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Abstract Bird-pollinated plants typically have reddish flowers, but it is not clear whether 

this trait can be attributed to selection by birds. Here we experimentally test for the first 

time the foraging behaviour of sunbirds in relation to flower colour, using the Orange- 

breasted Sunbird Anthobaphes violacea (Nectariniidae) and the colour dimorphic Erica 

perspicua (Ericaceae). Pink and white flower morphotypes co-flower in intermixed pop- 

ulations and have similar nectar volumes and concentrations. Using floral arrays in a field 

aviary, we found that sunbirds preferred pink flowers; 95 % of their first choices were to 

pink inflorescences and they visited and probed more pink inflorescences and flowers, 

respectively. We also tested for flower constancy (the tendency to move between same 

colour rather than different colour morphotypes), but found no evidence for this in the 

sequence of their foraging choices, indicating that this mechanism did not maintain flower 

colour differences in sympatry. There was evidence for optimal foraging: 80 % of moves 

were to adjacent inflorescences. Unexpectedly, the preference for pink flowers observed in 

the aviary did not translate into a female fitness advantage for this morphotype in the field, 
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since no difference is found in natural pollination rate, fruit or seed set. This may be 

because the minimization of flight distances between plants is the primary factor in sunbird 

foraging choices, overriding their colour preference. Antagonistic nectar robbers did not 

act as a selective  force on the  polymorphism, since nectar-robbing  rates were equal 

between white and pink morphotypes in the field. 

 

Keywords   Bird-pollination   Cape Floristic Region   Colour polymorphism   

Flower constancy   Nectar robbing   Optimal foraging 

 

 
 

Introduction 

 
The foraging choices of animals shape the evolution of the plant species on which they 

feed. The evolutionary responses include not only the bewildering array of defensive 

devices used to foil and punish herbivores, but also the dazzling diversity of advertisements 

and rewards that plants use to attract foraging animals to their flowers. Indeed, much of the 

diversity in plant life is generated at the interface between animal behaviour and plant 

traits. 

Plant populations with polymorphic traits are ideal for testing how particular traits 

manipulate animal behaviour and how the choices animals make drive the evolution of 

plants. Flower colour polymorphism is a very commonly observed polymorphism, which 

has had a large impact on the development of evolutionary theory (Schemske and Bier- 

zychudek 2007). Polymorphic populations present an evolutionary puzzle: genetic drift or 

directional selection should weed out one of the morphotypes and the population should 

march towards monomorphism. Persistent polymorphism requires balancing natural 

selection: fluctuating selection in space or time, heterozygote selective advantage, or 

negative frequency-dependent selection (Eckhart et al. 2006). In the case of flower colour 

polymorphism, pollinators are the obvious agents of selection, but antagonistic animals 

(Irwin et al. 2003; Carlson and Holsinger 2013) and the abiotic environment (Schemske 

and Bierzychudek 2001) can also impose balancing selection, often by acting on traits that 

are correlated with flower colour. 

The response of pollinators to flower colour will depend on their sensory systems as 

well as innate and learned preferences (Chittka et al. 1999). Pollinators forage optimally by 

selecting the best nectar sources, which they find through an association between reward 

size and floral advertisements (Montgomerie et al. 1984) or spatial cues (Henderson et al. 

2001), and minimizing movement distances (Pyke 1981). In flower colour polymorphic 

populations, pollinators are often found to impose directional selection on flower colour by 

preferring one morphotype, leaving the question of what maintains the polymorphism 

unanswered (Irwin and Strauss 2005). A notable exception is the deceptive, non-rewarding 

orchid Dactylorhiza sambucina in which negative frequency depended selection was 

detected: pollinators learn to avoid the common flower colour morphotype, thus main- 

taining the polymorphism (Gigord et al. 2001). In other flower polymorphic systems, 

pollinators have fluctuating preferences depending on nectar properties (Jones and Reithel 

2001), plant/inflorescence height (Levin and Watkins 1984) and flower abundance (Eck- 

hart et al. 2006), which may maintain polymorphisms. 

Extreme preference for a particular morphotype results in so-called flower constancy— 

pollinator  species  or  individuals  develop  a  strict  fidelity  to  one  flower  morphotype, 
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skipping over others (Waser 1986). Flower constancy behaviour has been detected in 

several insect species and can have a large impact on the occurrence of different flower 

colour morphotypes in polymorphic populations because constancy promotes assortative 

(intra-morphotype) mating (Jones and Reithel 2001) and thus results in a deficiency of 

heterozygotes, which may be of intermediate colour. Because flower constancy can result 

in reproductive isolation between colour morphotypes it is additionally interesting as a 

potential mechanism for sympatric speciation (Grant 1994). 

Here we focus on populations of the shrub, Erica perspicua (Ericaceae), in which 

individuals have either white or pink flowers (Fig. 1a) or rarely, intermediates. The long- 

tubed flowers are pollinated exclusively by birds, mainly the Orange-breasted Sunbird 

(Anthobaphes violacea; Nectariniidae, Fig. 1b) (Skead 1967; Rebelo and Siegfried 1985). 

Surprisingly little is known about the flower colour preference of nectar feeding birds other 

than hummingbirds, despite  recent  advances  in  understanding  their  sensory  systems 

(Ö deen and Håstad 2010). Only one study has tested sunbirds’ floral colour preferences and 

found no difference in visit rates between pink and white morphs in the field (Carlson and 

Holsinger 2013). However, foraging choices should also be investigated in a system 

without the effect of other factors such as differences in number of flowers, nectar prop- 

erties, floral spatial distribution or the surrounding floral community. Globally, red col- 

ouration is one of the most distinctive characteristics of bird-pollinated flowers, but 

whether this association results from selection by birds remains highly controversial. While 

some studies find that hummingbirds prefer red flowers over white (Meléndez-Ackerman 

et al. 1997) and show a preference for red over pink and white (Dudash et al. 2011), others 

conclude that hummingbirds do not have a preference for reds (Bené 1941; McDade 1983; 

Delph and Lively 1989; Proctor et al. 1996; Stiles 1976). Recent reviews suggest that 

instead of birds, antagonistic nectar robbing insects, which have greater difficulty distin- 

guishing red from green, may be the evolutionary driver of red coloration in bird-pollinated 

flowers (Rodrı́guez-Gironés and Santamarı́a 2004; Lunau et al. 2011). This study however, 

does not address this question since the pink E. perspicua reflects in the blue and red 

regions of the light spectrum and is therefore visible to insects. 

As with flower colour preference, flower constancy is poorly explored in birds despite its 

importance for determining patterns of pollen transfer. Hummingbirds are the only necta- 

rivorous birds that have been tested and experiments suggest that they are not constant for 

flower colour differences alone (Meléndez-Ackerman et al. 1997), but may be constant when 

faced with a choice between hummingbird- and hawkmoth- pollinated plant species that 

differ in many traits including colour (Aldridge and Campbell 2007). Similar tests have not 

been conducted on sunbirds (Nectariniidae), the Old World equivalent of the hummingbirds. 

We use E. perspicua to explore the foraging behaviour of Orange-breasted Sunbirds. 

We specifically ask whether sunbirds (1) show flower colour preference; (2) show flower 

colour constancy; (3) minimize movement distances between nectar sources; and (4) affect 

morphotype type fitness through their choices. In addition (5) we test whether antagonistic 

nectar robbers act as a selective force on flower colour. 

 

 
Methods 

 
Plant traits 

 
In the genus Erica, about 38 % of the species show substantial intraspecific flower colour 

variation (Rebelo and Siegfried 1985). An even larger proportion (49 %) of the more than 
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Fig. 1 a White and pink flower morphotypes of Erica perspicua collected from Pringle Bay in the Cape 

Floristic Region. Their average corolla length is 22 mm (Oliver and Oliver 2005). b An Orange-breasted 

Sunbird drinking from Erica mammosa, one of 33 polymorphic bird-pollinated Erica species (Images by A. 

Pauw). (Color figure online) 

 

66 species conforming to the bird-pollination syndrome has multiple colour morphotypes 

(Rebelo and Siegfried 1985). Pink and white flower colour morphotypes of the study 

species, E. perspicua subsp. perspicua (Oliver and Oliver 2005), co-flower in mixed 

stands. In the Kogelberg study area (south-western Cape, South Africa, 34 190450’S 

18 500300’E) intermediate morphotypes exist, but the two extremes predominate and were 

used in all experiments. The study area was dominated by large populations of thousands 

of plants of this reseeding species, with no other co-flowering bird-pollinated plants in the 

immediate vicinity. All study sites were further than 100 m from road traffic, which is 

known to impact on the rate of bird pollination in this species (Geerts and Pauw 2011). 

During peak flowering (May) the floral density of each morphotype was estimated in 

twelve 5 9 5 m plots in three populations approximately 10 km apart (Table S1). To 

compare nectar production between morphs, nectar properties were measured every 2 h 

from 9:00 till 17:00 in the plant population where the behavioural experiments were 

conducted (Pringle Bay). At each time interval, different plants were used to randomly 

select ten young, unvisited flowers, identifiable by their unbroken anther rings (Geerts and 

Pauw 2011), from each morphotype on at least five different inflorescences. Nectar volume 

(ll) was measured with a capillary tube and nectar concentration (% sugars) with a 
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handheld refractometer (Bellingham & Stanley Ltd.). The nectar of E. perspicua consists 

of 87 % sucrose, 8 % glucose and 5 % fructose (Barnes et al. 1995). Flowers may last for 

multiple days, but since only young and unvisited flowers were measured, these represent 

nectar production of unvisited flowers. These young flowers show no morphological 

changes within the first 3 days of opening after which they start wilting. To compare 

spatial variation of nectar production, the same methods were used to measure flowers in 

another population (Kleinmond; 34 20016.3500S 18 59048.6900E) in the following year, but 

only at 9:00. 

The reflectance spectra of the two types of flowers were measured on five flowers per 

morphotype with a calibrated Ocean Optics spectrometer (USB4000). Colour distances 

(chromatic contrast) between the morphotypes were measured in Just Noticeable Differ- 

ences (JND, the Euclidian distances weighted by the Weber fraction of the photoreceptor 

cones) (Backhaus and Menzel 1987). To show how the birds likely perceive the colours, 

the spectra were projected into avian vision colour space using the maximum absorption 

values for the four photoreceptors of the European starling Sturnus vulgaris which is also 

in the passerida clade (Hart et al. 1998). However, the maximum absorption of the Ultra- 

violet (UV) sensitive receptor of Nectariniidae is known (Ö deen and Håstad 2010) and 

therefore this was specified in the model. This modelling was done with the pavo package 

in R software (R Development Core Team (RDCT) 2006). 

 
Sunbird behaviour experiments 

 
During May and June 2012, experiments were done in a green shade net aviary in the field 

(2 9 2 m and 1.6 m high) with natural low growing vegetation as ground cover. Inside we 

erected a square floral array (four rows and columns) of inflorescences in water bottles on 

1.1 m high stands. Eight inflorescences of each morphotype were arranged randomly 

(according to randomly drawn numbers) and spaced 0.4 m apart, the distance that sunbirds 

most often move between inflorescences (Gill and Wolf 1977). Each inflorescence con- 

tained 10 mature, unvisited flowers to equalise attractiveness but also encourage move- 

ment between inflorescences. Orange-breasted Sunbirds (21 individuals; 15 males, 5 

females and one juvenile of unknown gender) were caught with mist nets at the site 

between 7:00 and 16:00 and ringed. The birds were caught in the breeding season, but 

mostly males were caught, who are less involved in the breeding process. Females build 

the nests and incubate the eggs alone and provide 65 % of the chick feeding (Broekhuysen 

1963). Females with brood patches were released immediately and not used in the 

experiment. The mist nets were no more than 200 m from the aviary, thus birds were 

transported the short distance in bird bags. A single bird at a time was released into the 

aviary, allowed to settle and forage freely from the floral array while its sequence of 

movements and number of probes per inflorescence were recorded. Birds were caught in 

the aviary with a handheld gauze net (30 cm diameter), causing as little stress as possible, 

to be released outside again. A few sunbirds were reintroduced into the aviary after a rest 

period or when recaptured on another day, but with an unfamiliar floral arrangement, thus 

some birds were subjected to more than one experimental trial (32 trials in total). No bird 

was kept in captivity for longer than 3 h (ethical clearance permit SU-ACUM12-00026). 

 

Plant female fitness 

 
Plant fitness was measured in one of the pink morph dominated populations. Several fitness 

proxies for the two morphotypes were quantified and compared, but its ability to self- 
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pollinate was not tested. In one population, 25 inflorescences (1,136 flowers) of each 

morphotype were marked on separate plants and the pollination rate of mature flowers 

(number of flowers with ruptured anther rings) was recorded. A ruptured anther ring is a 

proxy for the male component of fitness because it indicates pollen release, and is addi- 

tionally a good indicator of female reproductive success because it is highly correlated with 

pollen receipt (Geerts and Pauw 2011). When fruits matured 6 weeks later we collected the 

inflorescences and counted the number of fruits. Three to five mature fruits (to a total of 

101 of white morphotype and 99 of pink morphotype) were randomly chosen from each 

inflorescence and its seed set counted. 

 

Nectar robbing 

 

Twenty-one 100 m2 plots were set up in 11 populations across the Kogelberg area 

(including the sites where plant fitness and nectar was measured). Sixteen plants were 

randomly selected in each plot and five flowers were inspected for evidence of nectar 

robbing by carpenter bees (Xylocopa spp.) and honeybees (Apis mellifera subsp. capensis). 

The proportion of robbed flowers, visible as a slit in the corolla, was scored for 139 white 

plants and 197 pink plants. 

 

Statistical analyses 

 
Plant traits 

 
The difference in morphotype densities (ratio of pink to white flowers) between the three 

populations was tested with a Kruskal–Wallis test. Nectar concentration was converted to 

mg of sugar by multiplying the nectar volume with the mg per ml sugar (Kearns and 

Inouye 1993). To test for differences in nectar volume and in sugar mass between mor- 

photypes, we used a Linear Mixed Model (LMM) with morphotype as fixed factor and 

plant identity as random factor. This was done for each population separately. In addition, 

to test whether nectar volume and sugar mass changed over time, we included time of 

measurement as a continuous covariable in the fixed model of the Pringle bay population. 

The Brown-forsythe modified Levene’s test (Brown and Forsyth 1974) was used to 

compare the variance of nectar volume and sugar mass in each site. We also compared the 

mean colour distances between all pairs of flowers of the same and different morphotypes 

with a Mann–Whitney U test. 

 

Sunbird behaviour experiments 

 
During a trial in the aviary, individual birds usually made several foraging bouts, separated 

by rest periods. Therefore data were first analysed considering all the visits in one trial as 

one foraging bout, then with only the single longest foraging bout of each individual. The 

results differed negligibly; therefore the results are given for the first-mentioned method. 

Furthermore, to avoid the effect of pseudoreplication the data from multiple trials were 

pooled for individuals tested in more than one trial, so that each individual is represented 

only once in the data set. The results were the same as when only the first trial of each 

individual was tested. 

The sunbirds’ preferences and constancy was compared to expectations with one- 

sample t tests and one-sample Wilcoxon tests for parametric and non-parametric data, 



 

  
 

 

2 

 

respectively. For each individual bird the proportion of visits to pink inflorescences and the 

proportion of probes at pink flowers were calculated. To test their preference, the pro- 

portion of visits and probes were compared to an expected mean of 50 %, which would be 

the outcome if birds showed no preference. The average number of probes per inflores- 

cence was also compared between morphotypes with a Wilcoxon signed rank test. 

Likewise, the birds’ proportion of intermorph transitions was determined. We tested for 

flower constancy by comparing the transitions to an expectation of random foraging (which 

is a probability of 8/15 to visit another colour, excluding the inflorescence from which the 

bird departs). We also calculated the Constancy Index according to (Gegear and Laverty 

2005): CI = (c - e)/(c ? e - 2ce), with c as the proportion of moves between the same 

coloured flowers and e as the expected proportion of moves between same coloured flowers 

based on the overall frequency of each colour morphotype. The index varies from -1 to 1, 

where -1 is complete inconstancy, 0 is complete random foraging and 1 indicates perfect 

flower constancy. To test whether the birds showed a significant preference for adjacent 

inflorescences, the proportion of moves to adjacent inflorescences was determined. First, 

the expected probability of moving to an adjacent inflorescence was calculated for each 

move (inflorescences on the edges and corners have fewer directly adjacent inflorescences 

than the interior inflorescences) and then the average probability for each trial was 

determined. Thus, each trial had its own proportion of expected moves. The matched lists 

of observed and expected values were compared using a Paired t test. 

 

Plant female fitness 

 
The pollination rate and fruit set per inflorescence was compared between morphotypes (24 

flowers of each morphotype) with Welch two sample t-tests. Seed set was analysed with a 

Generalized Linear Mixed Model with a Poisson error distribution and plant identity as a 

random effect. A Mann–Whitney U test was used to compare the total seed output per 

plant. The number of flowers per inflorescence on these experimental inflorescences was 

also compared with a Mann–Whitney U test. 

 

Nectar robbing 

 
The effect of flower colour on nectar robbing rates was tested with a Generalized Linear 

Mixed Model with a binomial error distribution and population as a random effect. 

In all cases where Linear and Generalized Linear Mixed Models were used, the sig- 

nificance of the explanatory variable was tested by comparing two models with and 

without the variable of interest with a log-likelihood ratio test. All analyses were done in 

the statistical software R version 3.0.0 (R Development Core Team (RDCT) 2006). 

 

 
Results 

 
Plant traits 

 
Overall, the average density ratio of the two morphotypes was similar (45:10:45 for pink: 

intermediate: white), but it differed between the three populations (X2 = 8.234, N = 12, 

P = 0.016). In two populations pink morphotypes were dominant by far and in the other 

the white morphotype was dominant. Nectar characteristics measured in a 100 flowers did 
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Fig. 2  Nectar volume (ll) a and a 
sugar mass (mg) b of in situ pink 
and white flowers of Erica 

perspicua did not differ 

significantly (only the results 

from the Pringle bay site are 

displayed here). The bold line 

indicates the median, the box the 

interquartile range, whiskers the 

ranges and points are outliers 

 

 

 

 

 

 
 

pink white 

flower morphotype 

 
not vary significantly throughout the day (volume X2 = 0.630, P = 0.428; sugar mass 

1 = 1.939, P = 0.164). The nectar properties (volume, sugar mass and variance of these 

properties) of the morphotypes did not differ significantly in either of the two sites (Fig. 

2, Table 1). The overall distance between the colour spectra of pink and white morpho- 

types is 6.46 JND, which is higher than the discrimination threshold of [1 JND, thus the 

birds can most likely distinguish the two colours (Fig. 3). The mean colour distance 

between pairs of different coloured flowers was significantly higher than that of pairs of the 

same morphotype (U = 16, N1 = 30 N2 = 36, P \ 0.001). The experimental conditions 

should not influence the birds’ discrimination ability since the shade net of the aviary only 

reduces the reflective intensity of the flowers and not the reflectance spectra. 

 

 
Behaviour experiments 

 
The birds visited a pink inflorescence first 95 % of the time (first trials only, N = 21). Pink 

inflorescences were visited more frequently (t20 = 3.948, P \ 0.001, Fig. 4a) and overall 

more pink flowers were probed than expected (U = 228, N = 21, P \ 0.001, Fig. 4b). The 

average number of probes per inflorescence, however, did not differ between morphotypes 

(U = 119, N = 21, P = 0.919). No evidence of flower constancy was found since the 

proportion of intermorph transitions was similar to the expected (U = 153, N = 21, 

P = 0.198, Fig. 4c). The Constancy Index suggests that the sunbirds tend towards 

inconstancy (-0.30312). Eighty percent of the birds’ moves were to adjacent inflores- 

cences and the proportion of moves to adjacent inflorescences was significantly more than 

expected if foraging was random (t20 = 16.466, P \ 0.001, Fig. 4d). The data was also 

analysed for only the male individuals, since their foraging tactics may differ from females 

because of their territorial behaviour in the breeding season. However, the results were the 

same as when all individuals were analysed, suggesting that males and females behaved the 

same way in these experiments. 
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Table 1  The nectar properties of the two morphotypes of Erica perspicua did not differ significantly 
 

Nectar property Degrees of freedom* Test statistic P value 

Volume 1 X2 = \ 0.001 0.990 

 1 X2 = 1.546 0.214 

Sugar mass 1 X2 = 1.373 0.241 

 1 X2 = 0.198 0.657 

Volume variance 1, 98 F = 0.289 0.592 

 1, 40 F = 0.902 0.348 

Sugar mass variance 1, 98 F = 0.675 0.413 

 1, 40 F = 0.140 0.711 

For each nectar property the results for the Pringle bay site is given in the first row and for the Kleinmond 

site in the second row. The respective number of plants and flowers sampled in Pringle bay is 59 and 100, 

and in Kleinmond is 18 and 42 

* Where two degrees of freedom is given, the first is the numerator and second the denominator degrees of 

freedom 

 
 

 
 

Fig. 3 Flower colour of the two morphotypes in avian colour space. The green, blue, red and purple dots on 

the corners of the tetrahedron represent the four light receptors of birds. A colour is plotted based on the 

relative absorption of each receptor and the grey dot in the centre of the tetrahedron is thus white light. 

Reflectance spectra of the pink (pink cluster on the left) and white (black cluster on the right) flowers group 

completely separately, indicating that the apparent colour difference can be perceived by birds. (Color figure 

online) 
 

Plant female fitness 

 
None of the fitness variables measured differed significantly between the two morphotypes. 

There was no difference in the pollination rate (t46 = -1.568, P = 0.137, 48 flowers), fruit 

set per inflorescence (t46 = -0.492, P = 0.625, 48 flowers) or seed set (X2 = 0.084, 

N = 200, P = 0.772). Total inflorescence production, the total number of fruits times 

average seeds per fruit, also showed no difference between morphotypes (U = 265.5, 

N = 46, P = 0.991). The number of mature flowers per inflorescence does not differ 

significantly between morphotypes (U = 293, N = 24, P = 0.926). 

 
Nectar robbing 

 
In total, 1,680 flowers were checked for evidence of nectar robbing. Analyses showed that 

flower colour does not affect nectar robbing rates (X2 = 0.011, N = 336, P = 0.916). 
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Proportion of pink 

inflorescences visited 

0.45 0.55 0.65 0.75 

Proportion of pink 

flowers probed 

 

 
  

0.0 0.4 0.8 

Proportion of transitions 

0.3 0.5 0.7 0.9 

Proportion of adjacent moves 
 

Fig. 4 During the aviary experiments sunbirds tended to visit significantly more pink inflorescences (a) and 

overall they probed significantly more pink flowers than white ones (b). No flower constancy was detected 

since bird transitions between different and same coloured inflorescences did not differ from the expectation 

of random foraging (c). They did, however, make more movements to adjacent inflorescences than expected 

(d). In total, 80 % of sunbirds’ moves were to adjacent inflorescences. The vertical lines show the expected 

proportions and in (d), the average expected proportion is shown since the expected differed in individual 

trials and ranged from 0.31 to 0.45 

 

Discussion 

 
Orange-breasted Sunbirds show a spontaneous preference for pink flowers above white, but 

lack flower constancy for it under the controlled conditions of an aviary. The preference for 

pink flowers by Orange-breasted Sunbirds is consistent with the observation that bird- 

pollinated flowers throughout the world are typically reddish in colour (Faegri and Van der 

Pijl 1979). At least a subset of honeyeater-pollinated flowers in Australia seems to have 

evolved reddish flowers (Burd et al. 2014). The birds have the visual ability to distinguish 

the two colours (Fig. 3) and it is evident from their initial and sequential choices that they 

prefer pink flowers over white ones (Fig. 4a, b). This preference for pink might be innate, 

because all four juveniles used in the experiment preferred pink inflorescences and the 

colour difference is not associated with a reward difference, which would normally be 

necessary to stimulate a learned preference. 

At both sites where nectar properties were investigated, the morphotypes proved to 

provide a similar reward to pollinators (Table 1). The average number of probes per 

inflorescence indicates the birds’ reaction to the nectar reward (Gill and Wolf 1977), thus it 

is not surprising that the birds’ average probes did not differ between the morphotypes. The 

mean nectar concentration of both morphotypes (12–15 %) is slightly lower than the 
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typical preference of sunbirds (20–25 %; (Lotz and Nicolson 1996; Brown et al. 2010)). 

Flowers are not arranged developmentally along inflorescences (Fig. 1a) and the mor- 

photypes do not differ in their average number of flowers per inflorescence, therefore we 

do not expect inflorescence architecture to influence visitation rates differentially between 

morphotypes. 

The subspecies of Erica plukenetii that are pollinated by sunbirds are mostly pink 

flowered, while the moth-pollinated subspecies have white flowers (Van der Niet et al. 

2014). This may also be an indication that Orange-breasted and Malachite Sunbirds prefer 

pink flowers over white. In contradiction to this and our study, sunbirds and sugarbirds visit 

pink and white morphotypes of Protea aurea equally frequently in the field, suggesting 

they do not show preference for flower colours (Carlson and Holsinger 2013). The birds 

did spend more time at white inflorescences at one site, but this is most likely because of 

the higher number of flowers and nectar volume in this morph. Unfortunately, this study 

does not specify the behaviour of Orange-breasted sunbirds. Similar to our study, the 

fecundity of the Protea aurea morphs did not differ, perhaps due to the indifference shown 

by the pollinators. 

Unexpectedly, the preference for the pink morphotype, demonstrated in the aviary, did 

not translate into higher female fitness measures of this morphotype in the field. There was 

no difference in any of the proxies of fitness (pollination rate, fruit and seed set) between 

pink and white flowered plants. However, self-pollination was not tested thus the contri- 

bution of seeds produced through self fertilization is not known. A possible explanation is 

that the minimization of flight distances between plants is the overriding factor in foraging 

choices under field conditions (Gill and Wolf 1977; Pyke 1981; Waser 1982; Krauss et al. 

2009). In a natural setting, birds will seldom be faced by a perfectly balanced choice 

between colour morphotypes that are equidistant and of equal size. Most often, one plant 

will be nearer, and the demonstrated preference for adjacent plants (Fig. 4d) will dictate 

the choice. This conclusion is in accord with several studies that demonstrate that nectar 

reward distribution predicts the small-scale movements of hummingbirds and honeyeaters 

(Gill and Wolf 1977; Pyke 1981; Sutherland and Gass 1995; Baum and Grant 2001; Burke 

and Fulham 2003). 

The resulting lack of selection on flower colour by sunbirds and nectar robbers may in 

part explain why both morphotypes persist in all studied populations, albeit in varying 

ratios (Table S1). In large populations, selectively neutral polymorphisms may take very 

long to drift to monomorphism (Kimura 1985). Another possible explanation is that other 

forms of balancing selection, which we did not investigate, act to maintain the polymor- 

phism. In some pink and white polymorphic proteas, for example, pollinators apparently do 

not act as selecting agents, as indicated by similar seed set between morphs (Carlson and 

Holsinger 2010). Neither one of the morphs are dominant, seemingly due to deleterious 

pleiotropic effects in one morph and higher seed predation in the other morph. Abiotic 

factors, such as elevation and precipitation, may also act differentially upon morphotypes if 

they prefer different habitats (Arista et al. 2013). While random genetic drift is one 

explanation for the observed differences in morphotype ratios among populations, selec- 

tion again seems a more likely mechanism. Interestingly, human flower colour preference 

may be a factor: in populations dominated by white flowers, the pink morphotype has 

likely been overharvested for the cut flower trade (Schumann et al. 1992). 

In contrast to some insect groups (Waser 1986; de Jager et al. 2009), differences in 

flower colour did not elicit constancy behaviour in the sunbirds. Thus, assortative mating 

mediated by birds is unlikely to influence morphotype ratios. The bird-pollinated sub- 

species of Erica plukenetii differed from the other subspecies in corolla length, nectar 



 

468 Evol Ecol (2014) 28:457-468 
 

 

 

volume and scent (Van der Niet and Pirie et al. 2014), therefore morphs with differences in 

nectar properties or in multiple floral traits, may encourage discriminate foraging in sun- 

birds. However, sunbirds will even visit a rare bird-pollinated Erica species that is new in 

an Erica community (Heystek and Pauw 2013), suggesting that the sunbirds may not even 

show flower constancy in a multi-species community. 

Clearer understanding of the factors that determine morphotype ratios in this species is 

not currently possible because the genetic system that determines flower colour in Erica is 

unknown. In general, much remains to be learned about the flower traits that influence 

sunbirds’ preferences and foraging, and how this affects flower polymorphisms and plant 

diversity. Studies of pollinator foraging choices will be useful to provide answers, par- 

ticularly in conjunction with investigations of natural plant fitness. 
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