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Abstract In this paper, we studied the floral biology of
Tecoma fulva ssp. garrocha and T. stans in Vaqueros (Salta,
Argentina), where both species coexist. We tested the idea
that floral traits are associated with the pollinator types that
visit them. According to our results, 7. fulva ssp. garrocha
presented traits common to bird flowers and were visited by
two species of Trochilidae (Colibri serrirostris and Chlo-
rostilbon lucidus). In addition, T. stans exhibited traits
common to hymenoptera flowers and were visited princi-
pally by Apis mellifera and Bombus atratus. This study
showed that floral traits are predictive of animal visitors.

Keywords Bees - Bignoniaceae - Hummingbirds -
Floral traits - Pollination syndromes - Tecoma

Introduction

A common idea in pollination biology is that plant—
pollinator interactions are specialized. Therefore, we should
find strong relationships between floral traits and pollinators
(Faegri and van der Pijl 1971). Comparative biology has
provided evidence of the convergent evolution of floral
traits (Alcantara and Lohmann 2010; Fenster et al. 2004,
Goldblatt et al. 2004; Johnson et al. 1998; Pérez et al.
2006). These studies have linked floral traits to specific
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pollinator types, supporting the idea that floral phenotypes
are the result of convergent selection pressures exerted by a
given pollinator. However, many studies have shown that a
taxonomically diverse assemblage of pollinators can visit
and pollinate the same plant species (Eckhart 1992; Gomez
and Zamora 1999; Gémez 2002; Herrera 1996; Ortega-Baes
et al. 2011; Waser et al. 1996). Those visitors can vary in
abundance, flight distance, and pollen load (Waser et al.
1996), thus their effectiveness as pollinators can vary spa-
tially and temporally, favoring generalized interactions
(Goémez 2002; Herrera 1996; Ollerton et al. 2007). Ollerton
et al. (2007) discussed the different ways in which a flower
can be a generalist, distinguishing between functional and
ecological generalization. At community level, some stud-
ies have reported significant relationships (partial or total)
between pollinators and floral traits (Dicks et al. 2002;
Hingston and McQuillan 2000; Lazaro et al. 2008), whereas
others have shown nonsignificant relationships (Hegland
and Totland 2005; Herrera 1988; Ollerton et al. 2009).

Fenster et al. (2004) have suggested that the relationship
between floral traits and pollinators can be better under-
stood if the latter are studied as functional groups, because
they exert similar selective pressures and they share com-
mon preferences and behaviors. Consequently, the effec-
tiveness of pollination for each functional group varies
according to the different floral phenotypes (Castellanos
et al. 2004; Fenster et al. 2004; Wilson et al. 2004).
Wilson et al. (2004) evaluated the relationship between
floral phenotypes and functional groups in Penstemon
species. These authors recognized two floral phenotypes,
“hymenoptera flowers” and “bird flowers.” In their study,
the former were yellow or violet, presented with nectar
guides, landing platforms, horizontal positioning, and large
staminodes and were pollinated by bees. Bird flowers could
only be differentiated by corolla color.
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In this context, we have studied the floral biology of two
coexisting Tecoma species, Tecoma fulva ssp. garrocha
(Hieron.) J.RI. Wood and Tecoma stans (L.) Juss. ex
Kunth. The former species has tubular red-orange flowers
that resemble bird flowers, whereas T. stans has yellow
flowers that resemble hymenoptera flowers (sensu Wilson
et al. 2004). These floral phenotypes would correspond
with Martinella and Anemopaegma, two floral types that
were described by Gentry (1974) for Bignoniaceae and
which were associated with hummingbirds and bees,
respectively (Gentry 1974). We believe that coexisting
related species with different floral types enable the
assessment of floral traits that may be predictive of polli-
nator types. If floral traits facilitate or restrict the visit of
some animals, then plant species with different floral types
would be visited by only a part of the local community of
potential pollinators, which would differ among species.
Specifically, we answer the following questions: (1) How
phenotypically different are 7. fulva ssp. garrocha and
T. stans flowers? (2) Do the floral traits of T. fulva ssp.
garrocha actually correspond with bird flowers and those
of T. stans with hymenoptera flowers according to Wilson
et al. (2004)? and (3) Do floral visitors correspond with
these floral phenotypes?

Materials and methods
Study area

The study was conducted in Vaqueros (Salta, Argentina;
24°51'59"S; 65°21'57”"W). The climate in this region is
subtropical with mean annual rainfall of 652 mm (Bianchi
and Yafez 1992). Mean temperature in January (summer)
and July (winter) is 21.9°C and 10.5°C, respectively
(Bianchi 1996). In the study area, vegetation corresponds to
transition vegetation between the Yungas and Chaco phy-
togeographic regions, with species of the Acacia, Cestrum,
Oenothera, Zinnia, Macroptilium, Baccharis, Echinopsis,
and Gymnocalycium genera. In this area, Tecoma fulva ssp.
garrocha blossoms from September to December, whereas
Tecoma stans does so from November to December.

Floral traits and floral visitors

In Fig. 1, the floral phenotypes of the two species studied
are shown. The following floral traits: corolla length, cor-
olla diameter, stamen length, stigma length, and sugar
concentration, were recorded for 15 flowers (in 15 indi-
viduals, one flower per individual) of each species. Stamen
length corresponds with the measurement of the longer
stamens, taken from the base of the corolla (i.e., total sta-
men length). We registered sugar concentration with a
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Fig. 1 Floral phenotypes of studied Tecoma species: (a) Tecoma
stans and (b) Tecoma fulva ssp. garrocha. The Tecoma stans flower
presents a corolla with vestibular form, non-reflected corolla lower
lips, and the stamens included in the corolla, whereas the Tecoma
fulva ssp. garrocha flower has a corolla with tubular form, reflected
corolla lower lips, and exerted stamens

handheld Brix refractometer as a measure of nectar dilution
grade. We classified flowers according to: corolla pheno-
type (tubular, vestibular; Wilson et al. 2004), corolla lower
lip reflection (coded on 1-4 scale; Wilson et al. 2004),
position of anthers with relation to corolla lips (exerted or
included), and color (coded on 1-4 scale; Wilson et al.
2004). Corolla lower lip reflection ranged from completely
extended (value 1) to completely retracted (value 4; Wilson
et al. 2004). Color ranged from yellow (value 1; associated
with hymenoptera pollination) to red (value 4; associated
with bird pollination).

Floral visitors were recorded by focal observations. For
both species, they were conducted on three flowers every
2 h for 30-min periods from 08:00 to 18:00 h, during three
nonconsecutive days in November. Observations were
carried out the same days for both species. Previous to the
visits sampling, insects visiting nonfocal flowers were
collected by hand using a net and identified in the labora-
tory. Birds were identified through binoculars with the aid
of a field guide (Narosky and Izurieta 2003).

Statistical analyses

We carried out multivariate analysis of variance (MANO-
VA) to analyze whether floral phenotypes differ between
species. This analysis was performed with the following
floral traits: corolla length, corolla diameter, stamen length,
stigma length, and sugar concentration. In addition, we
performed a ¢ test for each floral trait to evaluate if there
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were differences between the two floral phenotypes. Floral
visitors of Tecoma species were compared using a chi-
square homogeneity test. Statistical analyses were con-
ducted using the statistical program InfoStat (2009).

Results
Floral traits

Tecoma stans had a corolla length of 40.62 + 4.30 mm.
Corolla diameter was 13.21 £+ 1.59 mm. In this species,
flowers were monoclines and had four stamens and one
staminode. Stamen length was 20.93 + 3.26 mm, and
stigma length was 30.73 + 3.45 mm. Sugar concentration
was 30.63 + 2.14 (grade Brix). T. stans had yellow (score
1 on the scale) flowers with vestibular phenotypes and no
reflections of the corolla lower lips (score 1 on the scale).
The stamens were included in the corolla (Fig. 1a).

Tecoma fulva ssp. garrocha had a corolla length of
52.39 £ 2.12 mm, and corolla diameter was 7.13 +
0.87 mm. Flowers were monoclines and presented four
stamens and one staminode. Stamen length was 49.43 +
2.44 mm, and stigma length was 51.06 + 2.44 mm. Sugar
concentration was 27.88 £ 2.69 (grade Brix). This species
had red-orange (score 3 on the scale) flowers with tubular
phenotypes and reflections of the corolla lower lips (score 4
on the scale). As corolla lower lips were retracted, the
stamens were considered exerted (Fig. 1b).

According to MANOVA, the two floral phenotypes were
significantly different (F = 133.97, gl =4, P < 0.0001).
We registered significant differences for each variable
(stamen length: t = 2.34, P < 0.0001; stigma length: ¢ =
16.54, P < 0.0001; corolla diameter: t = —16.25, P <
0.0001; corolla length: t = 8.52, P < 0.0001; sugar con-
centration: ¢t = —3.08, P = 0.0046).

Floral visitors

The flowers of T. fulva ssp. garrocha were visited by
two hummingbirds (Colibri serrirostris and Chlorostilbon
lucidus) and two bees (Bombus atratus and Apis mellifera).
Tecoma stans flowers were visited by three hymenopteran
species (Apis mellifera, Bombus atratus, and Xylocopa sp.)
and one hummingbird (Chlorostilbon lucidus). Visit pro-
portion of floral visitors differed between Tecoma species
(f* = 147.519, P < 0.0001). For T. fulva ssp. garrocha the
highest visit proportion (0.6) corresponded to C. serrirostris,
followed by C. lucidus with 0.24. They visited the flowers
from sunrise. Apis mellifera was an infrequent visitor (visit
proportion: 0.16; Table 1). Bombus atratus behaved as a
nectar thief, lacerating the corolla. For 7. stans, the highest
visit proportion (0.81) corresponded to A. mellifera. In this

Table 1 Visit proportion (VP) of animal visitors to Tecoma fulva ssp.
garrocha and Tecoma stans flowers at Vaqueros (Salta, Argentina)

Floral visitor Tecoma fulva ssp. Tecoma stans

garrocha

0.16 (0.16 £+ 0.01)
Bombus atratus 0 0.14 (0.19 £ 0.13)
0.24 (0.23 £+ 0.06) 0.03 (0.07 £ 0.11)
0.60 (0.61 £ 0.05) 0

0.03 (0.03 £+ 0.02)

Apis mellifera 0.81 (0.71 £ 0.24)
Chlorostilbon lucidus
Colibri serrirostris

Xylocopa sp. 0

VP was calculated from the number of visits registered for each
animal species, in 3 days. Mean =+ standard deviation (SD) propor-
tion of visits per day is expressed in parentheses

species, we observed C. lucidus visiting the flowers at
sunrise; however, their visit proportion was low (0.03;
Table 1).

Discussion

According to our results, the flowers of the two species
were differentiated by quantitative and qualitative traits.
Tecoma fulva ssp. garrocha was characterized by red-
orange flowers with long narrow corolla with lower lip
reflections. In addition, Tecoma stans showed yellow
flowers and vestibular corolla with extended lower lips.
The features of Tecoma fulva ssp. garrocha have been
described as typical of bird flowers, whereas the features of
Tecoma stans were typical of hymenopteran flowers
(Thomson et al. 2000; Wilson et al. 2004). It has been
reported that corolla color is the most important feature
enabling differentiation of bird flowers from bee flowers
(Thomson et al. 2000; Wilson et al. 2004). We also reg-
istered that this trait is important, although other morpho-
logical characteristics allowed us to differentiate between
the two flowers as well. Furthermore, we observed differ-
ences in sugar concentration between species. Tecoma
fulva ssp. garrocha had more dilute nectar than 7. stans, as
has been reported for other plant species with bird flowers
(Fenster et al. 2006; Nicolson and Fleming 2003; Pyke and
Waser 1981; Stiles and Freeman 1993).

The results show that floral traits are predictive of main
floral visitors (or functional groups sensu Fenster et al.
2004); however, they also indicate that other floral visitors,
distinct from those expected, can visit flowers. Although
we have not evaluated the ability of floral visitors to
remove pollen from anthers and deposit it on stigmas, a
positive relationship between visit rate and pollinator ser-
vice has already been indicated (Price et al. 2005). Tecoma
fulva ssp. garrocha flowers were mainly visited by hum-
mingbirds (Colibri serrirostris and Chlorostilbon lucidus)
and occasionally by Apis mellifera and Bombus atratus.
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We observed the exotic bee foraging only pollen from
anthers and the bumblebee damaging the corolla tube to
steal nectar. The visit of pollen-collector bees to bird
flowers may be because the anthers are exerted and present
pollen more generously (Thompson et al. 2000; Wilson
et al. 2004). The behavior of Bombus as a nectar thief is a
common phenomenon related to the impossibility of hav-
ing access to nectar in narrow tubular corollas. Nectar
thieves affect pollinator behavior and reduce the female
fitness of the plants (Irwin and Brody 1998; Irwin et al.
2001; Urcelay et al. 2006). In addition, T. stans flowers
were mainly visited by bees (Apis mellifera, Bombus
atratus, and Xylocopa sp.) and occasionally by humming-
birds. We did not evaluate the effectiveness of the floral
visitors, and thus future studies should aim to answer
whether pollen-collector bees are effective pollinators of
T. fulva ssp. garrocha flowers and whether hummingbirds
can effectively pollinate 7. stans flowers. Mayfield et al.
(2001) have reported that bird flowers of Ipomopsis
aggregata, a hummingbird-pollinated species, can also be
effectively pollinated by long-tongued bumblebees.
Besides, it has been indicated that hummingbirds remove
pollen from the anthers of bee flowers efficiently, though
the amount of pollen that they deposit is lower than that
deposited by bees (Wilson et al. 2006).

Thomson et al. (2000) have discussed Penstemon spe-
cialization to bee and bird pollination in the context of
pollen presentation theory. They suggested that the most
effective pollinators are those that deposit more of the
pollen than they remove. Due to their high rate of visits,
bees remove more pollen than they deposit; therefore, bee-
pollinated plants should dose the pollen to minimize pollen
wastage. On the other hand, bird-pollinated plants should
present anthers that open quickly and widely, because birds
behave as low-removal high-deposition visitors. Since in
these plants pollen is exposed for removal by humming-
birds as well as by pollen-collector bees, there should be
other plant traits reducing losses to pollen collectors. In this
sense, Thomson et al. (2000) have predicted that ornith-
ophilous Penstemon species would produce nectar and
present pollen early in the day, when only hummingbirds
are active in the flowers. This could be expected in Tecoma
fulva ssp. garrocha, since hummingbirds also visited the
flowers earlier than bees.

In the studied system, Apis mellifera was the most
frequent visitor to 7. stans flowers and the only bee reg-
istered collecting pollen from T. fulva ssp. garrocha
flowers. We do not know the effects of honeybees on the
sexual reproduction of these species. Some studies have
indicated that this bee can be as effective a pollinator as
native bees. However, other studies have shown that
honeybee activity affects sexual reproduction of native
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plants, altering their population structure (Aizen and
Feinsinger 1994; Freitas and Paxton 1998; Goulson 2003;
Gross and Mackay 1998).

Our results confirm the previous idea that studied spe-
cies correspond with Martinella and Anemopaegma floral
types, two of the ten floral types proposed by Gentry (1974)
for Bignoniaceae. Alcantara and Lohmann (2010) reported
that pollination systems in the Bignonieae tribe (Bignoni-
aceae) have evolved from the Anemopaegma floral type,
with several shifts in floral morphology leading to both
generalized and specialized pollination systems. These
authors have indicated that certain floral traits have had
high evolutionary lability in this lineage. They have also
proposed that the functional relationships between flowers
and pollinators played a significant role in the morpho-
logical diversification of the Bignonieae tribe, and that bird
flowers (Martinella floral types) represent evolutionary
dead-ends in this tribe. If these patterns in floral evolution
are common to the lineage in which Tecoma is included,
then bird flowers would have evolved from bee flowers.
Integrated studies on the reproductive biology of the
Tecoma genus (or more adequately for the Tecomaeae
tribe) are necessary to understand the evolution of polli-
nation systems in this lineage. These studies should eval-
uate not only floral morphology but also the way in which
this morphology corresponds with the animals that effec-
tively pollinate the flowers. Tecoma is a relatively small
genus with approximately 14 species distributed in the
Neotropics, from the Southwestern USA to Andean South
America (Olmstead et al. 2009; Wood 2008). The
remaining Tecoma species have yellow or red-orange
flowers with morphological traits resembling those regis-
tered for T. stans and T. fulva ssp. garrocha, respectively
(Wood 2008). We hypothesize that the Tecoma species
with yellow flowers would correspond to bee flowers, while
those with red-orange flowers would correspond to bird
flowers. A noteworthy observation is that the Tecoma
species can hybridize, and this may be due to the behavior
of pollinators (Wood 2008). We did not find hybrids in our
study site; however, this could occur if the occasional
visitors were effective pollinators, i.e., bees pollinate
T. fulva ssp. garrocha flowers, and hummingbirds pollinate
T. stans flowers. Further studies on the reproductive biol-
ogy of hybrids and their parents should be carried out to
discern the extent of specialization or generalization of the
pollination systems in the Tecoma genus.
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