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pollination occurred when nectar robbers (usually
bumble-bees or carpenter bees) unintentionally came
into contact with these sexual organs. It remains
unclear whether nectar robbers could pollinate flowers
with sexual organs deeply hidden within corollas.
In this study, we examined the possibility of robberlike pollination in distylous Primula secundiflora.
Distylous plants have two floral morphs: pin flowers
with long styles and short stamens, and thrum flowers
with short styles and long stamens. The height
of stigmas in pin flowers corresponds to the height of
anthers in thrum flowers, and vice versa. Most distylous plants are self- and intra-morph incompatible
and distyly has traditionally been viewed as an adaptive
trait to promote inter-morph pollen transfer (Ganders
1979). Recent studies have shown that the effect of
nectar robbing on host plants varies among species
with different mating systems (Burkle et al. 2007;
Zhang et al. 2009), and between different floral types
of sexually polymorphic plants (Zhang et al. 2008).
However, nectar robbing has been reported only in a
limited number of distylous species, and little is
known about the effect of nectar robbing on the evolution and ecology of distyly (Irwin & Adler 2006).
Flowers of P. secundiflora are frequently robbed by
bumble-bees. We found that robbing holes were positioned between high and low sexual organs for both
floral morphs (figure 1). We suggest that nectar robbers touch both high and low sexual organs, and thus
pollinate both floral morphs. We tested this mechanistic hypothesis using detailed observations and
measuring seed production of manipulated flowers
that were visited only by robbers.
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Nectar robbers are thought rarely to pollinate
flowers, especially those with sexual organs
hidden within corollas. In this study, we examined whether robbers pollinate flowers of
distylous Primula secundiflora. Distylous plants
have two floral morphs. Pin flowers have long
styles and short stamens, and thrum flowers
have short styles and long stamens. Flowers of
P. secundiflora were commonly robbed by bumblebees, and robbing holes were always situated
between high and low sexual organs for both
floral morphs. We observed that pollen grains of
pin flowers were removed while thrum flowers
received fresh pollen grains immediately after
flowers were robbed. We manipulated flowers so
that only nectar robbers could visit them. This
resulted in 98 per cent of thrum flowers and
6 per cent of pin flowers setting fruit, and seed
number per thrum fruit was also significantly
higher than per pin fruit. Our findings suggest
that nectar robbers transfer pollen from pin flowers to thrum flowers effectively, and consequently
increase male fitness of the pin morph and
female fitness of the thrum morph. Such asymmetrical pollen flow caused by nectar robbers
may act as an important selective agent in floral
fitness and evolution of distyly.

2. MATERIAL AND METHODS
(a) Study system
Primula secundiflora is a distylous perennial widely distributed in
alpine regions of southwestern China, and the study was conducted
at the Shangri-la Alpine Botany Garden, Yunnan, China (SABG;
278540 2000 N, 998380 1100 E; altitude, 3260 m a.l.s.). Within this
site, individual plants produce 20.0 + 7.2 (mean + s.d.) flowers on
a single main stem (31.4 + 7.9 cm), and 3.9 + 2.0 flowers are
open simultaneously (X.-F. Zhu 2007, unpublished data). The flowers are pendulous bell-shaped (see Zhu et al. (2009) for details of the
floral morphology), and each flower lasts 8.0 + 1.4 days. Like most
other distylous species, this species has a strict self- and intramorph incompatibility system (Wedderburn & Richards 1990).
The number of ovules per flower in the pin morph and thrum
morph is not significantly different (167.4 + 29.5 versus 172.3 +
33.1; t ¼ 0.66, d.f. ¼ 68, p ¼ 0.51), and the ratio of pin morph to
thrum morph does not statistically differ from 1 : 1 ( x 2 ¼ 0.76,
d.f.¼ 1, p ¼ 0.30).
Bombus richardsi was the most abundant visitor, accounting for
50.1 per cent of total visits to P. secundiflora (1319 of 2634 visits in
2007 and 2008). Other visitors included two other bumble-bee
species, Bombus securus (36.6%) and Bombus festivus (5.2%), and a
small unidentified bee species (7.7%). Bombus richardsi acted
mainly as a non-robbing pollinator. However, in 32.8 per cent of
visits, they acted as nectar robbers, chewing a hole through the corolla tube or reusing an existing hole, and inserting their tongues to
remove nectar produced by nectaries below the ovaries (figure 1a).
Although B. richardsi was active throughout the flowering seasons,
it did not rob flowers until the peak season. Our observations
showed that robbers had no preference for pin versus thrum flowers
(Wilcoxon signed ranks test, Z ¼ 21.125, p ¼ 0.26).

Keywords: nectar robbing; distyly; reciprocity;
robber-like pollinator

1. INTRODUCTION
Nectar robbing occurs commonly in flowering plants,
especially those with tubular flowers or flowers with
nectar spurs (Irwin & Maloof 2002). Nectar robbers
usually obtain reward without providing a pollination
service (Inouye 1983; Maloof & Inouye 2000), so
they have frequently been described as cheaters in
the plant – pollinator mutualism system since Darwin
(1872). However, some studies have shown that robbers can directly pollinate flowers (Macior 1966;
Koeman-Kwak 1973; Waser 1979; Higashi et al.
1988; Scott et al. 1993; Guitian et al. 1994; Navarro
2000; Zhang et al. 2007). Such robbers were described
as robber-like pollinators by Higashi et al. (1988). To
our knowledge, in all cases of robber-like pollination,
the stamens and pistils protruded from corollas, and
Received 13 April 2010
Accepted 21 April 2010

(b) Manipulation experiment
To examine whether B. richardsi robbers transfer pollen between pin
and thrum flowers, and thus serve as effective pollinators, we chose
62 and 60 newly opened pin and thrum flowers, respectively, and
immediately tied their corollas with a fine thread. This treatment
impeded legitimate visits, but nectar robbers could get nectar by
piercing holes through flower tubes. We monitored the flowers
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Figure 1. (a) Bombus richardsi robbing a flower; (b) robbed pin and thrum flowers.
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Figure 2. (a) Fruit and (b) seed set of manipulated thrum and pin flowers that could only be pollinated by nectar robbers,
not legitimate visitors ( both p , 0.01).

until their corollas shed to judge whether or not they were robbed.
One month later, we measured fruit and seed sets of robbed and
non-robbed flowers. Fruit set and seeds per fruit were compared
between morphs using a Fisher’s exact test and a Mann– Whitney
U-test.

3. RESULTS
Anthers of pin flowers showed clear scrapes, indicating
pollen had been removed, while thrum flowers had
fresh pollen grains deposited on their stigmas immediately after flowers were robbed. Among all the tied
flowers robbed by bumble-bees, thrum flowers had a
higher probability of setting fruit than pin flowers
(Fisher’s exact test, p , 0.01). Almost all thrum flowers (49/50, 98%) set fruit while only a small
proportion of pin flowers set fruit (3/49, 6%). Seeds
per thrum fruit were also significantly higher than
that averaged from the three pin fruits (thrum:
81.1 + 23.8, pin: 26.7 + 18.6; Mann – Whitney
U-test, p , 0.01) (figure 2). For tied flowers that
were not robbed, neither thrum flowers (12) nor pin
flowers (11) set fruit.
Biol. Lett. (2010)

4. DISCUSSION
Because P. secundiflora is self- and intra-morph incompatible, successful reproduction relies on pollen
transfer between two floral morphs by insect visitors.
Our study showed that, even when ‘robbing’ nectar
by cutting holes though the corolla, the bumble-bee
B. richardsi could still be an effective pollinator. However, their effectiveness is asymmetrical, with high
success in pollinating thrum flowers but low success
in pollinating pin flowers (figure 2). This result
suggests that it is mechanically unlikely for the nectar
robbers to contact stigmas of pin flowers and anthers
of thrum flowers. In fact, we directly observed legitimate bumble-bee visitors occasionally trying to visit
manipulated flowers through tied corollas. Since
stigmas of pin flowers are close to the corolla mouth,
this behaviour could potentially result in a few tied
pin flowers being pollinated, as indicated by the
6 per cent fruit set of pin flowers (figure 2a). In contrast,
stigmas of thrum flowers are positioned at the bottom of
corolla tubes, and it is unlikely that corolla-probing
bumble-bees could contact stigmas when corollas

Downloaded from rsbl.royalsocietypublishing.org on November 15, 2010

Robber-like pollination in a primrose X.-F. Zhu et al.
were tied. The only explanation for the high fruit set of
robbed thrum flowers is that they are pollinated by
nectar robbers. Moreover, the seed set per fruit of
robbed thrum flowers was 88.5 per cent of natural
thrum fruit set during the same period (81.1 + 23.8
versus 91.7 + 27.8). Therefore, bumble-bee nectar robbers appear to be an important part of this pollination
system.
Unlike other species in the Sect. Prolifera whose
flowers are goblet-shaped and horizontal-faced,
P. secundiflora has pendulous flowers with bell-shaped
corollas (Richards 2002). Legitimate visitors have to
hang under corollas when visiting pendulous flowers,
which requires more experience. We observed that
some legitimate bumble-bee visitors fell off flowers
owing to unskilled landings. However, the inverted
bell-shaped flowers are well-suited to nectar robbers
(figure 1a). Thus, robbing is apparently easier for
bumble-bees than legitimate visiting.
Nectar robbing is assumed to be common in flowering plants, especially those with tubular flowers or
flowers with nectar spurs (Irwin & Maloof 2002),
and most distylous species have tubular flowers
(Ganders 1979). However, to our knowledge, this is
the first report of robber pollination in distylous
plants. It is likely that nectar robbing in other distylous
species could similarly result in pollination. Our results
further suggest that robber pollination promotes asymmetrical pollen flow between different floral morphs of
distylous species. This scenario, occurring commonly
in distylous species, has been suggested as a driver of
gender specialization of floral morphs (Lau & Bosque
2003). Because nectar robbers promote asymmetrical
pollen flow, resulting in increased male fitness of pin
morphs and female fitness of thrum morphs, nectar
robbing may act as an important selective agent in
floral fitness and floral evolution.
We are grateful to Zhen-Dong Fang, Director of Shangri-la
Alpine Botany Garden, for providing access to the
Botanical Garden field site, to Jian-Quan Liu, Anthony
R. Ives and two anonymous referees for their helpful
comments on the manuscript. This work was supported by
National Basic Research Programme of China (973
Programme)
2007CB411603,
the
CAS/SAFEA
International Partnership Programme for Creative Research
Teams and the Fund for Top One Hundred Young
Scientists of Chinese Academy of Sciences.

Burkle, L. A., Irwin, R. E. & Newman, D. A. 2007 Predicting
the effects of nectar robbing on plant reproduction: implications of pollen limitation and plant mating system.
Am. J. Bot. 94, 1935–1943. (doi:10.3732/ajb.94.12.1935)
Darwin, C. 1872 The effects of cross and self-fertilization in the
vegetable kingdom. London, UK: Murray.
Ganders, F. R. 1979 The biology of heterostyly. N. Z. J. Bot.
17, 607 –635.
Guitian, J., Sanchez, J. M. & Guitian, P. 1994 Pollination
ecology of Petrocoptis grandiflora Rothm. (Caryophyllaceae); a species endemic to the north-west part of the

Biol. Lett. (2010)

787

Iberian Peninsula. Bot. J. Linn. Soc. 115, 19–27.
(doi:10.1111/j.1095-8339.1994.tb01764.x)
Higashi, S., Ohara, H., Arai, M. & Matsuo, K. 1988 Robberlike pollinators: overwintered queen bumblebees foraging
on Corydalis ambigua. Ecol. Entomol. 13, 411–418.
(doi:10.1111/j.1365-2311.1988.tb00373.x)
Inouye, D. W. 1983 The ecology of nectar robbing. In The
biology of nectaries (eds B. Bentley & T. Elias), pp. 153–173.
New York, NY: Columbia University Press.
Irwin, R. E. & Adler, L. S. 2006 Correlations among traits
associated with herbivore resistance and pollination: implications for pollination and nectar robbing in a distylous
plant. Am. J. Bot. 93, 64–72. (doi:10.3732/ajb.93.1.64)
Irwin, R. E. & Maloof, J. E. 2002 Variation in nectar robbing
over time, space, and species. Oecologia 133, 525–533.
(doi:10.1007/s00442-002-1060-z)
Koeman-Kwak, M. 1973 The pollination of Pedicularis
palustris by nectar thieves (short-tongued bumblebees).
Acta. Bot. Neer. 22, 608 –615.
Lau, P. & Bosque, C. 2003 Pollen flow in the distylous
Palicourea fendle (Rubiaceae): an experimental test of the
disassortative pollen flow hypothesis. Oecologia 135,
593–600. (doi:10.1007/s00442-003-1216-5)
Macior, L. W. 1966 Foraging behavior (Hymenoptera:
Apidae) in relation to Aquilegia pollination. Am. J. Bot.
53, 302 –309. (doi:10.2307/2439803)
Maloof, J. E. & Inouye, D. W. 2000 Are nectar robbers cheaters or mutualists? Ecology 81, 2651 –2661. (doi:10.1890/
0012-9658(2000)081[2651:ANRCOM]2.0.CO;2)
Navarro, L. 2000 Pollination ecology of Anthyllis vulneraria
subsp. vulgaris (Fabaceae): nectar robbers as pollinators.
Am. J. Bot. 87, 980 –985. (doi:10.2307/2656997)
Richards, J. 2002 Primula (new edition). London, UK: BT
Batsford Ltd.
Scott, P. E., Buchmann, S. L. & O’Rourke, M. K. 1993 Evidence for mutualism between a flower-piercing carpenter
bee and ocotillo: use of pollen and nectar by nesting bees.
Ecol. Entomol. 18, 234– 240. (doi:10.1111/j.1365-2311.
1993.tb01095.x)
Waser, N. M. 1979 Pollinator availability as a determinant of
flowering time in ocotillo (Fouquieria splendens). Oecologia
39, 107 –121. (doi:10.1007/BF00346001)
Wedderburn, F. & Richards, A. J. 1990 Variation in withinmorph incompatibility inhibition sites in heteromorphic
Primula L. New Phytol. 116, 149 –162. (doi:10.1111/j.
1469-8137.1990.tb00520.x)
Zhang, Y. W., Robert, G. W., Wang, Y. & Guo, Y. H. 2007
Nectar robbing of a carpenter bee and its effects on the
reproductive fitness of Glechoma longituba (Lamiaceae).
Plant Ecol. 193, 1 –13. (doi:10.1007/s11258-006-9244-y)
Zhang, Y. W., Yang, C. F., Zhao, J. M. & Guo, Y. H. 2008
Selective nectar robbing in a gynodioecious plant
(Glechoma longituba) enhances female advantage. J. Evol.
Biol. 22, 527–535. (doi:10.1111/j.1420-9101.2008.
01669.x)
Zhang, Y. W., Yu, Q., Zhao, J. M. & Guo, Y. H. 2009 Differential effects of nectar robbing by the same bumble-bee
species on three sympatric Corydalis species with varied
mating systems. Ann. Bot. 104, 33–39. (doi:10.1093/
aob/mcp104)
Zhu, X. F., Li, Y., Wu, G. L., Fang, Z. D., Li, Q. J. &
Liu, J. Q. 2009 Molecular and morphological evidence
for natural hybridization between Primula secundiflora
Franchet and P. Poissonii Franchet (Primulaceae). Acta
Biol. Cracov. Bot. 51, 29–36.

