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ABSTRACT: This study was conducted to evaluate biodiversity and pollination activity of stingless bees in the University of Ilorin 
agro forest. Stingless bees, their nests, trees hosting the bees and trees and crops visited by the bees were identified. The species of 
bees foraging on flowers of trees were observed and counted in 1m by 1m quadrat area of the flowers. The results showed that  
Melliponula ferruginae was found more in the cavities of Gmelina arborea, Dactylurina staudingeri  constructed aerial nests on 
Daniella oliveri while Hypotrigona ruspolli was more in windows, doors and walls of old buildings.  Seventeen plants/ crops were 
identified to be visited by Melliponula ferruginae, Dactylurina staudingeriHypotrigona ruspolli and Apis melliffera out of which eight 
were fruit crops, two were oil crops and seven were the other trees of economic importance in the area. Pollination activity of the bees 
showed that Meliponula ferruginae was found on 11.2% of the plants, D. staudingeri on 41.2%, H. ruspolii on 94.1% and Apis 
mellifera (common honey bees) on 82.4%.   All the flowering plants identified were pollen producers (100%) while 64.7% were 
nectar producers. Dactylurina staudingeri was found in great numbers on fruit crops (A. occidentale, M. indica and P. guajava), oil 
crop ( J. curcas) and trees. Hypotrigona ruspolii was found in great number mostly on fruit crops especially Citrus species, two oil 
crops and the economic important trees.  Meliponula ferruginae was only found on two plants, a fruit crop and a tree. Apis mellifera 
was found on the fruit crops, one oil crop and the trees. Higher numbers of D. staudingeri visited many of the plants compared to A. 
mellifera.  Based on the descriptive analysis employed, stingless bees found in the agro forest were responsible for the pollination of 
the commercial crops and economic important trees in the forest.  
 
Keywords:  Melliponula ferruginae, Dactylurina staudingeri, Hypotrigona ruspolli, Apis melliffera, pollination activities, fruit crops, oil crops, economic important 

trees. 

 
.  
Introduction 

It is no more a myth that bees (Apoidea) pollinate many wild and cultivated plant species (1, 2). Pollination is an important service to 
agriculture (3). Bees are the predominant and most economically important group of pollinators in most geographical regions. 
Pollination services are provided by both wild and commercially managed bee species. 
It has been found that out of some 100 crop species that provide 90% of food worldwide, 71 of these are bee pollinated (4). Klein et 
al. (5) reported that yields of certain fruit, seed and nut crops decreased by more than 90% without bee pollination. At La Selva in 
Malaysia, more than 50% of canopy trees and 36% of sub canopy trees were pollinated by bees (6). Therefore a change in the 
pollinators’ community will impact tree composition (7) and the whole food chain. 
Bees have special needs with regards to suitable nesting and floral sources but habitat loss has been a threat to their continued survival 
(8). Honey bees biodiversity in agricultural areas is threatened by increasing intensification of agricultural practices through extensive 
monoculture as well as loss of natural and semi natural habitats (9, 10). Anthropogenic changes, such as deforestation and pollution, 
have contributed to the extinction of many native and managed bee populations, with severe negative consequences for both natural 
and agricultural ecosystems (11, 8). Developed countries are working with pollinators’ shortage although only a small number of them 
are successfully bred for agricultural use (12). 
Although the importance of pollinators in agriculture is well known, until now their use is not remarkable in underdeveloped countries 
(13). The situation is changing because of new initiatives concerning pollinators’ use in crops and the successful crops resulting from 
the pollinators’ use in green houses that are competing in the world market (13). 
A new scenario opens focusing stingless bees use as crop pollinators (14-16). They are known to be important pollinators in tropical 
rain forest (17) and also good for pollination in agricultural ecosystems (18, 19). 
Stingless honey bees are a large group of bees in the family Apidae and tribe Meliponini, and closely related to the common honey 
bees. Keeping of these bees is known as Meliponiculture. About 700 species have been recorded worldwide and they are mostly found 
in tropical countries (19). They are variable in their body size, ranging from 2 to 4 mm. Currently, 32 species of them were identified 
(20, 21, Osawa and Tsubaki, 2003). 
Stingless bees are active all year round and they do not sting but will defend by biting if their nest is disturbed. They usually nest in 
hollow trunks, tree branches, underground cavities, or rock crevices but they have also been encountered in wall cavities, old rubbish 
bins, water meters, and storage drums. Stingless bees are true generalists, collecting nectar and pollen from a vast array of plants (22, 
23). Stingless bees are known to be important pollinator in tropical rainforest (17) and also good candidates for providing pollination 
services in agricultural ecosystem (18, 19).  
The majority of stingless bee species nest in preformed cavities in live trees (24, 21, 25). Others can live in dead trees (such as 
Ptilotrigona lurida mocsaryi and Trigona fulviventris in Brazilian Amazon (26); T. melanocephala and T. rufibasalis in Sarawak, 
Malaysia (7). 
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This study explores the relationship between prevailing plants and stingless bees in the University of Ilorin Agro forest. It is 
noteworthy that the species of stingless bees and the species of trees that host them in the University of Ilorin Agro forest need to be 
documented. Data on trees that host stingless bees are very sparse in literature, therefore, there is a need to document the species of 
trees that host them and the trees they forage on in the University of Ilorin Agro forest. 
 
 
Materials and Methods 

Study Area 
The study site was the University of Ilorin Agro Forest located in the Guinea Savanna region of Nigeria which is predominantly rich 
in trees and shrubs with evergreen plants that produce pollen in the wet and dry seasons. It lies between 8o 29` 10`` N and 4o 40` 38`` 
E with the elevation of 408 m. The climate of Ilorin is characterized by wet and dry seasons, with annual mean rainfall of about 1150 
mm (27). There was, generally, a wide range of variation in climatic elements in the study area, the wet season usually commences 
around March and ends in October while the dry season is normally from November till February. Mean monthly temperature varies 
from 25 o C to 29 o C, and the relative humidity varies from 70% in the dry months to 80% in the wet months (28-30).   
The University Agro Forest was partly clear felled and planted with Jatropha (Jatropha curcas) (about 44.5 hectare), Citrus species 
(about 10 hectares), Teak (Tectona grandis) (about 500 hectares), Date palm (Phoenix dactylifera) (about 28 hectares), Moringa 
(Moringa oleifera) (about 2 hectares) and Cashew (Anacardium occidentale) (about 20 hectares) plantations and these plantations 
form the dominant vegetation type in the area.  The study was carried out between January, 2012 and June, 2012. 
In spite of the disturbance in the vicinity of the study area, a good number of wild animals were present and these include monkeys, 
hares, grass cutters, giant rats, squirrels, snakes and birds. 
 
Sampling Methods 
The sampling methods used in the field for the regular sampling of bees include the use of putter (plate 1a) and quadrat (plate 1b). 
Apart from these, other methods employed in the field include visual estimation of the bees. 
 

 
Plate 1 a. Putter                                                b. Quadrat 

 Identification of stingless bees 
Stingless bee species were collected for identification using Eardley descriptions and identification keys to African stingless bees 
(31).Plant species and other substrates e.g. doors and windows old buildings that host stingless bees were identified and recorded. 
Nests of stingless bees were searched and found in about 20 hectares of the agro forest based on the description by Kwapong et al., 
(32). The behaviour of bees was determined based on aggressiveness, defence mechanism, abscondness after the first visit to the nests. 
Visual observation of the stingless bees in and around the nests was ensured to record their behaviour.     
The vegetation, trees and crops visited by stingless bees were identified and the number and species of honey bees on their flowers 
were observed and counted for about 10 minutes per 1 m x 1 m quadrat area of the flowers for three consecutive days. The 
identification of the trees and crops was done in the Department of Forest Resources Management and Plant Biology, University of 
Ilorin. The behavior of bees on the flowers was observed and then classified into landing on the flower petals, staying on the centre of 
flower without foraging pollen, and pollen foraging. The pollen source plants were detected by observing the bees collecting pollen 
loads on their hind legs.  
 
Table 1: Diversity of stingless bees, honey production and pollen harvested in the University of Ilorin Agro Forest 

species N. N F (%) C. B. H N.N. B. H A.  H. A. P 
Dactylurina 
staudingeri 

4 11.77 Mango tree 
Balsam 
tree 

Mangifera indica       1 
Daniella oliveri         3 

- 214g 

Meliponula 
ferruginae 

3 
 

8.82 - 
Gmelina 

Dead tree cavity       1 
Gmelina Arborea     2 

1.5 litres 322g 

Hypotrigona ruspolii 27 
 
 

79.41 - Window  1 
Doors      3 
Walls    23  

- - 

Note: 
N. N.: Number of nests of individual species identified in the forest 
F: Frequency of the nests found. 
C. B. H: Common names of bee hosts (where the nests were found) 
N. N. B. H: Names and number of bee hosts (names and number of where nests were found)  
A. H: Average honey harvested from the nests 
A. P: Average pollen harvested from the nests 
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Table 2: Number of Identified stingless bees visiting nectar and pollen source trees in the University of Ilorin Agro Forest. 

+ = present and - = absent 
a. Number and percentage of trees visited by D. Staundingeri 
b. Number and percentage of trees visited by H. ruspollii 
c.  Number and percentage of trees visited by M. ferruginae 
d. Number and percentage of trees visited by A. Melliffera 
e. Number and percentage of trees that produce pollen 
f. Number and percentage of trees that produce nectar 

 
 

 
a    b                                   c 

Plate 2: (a.) Nest of D. staudingeri. before opening (b.) brood section after opening (c.) pollen store ( pollen cups) and brood 
section after opening. 

 

 
Plate 3: Pollen harvested from D. staudingeri. 

Plants Common 
names 

D. 
staudinge

ri 

H. 
ruspoli

i 

M. 
ferrugina

e 

A. 
melliff

era 

Pollination 
Rewards 

Month(s) / Year 

Pollen Nectar 
Anacardium 
occidentale 

Cashew 60 - - 40 + + January, 2012 

Mangifera indica Mango 25 60 - 20 + + Jan/Feb, 2012 
Psidium guajava Guava 45 25 - 30 + + March, 2012 
Citrus tangelo  Tangelo - 110 - 6 + + April, 2012 
Citrus sinensis Sweet Orange - 80 - 6 + + April, 2012 
Citrus nobilis 
(deliciosa) 

Tangarine - 90 - 4 + + April, 2012  

Citrus paradisi Grapes - 42 - - + - Mar/April,  2012 
Citrus reticulata Cleopatra 

mandarin 
- 58 10 6 + + Mar/April, 2012 

Thevetia 
peruviana 

Thevetia - 14 - - + - April/May, 2012 

Jatropha curcas Jatropha 20 8 - 12 + + April/May, 2012 
Eucalyptus 
camaldulensis 

Eucalyptus 8 20 - 8 + + April/May, 2012 

Gmelina arborea  Gmelina - 88 - 8 + - April/May, 2012 
Albizia spp. Albizia - 12 - 6 + - April/May, 2012 
Delonix regia Flame of the 

forest 
16 22 20 10 + + May/June, 2012 

Terminalia 
catappa 

Almond - 12 - 2 + + April/ May, 2012 

Hura creptans Sand box tree - 6 - - + - April, 2012 
Crossopteryx 
febrifuga 

African bark 20 22 - 9 + - April/May, 2012 

  7 
(41.2%)a 

16 
(94.1%

)b 

2 
(11.8%)c 

14 
(82.4%

)d 

17 
(100%)

e 

11 
(64.7%

)f 
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a b c 

Plate 4: (a.) Nest of M. ferruginae before disturbance    (b.)   and     (c.) the nest after opening. 
 

 
Plate 5: Brood section and nursing bees 

 

 
a b c 

Plate 6: (a.) Two capped queen cups of M. ferruginae (b.) Raw honey  and (c.) filtered honey harvested from the nest. 
 

 
                                a                                                                     b 

Plate 7: (a.) pollen grains harvested from the M. ferruginae nests (b.) Nest of H. ruspolii in a window. 
 
 
 

Results 

Diversity, nests and behaviour of stingless bees 
Table 1 shows three species of stingless bees encountered in the study area namely Dactylurina staudingeri,Meliponula ferruginaeand 
Hypotrigonal ruspolii.  The species were associated with four (4), three (3) and twenty seven (27) nests respectively.  
One nest of D. staudingeri (Plate 2a) was found on a mango tree, Mangifera indica while the remaining three were located on Balsam 
tree, Daniella oliveri. This represents 11.77% of the total number of nests identified in the study area. D. staudingeri constructs aerial 
nest using wax, resin, plant materials and soil particles in making batumen.  
Attempts to collect Dactylurina staudingeri from the opening of the nest stimulated the watching guards (workers) to attack by biting 
and possibly secreting an alarm pheromone. A sticky substance was left on the cloth of the observer after the attack which looks like 
pollen found in the nest of the bees. After the opening of the nest, the bees remained in the nest for a week before absconding due to 
the disturbance by pests like ants and Apis mellifera stealing the little honey  and pollen left in the store. 
The broods section was in rows, coil and laid vertical (Plate 2b). Large quantities of pollen bread were found in the pollen pots of the 
bees (Plate 2c) and this could be due to the large number of broods found in the nest. Honey could not be harvested from the nests 
because of the time of the year when the nest was opened but honey pots were found. About 214g of pollen bread (Plate 3) was 
harvested from the nest. 
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Three nests of Meliponula ferruginae (Plate 4a) were found, one in a cavity of a dead tree and two in cavities of Gmelina arborea. The 
cavity was lined with batumen (Plate 4b). This represents 8.82% of the total number of the nests identified in the study area. The 
cavity was divided into honey store (Plate 4c), pollen store and brood section (Plate 5).  
The guards of Meliponula ferruginae withdrew and the bees were only hovering in the air when the nest was disturbed.  Meliponula 
ferruginae did not show any sign of aggressiveness. The brood section was in layers laid horizontally (Plate 5c). Two queen cells were 
found in the nest (Plate 6a). Average of 1.5 litres (Plate 6b and 6c) of honey was harvested from the nest during the nectar dearth 
period (wet season).   About 322g (Plate 7a) of pollen was harvested from the nest.  
Twenty seven (27) nests of Hypotrigona ruspolii were identified in the study area. They were found in windows (Plate 7b), doors, and 
walls of old buildings. This represents 79.41% of the total number of the nests identified in the study area.  The nests were not opened 
because they were found in windows and doors.  
 
Pollination Activity 
Table 2 shows that a total of seventeen plants/crops were  visited by stingless bees out of which eight were fruit crops (Anacardium 
occidentale, Mangifera indica, Psidium guajava, Citrus sinensis, Citrus tangelo, Citrus nobilis, Citrus paradisi, Citrus reticulata), 
two were oil crops (Jatropha curcas and Thevetia peruviana) and seven were trees of economic importance (Gmelina arborea, 
Delonix regia, Eucalyptus camaldulensis, Albizia spp., Terminalia catappa, Hura creptans and Crossopteryx febrifuga) in the study 
area. Dactylurina staudingeri was found on 41.2% of the plants, H. ruspolii on 94.1%,   M. ferruginae on 11.2% and Apis mellifera 
(common honey bees) on 82.4%.   All the flowering plants identified were pollen producers (100%) while 64.7% were nectar 
producers. The data collected indicated that these plant species provided a food source for the bees in the form of pollen and nectar. 
Table 2 further shows that D. staudingeri was found in great numbers on fruit crops ( A. occidentale, M. indica and P. guajava), oil 
crop ( J. curcas) and trees. It was found mostly on A. occidentale followed by P. guajava. Hypotrigona ruspolii was found in great 
number mostly on fruit crops especially Citrus species except A. occidentale. It  was also present  on the two oil crops and  trees  with 
the highest number occurring on G. arborea.Meliponula ferruginae was only found on two plants , a fruit crop (C. reticulata) and a 
tree (D. regia). Apis mellifera  was found in all the fruit crops except Citrus paradisi and it was more on A. occidentale, M. indica and 
P. guajava than  Citrus species. It was also found on J. curcas but not on T. peruviana. It was found in all the trees except H. creptans. 
Hypotrigona ruspolii visited all the plants except A. occidentale and it was more on most of the plants than other honey bees. Higher 
numbers of D. staudingeri  visited many of the plants compared to A. mellifera. 
 
 
Discussion 

Diversity, Nests and Behaviour of Stingless Bees 
Three species of stingless bees namely Dactylurina staudingeri, Meliponula ferruginae and Hypotrigonal ruspolii have been identified 
in the University of Ilorin agro forest. The findings showed that D. staudingeri construct aerial nest while M. ferruginae and H. 
ruspolii are cavity nesters. D. staudingeri found on tops of D. oliveri and M. indica could be a defence mechanism adopted by the 
species.  D. staudingeri nests were found more on Daniella oliveri and this might be due to the tallness of the tree which was about 
15m in height. The behaviour of the bees showed that they were not as aggressive as Apis mellifera. The alert pheromone secreted by 
D. staudingeri when biting was not as strong as that of Apis mellifera.  Dactylurina staudingeri and Meliponula ferruginae can survive 
in the study area considering the large quantities of pollen and the number of broods associated with their nests.  Elton et al., (33) 
showed strong positive correlation between brood and pollen collection. This further demonstrated that they were aggressive pollen 
collectors indicating that they are efficient pollinators. Delaplane and Daniel (34) reported that pollen collectors are efficient 
pollinators. 
 Meliponula ferruginae did not show any sign of aggressiveness during honey harvest. Within a month after disturbance the bees 
rebuilt the nest. This is a good behavior of bees that can be cultured for honeybee products and pollination in the study area.  
Finding the nests of Hypotrigona ruspolii in windows, doors and walls is an indication of deforestation indicating indiscriminate 
felling of trees as species of trees hosting the bees might have been cut. The species richness of honey bees   and where they are found 
can serve as a bio indicator of the state of the environment (Kevan, 1999). 
 
Pollination Activity 
The plants visited by the bees in the study area were pollen producers  which stand the better chance of being pollinated by the bees 
because the bees  visited many flowers of the same species. Delaplane and Daniel (34) observed that honey bees exclusively visited 
many flowers of the same species during a single trip and the pollen has a greater chance of coming in contact with stigma, the 
pollination efficiency of the plants might be improved. In another investigation, Freeet al., (35) observed that pollen foragers provide 
better pollination than nectar foragers.  
This research demonstrated that most of the fruit crops in the study area were pollinated by stingless bees considering the large 
number of H. ruspolii found on Citrus sinensis, Citrus paradisi, Citrus nobilis, Citrus reticulata,  Citrus tangelo and Mangifera indica 
as well as large number of D. staudingeri on Anacardium occidentale, Psidium guajava and Mangifera indica. Slaa et al., (19) 
demonstrated that starfruits, mango, durian, watermelon, guava and coconut could be pollinated by stingless bees. This was further 
buttressed by Klein et al., (5) who showed that yields of certain fruit, seed and nut crops will decrease by 90% without stingless bees. 
Two oil crops (biodiesel crops), Jatropha curcas and Thevetia peruviana were pollinated by stingless bees as only H. ruspolii was 
found on Thevetia peruviana and D. staudingeri and H. ruspolii were found collecting pollen and nectar on Jatropha curcas. This was 
also demonstrated by Klein et al., (5) who showed that yields of certain fruit, seed and nut crops will decrease without honey bees 
which are efficient pollinators. This was further proved by Gallai et al., (36) who showed that the leading pollinator-dependent crops 
are vegetables and fruits followed by oil crops, stimulants (coffee, cocoa etc.), nuts and spices. 
Stingless bees identified in the area were responsible for the pollination of trees of economic importance like Gmelina arborea, 
Eucalyptus camaldulensis, Terminalia catappa and Delonix regia. 
The high foraging density of H. ruspolii on Citrus sinensis, Citrus paradisi, Citrus nobilis, Citrus reticulata, Citrus tangelo, 
Mangifera indica and Gmelina aborea might be because they produce large quantities of nectar and pollen and have conspicuous 
flowers.  Similar observation was made by Southwick et al., (37) that  bee visitation rates increased in flowers patches with increasing 
number of nectar bearing flowers, nectar volume and sugar concentration. 
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Meliponula ferruginae found on very few plants showed that the bees are selective and exhibit flower constancy and bees that exhibit 
high flower constancy are efficient pollinators. Heinrich (38) and Wells and Wells (39) had earlier demonstrated that honey bees 
showed flower constancy by restricting their foraging activity to one or few flowering species. 
 
 
References 

1.  Corbet SA, Williams IH and Osborne JL: “Bees and the pollination of crops and wild flowers in the European Community,” 
BeeWorld, vol. 72, pp. 47–59, 1991, 1991. 

2.  Delaplane KS and Mayer DF: Crop Pollination  by Bees, CABI Publishing, Wallingford, UK., 2000. 
3.  Losey JE and Vaughan M: The economic value of ecological services provided by insects,” BioScience 56(4): 311–323, 2006. 
4.  FAO: Pollinators: Neglected biodiversity of importance to food and agriculture CGRFA-11/07/Inf.15. Food and Agriculture 

Organization of United Nations, Rome, 2007. 
 Food and Agriculture Organisation of the U.N. at www.fao.org/ag/magazine/0512sp1.htm  
5.  Klein AM, Vaissiere BE, Cane JH, Steffan-dewenter I, Cunningham SA, Kremen C and Tscharntke T: Importance of 

pollinators in changing landscapes for world crops. Proceedings of Royal Society of London [Biology] 274 (1608): 303-313, 
2007. 

6. Bawa KS, Bullock SH, Perry DR, Coville RE and Grayum MH: Reproductive biology of tropical lowland rain forest trees. II 
Pollination System. Am. J. Bot 72:346-356, 1985. 

7.  Samejima H, Marzuki M, Nagamitsu T and Nakasizuka T: The effects of human disturbance on a stingless bee community in a 
tropical rainforest. Biological Conservation 120:577-587, 2004. 

8.  Goulson D, Lye GC and Darvill B: Decline and Conservation of Bumble Bees. Annual Review of Entomology 53:191, 2008. 
9.  Krebs JR, Wilson JD, Bradbury RB and Siriwardena GM: The second silent spring? Nature, 400(6745): 611–612, 1999. 
10.  Kremen C, Williams NM and Thorp RW: Crop pollination from native bees at risk from agricultural intensification. 

Proceedings of the National Academy of Sciences of the United States of America, 99(26):16812–16816, 2002. 
11.  Biesmeijer JC, Roberts SPM and Reemer M: “Parallel declines in pollinators and insect-pollinated plants in Britain and the 

Netherlands,” Science, vol. 313, no. 5785, pp. 351–354, 2006. 
12.  Kremen C: Pollination services and community composition: does it depend on diversity, abundance, biomass or species traits? 

In: Freitas & Pereira ed., Solitary bees: conservation, rearing and management for pollination. Fortaleza, p.115-124, 2004. 
13.  Imperatriz Fonseca VL: Best Management Practices in Agriculture for Sustainable Use and Conservation of Pollinators. 

Agreement FAO-S. Paulo University Report. Page 7, 2006. 
14.  Maeta Y, Tezuka T, Nadano H and Suzuki K: Utilization of the Brazilian stingless  bee, Nannotrigona testaceicornis, as a 

pollinator of strawberries. Honeybee Science 13: 71-78, 1992. 
15.  Malagodi-Braga KS and Kleinert AMP: Could Tetragonisca angustula Latreille  (Apinae, Meliponini) be used as strawberry 

pollinator in greenhouses? Australian Journal of   Agricultural Research 55 (7): 771-773, 2004. 
16.  Cruz D de O, Freitas BM, Silva LA da Silva SEM da and Bomfim IGA: Use of the stingless bee Melipona subnitida to 

pollinate sweet pepper (Capsicum annuum L.) flowers in greenhouse. Proceedings of the 8th IBRA International Conference on 
Tropical Bees and VI Encontro sobre Abelhas, p.661, 2004. 

17.  Eltz T, Brühl CA, Imiyabir Z and Linsenmair KE Nesting and nest trees of stingless bees (Apidae: Meliponini) in lowland 
dipterocarp forests in Sabah, Malaysia, with implications for forest management. Forest Ecology and Management 172:301-
313, 2003. 

18.  Heard TA: The role of stingless bees in crop pollination. Annual Review of Entomology 44:183-206, 1999. 
19.  Slaa EJ, Sanchez Chaves LA, Malagodi-Braga KS and Hofstede FE: Stingless bees in applied pollination: practice and 

perspectives. Apidologie 37:293–315, 2006. 
20.  Schwarz: (Hymenoptera, Apidae, Apinae) - bionomia e biogeografia. Revista Brasileira de Entomologia 47(3): 311-372, 1939. 
21.  Sakagami SF, Yamane S and Hambali GG: Nests of some Southeast Asian Stingless bees. Bulletin of the Faculty of Education, 

Ibaraki University 32:1-21, 1983. 
22.  Heithaus, ER: Flower-feeding specialization in wild bee and wasp communities in seasonal neotropical habitats. Oecologia 

42:179-194, 1979. 
23.  Biesmeijer JC, Slaa EJ, Siqueira de Castro M, Viana BF and Kleinert A: Connectance of Brazilian social bee – food plant 

networks is influenced by habitat, but not by latitude, altitude or network size. Biota Neotropics 5:1-9, 2005. 
24.  Roubik DW: Nest and colony characteristics of stingless bees from Panama (Hymenoptera Apidae). Journal of Kansas 

Entological Society, 56(3): 1983. 
25.  Salmah S, Inoue T and Sakagami SF: An analysis of bee richness (Apidae) in central Sumatra. In: Sakagami, S.F., Ohgushi, R,  

Roubik, D.W.-Eds- Natural History of social wasps and bees in Equatorial Sumatra. Hokkaido University Press, Sapporo, pp 
139-174, 1990. 

26.  Oliveira M, Morato EF and Garcia MVB: Diversidade de espécies e densidade de ninhos de abelhas sociais sem ferrão 
(Hymenoptera, Apidae, Meliponinae) em floresta de terra firme da Amazônia central. Review of Brasilian Zoology 12 (1): 13-
24, 1995. 

27.  Jatto SO and Ogunlela AO: Rainfall erosivity parameter effects on soil erosion rates in Ilorin, Nigeria. Centre point Science 
Edition 19(1): 1-9, 1988. 

28.  Akintola JO: Rainfall Distribution in Nigeria 1982-1983. Impact Publishers, Ibadan, 1986. 
29.  Jimoh HI: Modelling sediment yield from different land use surfaces in Ilorin City, Nigeria. Ph.D Research Proposal, Dept. of 

Geography, University of Ilorin, Nigeria, 1992. 
30.  Jatto BO: Influence of rainfall erosivity parameters on soil erosion rates in Ilorin, Nigeria. Unpublished M. Eng. Thesis. 

Department of Agricultural Engineering, University of Ilorin, Ilorin, Nigeria, 1994. 
31.  Eardley CD: Taxonomic revision of the African stingless bees ( Apoidae: Apidae: Meliponini). African Plant Protection 10(2) 

63-96, 2004.  
32.  Kwapong P, Aidoo K, Combey R and Kankari A: Stingless Bees Importance, Management and Utilization: A Training Manual 

for Stingless Bees Keeping, Unimax Macmillan Ltd., Ghana (2010).  



M.T. Liadi et al 

 12 

33.  Elton W and Herbert JR: Honey bee nutrition. In: Graham JM (ed), The hive and the honey bee. 197-233 Dadant, Hamilton, 
1992. 

34.  Delaplane KS and Daniel FM: Crop pollination by bees. CABI publishing U.S.A., 2000. 
35.  Free JB, Nancy W and Jay SY: The effect of foraging behaviour of moving honey bee colonies to crops before and after 

flowering had begun. Journal of Economic Entomology 53: 564-566, 1960. 
36.  Gallai N, Salles JM, Settele J and Vaissiere BE: Economic valuation of the vulnerability of world agriculture confronted with 

pollinator decline. Ecological Economics 68: 810-821, 2009. 
37.  Southwick EE, Loper GM and Sadwick SE: Nectar production, Composition energetic and pollinator attractiveness in spring 

flowers of western New York. American Journal of Botany, 1981. 
38.  Heinrich B: Energetics of pollination. Annual Review of Ecology and Systematics, 6:139–170, 1975. 
39.  Wells H and Wells PH: Honey bee foraging ecology: optimal diet, minimal uncertainty or individual constancy? Journal of 

Animal Ecology 52(3): 829–836, 1983. 
 
 
 
 
 
 


