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ABSTRACT 
 

• Pollinator specialisation through exploitation barriers (such as long floral tubes) does 
not necessarily mean a lack of pollination when the favoured pollinator is rare or 

absent. Theory predicts that suboptimal visitors will contribute to plant reproduction 
in the absence of the most effective pollinator. Here I address these questions with 

Chasmanthe floribunda a long-tubed plant species in the Cape Floristic Region, which 

is reliant on one species of pollinator, the long-billed Malachite Sunbird. In contrast 
to short-billed sunbirds, the Malachite Sunbird occurs in lower abundance or is absent 
in transformed landscapes. Short-billed sunbirds rob and thieve nectar from long- 
tubed flowers, but their potential contribution towards pollination is unknown. 

Experiments assessing seed set after single flower visits were performed to determine 

whether thieving short-billed sunbirds can act as substitute pollinators. To determine 

whether short-billed sunbirds reduce pollen limitation in transformed areas, pollen 

supplementation was done by hand and compared to natural fruit set. 

Short billed sunbirds are unable to act as substitute pollinators, and seed set is signifi- 
cantly lower in the flowers that they visited, compared to flowers visited by long-billed 

sunbirds. This is substantiated on a landscape scale, where fruit production in Chas- 

manthe floribunda could artificially be increased by 35% in transformed landscapes, 
but not so in natural areas. 

These findings have important consequences for the management and conservation of 

long-tubed bird-pollinated plant species that exist in recently transformed landscapes. 

The potential vulnerability of specialised plant species in transformed landscapes is 

highlighted. 

 

 
INTRODUCTION 

Recent models suggest that one of the main drivers of floral 

diversification is resource partitioning (see e.g. Rodr ıguez- 
Giron es & Santamar ıa 2006). Resource partitioning is largely 

resilient to pollinators that make suboptimal foraging choices 

and thereby weaken resource partitioning. This resilience can 

shape variation in pollinator assemblages and in doing so, 

potentially aid in explaining the occurrence of co-evolutionary 

changes in multi-species contexts. One potential explanation 

is that pollinator specialisation occurs via exploitation barri- 

ers, but this does not necessarily mean a lack of pollination 

when the favoured pollinator is rare or absent (reviewed in 

Santamar ıa & Rodr ıguez-Giron es 2015). The best known 

exploitative barrier is the flower corolla tube, which excludes 

opportunistic flower visitors and allows nectar to accumulate 
until the main pollinator visits the flower. In the absence of 

the main pollinator, the floral resources can accumulate to 

such an extent that it becomes profitable for other visitors to 

exploit, whether legitimately or illegitimately. Illegitimate visi- 

tors can broadly be classified as nectar robbers or nectar 

thieves. Nectar robbers make and use a hole in the flower to 

obtain nectar, bypassing the opening used by pollinators. In 

contrast, nectar thieves make no hole in the flower but use 

 

the opening used by pollinators; but a mismatch of mor- 
phologies precludes pollination (Inouye 1980). Robbers and 
thieves can exert a positive, neutral or, most commonly, a 
direct or indirect negative effect on plant fitness (reviewed in 

Irwin et al. 2010). Interestingly, illegitimate flower visitors can 

switch to become legitimate visitors when nectar is abundant, 

and in doing so act as pollinators (reviewed in Irwin et al. 
2010). The extent to which a robbing or thieving visitor can 
alter their behaviour and contribute to plant fitness is under- 
explored, in particular in bird pollination systems. 

Bird-pollinated flowers are characterised by being red, 

orange, yellow or white in colour, have large volumes  of 
dilute nectar, lack scent and have robust flowers (van der Pijl 

1961; Cronk & Ojeda 2008). In the Cape Floristic  Region 

(CFR) of South Africa bird-pollinated plants constitute about 

4% (or 318 species) of the flora. Of these, about 40 species 

are entirely reliant on the long-billed Malachite Sunbird 

(Nectarinia famosa) for pollination (Geerts & Pauw 2009). 

Short-billed sunbirds are unable to access the nectar in these 

long-tubed flowers and revert to robbing (Geerts & Pauw 

2009). Under high Malachite Sunbird abundance, short-billed 

sunbirds are chased away from floral resources, which reduces 

robbing rate (Geerts & Pauw 2009). Short-billed sunbirds also 

act  as  thieves  of  a  variety  of  non-tubular  bird-pollinated 
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C. floribunda;  and  (ii)  whether  short-billed  sunbirds  reduce 

pollen limitation of C. floribunda in transformed areas. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. A short-billed Orange-breasted sunbird (Anthobaphes violacea) male 

(a) and female (b) thieving nectar from the long-tubed Chasmanthe flori- 

bunda. 

 

 

flowers (Coombs & Peter 2009; Johnson et al. 2014). Impor- 

tantly, short-billed sunbirds also occasionally thieve nectar 
from long-tubed bird-pollinated flowers. For example, in the 

long-tubed Brunsvigia litoralis, the short-billed Greater Dou- 

ble-collared Sunbird (Cinnyris afra) thieves nectar 4% of the 

time, while 96% of visits constituted robbing (Geerts & Pauw 

2012). In the long-tubed Chasmanthe floribunda the short- 

billed Orange-breasted Sunbird (Anthobaphes violacea) thieves 

nectar in 22% of visits, while robbing constitute 78% of visits 
(Fig. 1; 125 visits observed over 3 years; A. Pauw & S. Geerts, 
unpublished data). Thieving behaviour by short-billed sun- 
birds increases, whilst robbing decreases, when Malachite 
Sunbird abundance is low. When nectar is not utilised by 
Malachite Sunbirds it wells up in the flower tube, discounting 

floral tube length as an exploitation barrier and becoming 
accessible to short-billed sunbirds, which then revert to thiev- 
ing (Geerts & Pauw 2009). Occasional contact with floral 

reproductive  parts  has  been  observed  for  B. litoralis  and 

C. floribunda (S. Geerts, personal observation). Such a beha- 
vioural change could potentially be significant in ensuring 

reproduction in populations where the Malachite Sunbird is 

absent. But whether thieving can contribute to pollination in 

long-tubed bird-pollinated plants when the  main  pollinator, 

the Malachite Sunbird, is absent is unknown. This is particu- 

larly important in a rapidly transforming CFR where, in con- 

trast to short-billed sunbirds, Malachite Sunbirds are rare or 

absent in highly transformed landscapes (Pauw 2004; Geerts 

& Pauw 2012; Pauw & Louw 2012). 

Here I use a selective exclusion experiment to determine the 

contribution of short- versus long-billed pollinators on plant 

reproduction in the long-tubed C. floribunda. At a landscape 

scale, I compare C. floribunda reproduction between trans- 

formed and natural habitats. C. floribunda is an ideal study spe- 
cies since, other than being pollinated by Malachite Sunbirds 

(Van Kleunen et al. 2008; Geerts & Pauw 2009), it is one of few 
long-tubed bird-pollinated plant species that occurs over much 
of the south Western Cape and displays very little tube length 
variation (S. Geerts, personal observation). Specifically the aims 
are to determine (i) whether short-billed thieving sunbirds 
transfer pollen and contribute to pollination in the long-tubed 

 

MATERIAL AND METHODS 

Study sites and species 

Fourteen C. floribunda (Salisb.) N.E.Br. populations across the 

southwestern Cape were studied (Table S1). Study populations 

varied in size from 20 to approximately 1000 plants. Habitats 

were scored as untransformed (whether inside or outside 

reserves) or transformed (populations within agricultural or 

urban areas). Habitat size varied from 0.1 ha to 80,000 ha. At a 

large population  (~1000 plants)  in the Table Mountain 

National Park (close to Scarborough), selective exclusion 

experiments were conducted. This population was selected 

since nectar thieving by  short-billed sunbirds has been 

observed although Malachite Sunbirds are also present. 

Chasmanthe floribunda (Iridaceae) favours dampish spots on 

rocky outcrops in coastal and montane flora on sandstone and 

granite soils. It is a cormous geophyte, i.e. dormant during the 

summer and resprouts in autumn, with the leaves growing to a 

height of approximately 1 m. C. floribunda flowers in winter, 

with the elongated flower spikes bearing 20–40 flowers in rows 
on opposite sides of the inflorescence axis. The fruit is a cap- 
sule,  which  contains  several  large,  rounded,  orange  seeds. 

C. floribunda is capable of some autonomous seed production 

(Van Kleunen et al. 2008; Geerts & Pauw 2009). 
 

Pollination effectiveness of short- and long-billed sunbird 
species 

To test the contribution of short- and long-billed sunbird spe- 

cies to C. floribunda reproduction, inflorescences were bagged 

when flowers were still in bud. A naturally pollinated inflores- 
cence on the same plant was marked as a control. Flowers on 
inflorescences open sequentially; therefore bags were only 
removed from inflorescences that had almost all flowers open, 
and older flowers were still receptive. Bags were removed in the 
early morning and inflorescences clearly tagged during obser- 
vations. As soon as a visit by a sunbird occurred, the inflores- 
cence was bagged and kept bagged until fruit set occurred. All 
unvisited inflorescences were also re-bagged to serve as pollina- 
tor exclusion treatment. When inflorescences were visited 

opportunistically by the Cape White-eye (Zosterops virens), the 

inflorescence was discarded. The only other floral visitor, Cape 

honeybee (Apis mellifera capensis), does not make contact with 

the stigma and does not contribute to fruit set (Geerts & Pauw 
2009; S. Geerts, personal observation). Once fruit set occurred, 
fruits per inflorescence and seeds per fruit were counted. 

To test whether nectar production continues when it is not 

utilised, nectar was extracted once from flowers (n = 15) that 
were bagged for 3 days. Nectar volume was determined with 

40-ll capillary tubes and sugar concentration with a 0–50% 

handheld refractometer (Bellingham and Stanley, Tunbridge 

Wells, UK). 

 
Reproduction in transformed landscapes 

To determine whether C. floribunda reproduction is lower in 

transformed landscapes, fruit and seed production in natural 
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and transformed landscapes were compared to potential maxi- 

mum reproduction during 2013. Potential maximum repro- 

duction in these populations was determined by manually 

adding pollen to open-pollinated flowers. Ten individuals per 

population were marked and an inflorescence allocated to 

either a control (left unmanipulated) or a pollen-supplemented 

(hand-pollinated) treatment. For the pollen-supplemented 

treatment, an anther from another plant, at least 10 m away, 

was brushed across the stigmatic surface of each flower on the 

inflorescence. Since flowers on inflorescences open sequen- 

tially, only inflorescences that had almost all flowers open, and 

with older flowers still receptive (stigma not yet shrivelled), 

were selected for treatment. It was logistically impossible to do 

supplemental hand-pollination of all flowers on an inflores- 

cence (Knight et al. 2006; Van Kleunen et al. 2008). However, 

this applies equally to all populations and thus does not affect 

the comparison. Furthermore, the potential fruit and seed pro- 

duction will thus be underestimated, and any differences would 

only be enhanced if all flowers were treated. To control for 

population size effects, number of flowering plants for each 

population was counted and included in the analyses. 

 
Statistical analyses 

Pollinator effectiveness data were collected in 2006 and 2013. 

To control for changes in abiotic and biotic factors over time, I 

compared pollinator exclusion results between 2006 and 2013. 

 

 
 

Fig. 2. Seed set per capsule in Chasmanthe floribunda inflorescences after 

Malachite Sunbird (long-billed) and short-billed sunbird visitation. Different 

letters above the boxes indicate significant differences between treatments. 

Numbers below bars indicate sample sizes (number of inflorescences). Sam- 

ple size for the long-billed Malachite Sunbird is low, since, due to the low 

abundance of this species, unbagged inflorescences were visited mostly by 

short-billed sunbirds or the opportunistic nectar robber, the Cape White-eye 

(these data were discarded). 

 

 

experimental flowers. Pollinator-excluded and short-billed 

sunbird-visited  C. floribunda  flowers  produced  1.8  and  1.5 
 1 

There was no significant difference between years in pollinator- seeds capsule , respectively (Fig. 2). This is significantly lower 

excluded seed set (n = 10 in 2006 and n = 20 in 2013) and all than natural-pollinated and long-billed sunbird-visited flowers, 
 1 

data were pooled for subsequent analyses (Mann–Whitney U- 

test: U = 58.5, Z = 1.8, P = 0.07). Because of small sample size 

which  produced  3.6  and  3.8  seeds  capsule 

(Wald = 17.77, df = 3, P < 0.001; Fig. 2). 

, respectively 

and no significant difference (Mann–Whitney U-test: U = 19.0, 

Z = 0.07, P = 0.94) in fruit and seed set between the two species 

of short-billed sunbird (Orange-breasted Sunbird, A. violacea 

and Southern Double-collared Sunbird, Cinnyris chalybea) 
observed in this study, they are grouped together. To deter- 

mine the effectiveness of short-billed sunbird versus long-billed 
sunbird (Malachite Sunbird) pollination, mean number of 
seeds per capsule per  inflorescence  for pollinator-excluded, 
naturally pollinated, Malachite Sunbird and short-billed sun- 
bird-pollinated flowers were compared with a generalised lin- 
ear model (GLM) with a Poisson error distribution and a log 

link function. For differences between treatments a Tukey post- 

hoc test was done. The importance of population size and size 
of the natural area on fruit set was examined with linear regres- 
sion (percentage fruit set per site data was normally dis- 

tributed; Shapiro–Wilk W = 0.93, P = 0.34). A GLM with 
Poisson error distribution and a log link function was used to 

analyse percentage fruit set and seed set between naturally pol- 
linated and pollen addition from natural and transformed sites. 

This was followed by a Tukey post-hoc test. All analyses were 

conducted in STATISTICA 12 (StatSoft, Tulsa, OK, USA). 
 

 

RESULTS 

Pollination effectiveness of short- and long-billed sunbird 
species 

The long-billed Malachite Sunbird and two species of short- 

billed sunbird, the Orange-breasted Sunbird and the Southern 

Double-collared      Sunbird      (C. chalybea),      visited      the 

Nectar volume of flowers bagged for 3 days averaged 111 ll 

(range 15–210 ll) with a concentration of 15%. This is much 

higher than the nectar standing crop of 12 ll. 

 
Reproduction in transformed landscapes 

Natural area size is a significant predictor of fruit  set, 
while population size is not significant (Table 1).  Natural 
fruit set was significantly lower in transformed landscapes 

compared to natural areas (Wald = 319.9, df = 3, P < 0.001; 

Fig. 3), while pollen addition removed this effect (Fig. 3, 
Table S2). Similarly, seed set was significantly lower in 

transformed landscapes (Wald = 46.7, df = 3, P < 0.001, 

Table S3), but pollen addition in transformed and  natural 
areas increased seed production (Figure S1). While collect- 
ing breeding system data, no Malachite Sunbirds were seen 
or heard during anecdotal bird observations in the trans- 
formed landscapes. 

 

 

Table 1. Regression analyses, with the percentage fruit set per site as the 

dependent variable, to determine the importance of population size (num- 

ber of flowering plants) and natural area size on Chasmanthe floribunda 

reproduction (R² = 0.64, F2,11  = 9.6, N = 14) 
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P-value 

Intercept 39.6 4.6 8.6 0.000 

Area size 0.00 0.00 4.28 0.001 

Population size 0.01 0.01 1.15 0.276 
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Fig. 3. Percentage Chasmanthe floribunda fruit set in transformed and nat- 

ural areas compared to potential maximum fruit production (pollen addition 

by hand). Different letters above the boxes indicate significant differences 

between treatments. Numbers below bars indicate sample sizes: ten individ- 

uals per population per treatment for most populations. 

 

 

DISCUSSION 

This study shows that, in contrast to  theory  and  expecta- 
tion, thieving short-billed sunbirds do not contribute to the 

reproduction of the long-tubed C. floribunda in the absence 

of the long-billed Malachite Sunbird. When Malachite Sun- 
birds are excluded, floral nectar is underutilised, and a high 

nectar production of 111 ll  (compared  to  an  average  of 

12 ll in open flowers with similar concentrations; Goldblatt 

et al.  1999;  Geerts  &  Pauw  2009)  in  pollinator-excluded 

flowers, allows nectar to fill and even overflow  the  floral 

tube. This readily available nectar makes thieving easier for 

short-billed sunbirds. Despite  this, short-billed  sunbirds are 

unable to replace the Malachite Sunbird as pollinators since 

they do not transfer pollen effectively and there is no 

increase in seed production in short-billed sunbird-visited 

flowers (Fig. 2). 

On a landscape scale, fruit production could be artificially 

increased in transformed landscapes, but fruit production 

could  not  be  increased  in  natural  areas.  Considering  that 

C. floribunda is a pollinator specialist, pollen limitation was 

also expected in natural areas (reviewed in Ashman et al. 
2004), but this was not the case. C. floribunda might be adapted 
to a naturally fragmented habitat since it naturally occurs in 

isolated populations (Wanderley et al. 2014). Such a distribu- 
tion will suit the Malachite Sunbird trap-lining way of 
foraging. 

Being a larger bird with higher nectar requirements, Mala- 

chite Sunbirds are more mobile than smaller sunbirds. How- 

ever, at a sunbird–flower interaction level, size is less 

important, since bill length determines whether a sunbird can 

reach the nectar at the bottom of the floral tube, during which 

pollen is deposited on the head of the sunbird (Geerts & Pauw 

2009, 2012). For example, occasional nectar feeding birds (such 

as weavers and starlings) that are heavier than Malachite Sun- 

birds, but have short bills, cannot access nectar of tubular flow- 

ers. These birds either avoid the flowers, or if strong enough, 

occasional rip flowers apart in an effort to gain access to the 

nectar. 

The results presented here are similar to other bird-pollina- 
tion systems. For example, Linhart & Feinsinger (1980) found 
that a specialist plant was more affected by lower numbers of 
the main pollinator, a single species of hummingbird, than was 
a co-occurring generalist plant visited by a variety of hum- 

mingbirds. Similarly, for Embothrium coccineumi in South 

America, hummingbird flower visitation was reduced signifi- 
cantly in transformed landscapes (Aizen & Feinsinger 2003). 
Notably, however, was that this was counteracted to some 
extent by higher bee pollination. Generally in pollination sys- 
tems, other pollinator groups can act as substitute pollinators 
(Fenster & Dudash 2001) and replace pollination services 

(Chalcoff et al. 2012), in contrast to the C. floribunda–Mala- 

chite Sunbird system. Other widespread long-tubed bird-polli- 

nated plant species in the CFR, such as Brunsvigia orientalis 

(Pauw 2004), Babiana ringens (de Waal et al. 2012), 

Kniphofia linearifolia (Brown et al. 2011) and Erica plukenetii 
(Van der Niet et al. 2014), show huge variations in tube lengths 
as an adaptation to the differing pollination communities expe- 

rienced across the range. Surprisingly, C. floribunda shows little 

variation in floral tube length (S. Geerts, personal observation), 

which potentially renders it more vulnerable to declines in the 

specialist pollinator. 

This study highlights the potential vulnerability of highly 

specialised systems, such as the long-billed bird–pollination 

system, in rapidly transforming landscapes. Despite this, 
reduced seed production would not necessarily result in 

demographic consequences, with  the vital rate  of adult 
survivorship potentially more important in long-lived plants 

such  as  C. floribunda  (Ashman  et al.  2004).  Furthermore, 

C. floribunda population declines will be buffered by limited 
clonal reproduction and the ability to produce seeds autono- 
mously (either as delayed selfing or spontaneous autogamy; 
Fig. 2). These traits will reduce the vulnerability of plant 
species that rely on a single pollinator and will slow down 
declines in transformed landscapes (Bond 1994). In contrast, 

plant species reliant on specialist pollinators could already be 

lost from transformed landscape (see e.g. Pauw 2007; Pauw & 

Hawkins 2010). Further studies should explore the conse- 
quences for reproduction and conservation in other outcross- 

ing, bird-pollinated specialist plant species that still persist in 
recently transformed landscapes, especially self-incompatible 
plant species, with specialised pollinators that will be particu- 
larly prone to pollen limitation following habitat fragmenta- 

tion (Knight et al. 2005). 
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SUPPORTING INFORMATION 

Additional Supporting Information may be found online in the 

supporting information tab for this article: 

Table S1. List of study populations, coordinates, whether 

natural or transformed, natural area size in hectares and num- 
ber of flowering plants in a population. 

Table S2. Post-hoc Tukey HSD test P-values of fruit set 

between  transformed/natural  areas  and  open/pollen  addition 
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treatment (approximate probabilities for post-hoc tests error: 

between MSE = 418.51, df = 271). 

Table S3. Post-hoc Tukey HSD test P-values of seed set 

between transformed/natural areas and open/pollen addition 

treatment (approximate probabilities for post-hoc tests error: 

between MSE = 2.1263, df = 269). 

 

Figure S1. Seed set comparison between transformed and 

natural areas for open-pollinated flowers and hand-pollinated 

flowers. Only flowers that produced fruits, and thus seeds, are 

included. Different letters indicate significant differences 

between treatments. 
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