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sieboldii at the three sites. Claw marks were observed on some flowers (Fig. 2). Washitani et al. 

(1995) stated that claw marks, which result from the bumblebee's habit of clinging to the flower while 

visiting, seem to be a useful indicator of the level of pollinator service provided by bumblebees. 

Judging from the above, we think that bumblebees frequently pollinated Primula sieboldii in the 

garden. Further investigations are necessary to obtain sufficient evidence, as we did not observe any 

bumblebees visiting P. sieboldii during our study. However, bumblebees were seen visiting other 

flowering plants in the garden. Between 9:00 and 12:00 on 18, 22, and 26 May, we observed a total of 

29 Bombus ardens Smith on Weigela decora (Nakai) Nakai, Rosa hirtula (Regel) Nakai, Weigela 

hortensis (Sieb. et Zucc.) K. Koch, Rhododendron obtusum (Lindi.) Planchon var. kaempferi 

(Planchon) Wilson, Rosa rugosa Thunb., Sty/ax japonica Sieb. et Zucc., Rhaphiolepis indica (L.) 

Lindi. ex Ker var. umbellata (Thunb. ex Murry) Ohashi, and Rosa multiflora Thunb., and a single 

Bombus diversus Smith on Iris pseudacorus L. B. diversus is considered to be a useful pollinator of P. 

sieboldii, because the length of its proboscis is similar to that of the corolla tube, whereas B. ardens is 

not suitable as a pollinator because of its short proboscis (Inoue and Kato 1990; Washitani et al. 

1995). 

Fruit and seed set in the CE population were lower than in the ST and M O  populations. This may 

have been because there are few flowers around site CE, and few bumblebees were observed there. 

This study showed that it is possible to produce seeds by open pollination in the Tsukuba 

Botanical Garden. Some issues surrounding how to accomplish ex situ conservation in the garden 

using pollinators remain to be resolved. First, a pollinator species that is useful for seed production 

of P. sieboldii should be identified. Second, the activity of this pollinator must be maintained continu-

ously during the flowering season and over a period of several years. Since the environment of the 

farms and residences around the garden is not stable, pollinators that breed and live in the garden are 

desirable. B. diversus is a eusocial insect, and to survive a colony needs a continuous supply of energy 

in the form of nectar and pollen from flowers with a sequential flowering phenology (Heinrich 1976). 

Therefore, we must investigate ways to sustain a working colony, perhaps by supplying a nectar 

substitute when flowers are unavailable, or by providing a suitable building site for a colony. 

There are many other issues that need to be addressed, including seed germination, the selection 

of planting sites, the proportion and spatial distribution of both morphs, and hybridization between 

different populations or species that are in isolated natural habitats . 
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Summary 

The fruit and seed sets of Primula sieboldii resulting from open pollination were investigated in 

three populations in the Tsukuba Botanical Garden, to obtain basal data for ex situ conservation of P. 

sieboldii. The numbers of fruit and seed sets were much higher than those seen in natural populations 

in the Tajimagahara nature reserve , where there is low pollinator activity and low fruit and seed set 
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values , but were similar to numbers seen in a Hokkaido population with high pollinator activity and 

high fruit and seed sets. P. sieboldii seed production in the garden was assessed as high, and is similar 

to that of a natural population with sufficient pollinating service . Although we did not observe 

bumblebees visiting P. sieboldii, two bumblebee species , Bombu s ardens and B. diversus, were seen 

pollinating several other plant species in the garden , and they probably also pollinated the P. sieboldii . 
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