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Abstraet: Pollen was obtained and identified from corbiculae of Trigona williana worker bees over a one year period 
at the INPA eampus in the city of Manaus. Ranked by numher of pollen grains, the dominant plant famíles were: 
Arecaceae, Melastomataceae, Myrtaceae, Caricaceae, Moraceae and Malpighiaceae. Dominant plant species were 
Cocos nueifera, Maximiliana martiana, Cassia sp., Cariea papaya, Bellucia grossularioides, Artocarpus incisa and 
Stachytarpheta cayennensis. Fewer plant species were exploited in the rainy season ¡han in the dry season. 
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PolIen and nectar are essential food elements 
for bees, pollen being their main protein source. 
When bees visit flowers, pollen adhering to 
their bodies is also responsible for perpetuation 
of the plant species through the process of pol­
lination, a natural consequence of the relation­
ship between plants and their pollinators. 

Amazonia is home to a great number of 
plant species. The practice of meliponine bee 
husbandry can benefit from a knowledge of the 
most important food sources. This information 
is also important for a better understanding of 
the interaction between plant and pollinator 
(Hubbell  and Johnson 1978, Kerr 1978, 
Heithaus 1979, Brantjes 1981, Wilmer and 
Corbet 1981, Sommeijer et al. 1983). Other 
authors note the importance of the study of 
social bees in the context of plant communities, 
as subgeneralísts and as efficient pollinators of 
particular plant species (Heinrich and Raven 
1972, Bawa and Opler 1975, Hubbell  and 
Johnson 1977, Engel and Dingemans-Bakels 
1980, Rissman 1983, Roubik 1989, Ramalho et 
al. 1994). 

In this study, pollen transported by workers 
of a meliponine bee, T. williana, was analyzed in 
order to infer possible floral preferences. Though 

few data (Marques-Souza 1993) are published 
about this species, it is well known to bee keep­
ers of the central Amazon area, being prized for 
its docility and high quality honey. Data on food 
preferences is thus of value to anyone interested 
in domesticating the colonies of this bee. 

MATERIAL AND METHODS 

One colony of T. williana was introduced on 
the campus of the National Institute for 
Amazon Research (INPA) in Manaus. The site 
is located at 3°08'S, 6001O'W, 40 meters aboye 
sea level. The campus ineludes many intro­
duced plant species not found in the native for­
est, many native secondary forest species and 
- according to Prance (1975) and Gentry 
(1978) - sorne primary forest species which 
sprouted from stumps, in a mixture with the 
secondary species, because the area was not 
burned when originally cut. 

PolIen was collected every other day for one 
year between 07:00 and 09:00 hrs. This was 
done by briefly closing the entrance to the nest 
and randomly capturing five arriving workers 
that had pollen loads. After removal of their 
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pollen loads with a bIunt needle the workers 
were released. The pollen clusters from each 
day's coHection were stored together in a 
sealed sterile glass vial. 

Pollen was prepared for identification with a 
light microscope by adding one mI of glacial 
acetic acid, leaving for 24 l1rs. The samples 
were then subjected to acetolysis by the method 
of Erdtman (1960) and mounted on microscope 
sUdes in a glycerine/gelatine mixture sealed 
under a cover slip with paraffin. 

Identifications were made by comparison 
with the large reference pollen collection at 

INP A and by consulting appropriate literature. 
Identification was generalIy possible to the 
plant genus leve! and sometimes to the level of 
plant species. When more than one pollen type 
occurred in a plant family, but could not be 
identified to genus, each morpho-type received 
a code number, e.g. Arecaceae type 1, 

Arecaceae type 2, Arecaceae type 3, etc. Only 
one morpho-type could not be identified to the 
family level; this was denominated Swartzia 
type (undetermined). 

About five hundred pollen grains were 
counted per daily sample. AH grains were 
grouped into plant families and the percentage 
contributed by each family was computed fOI 
each sample in accordance with the method 01 

Vergeron (1964). 

RESUL TS AND DISCUSSION 

AH the plant species identified are Usted in 
Table l. In August, at the height of the dry sea­
son, 28 different species were utilized by the 
bees; while in March, the rainiest month of the 
year, only seven species were found (Fig. 1). 

For August the most important pollen type 
by family was Swartzia type ( 37.0% of all 
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Fig. 1. Number of plan! species visited by Trigona williana. 

pollen grains) fol1owed by Myrtaceae (27.7%), 
Arecaceae (12.5%), Bignoniaceae (11.4%) and 
Melastomataceae (6.3%) (Fig. 2). In September 
the Arecaceae became dominant (31.5 %) while 
a different mixture of plant families grew in 
importance. Arecaceae contínued to increase 
until November, when it accounted for 76.7% 
of all pollen grains. stabilizing near this level 
for the following months (Figs. 2 and 3). 
Eleven species of Arecaceae were identified. 
Presencelabsence scoring over 12 months for 
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Pig. 2. Relative abundance of pollen types, groupell by 
famílly, collected by Trigona williana from August 1988 to 
January 1989. 

sorne of the palms were: Maximiliana martiana 
(11 months), Cocos nucifera (10 months), 
Astrocaryum sp. and Elaeis oleifera (4 months), 
and Bactris gasipaes (3 months). Five other 
palm species were collected during just two 
months while Oenocarpus bacaba was found in 
one month only (Table 1). 

The palms, with their large inflorescences 
present almost year-round, are a major source 
of pollen for their visitors, as noted by 
Marques-Souza et al. (1993a). Bees which visit 
palms, including T. williana, are opportunistic 
pollen thieves, effecting pollination only occa­
sionalIy and accidentally (Absy et al. 1984, 
Marques-Souza et al. 1993a). The main pollina­
tors of the palms mentioned aboye are small 
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Fig. 3. Relative abundance of pollen types. grouped by 
family, collected by Trigona williana from February to 
July, 1989. 

curculionid beetles (Silva et al. 1987, Miranda 
and Clement 1990). These sedentary insects do 
not inhibit pollen collection by bees. 

Inflorescences of the peach palm, B. gasi­
paes, were visited by three species of melipo­
nine bees - T. williana, T. branneri and T. 

fulviventris guianae - , which collected 
pollen from a dense white carpet of male 
flowers fallen on the ground at the base of the 
plant (Marques-Souza pers. obs.). Ramirez W. 
(pers. comm.) has also observed this behavior 
in honeybees (Apis mellifera) vísiting flowers 
on the ground under the Cuban royal palmo 
This behavior may be due to the difficulty 
¡arge bees have in prying open the small, 
tightly closed floral parts when the flowers are 
still on the tree, or the difficulty of reaching 
tall plants (Ramirez W., pers. obs.).  
Furthermore, the palIen of B. gasipaes is dry, 
and non-sticky at anthesis to facilitate wind dis­
persal. This probably makes it difficult for bees 
to accumulate a pollen load. After the flowers 
faH to the humid ground the grains become 
stickier (Miranda, pers. comm.) so they can be 
gathered ¡nto pollen loads and carried off by T. 

TABLE I 

Monlhly varialion in pollen types collected by Trigona willianafrom August 1988 to fuly /989 

MON T H S  

FAMIL y ISPEClES 8 9 10 1I 1 2  2 3 4 5 6 7 
AMARANTHACEAE 
Celosia sp. + 

ANACARDlACEAE 
Spondias mombim + 

ARALlACEAE 
Schejjlera morototoni + + 

ARECACEAE 
Astrocaryum sp. + + + + 

Bactris gasipaes + + + 

Cocos nucifera + + + + + + + + + + 

Elaeis oleifera + + + + 

Euterpe oleracea + + 

Mau ritia flexuosa + + 

Maximiliana martiana + + + + + + + + + + + 

Oenocarpus bacaba + 

Type 1 + + 

Type 2 + + 

Type 3 + + 

BIGNONIACEAE 
Arrabidaea sp. + + + 

Type + + + + + + + + 

BOMBACACEAE 
Matisia cordata + 

Type 1 + + + + + + + 

Type 2 + 
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CAESALPINIACEAE 
Bauhinia purpurea + 

Cassia latifolia + 

Cassia quangulata + 

Cassia siamea + 

Cassia sp. + + + + + + + 

CAESALPINIACEAE 
Cynometra sp. + 

Swartzia sp. + 

CARICACEAE 
Ca rica papaya + + + + + + + + + + + 

CLUSIACEAE 
Clusia sp. + 

CONVOLVULACEAE 
Merremia sp. + + 

CUCURBIT ACEAE 
Cucurbita sp. + + + 

EUPHORBIACEAE 
Mabea caudata + + 

Mabea occidentalis + 

FABACEAE 
Dalbergia sp. + + 

Derris sp. + 

Desmodium sp. + 

Macrolobium sp. + + + + + 

FLACOURTIACEAE 
Lindackeria sp. + 

MALPfGHIACEAE 
Byrsonima sp. + + + + 

MELASTOMA T ACEAE 
Bellucia grossularioides + + + + + + + + 

Miconia sp. + 

MIMOSACEAE 
Mimosa pudica + + 

MORACEAE 
A rtocarpus incisa + + + + + + + + 

MYRTACEAE 
Eugenia stipitata + + 

Myrcia amazonica + + 

MYRTACEAE 
Myrcia sp. + + + + + 

Psidium acutangulum + + + + 

Psidium sp. + 

Syzygium jambolanum + + 

NYCT AGINACEAE 
Neea sp. + + 

OCHNACEAE 
Ouratea sp. + 

POACEAE 
Type + 

PORTULACACEAE 
Talinum sp. + 

SOLANACEAE 
Solanum caavurana + 

VERBENACEAE 
Stachytarpheta cayennensis + + + + + + 

Virex sp. + 

UNDETERMINED 
Type Swartzia + + + 
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wílliana, T. branneri and T. fulviventrís 
guianae. 

Though T. williana workers did eolleet from 
plant speeies with small pollen grains, sueh as 
Byrsonima sp., Miconia sp., Bellucia grossu­
larioides and Myrcia sp., they showed a prefer­
ence for the medium to large size graíns of 
Arecaceae, Bignoniaceae and Caricaeeae. 
Cortopassi-Laurino and Ramalho (1988) de ter­
mined that Apis mellifera workers do not eol­
leet pollen grains larger than 7 1  mm in diame­
ter, while T. spinipes workers, which prefer 
grains in the range of 20-30 mm (medium size), 
will nonetheless eollect grains up to 100 mm in 
diameter (large size). 

Though not yet supported by enough data, 
one can ínfer that T. williana prefers pollen of 
A recaceae, Bignoniaceae and Caricaeeae 
because of the large grain size, which permits a 
more rapid aecumulation of a large pollen load 
and fewer visits. Silveira (1991), working with 
pollen loads of several bees, determined that 
Croton sp. and Gramineae were more impor­
tant by volume than families with a larger num­
ber of pollen grains, such as Myrtaceae. It is 
possible that the time spent to accumulate a full 
load of medium to large size grains is less than 
the time required for smaller grains. 

Preference for pollen of different species 
also depends on other parameters, among 
whieh the nutrient content in the form of pro­
teins, sugars, vitamins, enzymes, etc. Few stud­
ies have shown large pollen grains to supply all 
the nutrients required by a bee. If this were the 
case they would not collect small grains. For 
the Agavaceae, protein content has been report­
ed as being 20-30%, occasionally 40% (Stanley 
and Linskens 1974). Miranda (1993) found that 
a gram of fresh pollen from the palm B. gasi­
paes contained 223 micrograms of protein, in 
addition to 2,860 micrograms of total soluble 
sugars and 132 micrograms of reductive sugars. 
She also determined that eight macronutrÍent 
elements were present as well as twelve 
micronutrient elements. This type of analysis 
should be applied to plant species with small 
pollen grains to determine whether bees make 
theÍr choice based on the nutrient content of the 
pollen (Louveaux 1968). 

Another important determinant of a poten­
tial pollinator's choice of plants lies in the 
ability of a flower to attraet bees using color, 
size, odor, time of opening, etc. The height 

and position of a flower on a plant are of 
sorne i mportance to visitors ( Ramirez W. 
pers. com.). Flower morphology may also aid 
or inhibit pollen collection by certain insects 
species. For example, poricidal anthers make 
it difficult for Trigona workers to obtain 
pollen since they lack the ability to buzz polli­
nate. Nonetheless, T. willíana did manage to 
obtain pollen from the poricidal anthers of B. 
grossularíoídes, Miconía sp. (Melastomata­
ceae) and Solanum caavurana (Solanaceae), 
as well as four species of Cassia (Table 1). 
These are exploited by destroying the anther 
(Michener 1962; Renner 1983). Kerr (pers. 
comm.) notes that these species have pollen 
with a high protein content, which justifies 
the extra effort expended. 

To obtain nectar from flowers with tubiform 
eorollas, T. williana bees perforate the corolla 
at the base, damaging the flower (Roubik 1982; 
Marques-Souza et al. 1993b). Oil produced by 
glandular hairs in the tubular corolla of 
Drymonia serrulata (Gesneriacae) is obtained 
by workers of T. pallens, also using destruetive 
methods (Steiner 1985). 

T. williana workers may monopolize the 
flowers of a host plant, not allowing other 
meliponine bees to approach (Marques-Souza 
1993). Sueh behavior is not observed, however, 
on plants with very abundant poli en, including 
Spondias mombím (Anacardiaceae), 
Lindackeria sp. (Flacourtiaceae), Byrsonima 
sp. (Malpighiaceae), Mimosa pudica 
(Mimosaceae), Miconia sp. (Melastomataceae) 
and Myrcia sp. (Myrtaceae). These species 
have their flowering peaks in August, which is 
the early dry season. During the rainy season 
alternative plant species must be found and 
competition is more intense. Both inter and 
intra-specific agressive interactions are 
observed (Roubik 1 980, Le Thomas et al. 
1988, Marques-Souza 1993b). 

Another pattern observed for the eolony of 
T. williana was fidelity to a single plant species 
during any one day or during a particular morn­
ing. Workers whose pollen loads were first col­
lected at 07:00 hrs and hourly thereafter on a 
single morning showed little variation in pollen 
type. Generally, on the next day the pollen type 
would be different, but again they remained 
fairly constant during the morning. This may 
be due to the colony monopolizing a single 
highly attractive source plant each day coupled 
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with a strategy of diversifying sources over a 
period of days. 

Regardíng foraging strategy of índividuals, 
during the entire month of August each worker 
carríed only one type of polIen. Only on two 
occasions was a slight amount of a second 
pollen type found mixed on the corbiculae of an 
individuaL This may have been a remnant from 
a previous collection or cross-species contami­
natíon within the flower vísited by the bee. 
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RESUMEN 

Se analizó el polen recolectado por obreras de Trigona 
williana durante el período de un año. Las fauúlias de plan­
tas más visitadas fueron Arecaceae, Melastomataceae y un 
p o c o  atrás Myrtaceae, Caricaceae, Moraceae y 
Malpighiaceae. De las clases de pollen colectados en el 
período de estudio se destacan entre otros: Cocos nucifera. 
Maximíliana mar/iana, Cassia sp.,  Carica papaya, 
Bellucía g rassulariaides, A rtacarpus incisa y 
Stachytarpheta cayennensis. Se observó que las colectas de 
polen por las abejas trigonas puede estar relacionada con 
posibles cambios climáticos o el patrón de floración de las 
diferentes especies de plantas, pues en el período lluvioso 
hubo disminución del número de especies vegetales colec­
tadas por esa abeja. 

REFERENCES 

Absy, M.L., J.M.F. Camargo, W.E. Kerr & I.P.A. Miranda. 
1984. Espécies de plantas visitadas por Meliponinae 
(Hymenoptera; Apoídea), para coleta de pólen na 
regilío do médio Amazonas. Rey. Brasil. Biol. 44: 227-
237. 

Bawa, K.S. & O.P. Opler. 1975. Dioecism in tropical fores! 
trees. Evolution 29: 167-179. 

Brantjes, N.B.M. 1981. Nectar and the pollination of bread 
fruit, Artocarpus a/titis (Moraceae). Acta Bot. Neer!. 
30: 345-352. 

Cortopassi-Laurino, M. & M. Ramalho. 1988. Pollen har­
vest by africanízed Apis mellifera and Trigona spinipes 

in Sao Paulo botanica1 and ecological viens. Apidologie 
22: 61-73. 

Engel, M.S. & F. Dingernans-Bakels. 1980. Nectar and 
pollen resources for stingless bees (Meliponinae, 
Hymenoptern) in Surinam (South America). Apidologie 
11: 341-350. 

Erdtman, G. 1960. The acetolisys method in a revised 
description. Sv. Bot. Tidskr. Lund. 54: 561-564. 

Gentry, AH. 1978. Diversidade e regeneracao da capoeira 
do INP A, com referencia especial as Bignoniaceae. 
Acta Amazonica 8: 67-70. 

Heinrich, B. & P.H. Raven. 1972. Energetics and pollina­
tion ecology. Science 176: 597-602. 

Heithaus, E.R. 1979. Community structure of neotropical 
flower visiting bees imd wasps: Diyersity and phenolo­
gy. Ecology 60: 190-202. 

Hubbell, S.P. & L.K. Johnson. 1977. Competition and nest 
spacing in a tropical stingless bee cornmunity. Ecology 
58: 949-963. 

Hubbell, S.P. & L.K. Johnson. 1978. Comparative foraging 
.behavior of six stingless bee species exploíting a stan­
dardized resource. Ecology 59: 1123-1136. 

Kerr, W.E. 1978. Papel das abelhas sociais na Amazonia. 
Apimondia rnternational Symposiurn: Apiculture in hot 
climate (Floríanópolis, Brazil), p.119-130. 

Le Thomas, A., D. Lobreau-Callen & B.R. Darchen. 1988. 
Analyse comparative des ressources polliniques et des 
stratégies de butinage de trois especes de Trígones s.L 
en Cote d'Ivoire. rnst. Fr. Pondichéry, Trav. Seco Sci. 
Tech. 25: 345-354. 

Louveaux, J. 1968. L'analyse pollinique des miels, p.325-
362. In R. Chauvin (ed.). Traité de biologie de I'abeille. 
Vol. 3. Masson et Cie. París, France. 

Marques-Souza, A.e. 1993. Espécies de plantas visitadas 
para a coleta de pólen por cinco tipos de meliponíneos 
da Amazonia. MSc. Thesis. UFAM (Universidade 
Federal do Amazonas), Manaus (AM). 114 p. 

Marques-Souza, A.C., M.L. Absy, P.AA. Condé & J.H. 
Coelho. 1993a. Dados da obten<;lío do pólen por 
operárias de Apis mellifera no Município de Ji­
Paraná(RO), Brasil. Acta Amazon. 23: 59-76. 

Marques-Souza, A.C., M.L. Absy, I.P.A. Miranda & 
H.E.C. Küchmeister. 1993b. Características de flores, 
néctar y visitantes de Kerian t hera preclara 
(Rubíaceae). Rev. Bio!. Trop. 41: 147-153. 

Miranda, LP.A. & C.R. Clement. 1990. Germinacion y 
almacenamiento del pollen de pejibaye (Bactris gasi­
paes H.B.K., Palmae). Rey. Bio!. Trop. 38: 29-33. 

Miranda, LP.A 1993. Estudo de alguns parametros biológi­
cos e bioquímicos do pólen da pupunheira (Bactris gasi-



MARQUES-SOUZA et al.: Pollen collected by Trigona williana 573 

paes Kunth). PhD. Thesis. UFAM (Universidade 
Federal do Amazonas), Manaus (AM). 151 p. 

Michener, C.D. 1962. An interesting method of pollen col­
lecting by bees from flowers with tubular anthers. Rev. 
Biol. Trop. 10: 167-175. 

Prance, G.T. 1975. The history of the INPA [Instituto 
Nacional de Pesquisas da Amazonia] capoeira based on 
ecologycal studies of Lecythidaceae. Acta Amazon. 5: 
261-263. 

Ramalho, M., T.C. Giannini, K.S. Malagodi-Braga & V.L. 
Imperatriz- Fonseca. 1994. Pollen harvest by stingless 
bee foragers (Hymenoptera, Apidae, Meliponinae). 
Grana 33: 239-244. 

Renner, S. 1983. The widespread occurrence of anther 
destruction by Trigona bees in Melastomatecae. 
Biotropica 15: 251-256. 

Rissman, E.F. 1983. Foraging responses of Trigona bees to 
enriched Aphelandra golfodulcensis flowers. Tropical 
Ecology 24: 57-62. 

Roubik, D.W. 1980. Foraging behavior of competing 
africanized honeybees and stingless bees. Ecology 61: 
836-845. 

Roubik, D.W. 1982. The ecological impact of nectar-rob­
bing bees and pollination hurnmingbirds on a tropical 
shrub. Ecology 63: 354- 360. 

Roubik, D.W. 1989. Ecology and natural history of tropical 
bees. Cambridge University, Cambridge. 514 p. 

Silva, M.F., I.P.A. Miranda & E.M. Barbosa. 1986. 
Aspectos sobre a poliniza�ao do "dendezeiro" Elaeis 
guineensis Jacq. e do "caiaué" Elaeis oleifera (H.B.K.) 
Cortés (Arecaceae). Acta Amazon. 16/17: 209-218. 

Silveira, F.A. 1991. Influence of pollen grain volume on 
the estimation of the relative importance of its source to 
bees. Apidologie 22: 495-502. 

Sommeijer, M.J., G.A. de Rooy, W. Punt & L.L.M. de 
Bruijn. 1983. A comparative study of foraging behavior 
and pollen resources of various stingless bees (Hym., 
Meliponinae) and honeybees (Hym., Apinae) in 
Trinidad, West-Indies. Apidologie 14: 205-224. 

Stanley, R.G. & H.F. Linskens. 1974. Pollen. Biology bio­
chemistry management. Springer-Verlag, New York. 
290 p. 

Steiner, K.E. 1985. The role of nectar and oi! in the pollina­
tion of Drymonia serrulata (Gesneriaceae) by 
Epicharis (Anthophoridae) in Panama. Biotropica 17: 
217-229. 

Vergeron, P. 1964. Interprétation statistique des résultats 
en matiere d'analyse pollinique des miels. Ann. Abeille 
7: 349-364. 

Wilmer, P.G. & S.A. Corbet. 1981. Temporal and microcli­
matic partitioning of the floral resources of Justicia 
aurea amongst a concourse of pollen vectors and nectar 
robbers. Oecologia 51: 67-78. 




