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Abstract

We studied hummingbirds and their food plants in an area of caatinga vegetation. We specifically examined their 
seasonal use of this habitat, migratory and non-migratory status, their foraging strategies and community roles The 
study was conducted in an area of arboreal-shrub caatinga, located in the Serra do Pará, municipality of Santa Cruz 
do Capibaribe, state of Pernambuco in northeastern Brazil. Field work was undertaken during 12 expeditions on a 
monthly basis between June, 2007 and May, 2008. Five species of hummingbirds were recorded visiting flowers in 
the community studied. Three were considered residents: Chlorostilbon lucidus (Shaw, 1812), Eupetomena macroura 
(Gmelin, 1788), and Heliomaster squamosus (Temminck, 1823). Hummingbirds visited 31 species of plants, of which 
only five presented attributes related to ornithophily. C. lucidus visited 29 plant species, including all ornithophilous 
species, and it was the most aggressive, defending territories. Among hummingbirds, C. lucidus may be considered the 
principal pollinator. Hummingbirds may also be acting as pollen vectors for some of the plant species not identified 
as ornithophilous. The hummingbird guilds varied among the plant species used as floral resources, as well as in their 
frequency of visits. Differences in plant species abundance, hummingbird preference, competitive exclusion or flowering 
seasonality are factors likely to influence those variations.
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A comunidade de beija-flores (Aves: Trochilidae)  
e a assembleia de flores em uma área de Caatinga

Resumo

Propôs-se estudar os beija-flores e as espécies de plantas utilizadas como recurso alimentar em uma área de caatinga, 
estudando especificamente a sazonalidade das espécies de beija-flores nesse habitat, os status migratório e não 
migratório, as suas estratégias de forrageamento e os papéis comunitários. O estudo foi conduzido em uma área de 
caatinga arbóreo-arbustiva, localizada na Serra do Pará, município de Santa Cruz do Capibaribe, Estado de Pernambuco, 
no nordeste do Brasil. Os trabalhos de campo foram realizados durante 12 expedições mensais entre junho de 2007 
e maio de 2008. Cinco espécies de beija-flores foram registradas visitando flores na comunidade estudada. Três 
espécies foram consideradas residentes: Chlorostilbon lucidus (Shaw, 1812), Eupetomena macroura (Gmelin, 1788) 
e Heliomaster squamosus (Temminck, 1823). Os beija-flores visitaram 31 espécies de plantas, das quais apenas cinco 
apresentaram atributos relacionados à ornitofilia. C. lucidus visitou 29 espécies de plantas, incluindo todas as ornitófilas, 
assim como também foi a espécie mais agressiva, defendendo territórios. Entre os beija-flores, C. lucidus pode ser 
considerado como o principal polinizador. Os beija-flores podem estar atuando como vetores de pólen para algumas 
espécies de plantas não identificadas como ornitófilas. As guildas de beija-flores variaram entre as espécies de plantas 
utilizadas como recurso floral, assim como nas suas frequências de visitas. Diferenças na abundância das espécies de 
plantas, na preferência por parte dos beija-flores, na exclusão competitiva ou na sazonalidade de floração são fatores 
que podem ter influência sobre essas variações.

Palavras-chave: caatinga, recursos florais, beija-flor, ornitofilia, polinização.
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1. Introduction

Birds play an important role in the reproduction of 
numerous plant species by either pollinating flowers or 
dispersing seeds (Snow, 1981). The most specialized birds 
feed on flower nectar and can act as effective pollinators 
(Faegri and van der Pijl, 1979; Stiles 1981). Hummingbirds 
are the most specialized avian nectarivores and are responsible 
for pollinating up to 15% of the angiosperms in the 
Neotropic (Stiles, 1981; Feinsinger, 1983; Bawa, 1990). 
Although some hummingbird species visit plants having 
a diversity of flower lengths and shapes (Feinsinger, 
1976; Temeles et al., 2002) the specialization of plants 
determines variable degrees of affinity to bird-mediated 
pollination, different levels of specificity between plants 
and hummingbirds, and the guilds of hummingbird visitors 
(e.g., long- or short-billed; Snow and Snow, 1980).

The organization of hummingbird communities and 
the assemblage of flowers visited have been studied 
since the 1970’s (e.g. Feinsinger, 1976, 1978; Brown 
and Kodrick-Brown, 1979; Stiles, 1978; Snow and Snow, 
1980, 1986; Snow and Teixeira, 1982; Brown and Bowers, 
1985; Arizmendi and Ornelas, 1990; Kreamer et al., 1993; 
Sazima et al., 1996; Cotton, 1998a,b,c; Buzato et al., 2000; 
Vasconcelos and Lombardi, 2000, 2001; Leal et al., 2006; 
Cotton, 2007; Machado et al., 2007; Dalsgaard, 2009; 
Machado, 2009; Abrahamczyk and Kessler, 2010). However, 
few studies have focused on both ornithophilous and non-
ornithophilous flower species used by hummingbirds, and 
were generally undertaken over a few days or months (e.g. 
Snow and Snow, 1980, 1986; Snow and Teixeira, 1982; 
Vasconcelos and Lombardi, 2001). In Brazil, most of the 
studies that have examined the relationships between birds 
and plants have focused on themes related to floral biology, 
pollination, and the reproduction of a given plant species 
or genus (Mendonça and Anjos 2003).

One Brazilian habitat that has received little study 
from the standpoint of hummingbird-plant communities 
is the caatinga dryland vegetation. Machado and Sazima 
(1995) studied the pollination biology of Ruellia asperula 
(Acanthaceae), Locatelli and Machado (1999) the floral 
biology of two ornithophilous species of Cactaceae, Machado 
and Lopes (2003, 2004) the occurrence and frequency of 
pollination systems in caatinga communities, Leal et al. 
(2006) the pollination of ornithophilous species and 
Machado (2009) the hummingbird community and their 
floral resources. Because this habitat contains a mixture of 
ornithophilous and especially non-ornithophilous plants, 
further studies of how hummingbirds use this environment 
are desirable.

Consequently, in an attempt to increase our understanding 
of the organization of hummingbird communities and the 
biotic interactions between them and their floral resources 
in habitats of dryland vegetation, we studied hummingbirds 
and their food plants in an area of caatinga vegetation in 
Pernambuco State, Brazil. We specifically examined their 
seasonal use of this habitat and migratory and non-migratory 
status, their foraging strategies, their community roles, and 
their plant food plants.

2. Material and Methods

This study was carried out in an area of arboreal-
shrub caatinga vegetation in the Serra do Pará mountains, 
municipality of Santa Cruz do Capibaribe, Pernambuco State, 
Brazil (7° 52’ 29.20” S and 36° 24’ 10.06” W). This site is 
located in the Borborema Province, a landscape typical of 
the semi-arid region of northeastern Brazil (IBGE, 1992; 
Souza et al., 1994). The Serra do Pará mountains extend 
for 17 km at up to 729 m above sea level, within the states 
of Pernambuco and Paraíba. The regional climate is semi-
arid (Bs s’h’ according to Köppen) with a very marked 
seasonal nature and with very low rainfall levels. Average 
annual temperatures vary between 23 and 27 °C. Rainfall 
is distributed irregularly during the year (from three to 
five months), with water deficits occurring during most 
of the year (Sampaio, 1995). The average annual rainfall 
in Santa Cruz do Capibaribe is 503.3 mm, with a short 
rainy season (March to July) and a marked dry season 
(August to February) (SUDENE, 1990). During the study 
period, rainfall varied from 10.8 mm in December 2007 
to 162.8 mm in March 2008.

Field work was undertaken between June 2007 and 
May 2008, with monthly five-day visits covering the 
morning and afternoon hours (30 hours/month), for a total 
of 334 hours of observation during the 12 months of the 
study. In March and May of 2008, weather conditions were 
very unfavorable and observations were made for only 8.5 
and 25 hours in each month, respectively.

Hummingbirds were identified by direct observation 
with the naked eye or with the aid of 7 × 35 mm binoculars 
and a field guide (Grantsau, 1988) when necessary. 
Behavioral observations were conducted using focal 
sampling (Altmann, 1974). The taxonomic classification 
system used was that of the “Comitê Brasileiro de Registros 
Ornitológicos” (CBRO, 2011).

For each species of plant visited, we recorded the 
species of hummingbird, the duration (in seconds) of the 
visit, and the number and frequency of their visits (n. of 
visits/total observation hours). Intra- and interspecific 
interactions between hummingbird species were also 
recorded. The foraging strategies and the community 
roles played by hummingbirds were defined according 
to Feinsinger and Colwell (1978). Body masses were 
obtained from Schuchmann (1999).

A floral visit was defined as the period in which a bird 
remained at a flower or inflorescence without perching 
to rest (Alves et al., 2000). The visitation frequency was 
calculated by dividing the total number of visits by each 
hummingbird species to each plant species by the total 
number of observation hours (n = 331 hours) (Rojas and 
Ribon, 1997).

The frequency of occurence (FO) of hummingbirds 
was based on the number of days in which a given species 
was registered in relation to the total number of days in 
which the observations were conducted (n = 57). The 
width of the feeding niche of each hummingbird species, 
as measured by the number of different species of plants 
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used as food resources was calculated using the Simpson 
Index (Margurran, 1988).

The plant species was identified by specialists and 
reference specimens were deposited in the UFP Geraldo 
Mariz Herbarium at the Universidade Federal de Pernambuco. 
The botanical nomenclature used for the plant species 
follows The International Plant Names Index (2010), 
while plant families followed the Angiosperm Phylogeny 
Group II (Souza and Lorenzi, 2008). Pollination syndromes 
(especially ornithophily) were identified according to 
specialists in the area and the technical literature (Faegri 
and van der Pijl, 1979; Conceição et al., 2007).

3. Results

Five species of hummingbirds were recorded in the study 
area as visitors to flowering plants: the Amethyst Woodstar, 
Calliphlox amethystina (Boddaert, 1783); the Glittering-
bellied Emerald, Chlorostilbon lucidus (Shaw, 1812); 
the Ruby-topaz Hummingbird, Chrysolampis mosquitus 
(Linnaeus, 1758); the Swallow-tailed Hummingbird, 
Eupetomena macroura (Gmelin, 1788); and the Stripe-breasted 
Starthroat, Heliomaster squamosus (Temminck, 1823), all 
Trochilinae. A sixth species, the Broad-tipped Hermit 
Anopetia gounellei (Boucard, 1891), representative of 
the Phaethornithinae, was not observed visiting any of 
the flowers in the study area during the field work, but it 
was seen flying over the area at the end of the dry season.

Chlorostilbon lucidus, E. macroura, and H. squamosus 
were observed during all months of the study (Table 1). The 
first two species were observed most frequently (FO = 100 
and 57.9%, respectively), followed by H. squamosus with a 
FO of 47.4%. Chrysolampis mosquitus was observed only 
during restricted periods of the year and C. amethystina 
was only observed in August 2007 (FO of 17.5 and 5.3%, 
respectively).

Hummingbirds visited a total of 31 plant species 
distributed in 16 families (Table 2). In terms of taxonomic 
representation, the Cactaceae contributed the greatest 
number of species (n = 5), followed by Euphorbiaceae 

and Fabaceae with four species each, and Malvaceae with 
three species. The families Asteraceae, Bromeliaceae and 
Vitaceae were represented by two species each, and the 
nine remaining families, one species each.

Only five of these 31 plant species (16%) had flowers 
showing characteristics associated with ornithophily: 
Ruellia asperula Lindau (Acanthaceae), Melocactus zehntneri 
(Britton & Rose) Luetzelb., Tacinga  inamoena 
(K. Schum.) N.P. Taylor & Stuppy, Tacinga palmadora 
(Britton & Rose) N.P. Taylor & Stuppy (Cactaceae), and 
Hohenbergia cf. catingae Ule (Bromeliaceae). The other 
plant species all demonstrated characteristics associated 
with other pollination syndromes, especially entomophily.

Chlorostilbon  lucidus was observed visiting 
29 different plants, including all of the ornithophilous 
species, and was the sole hummingbird visitor to 14 plant 
species in the area, including the ornithophilous species 
Hohenbergia cf. catingae. In both numbers and frequency 
of visits, it was the major hummingbird pollinator in this 
caatinga community (Table 2).

Eupetomena macroura and H. squamosus each visited 
11 species of plants. Eupetomena macroura visited three 
ornithophilous species and was the only hummingbird 
species observed visiting the flowers of an unidentified 
Pilosocereus species (Cactaceae). Heliomaster squamosus 
visited only a single ornithophilous species, T. palmadora, 
and was the only hummingbird seen visiting flowers of 
Croton blanchetianus Baill.. Chrysolampis mosquitus visited 
six plant species, one ornithophilous. Calliphlox amethystina 
was observed visiting only two plant species, C. halteris 
and T. palmadora (Table 2).

In terms of interactions among hummingbirds in the 
“Serra do Pará”, C. lucidus, E. macroura and H. squamosus 
demonstrated territorial behavior, which included agonistic 
encounters. A total of 1,123 agonistic interactions were 
recorded, of which approximately 40% were interspecific 
(Table 3). Intraspecific aggression occurred with C. lucidus, 
E. macroura and H. squamosus. Chlorostilbon lucidus was 
recorded most frequently in territorial interactions (74% of 

Table 1. Hummingbird seasonality at the Serra do Pará, Santa Cruz do Capibaribe, Pernambuco, between June 2007 and May 
2008. Shaded columns correspond to the wet period and the white columns to the dry period.

Sub-family/species
Months

June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Trochilinae
Calliphlox amethystina 
(Boddaert, 1783)

- - x - - - - - - - - -

Chlorostilbon lucidus
(Shaw, 1812)

x x x x x x x x x x x x

Chrysolampis mosquitus 
(Linnaeus, 1758)

- x x x - - - x x - x x

Eupetomena macroura 
(Gmelin, 1788)

x x x x x x x x x x x x

Heliomaster squamosus 
(Temminck, 1823)

x x x x x x x x x x x x
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Table 2. Hummingbird visitation rates in the assemblage of flowers at the Serra do Pará, Santa Cruz do Capibaribe, 
Pernambuco, between June 2007 and May 2008.

Family/species Cl Em Hs Cm Ca

NV MT FV NV MT FV NV MT FV NV MT FV NV MT FV

ACANTHACEAE

Ruellia asperula* 18 8.1 0.05 - - - - - - - - - - - -

APOCYNACEAE 

Allamanda blanchetii 6 7.2 0.02 - - - 1 1 0.003 - - - - - -

ASTERACEAE

Conocliniopsis prasiifolia 3 2,3 0.009 - - - - - - - - - - - -

Pithecoseris pacourinoides 5 9.6 0.01 - - - - - - - - - - - -

BIGNONIACEAE

Tabebuia impetiginosa 208 12.3 0.62 32 11.8 0.09 97 10.8 0.29 18 7.8 0.05 - - -

BROMELIACEAE

Encholirium spectabile 53 9.3 0.15 16 3.9 0.04 11 9,5 0,03 - - - - - -

Hohenbergia cf catingae* 318 9.4 0.96 - - - - - - - - - - - -

CACTACEAE

Melocactus zehntneri* 871 2.8 2.60 14 3.1 0.04 - - - - - - - - -

Pilosocereus sp. - - - 4 9.3 0.01 - - - - - - - - -

Pilosocereus gounellei 1 2 0.003 - - - - - - - - - - - -

Tacinga palmadora* 1524 4.3 4.56 3 2 0.009 48 4.9 0.14 1 2 0.003 1 2 0.003

Tacinga inamoena* 19 6.2 0.05 2 1.5 0.006 - - - - - - - - -

CONVOLVULACEAE

Ipomoea sp. 18 4.4 0.05 - - - 4 3.7 0.01 - - - - - -

EUPHORBIACEAE

Cnidoscolus halteris 6269 7.1 18.7 1242 6.1 3.71 416 4.8 1.24 46 8.9 0.13 66 0.6 0.19

Cnidoscolus obtusifolius 210 9.3 0.62 - - - - - - - - - - - -

Jatropha mollissima 80 3.9 0.23 1 2 0.003 - - - 2 1.5 0.006 - - -

Croton blanchetianus - - - - - - 1 1 0.003 - - - - - -

FABACEAE

Bauhinia cheilantha 92 7.7 0.27 14 5.4 0.04 6 5.2 0.02 2 2.5 0.006 - - -

Caesalpinia pyramidalis 1 2 0.003 - - - - - - - - - - - -

Dioclea grandiflora 1 7 0.003 - - - 1 12 0.003 - - - - - -

Anadenanthera macrocarpa 1 4 0.003 - - - - - - - - - - - -

LAMIACEAE

Hyptis pectinata 2 2.0 0.006 - - - - - - - - - - - -

MALVACEAE

Ceiba glaziovii 1 14.0 0.003 - - - 2 2,5 0.006 - - - - - -

Melochia tomentosa 581 4.4 1.73 2 4.5 0.006 1 2 0.003 4 2 0.01 - - -

Walteria rotundifolia 1 2 0.003 - - - - - - - - - - - -

MYRTACEAE

Psidium sp. 1 17.0 0.003 - - - - - - - - - - - -

OXALIDACEAE

Oxalis psoraleoides 937 3.2 2.80 - - - - - - - - - - - -

PLUMBAGINACEAE

Plumbago scandens 95 3.0 0.28 1 3 0.003 - - - - - - - - -

RUBIACEAE

Staelia galioides 1 2.0 0.003 - - - - - - - - - - - -

VITACEAE

Cissus simsiana 203 8.1 0.60 - - - - - - - - - - - -

Cissus verticillata 5 22.4 0.01 - - - - - - - - - - - -

NV: number of visits, MT: mean visit time and FV: frequency of visit. Cl = Chlorostilbon lucidus, Em = Eupetomena macroura, 
Hs = Heliomaster squamosus, Cm = Chrysolampis mosquitus and Ca = Calliphlox amethystina. Species with an asterisk 
are ornithophilous.
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the total agonistic encounters, with 40.5% involving other 
species; see Table 3). This hummingbird was observed 
expelling Lepidoptera, Hymenoptera and considerably 
larger birds such as Coereba flaveola (Linnaeus, 1758), 
Cyanoloxia brissonii (Lichtenstein, 1823) and Falco femoralis 
Temminck, 1822.

The hummingbird species with the widest feeding 
niche was C. lucidus (Bij = 3.33), followed by C. mosquitus 
(Bij = 2.85), H. squamosus (Bij = 2.62), E. macroura 
(Bij = 1.35) and C. amethystina (Bij = 1.15).

4. Discussion

4.1. The hummingbird community

The hummingbird guild in the Serra do Pará is species-
poor when compared to other Neotropical sites (Arizmendi 
and Ornelas, 1990; Dziedzioch et al., 2003; Abrahamczyk 
and Kessler, 2010). Most of the species in the guild are 
generalists in terms of habitat use, with a wide distribution 
in Brazil and other countries in South America; the one 
exception is H. squamosus, which is restricted to eastern 
Brazil (Sick, 1997; Rodriguez-Mata et al., 2006). However, 
the guild composition is similar to the guilds observed by 
Leal et al. (2006), Dalsgaard et al. (2009) and Machado 
(2009). The five hummingbird species found in the 
guild represent approximately 18% of the total number 
of Trochilidae species recorded for the entire caatinga 
vegetations (Silva et al., 2003). The strong seasonality 
found in this region, characterized by a marked dry season, 
allied with the isolated physiognomy of the Serra do Pará, 
surrounded by altered and modified areas of vegetation, are 
factors likely limiting the hummingbird species richness 
in the region.

The occurrence of C. lucidus, E. macroura and 
H. squamosus in the area during the entire year of study, 
as well as observations of nesting by the first two species 
and the presence of juveniles of the latter species, indicates 
that they are residents. The prolonged flowering period of 
certain floral resources, principally in areas with accentuated 
seasonal variations such as the caatingas dryland vegetations, 
and the asynchronous flowering of different resources with 
varied floral attributes, ensure a continuous yearly resource 
base that is fundamental in maintaining hummingbird 
communities (Feinsinger, 1978; Locatelli and Machado, 
1999) as observed in the studied area.

Chrysolampis mosquitus and C. amethystina were 
considered non-residents as they were only occasionally 
observed in the study area. According to Sick (1997), 
C. mosquitus migrates in relation to seasons, with a 
north-south route in Brazil. Calliphlox amethystina is 
designated as locally migratory in some locations and periods 
(Sigrist, 2006). According to Morrison (1984), migration 
is characterized by cyclic and seasonal displacements, 
associated with feeding and reproductive factors necessary 
to the life cycle of species. Hummingbird migrations, 
especially in the Neotropics, have received little attention, 
and we suggest that the disappearance of certain species 
from the study area reflects displacements to areas richer 
in floral resources during periods of scarcity, especially for 
those species that cannot successfully compete for feeding 
territories (e.g. Buzato et al., 2000 and Machado et al., 2007).

Lastly, the only Phaethornithinae (hermit) species 
registered was A. gounellei, a caatinga endemic (Sick, 
1997). This species occurs preferably in forested ecosystems 
(Silva et al., 2003) and was presumed to be resident in 
an area of arboreal caatinga vegetation in the “Chapada 
Diamantina”, state of Bahia, Brazil (Machado, 2009). The 
number of hermit species is low when compared to other 
Neotropical regions, although Vasconcelos and Lombardi 
(2001), Leal et al. (2006), Machado et al. (2007) and 
Machado (2009) found similar species richness for this 
subfamily in their studies of caatinga and campos rupestres 
vegetations. The observation of a single species of this 
subfamily may indicate that the community studied may 
not support a considerable diversity of Phaethornithinae 
once there is a scarcity of flowers with floral characteristics 
associated with these taxa. Only 16% of the plant community 
presented ornithophilous traits, and species within the 
Phaethornithinae have a close coevolutionary association 
with ornithophilous plants (Stiles, 1975; Schuchmann, 1999).

4.2. The plant community

We recorded hummingbirds as visitors to 31 species 
of plants, a total similar to that observed in other opened 
and forested sites (e.g. Buzato et al., 2000; Machado et al., 
2007; Machado, 2009; Abrahamczyk and Kessler, 2010). 
The Cactaceae were the most abundant food plant taxon 
in this community (Table 2). Leal et al. (2006) also 
noted a large representation of Cactaceae species visited 
by hummingbirds in another area of shrub-arboreal 
caatinga vegetation in Pernambuco State. As in our 
study, Euphorbiaceae, Fabaceae and Asteraceae are 

Table 3. Aggressive encounters among hummingbirds at the Serra do Pará, Santa Cruz do Capibaribe, Pernambuco, between 
June 2007 and May 2008.

Dominant
species

Subordinate species
C. lucidus E. macroura H. squamosus C. mosquitus C. amethystina

C. lucidus 629 111 77 11 3
E. macroura 214 35 9 1 1
H. squamosus 9 0 20 0 0
C. mosquitus 3 0 0 0 0
C. amethystina 0 0 0 0 0
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cited by other authors as important floral resources for 
hummingbirds (e.g. Araújo and Sazima, 2003; Leal et al., 
2006; Machado et al., 2007; Machado, 2009). The plant 
families visited in different ecosystems (e.g., dry or wet 
forest) might be largely explained by the fact that these 
families are among the most frequent in those areas. The 
importance of the family Cactaceae as a floral resource for 
hummingbirds in the caatinga vegetations is noteworthy 
because it is one of the most representative families with 
ornithophilous species in this phythogeographic province, 
as well as in different regions with dry forest vegetations 
(Gentry, 1995; Machado and Lopes, 2003, 2004).

Most of the plants visited by hummingbirds were 
associated with non-ornithophilous pollination syndromes. 
Similar results have been found in other study sites and 
ecosystems (e.g. Vasconcelos and Lombardi, 2001; 
Machado et al., 2007; Machado, 2009). As suggested by 
Araújo and Sazima (2003) and Leal et al. (2006), the high 
frequency of non-ornithophilous plant species visited by 
hummingbirds may be explained by the low occurrence of 
ornithophilous species in the area. These non-ornithophilous 
plants may represent an important energy source that 
permits the establishment of permanent hummingbird 
communities in climatically rigorous ecosystems such as 
the caatinga, especially during the rainy season, when most 
ornithophilous species are not flowering (e.g. Machado 
and Lopes, 2003, 2004; Leal et al., 2006). At our study 
site, some hummingbird species may also act as pollinators 
for some non-ornithophilous species such as C. halteris 
and Cnidoscolus obtusifolius Pohl. (Euphorbiaceae) since 
they were observed making legitimate visits to flowers of 
these plants by contacting their reproductive structures, 
and also were observed with pollen on their bills.

Among all of the plant species identified in the present 
survey, the non-ornithophilous C. halteris (Euphorbiaceae) 
was the most visited. This plant species was also visited 
by other animals such as Lepidoptera, Hymenoptera 
(Xylocopa sp., and Apis mellifera), and birds C. flaveola 
and Aratinga cactorum (Kuhl, 1820). The ornithophilous 
T. palmadora (Cactaceae) was the second plant most visited 
by C. lucidus, while the non-ornithophilous T. impetiginosa 
(Bignonicaceae) was the second plant most visited by 
C. mosquitus, E. macroura and H. squamosus. These high 
rates of visitation may be explained by the fact that some 
plant species are more abundant, or have more flowers 
than others in the studied area. On the other hand, some 
hummingbird species may present low frequencies of 
visitation rates due to competitive exclusion, resulting in 
a high frequency of visit to those resources by territorial 
hummingbirds. Nectar competition in coexisting nectarivorous 
birds, expressed in aggressive behavior and territory defense, 
is conspicuous, affecting patterns of flower choice, daily 
behavior budgets and preventing or reducing access of a 
competitor, thus influencing visitation rates (Gill, 1978).

4.3. The hummingbird guild

In our study, data obtained from a feeding niche width 
suggest that hummingbirds differ in the extension of different 
flowers used as floral resources. Chlorostilbon lucidus 
demonstrated the widest feeding niche, and at other sites 

visited additional plant species, including non-ornithophilous 
species (Leal et al., 2006; Machado et al., 2007). According 
to Alves et al. (2000), the niche amplitude of this species 
may result from the more generalized morphology and 
size of their beaks, which permits the use of flowers of 
various shapes and sizes. More data are needed to better 
examine this hypothesis.

This species visited the greatest number of ornithophilous 
species, as well as a great array of different types of non-
ornithophilous plant species. Because of these factors and 
due to its site fidelity and the fact that it visited legitimately 
the greatest number of ornithophilous plants, it was 
considered the principal pollinator and the organizing 
species in the community studied (sensu Feinsinger and 
Colwell, 1978). The remaining resident species were 
considered secondary pollinators.

Eupetomena macroura and C. lucidus were observed 
actively defending territories of C. halteris (Euphorbiaceae); 
Heliomaster squamosus, C. lucidus, C. mosquitus and 
E. macroura of T. impetiginosa flowers, indicating that these 
hummingbird species are co-dominant (Stiles and Wolf, 
1970). Chlorostilbon lucidus and E. macroura were also 
observed to be involved in most of the agonistic encounters 
noted in the present study. When evaluating the dominance 
hierarchy, subordinations during aggressive encounters, 
and hummingbirds’ body mass, we can observe that the 
largest species dominated the smallest ones. This suggests 
that dominance in this hummingbird community depends 
in part on body size (Brown et al., 1978), and in part on 
foraging strategies, since some hummingbirds are trapliners. 
With the exception of C. lucidus, in general, the other 
hummingbird species made traplining or occasional visits.

The results of the present study indicate that the 
hummingbird guilds vary among plant species, with some 
of the hummingbird species visiting a broad array of plant 
species. Nevertheless, our data show certain differences 
in hummingbirds’ visitation rates among the different 
species of plants.

The hummingbird community seems to present different 
mechanisms of resource utilisation, reflected in the evolution 
of foraging behavior, which is influenced by interactions 
with other hummingbird species, floral morphology and 
flowering phenology; as well as in differences in the ability 
to explore distinct plant species which is determined by 
hummingbird morphological traits (e.g., culmen (bill) 
length, body mass, length and aeordynamics of the wing; 
Feinsinger, 1976; Feinsinger and Colwell, 1978; Brown 
and Bowers, 1985).

Differences in visitation rates may be explained by 
the relative abundance of plant species, since birds may 
visit plants in proportion to their relative abundance, as we 
suggested. Bird preference may be a second explanation, 
since some hummingbirds may visit some plants more 
than others because they prefer those plants. A third 
explanation may be related to competitive exclusion, by 
territoriality and aggressive behavior. Some hummingbirds 
may exclude others via aggression, resulting in different 
patterns of visits between hummingbird species. Seasonality 
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may be another factor, since it influences the flowering of 
species, and species abundance (E. Temeles, pers. comm.). 
Lastly, nectar productivity and concentrations may have 
an influence on the number of plant species visited by 
different hummingbirds or on the time spent on the same 
individual (Melo, 2001). Nevertheless, further data on the 
relative abundance of plant and hummingbird species are 
required to test those hypotheses.

Studies concerning ecomorphology between 
hummingbirds and food plants are also indicated in 
order to better understand patterns of hummingbird-plant 
interactions in the organization of the hummingbird-plant 
community in this unique Brazilian habitat, the caatinga 
dryland vegetation.
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