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ABSTRACT 

Most pollinaLion slmlies in 1he tropics have dealt wirh mcchanisms of pollen 
pick up and deposiLion by a111hophilous ani111als; fcw llave bcen concerned with 
in1ra-and inter-plant flow of pollcn via thcse vectors. Hcrein, we examine thc 
behavio.ral patterns of flower-visiling ha1s and bees wi1h respect to the role they 
may play in the outcrossing of widcly spaccd tropical trees. Sugges1ions for fu1urc 
studies rcgarding thc relationship betwcen pollinator bchavior anti outcrossing are 
ofCered. 

RESUMEJ\ 

La mayoría de los cs1udios sobre polinización en los lrópicos han abordado los 
mecanismos de recolección y deposición de polen por los animales antóforos, pero 
pocos se han abocado con el flujo de polen inlra e in1er individuos vegetales 
a través de estos ,·ectorcs. En este trabajo, se examinan los pa1ro11cs de compor· 
,amiento de los murciélagos y abejas que visi1an flores con respecto al papel 
que puedan dcsempc,íar en la cruza de .írboles tropicales arnpliame1ú:e esparcidos. 
Se sugieren estudios futuros enfocados a las relaciones entre el comportamiento 
del polinizador y el cruzamien10 de los ürbolcs. 

1:\1TRODUCT10N 

Pollination studies in the tropics have 
been largely concerned with the mecha
nisms of pollen pick up and cleposition 
on flowers (see Frankie et al. 1973 for 
references). Few stuclies have dealt with 
intra- and interplant foraging patterns 
of pollinators as they relate to outcross
ing. Exceptions include the studies by 
Frankie et al. (1976) on bees in Costa 
Rica; Gilbert (1975) on buterflies in 
Trinidad; Baker (1973) ancl Heitbaus 

et al. (1974) on bats in Costa Rica; 
Janzen (1971) on bccs in Mcsoamcrica; 
Linhart (1973) and Stiles (1975) on 
humrningbirds in Costa Rica. 

The following cliscussion will consider 
sorne of the movement patterns of Old 
and New 'i,Vorld bats and the foraging 
patterns of Central American solitary 
bees as tbey relate to outcrossing in tro
pical trees. 

• Prcsc111 adclress: Department of Entomology, Texas A & M University, College SLation, 
Texas 77843. 

•• Prcscnt acldress: Dcpartmcnt of llotany, University oE California at Berkeley, California 
94720. 
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BAT STUDIES 

The usually-accepted syndrome of 
flower-characters typifying pollination 
by bats (for example, Faegri and van 
der Pijl 1971, p. 154) was set up on the 
basis of experience in the Paleotropics 
where the bats that visit flowers ali 
belong to the suborder Megachiroptera. 
However, this suborder of bats is missing 
from the Neotropics and their place is 
taken by smaller bats of the suborder 
Microchiroptera. Recent studies (for 
example, those by Vogel 1968-9; Baker 
1970, 1973; Heithaus et al. 1974) have 
shown that the behavior of these bats 
and consequently the structure and phy
siology of the Neotropical ·bat-pollinated 
flowers, do not fit exactly with the 
syndrome built up on Ole! World expe
rience. 

Thus, the anthophilous Megachirop· 
tera tend to be "opportunists", concen
trating their attention on a single freely 
flowering tree or on a small number of 
trees in close proximity to each other 
(d. Baker 1973, pp. 153-155). In acl

dition to published accounts (Baker and 
Harris 1957, 1959; Harris and Baker 
1958, 1959; Baker 1973, pp. 153-155, 
etc.), observations ancl photograhps of 
Pteropus tonganus (Megachiroptera-Pte· 
ropinae) in Fiji and "flying foxes" of 
the same genus in Australia revea! �he 
same concentration at any one time on 
a single tree or group of trees (Baker, 
unpub.). These bats are pure vegeta
rians. By contrast, the anthophilous Mi
crochiroptera of the Neotropics are, to 
varying degrees, insectivorous and they 
spend sorne of theír time catching in
sects, as well as getting nitrogenous food 
material from pollen or fruit. But their 
greater agility, and retention of a sonar 
guidance-system, have made it possible 
for thern to adopt to varying degrees 
a "trap-lining" habit. Singly (Baker 
1973), or in groups (Heithaus et al. 
1974), they travel a (ixed path between 

trees, epiphytes or vines that bear only 
a few flowers (or even only one) on 
any particular night, but may continue 
to flower for weeks or even months. 

Moving rapidly on their rounds, the 
anthophilous Microchiroptera make only 
fleeting contact with the flowers that 
they visit. An open cup shape is the most 
appropriate for the flowers in this case, 
with anthers and stigmas in such a posi
tion that the head of the bat will brush 
against them as it makes its fleeting 
contact. This is to be seen in Markea 
neurantha (Solanaceae) (tentatively 
identifiecl erroneously as Trianaea sp., 
of the same family, in Baker 1973). In 
J\lfucuna andreana, the flowers are ex
plosive and the bat is showered with 
pollen when it touches a newly mature 
flower. By contrast, many flowers and 
inflorescences of Paleotropical trees are 
constructed so that the bats are encour
aged to land and grasp the flowers (cf. 
Parkia clappertoniana, Baker and Harris 
1957, and Ceiba pentandra, Baker and 
Harris 1959) . 

Only a few microliters of nectar will 
be available at any moment in such 
Neotropical bat-flowers as those of Mu· 

cuna and Markea, a striking clifference 
from the usual idea of abundant nectar 
procl uction based on such Paleo tropical 
bat-flowers as these of Ceiba pen</.andra 
(0.3 milliliters per flower, in Ghana, 

Baker, unpub.), Musa (0.15 milliliters 
per flower, Percival 1965) and Parkia 
clappertoniana (up to 5 milliliters per 
flowerlike inflorescence, Baker and 
Harris 1957). This difference is probab
ly related to the much shorter period of 
time during which Microchi::optera are 
at the flowers. However, thc amount_1, of 
nectar such Neotropical bat-flowers as 
those of Ceiba pentandra (as it occur� 
in the New World) and Ochroma pyra
midale (both Bombacaceae) ancl Pm·kia 
spp. (Leguminosae mimosoideae) are 
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considerably more like those of their 
Paleotropical relatives and this should 
be examined in relation to the history of 
the evolution of bat-pollination in hem'is
pheres (see discussion in Baker 1973, 
pp. 151-158). At least as far as Ochroma 
is concerned, concentrated attention to a 
single tree, on the Paleotropical, Mega
chiroptera model, <loes not seem to be 
the rule despite the abundance of nectar 
available. 

Recent discovery that nectars of most 
flowers contain sign'ifü:ant quantities of 
amino-acids (Baker and Baker 1973) as 
well as the familiar sugars, means that 
Paleotropical and Neotropical bat-flowers 
should be examined to see whether bio
chemical rewards to the two kinds of visi
tors are different. This is now being done. 

In both hemispheres, the pollination 
of any flower must be looked at in an 
ecosystem contéxt. The way toward this 
has been pointed by observations such 
as those by Baker, et al. (1971) on the 
bat-pollinated species Ceiba acuminata, 
the thorn-scrub of north-western Mexico. 
Here, "irrelevant" small flower-visitors 
(Hymenoptera and Lepidoptera), which 

are ineffective ·as pollinators of the large 
Ceiba flowers are, nevertheless, nourish
ed by them at the end of the dry season 
when little else is in flower and remain 
active in the ecosystem to perfom val
uable functions as pollinators of other 
plant species ·at other seasons. Such 
"involuntary altruism" should be look
ed for carefully elsewhere. · 

BEE STUDIES 

In a recent study by Frankie et al. 
( 1976) in the dry forest in Costa Rica, 

foraging patterns of solitary bees were 
examined in relation to certain aspects 
of the floral biology of the leguminous 
tree Andira inermis (Swartz) HBK. Be
cause trees of this species are self-incom
patible (op. cit.), the observed foraging 
patterns involving ·inter-tree movement 
assumed particular importance in pro
viding transport of pollen in this oblí
gate outcrossing species. In addition to 
this species, many others in the same 
forest (belonging to severa! families) 
have been found to possess breeding sys
tems that also demand outcrossing 
(Bawa 1974). 

One of the unanswered questions of 
the Frankie et al. (1976) investigation 
is why the bees expend energy to move 
from one apparently inexhaustible re
source site (one tree) to another. In the 
same study (op. cit.), 70 different bee 
species (each species varied in relative 
abundance) were collected on A. inermis 
during the investigation period. It seems 
possible that it is the concentration of 

such a large number ob bees (with all 
the consequent interactions) that may 
determine the movement patterns. Ener
getics: In the case of Andira inermiJ, 
simultaneous foraging of a wide variety 
of bee species results in the gradual dim
inution of pollen and nectar resources 
through time. Owing to inherent behav
ioral differences among visiting bees, 
it seems reasonable to assume that cer
tain species will respond befare others 
to the decline in floral resources. Resp
onses may be manifested in increased 
movements of bees on the same tree in 
order to obtain the necessary quantity 
of resources. Interactions of this sort are 
thought to increase the inter-plant mo
vement of honeybees in field crops (Le
vin 1961; Weaver 1956, 1957). In Butler's 
(1945) work on honeybees, he has stated 

that, .. . "provived the degree of com
petition is sufficiently great, there is a 
further population of 'wandering bees' 
which have not yet settled down in any 
particular area" ... "which is composed 
mostly of young bees which have only 
just reached the foraging age, that are 
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responsible for lh<.: cro�s-polli11;iLion of 
the fruit Lrces". Jaycox (1964) madc a 
similar obscrvaLion on houey bcc behav
ior in apple orcharcls. \,Vith rega1:a to 
foraging behavior of soliLary bees on A. 
inen11is, i( iL· is cncrgeLically fcasible, 
Lhe lowering of a rcsourcc by competing 
insecLs may cause certain species to seek 
other food �ourccs by increasi11g their 
search areas to includc adjacent trecs. 
ln California, Thorp (1969, pp. 11-12) 
doc11me11Lcd a significant increase in 
foraging :irca o[ marked Anclreria clwly
baea (Andreniclae) females on flowers 
of Carnis.rn11ia ovala as the plant's pollen 
resources werc lowercd through the day. 
Free (1970, pp. 4 3-L16) provides a limi
ted discussion of Lhe relationship betw
een be foraging area :ind floral resource 
diminution. 

Heinrich ancl Ravcn (1972) ami 
Anonymous (1970) disc11ss from an 
encrgcLics standpoinl how "flowcr rob
bing" by ccrtain visitors (an activity 
which also lowers floral rcsources) could 
cause increascd visiLation on 1he pan 
of the "actual'' pollinators. Heinrich 
ancl Revcn (1972) call upon data devel
oped in pollination stmlics o( red clovcr 
(Hawkins 1961; Morrison 19Gl ) Lo sup

port their hypolhcsis. 
Jn addition to i11crcascd movemc11ts 

possibly re�ulting from declining rcsour
c�s. there are inlra- and intcr-specific 
interactions among bees that may also 
tausc inter-plant mm·erncnt o( pollina
tors. To date, two principal kinds ol' 
behavior have been recognized. The first 
of thcse cleals with group foraging by 
soliLary bees, whilc the s-econd is con
cerned with territoriality-related beha,·
ior. Both of these behavioral patterns 
result in inLeractions that may cause bces 
to leave one resource site in search of 
another. This kincl of movement may 
also play a role in the outcrossing of a 
tree species. 

Group Foraging: Three species of an-

thophorid bees haYe been ob erved fo. 
rnging in closc aggregations over Lhe 
crowns of severa! Costa Rica dry foresL 
tree species (Table 1). Foraging groups 
of Gaesischia exul and C:entris aethyctera 
range in numbcr from 10 to 100 bees. 
In the case of C. aclani, aggregations of 
up to 300 bccs have been observccl 011 

A. i11er111is. The approximatc area occu
piccl by ;1 given group o[ bees ranges 
frorn 0-.5 111 to 2 m in diarneter. 

The aggregaLions move quickly ami 
continuosly from one cluster of flowers 
to anoLher. The movement takes Lhe 
form of a smooth-flowing wave in which 
thcre is a rather rapid clissipation in 
11 umbers from one flowering branchlet to 
another. These "waves" (which are best 
secn by continually observing one bran
cldet for long time periods). are prima
rily composed of malc bees as cviclencecl 
by severa I collections Laken from each 
trce. Thc cxeception to this pattern is 
observed in Pisf'idia carthagenesis where 
females of C. e:rnl predominate oYer ma
les. 

Size and number of "wavcs'' per tree 
appear Lo be p;irtly a function of tree 
crown size a ncl degrce of bloom. 1 n 
general, mature trees in ful! bloom sup
port a greater numbcr of wa\'es, cach 
with a greater number of bees pcr 
aggregation. However, it is of interest 
that on some flowering individuals 
(small or large), aggregations havc not 

been observed. On mature forest trees, 
one to Lhree 'waves" of a single species 
can be observecl, a ne! usuall y on ly one 
spccies enters into group fornging on a 
givcn tree crown. 

The particular significance of thesc 
foraging aggregations Lo anthecology 
may lie in their influcncc on non-grou
ped visitors to the saine tree (Fig. l) . 
The general stir causecl by thcse groups 
as they mov-e over the tree surfacc in 
"waves" may provide ímpetus for at 
least the more sensitive bee species (and 
possibly sensilive individuals within a 
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'f AilLE l 

ANTHOPHORIO BEE SPECIES OBSERVED FORAGING IN 
GROUPS O:'\' DRY FOREST TREES IN GUANACASTE 

PROVJNCE, COSTA RICA. J.972-73 

Gaesischia Centris (Ccntris) Ccntris (Centris) 
Trcc Spccies cxut adani aethyctera 

Gaesiscl1ia Centris (Gen/ ris) Centris (Centris) 
Tree S/Jecies exul adani aethyclern 

A1úlira 
inermis + 

Cacsalpinia 
criostachys + 

Dalbcrgia 
re tusa + + 

Myrospcrmum 
fruct.csccns + 

Piscidia 
carthagcncnsis +ª 

+ 

Ptcrocarpus 
rohrii + 

a Mate bces madc up thc rnajority of iudividuals in the aggrcgations on 
ali trcc specics with thc cxccption of P. carthagenensis. Jn t.his spccics kmalcs 
preclominatcd o,er males in the foraging aggrcgations. 

give11 species) to move to otber food 
sources such as neigbboring conspeci fic 
trees. Bcha vi oral in teractions of this sort 
woulcl be productive in outcross ing 
providecl that 11011-groupecl bees were not · 
unduly harassed to the point where they 
were continually displaced to other trees. 

Territoriality-related Behavior: Terri
toriality an<l related aggressive behavior 
is well known in certain groups oE an
thophilous animals (for example, bees, 
butterflies and hummin3birds). How
ever, the relationships of territoriality
relatecl behavior to tropical plant repro
ductive biology has been only briefly 
examinecl. In Costa Rica, Linhart (1973), 
Stiles (1974), ancl Stiles ancl Wolf (1970) 
describe how clumpecl foocl plants of 
certain hummingbird species may en
courage the establishment of humming-

bircl terrilorics that lead to restricted 
pollen flow. Doclson (1962) and Dod
son and Frymire (1961) reponed that 
males of a Centris species in Ecuador 
set up territories that overlap with the 
habitat of Onciclium hyjJhaematicurn 
ancl O. planilabre (Orchiclaceae). Oc
casionally, these bees mistake orchitl 
flowers for animal intruders and attack 
them, bringing about pollination. Re
celllly, one o[ us (Frankie) initiatecl 
studies in the clry forest of Costa Rica on 
territorial behavior in male Centris as 
it relates to plant reprocluctive success. 
Preliminary results suggest that interac
tions between patrolling males ancl 
flower visitors, which result in harass
ment of rewarcl-seeking visitors, may 
cause sorne indivicluals to move to other 
resources (neighboring conspecific trees) 
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Fig. l. Artist's conception of group foraging behavior of Gaesischia exul on Pterocarpus rohrii. 
llanded bees constitute a foraging group, while nonbanded bees are visiúng flowers indepen
dently. 

thereby increasing chances for outcross
ing. 

In the Costa Rican dry forest, males 
of �hree Centris species (C. eathyctera, 
C. adani and Centris inermis) regularly 
set up territories within or to the outside 
of crowns of flowering trees. Behavior 
of this sort by one or more of these 
solitary species has been observed regu
larly on Andira inermis, Caesalpinia 
eriostachys, Cochlospermum vitifolium, 
Piscidia carthagenensis and Pterocarpus 
rohrii. These territories generally in
volve the patrolling of small, well-defi
ned areas interspersed with frequent 
landings on prominent branches. Occa
sionally, sorne individuals maintai n pa
trols for extended time periods without 
coming to rest. Janzen (1964) obsen1ed 

that territorial xylocopid bees in Mexico 
may hover for extended periocls (severa! 
minutes) while patrolling small areas. 

Conspecific ma.le interactions. lnterac
tions between males of a single Centris 
species generally involve the chasing 
away of male intruders by patrolling 
bees. This activity can occur over a pe· 
riod of three to four hours (A. M.) 
during which time several intruders may 
be chased away. However, on sorne occa
sions, the bees engage in seemingly non
aggressive pursuing displays that last 
several minutes before one of the par 
ticipants 1 leaves. This latter kind of 
behavior has also been observed in male 

1 lt is unknown i f the patroller or the in tru· 
der remains aEter such an interaction occurs. 
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euglosine bees (Frankie 1965, J anzen, 
pers. comm.) . 

It is unclear at this time how Centris 
aethyctera and C. adani can interact in 
concert with other males in group forag
ing behavior in sorne circumstances and 
in other situations engage in territorial 
activity against conspecific males. This 
apparent conflict in behaviors require 
further investigation. 

lnteractions · with other than conspe
cific males. Patrolling males interact 
with non-conspecific male and female 
bees (all species) by "buzzing" them 
continually as they visit flowers that are 
included within the territories. Owing 
to difficulties in observing resulting 
male flight patterns, it is unclear at pre
sent as to how intruding males react to 
this treatment. In the case of females, 
investigative "buzzing" causes most in
dividuals to merely move to the opposite 
side of the same tree where they con
tinue to forage. However, studies on 
young trees of Cochlospernum vitifo
lium (a pollen source producing a lim
ited number of flowers daily) reveal that 
occasional male-female encounters result 
in disturbance of the female to the point 
where she completely leaves the tree 
canopy. This sometimes occurs when the 
female has collected pollen from only a 
few flowers. 

An investigation is presently rn pro-

gress in Costa Rica to quantify this in
teraction since it may prove to be im
portant in outcrossing of this and other 
tropical plants. It is also of interest that 
several examples of this kind of aggres
sive male behavior 2 exist in the litera
ture on solitary bees; however, its pos
sible function in plant reproductive bio
logy appears not to have been considered 
(Janzen 1966; Linsley and Hurd 1959; 
Michener 1953; Rau 1929; Rozen 1958, 
1970; Sakagami and Camargo 1964; 
Stephen et al. 1969; Thorp 1969; Vleu
gel 1952). 

In addition to energetic relationship, 
group foraging and territorial behavior, 
there are no doubt other behavioral 
patterns of anthophilous visi tors which 
may play a role in inter-plant movement 
of the "actual" cross-pollinators. For 
example, it would be of interest to know 
what kinds of interactions result from 
the interplay of different levels of bee 
aggression (that is, simple physical ag
gression which is not related to either 
group foraging or territoriality), which 
are inherent among the numerous species 
visiting massively flowering tropical 
trees. It seems conceivable that the large 
aggressive bees may displace sorne small
er species to less competitive sites (for 
example, to branches on the same tree 
with sparsen blooms or to adjacent cons
pecific trees) . 

CONCLUSION 

Now that investigations of anthecolo
gy are being conducted on an ecosystem 
basis, complexity beyond anything recog
nized even a few years ago is being 
revealed. In addition to behavioral stu
clies of flower visitors at the flower., 
other kinds of behavioral patterns are 
being examined to evaluate how these 
anthophilous activities may affect pollen 
flow among widely spaced tropical 
plants. Clues to the existence of unique 
pollinator behaviors are being sought 

through simultaneous investigations of 
the plant breeding system, floral behav
ior and pollinator behavior (Bawa et 
al., in prep.; Frankie et al. 1976). An 
intensive stucly of this sort by L. Gilbert 
(1975) in Trinidad on Passiflora, Angu.-

2 P. F. Torchio (pers. comm.) has observed 
male alkali bees, Nom.ia melanderi Cockerell 
patrolling particular flowering patches of al'. 
faifa in Oregon ancl sweet clover in Utah in 
sufficiently large numbers to prevent success
ful visitation of these plants by females. 
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na ancl Gurania pollination by Helico

mus butterflies has alreacly begun to 
yield important information on the vast 

array of animal/plant interactions mean
¡ ngf ul to Lhe reprocl uctive success of both 
groups o( organisms. 

DISCUSION 

Most pollination stuclies in the tropics 
have clealt with mechanisms of pallen 
pick up ancl cleposition by anthophilous 
animals; few have been concerned with 
the intra- ancl inter-plant [Jow of pallen 
vía these vectors. In this paper, beha vio
ra l patterns of flower-visiting bats and 
becs are examined in light of the role 
they may play in the outcrossing of 
wiclely spacecl tropical trees. 

Vlith regare! to bats, the anthophilous 
Megachiroptera of the Paleotropics tencl 
to be "opportunists", foraging on a single 
freely flowering tree or on a small num
ber o[ trees in el ose proxim i ty to ea ch 
other. By contrast, anthophilous Micro
chiroptera of the Neotropics are to sorne 
degree insectivorous and spencl sorne 
time catching insects as well as getting 
nitrogenous food material from pallen 
or fruit. New 'i,Vorlcl bats also display in 
varying clegrees the "trap linnig" habit 
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