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Abstract 
 

Owing to native species declines, mutualisms; including avian dispersal of fleshy-fruited 

plants, may become dependent on substituted service by functionally equivalent introduced 

species. There is, however, an emergent pattern in which native and exotic frugivores are 

observed to consume larger proportions of native and exotic fruiting plants, respectively, 

while seemingly avoiding novel partnerships. 

How much this is influenced by particular bird species preference versus state dependence of 

resources or bird populations is unknown. It is difficult to form concrete ideas about the 

relative contribution of different birds to disperser mutualisms across space and time, in 

which abundance and distribution of fruiting plants vary. It is also unknown if differences in 

patterns of fruit usage and selective preference are reflective of features of the fruit 

themselves. 

Drawing from 21 studies including over 19,000 observations of frugivory, I have established 

baseline data about fleshy-fruit within the diet of native and exotic frugivorous birds across 

New Zealand.  This includes species such as the kereru (Hemiphaga novaeseelandiae), 

bellbird (Anthornis melanura), tui (Prosthemadera novaeseelandiae), silvereye (Zosterops 

lateralis), blackbird (Turdus merula), song thrush (Turdus philomelos), and starling (Sturnus 

vulgaris). Fruit features including colour, size, flesh to seed ratio as well as moisture, 

nutrients and energy content were explored in relation to the presence of fruit in the diet 

across bird species.  Lastly, fruit preference was measured by a pairwise feeding choice 

experiment which controlled for differences in availability prevalent in wild flora. 

It was found that exotic frugivores have a substantially larger average proportion of their diet 

made up of adventive fruit, 23.6%, than in their native counterparts, in which adventive fruit 

make up only 2% of their diet. Furthermore the composition of fruit in the diet was 

substantially different between the groups; with 44 native fruiting plants not consumed at all 

by exotic birds, while consumption of weed species was predominantly chosen by these 

species. 

There were substantial differences between the features of native and adventive 

fruit;  including higher levels of carbohydrates,  gross energy, width and whole wet mass in 

the native fruit. All of these features were correlated to the presence of fruit in the diet of wild 
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frugivores, as well as the differences between fruit preference in native vs introduced 

frugivores. 

Lastly avian frugivores showed pronounced differences in fruit preference within the choice 

feeding experiments, a tendency only partially explained by fruit features. These preferences 

varied considerably from patterns of consumption recorded in the wild; which may highlight 

the role of availability in determining resource usage. Alternately, choice may be due to the 

constraints of this type of feeding experiment; in which the loss of contextual cues mean it is 

impossible to fully replicate behaviours of wild frugivores. 

Foraging behaviour; including preference or aversion to particular fruits, may facilitate 

mutualism shifts and/or confer mutualism resistance by maintaining strong or weak 

relationships between dispersers and plants. Understanding such patterns allows for a better 

prediction of outcomes related to fluctuating resource availability and long-term demographic 

trends between native and exotic species. 
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Chapter 1. Introduction 

 
Fruit selection in New Zealand Avifauna: How dietary 

 Preference Shapes Mutualisms 
 

Mutualisms between fleshy-fruited plants and avian dispersers can have significant feedback 

effects, altering the structure and composition of forest ecosystems. (Şekercioğlu et al. 2004). 

However, qualitative data on diet, as well as the characteristics underlying fruit foraging 

preference in New Zealand birds are largely absent. It is thought that in light of native species 

declines, mutualisms may be maintained by introduced species; in this case, birds that fill a 

functionally equivalent role a concept referred to as the ‘exotic insurance hypothesis’ (Garcia 

et al., 2014).   

 

However, the degree to which this may be the case in New Zealand remains unclear. 

Throughout the literature, there is a recurring pattern in which native frugivores have a higher 

proportion of their diet composed of native fruit, while they seemingly avoid exotic fruit 

species. Conversely, exotic frugivores are seen to consume a higher proportion of exotic 

plants; including weed species, facilitating their spread. However, whether this pattern is 

universal across different habitats, time scales, and bird and plant species is still contended 

(Williams & Karl 1996; Kelly et al 2006; MacFarlane 2016). 

  

Although foraging behaviours are shaped by state dependence of both resources and 

disperser, they are also dependent on form, composition and presentation of fruit (Brown et 

al. 2007).  These include physical attributes such as size, pulp-to-seed ratio, water content, 

chemical and nutrient composition, fruit colour, phenology and plant form (Tewksbury 2002; 

Gosper 2005; Aslan & Rejmanek 2013). It is unknown how the interplay between fruiting 

plant features and bird morphology, physiology and behaviour work together to influence 

fruit selection and, as a whole, patterns of consumption in New Zealand frugivores. 

  

Ultimately frugivore mutualisms affect the long term persistence, evolution and dynamics of 

species and community assemblages (Şekercioğlu et al. 2004; Gosper 2005).The decoupling 

of these mutualisms caused by shifts in species composition and habitat modification have 

potentially significant feed-on effects in terms of the abundance and distribution of native 

species. Kiers et al. (2010) outlined three primary effects of anthropogenic drivers on 
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mutualisms. This includes both the total or functional loss of mutualistic interactions due to 

habitat fragmentation and degradation, species introductions and climate change. 

Firstly, this can cause changes in the structure of the mutualisms; such as shifts to 

antagonistic relationships or transfers to lower quality fruits. Secondly, mutualism 

abandonment, which may result in the decline or extinction of one or both species. Lastly, 

switches to novel partners. 

 

 In order to fully understand the importance of frugivore mutualisms, as well as the role 

shifting species compositions may have on their continuance, we must explore not only what 

birds are eating but the reasons why 

  

The Importance of Frugivore Mutualisms in New Zealand 

Importance In Plants 

Propagules of many plant species rely on animal dispersal either through 

epizoochory; attachment to the outside of an organism, or endozoochory; where dispersal 

occurs through ingestion and subsequent excretion of seeds through an animal's gut 

(Tewksbury 2002) It is a common axiom that fleshy fruit species evolved as a reward for 

dispersal through endozoochory, promoting seed protection, food provisioning and dispersal 

(Sorenson 1984). Compared to other food resources, fruit are energy-rich and have high 

levels of easily digestible non-structural carbohydrates and sugars, making them attractive to 

potential dispersers (Estrada & Fleming, 2012).  Within this mutualistic interaction, fruiting 

plants benefit by having their seeds dispersed; “the horizontal movement of a seed from a 

parent plant”, and in return, birds, receive a nutrient-rich reward (Young, 2012).  Here fruit is 

defined as the ripened ovary containing the seeds, along with elaiosomes and fleshy 

receptacles from associated floral structures that are attractive to vertebrate dispersal (Poole 

& Adams 1994, Gosper, 2005). Present in several common gymnosperms species such as 

kahikatea (Dacrycarpus dacrydioides), rimu (Dacrydium cupressinum) and totara 

arlis  Podocarpus totara) functionally act as fruits by attracting vertebrate dispersers 

(Dawson & Lucas 2000).  

 

Globally, birds are estimated to disperse over 80,000 plant species (Sekercioglu et al. 2016). 

Bird plant mutualisms are particularly crucial in oceanic regions, such as New Zealand, 

which evolutionarily lacks mammalian dispersers (McGlone et al., 2001).  Across the 2158 
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indigenous plant species in New Zealand, some 59% of tree species and 12% of flora are bird 

dispersed (Kelly et al., 2010). To put this into context,  22% of Australian woody plants and 

29% of England's woody plants are adapted for animal dispersal (Burrows 1994 c; Jordano, 

2014).  While the number of plant species in a region is broadly correlated with 

environmental moisture, such high levels in New Zealand are likely linked to the sheer 

abundance of bird fauna (Wilson, 1989). Endozoochory appears to be most common in 

woody plant species, which as a group have upward of 93% endemism in New Zealand 

(McGlone et al., 2001).  These endemic species, which are not found anywhere else in the 

world, are more vulnerable to extinction; a threat amplified by range reductions and 

fragmentation of natural systems. 

 

Primary dispersal, the initial transport of seed bearing fruit away from a parent plant can be 

important in terms of increasing viability and germination rate, as well as determining the 

range and distribution of a species (Estrada & Fleming, 2012). Dispersal increases genetic 

diversity in diploid species as shown by the high levels of genetic heterozygosity; when 

individuals are crossed with neighbouring plants (Ennos & Clegg, 1982). Dispersal may also 

reduce density-dependent mortality arising from intraspecific competition and specialised 

enemies under the parent crown; otherwise known as ‘Janzen-Connell effects.’ (Estrada & 

Flemming, 2012).  Avian dispersers may also tend to deposit seeds in proximity to perch 

sites, creating nuclei of succession and creating unique vegetative mosaics (Ferguson, 1999).  

 

Furthermore, mechanical and chemical processing of seeds as they pass through the gut of 

birds can alter the rate and timing of germination, seed dormancy, and permeability to water 

(Estrada & Flemming, 2012). For several New Zealand species, the percentage of final 

germination was not found to be significantly different between whole fruit and those in 

which the flesh had been removed by hand; simulating bird ingestion. However, germination 

was faster in treated seeds; which may provide a competitive advantage, especially in early 

successional environments. (Kelly et al., 2010). For example, tawa (Beilschmiedia tawa) 

seeds which had passed through the digestive system of kereru (Hemiphaga novaeseelandiae) 

may germinate faster than those that do not (Burrows, 1999, Morales et al., 2014). Effects of 

mesocarp removal, however, are highly species specific. When in Pennantia corymbosa it 

increases seed mortality, while in Melicytus lanceolatus it increases seed dormancy, but in 

Nestegis cunninghamii, it has no discernible effect on germination (Robertson et al., 2006). 
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Ultimately, the relative importance of bird dispersers and the risk imposed by their loss is 

contingent on the probability of dispersal failure, reproductive dependence on dispersal by 

the plant, and if the plant is seed limited (Bond, 1994). Wotton & Kelly (2011) found that if it 

occurred seed dispersal failure would lead to reductions in recruitment of between 66-81% 

for two native species; Beilschmiedia tarairi and Corynocarpus laevigatus.  

 

However, a comprehensive review found that under this framework, New Zealand flora may 

be less obligatorily dependent on frugivorous than once thought (Kelly et al., 2010). For one, 

none of the 19 fruit species tested showed consistent germination failure between cleaned 

seeds and whole fruit; demonstrating a lack of dependence on frugivores. Furthermore, while 

40% of terrestrial avifauna have gone extinct since the arrival of humans in New Zealand, 

this correlates with only three known plant extinctions (Atkinson & Milener, 1991, Sax et al., 

2005).  However, even in the absence of obligate frugivore dispersal on the part of New 

Zealand fruits, loss of mutualisms can have non-extinction level effects on plant 

communities.   

 

Functional loss can occur when changes in bird behaviour and population demography alter 

seed dispersal even though dispersers are still present in an ecosystem; a concept explored 

extensively in (McConkey & O'Farrill, 2016). Impacts may include changes to consumption 

rates, germination patterns, seed shadows and/or depositing seeds in unsuitable sites 

(Traveset, 2006).  For example, Garcia & Marinez (2012) found that frugivore abundance 

and species richness was positively correlated with the number and richness of seeds being 

dispersed, particularly into deforested areas. Furthermore, (Jordano et al., 2007) found 

evidence of a link between body size, dispersal distance and microhabitat selection for the 

common tree Prunus mahaleb. This indicates that some frugivore mutualisms are vulnerable 

to the non-random loss of bird species. 

 

Moreover, due to high levels of endozoochory in woody species, defaunation can lead not 

only to shifts of fewer woody species but also to an increase in abiotically dispersed plants 

(Bartle & Sager 1987). It is postulated that in areas with high proportions of animal-dispersed 

plants, loss of animal dispersal can reduce carbon storage (Osuri et al., 2016). While thus far 

this theory has predominantly been applied in the tropics, it may also apply to a lesser degree 

in temperate areas such as New Zealand, where there are high levels of avian frugivory. 
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Similarly, shifts in disperser assemblages may impact plant communities if introduced 

frugivores differ in their effectiveness as dispersers. Differences in morphology and 

physiology, particularly the dynamics of gut retention times and seed treatment, work in 

tandem with behavioural aspects to determine patterns of fruit selection consumption, 

processing and movement (Young, 2012). These plant-animal interactions dictate patterns of 

seed deposition. Dissemination limitation can be quantitative or source biased; depending on 

if introduced birds are not dispersing the correct fruit or if they have not dispersed enough 

seeds. Introduced birds may also vary in the distance they move from the parent crown or in 

the microsites in which seeds are deposited. Over substantial time scales, effects on the 

geographic patterns of seed rain and dispersal distance can influence not only community 

dynamics but also allopatric speciation in these plant species (Gosper 2005). 

  

 

Importance in Birds 

Avian frugivores are those birds which have a significant proportion of their diet made up of 

fruit for at least part of the year (Moermond et al.,1985).  In New Zealand only 6% of native 

vertebrates are considered exclusive frugivores, however over half consume fruit to some 

degree (Thorsen et al., 2011).  There are 11 extant  native bird species that commonly 

consume mostly fruit including kereru (Hemiphaga novaeseelandiae), Parea (Hemiphaga 

chathamensis), bellbird (Anthornis melanura), silvereye (Zosterops lateralis), tui 

(Prosthemadera novaeseelandiae) and stitchbird (Notiomystis cincta), brown kiwi (Apteryx 

mantelli), weka (Gallirallus australis) Kokako (Callaeas wilsoni) and both the North and 

South Island saddleback (Philesturnus rufusater and P. carunculatus) 

There are a further nine species which consume some fruit. These include fantail (Rhipidura 

fuliginosa), rifleman (Acanthisitta chloris),yellowhead (Mohoua ochrocephala), whitehead 

(Mohoua albicilla), brown creeper (Mohoua novaeseelandiae),  tit (Petroica macrocephala), 

gray warbler (Gerygone igata),the New Zealand robin (Petroica australis,), and both the red 

and yellow crowned parakete (Cyanoramphus novaezelandia, C. auriceps) (Dawson & Lucas 

2000). Across these species, one is classified as endangered, another four vulnerable, the 

stitchbird, North Island Brown Kiwi, Weka and Parea. A further five are classified as near 

threatened including kereru, kokako, yellow crowned parakete andboth North and South 

island saddleback (ICUN Redlist 2019) 
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There are few exclusively frugivorous birds, and the majority of fruit-eating birds will 

supplement their diet with insects and other plant material (Thorenson et al., 2011). This is 

because fruits as a food source tend to be low in proteins and lipids which birds require for 

maintenance, reproduction and growth (Izhaki &Safriel, 1989).  Nevertheless, fruit remains a 

critical component of the diet on which a large number of native birds rely due to its relative 

abundance, availability and easy digestibility (Mortin, 1973). Furthermore, fruit is not 

necessarily of lesser importance in those birds for which it is only part of their diet, as fruit 

occurrence in a bird's home range can influence both competitive ability and habitat 

characteristics (Morton, 1973). It should also be noted that fruit provides a vital alternate 

food source for adult birds while in breeding season; reducing competition with nestlings. In 

most bird species, young are fed on fat and protein-rich insects; which are critical for early 

development. During this period, fruit provide an alternative food source. (Morthon, 1973). 

The notable exception is pigeons (including kereru), which secrete a protein-rich “milk” from 

their crops to feed chicks (Cousins 2010). 

 

The impact of the breakdown of frugivore mutualisms on native birds is linked to their 

relative dependence on particular fruiting plants as a food source; the breadth of such 

interactions in terms of generalisation or specialisation, and their tolerance to changing cost-

benefit ratio of the relationship (Kiers et al., 2010). For instance, if one bird species depletes 

the abundance of a potential food item through competition, it may affect its presence in the 

diet of other native dispersers (Aslan &Rejmanek 2013). During the primary fruiting season ( 

typically February- June in New Zealand) there is less competition, as the abundance and 

distribution of fruiting plants mean they are generally available to all birds; i.e. scramble 

competition. (Morton, 1973).  However, in the off-season, when fruit is less available, there 

may be an increase in exploitation competition (reducing available resources), and or/or 

interference competition (direct aggression). For example, introduced blackbirds have been 

observed chasing several other species; including the native silvereye, away from fruiting 

trees (pers obs). 

 

Conversely, it has been proposed that less available food in the off-season can lead to 

facultative interactions in some species, such as the use of calls of other birds to find fruiting 

plants; leading to ephemeral mixed species associations (Saracco et al., 2004).  Reduction in 

the amount of fruit created by seasonal shifts and interspecific interactions can lead to not 

only a diet of less preferred fruit but also to an impact on bird group size or social affiliations. 
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These effects are exacerbated by global change in which shifting climatic conditions can 

impact plant phenology; driving reductions in availability during certain parts of the year 

(Flemming, 1979). 

 

Exotic birds favouring individual plants may also eventually change forest composition and 

thus food resources available to native birds (Williams & Karl, 1996; Kieres, 2010). For 

instance, alien plants were shown to be relatively more abundant under starling (Sturnus 

vulgaris) roosting sites (45.3% of the seed rain), compared to sections of forest not associated 

with these roosting sites, where alien plants made up only 26.6% of seed rain (Ferguson, 

1999).  Likewise, if native plants are replaced by weed it is likely to have a negative impact 

on bird dispersers that consume its fruit, as well as alter the composition of species which 

utilise forest stands (Williams & Karl, 2002). Either way, this shift may force changes in the 

diet of native birds to lower quality food sources. It can also increase foraging range and time 

spent searching for fruit; imposing increased energetic costs on these animals. 

 

On the other hand, introduced plant species can potentially benefit native birds if their fruit is 

consumed by native birds. Introduced fruiting plant species can extend the fruiting season, 

supplementing the diet of native birds. For example, in Williams & Karl (1996), it was found 

that introduced fruit extended the duration of the fruiting season in forest remnants in the top 

of the South Island of New Zealand, though it is not known what effect this had on 

frugivores. 

 

Loss of Native Species 

It is estimated that 31% of New Zealand's  pre-human list of 245 native  birds have gone 

extinct since the arrival of humans (Trewick & Gibb, 2010). This includes frugivorous 

species such as the huia (Heteralocha acutirostris), and piopio (Turnagra spp.) (Burrows, 

1994). Other frugivores have experienced massive range restrictions; such as seen in the 

saddleback (Philesturnus spp.), kokako stitchbird and weka (Burrows, 1994; MacFarlane et 

al., 2016).  For example, on the Banks Peninsula, as many as 26 bird species have 

disappeared since the 1800s (Burrows, 1994). Causes for species declines include habitat 

fragmentation, land clearing, pollution, urbanisation and exotic species introduction (Kiers, 

2010).    This is by no means isolated to New Zealand and is part of an extensive worldwide 

pattern. It is estimated that globally between 20-25% of bird species have experienced large 
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scale population declines in the last 500 years; with 21% of birds vulnerable to extinction 

(Şekercioğlu et al., 2004). 

 

Since the arrival of humans, somewhere between three quarters and four-fifths of New 

Zealand's native forests have also been lost (Bartle & Sagar, 1987). In 1955 a native forest 

survey found that of a landmass of over 36,600,000 hectares only 6,200,000 ha of the original 

forest remained (Masters et al., 1957). There are estimates that as much as half of this forest 

was lost before European arrival due to burning of forest and scrubland and subsistence 

farming by early Polynesian settlers (Druett 1983). This pattern of land clearing accelerated 

with European settlement causing shifts in woody vegetation and an increase in secondary 

shrubland and tussock grasslands (Gosper, 2005).  From a landmass covered in forests of 

gymnosperms (including kauri, rimu, matai and kahikatea) and angiosperms (kohekohe, 

tawa, rata, and Nothofagus) the majority of New Zealand's forests are now confined to 

remnants, mainly in mountainous areas and pockets of secondary regenerating forest across 

rolling farmlands (Bartle & Sagar, 1987). While it is hard to estimate specific declines in 

fruiting plants, the overall loss of forested land, as well as shifts to fewer woody species have 

likely resulted in large scale decline in the abundance of fleshy-fruited plant species. 

 

Additionally, there are now 33 introduced mammals in New Zealand which have taken on the 

role of apex predators (Şekercioğlu et al., 2016). Not only can species such as the 

chamois,feral goats and re deer be incredibly destructive to native flora, but possums, stoats, 

ferrets, rats and cats  prey directly on native birds; eating their eggs and chicks (Innes et al 

2010). Furthermore, although some of these species; including possums, rats and mice 

consume fruit, they predominantly act as seed predators rather than effective dispersers 

(Williams et al., 2000; Kelly et al. 2010; Wyman & Kelly2017 ). 

 

Ethno-Biological Implication of Species Loss 

While the predominant impacts of species declines are ecological, they can also have social 

and cultural implications. Loss of crucial native flora and fauna can accelerate the cultural 

erosion of indigenous peoples. In New Zealand, many native fruit-eating birds as well as fruit 

bearing plants have important social, spiritual and cultural uses to Maori people and are often 

considered taonga (treasure) or tapu (sacred). For instance; in some Iwi, Kereru are a status 

related food, reserved for child-bearing women and Kaumatua/ Kuia (elders) (New Zealand 

Conservation Authority, 1997). In Tūhoe iwi it may even be considered whakama (shameful) 
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to receive important visitors without offering meat from these birds (lyver et al., 2008). 

Feathers and plumes from birds; including the kereru and tui are also used in ornamentation, 

clothing, decoration, and other ceremonial uses, while their bones are used to make 

implements (New Zealand Conservation Authority, 1997). Likewise, fruiting plants such as 

karaka, hinau, nikau, tawa and kahikatea are commonly used as food sources. Fruits of 

species such as kawakawa can also be used in rongoa (traditional medicines) while titoki 

seeds are used for their oil and various berries are used as dyes (New Zealand Conservation 

Authority, 1997). 

  

This list is by no means exhaustive, and different commodities have varying uses and 

connotations within different contexts and between Iwi.  Nonetheless, many of these species 

have a close association, metaphorical or otherwise with concepts of mana (authority and 

prestige), kaitiaki (guardianship) and the transmission of mātauranga (traditional knowledge) 

between generations (Leyver et al., 2008). While within this framework introduced species 

can augment native flora and fauna, more often than not they precipitate native species 

declines and displace related cultural practices (Pfeiffer & Voeks, 2008). Ultimately linking 

concepts of ecology with an understanding of the role of fruit-eating birds and fruit-bearing 

plants in indigenous communities is essential for collaborative ecosystem management. 

 

Exotic Birds as Frugivores 

In the face of native species decline, maintaining mutualisms may be dependent on 

substituted reproductive services (Bond, 1994). A decline in these services may not occur if 

the loss of avian dispersers is offset by an increase in functionally equivalent guilds 

(Anderson et al., 2016). In 1996, Williams & Karl were the first to look at the role of exotic 

birds in frugivory within New Zealand. A pattern was found in which native birds were 

eating more native fruit while avoiding exotic fruit. In turn, exotic birds were eating more 

exotic fruits; including weed species. Similar studies were conducted by the likes of Kelly et 

al., (2006), Garcia et al., (2014) and MacFarlane et al., (2016) with sometimes contrasting 

and often conflicting results. These studies are discussed in more detail in Chapter 2. The 

overall role of introduced birds as frugivores is therefore still unclear. 

  

 Exotic Birds in New Zealand 
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Since Captain Cook’s landing in 1769, there have been as many as 130 bird species 

introduced into New Zealand, with varying degrees of success (Thomson, 1922).  Around 

60% of these species originated from either Europe or Australasian regions following the 

major trade routes of the time (Duncan, 2003). Many of these birds were intentionally 

introduced by purpose established acclimation societies which began to appear throughout 

the country from the late 1860s (Duncan et al., 2003).  By 1865, due to mass land clearing 

and the decline of native bird species throughout New Zealand, there was a drastic rise in 

insects; many of which were damaging crops. Beyond pure nostalgia, this provided a pressing 

reason to introduce birds which were effective insectivores back home (Druett, 1983).  There 

was increasing demand for species such as blackbirds and starlings to be brought over from 

England, with societies willing to pay high prices in order to obtain them. 

 

 

Figure 1.1.  Amount of money offered by the Canterbury Acclimation society in  for the 

acquisition of exotic bird species. The £2 offered for the likes of Blackbirds and Thrushes in 

1864 is equivalent to approximately $7380 NZD in 2019. source (Thomson 1992). 

 
 Between 1962 and 1878 some 696 blackbirds, 401 song thrushes and 653 starlings were released 

throughout New Zealand. Though these numbers do not include records of 'further large 

consignments' or 'many more'. (Thomson 1922, Pipek et al., 2015), both blackbirds and song thrushes 

had established populations in the Christchurch region by 1866; with starlings following a year later 

(Drummond, 1908). 

 

While many bird species were introduced into New Zealand to hopefully replace a service previously 

provided by native birds, there were often unforeseen and unwanted effects.  Many introduced bird 

species were found to damage fruit crops and gardens. Of the starling, Miss E. A. Ormerod remarked 

that "no vegetables, fruit, or crop of any kind is safe against its enormous appetite…" (Drummond, 

1909; pg. 234). The introduced birds also proved to be efficient weed vectors. In 1818 Mr. Philpott 

noted that "the spread of succulent fruited plants is probably accomplished to a greater extent by 
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blackbirds than any other species.”  (Thomson, 1922; pg.146).  The blackbird, along with starlings, 

were quickly blamed for  the spread of weed species; including blackberry, barberry, brambles, 

currants and elderberry throughout New Zealand. (Drummond, 1906). 

 

Furthermore, increases in starling numbers were linked to declines in native kereru through the mass 

consumption of fruit such as fuchsia and wineberry; which make up a significant part of the native 

pigeon's diet in some areas (Thomson, 1922). However, introduced birds did not feed only on crops 

and weed species but also on the native fruit and seeds important genera such as Coprosma, Fuchsia, 

Melicytus and Muehlenbeckia (Druett 1983, Thomson 1992).  Therefore, there was some confusion 

about the effects of introduced birds on indigenous flora and fauna. Although their overall impact 

today is generally considered harmful, the role exotic birds play in frugivore mutualisms is by no 

means straight forward. 

  

Exotic Plants in New Zealand 

In New Zealand there are almost the same number of introduced plant species as native ones (Webb et 

al 1988). Of these, 328 vascular plant species are listed as weeds (Howell 2008). As many as 97 of 

these species have fleshy fruit, many of which are some of New Zealand’s most tenacious weeds 

(Wotton & McAlpine, 2015). Originating predominantly from western Asia, Micronesia, South Africa 

and Australia; and to a lesser extent South America, Europe and the Mediterranean, propagation of 

these weeds followed many of the major trade routes of the 19th and 20th centuries (Webb & Sykes, 

1988). While over two-thirds of these plants were deliberately introduced (as ornamentals crop or 

plantation species and  for erosion control),  many others arrived accidentally through ballast, cargo 

and within crop seed (Webb & Sykes, 1988; Howell 2008).  Some of these weed species were 

introduced naturally by frugivorous birds such as Pittosporum undulatum from Australia (Webb & 

Sykes, 1988).  

 

Since eight naturalised bird species have spread on their own to offshore islands; such as Lord Howe, 

it is not surprising that they may have carried seeds of fruiting plants in their gut (Sax et al., 2002). 

Many weed species in New Zealand are found mainly near roads, walking paths, huts and forest 

edges, suggesting that disturbance is an important driver. It has also been shown that the presence of 

exotic plant species is positively correlated with distance from roads; indicating that dispersal 

limitation also plays a role (Jesson et al., 2000). High mobility and regularity in microsite selection by 

avian frugivores means they are more efficient than abiotic vectors in terms of distance and rates at 

which seeds of weeds are dispersed (Drummond, 2005). It is unsurprising then that bird dispersal is 

the dominant mechanism through which introduced weeds spread into degraded indigenous 

ecosystems and secondary forests; constituting a significant threat to these environments (Williams 
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and Karl,1996; MacFarlane, 2016). Therefore, mutualisms with both native and introduced 

frugivorous birds have the potential to increase the invasive potential of plants by increasing dispersal 

efficiency. Furthermore, mutualisms may facilitate dispersal competition between similar native and 

introduced fruiting plants (Aslan & Rejmanek, 2012). By thinking of invasive plants within the 

framework of mutualistic dispersal; including trait and functional similarity with currently dispersed 

fruit species, it may be possible to predict the probability of invasive potential of individual 

introduced plants. 

  

The Rational For This Study  

The What –Understanding Diet  

The relative role that introduced species such as the blackbird, starling and song thrush play within 

frugivore mutualisms in New Zealand remains unclear. The literature on the topic draws varying and 

opposing conclusions depending on the context methodologies and goals of individual studies. The 

degree to which there are patterns of preference of native and exotic birds for native and introduced 

fruit respectively, vary across different in New Zealand and needs to be addressed. Are exotic birds 

acting as functional replacements for the decline in native frugivores? Are exotic birds dispersing 

more weed species? Also, are introduced fruits supplementing the diets of native birds? 

 

Answers to these questions can improve the management of food resources within native habitats and 

conservation areas; informing decision making about which species to plant in order to attract native 

species in reserves, parks and gardens.  It can also provide targets for the identification and 

minimisation of weed dispersal pathways. Ultimately it will add to the framework of knowledge about 

both short and long term changes in species function within mutualisms in New Zealand. 

 

While understanding what birds are eating is essential, alone it is not enough. Ultimately predicting 

changes in frugivore behaviour resulting from changing habitat dynamic and shifts between native 

and introduced species requires not only knowledge about the diet of these birds but also a 

mechanistic understanding of the characteristics underlying foraging preference and selection. 

 

The Why- What Determines Diet?  

A common drawback of frugivore studies is that they do not consider relative availability; the 

accessibility of fruit to a consumer. Most studies only address usage: the quantity of fruit consumed 

over a period of time (Johnson, 1980). Due to practical difficulties, few studies detail the presence and 

abundance of all the fruiting plants available to birds at a site. Without detailed records of which 

fruiting plants are available at a particular site, it is impossible to determine if a fruit is being selected 

disproportionately more or less than availability. Availability can be dictated by the size of fruit crops, 
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spatial distribution or geographical expediency, and timing of fruiting, (phenology); all of which can 

impact feeding behaviours (Flemming 1979, Barboza et al., 2008).  Availability alone, however, may 

not be enough to explain patterns of selection. 

  

Fruit selection may also be determined by fruit traits and the characteristics of the plants on which 

they grow. There are a number of fruit traits which have been associated with fruit selection in various 

studies; including colour, (Willson & Whelan, 1990; Puckey et al., 1996), size, (Jordano, 2000; Lord, 

2002; Kelly, 2010), shape (Herrera, 1992; Lord 2002) pulp to seed ratio, and the number and size of 

seeds, (Izhaki, 2002; Stanley & Lill, 2002). Other studies have found stronger associations between 

foraging patterns and fruit pulp composition in terms of moisture, energy and nutritional content 

lipids (Stiles, 1993), protein, (Bosque & Calchi, 2003), carbohydrates, (Lepczyk et al., 2000), sugar 

concentrations, (Ally, 2010), and secondary compounds (Saxton et al., 2010). Lastly, fruit selection 

may be influenced by plant growth form and accessibility to fruit on an individual plant (Mormond & 

Denslow, 1983). 

  

Thesis outline 

Plant frugivore mutualisms are important in many habitats across New Zealand (Kelly et al 2010). 

How these mutualisms are impacted by shifts in bird and plant assemblages from native to introduced 

species are mostly unknown.  The overall objectives of this thesis are threefold. 

  

• To determine if introduced birds act as functional replacements for declining native species 

within frugivore mutualisms. 

• To investigate how key fruit characteristics, relate to interspecific preference and selection by 

avian dispersers.  

• To explore if availability is the predominant factor shaping patterns of fruit consumption. 

  

Each of these objectives is addressed as a separate chapter. 

  

In Chapter 2, I begin by establishing baseline data about fruit consumption of free-ranging native and 

exotic birds in New Zealand. This is achieved through the compilation of data from 22 studies 

spanning 35 years; including over 20,000 foraging observations. This provides substantive evidence 

supporting the theory that introduced birds consume higher proportions of introduced fruit than native 

birds. 

  

In Chapter 3, laboratory and field measurements are used to determine the relationship 

between fruit and plant traits and foraging patterns of New Zealand frugivores. This 
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addresses the question of whether or not fruit features may affect selection by avian 

frugivores. 

  

In Chapter 4, laboratory and field measurements are used to determine the relationship between fruit 

and plant traits and the foraging patterns of New Zealand frugivores. This addresses the question of 

whether or not fruit features may affect selection by avian frugivores. 

 

Lastly in Chapter 5 aspects of the whole thesis are brought together to discuss the validity of choice 

feeding experiments, the causes underlying fruit preference, why introduced birds preform differently 

in seed dispersal mutualisms and the conservation implications of these findings. 

  

The overall goal of this thesis is to investigate both what fruiting plants native and introduced birds 

are eating and why. 
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Chapter 2 
 

Do introduced birds act as functional replacements for 

natives within frugivore mutualisms? 
 

Introduction 
The mutualistic interactions between fruiting plants and avian frugivores in New Zealand are 

essential to functional dynamics across a multitude of habitats. Due to the relative complexity 

of these systems, it is difficult to predict the outcomes of shifting species assemblages caused 

by global change. Increasing knowledge, therefore, about the presence and strength of 

frugivore interactions and the relative differences between native and introduced bird species 

increases understanding of the impacts of altered community structure.   

  

In New Zealand, 59% of native tree species and 12% of the whole native flora are adapted for 

bird-mediated dispersal (Kelly et al., 2010). The majority of dispersal visits to native fruiting 

plants was accomplished by four native bird species; the kereru (Hemiphaga 

novaeseelandiae),  bellbird (Anthornis melanura), tui (Prosthemadera novaeseelandiae) and 

the silvereye (Zosterops lateralis) (Kelly et al., 2006). 

  

It has been hypothesised that, due to their relative abundance, introduced species such as the 

blackbird (Turdus merula), and the starling (Sturnus vulgaris) may also make significant 

contributions to fruit dispersal in New Zealand (Garcia et al., 2014).  However, such a 

phenomenon would be negated if introduced birds differed in the service they provide; eg. if 

they were consuming different fruit species; particularly if these plant species were 

introduced or were considered environmental weeds. 

  

Studies about seed dispersal began to emerge in the 1970s with Mckey’s (1975) and Snow’s 

(1971) evolutionary frameworks on the mutualistic interactions between frugivores and 

fruiting plants. Further contemporary work by Janzen (1970), and Connell (1970), laid the 

groundwork for the inquiry into the impact of frugivore mutualisms on plant communities. 

  

Similar to elsewhere in the world, early research of bird diet in New Zealand was 

predominantly determined through qualitative observations. For example, in 1888 Buller & 



 24 

Keulemans noted the difference between kereru eating taraire (Beilschmiedia tarairi) and 

eating kereru in the North Island, contrasted with and hinau (Elaeocarpus dentatus), koeka 

(Pseudopanax crassifolius) and ramarama (Lophomyrtus bullata) eating in the South Island. 

They also noted a difference between winter and summer diets.  Some quantifiable accounts 

of the diets of frugivorous birds started to arise in the later part of the 20th century; such as 

McEwen (1978), and Moeed (1980), but these tended to focus on a single bird species or a 

small subset of natives 

  

It wasn’t until 1996 that Williams & Karl looked at the potential role that introduced birds as 

a whole might play within mutualisms with fruiting plants. They found a pattern in which 

native and introduced birds consume proportionately more native and introduced plants 

respectively. Similarly, Kelly et al., (2006) showed that only nine (23%) of the exotic bird 

species examined showed frequently significant rates (>5%) of visitation to native fruiting 

plants. Furthermore, Macfarlane et al., (2016) showed that while exotics were capable of 

dispersing large fruits, they were shown not to consume large native species of fruits and ate 

only large exotic fruits.  

  

Since exotic birds appear to have higher proportional visitation to non-native plants, they 

may provide a common vector; spreading weed species into degraded indigenous ecosystems 

(Williams & Karl, 1996; MacFarlane et al., 2016).  Conversely, García et al., (2014) 

concluded that due to their overall high abundance, exotic birds made a substantial relative 

contribution to native fruit dispersal in New Zealand and therefore, offset losses of native 

dispersers. It has also been postulated that exotic birds may counteract native frugivore loss 

by having a wider dietary breadth; often associated with invasive species (Garcia et al. 2014; 

Courant 2017).  For instance, in Burns (2012) blackbirds were recorded consuming a wider 

range of fruit species than co-occurring native birds. However, in studies such as Garcia et 

al., 2014, results may be biased by the fact that the studies were conducted in urban areas; 

where there is a disproportionately high number of introduced species such as blackbirds, 

relative to indigenous habitats like native forests away from towns. Due to differences in 

methodologies, species, and habitats included in these studies, no definitive conclusion has 

been reached on the role of introduced frugivores in New Zealand. Frugivore diet is variable, 

dependent on the fruit availability, habitat structure and shifting dynamics of both plants and 

birds over time and between seasons (Davies, 2015).  How then, do we form a wider picture 

of the role of native and introduced birds across different habitats and contexts? 
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 To date, there exists a substantial amount of data on fruit within the diet of both native and 

introduced birds within New Zealand.  This exists in the form of habitat surveys, (Gibb, 

2000) secondary observations, (Dijkgraaf, 2002) and studies of a single or multiple focal bird 

species, (Bergquist, 1987; Baker, 1999; Emery, 2009). Utilising this work, I ran a meta-

analysis which compiled data on fruit in the diet of native and exotic birds in New Zealand, 

from 21 studies over 35 years, including nearly 20,000 observations.  Compiling this data and 

performing a meta-analysis increased the robustness of the conclusions, as well as improved 

substantive theory on frugivore mutualisms in New Zealand. This compilation also 

eliminated the need for duplication of data already collected (Turner et al., 2013). 

    

It is only with an understanding of how these mutualistic systems are assembled and are 

shifting as a result of global change that sustainable ecosystem management can be reached 

(Burgos et al., 2007).  For example, network topographical properties can be informative in 

terms of assessing the stability of mutualistic networks to perturbations and species loss 

(Landi et al., 2018).  Alterations in network structure and the strength of interaction pathways 

caused by changes in species composition can impact the relative cost to benefit ratio of 

mutualists (Kiers, 2010). Furthermore, by identifying birds which consume the fruit of certain 

introduced plants as potential dispersal vectors, the invasive probability of different plant 

species can be assessed (Gosper, 2005). 

  

The primary objective of this chapter is to establish baseline data about fruit consumption by 

free-ranging native and exotic birds in New Zealand. The overarching aim is to determine if 

introduced birds are acting as functional replacements to native birds in dispersal mutualisms 

with native fruiting plants. 

  

 Specific questions I will address include: 

1      Is the proportion of native to introduced fruit within the diet equal between native and 

introduced birds? 

2      Are fruiting plant species of particular status: “at risk”, “threatened”, or ”environmental 

weed” consumed more by native or introduced birds?  

      And are the majority of these plants consumed by a certain few or single bird species? 

3      Does a plant’s origin (i.e. whether or not a plant is native to a bird’s home range)  affect 

the choice of which introduced fruits exotic birds will eat? 
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4      How is the structure of mutualistic networks influenced by increasing proportions of 

introduced frugivores? 

   

Methods 
Literature Search and Selection 

  

Search databases: 

Web of Science, Scorpus, University of Canterbury library database, Google Scholar 

  

Search terms: 

•        Frugivory NZ birds/ ‘bird names’ 

•        Diet of NZ birds/ ‘bird names’ 

•        Feeding observations NZ birds/ ’bird names' 

•        Fruit in diet NZ birds/ ‘bird names' 

*Both common and scientific names of focal bird species listed above were used. 

  

Duplicate studies were removed including Wyman & Kelly (2016) which included data from 

Macfarlane et al., (2012). Instead, the same data obtained from Kowhai Bush (2012) was 

taken from Wyman (2013), the pre-published thesis. Conversely, the published form, 

Macfarlane et al., (2016) was used over the pre-published thesis of MacFarlane et al., 

(2012).   

  

Data inclusion 

Following the approach in Kelly et al., (2006), only those studies which quantitatively 

measured the presence of fruit in the diet of the focal bird species were included. This 

excluded all qualitative accounts of bird foraging (i.e. lists of plant species fed on without 

information on frequency). While these can tell us if a species has been known to consume a 

particular fruit species, they do not tell us the relative importance of the fruit in the diet or if 

the consumption of that fruit is a regular occurrence.  

  

Furthermore, only those studies which provided full species names for plants, not just 

common names, were included. Some names are shared between species; for example, the 
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common name mingimingi may refer to one of three different plants; Coprosma propinqua, 

Leucopogon fasciculatus or Leptecophylla juniperina (source needed).  

  

Studies were excluded if they did not include a sample size or other qualification of sampling 

effort such as minutes of observation. Once filtering for inclusion/exclusion criteria, this left 

21 studies from between 1978 to 2015; including nearly 20,000 observations. For a complete 

list of the studies included see Appendix 1. 

  

Study Populations  

  

Geography 

The studies included were performed on the mainland of New Zealand and close offshore 

islands. This excludes Chatham, Kermadec and Three Kings Islands. On the mainland, 17 

studies were in the north island and 23 were on the south island; with major groupings around 

the Auckland, Hastings, Wellington and Canterbury regions.  There was some overlap of 

sites; including Wenderholm Regional Park (3632’S,17442’E). Zealandia (4129’S,17445’E), 

and  Kowhai bush (4329’S,17192’E); which were all used by multiple studies. One study, 

Pierce (1995) was performed on Chicken Island, 12 km offshore; east of north Auckland 

 

 

Figure 2.1 The distribution of sites used across all studies 
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Focal species 

Although many New Zealand birds have fruit as a component of their diet, the most common 

species recorded eating fruit are the endemic kereru (Hemiphaga novaeseelandiae), bellbird 

(Anthornis melanura), tui (Prosthemadera novaeseelandiae) and native silvereye (Zosterops 

lateralis).  Together these four species are among the most common and resilient species in 

lowland forests and according to Kelly et al., (2006) made close to 84% of visitations to 

native fruiting plants.  

  

Again, although there are numerous exotic birds which consume fruit, the majority of 

observations of frugivory are of three species; blackbird (Turdus merula), song thrush 

(Turdus philomelos), and common starling (Sturnus vulgaris). These species are  some of the 

most common species in native and disturbed ecosystems throughout New Zealand (Lindsey 

& Morris, 2000). These three species are also some of the most predominant avian weed 

dispersing agents in New Zealand (Wotton & McAlpine, 2015) 

  

Methods used in studies 

The studies fell into three types; observations of visitation rates, fruit removal rates, and fruit 

material within the digestive process. 

  

Observations of visitation rates recorded the number of ‘visits’ or feeding bouts (a ‘bout’ is 

where fruit consumption was observed) to a plant over a unit of time. Data were either 

represented as counts (the number of visits) or the proportion of total visits to all plants made 

by a bird species. This method is inclusive of animals which are ancillary and those which 

may act as seed predators, however this is negated by selecting out focal dispersers (Kelly, 

2006). 

  

Observations of fruit removal recorded the number of fruit removed by each bird species over 

a period of observation. Again data was presented as either total counts of each fruit 

consumed by each bird species or as a proportion of the total fruit within the diet. 

  

Quantifying fruit material within the digestive process was approached in a variety of ways in 

the different studies. In Moeed (1980) seeds present in the dissected gizzards of various 
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introduced birds, shot for the purpose, were counted. Similarly, in McEwen (1978) plant 

material within the dissected alimentary canal of confiscated kereru, which had been illegally 

shot, was totalled. Another more common approach was to look at the proportion of seeds 

and or fruit flesh in faecal samples; as in Williams & Karl (1996), Wyman (2013), and 

Macfarlane (2015). Studies of this type have the drawback of potentially overestimating the 

importance of fruit which are difficult to digest (Coleman 1974). 

  

Data extraction 

In order to pool data about foraging practices across different methodologies, it is essential to 

describe each study by common numerical indicators. For this reason, the outcome variable 

of each study was converted into proportions, if this was not already the case. Each fruit 

species was represented as a proportion (N eaten) of the total (N total) for each study for a 

bird species. Fruit consumption is often reported as a proportion of the total diet, which 

includes other elements; such as foliage and insects. In these cases, the proportion of each 

fruit was taken as that of total fruit in the diet rather than as a proportion of all food sources 

  

As far as possible, plant species were listed under their most recently accepted scientific 

name, as listed on Landcare researches flora of New Zealand taxon database 

(http://www.nzflora.info/index.html, Breitwwieser et al 2010).  For a full list of fruit species, 

their synonyms and common names, see Appendix 1. Inferences had to be made in some 

instances in terms of the identity of some species. For instance, fruit simply listed as 

Coprosma in McEwen (1978) was assumed to be C. robusta the most common fruiting tree 

in the genus in New Zealand. This was within the context that some other Coprosma were 

listed in her study to the species level. Additionally, in some cases where fruit consumption 

was already recorded in percentages, they did not add up to 100%. The only really extreme 

case of this was in O’Donnell and Dilks (1994) where observations of Silvereye foraging 

combined to 115%, presumably due to an incorrect number in the relevant table. In these 

cases, the raw data were rescaled to 100%. 

  

Data analysis 

All data analysis was completed using Rstudio 3.5.1. The mean proportions for each fruit 

were combined across all studies for each bird species separately. This gave the relative 

contribution of each fruit to the diet of each bird and therefore allowed ranking of each fruit 
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within the diet for a particular avian species. From this data, means across all native and 

introduced birds could be drawn by combining data from kereru, tui, bellbird, and that of 

blackbird, starling and song thrush respectively. 

  

To examine if proportion of fruit consumed is related to bird type, a generalised linear mixed 

model was run using the ‘glm’ package. Two models were run, the first of which used plant 

origin (native vs adventive) and bird type (endemic vs exotic) as explanatory variables with 

the proportion of each fruit consumed as the response. The second model used plant origin 

and familiarity (whether the species was present in the bird’s native range) as explanatory 

variables, and the proportion of fruit consumed as the response variable. 

  

Fruit was coded as either native or adventive, with native encompassing both endemic and 

indigenous plants; as listed by the flora of New Zealand database by Landcare research 

(Breitwieser, et al., 2010). Birds were also encoded as either introduced (blackbird, starling, 

song thrush), endemic (kereru, tui, bellbird) or native (silvereye).  

 

Lastly, each fruit was classified as either familiar or unfamiliar to each bird in its native 

range. When considering introduced birds such as blackbirds, their range extends across 

Europe to Asia and North Africa, from Australia to numerous islands in the Atlantic and 

Pacific (Higgins et al., 2006). The only continents they do not inhabit are North and South 

America and Antarctica. Likewise, the starling and song thrush are also widespread 

throughout the northern hemisphere (Higgins et al., 2006).  For this reason almost all 

adventive fruit in this study overlap with these bird’s ranges somewhere.  However, the 

specific bird introductions to New Zealand were almost exclusively sourced from birds 

brought over from Britain by various acclimation societies throughout the 1860s and 70s 

(Thomson, 1922). Therefore, for the blackbird, starling and song thrush, plants were 

classified as familiar if they were present in Britain during or prior to this period. This 

information was drawn from the online Atlas of the British and Irish Flora 

(https://www.brc.ac.uk/plantatlas/) (Preston et al.,2002).  While Clapham et al. (1990) Flora 

of the British Isles is the classical authority on this topic, a number of the plant species of 

interest were not listed. For those that were listed in both sources, there was general 

agreement in terms of classification. Similarly, plant presence in eastern Australia and the 

native range of ancestral population of New Zealand silvereye, was derived from Flora of 

Australia as well as the Australian Plant censuses (Australian Bureau of Flora,1981; Hnatiuk, 
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1990). Plants which were indigenous or endemic to New Zealand; according to the Flora of 

New Zealand database (Breitwwieser et al., 2010), were classified as familiar to native birds. 

  

To determine if there was a difference in fruit species consumed between native and 

introduced birds, non-metric multidimensional scaling was used on the proportion of fruit in 

the diet of each bird, following Burns (2012). This was done using the ‘metaMDS’ function 

of the ‘vegan’ package. This produced an ordination of species diets in which birds with 

similar diets were positioned closer together. To explore the differences between introduced 

bird species and co-occurring natives, the average Euclidean distance between groups 

(introduced vs endemic) was compared to the average group distance for endemic birds using 

a one sample t-test.   

 

This explained if there was a greater difference between fruit in the diet of introduced and 

endemic birds than that between different native frugivores. Likewise, the average Euclidean 

distance between individual introduced birds (blackbird, thrush, and starling) and the three 

species of endemic bird (kereru, tui, bellbird) were compared to the averaged distance of the 

endemic birds to each other. This tested if there was a greater similarity in diet between 

individual introduced bird species and individual endemic species than the later with other 

endemics.  

  

To explore the relative contribution of different frugivores to the distribution of certain 

groups of fruiting plants, two bipartite networks were produced. This was done for both 

‘threatened’ and “at risk’ species as well as those adventive plants which were classified as 

environmental weed species The threat status of native fruiting plants was taken from The 

New Zealand Threat Classification Series (NZTCS) (De Lange et al. 2012, 2017). Threatened 

plants are those with ‘very small populations’ and or ‘high ongoing predicted decline.’  At 

risk plants are those with ‘moderate to large populations’ and ‘low ongoing or predicted 

decline.’ For more information about classification criteria see Townsend et al. (2008). Status 

of exotic plants was taken from The Department of Conservation’s (DOC’s) consolidated list 

of environmental weeds in New Zealand (Howell,2008).  The ‘plotweb’ function in the 

bipartite package was used to produce the networks of  interactions between birds and these 

species using the pooled frequency in occurrence of frugivory events (Dormann et al., 2008).  

This allowed visualization of which fruit species were being dispersed by which birds. 
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Lastly, to determine whether introduced frugivores displayed higher species level 

specialisation than their native counterparts, the ‘dfun’ function was used. Using a bipartite 

network of all species interactions this calculated d’, a measure species level network 

specialisation (Blüthgen et al., 2006). 

  

Results 
Across all 21 studies, 118 fruit species (33 of them exotic) were recorded in the diet of the 

focal bird species. This encompassed species from 49 plant families across 28 orders. Within 

these there were 342 unique interactions between birds and fruiting plants (links) with a total 

of 19,326 events of frugivory.  

  

Across all bird species adventive fruiting plants made up 13% of observations (Fig. 2). In the 

diet of introduced birds (blackbird, starling and song thrush) adventive fruit made an average 

of 23.6% of the fruit consumed. Comparatively, adventive fruit consisted of  less of the total 

mean fruit diet of the endemic birds; kereru, tui and bellbird (mean 2%, T=2.53, d.f. = ????, 

p=0.033). The native silvereye had an intermediate value of 12.7%. The species with the 

largest proportion of introduced fruit within its diet was the starling with 42.2%, followed by 

blackbird and song thrush with 14.5% and 14% respectively. Endemic kereru, bellbird and tui 

had 1.2%, 1.5%, 3.3% respectively.   
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Table 2.1 Composition of fruit within the diet of birds in New Zealand. Data are the mean 

percentages of the fruit diet across all studies for that bird. A blank means that bird was not 

reported feeding on that plant species. n=the number of feeding observations made for that 

species across all studies 

 
 

Kereru Bellbird Tui  Silvereye Blackbird  Songthrush Starling  
 

n=5501 n=2754 n=1648 n=6885 n=1792 n=268 n=478 

native species 
       

Alectryon excelsus  0.12 
   

3.04 
  

Aristotelia serrata    7.52 0.70 1.94 0.78 1.73 
  

Ascarina lucida 
 

0.40 
 

0.51 
   

Astelia banksii 
     

3.57 
 

Astelia fragrans 
 

0.07 
     

Beilschmiedia tarairi 4.44 
      

Beilschmiedia tawa 12.14 
      

Carpodetus serratus   0.77 0.10 1.45 0.04 0.42 
  

Coprosma areolata 0.24 0.23 
    

Coprosma crassifolia 0.03 0.12 
    

Coprosma foetidissima 0.02 0.47 
 

0.03 
   

Coprosma grandifolia 2.42 6.72 10.80 2.74 17.01 17.32 1.38 

Coprosma linariifolia 0.05 0.11 0.46 
    

Coprosma lucida 0.06 0.48 1.12 0.01 
   

Coprosma parviflora 0.03 
     

Coprosma propinqua 1.36 0.12 0.48 
   

Coprosma repens 
 

0.03 2.16 0.86 
   

Coprosma rhamnoides 0.73 
 

0.40 
 

0.14 
 

Coprosma robusta 3.61 29.46 10.97 15.10 12.27 21.34 0.28 

Coprosma robusta x grandifolia 0.00 
     

Coprosma robusta x propinqua 1.38 
     

Coprosma rotundifolia 1.00 0.12 0.06 
   

Coprosma dumosa 
 

0.95 
 

0.06 
   

Coprosma tenuifolia 0.05 
     

Cordyline australis 2.18 0.03 0.60 0.47 0.48 1.19 4.58 

Coriaria arborea   0.03 0.13 0.40 1.42 3.22 
  

Corokia sp 6 
 

0.03 0.69 
    

Corynocarpus 
laevigatus   

3.16 
  

2.38 
   

Dacrycarpus 
dacrydioides 

5.33 2.89 5.28 1.37 1.25 
 

15.29 

Dacrydium 
cupressinum  

2.30 1.83 5.28 0.71 1.25 
  

Dysoxylum spectabile 1.17 
 

2.68 
 

1.05 
  

Elaeocarpus dentatus  0.98 0.06 0.04 
 

0.15 
  

Elaeocarpus hookerianus 0.13 
  

0.11 
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Fuchsia excorticata   2.46 0.89 1.49 0.23 1.72 
  

Geniostoma rupestre 
 

0.11 1.97 0.01 
  

Griselinia littoralis 0.13 
 

0.23 0.91 0.17 
  

Griselinia lucida 0.61 0.33 
     

Griselinia spp. 0.11 
      

Hedycarya arborea  3.95 0.02 
  

0.03 
  

Ileostylus micranthus 0.02 0.78 0.12 0.09 
   

Ixerba brexioides 0.07 
      

Lophomyrtus bullata 0.13 0.46 
    

Lophomyrtus 
obcordata 

0.09 0.15 0.23 
    

Melicytus alpinus 
 

0.13 
     

Melicytus lanceolatus 0.12 
      

Melicytus obovatus 0.05 
 

0.22 
   

Melicytus ramiflorus 1.32 5.67 9.64 13.92 7.20 0.57 18.15 

Meryta sinclairii 
  

0.60 
    

Muehlenbeckia astonii 0.02 0.56 
 

0.19 
   

Muehlenbeckia 
australis 

0.05 1.51 3.06 3.01 0.21 1.26 
 

Myoporum laetum    1.05 0.03 10.26 0.60 5.85 0.30 7.69 

Myoporum laevigatum 
 

1.08 
    

Myrsine australis  0.44 2.75 2.55 1.11 1.51 
 

1.03 

Myrsine divaricata 
 

0.24 
 

0.04 
   

Myrsine salicina 0.17 
 

0.81 
    

Neomyrtus pedunculata 0.36 
 

0.09 
   

Nertera spp. 0.02 
      

Nestegis cunninghamii 1.45 
      

Nestegis lanceolata 0.05 
      

Passiflora tetrandra 
  

0.62 1.60 
  

Pennantia corymbosa 0.06 0.10 0.35 1.15 
   

Peraxilla colensoi 
 

0.02 
 

0.04 0.34 
  

Macropiper excelsum   0.99 
 

1.70 0.55 1.69 7.14 
 

Pittosporum crassifolium  0.08 
 

0.19 
   

Pittosporum eugenioides   
 

0.06 0.50 0.18 
  

Pittosporum 
tenuifolium  

2.22 
  

0.42 
   

Planchonella costata 0.85 
      

Podocarpus laetus 
 

13.99 
 

6.13 1.57 0.49 
 

Podocarpus totara 1.11 12.85 7.60 2.75 2.59 2.22 0.90 

Prumnopitys 
ferruginea   

12.53 0.07 0.17 
 

0.42 
  

Prumnopitys taxifolia   7.56 0.73 1.49 0.70 8.48 7.33 0.68 

Pseudopanax arboreus  3.27 4.79 8.42 19.49 7.04 11.51 7.85 

Pseudopanax colensoi  
  

0.03 
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Pseudopanax 
crassifolius 

0.36 0.75 
 

0.90 0.58 
  

Rukaua edgerleyi  0.02 0.07 0.34 0.08 
   

Pseudowintera 
colorata 

1.25 0.71 
 

0.06 
 

2.06 
 

Raukaua simplex 
(Pseudopanax simplex) 

0.23 0.02 
 

0.44 0.58 
  

Rhopalostylis sapida 3.48 0.23 
  

2.11 3.57 
 

Ripogonum scandens   0.54 
 

0.22 0.00 0.15 
  

Rubus cissoides 
 

0.07 
 

0.05 
   

Schefflera digitata  0.12 0.69 0.22 1.21 0.17 5.93 
 

Solanum laciniatum   0.17 0.08 
 

0.00 
   

Streblus heterophyllus 0.03 0.05 0.23 
    

Tetrapathea tetrandra 
  

0.06 
   

Tupeia antarctica 
 

0.18 0.23 
    

Vitex lucens 5.58 
 

0.89 
    

        

Adventive species 
       

Acacia floribunda 
  

1.51 
    

Arbutus unedo 1.11 0.09 
 

1.47 0.37 2.98 0.59 

Berberis darwinii   
   

0.65 0.79 
  

Berberis glaucocarpa  
  

0.38 2.04 0.96 
 

Cornus capitata 
   

0.19 0.04 
  

Cotoneaster franchetii 
  

0.06 0.33 
  

Cotoneaster spp. 
    

0.04 
  

Crataegus monogyna 
 

0.12 0.19 3.67 3.57 
 

Euonymus europaeus 
  

0.13 
   

Ficus carica 
   

2.40 
  

5.28 

Hedera helix 
    

0.70 
  

Ilex aquifolium  
 

0.18 
  

1.16 
  

Laurus nobilis 
  

0.12 
   

2.31 

Leycesteria formosa 0.06 
 

0.35 0.30 0.01 
 

Ligustrum lucidum 
  

0.70 
    

Ligustrum sinense 
  

0.80 0.74 0.04 3.55 
 

Lonicera japonica 
   

0.01 
   

Mahonia aquifolium 
   

0.11 
  

Malus domestica 
 

1.11 
 

3.34 2.32 1.79 6.91 

Malus spp. 
   

0.24 0.07 
  

Malus sylvestris 
   

1.48 
  

2.22 

Passiflora mollissima 
   

0.00 
  

Prunus avium 
 

0.09 
 

0.07 0.28 1.19 
 

Prunus cerasifera 
    

0.17 
 

1.18 

Prunus hybrid  0.09 
      

Pyracantha spp 
   

0.11 
   

Pyrus communis 
   

0.49 0.31 
 

0.94 
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Rubus fruticosus 
   

0.11 0.57 
  

Sambucus nigra 
   

0.26 0.17 
 

10.00 

Solanum nigrum   
   

1.85 0.57 
 

9.43 

Sorbus aucuparia 
   

0.06 0.11 
  

Viburnum betulifolium  
   

0.11 
  

Vitis vinifera 
   

0.14 0.27 
 

3.30 

 

 

 

Figure 2.2  Proportion of introduced and native fruiting plants within the diet of New 

Zealand frugivores. Data are the mean fruit observations in the diet of each bird species 

across 21 studies.  Shows that Introduced frugivores have a significantly higher proportion of 

their diet made up of introduced fruit (23.6%) that native counterparts ( 2%  T= 2.30, d.f. = 

5, P =0.041). 

 

Based on the bipartite network model, niche (diet) overlap between avian frugivores is 0.327 

with 1 representing perfect overlap and 0 representing complete separation. Non-metric 

multidimensional scaling analysis revealed a two-dimensional representation of dietary 

differences between New Zealand avian frugivores (Fig.3) (Normalised raw stress = 

0.035).  The average Euclidean distance between the diet of introduced birds and endemic 

birds (0.33) was slightly higher than the average between native species (0.31), indicating 
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dietary dissimilarity, however this difference was not significantly different (t(5) = 0.56,  p = 

0.61). This means that the diet of at least some introduced birds may be more similar to that 

of some native species, than those species are with other natives.  The average Euclidean 

distance between blackbirds and all endemic (0.25) was not lower than the native community 

(0.31, t(5) = 3.48, p = 0.07). This is due to high similarities in the diet of blackbird and tui 

(Fig. 3) For comparison, in Burns et al (2012) found higher levels of similarity between 

blackbirds and endemic frugivores that within endemic communities (0.684 vs 0.876 , t(5) = 

2.57, p = 0.048) showing higher levels of similarity with natives. The difference in magnitude 

of the Euclidean distance between Burns et al (2012) and this study is likely a product of a 

higher number of bird species in the former but also larger sample sizes in this study leading 

to increased detection of fruit within the diet and thus higher levels of overlap. It should be 

noted however that as Burns et al (2012) was conducted within a managed native forest only 

native fruiting plants were included. 

 

The average Euclidean distance in this study between thrush and natives (0.38) was lower 

than between natives (0.31, t(5) = 0.68,  P = 0.04) while distance between starling (0.36) was 

not (t=3.36, df = 5,  P=0.08). The greatest dietary similarity in a native bird with these species 

was again the tui. Non-metric multidimensional scaling was also run using only the native 

fruit within the diet of New Zealand frugivores (Fig. 2.4)(normalised raw stress=0.058). 

Again the average Euclidean distance between introduced birds and natives was not 

significantly different than between endemic frugivores (t(5)=0.38 P=0.36). The average 

distance between blackbirds and natives verse distance between endemics did however 

become significant (t(5)=4.51, df = 5, p = 0.0458). Likewise, the average distance between 

the diet song thrush and that of endemic birds compared to the distance within endemics 

became non-significant (t(5) = 0.16, p = 0.88) This indicates that the similarities in diet 

between blackbird and song thrush compared to the tui can be attributed more to parallels in 

adventive fruit consumption than that of native fruit.  
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Figure 2.3.  Non-metric multidimensional scaling analysis of the fruit within the diet of seven 

frugivorous birds in New Zealand. Each point represents a single bird species with groupings 

indicating dietary similarity. 

 

Figure 2.4.  Non-metric multidimensional scaling analysis of only the native fruit within the 

diet of seven frugivorous birds in New Zealand. Each point represents a single bird species 

with groupings indicating dietary similarity. 
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Of the native plant species dispersed by birds in this study, four are currently classified as ‘at 

risk’ with either ‘declining’, ‘nationally uncommon’ or ‘relict’ populations. This includes 

Melicytus obovatus, puka (Meryta sinclairii), scarlet mistletoe (Peraxilla colensoi), and New 

Zealand mistletoe (Tupeia antarctica).  A further three species; ramarama (Lophomyrtus 

bullata), New Zealand myrtle (Lophomyrtus obcordata), rōhutu (Neomyrtus pedunculata) are 

currently considered ‘threatened.’ They are classed as either ‘nationally vulnerable’ or 

‘nationally critical’ with one species; shrubby tototara (Muehlenbeckia astonii) classified as 

nationally endangered.(De Lange et al. 2012, 2017). For a full list of the status of native and 

introduced plant species included in this study see appendix 1. Bellbirds were recorded 

consuming the greatest number of these species (6) followed by tui (4) and silvereye (4). 

Kereru and blackbirds were both recorded consuming one while starlings and blackbird had 

none of the ‘at risk’ and ‘threatened’ species recorded in their diet (Fig.5). Furthermore two 

species; puka and shrubby totataro were only recorded in the diet of single frugivore species; 

the tui and silvereye respectively. 

  

Discounting hybrid species, 65% (21) of the fruited adventive species consumed in this study 

are considered environmental weeds in the DOC consolidated list of weeds (Howell, 

2008).  For a full list of plant species and their status see Appendix 1.  Of the 21 fruiting plant 

species classified as environmental weeds by Howell (2008) included in the list, the greatest 

number of different species were observed in the diet of the blackbird (15), followed by 

silvereye (13), starling (5), tui (4), song thrush (3), bellbird (1) and kereru (0) (fig. 5). 
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Figure 2.5.   Bipartite interaction frugivore web showing community level interactions for 

threatened and at risk native fruiting plants (top row) and avian dispersers (bottom row) 

across all studies. Lines represent interaction between the two species while the thickness of 

the line represents the relative frequency of the interaction. Plant species are labelled using 

the first three letters of the genus name and first three letters of the species name.  From left 

to right Meryta sinclairii, Lophomyrtus obcordata, Lophomyrtus bullata,Tupeia antartica, 

Neomyrtus pedunculata, Melicytus obcordata, Muehlenbeckia astonii, Peraxilla colensoi. 

 

 

 

Figure 2.6.  Bipartite interaction frugivore web showing community level interactions for 

adventive fruiting plants classified as environmental weeds(top row) and avian 

dispersers(bottom row) across all studies. Lines represent interaction between the two 

species while the thickness of the line represents the relative frequency of the interaction. 

Plant species are labelled using the first three letters of the genus name and first three letters 

of the species name.  From left to right Ilex aquifolium, Cotoneaster spp., Hedera helix, 

Crataegus monogyna, Prunus avium, Cotoneaster franchetii, Berberis glaucocarpa, Rubus 
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fruticosus,Leycesteria formosa, Berberis darwinii, Prunus cerasifera, Ligustrum sinense,VItis 

Vinifera, Euonymus europaeus, Lonicera japonica, Sorbus aucuparia,  ligustrum lucidum, 

Ficus carica, Sambucus nigrum, Laurus nobilis. 

 

Species level network specialisation (d’) differed between species. With 1 representing a 

complete specialist and 0 a complete generalist, species can be ranked as following; 

kereru  (0.6452908), song thrush (0.4789062), starling (0.4419317), bellbird  (0.4004723), 

silvereye  (0.3701507), blackbird  (0.3055791) and tui (0.2990153). There is not a significant 

difference between the endemic bird mean specialisation (0.448) and the introduced bird 

means (t(6) = 0.408, p = 0.75).  However even when including silvereye, native birds were 

not shown to have significantly different levels of specialisation to introduced ones 

(p=0.849). It should be noted that this may be an artefact of the small number of observations 

of frugivory for both song thrush and starling. The number of fruit recorded in the diet of 

particular frugivore was positively correlated (R2 = 0.504, P> 0.001) with the number of 

observations for that species (sampling effort) (Fig. 6). In other words, the longer people 

watch individual bird species, the wider the diet of that bird is found to be 

 

 

 

Figure 2.7. The correlation between the number of observations (sampling effort) and the 

number of fruit recording in the diet of frugivorous birds (diet diversity) across 21 studies. 

Each point represents a single bird species within a study. Shaded area represents 95% 

confidence intervals 
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Discussion  
  

Functional replacement or supplementation of native frugivores in seed dispersal mutualisms 

is dependent on introduced birds providing an equal service to native birds (Kelly et al. 2006, 

Wyman & Kelly 2017; Blendinger et al., 2017). Results from this study indicate that this is 

not the case. 

  

 Introduced birds are shown to have a greater proportion of their diet made of adventive fruit, 

23.5%, compared to just 2% in endemic birds (Fig. 2.2). Even on the level of individual 

species, the exotic frugivore with the highest proportion of native fruit within its diet, the 

song thrush, still consumes seven times the amount of adventive fruit than the endemic 

average (14% vs 2%). This indicates that introduced frugivores differ significantly in patterns 

of fruit consumption in comparison to endemic birds. These findings are in line with previous 

work by Williams & Karl (1996) which found the diet of exotic birds was made up of 33% 

adventive fruit while in endemics it made up only 1% across 3 sites.  Furthermore, although 

the results of the generalised linear mixed model were not significant, they point towards 

higher consumption of adventive plants by exotic frugivores than their native counterparts. 

The back-transformed logit coefficients showed that an exotic bird is three times more likely 

to consume fruit from an adventive plant than a native bird. 

  

However, even with a lower proportion of their diet made up of native fruit, introduced birds 

could still provide adequate dispersal services to native plants. The high abundance and 

extensive distribution of introduced birds, which make up 11 of the 15 most widespread 

species in New Zealand, means these species may still disperse large quantities of native fruit 

(Kelly et al., 2006; Burns, 2012).  In other words, lower levels of consumption of by a larger 

number of introduced birds could effectively balance out higher levels of consumption by a 

smaller number of native birds. This effect may be compounded if introduced birds are more 

frugivorous or have a higher proportion of their diet made up of fruit than their endemic 

counterparts. Indeed, average levels of frugivory vary between species; 69.7% in 

Kereru,  25.5% in blackbird, 12.7% in tui, 10.5%in silvereye, from 7.8% in bellbird, and 

6.3% in starling (no value is given for song thrush) (Wooton & McAlpine, 2015). These 

levels are somewhat variable dependent on season, state of recourses and the birds 

themselves (Barboza et al., 2008). Nevertheless, this could lead to a higher per individual 

contribution to  fruit dispersal by species such as blackbird in comparison to many native 
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frugivores; especially when differences in energy demands are considered. Therefore, despite 

differing proportions of native fruit in the diet, some introduced species could have a 

significant contribution to dispersal of native fruiting plants within particular contexts. 

  

However functional replacement does not occur if introduced species are consuming 

significantly different fruit species.  It has been argued that exotic frugivores in New Zealand 

may act as substitutes within seed dispersal mutualisms due to being more generalist than 

native birds (Garcia et al., 2014). Generalist species of exotic origin which become 

incorporated into mutualistic networks can have a greater impact on community dynamics 

than specialist species (Russo et al., 2014). Through consuming a wider array of fruiting 

plants there should, in theory, be a greater functional overlap with the diet of native 

dispersers. This draws from the fact that successfully naturalised species are often broad 

generalists (Lurgi et al., 2014).  In this study however, there was not a significant difference 

between species level network specialisation from endemic and exotic frugivores.  In general, 

frugivory within mutualistic networks is remarkably unspecialised (Burns et al., 2012). Most 

birds have highly varied diets, contending with shifts in resource availability throughout the 

year (Izhaki, 2002). As such, many species have either high levels of morphological and 

physiological plasticity or minimal specialisation, allowing resource shifting not only 

between different fruit but to other food sources such as insects and foliage (Stanley & Lill 

2002; North et al 2016). Reasonably high levels of generalisation for fruit consumption 

across New Zealand frugivores is therefore not surprising. 

  

Moreover, the composition of fruit within the diet of introduced and endemic frugivores in 

New Zealand is not the same. Across all observations, 44 species, or 51% of native fruit, 

were not recorded as being consumed at all by introduced birds (Table 2.1).  It should be 

noted that while these plant species are missing from the data they may still be consumed by 

introduced frugivores to some degree. This alone means that even with high relative 

abundance of introduced birds, particularly in urban and disturbed environments, they are not 

providing the same service as native frugivores in terms of native seed dispersal. 

  

While the composition of fruit within the diet is not shown to be significantly different 

between exotic and endemic frugivores compared to variation within endemic bird 

communities (Fig.2. 3), this can largely be explained by two factors.  Firstly, large levels of 

diversity in the dietary composition exist between endemic birds. For example, a total of 
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17.5% of native fruit species were only recorded in the diet of single endemic birds species 

(Table 2.1). There are seven fruit species recorded only in the diet of kereru; Beilschmiedia 

tarairi, Beilschmiedia tawa, Nestegis cunninghamii Ixerba brexioides, Melicytus lanceolatus, 

Nertera spp,  Nestegis lanceolata, and Planchonella costata. Likewise, there are five species 

only recorded in the diet of bellbirds, Astelia fragrans, Coprosma parviflora, Coprosma 

tenuifolia, Melicytus alpinus, Myoporum laevigatum, and a further three only dispersed by 

tui, , Meryta sinclari, Myosporum laevigatum, and Pittosporum eugenioides Therefore, the 

lack of differences in the dietary composition shown from the non-metric, multidimensional 

scaling of diet is likely more to do with lack of functional redundancy in endemic frugivores 

than similarity in diet between endemic and exotic birds. The second factor leading to 

similarities in diet between endemic and exotic frugivores arises from  

 

Apparent similarities in the diet of endemic and exotic frugivores reflect the overlap in the 

diet of three species, the blackbird, silvereye and tui (Fig.2.3). Greater similarity in the fruit 

diet of these species indicates that blackbirds and silvereye may act more of a substitute for 

tuis within seed dispersal mutualisms than for other endemic frugivores. However, as the 

significance of these relationships was lost when only native fruit were considered (Fig.2.4) 

this suggests that dietary similarities arose more from overlap in adventive fruit, than native 

fruit consumption. 

  

Furthermore, introduced frugivores make negligible contribution to the dispersal of 

‘threatened’ and ‘at risk’ native fruiting plants in New Zealand (Fig. 2.5).  Neither the song 

thrush or starling were recorded consuming any of these species while the blackbird only 

consumed one Peraxilla colensoi. Again, an absence of an interaction in the data doesn’t 

necessarily mean it does not occur. For example, Ladley & Kelly (1996) which looked solely 

at the distribution of New Zealand mistletoes found that in P. colensoi fruit were also taken 

by kereru, and to a lesser degree tui, as well as the species recorded here. Likewise, in Tupeia 

antarctica was also recorded in the diet of the kereru. Nevertheless, the predominant 

dispersal of ‘threatened’ and ‘a risk’ species appears to be by native frugivores. 

  

This may in part be due to lack of habitat overlap between these plants and exotic birds. The 

distribution of all of these fruiting species is largely confined to native forests, scrublands and 

river terraces (Poole & Adams, 1990; Wilson & Galloway, 1993). On the other hand, less 

than a third of blackbirds, a fifth of song thrush and a tenth of starlings are found in native 
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forests. Instead these species are more often found in farmlands, wetlands, residential and 

exotic forested areas. In comparison over half of endemic tui, bellbird and kereru are found in 

naive forested habitats(Robertson et al., 2007; Wotton & McAlpine 2012). 

  

As well as not being dispersed by introduced birds, threatened and rare plant species may 

also be more reliant on animal dispersal than other plants. Small source populations across 

fragmented landscapes lead to dependence on bird dispersal for colonisation and persistence 

(Herrera et al., 2011). Some species, such as P. colensoi and T. antarctica show germination 

failure unless the exocarp is removed. They also show  low establishment and survival; 

meaning they require frequent dispersal for population maintenance (Ladley & Kelly, 1996). 

  

On the other hand, fruiting environmental weed species are dispersed primarily by silvereye, 

blackbird and starling (Fig. 2.6). Again this may not be entirely reflective of occurring 

interactions. For example, kereru, which are entirely absent from this data set have been 

observed feeding on a number of these species including Berberis darwinii, Ligustrum 

lucidum and Ilex aquifolium although the strength of these interactions are unknown (see 

Wotton & McAlpine 2012).  It is hypothesised that exotic frugivores may have a greater 

proclivity for adventive fruit, including weed species, due to an overlap within their native 

range (Gosper, 2005).  While this may not be an overall pattern (as will be discussed later), 

important dispersal services for some weed species in their native ranges may by analogous 

of frugivore dispersal contribution in New Zealand. For example, in their home range, 

blackbirds are the most important dispersers for several fruiting species which exist as 

naturalised weed species in New Zealand; including Crataegus monogyna, Hedera helix, and 

Ilex aquifolium (Snow & Snow, 1988). The data show blackbirds are the most common 

species consuming these same species in New Zealand with a similar pattern existing 

between starlings and Sambucus nigra between ranges. 

  

Again habitat overlap may also play a part in this pattern. Like many other adventive plants, 

weedy fruiting plants are more common in urban and modified habitats overlapping the 

habitat of introduced frugivores (Lindsey & Moris, 2002; Sullivan et al. 2005; Spur et al., 

2011). For example, weed species are more abundant in reserves and small forests within 

close proximity to towns than in other parts of New Zealand (Timmins & Williams 1987). 

Similarly, the weed species in this study are most often found in forest margins, clearings, 

arable lands, riverbeds, roadsides and gardens (Webb et al., 1998).  Bird dispersal is the most 
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common vector for the spread of environmental weeds into degraded indigenous forests and 

secondary scrub (Timmins & Williams, 1987). Dispersal of invasive fruiting plants by avian 

frugivores has even been attributed to reductions in the availability of native fruit 

(Richardson 2000). As such identifying which birds are acting as common vectors for these 

species can inform management practices. 

  

Although introduced birds such as blackbirds, song thrush ad starling are now common 

throughout New Zealand, the shift from native to exotic birds is surpassed by increasing 

populations of silvereyes (Kelly et al 2006).  Not only are silvereyes present throughout 80% 

of New Zealand but they occur in both native and modified ecosystems (Bull et al, 1985) 

For example, silvereye are present in 81% of gardens throughout the country and are the 

second most common bird species in some exotic forest plantations (Seaton et al., 2010, Spur 

2012). Therefore, like exotic frugivores these recently arrived natives have the potential to act 

as functional replacements for declining endemic birds within seed dispersal mutualisms. 

  

Silvereyes have large levels of overlap with endemic frugivores when it comes to native 

fruiting plants in its diet. The composition of native fruiting plant species which silvereyes 

have been observed to consume show similarities with both bellbirds and tui (Fig . 2.4). 

Silvereyes also make the second largest contribution to dispersal of ‘threatened’ and ‘at risk’ 

species in this study (Fig 2.5) This includes the largest number of interactions with Melicytus 

obcordata as well as close to half of those with endangered Muehlenbeckia 

astonii.  However, while adventive fruit make up less of their diet than in exotic species at 

12.7% it still constitutes more than three times as much as in any endemic bird (Fig 2.2). 

When adventive fruiting plants are considered silvereye show high levels of dietary overlap 

with blackbirds, though notably also tui (Fig 2.3). Lastly silvereye have the largest number of 

interactions with weedy fruiting plants, greater than even blackbirds (Fig 2.5) 

  

The distribution of Z.lateralis is prolific throughout Australasia, extending from the Eastern 

and Southern coasts of Australia, through to New Caledonia, Vanuatu, and  Fiji, as well as  

Lord Howe, Norfolk and Chatham islands (Higgins et al 2006). Given that these birds have 

colonised such a wide range, a level of dietary gregariousness and/or dietary plasticity would 

not be unexpected. While silvereyes don’t have higher network generality than other species 

in this study they still display a wide dietary base consuming more fruit species (71, 49 of 

which are native) than any frugivore recorded (Table 1.1). Furthermore, when silvereyes first 
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self-colonised New Zealand in 1856 many of the endemic genus may have appeared equally 

as novel as introduced fruiting plants such as Solanum nigrum, Sambucus nigra and Rubus 

fruticosus which were introduced around the same time (Breitwwieser et al 2010; Trewick & 

Gibb 2010). 

  

 Effective seed dispersal is, however, dependent on both quantitative and qualitative 

elements. Within seed dispersal mutualisms complementary are not necessarily equal services 

(Kieres 2010). In other words, even in fruiting species in which there is an overlap in 

consumption between native and introduced frugivores the latter are not necessarily 

providing the same service. Seed dispersal quality can vary in terms of distance of dispersal, 

microsite deposition and seed handling and treatment (Ennos & Clegg 1982; Levey 1987). 

For example, in species such as starlings in which large number of seeds are deposited under 

roosting sites propagates face the same density dependent mortality as under the parent plant 

(Ferguson, 1999). Similarly, frugivore stratification within the canopy mean some species 

such as tui and bellbird which perch more high up have are more likely to deposit epiphytic 

species such as native mistletoes on branches (Ladley & Kelly). Therefore, while silvereyes 

provide much the same service as endemic birds within native seed dispersal mutualisms they 

are similar to exotic birds in terms of the dispersal of adventive fruiting plants including weed 

species. 

  

It is unknown what causes introduced frugivores to seemingly preferentiate fruit of 

introduced species over natives. One possibility is that is a product dietary niches being 

conserved in introduced species.  Many of the fruiting plant species consumed in high 

proportions in this study by naturalised frugivores are also consumed within their ancestral 

ranges (Snow & Snow, 1998). While the variance in diet between endemic and introduced 

frugivores could result from neophobia (aversion to unfamiliar fruit) in most cases inclusion 

of new food items into the diet is more reflective of dietary conservatism (Wiens et al., 2010; 

Courant 2017).  However, in this study ‘familiarity’ of a bird species with a particular fruit 

(defined as an overlap in native range) was not significantly correlated with its presence in 

the diet. The diet of invasive populations does not necessarily mirror the diet of a population 

at the moment of introduction or within its native range.  Some species are shown to go 

through substantial dietary modifications in the years and decades following introduction 

(Courant 2017). Niche conservatism and neophobia is generally more common in specialist 

species (Mettke-Hofmann et al. 2013). However not only do naturalised species often display 
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wide dietary gregariousness but the bird species in this study showed limited specialisation 

(Courant 2017). Selective fruit preference may therefore be based more in natal experience 

and learning throughout a lifetime than ancestral range (Provenza, 1995; Ashland & 

Rejmanek, 2013; Mettke-Hofmann, et al., 2013).  
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Chapter 3 

 

Do Fruit Features Affect Interspecific Preference and 

Usage by Avian Dispersers? 

 

Introduction 
  

Fruit preference is determined by the interaction between hedonic sensations such as taste, 

post ingestive feedback to chemical and nutrient composition of fruit, and the physiological 

state of a bird (Provenza, 1995).  Determining links between selective preference and patterns 

of fruit consumption in different bird species can help us determine why such patterns exist.  

  

However, little is known about the factors which shape patterns of selection and preference in 

frugivores, which ultimately structure the diet of these birds. Previous work has looked into 

the effects of individual fruit characteristics on foraging preference in various bird species. 

(Herrera,1992; Stiles,1993; Lepczyk et al., 2000; Jordano 2002; Bosque & Calchi, 2003; 

Ally, 2010; Saxon et al., 2010). From this work, various conclusions have been drawn, but 

multiple characteristics are rarely considered as a whole and in relation to foraging patterns 

of wild populations. 

  

The prevailing concept behind frugivore mutualisms is that fruit provides a conspicuous and 

nutrient-rich reward for dispersers while plants, in turn, have their propagules dispersed 

(Tewksbury, 2002).  Therefore, broad directional selective pressures should act on the 

correlation between signal and reward (Facundo & Ordano, 2018). In other words, avian 

dispersers should demonstrate a preference for traits of fruiting plants which enhance 

detectability (colour, size of fruit, and crop size) in relation to a greater reward (nutrient and 

water content, seed ballast, and fruit coat thickness). Studies in the 1970s and 1980s led to the 

development of paradigms centered around dispersal syndromes: the correlation between 

specific reliable dispersal vectors and morphological characteristics of fruit, first suggested 

by Fischer and Chapman (1993). For instance, bird dispersal is often associated with small 

fruits that are red and black in colour (Burns & Dalen, 2002). The concept of dispersal 
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syndromes has been criticized as selection pressures are often diffuse, with multiple different 

bird species feeding on the same fruiting plants (Jordano, 1995).  

  

Different bird species and even individual birds vary in terms of energy and nutritional 

demand, processing and digestive capacity, as well as perception and taste. On the individual 

level, fruit selection is dependent on the interplay between digestive function, nutritional 

demands and dietary preferences (Izhaki 2002). Therefore, selective preference is likely to be 

variable on the species level and may be a strong influencer of foraging behaviours, 

particularly fruit usage in the wild. 

  

Preferences for particular fruit are dictated by objective targets, such as energy maximisation 

and a range of choices which can help reach these targets; e.g. different fruit types (Brown et 

al 2007).  Preference is, however, also based on flavour; which is determined by the taste, 

odour, and texture of a particular fruit (Rowland et al. 2015).  The palatability of food items 

comes from the association between flavour and post-ingestive effects of the bird’s digestive 

system in response to nutrient, water and toxin concentrations (Brown et al. 2007).  In this 

way, birds form second-order responses; the association of flavour and appearance with the 

composition from first-order responses and digestive processes resulting from fruit 

composition (Ally, 2010). Consequently, preferential fruit selection is the result of learned 

behaviours based on associative responses between the two. 

  

Trait-based analysis comes with the underlying assumption that fruit differ in quality.  Fruit 

are enormously variable in terms of digestibility, nutrient and energy content, seed size and 

weight, and physical and chemical protection, all of which contribute to the ‘quality’ of the 

fruit for frugivores (Tewksbury 2002).  This is important because different frugivore species 

have variable nutritional requirements resulting from differences in metabolic pathways and 

the ability to catabolize components (Barboza et al., 2008). As a result, it is likely that 

different species of frugivores have developed both behavioural and physiological 

mechanisms to meet variable requirements and tolerances (Reubenheimer, 2011). This is 

likely to lead to differential preferences for certain fruit between bird species. Therefore, 

linking fruit traits and consumer preference can tell us if birds are making adaptive decisions 

when it comes to fruit selection. If there is a clear pattern between fruit traits and preferences 

in particular bird species, it may indicate a link between selection and a bird's ability to assess 

the cost-benefit ratio of consuming certain fruits.  
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Fruit Traits which may influence preference 

  

Colour 

Colour acts as a predominant feature, advertising the presence and ripeness of fruit to 

potential dispersers (citation needed). Fruit in New Zealand are predominantly purple/black 

and red/orange, with only two species having brown fruit and one having ripe green fruit 

(Ladley & Kelly, 1996; Williams & Karl, 1996; Lord et al., 2002). Pale blue and 

polymorphic coloration also occurs at higher proportions than in other temperate 

environments, which is thought to be associated with dispersal by lizards (Lord et al., 2002). 

Conversely, high proportions of black and red coloration make up the majority of introduced 

fruit species (Williams & Karl, 1996). Frugivores likely associate colour with particular 

compositional qualities, and the strength of particular colour preferences may be associated 

with specialization for particular fruits (Ally, 2010). For instance, the European starling 

(Sturnus vulgaris), blackbird (Turdus merula) and song thrush (Turdus philomelos) have the 

ability to associate colour with post-ingestion cues resulting from nutrient composition in 

novel fruit  (Willson and Whelan, 1990). 

  

Size 

Fruit size in relation to frugivore gape sets a rigid upper limit to consumption (Herrera, 

1992). Therefore, intraspecific fruit preference is likely influenced by the distribution of 

gape-size within the frugivore assemblage (Lord et al., 2002).  New Zealand fruit tend to be 

small in diameter (mean = 6.4 mm) which is smaller than most temperate and tropical 

angiosperms (Lord et al., 2002).  However, the difference between the mean size of native 

and adventive fruit was not found to be significantly different (Williams & Karl, 1996).  

 

Seed size (particularly for single-seeded fruits) actually has a greater impact on handling than 

total fruit size; as a soft mesocarp makes many fruits somewhat malleable (Jordano, 2000). 

Nevertheless, a variation in gape across frugivore assemblages means birds select fruit based 

on size within single feeding bouts (Rey, 1997). Fruit crop removal rates by some bird 

species are also related to fruit size, particularly width (Lord et al., 2002.) However exotic 

bird species, while having the ability to consume larger fruits, still mainly consume small 

fruits of similar size to native species (MacFarlane et al., 2016). Therefore, while the 
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relationship between gape and fruit size may act as an upper limit in fruit consumption, it is 

not the only factor affecting fruit selection. 

Ratio of seed mass to flesh 

The proportion of seed mass to fleshy pulp mass is important in determining food items 

which contribute to indigestible bulk (ballast from the frugivore’s viewpoint) in the gut 

(Sutherland et al., 2004). In fruit with a single or few seeds it is not uncommon for seed mass 

to exceed 50% of total fruit weight; a ratio which tends to be less in multi-seeded fruit 

(Mormond, 1998). Furthermore, seed burden in few-seeded fruit tends to increase with fruit 

size (Izhaki, 2002). Therefore, in order to obtain the greatest nutrient mass to total volume of 

fruit, birds should select for small and or multi-seeded fruit more often the larger single 

seeded fruit. For example, some bird species, including the blackbird, have been shown to 

select for large pulp-to-seed ratios.  This may in part explain why large gaped introduced 

birds still prefer smaller fruit (Herrera, 1981; MacFarlane, 2016).  However intraspecific 

differences in gut anatomy and gut transit rates may allow variation in tolerances to seed 

mass and therefore act as an important selective pressure in frugivores (Levey & Martinez del 

Rio, 2001). For instance, Stanley & Lill (2002) showed that silvereyes selected for fruit with 

a single large seed as it could be defecated faster than three smaller seeds. Moreover, 

blackbirds may show a preference for fruits in which the seed is regurgitated again; 

correlating to a shorter gut retention time (Sorenson, 1984). This may include species such as 

Berberis, Viburnum and Ligustrum;  fruits with a single large seed (>5 mm) known to be 

regurgitated by blackbirds (Druett, 1983).  

  

Macronutrients  

Fruits within the diet of a bird are often separated into high carbohydrate/low lipids or low 

carbohydrate/high lipid fruits (Lepczyk et al., 2000; Levey & Martinez del Rio, 2001). This 

happens because there is a trade-off between efficient assimilation of lipids, which require a 

long gut retention time, and rapid assimilation of sugars; which allow an increased 

throughput and reduced gut retention with benefits of faster excretion of “ballast” (Witmer, 

1998; Levey & Martinez del Rio, 2001). Such differences in the physiology of macronutrient 

digestion may select for divergent evolution of both fruit and consumers. As such, certain 

bird species may prefer one group of fruit over the other. 
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Fruit with high sugar content are also commonly associated with lower levels of protein, 

lower levels of amino acids, and higher water content (Witmer, 1998). High proportions of 

carbohydrates and low levels of protein and lipids are fairly ubiquitous across most fruit with 

the amount and types of sugars related to the stage of ripeness (Mormond, 1998). 

Intraspecific differences in protein targets (protein intake and assimilation required for 

maintenance and growth) are mediated by differential requirements for various specific 

amino acids, and may select for discriminatory ability and preference in birds (Witmer, 1998; 

Raubenheimer, 2011). In simpler terms, differences in protein requirements between 

frugivores may dictate dietary patterns.  Relatively low levels of digestible protein in fruit 

means frugivores must use strategies of protein complementation in order to reach nutritional 

targets (Schaefer et al.2003).  Most birds cannot meet nutritional targets for protein from 

consuming fruit alone, which is why it is rare to have exclusive frugivores (Izhaki & Safriel, 

1989). 

  

Energy content  

Differential preference of fruit can also be based on energy content, which is variable 

between different macronutrients (Barboza et al., 2008). For instance, lipids contain 

approximately twice the amount of energy per gram as either proteins or carbohydrates, while 

in fruit lipids they are  available at much lower levels in comparison to carbohydrates (Stiles, 

1993).  Therefore, differences in macronutrient composition can lead to variable caloric 

content between fruiting species. For instance, Drummond (2005) showed that caloric content 

was significantly higher in two native plants in Maine than in two invasive species. 

Differences in energy content provide a gradient along which preference can exist. For 

example, fruit preference in blackbirds has been linked to percentage of metabolically 

available energy between some fruit (Sorenson, 1984). 

  

Water content 

Fruit can also be an important source of dietary moisture, a characteristic which is highly 

variable between fruit species (Barboza et al., 2008).  Across 29 tropical plant families with 

bird-dispersed fruit, moisture was found to vary from 50% to as much as 94% of total weight 

(Moermond, 1998). Comparatively, in New Zealand species, moisture content has been 

recorded as varying from 55% in Elaeocarpus dentius to 89.9% in Coprosma grandifolia 

(Williams & Karl 1996; Dijkgraaf, 2002). Due to dilution and differential osmolality, small 
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shifts in moisture content can be correlated with large changes in primary components; a 

phenomenon which may shape preference (Tewksbury, 2002; Barboza et al., 2008). For 

instance, in southern Venezuela, fruit water content was positively correlated with 

carbohydrates (Schaefer et al, 2003).   

 

Aside from effects on the component composition, water content can also alter how fruits are 

digested; a phenomenon only partially explained through association with carbohydrate 

levels.  Diets diluted from high fruit water content were found to result in increased food 

intake, shorter gut passage rates and lower efficiency of glucose absorption in some 

passerines (Witmer,1998). This is illustrated in the same south Venezuelan fruit in which 

high water content had a deterrent effect on frugivores, which was attributed to its dilution 

effect (Schaefer et al. 2003). Differential selection for fruit water content may therefore arise 

through the trade-off between higher concentrations of some components (carbohydrates) and 

their diluting effect on others.  

 

In New Zealand, Williams & Karl (1996) found no significant difference between the water 

content of adventive and native species. There was, however, variation in moisture content of 

over 53 percentage points across all fruit species; providing a gradient across which selective 

preference may act. Trait matching between fruit characteristics and bird preference has the 

potential to shape foraging patterns of frugivore communities (Dehling et al. 2015). Such 

relationships could facilitate mutualism shifts and or confer mutualism resistance by 

maintaining either strong or weak relationships between dispersers and plants (Kieres, 

2010).  This occurs through the distribution of either generalised or specialised fruit traits in 

relation to a bird’s dietary plasticity and its ability to make opportunistic foraging decisions. 

Linking fruit selection with fruit traits can tell us if birds are making adaptive choices in their 

foraging behaviours. Theoretically, under models of optimal foraging, birds should select 

fruit which provide the greatest nutritional reward relative to the cost of locating, consuming 

and processing (Dawkins, 1995).  That is not to discount other theoretical models such as the 

Evo-mecho concept which recognises that a certain diet may not be optimal across all 

circumstances, species or even individuals (McNamara & Houston, 2009).  Regardless, if 

there is a clear pattern between fruit traits and preference in particular bird species, it may 

indicate a link between selection and the bird's ability to assess the cost-benefit ratio of 

consuming certain fruits. Understanding if and how features affect patterns of fruit usage can 

help predict how frugivores will respond under shifting resource availability. It can also 
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inform restoration of native areas, indicating which fruiting species to plant to not only attract 

native birds but also to provide important components of their diet. 

  

Many of the traits thus far mentioned; including colour, size, and nutrient content, determine 

the relative attractiveness of a fruiting plant to a potential disperser.  Such determinants of 

attractiveness have the potential to change the composition of floral communities by altering 

food web structures and usage of different plant species (Asland & Rejmanek 2013). This can 

occur through shifting the foraging patterns of native frugivores, with novel interactions 

between invasive species or non-native partners being reunited in an invasive range (Gosper, 

2005).  

 

For instance, introduced plants often possess suites of traits extremely attractive to 

frugivores.  Features such as bright coloration or reduction in seed mass resulting from 

artificial selection for ornamental or horticultural purposes can also attract potential 

dispersers (Aslan & Rejmanek, 2013).  If such fruit traits shape preference and subsequent 

usage, it could facilitate the spread of invasive plant species and simultaneously reduce the 

fitness of native plants (Gosper, 2005). Divergent preferences for certain fruit, based on their 

traits, can also alter the composition of plant communities. This can occur if increasing 

numbers of introduced frugivores prefer different traits, and therefore fruits, than their native 

counterparts (Asland & Rejmanek 2013). Understanding the factors underlying selection and 

patterns of usage can allow prediction of how both fruiting plants and avian frugivores will 

behave in the contexts of shifting species compositions. 

 

  

The primary objective of this chapter is to determine if differences in selective preference are 

reflective of fruit and fruiting plant features. 

  

 Specific questions I will address include: 

  

1.  Do nutrient content and/or other fruit features differ significantly between native and 

adventive fruit species? 

2.  Do differences in nutrient content or other fruit features specifically correlate to differences 

in fruit usage by frugivores in the wild or selective preference? 
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3.  Are frugivore gape and fruit size good predictors of which fruit are found in the diet of 

different birds and or selective preference ? 

  

 Methods 
 Focal species 

 

A total of seven fruiting plant species were selected based on availability and apparent 

relative position in the diet (preferred or avoided) of introduced and endemic frugivores 

derived from observational data (Table 2.1). This included four native plants and three 

introduced ones.  Species were classified as being consumed in high proportions if they were 

the top third of fruit species recorded eaten for that bird type (endemic or exotic). Conversely 

they were considered to be consumed at low proportions if they were in the bottom third of 

recorded species eaten. Coprosma robusta and Melicytus ramiflorus were both eaten in high 

proportions by endemic and exotic frugivores alike (Table 3.1). Coprosma propinqua was 

also in the top third of species for endemic birds but not recorded within the diet of 

introduced birds such as the blackbird, song thrush and starling.  Conversely, Solanum 

nigrum was in the top third of fruiting species in the diet of introduced birds but not observed 

in the diet of any of the endemic focal species including; kereru, tui, and bellbird. Berberis 

glaucocarpa ranked in the middle third for exotics and was not recorded in the diet of 

endemic birds. Rather than for rank, this species was selected because Barberry species are 

significant environmental weeds for which blackbirds and starlings are noted to have a 

particular partiality towards (Duret 1983; Howell 2008). Lastly, Ilex aquifolium was selected 

in order to maintain continuity with data from an earlier pilot study, as well as to allow 

greater variation in size between focal fruit species. This species is the middle third of fruit 

species recorded for exotic species and the bottom third for endemics. Lastly, Grisellina 

littoralis ranked within the bottom third of fruit species for both endemic and exotic 

frugivores. 
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Table 3.1 Fruit species chosen for cafeteria trials, on the basis of apparent preference from 

observations of diet in wild birds. * exotic species 

 Exotic birds: high 

preference 

Exotic birds: 

middle preference 

Exotic birds: low 

preference 

Endemic birds: high 

preference 

Coprosma robusta 

Melicytus ramiflorus 

 Coprosma propinqua 

Endemic birds: low 

preference 

*Solanum nigrum 

*Berberis glaucarpa 

*Ilex aquifolium Grisellina littoralis 

 

  

Sample collection 

Fruit were collected during the major fruiting seasons; Feb-June of 2018 and 2019, at various 

parks and reserves throughout Christchurch New Zealand. This included native forest 

remnants at Kennedys Bush (43°37’S 172°37"E), and Riccarton Bush (43°31’S 172°35"E). It 

also included numerous urban reserves such as Harry Ell Walkway (43°35’S 172°38"E), Sign 

of the Takahe (43°34’S 172°38"E), Ernle Clark Walkway (43°33’S 172°38"E),  Ilam 

Gardens (43°31’S 172°34"E), Christchurch Botanic Gardens (43°31’S 172°37"E) and the 

Avonside Red Zone (43°31’S 172°40"E). 

  

A minimum of three fruit samples of at least 60-100g grams were collected for each species.  

Samples were collected from multiple plants as components can vary between plants and 

even different parts of the same plant (Levey &  Martinez del Rio et al., 2001). It was also 

necessary to collect fruit from multiple plants in order to make up the mass required. Each of 

the three fruit samples were taken from different sites, e.g. the Port Hills vs Ilam Gardens in 

order to account for intraspecific variation resulting from differences in soil types, 

microclimate and other habitat differences.   

  

Fruit traits  

Fruit size measurements were taken to the nearest 0.1 mm (with digital callipers) for 50 fresh 

fruit from across multiple samples for each species. Whole fruit were measured in length and 

width, at the widest point of the fruit shoulder. In the case of spherical fruit, size was taken as 
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a single measurement of diameter; again at the widest point. Fresh weight was measured to 

the nearest milligram for 50 mature fruit. Flesh to seed ratio for each species was obtained by 

manually separating seeds from the pericarp with tweezers and weighing each separately 

until one gram of seeds were obtained. The remaining samples were frozen at -20° C for 

further analysis.  Prior to further analysis, thawed fruit were dissected to remove stems and 

seeds. Separation of seeds of Solanum nigrum was in part achieved by passing the pulp 

through a 0.74 mm sieve. Due to the difficulty of separating seeds from flesh in the required 

quantities, only a single replicate was run for lipids and protein of I.aquifolium, M. ramiflorus 

and S.nigrum. 

  

Component analysis  

Measurement of lipids and protein was carried out by Asure Quality Lab. 

  

Assure Quality Labs used the following methods: 

  

Lipids (%)                   Soxhlet extraction with mixed petroleum ether solution in   

                                   accordance with AOAC official methods of analysis (2000). 

  

 Crude Protein  (%)  Kjeldahl method, which gives concentrations of organic nitrogen  

which are multiplied by a factor of 6.25 to estimate true protein   

  

Methods used for the estimation and measurement of other parameters within the University 

of Canterbury labs:  

  

Moisture (%)               The difference between wet and dry weight of the separate seeds  

                                 and flesh after 48 hours at 50° C. 

  

Ash (%)                     Non-combustible residue (ash) was determined by placing samples   

                              in a furnace at 550° C for 4 hours.  

  

Carbohydrates (%)     Estimated through carbohydrate by subtracting the  

weight of protein, lipids, and ash from total dry weight  

(AOAC 2000). 
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           100-(weight in grams [ protein + lipids + ash] in 100 g of fruit) 

  

Gross Energy              Calculated using average energy equivalents of carbohydrates 

     kj/100g                (15.1 Kj/g), lipids (35.0 Kj/g) and protein (14.1 Kg/g) in fruits 

 based on the Atwater Factor System (Attwater & Bryant 1990). 

  

The raw data are presented in Table 4.1 and 4.2: 

  

Additional data on the physical and nutritional properties of fruit consumed by New Zealand 

frugivores was taken from the literature. For native fruit this included (Williams, 1982; 

Powlesland et al., 1997; Dijkgraaf, 2002; and Hill, 2003). Information on the characteristics 

of adventive plants was directed by ‘FRUBASE’; a database which details metrics from 1000 

fruit plant species around the world (Jordano, 1995).  Characteristics of those plants found in 

New Zealand were taken from (White, 1974; Wheelwright et al., 1984;  Dinerstein, 1986; 

Piper, 1986; Debussche, 1987; Herrera, 1987; Dowsett-Lemaire, 1988;  Erard et al., 1989; 

and  Eriksson & Ehrlen, 1991) Data are presented in Table 4.3 and 4.4. When metrics on a 

single fruiting plant were provided by multiple studies the mean value was used. 

  

Data analysis 

All data analysis was completed using Rstudio 3.5.1. Data for each metric was normalised 

following Wheelwright et al., (1984) by subtracting the mean for that species and dividing it 

by the standard deviation. For example, for Coprosma robusta; 

  

  

Standardised protein for C.robusta = (C.robusta protein-mean protein all species) 

                                                         Standard deviation of protein for all species 

  

  

The macronutrient composition of native and adventive plants was visualised using a ternary 

plot using the ‘ggtern’ package an extension of ‘ggplot2’. 

  

Principal Component Analysis was carried out based on the nutritional components and 

nutrients, plus other components, for the fruit measured in this study as well fruit from all 

studies combined. This was done using the ‘FactoMineR’ package.  The relative contribution 
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of each component towards the first and second principal component was visualized using the 

‘fviz_contrib’ function in the ‘Factolectra’ package. This shows which components 

contribute the most to interspecific variation between fruit.  To test whether there was a 

significant difference between the components of adventive and native fruit, t-tests were used 

for the difference in the first principal component, as well as each component individually. 

  

Generalised linear models (glm) were used in order to determine if there was a correlation 

between fruit components and either proportion of diet (Table 1.1) or palatability (calculated 

in chapter 3).  The latter two were used as response variables while nutrients and nutrients 

plus other components were used as the explanatory variable. Generalised linear models were 

also used to specifically look at the relationship between bird gape as taken from (Clout & 

Hay 1989; Kelly et al., 2010; and MacFarlane, 2016). and fruit size.  Gape and fruit size were 

used as explanatory variables with proportion and palatability as the responses. 

Results  
 

Table 3.2 Physical measurements of for range of fruit species from this study. The size of 

spherical fruit were taken as a single measurement of diameter. 

 

 

  colour 
length 
(mm) 

width/ 
diameter 

(mm) 
whole wet 
weight (g) %moisture %flesh 

number of 
seeds 

native        

Griselinia littoralis black 6.9 ± 0.16 4.6 ± 0.34 0.12 ± 0.092 61.0 ± 3.8 49.7 ± 8.0 1 

Coprosma robusta orange-red 6.17 ± 0.88 4.6 ± 0.51 0.083 ± 0.024 83.8 ± 4.5 70.5 ± 2.9 2 

Coprosma propinqua white 5.8 ± 0.62 4.2 ± 0.54 0.047 ± 0.017 85.6 ± 8.3 67.8 ± 9.6 2 

Melicytis ramiflorus purple  5.2 ± 0.66 0.057 ± 0.02 82.4 ± 1.4 53.7 ± 11.2 5 

         

Adventive        

Berberis glaucocarpa red 10.8 ± 0.85 6.9 ± 0.78 0.241 ± 0.059 75.2 ± 2.0 72.9 ± 3.6 2.7 

Ilex aquifolium red  10.6 ± 1.3 0.463 ± 0.114 75.1 ± 3.9 54.0 ± 5.4 3.7 

Solanum nigrum black  5.9 ± 0.53 0.180 ± 0.032 79.9 ± 1.5 57.7 ± 1.5 39.9 
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Table 3.3 physical measurements of a range of New Zealand native and adventive fruit from 

other studies. Number by species name indicate data sourse. 1,Djkgraaf (2002), 2, Herrera 

(1987), 3, Hill (2003), 4, Williams (1982), 5 Powersland et al. (1997), 6, Clout unpublished 

data from Djkgraaf (2002), 7, White (1974), 8, Crowe (1981), 9, Debussche et al.(1987), 10, 

Erard et al.(1989), 11,Piper (1986), 12 Wheelwright et al.(1984). *averaged across studies 

 

  colour length(mm) 
width/diameter 

(mm) 
Whole wet 
weight (g) %moisture %flesh 

number 
of seeds 

native          

Alectryon excelsus 1 red 13.7 12.48 1 82.1 71.6 1 

Aristotelia serrata 3 dark red 5 4 0.11 73.9 63.6 8 

Beilschmiedia tarairi 1 purple/black 33.5 19.91 6.71 66.6 40.9 1 

Beilschmiedia tawa 1,3 purple/black 28.1 18.81 5.54* 81.9* 46.4* 1 

Coprosma lucida 8 red - 8-12* - 89.5 -   

Coprosma robusta 3 red-orange 8-9 4-5 0.08 80.93 75.3 2 

Corynocarpus laevigatus1,4,5 orange 27.5 17.23 4.67* 86.5* 54* 1 

Dacrycarpus dacrydioides 1 red - 4-5* - 86.6 - 1 

Dysoxylum spectabile 1 red 12.1 8.35 1.14 76.3 60.1 2 

Elaeocarpus dentatus 1,4,6 purple/black 13.9 10.97 1.04 51.7* 56.3* 1 

Fuchsia exorticata 3 purple/black - 10 1.06 68.5 57.55 - 

Hedycarya arborea 1,4,6,10 red 14.1 11.13 2.24* 78.6* 44.2* 1 

Macropiper excelsum 4 

yellow-
orange 20.0 15 2.82 85 57 - 

Melicytus ramiflorus 3 purple - 4-5* 0.04 77.54 69.3 6-7 

Prumnopitys ferruginea 1,3,6 red/purple 16.5 12.6 1.36* 67* 57.5* 1 

Planchonella costata 1 red 25.9 19.1 5.11 75 67.8 1-4 

Rhopalostylis sapida 1,5 red 11.3 8.54 0.44 69.9 29.7 1 

Ripogonum scandens 1,4,5,11 red 10.1 9.61 5.11 86.7* 59.4* 1-3 

Vitex lucens 1 red 19.8 20.37 3.62 85.2 81.44 4 

          

adventive         

Arbutus unedo 2 red-orange 14.9 17.1 3.23 66.76 -   

Crataegus monogyna 2 red  12.1 9.3 0.68 56.4 - 1 

Euonymus europaeus 2,9 pink-orange 7.5 5.1 0.09 39.2* - 4 

Ficus carica 2 purple 33.5 30.6 13.91 81.3 - 1 

Hedera helix 2,7 purple/black 7.2 8.4 0.28 70.8 - 2-3 

Ilex aquifolium 2,7 red 8.5 7.9 0.289 61.1* - 4 

Laurus nobilis 2 black 14.8 12.2 1.23 20.56 - 1 

Lonicera japonica 7  black - 5-7* 0.23 83.6 - 2-3 

Malus sylvestris 2 red 29.2 30.3 13.81 80.7 - - 

Prunus avium 2,12 red - 15.2 1.6 81.8 - 1 

Sorbus aucuparia 2 red-orange 10.0 9.3 0.45 74.72 - 2-8 

Vitis vinifera 2 blue 10.1 9.8 0.64 71.4 - 2-4 
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The most common colours were the red (native = 37.7%, adventive = 37.0%) and 

purple/black (native = 42.0%, adventive = 40.7%) categories. The least common colours for 

native fruit were blue and pink both of which made up only 1.2% of native species. In 

comparison pink species made up 11 % of adventive fruit while the lowest ranking colour 

was orange with no adventive species. The proportion of native fruit in each category is 

similar to results from Lord et al. (2002) and Wilson (1989) except that there was a higher 

proportion of red fruit and a less pronounced difference between the red and purple/black 

categories. They are also comparable to the results from (Williams & Karl 1996) whom 

found 38% of indigenous fruit in their study were red/orange and a further 43% purple/black. 

Fruit colour was not found to be a significant predictor of the proportion of certain fruit in the 

diet across all birds (quasibinomial GLM, F = 1.89, P=0.06). 

 

 

 

 

Figure 3.1 The frequency of fruit colour classes across 76 native fruit and 27 adventive fruit 

recorded in the diet of New Zealand frugivores. ‘Blue’ included pale blue and dark blue, 

‘orange’ included yellow-orange, ‘pink’ included red-pink or cerise, ‘purple/black’ includes 

lilac, dark purple, purple-black, brown and black, ‘white’ includes cream and ‘yellow’ 

includes yellow-green.  
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Fruits recorded in the diet of New Zealand birds range from 2.5 mm wide in Ascarina lucida 

and Myrisine australis to at least 30.3 mm in width in some of the introduced cultivated 

species.  There was a significant difference in width between adventive fruit (M=13.74 mm) 

and native fruit (M= 7.79, t(95) = 3.23, P = 0.002). Width was used over length in 

comparison to gape as most elliptical fruits are swallowed lengthwise (Herrera 1992). The 

combination of gape and fruit width were significant predictors of the proportion of that fruit 

in the diet (quasibinomial GLM, F = 14.6, P=0.0001). 

When separated by endemic and introduced birds both fruit size (quasibinomial Glm, T = -

2.38, P = 0.02) and gape (T = -2.93, P = 0.003). were shown to be significant predictors for 

the fruit in the diet of endemic birds but not in introduced birds. Other features were also 

significant predictors of the proportion of a fruit species recorded in the diet of New Zealand 

frugivores. In species in which there was information available, whole wet fruit mass differed 

from 0.048g in Melicytus ramiflorus to 13.80 g in Malus sylvestris, although the later may 

exceed this in cultivated varieties. It should be noted that mean mass of native species is 

likely an overestimate. The majority of studies in which native data were taken from 

(Powelesland et al 1997; Dijkgraaf 2002; Hill 2003) focus predominantly on kereru, and for 

this reason many of the fruit included were from larger native species. Despite the difference 

in width this possible sampling bias in the data means there was not a significant difference 

between the average mass of adventive (M = 2.64 g) and native fruit (M = 2.23 g, t(31) = 

0.32, p = 0.75).   

 

Fruit moisture content in bird-consumed fruit varied from 20.6% in Laurus nobilis to 89.5% 

in Coprosma lucida. There was however not a significant difference between the moisture 

content of adventive (M = 67.6) and native fruit (M = 75.2,  t(29) = 1.48, P = 0.15). These 

results are similar to the findings in Williams & Karl (1996) which also found no significant 

difference in water content between native and adventive fruit. 

 

Fruit mass was negatively correlated (quasibinomial Glm, t = 4.06, p = <0.0001) while 

percentage moisture was positively correlated (quasibinomial Glm, t = -3.857, P = <0.001)  to 

proportion of fruit consumed across all bird species. When fruit consumption is broken down 

by birds origin only percentage moisture on its own was a significant predictor of fruit 

consumption in endemic birds (quasibinomial Glm, t = -2.56, P = 0.01). However, when 
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combined with percentage moisture, mass showed a negative correlation (quasibinomial Glm, 

T = -2695, P = 0.007).  

Lastly the percentage of total fruit weight made up of flesh (the reward) was not shown to be 

a significant predictor of proportion of fruit in the diet across all species (quasibinomial 

GLM, T = 1.3, P = 0.2)  

Table 3.4 fruit-flesh nutritional composition for a range of fruit species from this study.   

  %lipids %protein Ash% 
%carbohydrate

s 
gross energy 

kj/g 

native      

Coprosma propinqua 1 19.6 10.0 1.73 68.7 18.6 

Coprosma propinqua 2 5.7 2.1 1.55 90.6 16.0 

Coprosma propinqua 3 8.4 4.5 1.77 85.4 16.5 

Coprosma robusta 1 4.2 1.8 1.16 92.8 15.7 

Coprosma robusta 2 8.8 4.4 1.21 85.6 16.6 

Coprosma robusta 3 12.7 8.2 1.25 77.8 17.4 

Melicytus ramiflorus 1.1 14.1 2.92 81.8 14.7 

Grisellina littoralis 12.6 4.0 1.64 81.8 17.3 

       

adventive      

Berberis glucocarpa 1 1.8 5.8 1.21 91.2 15.2 

Berberis glucocarpa 2 1.6 3.3 1.32 93.8 15.2 

Berberis glucocarpa  3 1.5 3.6 1.36 93.5 15.2 

Solanum nigrum 1 1.4 6.3 1.81 90.5 15.1 

Solanum nigrum 2 1.6 7.7 1.67 89.0 15.1 

Solanum nigrum 3 1.4 6.3 1.69 90.6 15.1 

Ilex aquifolium 4.8 5.7 1.70 87.8 15.7 
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Table 3.5 Nutrient composition of a range of native and adventive New Zealand fruit from 

other studies.*averaged across studies  

  % lipids % protein % carbohydrates References 

native       

Alectryon excelsus 0.1 2.0 14.8 Djkgraaf 2002 

Aristotelia serrata 1.1 4.5 35.8 Djkgraaf 2002 

Beilschmiedia tarairi, 2.1 2.4 27.3 Djkgraaf 2002, Hill 2003 

Beilschmiedia tawa* 5.6 4.4 28.7 Djkgraaf 2002 

Coprosma lucida 24.6 3.3  Crowe 1997 

Coprosma robusta 8.1 4.5 44.1 Hill 2003 

Corynocarpus laevigatus* 1.8 5.7 37.9 
Williams 1982, Djkgraaf 2002, Powerlesland 

et al 1997 

Dacrycarpus dacrydioides 0.3 1.8 11.4 Djkgraaf 2002 

Dysoxylum spectabile 4.4 2.9 14.9 Djkgraaf 2002 

Elaeocarpus dentatus* 0.9 2.2 56.3 Williams 1982 

Fuchsia exorticata 3.1 8.5 33.0 Hill 2003 

Hedycarya arborea* 9.8 8.8 39.9 
Williams 1982, Erard & Sabatier 1989 
Williams 1982,  

Macropiper excelsum 9.2 10.3 60.3 Williams 1982 

Melicytus ramiflorus 2.1 14.7 71.5 Hill 2003 

Planchonella costata 5.0 0.8 17.3 Djkgraaf 2002 

Prumnopitys ferruginea* 2.8 3.9 37.9 
Hill 2003, Djkgraaf 2003, Clout unpublished 

data 

Rhopalostylis sapida* 5.1 5.7 22.5 Williams 1982, Djkgraaf 2002 

Ripogonum scandens* 4.3 4.1 36.1 Piper 1986 

Vitex lucens 0.1 1.1 12.3 Djkgraaf 2002 

       

adventive       

Arbutus unedo 2.9 3.7 67.0 Herrera 1987 

Crataegus monogyna 2.3 2.5 72.4 Herrera 1987 

Euonymus europaeus  59.0 7.0 9.0 Debussche et al 1987, Herrera 1987 

Ficus carica 2.3 3.5 87.4 Herrera 1987 

Hedera helix* 22.5 12.5 57.2 White 1974, Herrera 1987 

Ilex aquifolium* 3.5 5.4 81.3 White 1974, Herrera 1987 

Laurus nobilis 54.3 7.2 26.2 Herrera 1987 

Lonicera japonica  5.0 11.8 71.3 White 1974 

Malus sylvestris 5.4 3.4 74.0 Herrera 1987 

Prunus avium* 0.4 6.7  Wheelwright et al 1984, Herrera 1987 

Sorbus aucuparia 3.1 3.2 76.1 Herrera 1987 

Vitis vinifera 1.7 2.4 86.8 Herrera 1987 
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Native and adventive plants show significant differences in terms of macronutrient 

composition and energy content. Mean percentage carbohydrates are significantly higher in 

introduced fruit (M = 70.0%, SD = 24.5) than native fruit (M = 42.4%, SD = 24.8, t(34) 

=3.27, p = <0.01). Energy content was also significantly greater in introduced (M =18.2 kJ/g, 

SD =4.4) and native fruit (M = 12.4kJ/g, SD = 6.9, t(34) = 2.85, p,0.01. On the other hand 

protein in adventive fruit (M = 5.7, SD = 3.2) was similar to in native fruit (M = 5.3, SD = 

3.8, t(34) = 0.29, p=0.7). Lastly while mean lipids were slightly higher in introduced fruit (M 

= 12.1, SD = 19.6) than native fruit (M = 4.5, SD = 3.8, t(34) = 1.78, p = 0.08). Lipids were 

however more variable in introduced fruit than their native counterparts. 

 

 

Figure. 3.2 Equilateral mixture triangle (EMT) showing the proportions of macronutrients in 

native and adventive fleshy fruits in New Zealand.  Data from (This study; White 1974; 

Williams 1982; Wheelwrite et al. 1984; Dinerstein 1986; Piper 1986; Debussche 1987 

Herrera 1987; Dowsett-Lemaire 1988; Erard et al. 1989; and Eriksson & Ehrlen 1991  

Djkgraaf 2002; Hill 2003; Powersland &Dilks 2008; Clout unpublished from Djkgraaf 

2002). 
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Table 3.6 The square loadings (Cos2) for macronutrients within the principle component   

analysis in (Fig.3.2). Values represent the proportion of variability in a component captured 

by each dimension. 

 Dim.1 Dim.2 Dim.3 Dim.4 

%lipids 0.419816 0.4510973 0.09027331 0.039800962 

%protein 0.5932033 0.001712835 0.40040605 0.004677783 

%carbohydrates 0.1340865 0.779715642 0.05605527 0.030142565 

gross energy 0.8754628 0.007216134 0.0484687 0.068852379 

 

Figure 3.3Priciple component analysis biplot for macronutrient composition and energy 

content of fruit recorded in the diet of New Zealand frugivores. 
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Table 3.7 The square loadings (Cos2) for macronutrients plus other features within the 

principle component analysis in (Fig.3.3). Values represent the proportion of variability in a 

component captured by each dimension. 

 Dim.1 Dim.2 Dim.3 Dim.4 D.m.5 

width 0.43554646 0.28344422 0.09038979 0.01972157 0.14029566 

mass 0.28997936 0.06683858 0.486922418 0.05793904 0.06233098 

%moisture 0.30356929 0.40994879 0.005086936 0.18579503 0.03061718 

%lipids 0.49208231 0.38281949 0.000143348 0.01864825 0.03811354 

%protein 0.46023365 0.06559273 0.000159789 0.39704314 0.05082737 

%carbohydrates 0.04645154 0.45190246 0.358638311 0.10295144 0.0101411 

gross energy 0.70990254 0.00070751 0.212978384 4.5405e-05 0.0006424665 

 

 

Figure 3.4 3Priciple component analysis biplot for non- nutritional features of fruit recorded 

in the diet of New Zealand frugivores 
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Across all species nutrient and energy composition of fruit was not a significant predictor of 

its consumption (quasibinomial GLM, F >3.6, P > 0.06). When separated by native and 

exotic neither macronutrients of energy were significant in native birds (quasibinomial GLM, 

T= >11298.7, P.0.1, for all variables). Conversely both carbohydrates (quasibinomial GLM, 

F = 2163.9, P = 0.004) and energy (F = 2039, P = 0.05) were correlated with fruit presence in 

the diet of exotic birds. 

Discussion 

There was not a significant difference between native and adventive birds in New Zealand in 

regard to the relative proportion of fruit colours chosen for their diets.  

Proximately, fruit colour is determined by a number of compounds which occur in different 

proportions as fruit ripen. Carotenoids produce yellow, orange and red colour variations, 

anthocyanins produce red to blue variations, belalains produce red, flavonoids produce 

yellow, and chlorophylls produce green (Wilson & Whelan, 1990). 

The majority of both native and adventive fruit are either red or purple/black. Red and black 

colouration is common in many temperate and tropical bird dispersed fruit, and this is often 

attributed to increased conspicuousness or attractiveness to avian dispersers (Burns & Dalen, 

2002). Furthermore, while red and black fruit have been shown to aid learning in birds, 

sampling behaviour, social learning and feeding driven by hunger allow association between 

nutritional rewards and initially, non-preferred fruit colouration (Wilson & Whelan, 1990).  

Fruit colour acts to maximise contrast against a background (Burns & Dalen, 2002).  For this 

reason, birds likely select fruit based not on colour per se but on the conspicuousness of 

colour contrasts between fruit and background foliage (Ally 2010). For instance, in large-

leaved Coprosma red fruit are more common, while in small- leaved Coprosma, blue and 

white/cream fruit are more common (Lee et al. 1994). Thus the lack of correlation between 

fruit colouration and levels of consumption likely results from the presence of generalised 

foraging cues across avian dispersers in this study.  

It should be noted that fruit colour preference may be more pronounced in specialist rather 

than generalist frugivores (Avery et al.1995).  Overall lack of specialisation in fruit 
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consumption in major New Zealand Frugivores (Chapter 2) may further explain the lack of 

correlation between colour and levels of fruit consumption in the wild. 

Spectral sensitivities in birds differ from that in mammals; in that birds have a fourth 

photoreceptive retinal cone which allows them to perceive UV wavelengths which are 

invisible to mammals (Burns 2009). While it is possible that avian frugivores in New Zealand 

are making foraging decisions based on spectral properties not visible to the human eye, it 

does not seem likely. In New Zealand fruit which have been measured, only Dacrycarpus 

dacrydioides and the naturalised Berberis darwinii had strong UV reflectance. This was 

attributed to the aril seed and white surface bloom respectively, rather than fruit pigmentation 

(Lee et al., 1990). 

Furthermore, beyond attracting dispersers, pigmentation may be selected for or constrained 

by other factors (Ally 2010).  Such indirect selection may be linked to the reflective 

properties of flowers or leaves, increased absorption of solar radiation; which accelerates 

metabolism, other functions for pigmented compounds in defence against pathogens and 

parasites, and inconspicuousness to damaging arthropods (Wilson & Whelan, 1990;  Burns et 

al. 2009). Such physiological and biochemical constraints, as well as phylogenetic 

constraints, may explain the similarities in colouration between native and adventive bird-

dispersed fruiting flora in New Zealand (Fig.3.6). 

Size 

Whole fruit wet mass was negatively correlated to the proportion of fruit in the diet across all 

bird species. The most obvious explanation of this is due to the close affiliation between fruit 

mass, width and the constraints of frugivore gape previously discussed. However even when 

gape is not a constraining factor many birds; including blackbirds and song thrush, still 

preferentiate smaller fruit (Macfarlane et al. 2016) Outside considerations of gape, larger 

fruits should be selected for as they provide greater energy per fruit than smaller ones, and 

therefore, reduced energy expenditure in feeding (Hill, 2003).  

However, larger fruits may also be relatively lower ‘quality’ per mass than smaller fruit in a 

kind of k/r –selection. In other words, there may be a trade-off between fruiting plants that 

produce a higher quality small fruit with those that produce a lower quality large fruit; though 

this may be confounded by fruit crop size. For example, seed burden in a few-seeded species 

is shown to increase with fruit size (Izhaki 2002). Furthermore, the obtuse angle of the 
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principal component analysis loadings for New Zealand fruit (Fig 3.4), showed that whole 

wet fruit mass was negatively correlated to concentrations of lipids and carbohydrates. An 

even stronger negative correlation exists between whole wet mass in relation to protein and 

gross energy per gram. As levels of protein and energy are an important indicator of fruit 

quality, this may explain why whole wet mass is not a significant predictor of fruit presence 

in the diet (Mormond 1998). 

Most elliptical fruits are swallowed lengthwise by birds, so there is often a correlation 

between frugivore gape and the fruit which can be swallowed whole (Herrera, 1992). Across 

246 indigenous New Zealand fruits, it has been shown that fruit tend to become more 

elliptical as size increases (Lord et al. 2003). This allows increased mass while still allowing 

frugivore dispersal.  

Gape size of indigenous frugivorous birds in New Zealand range from ~5 to 15 mm. Of the 

species in this study, kereru have the largest gape (14mm) followed by tui  (9.7± 0.93 mm), 

bellbirds (7.9 ± 0.01 mm), and native silvereye (5.7 ± 0.001 mm) (Clout & Hay 1989; Kelly 

et al., 2010; MacFarlane et al., 2016). In comparison, introduced birds have larger relative 

gapes; ranging from blackbirds (11.9 ± 0.1mm), to song thrushes (11.6 ± 0.24), and starlings 

(9.8 ± 1.19) (Kelly et al. 2010; MacFarlane, 2016). The relationship between gape and fruit 

width, or diameter, are strongly correlated to the species of fruit recorded in the diet of wild 

frugivores in New Zealand (Table 1.1).  

Due to their large size, kereru are considered the only extant native birds capable of 

dispersing large fruited tarairi (Beilschmiedia tarairi) (Kelly et al., 2010) Other large fruited 

species may be more reliant on kereru for dispersal than other endemic frugivores. These 

include;  karaka (Corynocarpus laevigatus), miro (Prumnopitys ferruginea), pigeonwood 

(Hedycarya arborea) puriri (Vitex lucens) and tawa (Beilschmiedia tawa)(McEwen 1978; 

Pierce 1993). Across all studies, puriri, pigeonwood and miro were only observed in the diet 

of tui, bellbird and both birds respectively (Table 1.1) Only the two smallest of these large 

fruited species; miro (12.2 mm) and pigeonwood (11.3mm), appear in the diet of a single 

introduced species; the blackbird. Nevertheless, these occurrences are rare, and kereru remain 

the primary disperser of these species. 

Stretching of the jaw can allow some birds to consume fruit 1.6 x their mean gape (Kelly et 

al. 2010). However, birds consuming fruit larger than their gape can also be explained 
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through switching of handling techniques. The probability of a bird pecking at or mashing 

fruit rather than swallowing whole has been shown to increase with fruit size (Levey 1987; 

Gosper 2005). However, such behaviours are associated with an increased external handling 

cost for birds (Levey, 1987). Therefore, it is not unexpected that for the most part frugivores 

which predominantly swallow fruit whole would preferentiate fruit smaller than their gape. 

However, the negative correlation between fruit width and proportion of fruit recorded in the 

diet, even when gape is not taken into account, may indicate that other factors influence fruit 

selection based on size. One such factor may be different internal processing cost of fruits 

and seeds of different size between bird species (Witmer 1998). For example, the size and 

shape of the kereru’s gizzard is adapted to allow processing and grinding of large seeds; a 

feature most birds lack (Cousins, 2010). Blackbirds on the other hand have the ability to 

regurgitate the large seeds of some fruit and may even preferentially consume these species 

(Sorenson, 1984).  Such behaviour reduces the amount of time seeds spend in the gut. Shorter 

gut retention time in some birds may work to a similar end. For example, retention times vary 

between species ranging from 20.4 minutes in silvereye to 111 minutes in kereru (Gill, 1980). 

However, it should be noted that the negative correlation between fruit width and the 

proportion of fruit in the diet may be an artefact of a greater number of observations of small 

fruited plants. 

  

The flesh to seed ratio of fruit is widely considered a general attractant to frugivores (Aslan 

& Rejmanek, 2013). This is because indigestible seeds take up room in the gut as well as 

increase the energetic costs of flight (Stanley & Lill, 2002). However, flesh to seed ratio was 

not found to be a significant predictor of fruit consumption in this study, and this may, in 

fact, be an artefact of the low number of species for which information of percentage of flesh 

relative to seed mass was available (Fig.3.3). Furthermore, this is likely biased as data was on 

the proportion of flesh w given as a percentage of wet weight rather than dry weight from 

which seed to flesh ratio is usually taken. Therefore, the percentage of flesh to whole dry 

mass was only available for the 7 species measured in this study (Fig.3.2); however wet flesh 

percentage was used in these species for consistency of analysis. As moisture can make up to 

94% of pulp mass, wet flesh percentage is a less accurate reflection of relative yield of a fruit 

(Williams & Karl, 1996; Moermond, 1998). An alternative explanation could stem from the 

selection of relatively larger seeds on the basis of regurgitation. As the seeds in larger seeded 

fruit are regurgitated more often and seed burden tends to increase with fruit size, selection 
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for fruit in which the seed can be regurgitated may explain the apparent lack of selection 

based on seed to pulp ratio (Sorenson, 1984; Izhaki, 2002). 

Moisture 

Fruit presence in the diet was negatively correlated with pulp moisture content in New 

Zealand frugivores.  Although fruit pulp moisture may provide an important source of dietary 

moisture in some frugivores, low water-stress in temperate New Zealand likely drives 

minimal selection for this attribute (Barboza et al., 2008).  Indirect selection for high fruit 

moisture content could also stem from its effect on other components; particularly its link to 

high levels of carbohydrates in some fruit (Tewksbury, 2002). For instance, in southern 

Venezuela, fruit water content is positively correlated with carbohydrate level (Schaefer et al. 

2003). For fruit in the diet of New Zealand frugivores there is also a positive correlation 

between moisture content and carbohydrate levels; which is shown by the acute angle 

between the variable loadings in (Fig.4). Moreover, the two fruit species with the lowest 

moisture content, Laurus nobolis and Euonymus europaeus, also have lower carbohydrate 

levels than other species. The vast majority of fruit in the diet of New Zealand frugivores 

have relatively high levels of carbohydrates (Fig. 3.6). 

  

Frugivores would benefit by avoiding such features as high moisture content, which dilute 

foods, as doing so would allow increased energy intake and potential nutritional gains from 

higher carbohydrate levels (Schaefer et al. 2003). Diluted diets from high fruit water content 

have also been found to result in increased food intake, shorter gut passage rates and lower 

efficiency of glucose absorption in some passerines (Witmer 1998).  For these reasons, 

despite differences in carbohydrate levels, Schaefer et al., 2003, found that high water content 

was a deterrent to frugivores. 

  

Macronutrients 

Fruit is a common food item as it provides an easily digestible and energy rich food source 

high in non-structural carbohydrates (Estrada & Fleming, 2012). This is consistent with the 

substantial correlation between both percentages of carbohydrates and gross energy, along 

with the presence of fruit in the diet of birds in this study. The negative correlation between 

carbohydrates presence in the diet, and positive correlation with gross energy are similar to 
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findings in Izhaki (2002). Similarly fruit preference in blackbirds was shown to be positively 

related to energy content in Sorenson (1984). The former was again attributed to the inter-

correlation between compositional attributes; namely moisture content and carbohydrates. 

High levels of carbohydrates compared to relatively low levels of both proteins and fats are 

common in most fruit species; including those consumed by New Zealand Frugivores (Fig 

3.2) (Mormond, 1998; Witmer, 1998). Due to divergent digestive strategies for carbohydrates 

and lipids, fruit are often categorised into high carbohydrate/low lipids or low 

carbohydrate/high lipid fruits (Lepczyk et al., 2000; Levey & Martinez del Rio, 2001). The 

almost 90° angle between the principle- component analysis loadings in Figure 3.3 and 3.4 

show only a slight negative correlation between lipids and carbohydrates in New Zealand 

fruit. 

Lipids are very energetically profitable, yielding nearly twice the catabolic energy of either 

protein or carbohydrates per gram (Stiles, 1993). Therefore, it would make sense that 

selection for high levels of gross energy in fruit would also be correlated with selection for 

high levels of lipids. However the correlation between lipid content and the presence of fruit 

in the diet is not significant in New Zealand birds. This is likely because efficient 

assimilation of lipids requires a long gut retention time (Witmer 1998). This creates a trade-

off with digestion of carbohydrates which can be assimilated rapidly, increasing gut 

throughput and faster excretion of indigestible seeds (Levey & Martinez del Rio). As gut 

morphology, particularly size is likely the predominant constraint on intake, frugivores may 

be unlikely to select for fruit features such as lipids, which require long digestive times 

(Witmer 1998). 

There may also be a seasonal component to the correlation between lipids and fruit presence 

in the diet. Most avian frugivores show a degree of seasonal plasticity in gut morphology 

related to food availability (Stanley & Lill 2002; Cousins, 2010). An increase in digestive 

volume and fibre resulting from increased foliage intake in winter is correlated to increased 

intestinal length and gut retention (Battley et al. 2005).  As wintering fruits often have higher 

fat levels, these same digestive properties may allow increased selection for fruit on the basis 

of lipid levels in winter and autumn as opposed to other times of the year (Ihaki 2002). Thus 

the fact that the majority of studies on foraging patterns in New Zealand frugivores 

(Appendix 2.2) occur during the major fruiting season; from summer to early autumn, such 

seasonal discrepancies in preference may be lost.  



 75 

 

Not only does protein occur in low quantities in New Zealand fruit, (Fig 3.4) but it is also not 

significantly correlated to levels of fruit consumption in avian frugivores. Most adult birds 

require protein at 4-8% of fresh weight in their diet for maintenance (Mormond 1998). 

However, most birds cannot meet nutritional targets for protein from consuming fruit alone; 

which is why it is rare to have exclusive frugivores (Izhaki & Safriel 1989; Mormond 1998). 

Relatively low levels of digestible protein in fruit means frugivores must use strategies of 

protein complementation in order to reach nutritional targets (Schaefer et al. 2003). 

Fruit are not the only source of dietary protein in New Zealand frugivores and even the 

species with the highest levels of frugivory, the kereru at 69.7%, supplements its diet with 

flowers, leaves and other plan material (McEwen 1978; Emery et al., 2009; Wotton & 

McAlpine, 2015). Other bird species also regularly consume protein-rich insects and varying 

levels of plant matter (Craig et al., 1981; Thorsen et al. 2011). In relation to this, gut enzymes 

and transporters correlated with protein digestion appear to have higher plasticity in birds 

than those associated with the digestion and absorption of other macronutrients (Levey & 

Martinez del Rio, 2001). Therefore, while the relatively low protein content of fruit may act 

as a short term constraint on frugivores; according to interspecific protein requirements, 

dietary supplementation likely explains the reason that fruit are not selected for based on their 

protein concentrations(Witmer, 1998). 

  

Optimal dietary strategies predict that birds should select fruit on the basis of net energy 

intake (Schaefer et al. 2003). This is especially important due to the high energetic costs of 

flight. In New Zealand birds, fruit’s gross energy content is positively correlated to its 

presence in the diet. Energy levels have also been linked to both fruit removal success and 

frugivore preference in a number of other studies (Sorenson, 1984; Izhaki, 2002). However, it 

should be noted that dietary energy requirements are largely variable between bird species. 

For example, metabolic rate is generally linked algometrically to body mass with smaller 

endotherms having higher metabolic rates per mass than larger ones (López-Calleja, M. 

2000). In New Zealand, native birds in which basal metabolic rate has been measured ranges 

from 2.24 kJ/h in kakariki to 3.98 kJ/h in tui, 6.78 kJ/h in kereru and 11.8 kj/h in silvereye. 

(McNabb 2000). Conversely, in introduced frugivores, basal metabolic rate varies from 2.61 

kJ/h in song thrush, to 3.16 kJ/h in starling, 3.34 and kJ/h in blackbirds (McNab 2000). Note 
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that these values have been converted by McNab (2000) from the conventional unit of 

measurement mLO2/h by multiplying by 0.020 kJ/mLO2 (=~20.08 kJ/LO2) / (1000 mL/L). 

Therefore, smaller species such as silvereyes, and likely bellbirds, can sustain negative 

energy budgets for a shorter period of time, and thus have less scope to be picky when 

selecting for fruit on the basis of energy content, or any other component for that matter. 

Conversely, larger bird species must feed on fruit which provide a greater calorific return to 

maintain the same proportion of daily energy intake and are thus more likely to select fruit on 

the basis of energy content (Craig et al. 1981). In saying this, a greater gut content in larger 

species such as kereru, which have much higher mass specific energy demands than expected 

for its size, means they may be able to make up the difference not only by selecting for fruit 

with a higher energy content, but also increasing fruit intake (McNab, 2000). 

The gross energy content was also shown to be greater in adventive fruit than that of their 

native counterparts. Combined with interspecific differences in energy demands this provides 

a mechanism by which differential selective preference of native and adventive fruit may 

occur. It has even been suggested that higher energy content in fruit from exotic plants may 

aid plant invasions in some contexts (Ashland & Rejmanek, 2013). 
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Chapter 4 

 

Are differences in diet between native and introduced birds 

reflective of selective preferences for different fruit? 

 

Introduction 
Fruiting plants form a significant proportion of the diet for a number of native as well as 

introduced birds in New Zealand ecosystems (Kelly et a.l 2006). However, both the 

proportion and composition of fruit within the diet of any particular avian frugivore is 

extremely variable (see Chapter 1). Variation in diet between frugivore species is often 

attributed to differences in fruit availability, with fruit removal strongly correlated with 

relative abundance of that species of fruit in an environment (Navarro et al. 2018).  The 

presence, abundance, periodicity and distribution of food resources likely forms a major 

component of foraging decisions in frugivores (Barboza, 2008).  However, selection in 

relation to availability is likely to be just as important; with fruit consumption 

disproportionate to availability having the potential to shape dietary patterns (Blüthgen et al., 

2006).   

  

In New Zealand there is a clear pattern in which introduced birds have a greater proportion of 

their diet composed of adventive fruit than their native counterparts (Williams & Karl, 1996; 

Kelly et al., 2006; MacFarlane et al., 2016) (Chapter 2). The recorded proportion of different 

fruit species in the diet of the endemic bellbird (Anthornis melanura) ranges from 0.01% for a 

number of species to 29% made up of Karamu (Coprosma robusta) (see Table 

.2.1).  Furthermore, the proportion a single fruit species like C. robusta in the diet varies on 

the same magnitude between different frugivores. It is unknown to what extent such patterns 

are the result of differences in fruit preferences between bird species, or a reflection of 

differences in frugivores present across habitats containing divergent floral assemblages. In 

most cases where a species of fruit is absent in records of the diet, it is unknown if that is 

because a bird was choosing not to consume it or if the plant was not present within the study 

area (Spurr et al. 2011). 
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In urban areas, such as parks and gardens, as well as modified and degraded ecosystems, 

introduced birds are often more common than natives (Sullival et al 2005).For example, 

introduced black birds (Turdus merula) are present in 90% of gardens throughout New 

Zealand which have been surveyed. High occupancy levels are also found for the introduced 

starling (Sturnus vulgaris, 60%) and song thrush (Turdus philomelos, 60%), while native 

species such as the tui (Prosthemadera novaeseelandiae), bellbird (Anthornis melanura) and 

Kereru (Hemiphaga novaeseelandiae) range from 52%, 20% and 18% respectively (Spur, 

2012). These same urban areas have higher proportions of adventive fruiting plants, including 

many weed species (Sullivan et al. 2005).  In contrast, native birds usually occur in the 

greatest abundance in native forested habitats in which there are a greater number of native 

fruiting plants available (Wotton & McAlpine, 2015). This correlation may in part explain 

why introduced birds consume more adventive fruit species.  In order to determine the 

underlying causes behind observed foraging patterns between native and introduced 

frugivores it is necessary to separate usage, as shaped by abundance, in the habitat from 

selective preference. 

  

Abundance is defined as the quantity of that fruit within a habitat irrespective of consumer presence 

(Johnson, 1980).  ‘Fruit abundance effects’ are found in numerous frugivores, including birds, with 

strong correlations between fruit consumption and abundance on different scales. These include 

individual plant fruit crop, forest fragment and landscape (Vegeta et al., 2010; Ortiz-Pulido et al., 

2007).  

 

Utilisation is defined as the degree to which a bird makes use of a particular fruit species (Johnson, 

1980). Over a longer time, scale utilisation, the quantity of fruit which is consumed over a fixed 

period, is analogous to diet as explored in chapter one.  

  

Lastly, Selection is the process through which a bird chooses a particular fruit and is often reflective 

of preference (Johnson, 1980). If fruit are consumed disproportionately to their availability, then 

utilisation is considered selective (Blüthgen et al., 2006) For example, in Ridley (1998) kereru were 

found to select for pate (Schefflera digitata) as it was consumed disproportionately to its availability 

within the study site; which made up only 0.9% of the total basal vegetative area. Similarly, in Spur 

et al., 2011, bellbirds were found to consume glossy and shiny karamu (Coprosma robusta & C. 

lucida) as well as red matipo (Myrsine australis) disproportionately more than expected given their 

availability, while five-finger (Pseudopanax arboreus) and supplejack (Ripogonum scandens) were 
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consumed less than predicted. In this way, selection had the capacity to shape observed patterns of 

consumption differently across diverse contexts. 

  

While there are a number of studies which record the proportion of fruiting plants at a location 

which is also within the diet of specific frugivores, the relative proportion of any fruiting plant not 

consumed is often lacking (O’Donnell & Dilks, 1994; Williams & Karl, 1996). For example, in 

Burns (2012), dietary diversity (a qualitative measure of consumption corrected for fruit availability 

between study sites) was found to be greater for introduced blackbirds than any native frugivore. 

While this does not indicate differences in consumption of native vs adventive fruiting plants, it 

could indicate that blackbirds play an important role in seed-dispersal mutualisms in New Zealand. 

Other studies have looked at fruit consumption in relation to availability of all fruiting plants, 

however these tend to be limited to a single or few bird species (Ridley, 1998; Spur et al. 

2011).  Only one study, Davies (2015) has  examined the relative fruit diet of both native and 

introduced birds compared to the abundance of each plant within the study area; in order to 

determine if it accounted for an observed difference in diet. It was found that even when controlling 

for the types of plants in an area, the pattern persisted in which exotic birds consumed 

proportionally more adventive fruit than native frugivores.  

  

While such studies may indicate preference, comparing availability to usage in the wild can be 

distorted in two ways. Firstly, it is constrained by which fruiting plants are deemed available to 

birds by the researcher. Secondly, a habitat is in part ‘selected’ on the basis of available food 

resources (Johnson, 1980). Recording all the fruit available in an area can be difficult and time 

consuming, especially when one considers the large ranges of many bird species.  For example tuis 

can make daily flights of up to 10km to foraging sites, with total foraging ranges from between 1 

and 35km (Stewart and Craig, 1985;  Bergquist, 1989).Similarly,  kereru have been recorded 

traveling between 11 and 102 km between patches over the course of a year (Powlesland et al., 

2011). 

  

Due to these reasons, data on fruit availability is rarely available in conjunction with observations of 

fruit consumption. One solution to this problem is to assess consumer preference as the probability 

of a particular fruit being chosen if presented on an equal basis with others (Johnson, 1980). By 

presenting fruit to birds in equal quantities and allowing birds to choose between them, it may be 

possible to disentangle discriminatory ability and selective preference from availability (Rowland et 

al. 2015) 
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Preference testing has shown that many bird species have the ability to make fine discriminations 

between food items based on taste, to a degree that is often greater than that of many other 

vertebrates (Rowland et al., 2015). Such preferences arise from the birds’ ability to ‘learn’ to 

behave in an optimal manner and apply this knowledge to fruit selection across different conditions 

(Ally, 2010).  

  

Consistency in birds’ preference for certain fruit has the potential to alter community assemblages 

through the differential recruitment of fruiting plants based on the choices of different frugivores 

(Mormond 1983).  For instance, if introduced birds prefer adventive fruit species, this could 

facilitate the spread of these species, negatively impacting native plants as well as the birds who 

prefer them (Aslan & Rejmanek, 2013).  Therefore, forming a greater understanding of the factors 

which shape birds’ decision making processes when it comes to foraging practices may be an 

important tool in directing conservation of these species.   

  

The primary objective of this Chapter is to determine if New Zealand birds display a 

preference for a particular fruit when it is offered on an equal basis with other fruit, and if so, 

to determine how preferences differ between bird species.  Pairwise ‘cafeteria’ food choice 

experiments were carried out within aviaries at Orana and Willowbank wildlife parks as well 

as several parks throughout Christchurch. Combinations of fruit were presented in equal 

quantities and fruit removal recorded. 

  

 Specific questions I will address include: 

1. Do patterns of preference correspond to patterns of fruit consumption observed in the wild 

as per Chapter 2? 

2. Does the introduced blackbird display a greater preference toward adventive fruit than the 

native tui and kakariki? 

3. Is initial fruit selection (first fruit selected) reflective of consecutive fruit choices? Or in 

other words; Is fruit choice maintained throughout feeding bouts? 
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 Methods 
  

Location 

  

Feeding trials targeted at introduced blackbirds were carried out with unconfined wild birds on the 

lawns adjacent to Riccarton Bush (Pūtaringamotu),  43°31’S 172°35"E.(Fig 1). The 5.4 hectare 

grounds are bordered on one side by the Avon River (Ōtākaro), and by an extensive native 

podocarp forest on the other.  Originally owned by Ngāi Tūāhuriri and managed since 1914 by the 

Riccarton Bush Trust, the lawns and gardens are home to a large number of native and mature 

exotic trees.  Introduced blackbirds and hedge sparrows are the most common birds found on the 

lawns and it is not uncommon to see more than 50 blackbirds foraging on the ground at any one 

time (Fig 2). Thrushes, starlings and rock pigeons are also common, with smaller populations of 

native birds such as the fantail, grey warbler and silvereye. Despite the varied bird population, 

blackbirds were the only ones which interacted with offered fruit. 

 

 

 

Figure 4.1. Aerial photograph of Riccarton Bush, with the grounds of Riccarton house to the right 

and the indigenous forest to the left. Feeding trials were carried out on the lawn between Kahu 

road, on the far right, and Riccarton house (© Terraview International Limited 2010). 
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Figure 4.2 Lawn at Riccarton bush from Kahu road entrance, used for feeding trials 

 

Feeding experiments were also conducted with captive native birds in the aviaries at Orana 

and Willowbank Wildlife parks (Fig 4.3). Orana Wildlife Park, a lowland aviary, was built in 

1984 and upgraded in 1992. It is home to a number of native frugivores including; 13 red-

crowned kakariki (Cyanoramphus novaezelandiae), three Kereru (Hemiphaga 

novaeseelandiae), two bellbird (Anthornis melanura), and a single tui (Prosthemadera 

novaeseelandiae).  

 

Trials were also conducted within the tui and kereru enclosures at Willowbank Wildlife Park, 

.Thepark. The former houses a single male tui and the latter houses 3 kereru and a large 

number of barbary doves (Streptopelia risoria). 
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Figure 4.3 Locations of the feeding trials involving birds in captivity. Top left and right from the 

walkway within the native lowland aviary at Oran Wildlife Park. Bottom from a feeding station 

within the kereru enclosure at Wilobank Wildlife reserve. 

   

 

Fruit species used in the feeding experiments include four native species; Coprosma robusta, 

Coprosma proponiqa, Griselinia littoralis and Melicytus ramiflourus. Three introduced fruit species 

Berberis glaucocarpa, Ilex aquifolium and Solanum nigrum were used for comparison. For further 

justification of fruit species selection see methods in Chapter 3 in particular Figure 3.1. 

 

Fruit was presented two species at a time, with 10 of each species of fruit, in metal bowls (size).   In 

the aviaries the usual food of these birds is presented in these bowls so they were used in the hope 

that familiarity would increase the probability of the birds approaching and consuming the test fruit. 

These bowls were placed on a pre-existing feeding platform (pictured below) and the birds were 

free to feed on either species if they chose. The placement of each fruit species (left vs the right of 

platform) was randomised with each trial. The birds were observed continuously during each trial 

and the following parameters were recorded through a combination of observation and camera 

recording: 
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·      first choice (first fruit species selected) 

·      number of fruit of each species consumed 

·       Whether birds consumed fruit where food was offered or if they moved away with it before 

consumption. As an extension of this whether there were other birds of the same or different 

species nearby. 

  

Each experiment ended when a total of 5-10 fruits were eaten, but before all the fruit of one species 

had been removed. This was generally determined by the end of a feeding bout in which a bird 

consumed multiple fruits consecutively. Fruit was not counted if it was dropped before being 

consumed unless they once again picked it up and eaten. This was sometimes the case, especially 

with the tui as they attempted to handle larger fruit in their beaks.  

  

The order in which pairs were presented was also randomised with an attempt to not offer the same 

fruit species in two consecutive trials. For this reason, the order of the 21 fruit combinations was 

randomised with the same pair never offered more than once on the same day.  Each fruit 

combination was offered to each bird species three times. At times, if the birds seemed unwilling to 

interact with the offered fruit, it was beneficial to switch to the next combination; coming back to 

the one that was skipped later.  Small pieces of apple; approximately 3 cm. across were also 

beneficial in attracting birds to the feeding station from where they went on to eat the ‘test’ fruit. 

Lastly, during the course of the trials, the birds’ usual feeding time, with their normal rations, was 

delayed by up to but no more than 2 hours as hunger increased the likelihood of the birds 

consuming the offered fruit. 
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Figure 4.4. A single male tui (Prosthemadera novaeseelandiae) and male red-crowned 

kakariki (Cyanoramphus novaezelandiae)  at a feeding station at Orana Wildlife Park, 

Christchurch. 

 

 Wild Birds- Blackbirds 

For the wild blackbirds much the same procedure was used, but with some minor adjustments. 

Firstly, the fruit were placed directly on the ground on an area clear of leaves and tall grass. This is 

because unlike their captive counterparts these birds were not habituated to eating out of dishes or 

off of feeding stations. In preliminary trials it was found that the blackbirds did not approach fruit 

presented in metal dishes or clear Pyrex dishes. Apple was once again used to attract the birds to a 

spot from where they could consume the test fruit. Once again 20 fruit (10 of each pair) were 

offered in a random order and trials continued until 5-10 fruit were removed.  It was not always 

possible to determine the order in which fruit were eaten, due to the fact that the wild birds were 

more wary and had to be observed from a distance of greater than 15m. 

Results 
 

In blackbirds there was a significant difference in preference for different species 

(quasibinomial GLM,  F = 3.95, P = 0.001). Note that full statistical output for these various 

analyses is given in Appendix 4.1. C. propinqua was the most preferred fruit followed by the 

three introduced species, while M. ramiflorus scored lowest (Fig 4.6). Fruit species position 

recorded in the diet of blackbirds in the literature (Table 2.1) compared to this experiment 

showed little agreement (Table 4.1). Most notably, the most-selected species in this cafeteria 

trial C. propinqua was never recorded as being consumed in the field across 9 studies and 
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nearly 18,000 observations of frugivory. Conversely M. ramiflorus ranking lowest in 

preference in this experiment coincides with lack of records of consumption in blackbirds 

 

 

 

Figure 4.6 The overall proportion of each fruit species eaten across all choice experiments in 

blackbirds (Turdus merula). Plant species are labelled using the first three letters of the 

genus name and first three letters of the species name. From left to right Melicytus 

ramiflorus, Coprosma robusta, Griselinia littoralis, Solanum nigrum, Ilex aquifolium, 

Berberis glaucocarpa, and Coprosma propinqua. 

 

In tui preference was also significantly pronounced between fruit species (quasibinomial 

GLM, F = 7.79, P < 0.0001).  C. robusta and C. proponiqua were by far the most prefered 

species (Fig. 4.7) and in most cases they didn’t eat any other fruit if one of these two options 

were available. Two of the three introduced fruit species ranked lowest in tui with only one 

single I. aquifolium fruit being eaten across all trials.  In literature reports from wild feeding 

observations on tui, all three adventive species I. aquifolium, B, glaucocarpa and S.nigrum 

were not recorded across seven studies and 1600 observations of frugivory (Table 2.1). 

However, when looking at the relative preference ranking of the seven study species in 

feeding trials vs wild observations, for tui there was no correlation in ranks (Table 4.1).  
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Figure 4.7 The proportion of each fruit species selected across all choice experiments in tui 

(Prosthemadera novaeseelandiae). For plant species names see Figure 4.6.  

 

Lastly in kakariki there was once again a significant difference between the relative 

preference of fruit in the feeding experiment (Binomial GLM,  Chi(6) = 147.8, P < 0.0001).  

Although a preferred species in both blackbird and tui, in kakariki C.proponiqua was a less 

prefered species (Fig 4.8). G. littoralis was the top ranked species despite being in the bottom 

half of species for blackbird and tui. 
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Figure 4.8 The proportion of each fruit species selected across all choice experiments in red-

crowned kakariki (Cyanoramphus novaezelandiae). For plant codes see Figure 4.6. 

 

Table 4.1 The sequential rank agreement between fruit preference of tui (Prosthemadera 

novaeseelandiae ) and blackbird (Turdus merula) in feeding trials in comparison to the 

proportion of each fruit in the recorded diet of each species(Table 2.1) 1 through 7 denote 

the relative rank of each fruit for that frugivore where 1 = highest preference .The two 

rankings were nearly significantly positively correlated for blackbirds (Spearman rank 

correlation s = 0.714, n = 7, P = 0.070), but showed no correlation for tui (s = -0.643, n = 7, 

P = 0.135). 

 

 

species Tui blackbird 

  feeding trials wild diet 

Rank 

correlation feeding trials wild diet 

Rank 

correlation 

native           

Coprosma robusta 1 1 1.00 6 1 0.00 

Coprosma propinqua 2 4 0.75 1 7 0.25 

Grisellina littoralis 5 3 0.61 5 6 0.39 

Melicytus ramiflorus 4 2 0.65 7 2 0.48 

adventive           

Berberis glaucocarpa 6 6 0.67 2 4 0.54 

Ilex aquifolium 7 7 0.70 3 3 0.59 

Solanum nigrum 3 5 0.74 4 5 0.65 
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The presence of other birds in close proximity to the feeding station had a significant effect 

on behaviour of kakariki. In 60% of observations they selected a fruit and flew either out of 

sight or to a nearby perch. This behaviour was strongly correlated to the presence of other 

birds at or near to the feeding station.  The presence of tui and other kakariki as well as tui 

and kakariki combined were all significant predictors of kakariki carrying the fruit away 

(Binomial Glm, Z = 6.39, 5.07, 0.78, P = all<0.0001) The fruit was carried away 84.5% of 

the time when both tui and and other kakariki were present, but only 29% of the time when 

tui were absent but other kakariki were present. On the other hand, kakariki displayed this 

behaviour 41.1% of the time when only the tui was present and only 7.6% of the time when 

no other birds were nearby. 

 

Three fruit features were significant predictors of fruit choice in blackbirds (Fig. 4.6), 

including wet whole mass (quasibinomial GLM, F = 7945.6 , P <0.007), 

percentage of flesh relative to seed volume (F = 2429.6, P = 0.01) and the number of seeds 

per fruit (F =3222.7, P = 0.01). However, width and percentage moisture were not 

significantly correlated to fruit choice (quasibinomial GLM, , F ≤ 106.4, P > 0.07, for both 

variables). Gross energy content and nutrient levels, percentage lipids, proteins and 

carbohydrates were also not significantly correlated with fruit selection in blackirds 

(quasibinomial GLM, F ≤ 2.8, P > 0.06, for all variables).  See appendix 4.1 for full r output 

for these models. 

 

In tui only one fruit feature (width) was a significant predictor of fruit consumption within 

the choice experiment (Fig. 4.7) (quasibinomial GLM, F = 230.2 , P = 0.04). No other non-

nutrient feature from width, wet whole mass, percentage moisture, percentage flesh relative 

to seed mass and the number of seeds was a significant predictor (quasiinomial GLM, F ≤ 

60.8, P > 0.08, for all variables). The percentage of lipids, protein, carbohydrates as well as 

gross energy in the pulp were also not significant predictors (quasibinomial GLM, F ≤ 5.9 , P 

> 0.1, for all variables). 

 

In kakariki, width, whole wet mass, percentage flesh moisture, percentage flesh and number 

of seeds were not significantly correlated with fruit choice (Fig. 4.8) (quasibinomial GLM, F 

≤ 60.8, P > 0.08, for all variables). Furthermore, nutrient levels for lipids, proteins and 

carbohydrates as well as gross energy were not significantly correlated to fruit selection 

(quasibinomial GLM, F ≤ 1.6, P > 0.2, for all variables).  
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Fruit colour was not correlated with fruit preference in any of the three frugivores 

(quasibinomial GLM, F ≤ 0.37, P > 0.4, for all species). Likewise, familiarity or overlap in 

each species ancestral range and fruit occurrence was not a significant predictor of fruit 

choice across all three species (quasibinomial GLM, F ≤ 1.9, P > 0.2, for all species). 

Discussion 
 

Blackbird, tui and kakariki all showed considerable variation in preference between different 

fruit species and in comparison to the other 2 frugivores.  There was also a noticeable 

difference in rank between fruit preference in each species and the proportion of that fruit 

recorded in the diet of each bird in the wild (Table 2.1). This is because preference is not 

always reflected in observations in the wild and, as in times of low resource availability, wild 

birds may eat less preferred fruit due to hunger or accessibility (Redford 1985). Differences 

between preference and wild observations may also reflect the effect of availability on usage. 

The significantly greater sequential rank overlap with tui; in comparison to blackbirds (Table 

4.1) may therefore indicate that fruit usage in blackbirds is more correlated with availability 

than in tui.  

 

The interspecific variances in preference are only partially explained by differences in fruit 

characteristics; such as size, moisture content and the number of seeds per fruit.  And even 

these preferences are not constant across all bird species. Other characteristics; including 

familiarity, colour, flesh percentage, and nutrient and energy content were not significantly 

correlated to preference for any of the three frugivores. The correlation between fruit features 

and consumption in general across all species is discussed at length in Chapter 3  

As discussed in Chapter 2, familiarity or overlap between a fruiting plant and a bird’s 

ancestral range may be unlikely to influence fruit preference. This is especially true in exotic 

species such as the blackbird whose diet may have changed to a large degree in the 153 years 

since their naturalisation in New Zealand (Drummond, 1906; Courant, 2017). Selective 

preference across all three species is more likely related to lifetime experiences, particularly 

during the natal period, than overlap in ancestral range (Provenza, 1995; Ashland & 

Rejmanek, 2013; Mettke-Hofmann et al., 2013).  

Again, fruit colour largely functions as a signal of ripeness and to increase conspicuousness 

(Burns & Dalen, 2002). However, the number of fruit species and the variation in fruit colour 
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in the feeding experiment, 3 red, 2 black, 1 white and 1 purple, is too small to show a 

meaningful relationship with preference. Furthermore, as one of the primary functions of fruit 

colour is to make fruit more detectable among background foliage, presentation of fruit in 

dishes loses the effect of this phenomenon (Ally 2010). 

Some of the observed differences in preference related to differences in handling techniques 

and beak morphology in relation to fruit/seed size. Frugivorous birds can be separated by 

feeding type, as following ‘swallowers/gulpers’, who swallow fruit whole; 

‘squashers/mashers’- who crush fruit in their beak, ‘thrashers’ who break fruit into pieces and 

‘claw/beak coordinators’ who manipulate fruit with their feet while tearing with their beak 

(Levey, 1987; Gosper, 2005 Ally, 2010). Blackbirds and tui are both primarily 

swallowers/gulpers; throwing fruit to the back of their throat before swallowing. 

Therefore, species such as tui, which have a measured gape of 9.7 mm have limited 

constraints on which fruit they can consume; both in terms of width and whole fruit mass 

(MacFarlane et al., 2016). This explains why fruit width was negatively correlated to fruit 

preference in tui. This relationship also explains why I. aquifolium (10.6 ±1.3 mm), B. 

glaucocarpa (6.9 ± 0.77mm) and G. littoralis (6.91±0.34) scored as the lowest preference for 

tui (Fig 3.2, size data from Table. 3.1). Furthermore, all of these species have a small number 

of large seeds; which are often a greater constraint on swallowing than fruit size itself 

(Jordano, 2000). The next largest species, S. nigrum (5.9± 0.5) has a large number of small 

seeds and is therefore malleable within the beak (Table 3.2).  The one I. aquifolium fruit 

consumed by tui was pecked at rather than swallowed, although several attempts were made 

to swallow the large fruit whole. In comparison, blackbirds with a measured gape of 11.9 

mm, didn’t have the same size constraints; and this is reflected in the higher ranking of both 

Ilex and Berberis (Fig. 4.6) (MacFarlane et al. 2016). Conversely, kakariki are claw/beak 

coordinated feeders; meaning they tear at the flesh of the fruit rather than swallowing it 

whole (Gosper, 2005). Thus fruit size is again less of a constraint on consumption than in the 

tui. Lesser size constraints in both blackbird and kakariki are reflected in the lack of 

correlation between fruit width and preference in these two species. 

Frugivores in general should select for fruit with greater mass as it provides a greater reward 

than smaller fruit (Hill, 2003). Whole fruit wet mass had a strong positive correlation to fruit 

selection in blackbirds, but not tui or kakariki. As there is a strong relationship between fruit 

width and whole fruit mass (Fig 3.4), the same gape constraints in tui should prevent 
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selection for high fruit mass.  However, in some ellipsoidal fruit, the allometric relationship 

between length is greater than that with width (Herrera, 1992). In other words, due to 

selective evolution on the ability to handle and swallow fruit, ovoid species such as C. 

robusta, C.propinqua, G. littoralis  and B. glaucocarpa likely increase relative mass in terms 

of length rather than width. Therefore the balancing effect, of selection for increased mass in 

the more preferred Coprosma species and for reduced mass in I.aquifolium and B. 

glaucocarpa in tui, means that mass is not a significant predictor of preference in this bird. 

Conversely, there is a significant positive relationship between whole fruit mass and 

preference in blackbirds, while other bird species with the greatest mass scoring second, 

third, second and fourth respectively (Fig. 4.6). While again blackbirds are not constrained in 

terms of their ability to swallow these species, they may also select for large seeded 

I.aquifolium and B. glaucocarpa due to a greater ability to regurgitate the seeds of these 

species; thus freeing gut space. Multiple large fruit species; including Berberis, Viburnum 

and Ligustrum, which produce fruits with a single large seed (>5 mm) are known to be 

regurgitated by blackbirds, and fruit may even be selected for based on this behaviour 

(Druett, 1983; Sorenson, 1984).  

 There are a number of explanations to why nutrient composition was not a significant 

predictor of fruit preference in any of the three frugivores. Firstly, there was not more than a 

5% variation in lipids, carbohydrates or protein between the 7 species used in the feeding 

experiments (Fig 3.4) Likewise, gross energy only varied by 1 kJ/g across all fruit species. 

Secondly, the regular feeding and a relatively sedentary lifestyle for the two species in 

captivity means they don’t face the same nutritional demands as wild birds. Lastly, presenting 

fruit out of its usual context; ie. in dishes or on the ground, (as opposed to on a tree), created 

novelty, separating cognitive association between first-order response; digestion reaction to 

nutritional components and second order response; the association between visual and taste 

cues and these digestive reactions (Ally, 2010). While these associations were likely to be re-

learned during the course of the experiments, it may still explain the lack of correlation 

between preference and nutrient levels in the data. 

Kakariki like other native parrot species such as kaka (Nestor meridionalis) are generally 

considered seed predators (Clout & Hay, 1989 Carpenter et al. 2018) Indeed Kaka and 

Kakariki have been shown to destroy as much as 32.5% of hinau (Elaeocarpus dentatus) 

seeds from the canopy on an offshore island over the course of a season (Carpenter et al., 
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2018). Although the powerful curved beak morphology of the kakariki like that of other 

‘parrots’ leads to the common assumption that they act as seed predators this may not always 

be the case (Young et al., 2012). For some fruits species, kakariki may act as pulp feeders 

rather than seed predators. Pulp feeders consume fruit by manually removing the pericarp and 

dropping the seed beneath or near the fruiting plant unharmed (McConkey & Drake 2002). 

McNutt (1998) observed the partial removal of the pericarp as well as slice marks down the 

side of fruit which they attributed to handling by parrots including kakariki and kaka.  

  

Our data suggest pulp feeding may be a predominant feeding behaviour in kakariki. 

Fruit  were often manipulated, rotating it within the beak often with assistance from the 

dexterous digits of the claw to separate the flesh from the seeds.   Similar behaviour has been 

observed in the endemic Kea ( Nestor notabilis ) in the wild when feeding on Podocarpus 

nivalis, in which the birds use their beaks to separate the seed from arial, consuming the flesh 

and dropping the seeds near the parent plant (Young et al., 2012). In other bird species the 

probability of swallowing the fruit verse dropping the seed is asymptotically linked with seed 

size (Levey, 1987; Martinez del Rey, 1997). Indeed kakariki usually swallowed the multiple 

small seeded M. ramiflourus whole while the pulp of the large single seeded G.littoralis was 

often consumed and the seed left behind. Likewise in B.glaucocarpa and I. aquifolium; 

which are larger than the average kakariki gape, the flesh was separated from the seed before 

eating. 

  

This behaviour is seemingly beneficial to birds in that it reduces the amount of gut space 

taken up by indigestible seeds affecting the fruits profitability (Levey, 1987). Pulp feeders are 

usually seen as ‘cheaters’ or ‘thieves’ within seed dispersal mutualisms as they consume the 

fruit reward without dispersing the seed (Fedraini et al., 2012) Pulp eaters essential provide a 

similar service as gravity depositing seeds directly under the parent crown, leading to 

density-dependent mortality (Janzen-Connell effects) (Estrada & Flemming, 2012). 

Furthermore, the removal of flesh can have negative impacts making them more susceptible 

to pathogens and desiccation (citation needed). Conversely, pulp removal can have a positive 

impact by removing the inhibitory effects of the pericarp (Estrada & Flemming, 2012). For 

example, in southwestern Spain, pulp-eating rabbits had a net positive impact on propulagete 

fitness. Despite higher mortality under conspecifics, removal of pulp increased the 

cumulative probability of establishment (judged as germination rate, seedling emergence and 

growth and survival at two years) by between 4 and 25% (Fedriani et al. 2012).  The effects 
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of pulp removal on aspects such as germination are however variable between species 

(Robertson et al 2006). In a number of New Zealand species, pulp removal did not 

significantly impact final germination, although it was shown to increase germination rate 

(Kelly et al., 2010). Conversely other fruiting plants have demonstrated dependence on 

endocarp removal for germination (Ladley & Kelly, 1996).   

  

The role of kakariki as seed-dispersers is further convoluted by another phenomenon. 

Although in this study kakariki frequently dropped the separated seeds on or beneath the 

feeding perch, 60% of the time they selected a fruit and then flew away, either out of site or 

to a nearby perch. Through this behaviour kakariki may act as useful seed dispersers by 

moving seeds away from the parent crown. Furthermore like frugivores which practice 

endozoochory snatch and grab behaviour may similarly generate unique vegetative mosaics if 

they repeatedly return and drop seeds beneath the same perchs (Ferguson, 1999).   

  

This type of ‘snatch and grab’ behaviour is likely the result of food competition. For a 

comparable example, when high abundances of Pacific island flying foxes (Pteropus 

tonganus)  are present, there is an increase in feeding territory defence and snatching of fruit 

to consume elsewhere (McConkey & Drake, 2006). This hypothesis is supported by the fact 

that kakariki were more likely to grab a fruit and fly away when there were other birds at or 

close to the feeding perch. When no other birds were present, they displayed this behaviour 

only 7.6% of the time. 

  

The tui regularly defended the nearby feeding perch, moving towards other birds 

aggressively; spreading it wings to make it appear larger, and making challenging calls. 

Similar dominate behavior of tuis has been observed at feeding troughs on little barrier island 

in which species such as bellbirds and stitchbird were excluded until the tui lost interest 

(Craig et al., 1981). This study may, in part, explain the bellbird’s low visitation to the 

feeding station; which they only visited when other more dominant birds were absent. 

Likewise, kakariki also displayed aggressive behaviours; flapping and pecking at one 

another, though no single individual maintained dominance of the feeding station.  This 

suggests that like the flying fox, fruit handling behaviour in kakariki may be dependent on 

levels of competition; with effective seed dispersal only occurring when food competition is 

present. There is limited data concerning food competition with kakariki in the wild. Food 

competition has been noted between a number of species with dietary overlaps; including the 
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kakariki, tui, bellbird, stitchbird, saddleback, kaka and kokako, though there was no 

differentiation between fruit, nectar and invertebrate resources (Perott, 1997). More research 

is needed to determine the net impact of pulp eating in New Zealand fruiting plants  in order 

to understand how animals such as the kakariki may contribute to seed-dispersal mutualisms 

and how this may be influenced by social interactions. 
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Chapter 5: General Discussion 
 

 Validity of feeding choice experiments 

  

Feeding choice tests, especially with captive individuals, are a common way in which 

researchers assess dietary preferences; not only in avian frugivores but across a range of 

species. There are a large number of studies which have used pairwise-feeding trials within 

aviaries to draw various conclusions about frugivore preferences (Mormond & Denslow, 

1993; Stiles, 1993; Lepczyk et al., 2000; Bosque & Calchi, 2003; Ally, 2010). Other studies 

such as Saxton et al., (2010) have also utilised pairwise choice tests in the wild which are 

similar to those conducted for blackbirds in this study (see Chapter 4 methods). Conversely, 

other studies assess preference on the basis of the relationship between usage and availability 

of fruit resources by birds (Ridley 1998; Spur et al., 2011; Davies, 2015). But no 

methodology can wholly distinguish between operational foraging behaviours and the 

subjective decision making processes behind frugivore preference (Kirkden & Pajor, 2006). 

For this reason, both aviary choice tests and observations of foraging patterns in the wild 

have their limitations when it comes to assessing frugivore preference. 

 

First operational ‘choice’ does not necessarily indicate frugivore ‘preference.’  The difference 

between two fruit required to constitute a preference must be greater than a difference which 

only elicits a reported difference (Xia et al., 2016). That is to say that preference can only be 

determined by assessing the motivational strength or aversion to a particular fruit in 

comparison to another (Kirkden & Pajor, 2006). Furthermore, motivation or the willingness 

of a  bird to consume a fruit can only be assessed if there is an imposed cost which birds must 

pay to obtain a fruit. Furthermore, certain fruit choices may not be optimal in every 

circumstance, and different fruit may be selected for different properties. 

 

Both preference and motivation are context-dependent; some of which is lost in choice 

feeding experiments (Kirkden & Pajor, 2006). In fact, some cases animals may not consume 

food items  if presented within unfamiliar contexts.  In this study, for example, silvereyes 

would not take fruit from feeding stations but were regularly seen plucking fruit directly off 

of trees. Similarly, blackbirds would not take fruit out of dishes but only directly off the 

ground; as they are used to foraging for fallen fruit, worms and insects. Additionally, both 

presentation of fruit on branches and plant growth form can affect frugivore interest 
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(Mormond & Denslow, 1983). For example, in the wild, larger birds may be excluded from 

consuming the fruit of small divaricating shrubs such as Coprosma rhamnoides, and from 

perching on less solid branches (Craig et al., 1981). Regular feeding of captive birds; such as 

those at Orana and Willowbank, may also mean that birds are less likely to make fruit 

selection based on extreme hunger or a necessity to meet immediate energy demands than 

their wild counterparts.  

 

Lastly, preference is dependent on habituation and lifetime experience (Kirkden & Pajor, 

2006). For example the diet of tui at Willowbank, where some of the deeding experiments 

were conducted, was sometimes supplemented with Coprosma robusta. Increased familiarity 

with this fruit may have made birds more likely to consume it. 

  

For this reason, it begs the question whether or not choice feeding experiments can ever truly 

capture behaviours of free ranging birds; especially when we consider that many are 

conducted with captive animals such as birds in aviaries.  Not only are such animals 

habituated to certain forms of presentation such as fruit out of dishes, but by presenting 

individual fruit detached from their plants, we may lose contextual cues with which wild 

birds may use make decisions.  

  

What causes different in fruit choice  

Major frugivores in New Zealand are shown to consume a wide variety of fruit; the 

combinations of which are different from one bird species to the next (Table 2.1). Exotic 

birds have a greater proportion of their diet made up of adventive fruit (Fig. 2.2), including 

weed species (Fig. 2.6). Whereas native birds are the primary species which consume 

threatened and at-risk fleshy fruited plants (Fig 2.5).  There are a number of factors which 

may explain these interspecific differences in fruit consumption. 

 

Fruit availability, as well as accessibility, can have a significant impact on patterns of fruit 

consumption of birds in different areas (Johnson, 1980). For example, a greater proportion of 

exotic birds in degraded and modified ecosystems in which there are also a larger number of 

introduced fruiting plants may explain differences in diet composition with native birds 

(Sullivan et al., 2005).  Lower sequential rank agreement between fruit recorded in the diet 

(Table 2.1) and fruit preferences displayed in the fruit feeding trials for blackbirds relative to 

tui (Table 4.1) may indicate that fruit consumed by blackbirds is more controlled by 
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availability. If this is the case, blackbirds may exacerbate the spread of adventive fruiting 

plants creating positive feedback, consuming increasingly more of their fruit as plant 

populations increase. 

 

      Fruit features, including whole fruit mass and energy content by weight, are positively 

correlated to the presence of fruit in the diet across bird types. Both of these features are 

favoured as they allow birds to maximise net energy intake while reducing foraging costs 

(Hill, 2003). On the other hand width, pulp moisture and carbohydrates and negatively 

correlated with fruit consumption (Chapter 3 results). These negative correlations can be 

explained through their relationships with bird morphology (gape limiting handling and 

swallowing), physiology (effects of moisture content on digestion) and the interrelation 

between components (Rey 1997; Levey & Rio, 2001; Barboza et al., 2008).  On the other 

hand, levels of lipids and protein were not significant predictors of fruit presence in the diet. 

This is likely due to low levels of both items in fruit generally (Fig 3.2) and supplementation 

of a fruit diet to meet nutritional targets (McEwen, 1978; Mormond, 1998; Schaefer et al., 

2003). Colour was also not shown to have any effect on fruit consumption.  One of the 

primary functions of fruit colour is to increase conspicuousness (Burns & Dalen, 2002; Ally 

& Downs, 2010). However, colour data based on observations of frugivory is inherently 

biased as for a fruit to be consumed it must first be detected and thus all of the colours 

reported are sufficient to allow detection. Lastly, flesh to seed ratio was not significantly 

correlated to fruit consumption, but this is again likely an artefact of the data.  

 

Corresponding to different effects of fruit features on fruit selection, native and adventive 

fruit showed significant differences in these same features (Fig 3.4). Adventive fruit tends to 

be higher in carbohydrates and gross energy, mass and width. These differences between 

native and adventive fruit have the potential to explain why exotic frugivores have more of 

their diet made up of introduced fruit than in native birds. Further research is needed to 

determine the role fruit features may play in selection on the intraspecific level. 

 

It has also been hypothesised that fruit familiarity, or the overlap of the ancestral range for 

exotic birds and adventive fruit, may explain the apparent preference for fruit from these 

plants. However, this was not found to be the case (See Chapter 2 results).  The diet of exotic 

species such as blackbirds have likely changed to a large degree in the 153 years since their 
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naturalisation in New Zealand (Drummond 1908; Courant 2017).  Selective preference across 

all three species is therefore more likely related to lifetime experiences, particularly during 

the natal period, rather than overlap in ancestral range (Provenza 1995; Ashland & Rejmanek, 

2013; Mettke-Hofmann, et al. 2013).  

 

The Importance of Preference  

Preference and selection of fruit are dictated by the relationship between fruit traits and a 

bird's morphology, physiology, behaviour and nutritional requirements. Understanding food 

preference increases the power of predictive models. That is  a bird's ability to enact optimal 

behaviours when confronted with trade-offs in terms of food acquisition and processing in 

changing environments (Dawkins, 1995).  Adequate nutrition is a pillar of maintaining long 

term health and welfare in native bird species. The nutritional composition of a food item, in 

this case fruit, can impact growth, reproduction, neonatal survival, immune function, and 

gene expression (Klasing 2001). Understanding food preference also increases our 

understanding of individual bird species habitat preferences.  Individuals and groups select 

home ranges in part based on the available resources (Johnson, 1980). Therefore, knowledge 

of fine-scale fruit selection can help differentiate between potential and occupied home 

ranges of critical species. Identifying preferred fruit of native frugivores can also inform 

restoration projects to the best fruiting plant species to plant to attract birds. 

This work will ultimately contribute to a framework from which to form predictive models 

about the effects of changes in habitat dynamics and shifts between native and exotic 

species. Thinking about birds in terms of their functional role in maintaining biodiversity and 

community structure is essential in incorporating species interactions into conservation 

contexts. 
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Appendix 2.1: List of fruiting plant species consumed by focal birds across all studies  including common name, synonyms 

and family. Status of native plants was derived from The New Zealand Threat Classification Series (NZTCS) (De Lange et al. 2012, 2017) . 

Status of exotic plants was derived from The Department of Conservation’s (DOC’s) Consolidated list of environmental weeds in New Zealand 

(Howell,2008). 

*denotes exotic species. 

 

fruit species common names  synonyms family  Status 

     

Alectryon excelsus  Tītoki  Sapindaceae Not Threatened 

Aristotelia serrata    Wineberry, Makomako  Elaeocarpaceae Not Threatened 

Ascarina lucida Hutu  chloranthaceae Not Threatened 

Astelia banksii Costal Astelia  Asteliaceae Not Threatened 

Astelia fragrans Bush Flax   Asteliaceae Not Threatened 

Beilschmiedia tarairi Taraire  Lauraceae Not Threatened 

Beilschmiedia tawa Tawa  Lauraceae Not Threatened 

Carpodetus serratus   Marble leaf, Putaputaweta  Rousseaceae Not Threatened 

Coprosma areolata Thin-leaved Coprosma  Rubiaceae Not Threatened 

Coprosma crassifolia   Rubiaceae Not Threatened 

Coprosma dumosa  Coprosma tayloriae Rubiaceae Not Threatened 

Coprosma foetidissima Stinkwood, Hūpiro  Rubiaceae Not Threatened 

Coprosma grandifolia Kanona  Rubiaceae Not Threatened 

Coprosma linariifolia Milkmiki, Yellow Wood  Rubiaceae Not Threatened 

Coprosma lucida Shiny  Karamu  Rubiaceae Not Threatened 

Coprosma parviflora Leafy Coprosma  Rubiaceae Not Threatened 

Coprosma propinqua Mingimingi  Rubiaceae Not Threatened 
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Coprosma repens Taupata  Rubiaceae Not Threatened 

Coprosma rhamnoides Twiggy Coprosma  Rubiaceae Not Threatened 

Coprosma robusta Karamu  Rubiaceae Not Threatened 

Appendix 2 continued 

Coprosma robusta x grandifolia   Rubiaceae  
Coprosma robusta x propinqua   Rubiaceae  

Coprosma rotundifolia Round Leaved Coprosma  Rubiaceae Not Threatened 

Coprosma tenuifolia   Rubiaceae Not Threatened 

Cordyline australis Cabbage Tree  Asparagaceae Not Threatened 

Coriaria arborea   Tutu  Coriariaceae Not Threatened 

Corokia sp 6   Escalloniaceae  

Corynocarpus laevigatus   Karaka  Corynocarpaceae Not Threatened 

Dacrycarpus dacrydioides Kahikatea  Podocarpaceae Not Threatened 

Dacrycarpus dacrydioides pohuehue  Podocarpaceae Not Threatened 

Dacrydium cupressinum  Rimu  Meliaceae Not Threatened 

Dysoxylum spectabile Kohekohe  Elaeocarpaceae Not Threatened 

Elaeocarpus dentatus  Hinau  Elaeocarpaceae Not Threatened 

Elaeocarpus hookerianus   Onagraceae Not Threatened 

Fuchsia excorticata   Tree Fushsia  Langoniaceae Not Threatened 

Geniostoma rupestre Hangehange  Griseliniaceae Not Threatened 

Griselinia littoralis Broadleaf  Griseliniaceae Not Threatened 

Griselinia lucida Shinning Broadleaf,   Griseliniaceae Not Threatened 

Griselinia spp.   Monimiaceae Not Threatened 

Hedycarya arborea  Pigeonwood  Loranthaceae Not Threatened 

Ileostylus micranthus Green Mistletoe  Strasburgeriaceae Not Threatened 

Ixerba brexioides Tawari  Myrtaceae Not Threatened 

Lophomyrtus bullata Ramarama  Myrtaceae Threatened-Nationally critical 
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Lophomyrtus obcordata New Zealand mrytle  Violaceae Threatened-Nationally critical 

Macropiper excelsum   Kawakawa Piper excelsum Violaceae Not Threatened 

Melicytus alpinus Porcupine Shrub  Violaceae Not Threatened 

Appendix 2 continued 

 

Melicytus lanceolatus Narrow-Leaved Mahoe  Violaceae Not threatened 

Melicytus obovatus   Araliaceae At-Risk- Relict 

Melicytus ramiflorus Mahoe    Polygonaceae Not Threatened 

Meryta sinclairii Puka  Polygonaceae Threatened-Nationally uncommon  

Muehlenbeckia astonii Tororaro Coprosma astonii Myoporaceae Threatened-Nationally Endangered 

Myoporum laetum    Ngaio  Myoporaceae Not Threatened 

Myoporum laevigatum   Myrsinaceae Not Threatened 

Myrsine australis  Red Matipo  Myrsinaceae Not Threatened 

Myrsine divaricata Weeping Matipo  Myrsinaceae Not Threatened 

Myrsine salicina Toro   Myrsinaceae Not Threatened 

Neomyrtus pedunculata Rōhutu  Rubiaceae Threatened-Nationally critical 

Nertera spp.   Oleaceae Not Threatened 

Nestegis cunninghamii black maire  Oleaceae Not Threatened 

Nestegis lanceolata white maire  Passifloraceae Not Threatened 

Passiflora tetrandra kohia Tetrapanthea tetrandra Pennantiaceae Not Threatened* 

Pennantia corymbosa kaikomako  Loranthaceae Not Threatened 

Peraxilla colensoi scarlet mistletoe  Piperaceae At Risk-Declining 

Pittosporum crassifolium  Karo  Pittosporaceae Not Threatened 

Pittosporum eugenioides   tarata  Pittosporaceae Not Threatened 

Pittosporum tenuifolium  black matipo  Pittosporaceae Not Threatened 

Planchonella costata tawapou  Sapotaceae Not Threatened 

Podocarpus laetus Hall's Totara 

Podocarpus halii/ 

cunninghamii Podocarpaceae At risk-Relict 
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Podocarpus totara lowland totara  Podocarpaceae Not Threatened 

Prumnopitys ferruginea   miro  Podocarpaceae Not Threatened 

Prumnopitys taxifolia   mataī ,black pine  Podocarpaceae Not Threatened 

Appendix 2 continued 

 

Pseudopanax arboreus  five finger  Araliaceae Not Threatened 

Pseudopanax colensoi  mountain five finger  Araliaceae Not Threatened 

Pseudopanax crassifolius lancewood  Araliaceae Not Threatened 

Pseudowintera colorata Horopito  Araliaceae Not Threatened 

Raukaua simplex   Pseudopanax simplex Winteraceae Not Threatened 

Rhopalostylis sapida nikau palm  Araliaceae Not Threatened 

Ripogonum scandens   supplejack vine  Arecarceae Not Threatened 

Rubus cissoides Bush Lawyer  Smilacaceae Not Threatened 

Rukaua edgerleyi  Raukaua Pseudopanax edgerleyi Rosaceae Not Threatened 

Schefflera digitata  Pate  Araliaceae Not Threatened 

Solanum laciniatum   Poroporo  Solanaceae Not Threatened 

Streblus heterophyllus Milk Tree  Moraceae Not Threatened 

Tupeia antarctica Mistletoe  Loranthaceae At Risk-Declining  

Vitex lucens Puriri  Lamiaceae Not Threatened 

     
Acacia floribunda* Rough Barked Apple  Fabaceae  
Arbutus unedo* Strawberry Tree  Ericaceae  
Berberis darwinii * Darwin's Barberry  Berberidaceae Weed 

Berberis glaucocarpa*  Barberry  Berberidaceae Weed 

Cornus capitata* Strawberry Dogwood Cornaceae  

Cotoneaster franchetii* Cotoneaster  Rosaceae Weed 

Cotoneaster spp.*   Rosaceae Weed 

Crataegus monogyna* Hawthorn  Rosaceae Weed 
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Euonymus europaeus* Spindle Tree  Celastraceae Weed 

Ficus carica* Common Fig   Moraceae Weed 

Hedera helix* Ivy  Araliaceae Weed 

Appendix 2 continued 

 

Ilex aquifolium *  Holly   Aquifoliaceae Weed 

Laurus nobilis* Laurel tree   Lauraceae Weed 

Leycesteria formosa* Himalayan Honeysuckle Caprifoliaceae Weed 

Ligustrum lucidum* Glossy Privet   Oleaceae Weed 

Ligustrum sinense* Chinese privet  Oleaceae Weed 

Lonicera japonica* Japanese honeysuckle  Caprifoliaceae Weed 

Mahonia aquifolium* Oregon grape                               Berberis aquifolium Berberidaceae  
Malus domestica* Common Apple   Rosaceae  

Malus spp.*   Rosaceae  
Malus sylvestris* Crab Apple   Rosaceae  
Passiflora mollissima* Banana Passionfruit  Passifloraceae Weed 

Prunus avium* Sweet Cherry   Rosaceae Weed 

Prunus cerasifera* Cherry Plumb  Rosaceae Weed 

Prunus hybrid*   Rosaceae  
Pyracantha spp* Firethorn  Rosaceae  
Pyrus communis* Pear   Rosaceae  
Rubus fruticosus* Blackberry   Rosaceae Weed 

Sambucus nigra* Elder   Adoxaceae Weed 

Solanum nigrum* Black Nightshade   Solanaceae  
Sorbus aucuparia* Rowan  Rosaceae Weed 

Viburnum betulifolium*  Birchleaf Viburnum  Adoxaceae  
Vitis vinifera* Grape  Vitaceae Weed 
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Appendix 2.2: Studies in which frugivore observations were taken to produce Table 2.1 
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Appendix 3.1 Statistical output for analysis in Chapter 3  

Table 3.1.1 Analysis of deviance table for the  generalised linear model comparing fruit 

colour and the proportion of fruit in the diet of all birds. 

 

 

       Df Deviance Resid. Df Resid. Dev      F  Pr(>F)   

NULL                     648      37190                  

colour  8   1263.6       640      35926 1.8957 0.05802 . 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

 

Table 3.1.2 Analysis of deviance table for the  generalised linear model comparing width,  

bird gape and the proportion of fruit in the diet of all birds . 

 

 

             Df Deviance Resid. Df Resid. Dev       F    Pr(>F)     

NULL                             617      34421                       

fruitsize       1    62.01       616      34359  0.6997 0.4032176     

gape            1   129.41       615      34229  1.4602 0.2273607     

fruitsize:gape  1  1290.40       614      32939 14.5609 0.0001494 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

 

Table 3.1.3  coefficients for the  generalised linear model comparing non-nutrient fruit traits 

and the proportion of fruit in the diet of all birds . 

 

           

Deviance Residuals:  

  Min       1Q   Median       3Q      Max   

-16.110   -5.112   -1.898    2.184   36.398   

 

Coefficients: 

  Estimate Std. Error t value Pr(>|t|)     

(Intercept)          -1.1344     0.3168  -3.581 0.000410 *** 

  width                -0.9589     0.3796  -2.526 0.012152 *   

  mass                  2.8242     0.6950   4.063 6.47e-05 *** 

  moisture            -11.1082     2.8803  -3.857 0.000146 *** 

  width:mass           -1.2751     0.3788  -3.367 0.000880 *** 

  width:moisture       11.5507     4.1909   2.756 0.006277 **  

  mass:moisture       -32.5956     7.7258  -4.219 3.43e-05 *** 

  width:mass:moisture  16.1382     4.4811   3.601 0.000381 *** 

  --- 

  Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

(Dispersion parameter for quasibinomial family taken to be 92.87713) 

 

Null deviance: 18840  on 259  degrees of freedom 
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Residual deviance: 16058  on 252  degrees of freedom 

AIC: NA 

 

Number of Fisher Scoring iterations: 6 

 

 

Table 3.1.4 Analysis of deviance table for the  generalised linear model comparing  

macronutrients and proportion of fruit in the diet of all birds . 

 

 

 

        Df Deviance Resid. Df Resid. Dev      F  Pr(>F)   

NULL                      279      19422                  

lipids   1     0.90       278      19421 0.0096 0.92208   

protein  1   334.27       277      19087 3.5759 0.05968 . 

carbs    1   260.94       276      18826 2.7915 0.09591 . 

energy   1     0.66       275      18825 0.0070 0.93325   

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

> 

 

Table 3.1.4 Analysis of deviance table for the generalised linear model comparing  

macronutrients and proportion of fruit in the diet in native birds . 

 

                        Df Deviance Resid. Df Resid. Dev  F Pr(>F) 

NULL                                          160    11535.7           

lipids                       1    40.53       159    11495.1  0 1.0000 

protein                      1   196.45       158    11298.7  0 1.0000 

carbs                        1    51.46       157    11247.2  0 1.0000 

energy                       1     1.08       156    11246.1  0 1.0000 

 

Table 3.1.4 Analysis of deviance table for the generalised linear model comparing  

macronutrients and proportion of fruit in the diet in introduced birds . 

 

Df Deviance Resid. Df Resid. Dev      F   Pr(>F)    

NULL                                           62     2469.5                    

lipids                       1    0.306        61     2469.2 0.0095 0.922623    

protein                      1   11.206        60     2458.0 0.3490 0.557514    

carbs                        1  294.096        59     2163.9 9.1593 0.004006 ** 

energy                       1  124.601        58     2039.3 3.8806 0.054757 .  
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Appendix 4.1 Statistical output for analysis in Chapter 3  

Analysis of deviance table for the difference in fruit species preference in blackbird feeding 

trials for target species. Data shown in Figure 4.6 

 

 

                Df  Deviance Resid. Df Resid. Dev     F   Pr(>F)    

NULL                               125     556.58                   

target         6   77.875       119     478.70    3.952    0.001222 ** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

 

Analysis of deviance table for the difference in fruit species preference in tui feeding trials 

for target species. Data shown in Figure 4.7 

 

 

                  Df  Deviance Resid. Df Resid. Dev      F    Pr(>F)     

NULL                                  63     396.72                      

target            6   167.84        57     228.89  7.7966   3.802e-06 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

 

   Analysis of deviance table for the difference in fruit species preference in kakariki feeding 

trials for target species. Data shown in Figure 4.8 

  

 

                 Df Deviance Resid. Df Resid. Dev  Pr(>Chi)     

NULL                                  93       183.40               

target           6   35.587        87       147.81   3.316e-06 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

Analysis of deviance for the correlation between non nutrient fruit features and consumption 

in choice experiments by blackbirds. 

 

                   Df Deviance Resid. Df Resid. Dev       F   Pr(>F)    

NULL                                        6    0.54094                     

width               1 0.004179         5    0.53677  106.35 0.061541 .  

whole.mass     1 0.312204         4    0.22456 7945.56 0.007142 ** 

 moisture         1 0.002419         3    0.22214   61.57 0.080698 .  

flesh.percent    1 0.095472         2    0.12667 2429.75 0.012913 *  

 seed.no            1 0.126631         1    0.00004 3222.74 0.011213 *  

  --- 

  Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

 

Analysis of deviance for the correlation between nutrient fruit features and consumption in 

choice experiments by blackbird. 
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             Df   Deviance Resid.  Df  Resid. Dev    F    Pr(>F) 

NULL                                      6    0.54094               

lipid      1        0.00121            5    0.53973   0.0206  0.8990 

protein  1        0.39450            4    0.14523   6.7107  0.1223 

carbs     1        0.00752            3    0.13771   0.1280  0.7548 

energy  1        0.02102            2     0.11669   0.3576  0.6105 

 

 

Analysis of deviance for the correlation between non nutrient fruit features and consumption 

in choice experiments by tui. 

 

              Df Deviance Resid. Df Resid. Dev        F  Pr(>F)   

NULL                              6    1.80615                    

width          1  1.17544         5    0.63072 230.1578 0.04190 * 

whole.mass     1  0.07516         4    0.55556  14.7166 0.16234   

moisture       1  0.31067         3    0.24489  60.8309 0.08118 . 

flesh.percent  1  0.03234         2    0.21255   6.3323 0.24081   

seed.no        1  0.20732         1    0.00523  40.5946 0.09911 . 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

 

Analysis of deviance for the correlation between  nutrient fruit features and consumption in 

choice experiments by tui. 

 

           Df  Deviance Resid. Df   Resid. Dev   F     Pr(>F) 

NULL                                  6    1.80615               

lipid      1       0.31046          5    1.49570   2.2148    0.2751 

protein  1       0.02046          4    1.47524   0.1460    0.7392 

carbs     1       0.83025          3    0.64498   5.9231    0.1354 

energy   1       0.25725          2    0.38773   1.8353    0.3082 

 

 

Analysis of deviance for the correlation between non nutrient fruit features and consumption 

in choice experiments by tui. 

 

anova(glm_model_nonnutrkak,test='F') 

 

Df Deviance Resid. Df Resid. Dev      F Pr(>F) 

NULL                              6    0.36952               

width          1 0.013472         5    0.35604 0.0590 0.8483 

whole.mass     1 0.027220         4    0.32882 0.1193 0.7883 

moisture       1 0.074780         3    0.25404 0.3277 0.6690 

flesh.percent  1 0.018730         2    0.23531 0.0821 0.8224 

seed.no        1 0.001692         1    0.23362 0.0074 0.9453 

 

 

 



 120 

 

 

Analysis of deviance for the correlation between nutrient fruit features and consumption in 

choice experiments by kakariki. 

 

Df Deviance Resid. Df Resid. Dev      F Pr(>F) 

NULL                        6    0.36612               

lipids   1 0.000454         5    0.36566 0.0089 0.9335 

protein  1 0.083684         4    0.28198 1.6365 0.3292 

carbs    1 0.007320         3    0.27466 0.1432 0.7416 

enerfy   1 0.172171         2    0.10249 3.3670 0. 
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