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ABSTRACT:  Foraging traits of honeybees and Osmia bees have previously been compared in crop
production. However, less is known about the difference in foraging traits during visits to wild flow-
ers. We conducted experiments to clarify the foraging behavior of Osmia orientalis visiting wild rasp-
berry Rubus hirsutus and compared it with two solitary bees (Micrandrena spp. and Ceratina

flavipes) and two honeybee species (Apis mellifera and A. cerana japonica). The average number of
visiting individuals of O. orientalis was greater than that of honeybees. For O. orientalis, the han-
dling time and the number of flowers that an individual visited were no different from those of hon-
eybees. However, more O. orientalis individuals than honeybees collected pollen. The study suggests
that the foraging activity of O. orientalis for wild raspberry would be as high as that of honeybees. 

KEY WORDS: Handling time, honeybee, Megachilidae, visitation frequency

The Mason bee Osmia orientalis Benoist (Hymenoptera: Megachilidae) is one

of seven Osmia species in Japan (Maeta and Miyanaga, 1999). Osmia bees visit

the same floral resources as social honeybee species, such as the European hon-

eybee Apis mellifera L. and Japanese honeybee A. cerana japonica Radosz kow -

ski in Japanese rural environment, Satoyama (Miyamoto, 1959a, b). A compari-

son of the foraging traits between honeybee and Osmia bees was conducted in

fruit trees, where Osmia bees were shown to be effective pollinators and seed set

compared to honeybees (Maeta and Kitamura, 1981; Bosch and Blas, 1994;

Sampson and Cane, 2000; Vicens and Bosch, 2000; Monzón et al., 2004; Cane,

2005). However, previous studies have not compared the foraging traits of these

bees when they visit wild flowers. Here, we present a study of the foraging be -

havior of O. orientalis Benoist visiting wild raspberry Rubus hirsutus Thunb.

Raspberry R. hirsutus flowers in early spring, and the flowering season coincides

with the occurrence of solitary bees including several Osmia bees. We examined

whether the foraging pattern of the female, i.e. handling time and the number of

sequential flower visits, differs from that of honeybees and other solitary bees.

MATERIALS AND METHODS

All experiments were conducted on the Nara campus of Kindai University,

Nara, Japan (34º40'N, 135º43'E). We selected a wild raspberry community on the
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campus that was located on the roadside near a storage reservoir. The flowering

area was approximately 750 m2, re spectively, and each site was considered to be

one clump. Four observation plots, each of which (1x1 m) was compartmented

by using white vinyl rope, were randomly selected. Before the experiments, the

number of flowers in each observation plot was manipulated to minimize floral

variation. That is, we set ap prox imately 45 flowers (specifically, 40–50) in full

bloom (within 2 days of open ing) per observation plot by either cutting or adding

flowers. We added flowers to the observation plots by bending a long branch with

flowers. The main bee visitors of R. hirsutus were five species: A. mellifera, A. c.

japonica, O. orientalis, Micrandrena spp. and Ceratina flavipes. Except for the

two honeybees, the other visiting species were solitary bees that occur in the

spring season and visit several wild flowers. The five bee species were classified

into two groups according to their body size, i.e. large bees (A. mellifera, A. c.

japonica, and O. orientalis) and small bees (Micrandrena spp. and C. flavipes).

The observations of handling time and foraging patterns were conducted be tween

0900 and 1400 h on 3 days, i.e. 30 April, 1 May, and 3 May, at site B in 2006.

The observations of the number of sequential flower visits were conducted on 2

days at site B, i.e. 30 April and 1 May 2006. First, flower-visiting behavior of an

individual was categorized to one of three foraging types: “nectar-only foragers,”

which collected nectar only from flowers; “pollen-only foragers,” which collect-

ed pollen only; and “pollen-nectar foragers,” which collected both pollen and

nectar. Then, the handling time per flower for each bee was recorded. This was

defined as the time from landing on the flower to leaving after the collection of

floral resources. The number of sequential flower visits for each bee was also

counted. The counting started when an individual bee entered the observation plot

and visited a flower, and ended when the bee left the observation plot. 

A Steel-Dwass test was used to compare the foraging time and the number of

se quen tial flower visits between bee species. A Fisher’s exact probability test

was used to compare the ratio of pollen foragers and nectar-only foragers be -

tween bee species. Pollen foragers included both “pollen-only foragers” and

“pollen-nectar foragers” because these foraging types contributed to the pollina-

tion of wild raspberry. After each test, a sequential Bonferroni correction was

used to deal with the increase in type I errors through multiple pair-wise com-

parisons (Rice, 1989). 

RESULTS and DISCUSSION

The flower handling time of O. orientalis did not differ from that of A. mellif-

era and A. c. japonica (Fig. 1a). The handling time of these three large bee

species was significantly shorter than that of the two small bees: Micrandrena

spp. and C. flavipes (p <0.01, Steel-Dwass test). Handling time of three large

bees was within 7 seconds while that of Micrandrena spp. and C. flavipes was

19.53 ± 2.02 and 22.29 ± 5.46, respectively. When considering the number of
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Fig. 1. Comparison of the handling time per flower (a) and the number of sequential
flower visits per individual among visiting bee species (b) Each bar represents the mean
± SE. Different letters indicate significant differences (Steel-Dwass test, p < 0.05).



sequential flower visits (Fig. 1b), the three large bees visited more flowers than

two small bees did (p < 0.01, Steel-Dwass test). Most frequent flower visitor was

A. c. japonica (7.68 ± 1.07 flowers), followed by A. mellifera (6.04 ± 0.53) and

O. orientalis (5.05 ± 0.44). Two small bees, Micrandrena spp. and C. flavipes,

were less frequent flower visitors. The number of sequential flowers visited by

O. orientalis was similar to that by A. mellifera (p = 0.248, Steel-Dwass test),

whereas there was a significant difference from the two small bees (p < 0.01,

Steel-Dwass test). More over, the proportion of pollen and nectar foragers varied

among bee species (Fig. 2). The proportion of O. orientalis that collected pollen

was significantly higher than that of the two honeybees (p < 0.001, Fishers’ exact

probability test). The pro portion of pollen foragers, i.e. both pollen-only and

pollen-nectar foragers, for European honeybee and Japanese honeybees was 9.3

and 10.0% respectively, whereas for O. orientalis it was 52.1%. The proportion

of individuals of Micrandrena spp. that collected pollen was significently differ-

ent from that of the two honeybees (A. mellifera; p = 0.0006, A. c. japonica; p =

0.0054, Fishers’ exact probability test), whereas there was no difference from

that of O. orientalis and C. flavipes. The proportion of individuals of C. flavipes

that collected pollen was not significently different from the other four bees. 

The results of the present study showed that the foraging activity of the soli-

tary bee O. orientalis is as high as that of both honeybee species. Moreover, O.

orientalis might be an effective pollinator for wild raspberry because approxi-

mately 50% of O. orientalis individuals collected pollen, whereas 80% of visit-
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Fig. 2. Percentage of female individuals that foraged nectar and/or pollen during visits to
flowers. Different letters indicate significant difference in the ratio of (pollen-only for-
agers + pollen-nectar foragers) : (nectar-only foragers).  (Fisher’s exact probability test,
p < 0.05.)



ed individuals of two honeybees collected only nectar. A large proportion of the

other solitary bees, C. flavipes and Micrandrena spp., also collected pollen. We

suggest that in wild raspberry, the pollination efficiency of solitary bees might be

higher than that of social bees. A comparison of the seed set rate or pollen trans-

fer is required to evaluate true pollination efficacy.
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