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Abstrace: Opuntia brunneogermia and Q. viridirubra cocur sympatrically in the Serra do
Sudeste, Rio Grande do Sat, Brazil. Their flowers have 45060 thigmoenastic stamens and
provide large amounts of pollen and nectar for bees. Bees of 41 species were registered at the
flowers of 0. brumnecgesmmia and 30 at the flowers of Q. viridirubra. Females of thres
oligolectic species are the only effective pollinators: Ptilothrix fructifera (Anthophoridae),
Lithurgus rufiveniris (Megochilidae), and Cephalocolletes rugata (Colletidae). During their
visits in Otpuniic-lowers, bees touch the filaments and slimulate the movement of the stamens
to the centre of the flower, At the end of this movement, the anthers are densely packed
around the style. As a consequence the pollen is presented in an easily accessible npper layer
of anthers and various, nearly inaccessible lower layers. The lower layers contain about 80%
of the pallen reward. Only females of the three oligolectic pollinators exploil the pollen from
the lower layers and reach the nectar furrow. Therelore, through their stamen movements,
Opuntia flowers hide most of their pollen from flower visitors but favoor efzctively
pollinating, oligolectic bees.

The distribution of the genus Opuntia stretches from Canada to Patagonia. It
comprises cacti which grow as small trees, shrubs and dwarf cushions (HUMT 1989,
BARTHLOTT & Hunr 1993). Information to the pollination biology of South
American opuntia cacti are scarce, Studies on the Opuntia species in North America
have shown that their flowers are pollinated by polylectic as well as cligolsctic bees
({GRANT & GRANT 19793, b, GrANT & HURD 197%; GRANT & al. 1979; SPEARS 1987;
OseorN & al. 1988; MCFARLAND & al. 1983}, -

- The flowers of Gpuntia brunneogemmia (RITTER) SCHLINDWEIN and O. viridirubra
{RITTER) SCHLINDWEIN are cup-shaped and have 450—600 sensitive stamens, 4 com-
mon feature among Qpuntia species (PorscH 1938, Raud 1979). After mechanical
stimulation, the stamens move toward the style and after some minutes bend
cutwards again {Fig. 1). Like in other Opuntig species, the pollen grains are very
large, measuring up to 150 pm in diameter { LEVENBERGER 1976, SCHLINDWEIN 19%5).
Nectar is produced in a groove at the base of the style. During the summer
{November to January), opuntia cacti are in mass flowering, while other plants in
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Fig. 1. Flowers of Opuntia viridirubra. The stamens of the right flower were stimulated and
moved to the centre of the fower. — Fig. 2. A female of Prilothrix fructifera in a fower
of Opwitia frwmecgenmmia, After alighting on the stigma, she pushes her body down
wards, pressing her stifl hind tibial spurs and hind tarsi against the protruding head of the
shigma
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therr hahitats produce fow flowers. Therefore. 1l couldd be expecled tiatl bees of many
species collect fural resources on these rich pollen and nectar resources, The large
size of the Opuntic pollen grains, however, should favour marphoelogically adapled
hees with a specialised scopa te transport the pollen.

It cun be presumed thal stamen movements play a role in the pollination of
Oprintio flowers, While TROLL {1992} in general did nol admit lunctional inierprela-
tions of stamen movements, VooeL {1983)emphasised their function in floral bivlogy
to promote outbreeding. Raun {1979} suggested that stamen movemenis in Gpuntia
facilitaie the deposition of pollen grains on the body of the visiting insect, while
ParscH (1938) suggested that they cause insects to depart from the stigma. GRANT
& Hurp (1979) pointed out that this would only promote sell-pellination.

The aim of the present study was to determine (a} the flower visiting bees ol
Opuntia bruaneogermia and of O. viridirubra, (b) which of these bees arc cffective
pollinators and (c) the function of stamen movenenis for pallination of Qpuntia
flowers.

MEaterial and methods

Stwly sites. The field study was carried out from October to February 1991-1994 in the
region of the Guaritas, (districts Cacapava do Sol, Lavras do Sul and Santana da Boa Vista)
in the Serea do Sudeste, Rio Grande do Sul, Brazil. The location where most observations
and experiments where made is at 30°4%8' 06" $, 53" 26" | 5" W_ The Guaritas (watchtowers)
are steap, 30—-60m high blocks of Cambrian-Ordovician sandstones and conglomerates
which bear a sparse vegetation. Dominant are xerophylic scrub formations which are
intermingled with semi-natural grasslands. Opuntia habitats are sun exposed, rocky slopes
and aress with little developed soils under pastures.

The climate is subtropical to temperate and homid almost throughout the year. Mean
annual rainfall is 1400 mm. Drought can oceur in summer. Days with lrost are fiequent in
July and Augost, while the mean temperature maximum in January is 317 C {OLIVEIRA
& RIBEIRC 19§6).

Cpuntia species. Opuntia brunneogemmia (described as Platvopuntie brunneogemmin
RITTER; RITTER 1979: 34, 35)is 2 robust shrub reaching a height of up to 1.5m. Flowsr buds
are pointed apically and petals are mtenseiy orange coloured. Fleral length including ovary
is 75-95 mm, foral width is 60-30mm and siyle Jength including the 7-8 stigma lobes is
26-31 mm. Gpuntia viridirubra was described as Platyopuntia viridirubra RiTTER and P.
rubrogemmia RITTER (RITTER 1979: 33-36); both Platyopuntia species are transferred to
Opuntia in SCHUNDWERN & WITTMANN (19935 29). Plants of Q. viridirubra are penerally
smaller{up to } m height}. Flower buds are rounded apicatly and petals are orange to yellow
coloured. Floral length including ovary 15 65—85 mm, floral width is 3%-72 mm and style
length including the 9—10 stigma lobes is 22-27 mim. Flowers of both species have a nectar
groove at the base of the style. The stigma lobes are receptive at their outer surfaces. The size
of the pollen grains of . brunnecgemmid ranges from 86-150 pm, those of G. piridirtibra from
88.5-128 pm (SCHLINDWEIN 1995), An adult plant of each Qpuntia species might bear up to
00 blossoms, lrom which more than ten may be open &t the same day at peak of Bowering.
Both Opuntia species are endemic to southern Rio Grande do Sul. [n the Guarita region, they
are the only known Qpustia species. Nowadays they are abundant due to extensive stock
farming.

Comparibility systerns, 30 flower buds of each Opuntia species were bagged with paper
pouches. At anthesis, 10 Aowers of each species were self-pollinated by hand, 10 cross
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pellinated by hand and the remaining 10 Aowers were not treated and kept bapged as
controls. A further 20 flowers of both Opisniia species were marked and used as open
poliinated controls, These Rowers were visited by bees and pollen was depuosited on Lhe
stiprnus. Seeds were counted rom all mature froits,

Survey of bees at Opuntia Bowers. Youchet specimens of bees were collecred in the
fipuntia llowers. Furthenmore, bees were capiured at Rowers ol vther plants at the study sites
to check which of the cactus visiting becs also collect neglar or pallen from non-puintia
specics. Spectmens of bees aned planis are kept in 1he bee collecuon and the herbarivm of the
Biclogical Research Station of the University of Tibingen ({icrmany) at the Biological
Institutg of the PLIC-RS | Pontificia Universidade Cawdlice de Rie Grande do Sul) in Porlo
Alegre (Brazil).

When only the generic name of a bee is given. the spacies is either not vel described or it
was it possible to identify the individust e species level, Tnthase casey, the speacs nambers
refer 1o those vsed in the bee callection of the Biological Rescarch Statinn.

Frequencies of bees in Oppavia Howers and stipma contacts. The frequencies of visiis by
bees ta the Howers of Qpunria brunncogemmiea were detenmined by counting female and male
bues during a towal of 42 hours of ebservation, those of O, riefdiratra during a total of 3%
hours of observation. During each visit we checked whether the bees cume into contact with
the stigmy. The refative freguencies of silgma contacts were calculited for males and females
of each bee species.

Analyses of pollen loads. Ten fomales of cach bee species were captured at flowers of both
Ot spectes. Their pollen losds were stcipped off the seopa and some drops of 10%;
ethanal were added. The pollen grains were mixed. picked up on 4 small piece of plycerine
ecluting and traosfereed e a microscope slide, The glycerine gelabme wis melted 2eniy,
mounted with a cover glass and sealed with paraftin wax, Two samples were made of each
polien load, with pure glycerine gelatine and with glveenine gelatine sigined with gleoholic
luchsin solution. Pollen loads were analysed by counting al least 200 pollen grains per
sample. Pollen was identificd by comparisen with a pellen reference collection of the study
arga. The relative abundance of Opnnriu pollen in the scopal loads was taken to quanuly the
fower fidelity of the bees.,

Evalution of Opurria pellinators. The eilicienoy of the bees ax pollinators of the Qe
flowers was determined by evaluating the combination of “relaiive frequency of stigma
contacls” and “Nower constancy™, complemented by observations on the Bight routes
between conspecific flowers.

Function of the stamen movements. The behaviour of the bees during Bower visis was
analysed {rom wideo revordimgs (Punasoumie FI10 Mark T video camera equipped with
a L0 mm macra lens). Their behaviour in flowers in which stamens had becn stimulated duoe
to former bee visits was compared with those in Qowers with unsiimolated stamens.

Resulis

The flowering period of both Opuntia species extends from mid-spning to mud-
summer. Flowering plants of Q. hranneogemmmia were recarded rom 26 Oct. (o 20
Febr., those of Q. pividivebro from 27 Ocl. Lo 16 Febr.

Anchesis. The anthesis of G. hrunneogemmia flowers lasts for six to eight hours,
Flowers open any time of the day between £:000h and 15:00 h. Flowers which open
during the morning uniil noon close between 14:30k and 18:00h and do not open
again on subsequent days. Flowers which open in the alternoon close at about
18:00 h and generally, for a few hours, open again on the subsequent morning until
they reach a total period of anthesis of six (o eight hours. Pollen 1s presenied at the
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beginning of anthesis. When the pelal diverge and permit the first fiower visits, all
anthers are already dzhisced. The charactenistics of anthesis of €. ciridirubra
coincide with those described lor O, brunneogemimia, with the dillerence that anthesis
lasis for & (o 12 hours,

Awto-compatibility and seed set. The Aowers of both Opuntia specics are moder-
ately aulocompatible (Table 1), Flowers self-pollinated by hand produce about half
ol the sceds of bee-pollinated flowers, Seed set of flowers cross-pollinated by hand s
similar 1o that ol bee-pollinated Aowers. Permancntly bageed Aowers of both species
se alrost no seed.

Frequencies and stigma contacts of flower visiting bees. During 42 hours observa-
tion time we counted 1172 visits by bees in flowers of . brunnesgemmia and, during
38 hours, 801 visits in flowers of Q. viridirubra. Bees of 48 species (tom six families
were recorded in the Opuentia flowers, 41 species in the flowers of Q. brunneogemmia
and 30 in the flowers of G. viridirubra (Table 2). The smaliest fiower visiting bees are
workers of the stingless bee Plebeia wittmanni (3.5 mm) and the largest are females of
the carpsnter bee X placopa frontalis {25-30mm).

Table 2. Flower-visiting bees of Opuntia brunneogemmia and O, viridirubra

Bee species G brusmeagemmic O viridirubra
Andrenidae

Anthrencides micans URBAN w3
Arhysosage cactoninr Mougre oo =,
Callonychium perunige CURE & WITTMANN W3

Parurgiftus sp. 2

Anthophoridae

Alloscirtetica { Dasyscirtetica) gilva { HOLMRERG) ¥ <
Ancrlascelis frebrigi (BRETHES) o Y

Centris ( Paracentris) iricelor {FrIESE) 4 )

Ceraring isclifocentra BMOURE
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Tuble 2 oot |
Bee species ), brimmcogeiamia 3 vicidividye

Lleraring Ausrensts STraxD

Eoratime (O rewelln] asuncinns STRAND

Cerating {Crewella) rhipestvis HOLMBERG

Cevaring (ROy-ocerating) hyemofis Mougrs ;
Lonrfononetiscg | Lanehuretloy complete MIcHESER & Mook
Metissoprila | Prilomelissa) bonaerensis Hil MBERG ;
Pritorheix fractifera (HouMpsec) P .
Tupiodnspis sghnlarinr HOLMRBERG ;
Terrapedio rugufosu Friuse

X vlcropa (NMeoxvlocopa) augusti LEPELETIER

X vlocopa | Megax vlocopd) frontalis (OLIVIER)
Apidae

Apis mellifera L.

Bombus { Fervidopomhus) airatus FRANKLIN
Moureffa coerulea (FRIESE)

Plebeia eering (FRIESE)

Plebeia wittmanmi MGURE & CAMARGO

Trigond spinipes (FABRICIUS)

Colleridae

Cephalocolletes megarae URBAN

Sarocolletes sp. 3

Halictidae

Augoehlora { Augochlorea) amphitrite (SCHROTTEY)
Augochlora { Augochlara) daphnis SmiTH
Auvgochlora { Augochlora) sp. 6

Augochlora (Augochiora) sp. 7

Augochlora { Augochlora) sp. 8

Augochlora (Cxystoglosella) semiramis (SCHROTTRY
Augochtorella michaelis (VacHaL)

Arngoehturopsis eupreato {COCKERELL)
Augochlorapsis enterpe (HOLMBERS)
Augochloropsis sp. 8

Linlictus { Chloralictus) opacus (MOURE).

Dialictus (Chloralictus) sp.

Dinlictus (DHalictus) sp.

Thectochlora alaris [¥YACHAL)

Megachilidae

Lithurgus pyomasus FRIESE

Lithurgus rufiventris FRIESE

Megachife { Acentrina} sp.

Megachile (Chrysosares) guaranifice SCHROTTEY 3
Megachile (Chrysosarus) sp. 5
Megachile ( Leptarachis) sp.
Megachile ( Pseudocentron) sp.
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Fig. 4. Relative frequency of stigma contagts by bees in flewers of Opiia bruaneogenmti

Regular lower visitors (more than 1 visit per species in 2 hours of obscrvation)
were bees of 11 species at the flowers of 0. brunneogemmio and 10 bee species at the
Howers of O, viridirubra (Figs, 3,6). Among them, females of Prifotfirix fructifera are
the most lrequent flower visitors of both Opuntia-species. Bees which visited Opuntiu
flowers only sporadically (less than | visit per species in 2 hours of observation) are
not treated further here,
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ApE maritarg

Females of Prifothvix fruceifera touched the stigma during almost all visits to
flowers of Q. brunneogemmia and O. viridirubra (Figs, 4, 7). They gencrally alight on
the stigma and thus deposit pollen already at the beginning of their Nower visits. Also
females of Lithurgus rufiventris, Cephatocolletes rugara, Terrapedia rugulosa and Apis
mellifera frequently touched the stigma {Figs. 4, 7). Stigma contacts were rare duning
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ilower visits of [emales of Dialictns sp. al both opunlia cacti and of females of
Augoctilora amphitrire at the flowers of O, brimneogemmia (Figs. 4,7},

Effective pollinators of Opundia-flowers. Females of Piilotheix fructifera and
Lithurgus rufiventris are effective pollinators of bath Gpuatia species. They show
flower fidelity (Figs. 5, 8). frequently touch the stigma iFigs. 4, 7) and move busily
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between flowers of diffecent O puntin individuals, The males of koth species patrelled
the Opuaria flowers 1o search of lemales, and the males of Priforhrix feuctifers vsed
them as sleeping siles. Patrolling also results in pollination as males oficn visii
fowers to take neclar and lrequently touch the stigmas. Bees of both specics were
recarded throughout the flowenng period of Opuntia spocics. Pollen analyses of
seven brood cells of Prilothrix fructifera confirmed the results of the analyses of the
policn loads. The brood cells contained between 99.5 and 100% pollen of the studied
Opuntiu speaes, Females and males of Ptiothrix frictifera wore also frequent visilors
of the Aawers of Opuntic menacamtha and O, paraguayensis, which are allopathc 1o
. brunneagemmin and O, viridirubra (Table 3),

IFemales of Cephalocofletes rugara are also most hikely cAective pollinalors of
both Opuntia species. The females, which have only a short flight period in spring,
also intensely collected pollen from Howers of various Notecacrus specigs (Table 3}
Females of Tetrapedia rugulosa are also probably eflective pollinaters of (3. brun-
neogemmia; they did not show fidelity to the Rowers of Q. viridirubra(Fig. ) and thus
might be only mediocre pollinators.

Woarker hees of the highly eusocial Apis meflifera and Trigona spinipes were nol
effective pollinators of Opuntia flowers because individuals repeatedly visited the
same flower, generally only of a single plant specimen. This behaviour oniy results in
scll-pollination. Hovering near Gpuntia flowers, honey bees were observed to strip
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ofl 1he lrge O praric pollen arains front iy hody They visited the lowers in search
for nectar

Pamales of the utler bees had mized pollen lowds, Vemales of Alfosceirterivad gilea,
Aneyloscelis frebrigi and A ugocitora enpliitrite are pollinators of low clfectiveness
hecause of their low fower constancy and their Tow relatve reguency of stigmil
comtacts (Figs. 4- 5.7 81 Females of Ancyloscelis fiehrigi visited the Oprnsia flowers
miainly 1o collect neetar [ Table 4). Non-Opuntia pollen came maialy from Conrefoie
v and Foofewdas (Convalrafeesae), which reached 63.7%0 on average m females
caught in flowers of €. brunneogeiie. Therclore, the conteni of Opantia pollen was
law in the scopal Joads of these bees. Females of the solitary Afescirtetica gilre
always carried a mixiure of four 1o eight pollen types m their scopae, among athers
from Asteracede, Euphorhineeas, Lythocene, Mafvaceae ond Rublaceae. Females of
Dialicius sp. did not contibute Lo cross pollination. They rarely touched the stigma
and showed little flower fideliy (Figs, 4,370

Characteristics of the stamen movements. The Howers of O, branneogemmia have
on average 59% stamens (standard deviation; s = 49; number of examined flowers,
n = 5). the flowers of O. viridirubra 450 stamens (s = 18, n = 3). After a fower visiting
bee mechantcally stimulated the filaments, the stimulated stamens immediately bend
inwards to the style {Fig. 1). The outer stamens. which insert at the rim of the concave
flower (be. have long filaments. In the stimulated stalc, they cover the shorter inner
starmens which insert at the hotiom around the nectar groove (Fig. 9). This means,
the Opuntia flowers offer their pollen in an upper and various lower layers o anthers.
As a consequence, the pollen of the inner stamens is not [reely accessible o lower

Fig. 9. Schematic sectton through a Aower of Omenia brunnengenmmia. Flower with non-
stimulated stamens {1eft} and Aower with stimutated stamens (ripht). Pollen [rom anthers with
short flaments {lower layers) are hidden below those with long filaments (upper layer). The
nectar groove is at the base of the style
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Fable 4. Pollen aond aectar colbection by lemales in lowers of et e breneeigestiatig and 0,
viridivhra with stimedansd stamens |+ passive nplake of pollen)

PPollen collection Nectar Repealed

- — - — - eollecnon flower visis
Hee spocies iTenn upper  from lower pollen al suine
anthers anthers eleaning flowers
Prifechrix fructifora + I i -
Lithurgus ruffcentris + + - +
Cephatocotletes vugata + } - + -
Aneyloseelis fiebrigi + +
Arfiysasage cactorum -+ - + -
Alloseirtetice gifie F - +
Apis mellifera + - +
Tetrapedia rugulisea + - - - +
Trigevma spinipes + + - +
Awgochlora amphiteite + - + +
Dialicius sp. ? + + -

visitors. In the lower lavers we recorded about 80% of the pollen of an Gpuntia-
flower. Furthermore, the long, stimulated stamens hinder the access of visitors 1o the
nectar groove at the bottom of the lower, The distance lrom the upper layer to the
nectar groove in flowers with stimulated stamens is 17-25mm in flowers of O.
brunneogemmia and 16-21 mm in those of 0. viridirubra. Ten to 20 minutes alter
stimulation, the stamens bend back to their original position. During the first two to
three hours of anihesis, the sensitivity of the stamens is high. Az young Opuntia
fiowers are frequently visited by bees, their stamens remain in the stimulated
position. This is the period in which most pollen is collected. Later during anthesis,
the sensitivity of the stamens decreases.

Behaviour of the bees in flowers with stimulated stamens. The bee species can be
arranged in four groups according to the females” behaviour during pollen and
nectar collection in flowers with stimulated stamens (Table 4):

1. Bees collecting pollen from the lower anthers. Females of Prilothrix
Jructifera, Lithurgus rufiventris and Cephalocolletes rugata collect the pollen which is
hidden in the lower layers of anthers. To get-to the lower layers, they crawl down
between the innermost stamens and the style {Fig. 2). Moreover, they reach the
nectar groove at the base of the style. These lemales, which also compele for pollen of
the upper layer of anthers, actively search for and collect the Opuntia polien. [n
young, pollen-rich flowers, their flower visits last for 1 o 4 min, while those in
pollen-emply flowers last for less than 10 sec. After such a long flower visit the
lemales have touched and stinulated all stamens.

To collect pellen, females of Ptilothrix fructifera brush several anthers between
mid- and hind-legs and between hind legs and abdomen into the hind tibiae; thereby
the abdomen shortens and extends. Females of Lithurgus rufiventris collect pollen
with their fore legs and transfer it from mid- to hind-legs into the abdominal brush.
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Females of Cephutovolletes rugata transport pollen in a well developed abdominal
brush and in the scopa of hind fermur and tibia

2. Rees collecting pollen exclusively Mrom the upper anthers. Females of
Afloscirtetica gitva, Augochfora amphitrite, Tetrapedia rugulesd and Trigon spinipes
only collect polien from the upper layer of anthers, Typically, these females subse-
quently visit 1he same flower, butl never reach the lower layers of anthers. However,
in nlder Aowers with non-stimulated stamens, these bees and also honey bee workers
reach (he nectar proove al the botlom af the Mower,

3. Gleaners. Tiny bees of the genus Diafictus are able to move between the
stamens and to reach the nectaries of flowers with stimulated stamens, [Females were
ohserved to collect pollen adhering to the petals and to the base of the filaments,
termed ‘gleaning’. Gleaning was also observed in females of Caffonyehinm petunioe,
Plebeia etmering, P, wirrmanni. Augochlora emphitrite and Trigona spinipes.

4, Bees collecting exclusively nectar in Mowers with stnulated stamens.
Females of Anevioscelis fiebrigi, Arhysosoge cactorum, and Lanthanomelissa com-
pleru visit Oprntio Aowers to Lake up nectar. Evertin Nowers with stimulated stamens
thew reach the nectaries. Ane yefoscefis females preferably collect pollen from flowers
ol Convolentacear, Arhsosoage females from Notocactewe Howers and La-
thanomelissy females from Hridoceoge Howers.

Discussion

Stamen movements favour the effective pollimators, The preat numbcer of bee species
recorded on the Gptentia Howers (Table 2) indicates thal there Is severe competition
between bees for their rich pollen and nectar resources. Bul females of only a few
aligolectic bee species sharc almost all the Gpunria polten smony themselves, namely
the efiective pollinators Prilothrix fructifera. Lithurgus rufiventris and Cephalocol-
fetes rugata. These boes teach the lower layers of anthers by pushing their body
downwards between style and innermost stamens. This behavicural adaptation
gives a competilive advantage to these oligolectic bees and guarantces them access to
i{he main quantity of the Opuntia pollen.

FFor the Opuntin species. the stamen movemenls and, in consequence, the com-
partmentation of the flower's pollen resourees, have an important funetion in their
floral biology: they hide polien from pollen thieves and reward effective polhinators
with large quantities of pollen. Furthermore, the dense packing of anthers and
filaments around the siyle forces flower-visiing bees who are efficient pollen-
collectors to contact the stigma on their way to the lower layers of anthers and to the
nectary.

The clumped posiuon of the stimulated stamens creates advantages for the
effective pollinators. Maintaining the stamens in their pre-anthetic position woukd
exclude visitors who are unlikely to act as efficient pollinaiors in the absence of
effective pollinators. This would be of disadvantage to the flower's reproductive
success. Flowers which at least temporarily offer pollen and nectar to all flower
visitors maintain their general attraction, In Cactaceae. expanded stamens might be
a primilive trail. Perhaps in the Gpuntia Aowers under siudy here, we see a stage of
a process towards the evolution of flowers which permancntly hide most of their
pollen under fayers of anthers.
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Advsinge the pollen Tesds ofvhe lemabes, we Tooumad il gy to 3% e of the £ pteniie
podlen groms were empis. Fhe by pothicss that thes pollen came treons 1he apper Ly er
e iy wis rejected 1o the case of Q. bremnemgemenicand €0 riidirnfne, We found.
that potlen froom the upper and lower lavers of anthers have the same relstive
proporoon of sterile prams. (ther cacty species might. however, offer higher
amannes ol cmpty pollen in the upper laver.

Tren (1922 interpreted all stamen movements as 2rowth mosenenis without
relation o pollmation. Rat (1979 and also Tousey {1899 ciled m Graxtr & Thuewn
1979 suggested that the stamen movements 1o Opuntio Bowers would influende
pollen adherence w the body of any Jower-visiing insced. In contiast cur resudts
show that these movements must b interpreied as adaplations to lide pollen and to
offer it only to specialised pollinators,

We found thar females of Arfipsosage coctorum are the most effective polli-
nators of the flowers of Notocactis and Gemnocalyeinn species (SCHLINDWERN
1992, SeHLINPWEN & WirrMass 1995 In Notseacois, the stamens are also
highly sensitive to mechanical stimufi {(RAUH 1979} When Arfiysosage-females
collect polien in flowers of Notecacteae. they also pass through the upper fayer of
anthers as they doin P puntia-flowers to collect nectar {Table 4} Slamen movements
i Norocactear might therefore play the same role as in Opuntic Nowers.

The (Ipuntia-bees Pritothrix fructifera and Lithurgus rufiventris. Becs of these
oligolectic species show features which we interpret as adaptations to the lowers of
Oprntia brumeagemmia and O. viridirubra {1) They are specialised (o collect pollen
and nectar only in O puntia flowers where they reach the lower lavers of anthers. {2) In
their scopae with long, unbranched bristles, they can {ransport the very large
(rpuntia pollen. (3) Their flight peniod comncides with the lowernng period of Opuntia.
{4) Females are so abundant and predictable al Opuntic Nowers that males patcol the
flowers in search lor mates.

I Morth America, two specics of the genus Lithurgus are ohigolectic in Gpusttia
flowers: Lithurgus apicalis in O echirocarpa (GRANT & HURD 1979), 0. imbricatu
{MCFARLAND & al. 1559), O. littoralfs (GRANT & GRANT 19794), 0. phaeacantha and
O. polvacantha {OsnorN & al. 1988) and Lithurgus gibkosus in O, compressg (GRANT
& al. 1979 and . discata {CockKeEReLL 1900, cited in GranT & al. 1979). Roth
Lithurgus species are considered o be eflective pollinators of the Opuntia Bowers
they visit. lo the Andes near Salla (Argentina), we recorded lemales of an unde-
scribed Lithurgus species in the lowers of vaoous Opuntia specics. At the same time,
males of Ptilathrix cl. nigerrima were patrollhing these flowers. Thus, in geographi-
cally distant regions, vanious Lithurgus and perhaps also Prilothrix specics show
distinct preferences Lo collect pollen in Opuntia Aowers.

I5s0g SANTIAGO MOURE and [awuncia Urkaw identified the bees, BRUND IRGANG and
Marcos SoeraL helped 1o identify plants, Roorico Counpa, Avce Grassaany, Jodo
Larncoa, CopMELTA K NaUEs, STEFAN KRAUSS and MaRDICRE PINHRIRO assisied in dala
collection 2nd RorerT PaxTow corrected the English. Their help is grateflully acknowledged.
This study was supported by grants from the DFG {Deutsche Forschungsgemeinschafthand
FAPERGS (Fundagio de Amparo i Pesquisa do Rio Grande do Sal) and was carned out in
a cooperation project between the PUC-University in Porto Alegre, Brazii and the Univer-
sity of Tubingen. {ermany.
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