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Abstract, The fowers of Pavenia cancellata, a
creeping ruderal half-shrub of northeastern Brazil,
open  synchronously at 6:00 h with all anthers
already dehisced. The oligolectic bee Prilothriv
puntatg was the most effective pollinator. During
O0-180 min. female bees make up to 40 bref pollen
collection trips 1o provision their brood cells. The
pollen of about 40 flowers of P, cancellata 1s needed
to feed one bee larva, The most frequent flower
visitors, however, are the specialized curculionid
beetles Pristimerns calearaius, which do not cross-
pollinate the flowers. They perforate the epidermis
with their mouthparts, provoking dehvdration, and
then actively close the loose petals with their legs.
Two hours after opening, half of the Howers had
already been closed by the beetles. We interpret the
ast, uninterrupted pollen foraging of Prifothrix
plumata bees as a strategy adapted to synchronous
pollen presentation of Pavenia and Lo competition
with Pristimerus cafearatus: the female bees have to
provision their brood cells before the beetles
succeed in closing the flowers.
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Pavonia is one of the largest genera of
Malvaceae, containing between 150 (Cronguist
[981) to more than 200 species (Krapovickas
and Cristobal 1962) distributed in the neo- and
paleotropics. Pollination by bees and birds 15
reported in the genus. Porsch (1929} cites
ornithophily in five species of Pavania, Gotts-
berger (1972) studied six species of Pavonia,
four of which were pollinated by bees, one was
autogamous and one ornithophilouws. In the
Malvaceae. he considers ornitophily to be
primitive and melittophily to be derived.
Melittophily 1s also reported for three species
of Pavonia from southern Brazil (Schlindwein
1998). Some species of the genus produce small
cleistogamous flowers as well as normal-sized
chasmogamous ones (Krapovickas and Cris-
tobal 1962). The flowers of most studied
species of Pavonia are self fertile (Gottsherger
1972).

Most species of Pavonia are shrubs, dwarf
shrubs or herbs, Pavonia cancellata Cav. is a
prostrate, creeping half-shrub, common  at
ruderal sites on sandy soils in northeastern
Brazil. Flowers of Pavonia have numerous
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stamens with large pollen grains (Barth 19735,
Roubik and Moreno 1991). The large size of
pollen grains in melittophilous flowers is often
cited in relation to behavioral and morpholog-
ical specializations of pollen-collecting bees,
thus explaining their oligolecty (Roubik 1989,
Gimenes 1991, Neff and Simpson 1993a;
Schlindwein and Wittmann 1997).

During our survey of melittophilous plants
and their pollinators in northeastern Brazil, we
recorded frequent visits of a solitary bee and a
curculionid beetle to flowers of P. cancellata.
We asked: Which flower visitors are effective
pollinators? Do flower visitors compete for
floral resources of Pavonia cancellata? In what
ways does the manner of pollen presentation
influence pollen collection behavior, and which
are the foraging strategies of visitors to Pavo-
nia flowers?

Material and methods

Study site. Field studies were carried out from
October 1997 through January 1999 on the coastal
plain of northeastern Brazil, about 15 km south of
Jodo Pessoa, Paraiba State. The study site was
located at 7211585 and 34°48"37"W at 30~40 m
elevation and about 1 km distant from the coast.
The climate is tropical and humid throughout the
vear, with a maximum of precipitation from May
to August. Medium annual rainfall is 1740 mm the
mean monthly temperature ranges from 239 °C (o
26.7 °C (Paraiba 1985).

The local vegetation at the study site consists of
ruderal plants and Tabuleiro vegetation, which is a
sparsely wooded tyvpe of forest of coastal north-
eastern Brazil, typically characterized by poor,
sandy soils and resembling the Cerrado physio-
gnomically. The population of Pavenia cancellata
studied occupied road marging, coconut planta-
tions and open, deforested sites.

Breeding system. Thirty flower buds ol P. can-
cellnia were bagged with paper pouches. At anthe-
sis, 10 flowers were self-pollinated by hand, 10
cross-pollinated by hand and the remaining 10
flowers were not treated and kept bagged to test for
spontaneous self-pollination. Ten additional Aow-
ers were marked and used as open pollinated
controls. These Howers received visitors, and pollen

wis deposited on the stigmas. Seeds were counted
from mature fruits. During the experiment a few
marked flowers were lost.

Floral morphology and anthesis. Floral diame-
ter, diameter of the throat of the corolla, column
length and stylar length were measured in 20
flowers. Pollen reference slides were prepared using
fresh pollen. Pollen grains were picked up on a
small piece of glycerine gelatine and transferred to
a microscope slide. The glycerine gelatine was
gently melied, mounted with a cover glass and
sealed with paraffin wax.

The total pollen content of an anther was
transferred to a microscope slide and prepared for
counting of pollen grains. Twenty anthers were
prepared. The average pollen number per flower
was calculated by multiplying the average pollen
content of an anther by the average number of
stamens per flower.

Effective pollinators and foraging strategy. We
used a hand lens to determine whether a flower
visitor left conspecific pollen on a stigma head,
The large, red pollen of P. cancellata contrasted
strongly with the light yellow stigma heads and
could easily be detected in the field. Females of
P. plumata were captured at nest entrance when
coming back from pollen collection flights with
full scopae. The composition of the pollen loads
was analvzed to evaluate flower constancy during
foraging. In addition, we excavated nests of
P. plumata to analyze the pollen composition of
the brood cells. To guantify the pollen collected
by a female during a pollen collection flight, we
counted all pollen grains collected from eight
females. Pollen adhering to the surface of the bees
body was dabbed with small blocks of glycerine
gelatine.

Flight activities of individual females were
recorded at their nesting sites during total period
of pollen collection and nest closure. We noted the
times of departure and arrival of the female at the
nest entrance and whether or not the bee came
back with filled scopac. When there were puddles
near the nesting sites after rainfalls, we could fol-
low the flight course of some bees from the nest
entrance to the water. The bees were observed
using a Zeiss 6X telescope for short distances.

Eighty-four flowers of P. cancellate were
marked individually. Every 30 minutes we checked
the flowers, noting presence of Pristimerus calca-
ratus beetles and stage of Aower closure.
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SEM-photographs of P, calcarans were made
with a Zeiss DSM 940). The objects were sputter-
coated with gold using a Balzers Union SCI 040,

Vouchers of bees, beetles and plants are housed
in the entomological collection and herbarium,
respectively, of the Department of Botany ol the
Federal University of Pernambuco, Recife, and the
Department of Systematics and Ecology, Federal
University of Paraiba, Joio Pessoa.

Resulis

Floral morphology and anthesis
of Pavonia cancellata

Pavonia cancellata has light vellow, campanu-
late, erect flowers with a dark-violet throat.
Floral diameter is 35 (29-42) mm and diameter
of the throat is 10 (7-12) mm. The style 15
enclosed in a column formed by fused fila-
ments and terminates in ten free, visible,
filitorm stylar lobes, each ending in a globose,
papillous stigmatic head (Fig. 1). Column
length is 9 (7-12) mm and stylar length is 14
{12-19) mm. The ovary is 5-locular, with each
locule containing one ovule. The anthers are
monothecate and contain echinate pollen
grains (diameter without spines 116.0 pm,

standard deviation (s) = 4.5, including spines
160.3 um, s = 6.0, n = 25) with a dark red-
colored exine. The grains are covered with
sticky, vellow pollenkitt.

Fig. 1. Transverse section of a lower of Pavonia
cancellata soon after beginning of anthesis,  All
anthers are dehisced and present pollen. The stigma
heads are not yet pollinated

Pavonia cancellara flowered from June (wet
season) until February (dry season) with peak
flowering from September to December. Only
1-3 flowers open per plant per day. Intervals
between flowering of each creeping twig was
generally larger than four days. Only 15 of 35
marked twigs opened a second flower during a
ten-day observation period. Before blooming,
the floral buds are protected by long, hairy,
filiform sepals of the outer calyx. One day
hefore anthesis the vellow corolla becomes
visible, forming a tip that exceeds the sepals by
about 4-3 mm. Flowers open simultancously
between 5:30 h and 6:00 h in the morning and
close between 12:00 h and 12:30 h; on rainy
days, anthesis may continue until 16:00 h.
Each flower lasts a single day. The anthers
dehisce before or during opening of the flowers
and pollen presentation coincides with the
beginning of anthesis. Therefore, all flowers of
P. cancellata blooming on the same day
present their pollen at the same time.

Breeding system

The flowers of P. cancellata are self-compati-
ble. Seed set in hand sell-pollinated Aowers did
not differ from hand cross-pollinated or open
pollinated flowers (Table 1). Nevertheless, the
flowers did not show spontancous self-pollina-
tion and none of the bagged flowers set seed.
The pollen/ovule ratio 1s 451, suggesting that
the breeding system of P. cancellaia may be
facultative autogamy or facultative xenogamy
(Cruden 1977).

Table 1. Breeding system, seed and [Tt set:
spontaneous self-pollination, hand self-pollination,

hand cross-pollination, open poellinated controls

Mode n Fruits Seeds -Seed/
Fruit
Spontaneous
self-pollination 10 0 0 I
Hand sell-pollination 6 6 22 3.7
Hand cross-pollination 7 25 ié

7
Open pollinated controls 7 7 »m 3.9
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Table 2. Characteristics of pollen foraging trips ol 6 females of Prilothrix plumata. The females start pollen
collection soon after beginning of anthesis of the flowers of Pavonia cancellara and stop pollen collection
when the brood cell is provisioned. One brood cell i1s provisioned per day

Bee Foraging Number Total foraging
period foraging trips time (min)
A 6:33-8:05 32 92
B 6:31-7:56 28 85
C 6:27-8:39 40 132
[ 6:27-9:23 35 176
E 6:34-9:17 40 133
F 6:26-8:21 29 115
G 6:44-8:58 30 134

Total time collecting
pollen (min)

Total time spent
in nest (min)

37 55
31 54
48 84
16 60
k! 93
23 92
17 117

cell with pollen, 2540 pollen collection trips of
143 sec average duration (s = 82, N = 232)
were made (Table 2). Between collection trips
the females stayed an average of 58 sec inside
the nest (s = 34, N = 182). After each of
these trips the females entered the nest for-
wards with full pollen loads. To fill their
scopae they needed only a few minutes; 88% of
all pollen collection trips were shorter than
4 min (Fig. 3). The durations of pollen collec-
tion trips were similar throughout the period
of pollen collection (Fig. 4). After the final

100 T——

pollen collection trip, females made a long
flight, lasting up to half an hour, and returned
to the nest with empty scopae. They then
remained in the nest for up to 35 min to
oviposit,

After provisioning of brood cells and
oviposition, females started to collect water.
Each water collection trip lasted from 12 to
50 sec, depending on the distance from
accessible water. When rainfall left puddles
in the vicinity of the nesting site, water
collection trips were short (12-20 sec). To

Pollen collection trips [N]

Duration of collection trips - Intervals [min]

Fig. 3. Duration of pollen collection trips of Prilothriv plimara. The females rapidly il their scopae. Most
frequent are collection trips of 1 1o 2 min. Eighty-cight percent of all pollen collection trips were shorter than

4 min (N = 232)
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Fig. 4. Flight activity of a female of Prilothrix planata, while provisioning the brood cell and closing the nest
{one morning, 23.10,1998). The bee made 28 pollen collection trips and returned to the nest after short intervals
of 2-3 min. After flight number 29 the female staved in the nest for about half an hour. Then she made water
collection trips to close the nest with soil. Note the long lasting flights (n® 33, 36, 40, 47) intercalated among

several water collection trips

take up water with their proboscis, the
females alighted on the soil at the margin
of a puddle or directly on the surface of the
water for 5-6 sec. At the nesting site they
regurgitated the water and moistened the soil
to model the substrate. Intercalated among
the short water collecting trips were longer
journeys lasting several minutes (see Fig. 4).
The females first constructed the lid of the
brood cell and then closed the nesting tube
with mud up to the entrance at the soil
surface. After nest closure, they abandoned
the nest and started constructing a new one,
The characteristics of water collection during
nest closure are similar to those during nest
construction.

On a pollen collection trip, a female of
P. plumata collected about 2500 grains of
Pavonia cancellara pollen. This 1s approxi-
mately equal to the amount of pollen in one
Povoniag-flower (Table 3). Since a female of
P. plumara had to make 28 Lo 40 pollen
collection flights to provision one brood cell,
about the same number of flowers ol Pavonia
cancellara were required to feed one bee larva
of Prilothrix plumara.

Active flower closing by the curculionid
beetle Pristimerus calcaratus

The tiny curculionid beetles Pristimerus calca-
ratus (body length 4.1 mm, N = 6) were
abundant visitors on P. cancellata flowers.
They visited the flowers to feed on pollen and
used them as sleeping and mating sites. Their
behavior greatly influenced the presentation of
floral products of Pavonia. The beetles slept in
the flowers of P. cancellata. On the following
day, soon after synchronized opening of the

Table 3. Mumber of stamens and of pollen grains
of a Aower of Pavonia cancellata and number ol
pollen grains collected during a foraging flight by a
female of Priforhvix plumara. Filled scopae contain
approximately the amount of pollen presented by
one flower of P, cancellara

Variation  Mean

Stamens per flower 43-56 S0

Pollen grains per stamen 32-63 45

Pollen per flower 2250
Pollen grains in a filled scopa

of Prifothrix plumaia 21033091 2396
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new flowers, the beetles left the old flowers in
which they were sleeping by pushing outwards
between the dry petals. At about the same
time, when female bees of Prlothrix plumata
started pollen collection, Pristimerus calcaratus
beetles looked for fresh flowers of Pavonia
cancellata. In the flowers, we noticed no
aggressive interaction between bee and beetle.

When the beetles left their sleeping places,
no pollen adhered to their smooth body
surface and as they did not move between
flowers of Pavonia, they did not provoke cross-
pollination. Once a fresh flower was localized.
the beetles stayed in the flower the whole day,
showing a peculiar behavior: they crawled
around the upper and lower surface of the
petals and perforated the epidermis or even the
entire petal every 1-1.2 mm with their probos-
cis (Fig. 5). This caused dehydration and
premature wilting of the petals. There was no
evidence that the beetles fed on petal sap. The
beetles then succeeded in closing the now
flaccid petals actively with their claws and
front tibial spines (Figs. 6, 7, 8). Ten Hower
closing beetles were collected to determine
their sex. All of them were females. At 8:00 h,
about two hours after beginning of anthesis,
0% of individually marked Pavonia-flowers
had already been closed by the beetles (Fig. 9).
Only few flowers remained open until 12:00 h
to 13:00 h {the normal closing time).

Fig. 5. Pristimerus calcaratus m a flower of Pavonia
cancelfata, The curculionid beetle perforates the
petals (dark shining points) and  thereby  causes
premature wilting ol the flowers

Fig. 6. Pristimerus calearatus closing the flower of
Pavenia cancellata

Discussion

Synchronous pollen presentation
in Pavonia cancellata

All flowers of a P. cancellara population that
bloom on the same day open synchronously
with their anthers already dehisced. This
means that all the pollen of these flowers is
presented at the same time to flower visitors,
This synchronous pollen presentation should
favor species of bees whose females show rapid
pollen foraging behavior,

Fig. 7. Flower of Pavonig concellata prematurely
closed by Pristimerus calcaratus
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Fig. 8. Pristimerus calcaratus, Top left: ventral view of the head. The huge eyes contact each other below. The
reduced mouthparts are used to perforate the petals, Top right: front leg, anterior view. The apical spines on
Libia and coxa as well as tarsal claws facilitate lower closure. Bottom left and right: tarsal segments and claws of
front legs. The sensorial pads on second and third tarsal segments are probably invelved in floral lissue

recognition (scale bar in pm)

Ptilothrix plumata as effective pollinator

Females of P. plumata are highly efficient
pollen foragers, apparently adapted to the
synchronous pollen presentation of the flowers
of Pavonia. The pollen collection trips, In
general, last for less than three minutes and are
only interrupted for about one minute inside
the nest to remove the Pavonia-pollen load
from the scopae. Such rapid pollen collection

and handling may be possible due to the very
large size of the Pavonia pollen grains.

In a single pollen foraging trip, a female
Piifothrix plumata collects about the amount
of pollen presented in a single Pavonia flower.
A female, therefore, can theoretically fill her
pollen baskets in one fresh Pavonia flower and
then return to her nest without visiting and
pollinating a second flower. However, we did
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Fig. 9. Number of closed flowers of Pavonia cancellata, surveyed in 30-minute intervals after opening of the
Nowers (n = 84). Females of Pristimerus calcararus actively closed the flowers of Pavemia cancellata, Fifty
percent of the flowers have been already closed at 8:00 h. Only a few flowers remained open until the normal

end of anthesis

not observe such single-flower foraging trips.
Based on the pollen collection time per flower,
we can estimate that a female visits 5 to 20
fllowers during a pollen foraging trip to com-
plete her pollen load. In general, only 1-3
Rowers of a P. cancellata plant bloom on the
same day; thus, females of Prilothrix frequent-
ly cause cross-pollination, visiting flowers of
several conspecific plant individuals.

After their last pollen foraging trip, females
of P. plumata generally carried out a long-
lasting nectar collection flight and returned to
the nest without pollen. Apparently they first
provision the brood cell exclusively with pollen
and then add nectar to it.

To close the nest after nest provisioning as
well as to build new nests, female P. plumata
collect water to moisten and work the hard
substrate. During nest closure and nest con-
struction the fast water collection trips are
interrupted by flights that last up to several
minutes (see Fig. 4). In this period, we
recorded females collecting nectar in the
flowers of P. cancellata but no pollen. These
flower visits may serve to cover the bees’
energy demand during nest construction and

closure. Nectar foraging flights have a much
longer duration than pollen collection trips,
and the females visit a greater number of
flowers. Therefore, nectar foraging flights
should enhance cross pollination in  the
population of P. cancellata.

As a consequence of their brief, efficient
pollen collection, females of P. plumara rapidly
diminish the amount of pollen present in the
Pavonia flowers. It 15 to be expected that as
pollen availability decreased, the bees have to
prolong the duration of their pollen collection
flights to fill their scopae. It is unclear whether
pollen loads of individual bees during early
pollen collection flights are larger than those
during later collection flights. Pollen grains of
Pavonia cancellata are covered with pollenkitt,
which forms sticky threads on the pollen loads,
resembling viscin threads of Onagraceae pol-
len. As a result, pollen loads can not be
removed completely from the living bee in the
field. Moreover, females that are captured in
order to sample pollen loads, subsequently
abandon their nests. However, pollen loads of
females captured after early pollen collection
trips do not differ from those collected after
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later ones. Thus, we assume that pollen load
size remains stable.

Specialization of Melitomini bees

Oligolecty seems to be a common feature of
species of Melitomini and is cited for Ancy-
foscelis (Michener et al, 1994, Schlindwein and
Wittmann 1993, Schlindwein 1998, Alves dos
Santos 1999); Diadasia (Grant and Huard 1979,
Oshorn et al. 1988, McFarland et al. 1989,
Nefft and Simpson  1993b)  Diadasing
(Schlindwein 1998), Meliroma (Linsley et al.
1980, Pinheiro and Schlindwein 1998) and
Prifothrix (Schlindwein 1995, 1998: Schlindwein
and Wittmann 1997). These oligolectic bees are
morphologically and/or behaviorally adapted
to collect pollen from specific food plants, and,
in general, are effective pollinators of these
plants.

It is noteworthy that in various cases of
close relations between melitomine species and
their food plants, the respective flowers pro-
duce extraordinarily large pollen grains, as for
example in Opuntia (Cactaceae), [pomoea
(Convolvulaceae), Ludwigia (Onagraceae) and
Pavonia. Females of melitomine species have
long, unbranched bristles in their hind tibial
scopae, adapted to transport large pollen
grains. In Minas Gerais (southeastern Brazil),
females of a population of P. plumata were
found to frequently collect pollen in flowers of
Ludwigia (Y. Antonini, pers. comm.}). Another
species of Prilothrix, P. relata, visits flowers of
Malvaceae (Hibiscus, Pavonia) and Luwdwigia
(Schlindwein not publ.; Schlindwein 1998,
Alves dos Santos 1999). Bee specialization in
these cases seems to be related to the size of the
pollen grains,

Relation between Pristimerus calcaratus
and Pavonia cancellata

Our studies ndicate that the curculionid
Pristimerus calecaratus, ke Ptilothrix plumata,
is specialized to use the floral resources of
Pavonia cancellata. These beetles feed on
Pavonig-pollen and sleep and mate in Pavo-

nig-flowers. We still do not know whether the
beetles oviposit in the flowers and whether the
larvae feed on floral parts, fruits, twigs or
leaves. Outside of the study site, we recorded
P. calcaraius with the same behavior in flowers
of P. cancellata at five other localities in
northeastern Brazil in the states of Pernam-
buco, Paraiba, Rio Grande do Norte and
Maranhio. The distribution of Pristimerus
calcararus seems to be restricted to northeast-
ern Brazil (Wibmer and O'Brien 1986, S.
Vanin pers. comm.). We could find no infor-
mation concerning the natural history of
Pristimerus calearatus in the literature. The
larvae of related species are leaf-miners (Bond-
ar 1938). Besides flower visits to Pavonia
cancellata. we recorded sporadic flower visits
to  Turnera wlmifolia (Turneraceae) whose
flowers are similar to those of P. cancellata in
shape, size, color and period of anthesis. These
flower visits were short and the beetles did not
show the typical behavior to close the flowers.
As the curculionid beetles did not move
between conspecific flowers, they affected only
self-pollination.

Competition between Ptilothrix plumata
and Pristimerus calcaratus

At the study site, the two specialized insect
species compele for Roral resources of Pavonia
cancellata. One, the bee, 1s an effective pollina-
tor and the other, the curculionid beetle,
probably shifts the ratio of self-pollination to
cross-pollination towards more sell-pollina-
tion. Both competitors starl foraging at about
the same time, soon after anthesis begins.
Flower opening thus initiates a race for the
foral resources of P. cancellata. Females of
Ptilothrix plumata carry out pollen foraging
trips without interruption until the brood cell,
which has been prepared the day before, is
provisioned with pollen. The pollen collection
strategy of Ptilothrix plumata thus appears
adapted to synchronized pollen presentation.
The rapid, efficient pollen collection, on the
other hand, also may resull from competition
with the Hower-closing beetle. The distribution
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of Prilothrix plumata reaches from northern
Brazil (Para) to northern Argentina (Missi-
ones) (Alves-dos-Santos 2000). In northeastern
Brazil it overlaps with that of Pristimerus
calcaratus. In those regions or populations in
which the beetle does not occur, competition
for Aoral resources of Pavonia cancellata might
be just intraspecific, and the foraging strategy
of the bee females may differ from the behavior
described here,

We wish to thank Sergio A. Vanin, University of
Sio Paulo, for the identification of the beetle, Anne
Heller and Hans-Peter Stika, University of Stutt-
garl-Hohenheim, for their help with the SEM work
and William Sanders, Federal University of Per-
nambuco, Recife, for improving the English. Com-
ments of referees contributed considerably to the
final version. The study was supported by grants
from the Brazilian Research Council (CNPg) and
by the A. F. W. Schimper Foundation (Stuttgart).
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