiﬁcantly associated
(either positively or negatively) with dominance
(v22 = 898.93, P < 0.0742).
The top dominant hummingbird species visited
more ﬂower patches of plant species with higher
energetic rewards than did species at the bottom of
the dominance hierarchy (Fig. 3). Patches of
A. inaequidens and C. thyrsoideum had signiﬁcantly
more calories than patches of S. iodantha (Kruskal–
Wallis = 50.06, P < 0.0001; Dunn’s multiple comparisons test, P < 0.05; Fig. 4).
Generalized linear mixed models indicated that
hummingbird species with the higher David’s
score (Ds) defended ﬂoral patches with more
available calories; however, David’s score for a species decreased with the number of ﬂowers in a
patch (Table 1).
DISCUSSION
Dominant hummingbird species
Our results demonstrated that the most dominant
hummingbird species was Rivoli’s Hummingbird
followed by Blue-throated Hummingbird (see also
Lyon 1976, Martınez del Rio & Eguiarte 1986,

Figure 1. David’s score for the 13 hummingbird species at El Palmito, Mexico. The resident Blue-throated Hummingbird and Rivoli’s
Hummingbird have the highest dominance index (Ds) score.
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Figure 2. Relationship of the David’s score index (Ds) with (a) body mass (g) and (b) wing disc loading LWD; (g/cm2) of 13 species
of hummingbirds (Resident hummingbird solid square, Local migratory solid circle, and Migratory clear square). David’s score (Ds)
was positively related to body mass (R2 = 0.88, F1,12 = 72.0, P < 0.0001) but not to wing disc loading (R2 = 0.30, F1,12 = 4.79,
P < 0.0511).

Figure 3. Percentage of time that each hummingbird species spent feeding in each type of ﬂower patch (Bumblebee Hummingbird
and Ruby-throated Hummingbird Archilochus colubris were excluded because of the small number of observations).

Lara et al. 2011). However, Blue-throated Hummingbirds dominate Rivoli’s Hummingbirds in
79% of their encounters (Table S2), a result similar to what was reported for a southern Arizona
hummingbird community (Sandlin 2000b). This
apparent contradiction with David’s scores,
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showing Rivoli’s Hummingbird to be the most
dominant species within the community, occurs
because this species only loses interactions for
access to ﬂoral resources to Blue-throated Hummingbirds. In contrast, Blue-throated Hummingbirds occasionally lose interactions with Rivoli’s
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Relationships between dominance
hierarchy and body size

Figure 4. Mean (se) calories produced by ﬂowers in patches
consisting of Agave inaequidens, Cestrum thyrsoideum and
Salvia iodantha at El Palmito, Mexico. The Kruskal–Wallis test
showed that ﬂower patches of S. iodantha differed in the
quantity of calories offered. Dunn’s multiple a posteriori comparison test conﬁrmed the differences among types of ﬂower
patches (Kruskal–Wallis = 61.94, P < 0.0001; Dunn’s multiple
comparisons test, P < 0.05).

Table 1. Generalized linear mixed model showing the relationship between the David’s score index (of the interactions won
by each hummingbird species), the number of ﬂowers and
total calories in each ﬂower patch (v23 = 11.0; P < 0.01).

Intercept
Log (number ﬂowers per patch)
Log (calories per ﬂower patch)

b

t-Value

P

14.608
4.246
5.905

2.416
2.405
3.013

0.01
0.01
0.003

The results demonstrate a signiﬁcant positive relationship
between dominance index and the number of calories in each
ﬂower patch and a negative relationship with number of ﬂowers. Bold values indicate P < 0.05.

Hummingbird as well as with less dominant hummingbird species (Berylline Hummingbird Amazilia beryllina and Rufous Hummingbird). In this
sense, David0 s score reﬂects the strength of the
dominance of a species vs. the entire local species
assemblage (David 1987, De Vries 1998). It
should be noted that the ﬂower patches where
Blue-throated Hummingbird lost to Berylline
Hummingbird and Rufous Hummingbird had few
calories, far below those of the ﬂower patches of
A. inaequidens, the plant species preferred by
Blue-throated Hummingbirds.

We found a positive relationship between body
size and the dominance status of hummingbird
species at El Palmito, Mexico. In a hummingbird
community in western Mexico, Des Granges
(1979) also proposed that the size of hummingbird species determines their interspeciﬁc dominance. Although dominance by larger species
appears clearly to occur in many hummingbird
communities (Lyon 1976, Des Granges 1979, LasCasas et al. 2012), this could differ for more complex and diverse communities. Martin and Ghalambor (2014), for instance, found that larger bird
species were dominant over smaller species during
aggressive interactions for shared resources in three
guilds (vultures, hummingbirds and antbirds/
woodcreepers), but the advantage of a larger body
size declined with increasing evolutionary distance
among the species. These authors indicated that
the dominance of larger species over small ones
was not an absolute rule, even though this rule
was evident in our study.
We did not ﬁnd a relationship between wing
disc loading and dominance status of hummingbird
species, unlike in previous studies where high wing
disc loadings were related to high dominance and
the degree of aggression displayed by different
hummingbird species (Feinsinger & Chaplin 1975,
Kodric-Brown & Brown 1978, Feinsinger et al.
1979, Carpenter et al. 1993). Because higher wing
disc loading confers the ability to maximize acceleration and high manoeuvrability, it could provide
a competitive advantage (Feinsinger & Colwell
1978, Feinsinger et al. 1979) but it may be inﬂuenced by multiple interacting features (Altshuler
2006). In addition, some hummingbird species
studied here have high wing disc loading and low
dominance indexes but are considered to be territorial and dominant in other places (e.g. Rufous
Hummingbird, Kodric-Brown & Brown 1978, Calliope Hummingbird Selasphorus calliope, Armstrong 1987). Hence, wing disc loading alone does
not appear to be a reliable predictor of the interspeciﬁc dominance of hummingbirds.
Finally, we did not ﬁnd a relationship between
migratory status and the dominance of hummingbird species, unlike previous studies (Des Granges
1979, Rodrıguez-Flores & Arizmendi 2016).
Migratory hummingbird species in North America
are small and tend to be subordinate to resident
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and local migratory hummingbirds (Des Ganges
1979). However, migrants can also be dominant
depending on local abundance of other hummingbirds and resource availability and this can change
even on a daily basis (Rodrıguez-Flores & Arizmendi 2016).
Feeding behaviour
Species at the top of the dominance hierarchy (Rivoli’s Hummingbird and Blue-throated Hummingbird) foraged in the best resources that offered
higher amounts of energy in fewer ﬂowers, as in
A. inaequidens in our study (for other species of
Agave see Martınez del Rio & Eguiarte 1986, Ornelas et al. 2002). Although there was no signiﬁcant
difference in the average number of calories
between ﬂower patches of C. thyrsoideum and
A. inaequidens, C. thyrsoideum patches had 400–
7134 ﬂowers (mean = 1814.46) and A. inaequidens
patches had 70–920 (mean = 291.13). However,
the A. inaequidens ﬂowers had the greatest amount
of calories per ﬂower (mean = 10.81 calories),
unlike the ﬂowers of C. thyrsoideum (mean = 1.30
calories). The characteristic of having a large
amount of calories in a small number of ﬂowers
makes the A. inaequidens patches the best ﬂoral
resources at our study site.
In our study, less dominant hummingbird species
were detected feeding on the poorer resources
(patches of S. iodantha; Fig. 4), which could be due
to larger dominant hummingbird species feeding on
ﬂoral patches with more calories (Figs 3 and 4).
Hummingbird species that occupy lower positions of
the hierarchy may appear to prefer areas of poorer
resource quality (Stiles 1976, Sandlin 2000a, Muchhala et al. 2014). This may be due to the relationship
between size and the number of calories needed.
Hence, because of the smaller size of subordinate
hummingbirds, smaller quantities of nectar are
needed, rendering small species more efﬁcient in the
exploitation of less calorie-rich resources (Wolf
1978). Smaller species can also exploit more dispersed ﬂoral resources (Wolf 1978, Des Granges
1979, Cotton 1998). In this sense, food resources of
lower quantity or quality may not contain sufﬁcient
rewards for larger hummingbirds, but they can be
exploited by small hummingbirds (Cotton 1998).
This segregation strategy may also allow small hummingbirds to reduce risks of injury during encounters
with more aggressive territorial hummingbirds
(Ornelas et al. 2002, Lara et al. 2011).
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Dominance hierarchy and feeding
behaviour
Our results showed that the most dominant hummingbird species defended ﬂower patches that
offered more energy, a result consistent with that of
other studies (i.e. Stiles & Wolf 1970, Sandlin
2000a). However, dominance level decreased with
increasing number of ﬂowers per patch (Table 1).
Calories per ﬂower seems to be the most important
feature, unlike other studies where the most dominant hummingbird species defend the patches with
the greatest number of ﬂowers (Feinsinger 1976,
Cotton 1998, Justino et al. 2012), up to a patch size
where the energetic threshold makes defending it
too costly (Justino et al. 2012). In our case patches
with ﬂowers of A. inaequidens provided a large
amount of calories per ﬂower and generally a
reduced number of ﬂowers than the patches with
ﬂowers of S. iodantha and C. thyrsoideum. Even a
patch with few ﬂowers, by providing more calories
per ﬂower, is more proﬁtable to defend for a hummingbird (Kodric-Brown & Brown 1978, Gass
1979, Montgomerie et al. 1984, Carpenter 1987).
CONCLUSIONS
We found that the dominance hierarchies of hummingbird species at El Palmito, Mexico, were
determined by body size, similar to previous work
on hummingbird assemblages and for other feeding
guilds (Martin & Ghalambor 2014). The ﬂower
patches of different plant species provide different
energetic rewards. Feeding behaviour of hummingbirds in this region may depend on the distribution
of plant species visited and on the amount of
energy available from each ﬂower patch. Distinct
types of resources and the positioning of hummingbird species along the dominance hierarchy
reduce overlap in resource exploitation. In the
same way, less aggressive species may coexist by
using less calorie-rich resources that are not profitable for aggressive species. Therefore, the relationship between hummingbird size, their level of
aggressive dominance and the quality of ﬂower
patches defended was seen to determine hummingbird community assemblages.
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