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ABSTRACT. Nine species of birds — seven hummingbirds (Trochilidae) and two Passeriformes — were observed
visiting the flowers of Erythrina speciosa Andrews (Fabaceae), a hummingbird-pollinated species present on the campus
of Londrina State University, Parana State, Brazil. Nectar in bagged flowers bore little relationship with nectar in
flowers opened to foragers either regarding quantity or diurnal pattern of availability. Birds were more frequent
early in the morning and their activity on flowers further declined, apparently following the pattern of nectar
availability. The manner to which birds probed the flowers and, in consequence, their role on pollination were greatly
determined by morphological traits and approaching behavior of birds. E. speciosa seemed best suited for pollination
by long-billed hummingbirds but some short to medium-billed species may play some role on its pollination.
KEY WORDS. Bird-plant interactions; nectar; nectarivory.

RESUMO. Comportamento alimentar de beija-flores e Passeriformes nas flores de Erytrhina speciosa Andrews
(Fabaceae) em uma area urbana de Londrina, Parana, Brasil. Nove espécies de aves - sete beija-flores
(Trochilidae) e duas aves Passeriformes — foram observados visitando as flores de Erythrina speciosa Andrews
(Fabaceae), uma espécie polinizada por beija-flores presente no campus da Universidade Estadual de Londrina,
Parana, Brasil. O néctar em flores ensacadas apresentou pouca relacio com aquele em flores expostas aos
visitantes, tanto em termos de quantidade como em temos de padrao diurno de disponibilidade. As aves foram
mais freqiientes de manha e sua atividade nas flores diminuiu no transcorrer do dia, coincidindo com o padrao
de disponibilidade de néctar. O comportamento de visita das aves e, em conseqiiéncia, sua atua¢do na polinizacao
da espécie foram em grande parte determinadas por caracteristicas morfoldgicas e comportamentais destas. E.
speciosa parece ser adaptada para polinizacdo por beija-flores de bicos longos, embora espécies com bicos de

comprimento curto a médio possam ter algum papel em sua polinizacdo.
PALAVRAS CHAVE. InteracOes aves-plantas; néctar; nectarivoria.

Nectar characteristics, patterns of secretion and availabil-
ity, flower production, spatial arrangement, and morphologi-
cal aspects of flowers and flower-visiting birds are important
in order to understand the foraging behavior of birds on flow-
ers (FEINSINGER & CorweiLL 1978, Waser 1983, Kearns & INOUYE
1993), as well as the consequences on pollen flow and seed set
(Murcia & FEINSINGER 1996, FraNCESCHINELLI & Bawa 2000).

Erythrina (Fabaceae) species have red to orange flowers,
which produce copious nectar and are adapted for pollination
by birds (NeiLL 1987). In general, species belonging to this ge-
nus fall into two general categories of morphological and nec-
tar traits, often viewed as adaptations to two different groups
of birds: hummingbirds and perching birds. In those species
adapted for hummingbirds, the floral architecture resembles

tubular corollas of many gamopetalous hummingbird-polli-
nated flowers. However in Erythrina the pseudotube is not sealed
in the ventral side (NeiLL 1987). Inflorescences are organized in
vertical axis, with flowers pointing outwards and sucrose is the
prevailing sugar in the nectar (Baker & Baker 1983, 1990, NEiLL
1987, Westerkamp 1990, Baker et al. 1998). Conversely, most
species pollinated by perching birds have more open corollas,
with exposed sexual parts. The inflorescences axes are held hori-
zontally and nectar is rich in hexose (FeNsINGER et al. 1979,
STEINER 1979, Bakir & Baker 1983, NeiLL 1987, Westerkamr 1990,
Baker et al. 1998, Ragusa-Nerro 2002).

Erythrina speciosa Andrews is naturally found in Brazil,
being widely used as an ornamental species. Its red flowers at-
tract many birds and insects (VitaLi-Veica & MacHapo 2000,
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ArmemA & Arvis 2003, Menponca & Anjos 2005). Flowers pro-
duce sucrose-dominant nectar (Baker & Baker 1983, 1990) and
are typical of hummingbird-pollinated species (Baker & BAker
1983, 1990, ArmebAa & Arvis 2003). However, passerine birds
such as the Bananaquit — Coereba flaveola Linnaeus, 1758, the
Brazilian Tanager — Ramphocelus bresilius Linnaeus, 1766, and
the House Sparrow — Passer domesticus Linnaeus, 1758 have been
recorded feeding at E. speciosa flowers (VitaLl-VEIGA & MACHADO
2000, AtmeDA & Arves 2003).

The main goals of the present study were to examine nec-
tar consumption by birds in E. speciosa and evaluate their feed-
ing behavior. The following questions were addressed: (1) what
are the diurnal patterns of nectar production and standing crop?
(2) Do the rates of bird visitation vary along the day? (3) What
are the feeding behaviors of hummingbirds and perching birds
at E. speciosa flowers? (4) How do morphological and behavioral
features influence the role played by birds as pollinators?

MATERIAL AND METHODS
Study Area

The study was conducted in the campus of the Londrina
State University (230 ha, 23°19’S, 51°12'W), Parana State, south-
ern Brazil. The average annual temperature in the study site is
21°C, varying from 27°C during summer (December to Febru-
ary) to 15.5°C during winter (June-August). The average annual
precipitation is around 1600 mm. A more detailed description
of the campus can be found in Mexponca & Anjos (2005). A cul-
tivated population with five individuals which are a few meters
from each other was chosen for observations. At the campus,
the flowering period of E. speciosa occurs in the dry season, start-
ing in June and extending until mid-September, with a major
flowering burst in July. During the flowering peak, an average of
50 inflorescences per individual with 9-35 flowers each is found.
Total corolla length is 70.6 mm (SD = 6.5, n = 14).

Field Procedure

Field work was carried on between July and August 2002.
For the evaluation of cumulative production of nectar during
the day, entire inflorescences were bagged with paper bags in
the evening before measurements. A different set of flowers was
sampled every two hours between 08:00 h and 16:00 h. At each
sample, nectar volume was measured using micro-syringes
(Hamilton) and nectar concentration was obtained with a pocket
refractometer (Atago, 0-32%). Nectar standing crop (both vol-
ume and concentration) throughout the day was also investi-
gated. Sets of flowers exposed to visitors were sampled each three
hours, between 08:00 h and 17:00 h. When pertinent, the
amount of sugar per flower was denoted in milligrams of sugar
per flower or converted in joules per flower after Darni (1992).

Birds were observed (focal method, 35 field-hours) from
08:00 h until 17:30 h by 30 minutes surveillance sessions at 30
minutes intervals during the entire observation period. For each
species of bird, we recorded the time, duration, and rate of

visits (visits.30min™!), visiting behavior (the way birds probe
the flowers for nectar), number of flowers probed per visit (only
for hummingbirds), and agonistic interactions. Birds were clas-
sified in the following three categories according to their be-
havior (Inouve 1980, 1983): (a) potential pollinators, when birds
touched the sexual parts of flowers while feeding, (b) nectar
thieves, when birds probed the flowers from its right aperture
but did not touch the reproductive parts of flowers, precluding
pollination, (c) nectar robbers, when birds probed the nectar
by holes bitten in the calyces or corollas, (d) flower predators,
when birds consumed floral tissue. The relative frequency of
visits of each species was calculated as the number of visits
performed by the species in relation to the total number of
visits recorded, and denoted in percentage. Photographs were
taken for analyses of bird visiting behavior.

Data analysis

We used parametric statistics whenever possible. Each
data set was tested for normality (Shapiro-Wilk’s test) and ho-
mogeneity of variances (Levine test). When these two criteria
were not met even after data transformation, we used non-
parametric tests. Differences among multiple means were tested
by one-way ANOVA followed by Tukey HSD a posteriori com-
parisons or by the non-parametric Kruskal-Wallis rank sums
test (H) followed by Dunn MCP. We used Spearman correla-
tion (r) to test if sample size (number of flowers per sample)
and coefficient of variation ([SD/mean].100) are negatively
correlated in a way that larger sample sizes could yield more
accurate estimates of population parameters (McDabE & WEEKs
2004a). Differences in rates of bird visitation among time in-
tervals were investigated using the Chi-square test (x?). The
Mann-Whitney test (U) and the Chi-square were used to com-
pare the number of flowers probed per visit by different hum-
mingbird species. Measurements of hummingbird bill lengths
(culmen) were taken from specimens deposited in the Museum
of the Campinas University (Unicamp, Campinas, Brazil) or in
the Alexander Koenig Zoological Institute and Museum (Bonn,
Germany). Data on hummingbird body mass were obtained in
GRANTSAU (1988).

RESULTS

Cumulative nectar production and standing crop

In previously bagged flowers, significant differences in
cumulative nectar volume per flower among sample hours were
not detected. Mean volumes ranged from 21ml to 31ml. Sugar
concentration followed a similar trend; it remained relatively
constant throughout the day, with mean values ranging from
22% to 28.6%. Although there were no significant differences
among sample means, both nectar volume and sugar concen-
tration fluctuated to some extent across the day (Tab. I), sug-
gesting a combined process of periods in which nectar was
slightly secreted (early morning and early afternoon) and re-
absorbed (midday and mid-afternoon). Energetic content per
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Table |. Cumulative nectar production in Erythrina speciosa flowers throughout the day. Values are means, standard deviations (SD),
number of flowers sampled (N), and coefficients of variation (CV = [(SD/mean).100]). Results of ANOVA (F) comparisons are given in the

last column.

Sample hour

Nectar Feature ANOVA
08:00 10:00 12:00 14:00 16:00
Volume (pl)
Mean 30.71 31.35 2411 30.75 21.19 F4,38 =0.96, p = 0.44
SD 16.79 16.49 13.55 13.11 9.71
CV (%) 54.68 52.61 56.19 42.63 45.84
N’ 7 10 8 9
Concentration (%)
Mean 28.60 26.34 22.10 27.63 24.34 F4,38 =1.55, p=0.21
SD 1.06 4.23 6.94 3.76 2.56
CV (%) 3.70 16.08 31.41 13.61 10.51
Joules per flower
Mean 167.34 157.09 111.69 163.36 94.77 F4,38 =1.49, p=0.22
SD 95.17 94.06 83.01 74.46 41.18
CV (%) 56.87 59.88 74.33 45.58 43.56
! Sample sizes are the same for volume, concentration, and joules per flower.
flower ranged from 95-167 J. Coefficients of variation (CV) were 80
comparatively lower for concentration than for volume and —
energetic content per flower.
e < 60 -

Less nectar was available in flowers exposed to foragers 3% mg of sugar
than in protected flowers at any sample hour. Standing crop > per flower:
values for nectar volume and energetic content per flower were S 40+ oo
higher in the early morning and further declined. Sugar con- > 00-2
centration did not change throughout the day (Tab. II). Stand- L?u_’ 20 O2-4
ing crop was remarkably for variation among single flowers ] m4-6
sampled at any one time, with CV often exceeding 100% (with 0- , ] m>6
the exception of sugar concentration). Coefficients of varia- 08:00 ‘ 11:00 ‘ 14:00 ‘ 17:00

tion for standing crop data often exceeded CV for cumulative
nectar data. This was because the former had many zero and
near-zero values (flowers emptied or with nectar depleted by
foragers) and a few high values (flowers not recently visited or
that were missed by foragers; Fig 1). The variability among flow-
ers, as well as number of flowers empty of nectar, increased
across the day (Tab. II, Fig. 1).

Coefficients of variation and sample sizes were not cor-
related for either cumulative nectar production or standing crop
(p > 0.22 for all variables). Thus, the observed variations among
single flowers are unlikely to be biased by the small sample
sizes.

Assemblage of bird visitors and visitation rates

Seven hummingbird species and two passerine birds, the
Bananaquit and the Sayaca Tanager — Thraupis sayaca Linnaeus,
1766 were observed, in a total of 211 feeding bouts (Tab. III).
The Black Jacobin — Melanotrochilus fuscus Vieillot, 1817 and
the Gilded-Sapphire Hummingbird — Hylocharis chrysura Shaw,
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Sample hour
Figure 1. Nectar standing crop distribution in Eryhtrina speciosa,
showing nectar availability in individual flowers (mg of sugar) at
different times of the day (n = 12-16 flowers per sample hour).

1812 were the most frequent, accounting together for up to
58% (about 30% for the former and 28% for the latter) of the
total number of visits.

On the whole, birds were more frequent early in the day
and their activity on flowers further declined (x>=108.01, df = 9,
p < 0.001, Fig. 2). For example, up to 60% of the visits by M.
fuscus were before 10:00 h and about 86% of its visits were per-
formed before midday. Only H. chrysura foraged all day long
(x> =9.64, p = 0.38). Among hummingbirds most commonly
observed, M. fuscus (9 g) probed a greater number of flowers per
bout (mean = 24.8, SD = 19.7, n = 42) than did the Sapphire-
spangled Emerald (5 g) — Amazilia lactea Lesson, 1832 and H.
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Table II. Standing crop of nectar in flowers of Erythrina speciosa. Values are means, standard deviations (SD), number of flowers sampled
(N), and coefficients of variation (CV = [(SD/mean).100]). Results of Kruskal-Wallis (K-W, H; df = 3) comparisons are presented in the last
column. Values with the same letter are not significantly different by Dunn MCP at the Alfa level of 0.05.

Sample hour

Standing crop of nectar K-w
08:00 11:00 14:00 17:00
Volume (pl)
Mean 18.80* 3.23b 7.18b 1.40b H=20.10,
SD 8.96 5.45 10.21 3.99 P =0.0002
N’ 10 16 15 11
CV (%) 47.66 168.58 142.26 285.90
Concentration (%)
Mean 21.78 18.97 24.73 20.37 H=5.37,
SD 6.63 4.21 4.09 6.44 P=0.14
N2 10 7 8 3
CV (%) 30.46 22.21 16.53 31.63
Joules per flower
Mean 85.35° 11.23b 34.46b 6.95b H=18.49,
SD 77.90 18.94 57.19 21.99 P =0.0003
CV (%) 1.28 168.64 165.97 316.57

! Sample sizes are the same for volume and joules per flower; 2 Flowers with no nectar were not included in analysis.

Table III. Bird visitors to Erythrina speciosa, their visitation frequency (n = 211 feeding bouts), visiting behavior, and bill lengths (only for
hummingbirds). Values for bill lengths are means, standard deviations (SD), and number of specimens sampled (N). Results of ANOVA
indicated that bill lengths differed among hummingbird species (F6,26 = 124.28, p < 0.001). Means with the same letter are not
significantly different by Tukey HSD a posteriori comparison at the Alfa level of 0.05.

Bill length (mm)

Species VF (%) Visiting behavior!
Mean SD Sample size

Trochilidae

Amazilia lactea 14.69 NT 18.232 0.59 5

Hylochrais chrysura 27.96 NT 19.07° 1.44 4

Eupetomena macroura 0.95 NT 21.33° 0.84 10

Leucochloris albicollis 3.32 PP? 21.90° 0.48 3

Melanotrochilus fuscus 30.33 PP, NT 21.212 0.56 2

Phaethornis pretrei 0.47 PP 32.43° 0.58 4

Heliomaster squamosus 1.42 PP 30.18° 0.59 5
Emberezidae

Coereba flaveola 6.64 NR - - -

Thraupis sayaca 14.22 NR, FP - - -

! Visiting behavior: (PP) potential pollinator, (NT) nectar thieve, (NR) nectar robber, (FP) flower predator.

chrysura (4 g, x> = 8.37, df = 2, p = 0.01). The numbers of flowers  significantly differed among species (F,;, = 124.28, p < 0.001)

probed per visit by the two smaller species were equivalent

(mean =11.8,SD=8.5,n=36 and mean =10.6, SD=12.1,n = 42,

respectively, U = 202.00, p = 0.28).

Visiting behavior of hummingbirds and perching birds
The bird visitors to E. speciosa displayed different visit-

ing-behaviors (Tab. III). Regarding hummingbirds, bill lengths

and, coupled to the mode to which birds approached the flow-
ers, seemed to have highly influenced their role as pollinators;
birds which visited the flowers only legitimately (acting as po-
tential pollinators) have bills longer than 30 mm.

The Planalto Hermit — Phaethornis pretrei Lesson & Delattre,
1839 and the Stripe-breasted Starthroat — Heliomaster squamosus
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50 Bird species:
Others
40 Coereba flaveola

O Thraupis sayaca

B Amazilia lactea

O Hylocharis crysura

B Melanotrochilus fuscus

Visits.30 min-1
N
o

1 2

3 4 5 6

Time interval
Figure 2. Rates of bird visitation (visits.30 min™) to flowers of
Erythrina speciosa at different time intervals, between 8:00 and
17:30 h.

7 8 9 10

Temminck, 1823 (Fig. 3), which have bills longer than 30 mm,
effectively contacted anthers and stigma while probing for nec-
tar, but were rarely observed. Melanotrochilis fuscus (bill length =
21 mm; Fig. 4) inspected the flowers in both legitimate and ille-
gitimate ways (nectar thieving). The White-throated Humming-
bird - Leucochloris albicollis Vieillot, 1818 was rarely recorded.
However, based on its bill length in relation to corolla length,
this bird most probably acts as a pollinator or behaves in a man-
ner similar to M. fuscus.

By approaching the flowers from below and inserting
their bills in the base of the corolla or calyx opening, short-
billed hummingbirds essentially were nectar thieves. H. chrysura
(Figs 5 and 6), A. lactea, and the Swallow-tailed Hummingbird
— Eupetomena macroura Gmelin, 1788 were able to reach the
nectar but never contacted the floral reproductive parts. Passe-
rine birds always perched in the inflorescence axis or adjacent
branches to access the flowers and essentially were nectar rob-
bers. Thraupis sayaca obtained nectar by perforating the calyx
(Fig. 7) and Coereba flaveola (Fig. 8) either pierced the calyx or
probed previously made holes. Moreover, T. sayaca often be-
haved as a flower predator, consuming floral tissues in addi-
tion to nectar; in some occasions it removed the entire flower
from the plant.

Territory defense

Aggressive displacements between hummingbirds were
quite common (n = 42 in 35 hours of observation), most in-
volving M. fuscus. In few occasions we observed aggressive be-
havior among hummingbirds and perching birds. M. fuscus set
up feeding territories in individuals of E. speciosa that were more
profusely flowered and chased other hummingbirds from the
flowers, especially conspecifics and A. lactea. In August, when
flowering perceptibly declined, M. fuscus was less frequently
observed and changed its foraging pattern. Instead of holding

Revista Brasileira de Zoologia 23 (1): 42-49, marco 2006

a static territory, the hummingbird visited E. speciosa at spo-
radic intervals, traplining among individuals.

In periods when M. fuscus was absent, H. chrysura and A.
lactea defended the flowers; intra and interespecific chases be-
tween these two species have been observed. Among feeding
bouts on E. speciosa, short-billed hummingbirds frequently used
other nectar sources. H. chrysura and A. lactea were regularly
seen feeding on clumps of Malvaviscus arboreus Cav. (Malvaceae),
Stifftia chrysantha Mikan (Asteraceae) and Bauhinia variegata L.
(Fabaceae).

DISCUSSION

Cumulative nectar production and standing crop

In protected flowers, nectar volume per flower and sugar
concentration remained relatively constant throughout the day,
suggesting that in the absence of removals by foragers, secre-
tion may ceases or greatly reduces after a maximum volume
has been reached (CrupeNn & Herman 1983, NemwL 1987). How-
ever, the occurrence of subtle variations on both volume and
concentration during the day may imply the existence of peri-
ods of secretion and reabsorption. Moreover, removals of nec-
tar by foragers may cause the resumption of secretion in E.
speciosa; through repeated nectar samplings at the same flow-
ers along the day, AmeipA & ALves (2003) observed that nectar
is continuously secreted, with its greater production early in
the morning.

We observed less nectar (volume and energetic content)
in flowers exposed to foragers than on bagged flowers which
presumably was due to consumption by foragers. Thus, our
study agrees with previous observations that nectar in flowers
opened to visitors often bears little relationship to nectar in
bagged flowers (McDape & Weeks 2004b). This has important
ecological consequences given that pollinators are likely to
make foraging decisions based on encountered rewards (stand-
ing crop) rather than on potential rewards (McDape & WEEks
2004b). Additionally, as shown by CV, nectar quantities at single
flowers were more variable in flowers open to visitors than on
bagged flowers. The way in which foragers respond to variabil-
ity in amount of reward has been addressed by theories on
risk-sensitive foraging. Most experimental studies holding mean
reward constant have shown that foragers prefer less variable
rewards (SHAFIR 2000, BatesoN 2002, BierNaskik et al. 2002). Our
data do not allow us to test this idea, but in E. speciosa, early
morning visitors are likely to be more profitable in foraging
(and encouraged to forage) due to the greater nectar availabil-
ity and lower variability among flowers.

Assemblage of bird visitors and visitation rates
Erythrina speciosa flowers mostly in the dry season and
represents, during such period, an important nectar source in
the study site, being visited by ca. 80 percent of the local hum-
mingbird species (Mexponca & Anjos 2005). The number of spe-
cies at flowers of E. speciosa in the campus of the Londrina
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Figures 3-8. Flowers of Erythrina speciosa and bird visitors in the campus of Londrina State University, Londrina, Parand, Brazil: the Strip-
breasted Starthroat (Heliomaster squamosus) approaching the flowers (3); the Black Jacobin (Melanotrochilus fuscus) perched on a branch
(4); the Gilded-Sapphire Hummingbird (Hylocharis chrysura) approaching the flowers from below and thieving nectar (5 and 6); the
Sayaca Tanager (Thraupis sayaca) robbing nectar through holes bitten in the calyx (7); the Bananaquit (Coereba flaveola) perched on an
inflorescence (8). Photographs are not at the same.

State University was higher than that reported for other sites
(3 species: VirarLi-Veiga & MacHapo 2000, 3: ALMEIDA & ALVES
2003). Besides local patterns of species richness of humming-
birds, the flower abundance and the proximity between indi-
viduals are factors that may have contributed to plant attrac-
tiveness in our study site, increasing flower density.

On the whole, visits of both hummingbirds and perch-
ing birds corresponded to the period of greater nectar avail-
ability. Nectarivorous are sensitive to nectar availability in plants
and can change their foraging behavior in response to reward
supplies (Quirino & Machapo 2001). Thus, it is possible that the
pattern of nectar secretion of E. speciosa, coupled to floral visi-
tor activity depleting the nectar in the course of the day makes
the foraging progressively less profitable in energetic terms (as

discussed earlier in this paper). Besides declining nectar sup-
plies along the day that a bird could encounter while foraging,
there is an increasing variability in nectar content among flow-
ers. Especially birds with higher energetic demands, like
Melanotrochilus fuscus and the passerines, may have been dis-
couraged to visit the flowers at such conditions. Actually, only
the small, generalist Hylocharis chrysura did forage at flowers of
E. speciosa with the same frequency throughout the day.

In each visit, M. fuscus probed twice as many flowers per
bout than H. chrysura and Amazilia lactea. This could be re-
lated to the higher metabolic requirements of the former, since
total daily energy cost increases with increasing body size,
whatever the cost per gram (McMILLEN & CARPENTER 1977, BRowN
et al. 1978).
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Visiting behavior: morphological and behavioral constraints

The long, tube-like corollas of E. speciosa flowers seem
adapted to pollination by long-billed hummingbirds, as found
for other Erythrina species with similar floral traits (FEINSINGER et
al. 1979, NeiL 1987). Nevertheless, as noted for other hum-
mingbird-pollinated species (HErNANDEZ & ToLEDO 1979, NAVARRO
1999), the frequency of visits from non-pollinating birds (up
to 64%) outnumbered those of potential pollinators.

The manner to which birds probed the flowers of E.
speciosa was a great deal determined by morphological traits,
in particular bill lengths (see ALmepA & ALves 2003), and ap-
proaching behavior of birds. The anatomical and behavioral
fit of the animal and the flower represents an important fea-
ture amongst the several ones that determines whether a given
anthophile is a pollinator (Kevan 1999). In the present study,
long-billed, traplining hummingbirds (Heliomaster squamosus
and Phaethornis pretrei) were likely to be the most able to polli-
nate E. speciosa flowers. However, they were characterized by
their remarkably low number of visits. It is possible that the
visitation of these birds to E. speciosa was reduced by the mo-
nopolization of flowers by the bellicose M. fuscus. Aggressive
behavior of dominant individuals or species can result in par-
tial or complete exclusion of subordinate individuals or spe-
cies from flowers that they might otherwise visit (Sties 1981,
see also MARTINEZ DEL Rio & EGuiarte 1987).

Although M. fuscus acted both as a legitimate visitor and
nectar thieve, it was the most frequent visitor, and may play
some role on pollination of E. speciosa. AimeipA & ALves (2003)
have also mentioned the possibility of pollination of this plant
by medium-billed hummingbirds such as the Violet-capped
Woodnymph - Thalurania glaucopis Gmelin, 1788 and the Glit-
tering-throated Emerald — Amazilia fimbriata Gmelin, 1788 that,
as M. fuscus, exploited the flowers both legitimately and ille-
gitimately. Nectar-thieving hummingbirds and passerine rob-
bers had the shorter bills. Nectar thieving normally happens
due to a mismatch between visitor morphology and the floral
architecture, and the animal obtains the nectar but does not
touch anthers or stigma (Inouye 1980). Corolla length and shape
greatly limit visitor access (Kearns & INouve 1993), but in sev-
eral Eryhtrina species short-billed, nectar-thieving humming-
birds may take advantage of the incompletely sealed corolla
tube to reach the nectar (NeiLL 1987).

Unlike hummingbirds, passerines obtained nectar by
holes in the calyx. Such birds have bills that are wider and
shorter than those of hummingbirds, which probably preclude
them to access the nectar of E. speciosa in a way other than
perforating the flower (Inouve 1983). The distinction between
nectar thieves and robbers is important because the latter may
have a greater effect in reducing the reproductive potential of
the plant by damaging sexual tissues and often destroying or
removing the entire flower (NeiL 1987, Traveser et al. 1998,
Lara & Orneras 2001, Ragusa-Nerro 2002). Nectar robbing by T.
sayaca often did cause reproductive tissue damage.
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Territory defense

NeiLL (1987) has assumed that hummingbird-adapted
Erythrina species, even at the peak of flowering, do not produce
enough nectar to support territorial defense by hummingbirds.
Our observations did not support this prediction. Most hum-
mingbird visitors exhibited territorial behavior, with emphasis
to M. fuscus that, due to its high frequency and aggressiveness,
may be considered an organizing species. Small, short-billed
hummingbirds also defended the flowers. Besides nectar char-
acteristics of E. speciosa, the massive flowering and the proxim-
ity of individuals in the studied population enhance the amount
of nectar available in a limited space, favoring the establishment
of feeding territories (StiLes 1978, Sazima et al. 1996).

Erythrina speciosa consists in an important feeding source
for animals in the urban site during the winter and, with a
careful planning, would serve as a management instrument to
conserve nectarivorous birds in urban areas. Given that the
flower availability and nectar supplies affect the feeding be-
havior of birds on flowers, future comparisons between popu-
lations of E. speciosa with different plant densities may be of
interest to better understand patterns of nectar availability, bird
foraging behavior, and visitation rates.
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