
SHORT COMMUNICATION

Did Drosera evolve long scapes to stop their pollinators from being eaten?
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† Background and Aims Insectivorous plants frequently display their flowers on the ends of long racemes.
Conventional wisdom is that long racemes in insectivorous plants have evolved to provide spatial separation
between flowers and traps, which consequently prevents pollinators from being captured. However, it is also poss-
ible that long racemes evolved for better seed dispersal or to make flowers more visible to pollinators.
† Methods Two sympatric insectivorous plants with identical pollinators were studied: Drosera cistiflora, with an
upright growth form but a short raceme; and Drosera pauciflora, with a basal rosette of traps and a very long
raceme. If long racemes evolved to protect their pollinators then D. cistiflora should capture more pollinators
than D. pauciflora. However, if long racemes evolved to attract pollinators then taller flowers should receive
more pollination visits than shorter flowers.
† Key Results Examination of D. pauciflora and D. cistiflora traps revealed that no pollinators were captured by
either species, suggesting that long racemes did not evolve to protect pollinators from being captured.
Experimental manipulations of flower height in D. cistiflora showed that experimentally shortened plants
received significantly fewer pollination visits than plants which were taller in stature.
† Conclusions Long scapes in Drosera and non-insectivorous plants probably evolved due to similar selective
pressures such as pollinator attraction.

Key words: Carnivorous plant, Drosera cistiflora, Drosera pauciflora, food or sex, inflorescence height,
insectivorous plant, pollination, pollinator attraction, pollinator–prey conflict, pollinator protection, prey-capture.

INTRODUCTION

Inflorescence height is frequently viewed as being a trade-off
between pollinators selecting for greater inflorescence height
and herbivores selecting for reduced inflorescence height.
Multiple studies have shown that plants with longer scapes
have greater reproductive success than shorter-scaped plants
(e.g. Hainsworth et al., 1984; Ehrlen et al., 2002; Agren
et al., 2006; Vanhoenacker et al., 2006; Vandewoestijne
et al., 2009), although it is sometimes not clear whether this
is because longer-scaped plants simply have more resources
than shorter-scaped plants or whether they are more attractive
to pollinators. Other studies (e.g. Peakall and Handel, 1993;
Donnelly et al., 1998; O’Connell and Johnston, 1998; Lortie
and Aarssen, 1999) actually examine the visitation rates
(directly or through pollen or pollinaria deposition/removal)
of short- and long-scaped plants and show that long-scaped
plants are often actively favoured by pollinators over short-
scaped plants, perhaps because they are more visible.
However, much longer inflorescences may be selected
against if pollinators search for flowers within a particular
height range, e.g. Peakall and Handel (1993). It has also
been shown that longer-scaped inflorescences are more likely
to be grazed than shorter-scaped inflorescences (e.g. Ehrlen,
1997; Torang et al., 2006), probably because they are also
more visible to grazers. Seed predators and pathogens may
also have negative effects on inflorescence height (Galen
and Cuba, 2001; Collin et al., 2002; Leimu et al., 2002;
Cariveau et al., 2004; Giles et al., 2006) for the same

reason. In addition to pollinator attractiveness, some plants
exhibit post-floral elongation of their flower stalks, possibly
in order to increase seed dispersal distances (Verbeek and
Boasson, 1995), so elongated scapes may also be interpreted
in this context. Very few studies have investigated the
effects of scape length on seed dispersal ability.

Interestingly, the long scape lengths frequently observed for
insectivorous plants are usually interpreted not as adaptations
to attract pollinators or disperse seeds but rather as adaptations
to protect pollinators from becoming ensnared (Juniper et al.,
1989; Givnish, 1989; Ellison and Gotelli, 2001; Ellison et al.,
2003). This so-called pollinator–prey conflict is hinted at by
Wickler (1968) and Wiens (1978), who point out that the
pitfall traps of Sarracenia look and smell similar to flowers,
and may in fact mimic them in order to trap pollinators.
This is also supported by Jurgens et al. (2009), who found
that the traps of some Sarracenia plants produced scent vola-
tiles which were similar to the volatiles produced by flowers,
thus potentially attracting would-be pollinators to their traps.
However, actual evidence for this pollinator–prey conflict is
very scarce and is supported by a single study (Zamora,
1999), who showed that in marginal habitats which were
shady, very small pollinators such as thrips and tiny beetles
contributed significantly to seed set in Pinguicula vallisnerii-
folia. These pollinators were frequently captured by the
Pinguicula plants, which were pollen limited and may have
been consuming potential pollinators.

In contrast, Anderson and Midgley (2001) showed that the
distribution of Drosera scape lengths suggested that the
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evolution of elongated scapes in Drosera was driven by the
same selective pressures as those that drove long scapes in
non-insectivorous plants. They hypothesized that long scapes
evolved for pollinator attraction (pollinator attraction hypoth-
esis or PAH) or seed dispersal and not to protect their pollina-
tors from sticky traps (pollinator protection hypothesis or
PPH). They showed that Drosera with upright growth forms
seldom produced long scapes whereas it was only rosette
growth forms of Drosera which produced long scapes in
order to elevate their flowers from ground level. However,
another potential reason for the lack of long scapes in
upright forms may simply be related to the architectural con-
straints associated with the lack of stability and strength
when building a long scape on an already tall plant and then
on top of that a large flower. Some support was found for
the PAH by Murza et al. (2006), who found that there was
very little overlap between the pollinators and the prey of
Drosera anglica. However, in order to distinguish properly
between the PAH and the PPH, it would be better to make a
comparison of pollinators and prey between two sympatric
species of Drosera, one with a rosette growth form and a
long scape, and the other with an upright growth form and a
short scape.

Such a site was found in a small private nature reserve in
Darling, South Africa, where two Drosera species grow sym-
patrically (Fig. 1A, B). One species, Drosera pauciflora, has a
rosette growth form and a long scape of about 156 mm in
length which supports a large pink–purple flower (Fig. 1B).
The other species, Drosera cistiflora, has a thin upright stem
of about 120 mm in length which supports sticky traps along
its entire length. The traps and flowers are separated by a
very short peduncle of about 28 mm (Fig. 1B). The flowers
of the two Drosera species are of similar height above
ground. D. cistiflora flowers in this population vary from
white to pink–purple, which seems very similar to that
found in D. pauciflora. I expected that if PPH has driven the
elongation of scapes in D. pauciflora, then this species
should capture fewer pollinators than its short-scaped counter-
part, D. cistiflora. If PAH has driven the elongation of
D. pauciflora scapes then I would not expect to see any differ-
ences in the pollinator capture rates of the two species but I
would expect to find differences in the attractiveness of tall
versus short flowers to pollinators.

METHODS

Similarities and differences between Drosera species

In order to compare pollinator capture rates between the two
Drosera species, it is important to establish first whether they
indeed have similar pollinator fauna. Similarity in pollinator
fauna is likely to be directly related to how similar the flowers
of the two Drosera species are. Because D. cistiflora seemed
to vary in colour, I only used pink–blue D. cistiflora flowers
throughout the entire study as these most closely resembled
D. pauciflora to my eyes. I used an Ocean Optics (Dunedin,
FL, USA) S2000 spectrometer and Ocean Optics DT-mini deu-
terium tungsten halogen light source (200–1100 nm) to deter-
mine the spectral reflectance over the UV–visible range
(300–700 nm) for both species using representative samples

from flowers used in the study. Reflectance readings were
taken from the outer petals of ten flowers of each species (n ¼
10 per species). Readings were taken through a fibre-optic
reflection probe (UV/VIS 400 mm) held at 458 and about
5 mm from the surface of the petal.

In addition to colour spectrum comparisons, the distance
from ground level to the bottom of the calyx was measured
for D. cistiflora (n ¼ 21) and D. pauciflora (n ¼ 37) in order
to compare floral height of the two species. Using the same
replication I also measured the scape length of each species
from the point of highest leaf attachment to the bottom of
the calyx. Flower–trap separation was measured as the dis-
tance between the flower (bottom of calyx) and the nearest
trap. Finally flower size was measured as the distance
between the widest points on the flower. Differences
between the flowers were analysed using t-tests.

Similarities in pollinator fauna

Five hundred flowers of each species were randomly
selected and examined for pollinators. This was done over 6
d and two seasons. Pollinators were identified to subfamily
or family level. In addition to random examination of
flowers I also made stationary observations on groups of ten
inflorescences for each species. Each group of ten inflores-
cences was watched between 0900 and 1600 h during sunny,
windless conditions. This was repeated over 6 d per species
and took two seasons to complete. All visitors were recorded
to family or subfamily level. I combined the pollinator
numbers obtained from the two observation methods because
there were equal observation efforts for each plant species.
Pollinators were divided into groups based on their size and
taxon and each group was analysed for differences in occur-
rence on the two Drosera species using chi-square tests,
expected versus observed frequencies, where I expected to
find equal numbers of pollinators on each Drosera species.

Captured prey

The traps of 350 flowering individuals from each of the two
Drosera species were examined for pollinators observed in
prior pollinator observations. In addition to this, the traps of
15 individuals from each species were thoroughly examined
and all prey recorded to order level and total body length
was measured using a steel ruler. It was not possible to identify
most prey items beyond order level as they tended to be very
small and in poor condition.

Does display height affect visitation rate?

Drosera pauciflora flowers were cut and placed in test tubes
and these test tubes were arranged in ten pairs. One tube in
each pair was placed so that the flower was about 150 mm
above ground level, simulating a normal D. pauciflora plant
with an average scape length. The other test tube was buried
in the ground so that the flower was about 10 mm above
ground level, simulating a D. pauciflora plant that had not
evolved a long scape. The ten pairs were watched and pollina-
tors were recorded when they landed on the flowers. Data were
not normally distributed and so the numbers of pollinators
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landing on the two treatments were compared using a
Wilcoxon matched-pairs test.

RESULTS

Similarities and differences between Drosera species

Drosera cistiflora flowers (171.00+ 25.12 mm, mean+ s.d.)
were very slightly taller than D. pauciflora flowers
(156.38+ 25.42 mm, t ¼ –2.11, P ¼ 0.0386). The flowers of
D. cistiflora were held upright by a very short scape
(49.19+ 13.25 mm) whereas the D. pauciflora scape was con-
siderably longer (156.38+ 25.42 mm, t ¼ 17.94, P ,
0.00001, Fig. 1). This translated into a small flower–trap

separation distance for D. cistiflora (27.71+ 16.16 mm) com-
pared with a large separation distance in D. pauciflora
(156.38+ 25.42 mm, t ¼ 20.88, P , 0.00001). The flowers
of D. cistiflora and D. pauciflora were of the same size
(23.76+ 2.84 and 22.89+ 2.75 mm, respectively, t ¼ –1.14,
P ¼ 0.2572, Fig. 1). In addition to similarities in plant
height and flower size, the colours of the flowers as measured
by spectrophotometry were also very similar (Fig. 2).

Similarities in pollinator fauna

Large, robust monkey beetles (Hopliini) made up most
of the pollinators (in excess of 58 %) for both Drosera
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FI G. 1. (A) Drosera cistiflora showing the small distance separating the traps and flower. (B) Drosera pauciflora showing with a long scape and large distance
separating flowers from traps. (C) A large monkey beetle visiting a D. cistiflora flower for pollen. (D) A Tabanid fly on the petal of D. cistiflora. (E) The typical
size of the prey items captured by D. cistiflora. (F) D. pauciflora with a large monkey beetle in the foreground and several smaller monkey beetles in the

background.
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species (Fig. 3). A single species of Chrysomellid beetle was
also very commonly found on the flowers of both species,
making up more than 18 % of visitors on the flowers
(Fig. 3). None of the pollinator groups was significantly
more numerous on either of the Drosera species (x2 , 0.08,
P . 0.75 for all taxa) and the size of all insects observed
touching either the stigmas or the anthers tended to be large
and in excess of 5 mm in length (Fig. 3).

Captured prey

Insects captured by the traps of the plants tended to be tiny,
averaging less than 2.0 mm in length for both plant species.
Only a single pollinator was observed in the traps of
D. pauciflora (a Chrysomellid beetle) and none was observed
in the traps of D. cistiflora. Of the prey items captured by
D. cistiflora, over 97 % were diptera compared with 72 %
for D. pauciflora. Crawling invertebrates such as beetles, ara-
chnids and ants made up the bulk of the additional prey items
captured by D. pauciflora.

Does display height affect visitation rate

Twenty beetles (mean 2+ 1.15) visited the flowers of the
tall Drosera plants and only one (mean 0.1+ 0.32) visited
the shortened Drosera plants (Z ¼ 2.666, P ¼ 0.008).

DISCUSSION

To the human eye, the flower colour of the D. cistiflora speci-
mens used for this study was very similar to that of the
D. pauciflora specimens. This was confirmed using spectro-
photometry, which indicated an overlap in the reflectance
spectra of these two species across most of the colour range
investigated. The similarities between these two species also
included similar heights of the flowers from ground level
and almost identical flower size. Probably due to the similarity
in floral colour, size and height above ground, pink–purple
coloured D. cistiflora and D. pauciflora also had very similar
pollinator faunas that comprising mostly large beetles, includ-
ing several monkey beetle species and one Chrysomellid.
Bombyliid and Tabanid flies were also seen visiting both of
these species occasionally. The similarity of the pollinator
fauna allowed me to compare pollinator capture rates

without the capture rates being biased by the two Drosera
species having vastly different sets of pollinator species.

After extensive surveys of the insects captured by the long-
scaped D. pauciflora, it appears that there is no overlap
between the pollinator fauna and the fauna trapped by the
plant. Drosera pauciflora traps mostly very small, delicate
flies and minute crawling insects but is pollinated by robust
beetles and occasionally large flies. Exactly the same non-
overlapping trend was observed for D. cistiflora except that
this species seemed to trap fewer crawling insects and more
minute flies. The lack of overlap between pollinator and prey
species may simply reflect the fact that flying pollinators are
not motivated to land on the traps of plants, especially when
there are showy flowers present. These results clearly suggest
that the long scapes in D. pauciflora did not evolve to
protect pollinators from being captured by plants (PPH). If
the PPH was valid, then pollinators would have been captured
in the traps of the short-scaped D. cistiflora but not in the traps
of the long-scaped D. pauciflora.

To explain the presence of long scapes in D. pauciflora,
I examined a competing hypothesis, the PAH. I found that
pollinators were strongly attracted to tall flowers but not to
flowers at ground level. This suggests that D. pauciflora is
similar to non-insectivorous plants (e.g. Peakall and Handel,
1993; Agren et al., 2006; Vanhoenacker et al., 2006) in that
pollinator attraction can account for the long scapes. These
results experimentally support the earlier results of Anderson
and Midgley (2001), who used the relationship between
floral–trap separation and plant height to infer that the PPH
was not important in selecting for long scapes.

These results suggest that the idea of pollinator protection
has been over-emphasized in the literature, without being
properly tested. Long scapes are very common in other plant
species, especially bulbs or plants where the leaves are pro-
duced very close to ground level. Despite all the evidence
suggesting that long scapes in non-insectivorous plants are
clearly not a product of pollinator protection, biologists have
strangely persisted in their support of the PPH as the selective
force for long scapes in insectivorous plants (e.g. Ellison and
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Gotelli, 2001; Ellison et al., 2003; Giles et al., 2006), perhaps
because it makes for a compelling story.

The one study which did find pollinator–prey conflict
(Zamora, 1999) found that thrips were important pollinators
in shady habitats and these were often captured. I suggest
that thrip pollination is far less important in the habitats
where Pinguicula are normally found and that thrips may in
fact be detrimental in these habitats because they do not
move much between flowers and may cause higher rates of
self-pollination or pollen discounting. It is unlikely that the
importance of thrips in marginal habitats could have driven
the evolution of long scapes in Pinguicula. Further pollina-
tor–prey studies are necessary to determine whether real con-
flict occurs in other insectivorous plant species or whether long
scapes in plants such as Sarracenia, Nepenthes and Dionaea
can also be attributed primarily to pollinator attraction.
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