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ABSTRACT

This study was designed to characterize the interactions between Ludwigia el egans flowers and visiting
bees during two years in two areas 200 km apart, at the same latitude (approximately 22°48'S) but
at different altitudes (Aluminio, 600 m, and Campos do Jorddo, 1500 m), in the State of Sao Paulo,
Brazil. As these flowers open simultaneously in the morning and lose their petals by sunset, inter-
action with bees occurs only during the photophase. Flowers of L. elegans were mainly visited by bees,
the most frequent species being: Tetraglossula anthracina (Michener, 1989) (Colletidae), Rhophitulus
sp. (Andrenidae), and Pseudagapostemon spp. (Halictidae), all considered specialized bees for col-
lecting pollen and nectar from these flowers, as well as the generalist bee Apis mellifera Linnaeus,
1758 (Apidae). The specialist bees were temporally adjusted to the opening schedule of the flower,
which occurs primarily in the morning, but shows a circannual variation. T. anthracina appearsin both
study areas, but only between December and April. The annual activity patterns of these specialist
bees are synchronized to the phenology of L. elegans. Photoperiod and temperature cycles are sug-
gested as the main synchronizers of both bees and plants.
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RESUMO

I nter acBes entr e as abelhas visitantes (Hymenoptera, Apoidea) e asflores de Ludwigia
elegans (Camb.) Hara (Onagr aceae) durante o ano em duas ar eas diferentes em
Sao Paulo, Brazil

Este estudo foi proposto para caracterizar as interactes entre as flores de Ludwigia elegans e as abelhas
visitantes durante dois anos, em duas é&reas distantes 200 km entre si, na mesma latitude
(aproximadamente 22°48' S) mas em altitudes diferentes (Aluminio, 600 m, e Campos do Jorddo, 1500
m), no Estado de Sao Paulo. Como as flores abrem simultaneamente de manha e perdem as pétal as
ao por-do-sol, ainteracdo com as abelhas so acontece durante a fotofase. Asflores de L. elegans foram
principal mente visitadas por abelhas, sendo as mais freguientes: Tetraglossula anthracina (Michener,
1989) (Colletidae), Rhophitulus sp. (Andrenidae) e Pseudagapostemon spp. (Halictidae), consideradas
abelhas especializadas em coletar polen e néctar nessas flores, bem como a abelha generalista Apis
mellifera Linnaeus, 1758 (Apidae). As abelhas especialistas estavam temporal mente ajustadas aos
horarios de abertura daflor. A abertura daflor ocorre principal mente de manha, mas mostra variacao
circanual. T. anthracina aparece em ambas as areas, mas somente entre dezembro e abril. O padréo

Braz. J. Biol., 63(4): 617-625, 2003



618 GIMENES, M.

de atividade anual das abelhas especialistas esta sincronizado com a fenologia de L. elegans. Os ciclos
fotoperiddicos e de temperatura sdo sugeridos como os principais sincronizadores de ambas, abelhas

e plantas.

Palavras-chave: fotoperiodo, ritmo biol6gico, Tetraglossula, Pseudagapostemon, Rhophitul us.

INTRODUCTION

Studies concerning synchronization of annual
activities among different organisms, such as bee-
flower relationships, are of special interest when
the environmental conditions preceding both bee
emergence and flower opening are considered
(Lindey, 1978). Environmental factorsinfluencing
plant growth and maturation may be the same as
those determining bee activity (Stephen et al., 1969).

The cyclica environmenta changes associated
with seasonal progression, in both temperate and
tropical regions, are significant signalizing systems.
All species, whether plant or animal, are sensitive
to one or more specific environmental cycles. The
annua photoperiodic (number of daylight X number
of dark hours) and temperature cycles are important
synchronization agents of the seasonda and circannual
rhythms of alarge number of species (Blnning, 1967;
Beck, 1980; Saunders, 1982; Tauber et al., 1986;
Lenga, 1991; Tauber & Kyriacou, 2001). The
combination of both photo- and thermoperiods
undoubtedly has a powerful effect on the processes
of ecological adaptation in alarge variety of species
(Beck, 1983; Tauber & Kyriacou, 2001). Additiondly,
rainfall and drought cycles in the tropics may also
influence the annua rhythms of the organismsthere
(Wolda & Roubik, 1986; Hepburn & Radloff, 1995).

Many studies concerning interactions between
angiosperm flowers and pollinator bees have focused
on their mutual synchronization during the year
(Martins & Antonini, 1994; Martins & Borges, 1999;
Minckley et al., 1999). Thisannual synchronization
of activities among different organisms may in fact
be driven by the same environmental and climatic
factors, permitting an optimized encounter between
them (BUnning, 1967).

The system composed of Ludwigia elegans
flowers (Onagraceae) and their visitorsis a notable
example within biologica rhythm study. The flowers
of this species present a series of generalized
characteristics attracting severa types of visitors.
However, they depend exclusively on bees for
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pollination. In studies of the interactions between
bees and L. elegans flowers (Gimenes, 1997;
Gimenes et al., 1993) in Ribeirdo Preto (S0 Paulo
State), it was observed that these plants flowered
during the entire year although there was aflowering
pesk in March and April. Pollinator bees visited the
flowers between December and April.

The present work seeks to anayze the annual
rhythm of interaction between L. elegans flowers
and their visitor beesin two different localities at
different altitudes and under different climatic
conditions, in the State of S&o Paulo, Brazil.

MATERIAL AND METHODS

Two different plant populations located at
different atitudes in the State of S&o Paulo, Brazil,
were chosen for study: Aluminio and Campos do
Jord&o.

Observations in Aluminio were performed in
wet areas within the Gir farm (lat. 23°52' Sand long.
47°2'W, et dtitudes from 600 to 832 m). Theregion
also contains scrub vegetation, forest, and reforested
areas.

Observations in Campos do Jorddo were
performed along the margin of the Sapucai river,
in boggy areas of the Campos do Jord&o State Park
(lat. 22°45'S and long. 45°30" W, at 1500 m) located
on the Campos do Jorddo plateau. The greater part
of thisregion is covered by natural vegetation of
Araucaria and Podocarpus forests (Seibert, 1975).

In both locations the study plots had
approximately the same dimensions (50 x 20 m).
Most plants were approximately 1 mtall, reaching
amaximum of 2 m.

A detailed description of the chronobiologic
protocol used in this study can be found in Mar-
gues & Gimenes (1996).

Observations in Aluminio and Campos do
Jordéo were undertaken between November 89 and
November 91. Each areawas visited during three
consecutive days on a bimonthly schedule. The
flowering of L. elegans was quantified by counting
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the number of flowers present on the specimens
observed. The number of nectar and pollen collecting
visits to selected plants by the most frequent bee
species were recorded during 15-minute periods
every hour. Observation were begun before floral
anthesis and continued until floral closing (7:00 to
18:00 h). There numbers were totaled monthly for
these studies of annual bee activity.

Records of average monthly temperatures,
relative humidity, and precipitation ratesin Campos
do Jord&o and Aluminio were obtained from the
Centro Regional de Metereologia e Climatologia
de S8o Paulo. The method of Tubelis & Nascimento
(1986) was used to define the rainy season.

Specimens of L. elegans were deposited at the
UEC Herbarium, Universidade Estadual de Cam-
pinas, and visitant bee specimens were deposited
at the Museu de Zoologia, S&o Paulo.

A circular gtatistics method (Batschelet, 1980)
was used to analyze the biological rhythms of both
bee activity and flowering. Rayleigh tests were used
to determine the significance of the data, and the
Watson-Williams test to compare samples.

RESULTS

Climatic aspects

Due to their similarity in latitude, both study
areas have similar photoperiods, while differing
mainly in monthly average temperatures. Those
registered in Campos do Jorddo were approximately
6°C lower than those in Aluminio (Fig. 1).

The annual average temperature varied from 16
to 24°C in Aluminio, and 10 to 18°C in Campos do
Jordéo. The rddive humidity varied from 68% to 78%
in Aluminio, and 82% to 88% in Campos do Jord&o.
Both Aluminio and Campos do Jordéo had a well
defined rainy season. The hottest and rainiest months
were December through March (summer).

In both locations there is a close relation
between high temperatures and the long daylight
hours of summer (photophase ranging from 13:34
to 12:13 hours), as well as between low temperatures
and the short daylight hours of winter (photophase
ranging from 11:39 to 11:02 hours).

L. elegans
A larger number of flowers of L. eleganswere
observed in Aluminio (2,126) than in Campos do

Jordé&o (426). In Aluminio, L. elegans flowered from
November to September, while in Campos do Jordéo
this species flowered from December to June. The
Rayleigh test demonstrated the presence of a
circannua rhythm of flowering for L. elegansin both
locations. The mean-angle (corresponding to the
flowering peak) in Aluminio was in February and
March, while in Campos do Jordé&o it occurred in
March (Table 1), months corresponding to the end
of summer and the beginning of autumn and during
which the average monthly temperature varied
between 23 and 24°C, while the photophase varied
from 13:33 to 11:34 h (from long to short daylight).

Although there are differences between both
the number of flowering-months and the absolute
quantity of flowers observed in populations of L.
elegans at Aluminio and Campos do Jordéo, the
Watson-Williams test demonstrated that both
populations have their flowering peak in the same
month (Tables 1 and 2).

During the hottest months of the year
(November to April) L. elegans flowers opened
between 8:00 and 9:30 am. in Aluminio, and around
9:00 am. in Campos do Jord&o. On the coldest days
(May to August), flowers opened after 10:30 a.m.
in Aluminio, and around 12:00 in Campos do Jordéo
(Fig. 2), but generally only on days when
temperatures reached more than 14°C. It was
observed that the opening of flowersin both areas
followed a circadian pattern, occurring earlier during
hotter months with longer daylight, and later in
months with shorter, colder days. Floral opening
occurred earlier in Aluminio than in Campos do
Jord&o, dueto lower temperature at the latter site.

It was also observed that circadian rhythm of
petal and stamen dropping in L. elegans flowers
during the summer months occurred between 15:00
of 16:00 hin both areas. During the coldest months,
flowers might wither at sunset or even last until the
following day.

Visitors

In both study areas, L. elegans flowers were
visited predominantly by bees. The most frequent
visitor species were Tetraglossula anthracina
(Michener, 1989) (Colletidae) and Rhophitulus sp.
Ducke, 1907 (Andrenidae) in both Aluminio and
Campos do Jordao, in addition to Pseudagapostemon
spp. (Halictidae), but only in Aluminio.

Braz. J. Biol., 63(4): 617-625, 2003



620

Both females and males of T. anthracina and
Rhophitulus sp. visited flowers between December
and April in both Aluminio and Campos do Jorddo
(Fig. 3), demonsgtrating a circannud rhythm as shown
by the Rayleigh test. In Aluminio, the mean-angle (pesk
visiting) of both species corresponded to December
(Table 1), asummer month in which the photophase
islong and both temperatures and rainfal are high (Fig.

GIMENES, M.

1). In Campos do Jorddo the mean-angle of T.
anthracina corresponded to March (females) and
February (mdes). For Rhophitulus sp., the mean-angles
corresponded to February (females) and December
(males). Synchronization between the pesk annual
adtivity of T. anthracina and the flowering of L. degans
in Campos do Jorddo was confirmed by the Watson-
Williamstest (Table 2).

TABLE 1

Months with high activity of female and male Tetraglossula anthracina, Rhophitulus sp., Pseudagapostemon spp., and

Apis mellifera, as well as peak flowering of Ludwigia elegans. Acrophase, medium vector (r), and angular deviation

(S) in Aluminio (AL) and Campos do Jordao (CJ), from November 1989 to October 1991. Probability (p) evaluated
by the Rayleigh test.

Species Characteristic Area Acrophase (®) | Month r SO p
T. anthracina Female AL 18.30 Dec 0.91 25 <0.05
T. anthracina Femae cJ 99.15 Mar 0.87 30 <0.05
T. anthracina Male cl 79.45 Feb 0.83 35 <0.05
Rhophitulus sp. Femae AL 15.12 Dec 0.89 28 <0.05
Rhophitulus sp. Male AL 20.05 Dec 0.90 26 <0.05
Rhophitulus sp. Female cl 72.40 Feb 0.78 40 <0.05
Rhophitulus sp. Male cJ 26.17 Dec 0.93 22 <0.05
Pseudagap. spp. Femae AL 50.12 Jan 0.46 71 > 0.05
Pseudagap. spp. Male AL 170.72 May 0.26 94 >0.05
A. mellifera Worker AL 90.84 Mar 0.78 40 <0.05
A. mellifera Worker cJ 115.97 Mar/Apr 0.97 14 <0.05
L. elegans Flower AL 85.34 Feb/Mar 0.79 39 <0.05
L. elegans Flower cJ 93.84 Mar 0.89 28 <0.05
TABLE 2

Comparison of the monthly foraging activities of Tetraglossula anthracina, Rhophitulus sp., Pseudagapostemon spp.,
and Apis mellifera as well as the flowering of L. elegans in Aluminio (AL) and Campos do Jordao (CJ), from
November 1989 to October 1991. Significance determined by the Watson-Williams test (R) (p < 0.05).

Species 1 Species 2 R p
L. elegans— AL L. elegans—CJ 3.84 >0.05
L. elegans— AL T. anthracina— AL 238.14 <0.05
L. elegans—CJ T. anthracina— CJ 0.109 >0.05
L. elegans— AL Rhophitulus sp. — AL 342.89 <0.05
L. elegans—CJ Rhophitulussp. — CJ 29.68 <0.05
L. elegans— AL A. mellifera— AL 4.92 >0.05
L. elegans—CJ A. mellifera—CJ 80.72 <0.05
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By employing the latter test we determined
that Rhophitulus sp. and T. anthracina females
visited L. elegans flowers for pollen and nectar
collecting during the same months in Aluminio, but
during distinct months at the Campos de Jorddo site
(Table 3).

In Aluminio, two species of the genus
Pseudagapostemon Schrottky, 1909 (Pseudaga-
postemon brasiliensis Cure 1989 and P. pruinosus
Moure & Sakagami, 1984), visited flowers during
the entire flowering cycle of L. elegans. As these
two species are very similar, we considered only
the genusin totaling visits. These bees demonstrated
acircannual rhythm, according to the Rayleigh test.
Their mean-angles were in January (females) and
May (males). The“r” (vector) valueswere very low,
while the angular deviation pattern was very high
(Table 1), indicating avery diffuse annud distribution
of flower visitation.

Apis mellifera was observed constantly while
L. eleganswas in bloom in Aluminio, but only in
March 1990, February 1991, and April 1991 in
Campos do Jord&o. This species demonstrated a
circannual rhythm of nectar collection activity at
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L. elegans flowers in both areas. In Aluminio the
mean-angle was in March, while in Campos do
Jorddo it occurred in April (Table 1). There was
synchronization between the peak of activity of A.
mellifera and the flowering of L. elegansin Alu-
minio, as confirmed by the Watson-Williams test
(Table 2).

DISCUSSION

Ludwigia elegans

Populations of L. elegans in Aluminio and
Campoas do Jord&o demonstrated a circannua rhythm
of flowering, with well-defined peaks in February
and March. However, in Aluminio, the plants
flowered for alonger period of time and produced
larger numbers of flowers, possibly dueto the higher
temperatures there (Aluminio is located at alower
atitude than is Campos do Jorddo). According to
Blnning (1967), environmental temperature can
influence the number of flowers observed in different
populations (higher temperatures usually resulting
in a greater number of flowers).
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TABLE 3

Comparison of the monthly foraging activities of Tetraglossula anthracina, Rhophitulus sp., Pseudagapostemon spp.,
and Apis mellifera on flowers of L. elegans during the year in Aluminio (AL) and Campos do Jord&o (CJ), from
November 1989 to October 1991. F = female, M = male. Significance determined by the
Watson-Williams test (R) (p < 0.05).

Species 1 Species 2 R p
T. anthracina— AL —F T. anthracina— CJ—F 431.95 <0.05
T. anthracina— CJ—F T. anthracina—CJ—M 20.80 <0.05
T. anthracina— AL Rhophitulus sp. — AL 0.003 >0.05
T. anthracina— AL Pseudagapostemon spp. — AL 30.91 <0.05
T. anthracina— AL A. mellifera— AL 265.28 <0.05
T. anthracina— CJ Rhophitulus sp. — CJ 4291 <0.05
Rhophitulus sp. — AL Pseudagapostemon spp. —AL 44.81 <0.05
Rhophitulus sp. — AL Rhophitulus sp. — CJ 136.12 <0.05
Rhophitulus sp. —-CJ—F Rhophitulus sp. - CJ—M 22.12 <0.05
Rhophitulussp. —AL —M Rhophitulus—sp. CJ— M 0.468 >0.05
Pseudagapostemon spp. —AL — F Pseudagapostemon — AL —M 64.90 <0.05

Christy & Sharitz (1980), working with
Ludwigia leptocarpa (Nutt.) Hara, observed that
these plants grew more and accumulated more
biomass at higher temperatures than at lower
temperatures (22°C). Carpenter (1976) observed that
populations of Metrosideros collina (Forster)
(Myrtaceae) growing at different atitudes presented
variations in their reproductive stages. Nonethel ess,
these different populations all showed the same
flowering peak. Salisbury (1981) also noted the
influence of altitude on many plant functions.

The effects of temperature can also be
observed on the time of floral opening. Opening
occurred earlier in Aluminio (aregion with higher
temperatures) and later in Campos do Jordé&o.

Additionally, flower opening occurred
progressively later as the temperature became cooler.
Opening shifted from early morning in the summer
to around midday during the winter, presenting clear
evidence of alink with the photoperiodic cycle at
both study locations (Fig. 2).

The similar photoperiodic cycles of both
Aluminio and Campos do Jorddo could have been
acting as a “zeitgeber” (synchronizer) for both
populations, especially considering the synchrony
observed in these two areas in terms of the peak-
flowering months for L. elegans. Many authors
consider the photoperiod as the main environmental

synchronizer for flowering rhythms. The
photoperiodic environment depends on the | atitude
and although showing dlight differences from year
to year is, nevertheless, highly predictable and a
powerful “zeitgeber” of circannua rhythms for most
plants (Bunning, 1967; Salisbury, 1981; Koukkari,
1988; Carré, 2001). According to Blinning (1967),
the difference of a single minute in the duration of
the photophase can result in an increase or reduction
of one full day in plant devel opment.

In other locations, different species of
Ludwigia can show flowering peaks in other months:
Ludwigia suffruticosa (L.) Gomez flowered in winter
(June) in Minas Gerais (Martins & Antonini, 1994),
while Jacobs et al. (1994) observed that Ludwigia
peruviana (L.) Hara, recently introduced into Sidney,
Australia, had its flowering peak at the beginning
of autumn.

Differences observed between various
populations of plants of genus Ludwigia may also
be related to phenotypic plasticity (Kuiper, 1990).

Visitors

The most frequent bees visitors observed on
flowers of L. elegans were represented by the genera
Tetraglossula, Rhophitulus, and Pseudagapostermon,
aready identified as specialized visitors to the same
flowers by other studies, and Tetraglossula was
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considered the most efficient pollinator (Gimenes,
1991, 1997; Gimeneset al., 1993, 1996). Although
A. melliferaisageneralist vistor, it was considered
apotential pollinator of L. elegans flowers (Gimenes,
1997).

Circannual rhythms of pollen and nectar
collecting activity were observed for the most
frequent bee visitors on L. elegans flowers. Their
mean-angle was usudly in the summer and beginning
of autumn, most likely influenced by thermo- and
photoperiodic cycles. Gimenes (1997) observed that
collection activity of T. bigamica on L. elegans
flowers in Ribeiréo Preto (S&o Paulo) coincided
closely with T. anthracina activity in Aluminio and
Campos do Jorddo (December to April).

According to the Watson-Williams test, there
was a synchronization between the pesk activity of
T. anthracina and the peak flowering of L. elegans
in Campos do Jorddo. Reports of synchronized
annual foraging activity of pollinators and peaks
of plant flowering are common in the literature
(Wolfe & Barrett, 1988; Martins & Antonini, 1994).
Martins & Antonini (1994), working on the biology
of Diadasina distincta (Holmberg, 1903)
(Anthophoridage), observed that the peak annual
activity for this bee occurred in June, and was
synchronized with the flowering peak of its main
pollen source, L. suffruticosa.

The coincidental annual phases of activity of
T. anthracina on L. elegans flowersin Aluminio
and Campos do Jorddo cannot be satisfactorily
explained by temperature alone, as this parameter
varied significantly between the two locations (Fig.
1). Additionaly, the stages of activity of T. bigamica
(Strand, 1910) in Ribeiréo Preto (Gimenes, 1997),
where temperatures were higher, were the same as
those observed in Aluminio and Campos do Jordéo.
In this case, the photoperiodic cycle could be
responsible for controlling the annual activities of
bees, and which islikely the case for al three aress,
with results similar to those observed on flowering
in L. elegans, and with temperature generating the
fine adjustments of the rhythm.

Pseudagapostemon spp visited L. elegans
flowers in both Aluminio and Ribeir&o Preto
(Gimenes, 1997). Although a circannua rhythm has
been detected in Pseudagapostemon spp. in Alu-
minio, it visited flowers throughout the year in a
more diffuse way than either Rhophitulus sp. or T.
anthracina. Additionally, Pseudagapostemon spp.
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was observed visiting other species of syntoptic
Ludwigia in both locations. Although it has been
consdered a specidized visitor of L. elegans flowers,
the small size of this bee does not allow it to
efficiently pollinate these flowers (Gimenes, 1997).
Asthis genusis generally associated with Ludwigia
flowers (Sazima & Santos, 1982) and occurs at
higher atitudes (Silveira& Cure, 1993), its absence
in Campos do Jorddo is difficult to explain.

A. mellifera visited L. elegans flowers very
frequently, and itsrole as a potential pollinator has
been dready discussed (Gimenes, 1997). Nonethdless,
its synchronization to the flowering pesk of L. degans
must be andlyzed within the context of it being ahighly
eusocia species and a generalized visitant, with a
very efficient communication system between the
workers (Seeley, 1985) and the floral facultative
congancy (Free, 1963). These characterigtics probably
resulted in the grest number of visits during the months
of pesk flowering.

We conclude that the coincidence of the
visitation peaks of the most frequent bees and
potential pollinators with the peak flowering of L.
elegans during the year were probably influenced
by both thermo- and photoperiodic cycles, thus
guaranteeing a sure resource supply for the bees and
successful seed production for the plants.
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