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ABSTRACT

The flora of Aotearoal New Zealand has evolved in association with birds and lizards as

the dominant frugivores and seed dispersers. There is a wide range of ripe fruit colours

within the native fleshy-fruited plants spanning the visible light spectrum from red to

violet, with the notable exception of green. The evolution of fleshy-fruit and fruiting

related traits, may be a result of the selection pressures exerted by different frugivore

guilds. This study was conducted to ascertain if endemic diurnal lizards, Oligosoma

species (Scincidae: Lacertilia), display features associated with visual based foraging,

colour sensitivity and colour preferences, which are necessary conditions to infer a eo

evolutionary mutualism between fleshy-fruited plant species and lizards as seed

dispersers, which may have influenced the evolution of fruit colour.

Many lizards have exceptional colour vision, with the ability to see a wide range of

the visual light spectrum from short wave ultra violet to long wave red. They are able to

discriminate all aspects of colour: hue, brightness and saturation.

Fruit colour within Coprosma (Rubiaceae), is extremely variable, between and

within species. The study of fruit colour preferences within this genus and particularly

within species with polymorphic fruit colour provides a valuable comparison of

frugivore preference to fruit with little inter and intraspecific variation, therefore

minimising potentially confounding factors due to phylogeny.

Fruit-colour choice experiments were conducted offering fruit from two colour

categories based on postulated frugivore preferences; red and red orange fruit has been

associated with avian frugivores whilst white and pale fruit has been associated with

lizard frugivory in New Zealand. Experiments were conducted both ex-situ, in

environmentally controlled laboratories and in-situ at Macraes Flat, Otago. Pilot trials

indicated that the background colour on which fruit were presented was important in

fruit choice and consequentially, all fruit were offered on a background which provided

contrast to both fruit colour categories. The laboratory trials showed some weak

evidence for a preference of white and pale blue fruit however, in-situ trials showed a

strong preference for white over red fruit.

Field studies were conducted to ascertain the composition of fleshy-fruit in the diets

of lizards and the results were consistent with those expected for a generalist omnivore;

many of the small fruits available to lizards were consumed however, the results
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indicated that plant abundance does not adequately explain fruit consumption at this

field site. A preference index showed that white and pale fruited plants, Melicytus

alpinus and Coprosma spp., were preferred over more abundant orange and red fruited

plants.

Fruit odour was investigated to determine if fruit choice was mediated primarily by

visual cues as opposed to odour cues. Fruit choice trials with the fruit concealed from

view indicated that fruit choice was based primarily on visual cues in Oligosoma skinks.

It is concluded that lizards demonstrate the necessary conditions to infer that as

frugivores, they may have influenced the evolution of fruit colour and that within the

open habitats of Aotearoa/ New Zealand, the shrubs, particularly the divaricate shrubs

may have provided sufficient environmental conditions to establish a mutualism

between plants and lizards resulting in the evolution of small, white and other low

chroma fruits.
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CHAPTER ONE

INTRODUCTION

1.1 SEED DISPERSAL, FRUGIVORY AND FRUIT TRAITS

One of the central demographic processes in plant populations is seed dispersal. The

features of fruit and seeds that enhance ingestion by vertebrates such as birds, mammals,

fish and reptiles, are among the most widespread and significant adaptive mechanisms

for seed dispersal in flowering plants (Stebbins, 1974; van der Pijl, 1982). Seed

dispersal confers advantages in both patchy and predictable environments (Willson,

1983). Dispersal is the best opportunity for the propagule to move away from the

maternal environment and the threats associated with proximity to the parent plant.

Dispersal may be directed to sites favourable for germination and establishment

(Herrera, 2002) and ultimately allows for the maintenance and expansion of populations

(Harper, 1977). Regardless of the presence or absence of dispersal devices however,

most seeds fall close to the parent plant; the few seeds that are dispersed a great distance

from the parent plant have the potential to become founders of new populations

(Silvertown, 1987).

The dispersal habits of a species reflect the selective advantages that dispersive

qualities have conferred in the past (Harper, 1977). The variety of morphological and

anatomical origins of fleshy tissue encompassing seeds, and fleshy appendages to seeds

(referred to herein as fleshy-fruit), suggests there have been strong selective pressures

on plants favouring the evolution of traits that enhance seed dispersal in animal interiors

(endozoochory) based on a food reward (Herrera, 2002). Endozoochory can potentially

provide benefits over other dispersal modes; it is more effective over longer distances

than expulsion methods, it is more predictable and reliable than wind dispersal and

exochory, it provides a geographically more widespread service than dispersal in water

(van der Pijl, 1982), and it produces a more heterogeneous seed shadow than is the case

in abiotic dispersal systems (Sarukhan, 1980). There may be added benefits in arriving

via the guts of an animal, such as enhanced germination success due to the removal of

the fruit pulp (Traveset & Willson, 1997), and/or the deposition of seeds in fecal matter

(Traveset et al., 2001). Deviations from the conventional (leptokurtic) shape of the seed



shadow, that result from the behaviour patterns of the seed vectors (Willson, 1992), can

result in some seeds being deposited in superior sites for establishment (Stebbins, 1974).

Most fruits are eaten by a range of both facultative and obligate frugivores, both

vertebrate and invertebrate (Wheelwright & Orians, 1982; van der Pijl, 1982;

Wheelwright & Janson, 1985; Gervais et al., 1998; Birkinshaw, 2001). Frugivores

show preferences based on fruit traits such as size, shape, colour, insect damage, and

accessibility, but those preferences and strengths of preferences vary within and

between species (Moremond & Denslow, 1983; Herrera, 1987; Willson et al., 1990;

Puckey et al., 1996; Eby, 1998; Gervais et al., 1999; Stanley & Lill, 2001; Bach &

Kelly,2004). The dynamic, multi-species nature of the frugivore assemblage that

regularly feeds on a flora, may, in part, constrain the evolution of fleshy-fruit traits in

anyone direction (Herrera, 1985).

If the evolution of fleshy-fruit traits is influenced by the preferences offrugivores,

then it is likely to be most influenced by shared, functional characteristics of the

frugivore assemblage, such as gape size, visual and odour sensitivity and the ability to

access and handle fruit, as opposed to shared traits of taxonomic groupings such as birds

or mammals. The functional characteristics of animals can be tested for associations

with plant traits within regional flora and fauna (Lord et al. 2002), and studies of this

nature have the potential to provide a greater definition ofdisperser types than broad

scale multi-species approaches have provided so far (Jordano, 1995). Fruit size, for

example, has been shown to be a reliable indicator of frugivore size regardless of plant

phylogeny (Jordano, 1985), as has shape (Lord, 2004).

Willson and Thompson (1982) reasoned that the presence of bright colours and

conspicuous displays is unlikely to be selectively neutral, especially in association with

visually searching dispersal agents, and bright fruit colours have been shown to promote

avian frugivory (Gervais et al., 1999). Willson and Thompson (1990) present several

hypotheses on the evolution of fleshy-fruit colour which includes adaptation, for

fostering avian frugivory by reflecting fruit colour preferences, to enhance fruit

conspicuousness, and signal fruit maturity. Alternative hypotheses such as adaptation

for defense or physiological function, and non-adaptive hypotheses of character

correlation are also presented. The ability to discriminate colour is widespread in the

animal kingdom. Colour vision, the ability to discriminate hue across a wide range of

the visual spectrum (between approx. 350 nm to 760 nm) is well known in old-world
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primates, birds, and lizards (Wright, 1972; Sillman, 1973; Burghardt, 1977; Regan et

al.,2001). Although most mammals, including many neo-tropical primates, and insects

are known to be insensitive to the colour understood as red, colour vision, including

discrimination of the longer (orange and red) wavelengths has recently been

demonstrated in white-tailed deer (ver Cauteren & Pipas, 2003) and in four species of

marsupials (Arrese, et al. 2005). The ability to discriminate hue in low light levels has

also been recorded in a nocturnal gecko species (Roth and Kelber, 2004).

1.2 THE FRUGIVORES OF AOTEAROAlNEW ZEALAND

The range of frugivores is and was restricted primarily to birds and lizards, with only

two bat species (Mystacena: Microchiropteran) representing terrestrial mammals. Clout

and Hay (1989) list the moas and 20 other species of native birds as seed dispersers, of

which 17 are extant, volant and diurnal. O'Donnell and Dilks (1994), report little

frugivory in six ofthose species in a temperate rainforest and only three are considered

major frugivores, although at least two other extinct species could have eaten large

amounts of fruit (huia and piopio). All five species of endemic parrots include fruit in

their diets, and although they are classic predators of larger seeds, it is possible for

smaller seeds to survive and germinate (Clarke, 1970). Therefore, even though one of

the main avian frugivores is a large endemic pigeon, compared to volant frugivorous

birds in Australia, the native frugivorous birds are small bodied and small gaped (Lord

et al., 2002).

The lizard fauna is restricted to two families, the skinks (Scincidae) and geckoes

(Gekkonidae) with approximately 31 species in the two skink genera, Oligosoma and

Cyclodina (Daugherty et al. 1994), and 30 species in the two gecko genera, Naultinus

and Hoplodactylus. All extant species are smaller than 304mm total length, (Towns,

1985 Towns & Daugherty, 1994). Oligosoma is the most taxonomically diverse

terrestrial vertebrate genus in New Zealand, with approximately 23 species (Patterson &

Dougherty, 1995) and has a wide distribution across the region from warm northern

beaches, to central northern and southern tussock grass and shrub-lands, ridge tops in

Central Otago and Fiordland, the cool southwest coastline and southern islands

(Patterson & Daugherty, 1995). Seven of the eight Cyclodina species are nocturnal with

one diurnal/crepuscular species, whilst all but one species of Oligosoma are diurnal.
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The skinks are primarily ground dwelling but are known to scramble through and bask

on shrubs (Whitaker, 1987; Towns & Elliot, 1996). The diurnal geckoes (Naultinus

spp.) are typically arboreal and inhabit shrub-lands and forest (Jewell & Leschen, 2004).

Many ofthe Hoplodactylus spp geckos are nocturnal and primarily ground dwelling.

They also inhabit a wide variety of environments from closed forest to coastline, open,

mid-altitude to subalpine tussock-grass and shrublands, and alpine scree in southern

mountain ranges (Jewell & Leschen, 2004).

The wide ecological diversity found in extant diurnal lizards in New Zealand is

consistent with the hypothesis that they had the potential to provide a widespread

frugivory service. The abundance and distribution of all endemic frugivores has been

greatly reduced since the arrival of humans, the loss of lizard species rivals that of bird

species with approximately 40% ofeach group having become extinct within the last

1000 years (Holdaway, 1989). Oligosoma grande is thought to inhabit only 8% of its

potential range in the Otago region of southern New Zealand (Whitaker & Loh, 1995).

The most diverse and abundant assemblages of lizards are now found on the predator

free off-shore islands, and in the subalpine tussock grass lands of the South Island

(Towns et al., 1985). Lizard abundance at a partially protected site on the mainland was

recorded as 0.4 and up to 1.2/m-2 (Whitaker, 1973 and references therein), however on a

predator free island the densities of two Oligosoma skink species were recorded at 6, 10

and 13/m-2 (Whitaker, 1973; Lindsey and Morris, 2000), suggesting that they could also

have provided a numerically important frugivory service. The wide genetic diversity of

lizards is consistent with a late Oligocene or early Miocene diversification of the

modern group ofskinks and geckos (Towns et al., 1985; Daugherty et al., 1994;

Hickson et al., 2000) which derived from Gondwanan ancestry (Cooper & Millener,

1993), their antiquity provides ample time for ecological interactions to evolve.

Omnivory has been recorded in 84 species of lizard (Cooper and Vitt, 2002); half of

these records list the plant parts eaten, and 73% ofthese include fleshy-fruit. This can

only be an underestimate of the amount of omnivory in lizards; the list includes three

out of 11 Oligosoma species known to eat fruit in AotearoaIN.Z (Whitaker, 1987;

Patterson, 1992; Freeman, 1997; Spencer et al., 1998; Tocher, 2003; Whitaker and Loh,

1990), of which the diets of at least five species are composed of over 10% fruit, and the

list does not include any of the native geckoes (Wotton, 2002). Another recent review

of lizard frugivory, suggests that the degree of omnivory in lizards is greater than
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previously thought and that lizards are particularly important in frugivory mutualisms on

islands; frugivory occurs in 19 lizard families (from approx. 22, refer Appendix I and II)

represented by 202 species (Oleson & Valido , 2003).

Whitaker (1987) suggested that lizards have potentially played an important role in

the dispersal of seeds from fleshy-fruited plants in the New Zealand archipelago and

nominated several species from low, mid and subalpine grass and shrublands as

potential candidates for lizard frugivory, as opposed to bird frugivory, including

Gunnera monoica, Melicytus alpinus , Muehlenbeckia axillaris and small leaved

Coprosma species. He noted that generally the fruits consumed by lizards were small

and if not white then translucent or pale, and that the plant species tend to have a

divaricate hahit.

Plate 1. Oligosoma grande on schist tor at Macraes Flat, Otago.



1.3 THE FLESHY-FRUITED PLANTS OF AOTEAROA! NEW ZEALAND

Fleshy-fruit occur in approximately 25% of the indigenous vascular flora as a whole,

and this is similar to other temperate floras. Within the woody flora, 48% of species are

fleshy-fruited and within that grouping 42% of shrubs are fleshy-fruited (Burrows,

1994). The frequency of fleshy-fruited species is less in forests ofNew Zealand than in

the forests ofChile and Argentina, but the frequency of fleshy-fruit in the New Zealand

alpine environment (12%) is higher than in other temperate floras. Fleshy-fruit

predominates in the conifers (75%: Lee et al., 1991) and species in genera or families

considered Gondwanan are more often fleshy-fruited than species in genera or families

which appear later in the pollen record (Lord, 1999). Fleshy fruit is also associated with

gender dimorphism in the flora, with about half of the dioecious species producing

fleshy fruit (Lloyd, 1985). The fleshy fruit and seeds in New Zealand are on the whole

small «10 mm: Lee et al., 1991; Lord et al., 2002) and in contrast to the shared generic

elements in the Australian flora, the larger fruits in New Zealand are more elliptic than

are the smaller fruits (Lord, 2004).

Over 35% ofthe fleshy-fruited flora has red fruit, and together with dark blue and

purple these colours account for over 60% of the fruit (Lord & Marshall, 2001). Birds

feed principally on those plants with large reddish fruit (Webb & Kelly, 1993) and most

large and medium sized (> 10mm diameter) fruit are confined to forest trees (Wardle,

1991). There are a number of species with small fleshy fruits, with low saturation of

hue or no hue, such as white or translucent pale pink, pale yellow and pale blue. This

range of fruit colour is characteristic of entire genera, species within genera and is also

found in species with bicoloured fruit (Lord & Marshall, 2001), collectively accounting

for 21% of the fleshy-fruited flora (Lord et al., 2002). Lord & Marshall (2001) list 11

genera of native fleshy-fruited plants with species that exhibit both white and non-white

fruit colours. Included in this list is the pan-tropic genus Coprosma (Rubiaceae), a

significant element of the indigenous fleshy-fruited flora (Lee et al,. 1988). Coprosma

has approximately 60 species (Markey & de Lange, 2003) comprising two sub-genera,

Coprosma and Microcoprosma, differentiated by; floral attributes, plant habit, fruit

colour and leaf size (Allan, 1982). Most (approximately 55%) Coprosma in New

Zealand have red or orange fruit however the large number of species with non red

orange fruits is a unique feature of the genus (Lee et al, 1988). Fruit colour is non-
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randomly associated with morphological and ecological features ofthe fleshy-fruited

flora such as growth form, leaf size and habitat (Lee et al. 1988; Lord, et al. 2002).

Coprosma species with red-orange fruits have larger fruit and leaves than non red

fruited species. Small-leaved Coprosma at low altitudes tend to have more white and

blue fruits than their counterparts at higher altitudes (Lee, et aI1988). Many of the

small-leaved shrubs, such as Coprosma and Melicytus, have a divaricate habit

(Greenwood & Atkinson, 1977; Kelly, 1994), and white, blue, and variably-pale

(polymorphic or bi-coloured fruit, including white but not red or black), fruited species

are more common than expected in small-leaved divaricate shrubs and among plants in

open habitats (Lord & Marshall, 2001). Lee et al. (1988) found no relation ofgrowth

form to fruit colour in Coprosma, but noted that in their discriminant analysis, growth

form did make a significant contribution as a predictor of fruit colour. The divaricating

habit is associated with exposed and dry habitats such as low alpine and subalpine shrub

and heath communities, lower altitude eastern South Island dry scrub regions and high

and low altitude tussock grasslands (McGlone & Webb, 1981; Wardle, 1991).

The current distribution of the open shrub and grassland habitats in New Zealand is

the result ofthe last approximately 800 years of human settlement; however there is

evidence that the pre-human environment supported a mosaic of forest and open shrub

and grass lands (Fleming, 1989, Mark & Dickenson, 2003). Coprosma has potentially

had a long history ofeo-occurrence with diurnal lizards; many Coprosma and lizard

species are associated with open habitats. (Worthy, 1997). The Coprosma genus was

first recorded in the pollen record in the Oligocene, and a potential divaricate is recorded

from the Miocene (Campbell et al., 2000). Open habitats of one sort or another have

been widespread throughout the Tertiary and Quaternary. Early Miocene forests were

dominated by the angiosperms, primarily Nothofagus species but the epoch ended with

less forest and more open herb-field habitats; pollen evidence ofMuehlenbeckia,

Melicytus and Aristotelia species is found from this period. A mosaic of forest and open

shrublands at this time could have been maintained by autochthonous fires (Pole et al.,

2003). The Pliocene movements ofthe Kaikoura Orogeny eroded the schist in the

alpine backbone of the South Island which resulted in these some ofareas being less

prone to the last major marine incursions ofthe epoch. The Quaternary glaciations

began with considerable deforestation in the South Island resulting in extensive open

shrub lands and during the final glacial period alpine scrub and herbs reached to near sea
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level. Much of the southern South Island east of the main divide was grass and

shrubland (Fleming, 1989; McGlone et al., 1995). The Holocene climate resulted in the

gradual and asynchronous reafforestation of the South Island; the dense scrub and

grass lands remained in Central Otago until approximately 7500 yr B. P. Climate

warming and the decrease of precipitation in the mid to late Holocene directly and

indirectly contributed to the re-expansion ofthe tussock, grass, and shrublands.

Evidence suggests that the south eastern South Island was a mosaic of forest, open scrub

and grass lands for most of the late part ofthe pre-human Holocene maintained by

differential soil moisture levels, soil types, microclimates and disturbance regimes

(McGlone et al., 1995; McGlone, 2001, Mark & Dickenson, 2003).

1.4 LIZARD FRUGIVORY IN AOTEAROA! NEW ZEALAND

The presence of functionally fleshy fruit in the Conifers and the Jurassic origin of the

lizards (De Beer, 1944) is consistent with a long association between lizards and fleshy

fruit; saurochory is likely to be the first (terrestrial) vertebrate seed dispersal system

(Snow, 1971). The mid Cenozoic diversification ofthe lizards in New Zealand

coincides broadly with the presence of both ancient (Cretaceous) and more modem

elements (Oligocene - Miocene) of the fleshy-fruited flora such as Coprosma,

Muehlenbeckia, Astelia and Aristotelia. Clearly, these taxa have co-existed long enough

to have developed ecological mutualisms.

The archipelago provides a unique opportunity for evaluating the effects of frugivores

on the evolution of fleshy fruit. The presence ofonly two small mammalian frugivores

(bats) allows comparisons to be made with the flora of other landmasses in the southern

ocean where mammals constitute a greater proportion of the frugivorous fauna, as does

the presence of a relatively small avian fauna; the comparison of fruit size and shape

with the Australian fleshy-fruited flora has revealed a significant effect of avian

frugivore gape size (Lord, 2004). If lizards in New Zealand have been important to fruit

trait evolution they may also have contributed to the fruit size and shape difference

found between Australia and New Zealand.

Traits ofthe fleshy-fruited flora that have been associated with lizard frugivory

include: the divaricate habit of shrubs, particularly Melicytus alpinus, where fruits are

less accessible to birds, (Whitaker, 1987; Webb & Kelly, 1993), which also provide a
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secure basking and feeding position, shrubs in open habitats and forest margins with

small pale fruit, such as Muehlenbeckia axillaris, and several small leaved Coprosma

species (Lee et at. 1988), fruits that dislodge fairly easily, for example the divaricating

Coprosma species (Whitaker, 1987; Lee et al., 1988), fruits positioned close to the

ground such as Gunnera monoica, and fruit with pale colour (Whitaker, 1987. In a list

of fruit consumed by lizards (Whitaker 1987), plant species with small fleshy fruits of

low saturation of hue, or no hue, such as white, pale pink, pale yellow, and pale blue,

were more common than expected, compared to the whole flora (Lord & Marshall,

2001). Whitaker (1987) hypothesised that the divaricating shrubs are adapted for lizard

dispersal and Lord and Marshall (2001) show that pale coloured fruits are

disproportionately more frequent on divaricate and sub-shrubs and plant species in open

habitats.

The plant traits associated with saurochory are either; a) related to whole plant

features such as the architecture, fruit position within the canopy (a function of floral

traits), habitat requirements and tolerances, and germination requirements or b) related

to the fruit itself, such as size and shape, pulp to seed ratio, nutrient, water and

secondary compound content, odour, and colour. The functional traits of the lizard

fauna that might be associated with the fruit and fruiting related traits are; the dial habit

of the animal (nocturnal or diurnal) and consequential visual sensitivity and acuity, gape

size, maneuverability and dexterity (ability to access fruit), physiological and nutritive

requirements, and odour sensitivity.

As a result of the positive associations found between fruit size and colour, growth

form, and plant habitat, and the association of these plants with the endemic lizard

fauna, Lord and Marshall (2001) suggested that for native, fleshy-fruited, shrubby

species and plants in open habitats, lizard frugivory may have played a part in the

evolution of small pale fruit. The Otago mid-altitude tussock grass and shrub-lands, in

the southeastern South Island, have been host to lizards and fleshy-fruited plants for

millennia, and now maintain the most diverse assemblage of lizards on the mainland.

The region provides an excellent opportunity for testing predictions derived from

adaptationist theories of fruit evolution.

Fruit consumption is found in lizards from all four genera in AotearoaIN.Z, although

the diets of less than half of these endemic species have been studied (refer Appendix I

& II for lizard taxonomy and terminology). The Oligosoma are best represented in the
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literature with records of frugivory from all 13 species reported. Three nocturnal skinks,

Cyclodina spp. have been recorded eating fruit, as have three nocturnal and two diurnal

geckoes (Whitaker, 1987; Patterson, 1992; Freeman, 1997; Parish & Gill, 2003; Tocher,

2003). Both 0. grande and 0. otagense are known to eat large amounts of fruit; 32%

and 45% offood items in the scat for each species respectively, with peaks in fruit

consumption occurring seasonally (Tocher, 2003). The number of frugivorous lizards

will undoubtedly rise as more species are studied and the taxonomy ofall genera is

redefined.

Ofthe 14 fleshy-fruited plant species that eo-occur with the diurnal skink species

within the study site, 12 species have been recorded in their diets (Patterson, 1992;

Whitaker, 1996; Tocher, 2003; pers. obs.). These fruit are all small «10mm) and are a

variety of colours. Four are either white or pale blue, pale pink or pale yellow, two are

variably bi-coloured white and dark blue, two are variable for red, pink, and white and

five are red or orange (Table 1).

Table 1. The fleshy-fruited plant species found within the study site at Redbank
Reserve with average fruit size (n=15, ± s.d.) . * indicates the fruit which have not been
recorded in the diets ofany of the 7 lizard species present at the reserve.

Fruit size

Plant species length (mm) width (mm) Assigned fruit colour

Coprosma rugosa 6.1 (0.03) 5.2 (0.8) pale blue

C.propinqua 6.1 (0.3) 5.5 (0.3) white, bi-coloured blue,

C. tayloriae 4.7 (0.2) 5.2 (0.2) translucent white/ pink!

*Cyathodes juniperina 5.1 (0.2) 5.8 (0.2) white

Leucopogon fraserii 5.1 (0.1) 4.8 (0.1) orange

Gaultheria depressa 5.8 (0.2) 7.5 (0.2) white, pink

G. antipoda 5.8 (0.2) 7.4 (0.2) white, pink, red

G. macrostigma 5.3 (0.2) 6.3 (0.3) white, pink, red

Pimelia oreophila 4.4 (0.2) 3.1 (0.1) orange

Pentachondra pumila 5.1 (0.3) 4.8 (0.1) red

Melicytus alpinus 5.8 (0.3) 4.9 (0.2) white, bi-coloured blue,

Muehlenbeckia axillaris 5.5 (0.1) 4.2 (0.4) translucent white

"Corokia cotoneaster 6.8 (0.4) 5.7 (0.3) red, orange, yellow

Coriaria sarmentosa 6.7 (0.3) 5.8 (0.2) dark red
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1.5 DISSERTATION STRUCTURE: AIMS, ASSUMPTIONS AND PREDICTIONS

The aim ofthis dissertation is to test several predictions derived from the theory that

lizard frugivory has been, at least part of a spectrum of selective forces, important in the

evolution and maintenance of fruit colour in the fleshy-fruited flora. This hypothesis is

based on several reasoned assumptions discussed above:

• endozoochory is mutually beneficial to both plant and animal species

• fruit characters are adaptive and heritable

• the composition of the native frugivorous fauna means that lizards are the

most important seed disperser for a subset ofthe native flora

• diurnal lizards in New Zealand constitute a guild of frugivores with shared

characteristics which dictate dietary preferences

Given these assumptions, it can be hypothesised that frugivorous lizards have had a role

in the evolution of fruit traits. There is some evidence that a subset of the native fleshy

fruited flora is dispersed mainly by lizards; this suite of plants has primarily, small, non

red, fruits with low saturation of hue or no hue, such as white or translucent pale pink,

pale yellow and pale blue (Whitaker 1987, Lord & Marsha1l2001). In order to

investigate the hypothesis that diurnal lizards have influenced the evolution of non-red,

pale fruit colour in shrubs and plants from open habitats in New Zealand, several

predictions have been generated and are examined in this dissertation.

The body of this dissertation is divided into five chapters each with an introduction

and a discussion. Chapter two presents information on colour and visual systems in

vertebrates, particularly colour vision in lizards. If lizards have influenced the evolution

of fruit colour, the assumption is that they are anatomically and physiologically capable

of colour discrimination. This chapter argues that diurnal lizards do possess the

necessary attributes required for colour vision, and that they do discriminate a range of

colours. Chapter three presents the results of laboratory and field experiments

conducted to test the prediction that diurnal skinks select white and pale fruits

preferentially over red and red-orange fruits. A series of pilot trials, conducted to

ascertain appropriate methods of lizard-fruit experimentation in the laboratory is

presented first, followed by the trials of fruit colour preference conducted in the

laboratory, and in the field. Chapter four presents the field based research conducted to

ascertain which fruits are being eaten by lizards at the field site. The diurnal skinks are
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omnivorous generalists therefore they are expected to consume a wide range of fruit,

however it is predicted that they will exhibit fruit preferences in the field, and that the

most preferred fruits will be white or pale coloured. Chapter five introduces the

mechanisms and importance ofodour detection in lizards and presents the results of

laboratory experiments conducted to test the prediction that diurnal skinks select fruit

based on visual cues as opposed to odour cues. Chapter six presents and discusses the

Gas-Chromatography-Mass Spectrometery analysis of the volatile components of a

sample of Coprosma fruit, to investigate whether fruit colour is a potential predictor of

the volatile compound content in fruit. The final chapter draws together the results of

each chapter and presents the overall conclusions of this research project.

A further chapter, investigating the distribution of endemic diurnal geckoes

(Naultinus gemmeus) in relation to the gender of the dioecious, fleshy-fruited Coprosma

propinqua in a small reserve in Otago, was abandoned. Over a period of two years

approximately 120 C. propinqua shrubs were tagged and mapped, several key features

of each shrub were recorded, as were sightings of the jeweled geckoes which spend at

least part of their days basking and feeding within the shrubs. It was anticipated that the

relationship between lizard distribution and plant gender could be examined to see if the

geckoes were spending more time on the fruit producing female shrubs as opposed to

the male shrubs, as was predicted. This part ofthe study was abandoned as the number

of gecko sightings reduced rapidly within the first year and dwindled to nearly zero by

the end of the second year, resulting in a lack of data.

1.6 STUDY SITE

The field work in chapters three and five was conducted at the Redbank Reserve,

approximately eight kilometres from Macraes Flat (NZMS 260 143 084264) in the

Macraes Ecological District, Otago, South Island, New Zealand (Fig. 1.1). This reserve

is managed as part of the crown conservation estate, established to protect the

vulnerable (IDCN) grand and Otago skinks. This site is also home to four other

Oligosoma species and at least one gecko species (Hoplodactylus maculatus) and an

informally named H. sp. "Otago/Southland large" (Tocher & Blair, 2002).

The topography of the reserve is typical of the Otago block mountain formations

with ridges and valleys running NE/SW. The underlying lithology is schist, with
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numerous free standing rock outcrops (tors) on ridge tops and continuous outcrops along

streams (Wardle, 1991), weathering has created crevices in the schist and loose slabs

which make this ideal habitat for small lizards (Whitaker, 1996).

The area has a mid-altitude (500-600 m a.s.l.) mixed pastorali native grass and shrub

flora intercepted by gullies protecting a greater abundance and diversity of native

shrubby vegetation. There is also a remnant patch ofPodocarpus hallii in the reserve.

The area used in this research (Trig E ridge, on the northwest boundary) was added to

the reserve in 1980 although some light stock grazing was continued up to and during

the three years of field work. The vegetation on the ridge is similar to the rest of the

reserve, a mix of exotic pasture grasses and herbs; native tall tussocks (Chionochloa

rigida and C. rubra) dominate, interspersed by short tussocks (e.g. Poa and Festuca

spp.), other grasses (e.g. Elyrnus, Agrostis, Brornus spp.), herbs and shrubs. Plant

distribution is patchy across the site; a greater abundance of fleshy-fruited plants are

found around the schist outcrops and in gullies (pers. obs.) and a greater diversity of

fleshy-fruited plants is found around outcrops with Otago skinks (Whitaker, 1996).

Plate 2. Study site Redbank Reserve with Melicytus alpinus on a schist outcrop
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Figure 1 Location of study site, Redbank Reserve, Otago, South Island
a) Otago region of the South Island b) Otago region, Redbank Reserve

North Island

.'

~, ~..

South Island

eOunedin

c) site of study tors along the trig E ridge, Redbank Reserve, Otago. From NZMS260
143

---- Reserve boundary * location of schist tors used in study
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CHAPTER Two

COLOUR VISION

2.1 INTRODUCTION TO LIGHT AND COLOUR

The visual discrimination of fruit types, based at least partly on colour, requires the

conflation of several phenomena; the physical properties of the light environment, the

anatomical, and physiological properties ofthe eye, and the interpretive abilities ofthe

viewer's central nervous system. This chapter attempts to collate existing literature

relevant to colour vision, particularly in lizards, in order to demonstrate that the

assumption ofcolour discrimination capabilities in the diurnal lizards ofNew Zealand,

although not yet established by empirical behavioural experimentation, is reasonable,

given the overall understanding of visual mechanisms and proven abilities in other

lizards. A brief summary of the principles of light and colour and vision concepts are

given followed by a summary of results from vision research, concentrating, where

possible, on the lizard families. The design of eyes is fundamentally limited by the

physical properties of light, and may say more about the visual requirements of a

species, than it says about phylogeny (Fernald, 1997), and although a range of light

environments have led to various visual systems amongst vertebrates, the basic

mechanisms involved appear to be the same (Yokoyama & Yokoyama, 1996).

Anatomical and physiological studies can determine if an animal has the necessary pre

requisites for colour vision, however behavioural studies are required to ultimately

determine if an animal does discriminate colour.

Electromagnetic energy is measured from 101-1015 nanometers (nm) and part of this

spectrum is referred to as the "light spectrum". The part of this spectrum known to be

visible to humans is comparatively small, from approximately 400 nm to 700nm

(Yokoyama & Yokoyama, 1996), other animals can see more of the spectrum from

approx. 350 nm to 790 nm (Provencio et al., 1992; Maier and Bowmaker, 1993

Ellingson et al. 1995). When light particles reach an object they are either absorbed or

reflected; the reflected light is a product of illumination and object surface-type (mirror,

semi-gloss, matt). The light that arrives at the viewer's eyes is a function of the object's

15



reflected light, the adjacent reflectance, and atmospheric particulate absorption and

reflectance (Endler, 1990).

Colour is described in terms ofbrightness (or lightness), hue and saturation (Endler,

1990). The descriptive terms used to indicate brightness includes light, bright and dark,

brightness may be defined as the total intensity of light reaching the eye. Hue is the

everyday meaning of colour; e.g., red, yellow, blue etc. The sensation of hue aroused by

light depends primarily on the distance between peaks in the reflected wavelengths. The

longest wavelength visible to humans, is described as red, green is in the middle of the

spectrum and the shortest wavelengths are blue to violet. Beyond 700nm is the infra-red

and below 390nm is ultra violet, neither accessible to human vision but visible to some

other vertebrates (e.g. Fleishman et al., 1997). Saturation (chroma) is a measure of the

purity of a colour and maybe described using words such as pale, light and dark or

strong. The achromatic "colour" which humans describe as black, absorbs all

wavelengths and the "colour" white, reflects all wavelengths.

For a colour cue to be meaningful for any task it must be correctly perceived

repeatedly and in variable situations. Illumination ofobjects varies both temporally and

spatially and could potentially change the perception of hue however, the as yet little

understood phenomenon of colour constancy, the ability to discriminate colour under

changing colours of illumination, (Hurlbert, 1999) is assumed to apply to all visually

searching vertebrates and has been demonstrated in moths (Kelber et al., 2002). It is

also possible that fruit colour preferences are contingent on other ecological parameters

(Willson et al. 1990). Ecological context has been shown to be important in chickens.

Red is a common warning signal in aposematic insects but not in fruit: in a controlled

experiment, unconditioned chicks discriminated and preferred red fruit whilst avoiding

red insects, whether moving or not. Thus the colour cue of"red" varies in meaning

depending on other environmental cues (Gamberale-Stille & Tullberg, 1991).

The classification of colour removes inconsistencies of human perception and

description. Endler (1990) discussed the benefit of classification based directly on the

spectra rather than human perception. A system of colour measurement established by

the Commission International d'Eclairage has been used to classify some of the plant

species used in this research (Weatherall and Lee, 1991; refer chapter 3.1). The widely

used Munsell system was developed before many current technological innovations, but

does offer the opportunity for rapid and repeatable assessments with high inter-observer
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reliability (Cooper and Greenberg, 1992). However, no single method is used widely to

analyse the perceived difference in hues, to a large degree because of the neural wiring

involved with colour perception (Fleishman and Persons, 2001).

2.2 VISUAL MECHANISMS AND COLOUR VISION

The physical nature of light dictates a limited number of ways in which an image

forming eye can be produced. Therefore structural similarity in eyes may have resulted

from either convergent evolution or common descent (Fernald, 1977); Salvini-Plawin

and Mayr (1977) estimate that eyes have evolved between 45 and 60 times. One

common feature of all visual systems is their sensitivity to only a narrow range of

wavelengths relative to the broad spectrum of energy produced by sunlight (Fernald,

1997).

Both vertebrate and invertebrate eyes respond directly to the number of photons

striking the photoreceptors, rather than the photon's energy (Lythgoe, 1979). In

vertebrates the photons containing light energy are collected by the lens and focused

onto the photoreceptors where they are captured by the visual pigments. The visual

pigments consist of a protein molecule (opsin) and chromophore (retinal (vitamin AI) or

dehydroretinal (vitamin A2)) acting together. The fundamental transduction event is a

change in the length of the chromophore in response to excitation by photons. This

results in the opsin becoming enzymatically active, causing a decrease in current flow

across the outer segments membrane. The main result of the transduction event is that

the photon's energy becomes electrical energy that is interpretable by the nervous

system.

The retina is composed of the visual cell layer, two plexiform layers, two nuclear

layers, a ganglion cell layer and a nerve fibre layer and this is typical of all vertebrates

(Roll,2001b). The structure of the retinal cells affects visual sensitivity and acuity. The

resolving power (acuity) of the eye depends on the slenderness of the visual cells, the

closeness of spacing and the number of visual cells connected with one optic nerve

fibre. The visual cells (photoreceptors) of vertebrates are classified as rods or cones, the

classical distinction being amongst several morphological features of the various cell

components. Most vertebrates have duplex retinae (both rods and cones); simplex

retinae on the other hand are rare. Amongst taxa within the reptilian order Squamata
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(lizards and snakes) that have been investigated, species from seven of the nine families

are identified as having pure cone retinae, including species from the Gekkonidae (Roll,

2001b) and the Scincidae, (Roll, 2001a). One of the most consistent differences

between rods and cones is in the structure and size of their outer segment disks. It is the

outer segments which contain the visual pigments.

Typically rods operate maximally at low light intensities and mediate vision in dim

light. The visual pigment in rods is rhodopsin. Factors that promote sensitivity to light

include the size of the rod outer segment, the extent of stimulation and the concentration

of rhodopsin. Rods are about 100 times more light sensitive and five times slower than

cones (Kojima et al., 1992). The sensitivity of rods can be explained partly by the fact

that multiple rods converge into single optic nerve fibres whereas cones tend to connect

individually to optic nerve fibres. Cones operate maximally at high light intensities and

are responsible for colour vision (Kawamura and Yokoyama, 1995). Most vertebrates

have several types of cone receptor cells whose sensitivities are tuned to different parts

of the light spectrum. Cone sensitivity is determined mostly by the visual pigment of

the outer segments; however it has been shown that coloured filters are common in

many eye types and influence pigment absorption patterns. Coloured oil droplets, found

in the cone inner segments, occur in many diurnal birds and reptiles, and have been

shown to increase the number of object colours that can be discriminated by reducing

the overlap between receptor spectral sensitivities, and thus are beneficial for colour

vision (Yokoyama & Yokoyama, 1996; Vorobyev, 2003). The carotenoid pigments of

the oil droplets have also been shown to be an effective method ofabsorbing potentially

harmful UV light and shortwave blue radiation. Many diurnal geckos lacking coloured

oil droplets in the foveal cone cells do have coloured lenses, which appear to perform

the same function as coloured oil droplets (Roll, 2000b).

Opsins are the protein component of the visual pigments. Even though eyes display

diverse solutions to the problems ofvision, homologous opsin proteins are present in

forms from diverse phyla (Fernald, 1997). Photoreceptors with peak sensitivity to a

particular wavelength differ in certain aspects of the opsin molecule they contain.

Specific amino acids in the sequence of the opsin molecule have been related to peak

wavelength absorption (Neitz et al., 1995). Four main opsin families have been

identified which leads to the use of the terms 'very short', 'short', 'medium' and 'long'

to specify to the opsin gene family and to specify the spectral sensitivity maximum of
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the photopigment (Kelber et al., 2003). The chromophore portion of the visual pigment

is also variable; many fish and amphibians switch from the use of vitamin Al to vitamin

A2, which shifts the maximal absorption of the visual cell, this is often associated with

changes in the background light (Lythgoe, 1979). The first recorded instance ofa fully

terrestrial vertebrate using the vitamin chromophore A2was in the lizard Anolis

carolinensis (Iguanidae) which absorbs light some 40 nm further into the red than

recorded for other vertebrates (Provencio et al., 1992).

Colour vision is known to exist in both vertebrates and invertebrates (Troje, 1993,

Kinoshita et al., 1999) and is classified as dichromatic, trichromatic or tetrachromatic,

according to the number of visual pigments that are required to match the incoming

spectral light photons. The number of pigment types cannot exceed the number of

visual receptor cell types in the eye, but may be fewer (Kelber et al., 2003). Two

defining theories of colour vision exist. The trichromatic theory of colour vision is

based on the premise that there are three classes of cone receptor pigments sub-serving

colour vision. The opponent theory of colour vision applies to both vertebrate and

invertebrate eyes that use the differences between different parts of the spectrum to

obtain colour sensations; the red- green (tritanoptic) channel, the yellow- blue

(deuteranopic) channel and a brightness channel. The trichromatic theory operates at

the receptor level and the opponent process theory applies to the subsequent neural level

of colour processing (Vorobyev and Osorio, 1998). Mammals, apart from primates, are

cone dichromats (Neitz et al., 1999.); bees, wasps, and primates (Kebler et al., 2003) are

all trichromats. Birds (Hart et al., 2000), flies (Troje, 1993) and many reptiles,

including diurnal lizards are tetrachromats, with four types of cone cells. A simple

model consisting of two opponency channels is used to explain wavelength

discrimination in flower visiting blowflies (Troje, 1993), however the evidence that only

two colour opponency channels are used to perceive colour (as opposed to many more)

is still debated (Hulbert, 1997).

Maximov (2000) hypothesised that the evolution of colour vision began in

vertebrates about 500Myr ago with the appearance of two types ofphotoreceptors,

which acted to eliminate light flicker in a shallow marine environment, making the

identification of predators easier. Bowmaker (1998) suggests the expression, in

vertebrates, of at least four major families of visual pigments occurred about 350

400Myrs ago. Mammals are hypothesised to have lost complex colour vision during an
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early nocturnal phase. Complex colour vision amongst primates (at least in the Old

World monkeys) has re-emerged as trichromacy and is hypothesised to be correlated to

foraging on ripe fruit of long range colour wavelengths (red, orange and yellow) on a

green background of differing achromatic light levels. This red-green opponency

channel is missing in most mammalian dichromats. Osorio and Vorobyev (1996)

modeled retinal coding to examine the difference between dichromats' and trichromats'

theoretical ability to discriminate ripe red fruit from green leaves, and Cain and Mundy

(2000) used feeding trials of dichromatic and trichromatic marmosets in semi-natural

conditions. Results support the theory that trichromacy is beneficial for finding fruit.

2.3 COLOUR VISION IN LIZARDS

Burghardt (1977), in discussing the learning processes of Sauria, cites empirical testing

of colour discrimination abilities in Lacerta (Lacertidae) by Wagner (1933) and

Swiezaswska (1949), Iguana (lguanidae) by Rensch and Adrian-Hinsberg (1963), and

Agama (Agamidae) by Ducker and Rensch, (1973). The results showed discrimination

of hue in all experiments, and ofat least eight hues in Wagner's experiments. Benes

(1969) shows discrimination of hue in Cnemidophorus tigris (Teiidae). Cooper and

Greenberg (1992) state that all species of lizards tested in discrimination studies, at that

time, have colour vision (11 diurnal species from four families). In addition to these

species, Fleishman and Persons (2001) investigated chromatic discrimination in a

diurnal anoline (lguanidae) lizard and demonstrated that the animals responded to

chromatic contrast between stimuli and background regardless of brightness, and Hager

(2001) showed that male earless lizards (Holbrookia maculata) discriminate very subtle

colour differences in females, that relate to breeding receptivity.

A thorough investigation of the retinal characteristics of the diurnal Western

Australian dragon lizard (Ctenophorous ornatus: Agamidae) revealed this animal has

the physiological and neurological potential for colour vision. In the eye of C. ornatus

there is a foveal region with slender photoreceptors which are either single (80%) or

double (20%) cones. The inner cone segments contain oil droplets with yellow

pigmentation and there are at least three classes of visual pigment, thus providing the

basis for colour discrimination (Barbour et al., 2002). Le Bas and Marshall (2000)

demonstrated a behavioural preference by male C. ornatus for females with higher
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throat chroma and/or brightness. Anolis carolinensis is recorded as having four opsin

gene families (very short, short, medium and long) with peak spectral sensitivity at 358,

437,495 and 560 (Kawamura and Yokohama, 1998). Anolis cristatellus retinae were

also found to have four cone classes: very short, short, medium and long, at

approximately 360,450,525, and 560nm (Fleishman and Persons, 2001). Fleishman et

al. (1997) measured the spectral sensitivities of six species of anoline lizards. Despite

inhabiting four differing light environments the animals all had similar spectral

sensitivity curves. The presence of the short, medium, and long wave opsins are pre

requisites for colour discrimination in the blue, green and red part ofthe colour

spectrum respectively.

Most of the Scincidae are diurnal and have simplex, pure-cone retinae. Braekevelt

(1989) found that in one skink (Tiliqua rugosa), the retinae were duplex with rods, but

only single cones. Roll (200 la) suggests there may be some confusion in the definition

of"rods" and that it maybe that in T. rugosa the "rods" are actually one member ofa

double cone. Roll (2001a) describes the ultrastructure of Cryptoblepharus boutonii

africanus (Scincidae) eyes as having a single, central fovea that is well developed with a

clearly defined pit. The highest density of visual cells is reached in the foveal pit

enabling high visual acuity. The pure cone retinae contain both single and double cone

cells, present in all areas of the retinae. The double cones are made ofmajor and minor

members. The major members possess a prominent paraboloid, the paraboloid

determines the maximal diameter of the visual cell. The single cones and minor

members of the double cones have ellipsoids which contain an oil droplet. Most of

these are yellow, containing high concentrations of carotenoids. The gross morphology

of C. boutonii retinae corresponds well to that of the retinae ofall other lizards except

Braekevelt's (1989) study of T. rugosa. Benes (1969) cites her PhD (1966) stating that

C. tigris has pure cone retinae and coloured oil droplets, as do some anolines (Loew et

al., 2002). The ultrastructure of the components ofthe visual cells of C. boutonii is very

similar to that of other primarily diurnal lizards including geckos and Lacertidea. The

shape ofthe central fovea is also shared with Lacertidae, Varanidae and geckoes. A

different shape is found in the Iguanidae, Agamidea and chameleons (Roll, 2001a).

Gekkonidae are predominantly nocturnal - fifteen genera out of approximately 90

are diurnal (Roll, 2001c). Walls' (1942) transmutation theory states that modern diurnal

geckos are derived from secondarily nocturnal animals. The visual cells that were
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initially cone cells, became secondarily rod-like in nocturnal geckos, and have now

undergone a second transmutation back to cones. As a result, the classification of gecko

visual cells as either rods or cones has been confused (Taniguchi et al., 1999; Roll,

2000a). Aspects of component eye structures provide ambiguous evidence: the large

size and shape of the visual cell outer segments are reminiscent of rods in nocturnal

geckos and ofcones in diurnal species, occasionally the membrane disks ofthe outer

segments in both diurnal and nocturnal species are continuous with the plasma

membrane which is characteristic of cone cells. In nocturnal species these disks have

incisures which are typical for rod cells (Roll, 2000a). Also, only cones are classically

considered to come in pairs (the double cell type) and two of the types of visual cells in

geckos are doubles and the outer nuclear layer formed by visual cell nuclei, of all

geckos, is characteristic of cone retinae. Roll (2000a) confirmed that both scotopic

(bright light) and photopic (dim light) vision in geckos are performed by one basic

visual cell which occurs in three types, that neither the cones of ancestral geckos nor the

"rod-like cones" of secondarily nocturnal geckos have transmuted completely, but that

only intracellular components have been modified, therefore these cells should be

classified as cones. Evidence for the pure cone retinae of ancestral geckos is found in

the similarity of the opsins of both nocturnal and diurnal geckos, to those ofother

diurnal vertebrate cone opsins (Taniguchi et al., 1999). Although geckos, unlike skinks,

lack the pigmented oil droplets in their foveal cells, many diurnal geckos, have yellow

lenses (Roll, 2001b).

A study of the diurnal gecko Gonatodes albogularis, whose males have coloured

heads (Ellingson et al., 1995), showed that G. albogularis have the visual mechanisms

for the discrimination ofmales based on hue and/or brightness and that the yellow

coloration has evolved to facilitate discrimination based on hue by the typical diurnal

gecko visual system. The absorption spectra were measured for three visual pigments

found in visual cell types of the gecko. These pigments absorbed light maximally in the

362 nm 457 nm and 545 nm wavelengths. Overall sensitivity was shown to be

influenced by the yellow lens which does not block DV light entirely and still allows an

electrophysical response from the chromophore of the DV sensitive pigment

Members of the Gekkonidae typically have various gross features of the eye that are

adaptive in a nocturnal environment. Among these are the enlargement of the eye to

capture more photons, and the slit pupil to block light during the day (Roll, 2001c),
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however the vertically slit pupil is not universal. Unlike diurnal lizards the nocturnal

geckos have lost the red-sensitive cone and although their range of colour vision has

been compromised as such, Tarentola chazaliae is still able to discriminate hue in low

light conditions (Roth & Kelber, 2004). The overall retinal organization of the diurnal

and nocturnal geckoes is similar, and is most like the retinae of other diurnal vertebrates,

with modifications in visual cells depending on the light environments (Roll, 200 1b).

2.4 DISCUSSION

Physical requirements place a constraint on the evolution of visual tools of all animals.

This is apparent in the wide distribution of certain features across taxa such as: the

narrow range of the visible spectrum, the same pathway of light to an interpretable

electrical signal, the ubiquity of the additive/subtractive cone mechanism, the neural

opponent mechanisms of colour recognition, the ubiquity of the genes controlling the

visual pigment components, the homology of the opsin families, and the flexibility of

visual pigments in response to changing light environments. Therefore, even though

much of the current understanding about visual mechanisms is based on information

from human studies, the assumption that the visual systems other vertebrate is similar, is

well founded.

Colours convey information, and to make correct foraging or social choices animals

must perceive colours constantly in variable light environments (Vorobyev et al., 2000).

The mechanisms behind the ability of animals to achieve colour constancy in variable

environments is still being explored (Hurlbert, 1999) but experiments with moths and

human subjects show that colour constancy does occurs at varying levels dependent on

both 'local' and 'global' conditions (Kraft and Brainard, 1999).

Evidence for the ability of many animal species to discriminate hue is abundant

(Kelber et al., 2003). This ability has been found in dipterans (Troje, 1993) and

arachnids (Nakamura and Yamashita, 2000), fish (Neumeyer, 1986; Fritsches et al.,

2003), reptiles (Fleishman and Persons, 2001), birds (Mair and Bowmaker, 1993),

mammals (Neitz et al., 1989) and even nocturnal geckoes (Roth & Kelber, 2004). The

attempt to unravel the proximate and ultimate causes and uses of colour vision, has

bought forth testable hypotheses, some based on spectral sensitivities being adapted to

the background light environment. For example the re-emergence of complex colour
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vision in primates has been related to finding "red" fruit on a green background (Cain &

Mundy, 2000), and models predicting spectral sensitivities in primates, based on natural

background light environments have been successful (Osorio and Vorobyev, 1996). The

ability to switch between vitamin Al chromophores and vitamin A2chromophores, in

fish, is also associated with changing background spectra (Lythgoe, 1979). Hart et al.

(2000) suggested that the subtle differences of cone distribution across the retina in two

bird species that feed differently, incurring different light environments in doing so, is a

potential adaptation of vision to background spectra. In studies of lizards the maximum

absorption spectrum of six lizard species was found to match the background spectra of

their environments (Fleishman et al., 1997), and in classical conditioning trials with

lizards, Benes (1969) and Fleishman and Persons (2001) found the lizards made fewer

'errors' if conditioned to eat against a green as opposed to a red background.

If an animal has more than two kinds ofcone cells, which differ from each other in

spectral sensitivity by way of different photo-pigments, and light induced signals from

the cone are integrated, it has the necessary visual conditions to discriminate one colour

from another (Yoshizawa, 1992), however this alone is not sufficient proof for colour

vision (Roth and Kelber, 2004). The potential for colour vision has been shown through

anatomical investigations in lizards from three families (Ellingson et al., 1995;

Fleishman et al. 1997; Barbour et al., 2002) including the two families found in

Aotearoa/N.Z, the Scincidae and Gekkonidae. The eyes of all lizards are most like other

diurnal vertebrates. Despite adaptations for noctumality in the Gekkonidae, they are

described as having pure cone retina, as do many lizards, including most Scincidae. The

eyes of one skink species are recorded as having 80% single cones, which are indicated

as having primary importance in colour vision (Mair and Bowmaker, 1993). The visual

pigments in the lizards are excellent predictors of complex colour vision, and evidence

supports the theory that the common yellow filters in lizards (oils in skinks and lenses in

geckos) enhance colour vision (Voroybev, 2003). The evidence that some lizards do

discriminate between colours is strong (Cooper and Greenberg, 1992). Colour

discrimination has been demonstrated through behavioural studies in 14 species from

five families of lizards.

Diurnal and nocturnal lizards examined to date do have retinae with more than two

cone cells of differing spectral sensitivities, where light induced signals from the cones

are integrated, and not even nocturnality excludes animals from possessing the ability to
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discriminate hue, as found in moths (Kelber et al., 2002), and very recently in nocturnal

geckos (Roth & Kelber, 2004). The earlier experiments conducted with lizards in

laboratory environments were in most cases based on classical conditioning procedures

to train animals to respond to a colour or colour combination using both negative and

positive reinforcement. The use of negative reinforcement methods leads to debate

about the reliability of the results (Swiezawska, 1949) and raises concerns about animal

welfare. However, the results of experiments with a range ofanimal welfare protocols

support the basic assertion that some lizards are able to discriminate hue.

The responses of birds and lizards within psychophysical trials investigating colour

vision in terrestrial environments are variable (Willson and Comet, 1993; Fleishman and

Persons, 2001 and refs therein). This variability is undoubtedly at least partly a product

of the complexity of colour vision and reinforces the fact that neurological processing of

visual stimuli is not entirely understood. Regardless of how advanced the tools for

accurately measuring the physical nature of light and our knowledge of the anatomical

and some neural processes of viewing, there are gaps in our understanding, for example

the potential web ofcontributing factors to the colour processing such as context in both

time and space, and the effects of stress and age. This will necessarily place limitations

on the interpretability of results. The question "do you see the colour I see" is not yet

answered for humans let alone non-primate vertebrates.

Despite the fundamental difficulties in assessing visual capabilities in non-human

vertebrates, the overall assumption that the diurnal skinks in Aotearoa/N.Z possess the

necessary physical and psyco-physical attributes to distinguish between different colours

is reasonable given the current knowledge of visual capabilities within the scleroglossan

reptiles.
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CHAPTER THREE

FRUIT COLOUR AND FEEDING TRIALS

3.1 INTRODUCTION TO CONTROLLED CHOICE EXPERIMENTS

The identification of food-item choices is an integral part of frugivory and seed dispersal

studies (e.g. Willson, 1985; Wheelwright & Janson, 1985; French et aI., 1992; Corlett,

1996; Eby, 1998; Rocha, 2000; Birkinshaw, 2001). Identification of food-item choice is

done by way of field observations (Saez & Traveset, 1995), scat analysis (Nogales et al.,

1998) and controlled food-choice experiments, both in- and ex-situ (Willson &

Melampy, 1983; Giles & Lill, 1999). Controlled experiments are used to establish

preferences between variables implicated in food-item choice. These variables include,

for example, food-item size and shape (Vasconcellos-Neto et al., 2000), abundance

(French et al., 1992), phenology (Thompson & Willson, 1979), packaging (Herrera,

1981), odour (Cooper & Burghardt, 1990; Cooper, 1995a and 2000), mobility (Whiting

& Greef, 1997), accessibility (Moremond & Denslow,1983; Hedge et al., 1991) and

colour (Willson & O'Dowd, 1989; Willson et al., 1990; Puckey et al., 1996; Hartleyet

al., 2000).

Animal foraging studies have routinely investigated vision as the primary adaptation

to frugivory in many vertebrates and some invertebrates (Osorio & Vorobyev, 1996;

Regan et al., 2001), and the efficacy ofthe visual systems in many frugivores is well

established not least in birds (Sillman, 1973). The exceptional colour vision known to

be possessed by diurnal birds has generated numerous experiments investigating the

fruit-colour preferences of birds and the colour of fruit displays (e.g. Willson &

Melampy, 1983; Willson & O'Dowd, 1989; Willson & Whelan, 1990).

Experimental methods used in avian research programs, which were focused on fruit

colour choices, have differed in aspects such as the origin of the animals (wild caught,

hand-raised, or free ranging), the "fruit" choices (artificial or real), the physical context

of the experiment (in or ex-situ) and fruit presentation. The results have been variable.

Willson et al. (1990) showed that wild caught thrushes (Catharus sp.) exhibited some

colour preference between artificial fruit, in the majority of trials, when housed for

several days before trials. They were unable to show strong evidence for any colour
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preference in wild caught catbirds (Dumetella carolinensis); however they did find a

consistent rejection of yellow fruit. Willson & Comet (1993) found that two cohorts of

wild caught crows showed different preferences for artificial fruits, with only a weak

and variable tendency to prefer or avoid particular colours; free ranging crows however,

all included red as a first-choice hue of real fruit in the field. Puckey et al. (1996) were

able to show a clearly significant effect of colour on fruit preferences with wild caught

birds housed for two weeks before being tested under aviary conditions with artificial

and real fruit, however the same bird species preferred a different coloured fruit in a

later experiment (Giles & Lill, 1999). Traveset & Willson (1998) showed that in an

aviary, not all frugivorous birds that were tested showed a preference between the fruit

colour morphs ofRubus spectabilis, but of those that did, the red fruit was favoured. In

the field however, there was no difference in the numbers of either fruit colour morph

being removed from the parent plant. Gervais et al. (1999) found consistent colour

preference for red over orange ofRubus spectabilis fruits by free-ranging birds. Bach &

Kelly (2004) found colour preferences of an endemic bird (Anthornus melanura:

Melphigidae) in New Zealand, of red over orange fruit in the mistletoe Alepis flavida,

with in-situ experiments. Hartley et al. (2000) showed a significant colour preference

(red and yellow over green, blue and brown) in Gallirallus australis on the first day of

testing with an artificial novel food, but the preference diminished over the following

days. The results of controlled experiments show that there is also individual variation

in colour preference amongst avian frugivores.

There are few similar experiments conducted with lizards. The Cape sand lizard,

Platysaurus capensis (Cordylidae) use colour and ripeness as an indicator of fruit

quality and choose figs painted red over those painted white (Whiting & Greff, 1997).

Figueira & Vasconcellos-Neto (1994) suggested that the bright pink ofMelocactus

violaceus fruit alerts Tropidurus torquatas (Tropiduridae) to its presence, and in later

work a significant effect in the interaction between fruit colour and location was

demonstrated in experiments conducted in situ with this species in Brasil (Vasconcellos

Neto et al. 2000). Lawrance (1997) found no evidence ofcolour preference in two wild

caught skinks in New Zealand in ex-situ laboratory experiments. Research focused on

other aspects of lizard ecology also offers evidence of the importance of colour. Hager

(2001) used in situ, experiments and found a significant effect of colour on courtship

behaviour in Holbrookia maculata (Iguanidae) and Lopez & Martin (2001) also reported
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a significant effect of colour on courtship behaviour in Podarcis hispanica. Nicoletto

(1985) studied the relative roles of vision and olfaction in prey detection by a diurnal

skink and his results indicated that visual cues were of primary importance in mediating

predatory behaviour and that odour cues were of secondary importance.

The association of red/dark fruit with avian frugivores has a long history (Darwin,

1859, Willson and Whelan, 1990), dull and green fruits have been associated with

mammalian frugivory, however few predictions have been made about colour

preference in lizards except for the hypothesised preference for "bright" fruit colour

(van der Pijl, 1982). If the diurnal lizards in New Zealand have influenced the evolution

ofpale fruit colours amongst the suite of small fleshy-fruits available to them (Whitaker

1987), then the prediction in this study, is that endemic skinks will demonstrate a

preference for white and pale fruits over red and red-orange fruits. The genus

Coprosma offers an excellent opportunity to examine fruit colour preferences within a

single genus and avoid problems associated with comparative studies of unrelated plant

species. This chapter presents and discusses the results of fruit-choice trials that were

conducted to test this prediction. The trials conducted during this research are thought

to be the most extensive, to date, focused on fruit colour selection in lizards. These

trials were conducted between February and April, over a period ofthree years,

beginning with a series of pilot trials in 1999 and followed in consecutive years by trials

that expanded on those results.

3.1.1 Fruit colours in Coprosma

The great variation in colours of fleshy-fruits derives from the presence ofbiological

compounds, pigments, which can conservatively be classified into approximately six

structural classes (Hendry, 1993). The most common pigment in the plant kingdom is

chlorophyll, a cyclic tetrapyrole. Chlorophyll absorbs the red-orange and blue-violet

wavelengths (peaks at 440 and 650nm) and reflects the green (530-540nm).

Carotenoids are the second most common pigment (tetraterpenoid group) and are found

commonly in yellow and orange fruits. Flavonoids are largely confined to the plant

kingdom and are also common as fruit colourants. Of the flavinoids, the anthocyanins

produce a wide range ofcolour, absorbing light in the 510-540 nm range and therefore

appearing (to humans) as violet-blue and orange-red.
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The sensation of colour is composed of three attributes; brightness, saturation and hue

(refer Chapter two). All three attributes of colour have been shown to be important cues

for decision making by different lizard taxa (Whiting & Greff, 1997; Hager, 2001 ;

Vasconcellos-Neto et al., 2000). These attributes can be accurately measured and

compared using the Commision International d'Eclairage index (CIELAB) (Billmeyer

& Saltzman, 1986); the colour ofmany species of Coprosma and some other fleshy

fruits in the native flora, have been measured using this system (Weatherall & Lee,

1991; Lee et aI., 1994). In the CIELAB system, brightness or lightness is measured on a

scale of black (0) to white (100), hue is measured by co-ordinate angles that relate to the

opponent colour theory, and saturation is measured as the distance from the brightness

axis. This places each colour, as a unique point, within a three dimensional space.

Within the flora ofAotearoa/N.Z white and pale fruits are hypothesised by Whitaker

(1987) as being primarily lizard dispersed, and the red and red-orange fruit of Coprosma

are associated with the larger leaved species that are primarily dispersed by birds (Lee et

al. 1988). Red and red-orange fruits reflect light in the long range of the spectrum (600

690nm) . The red and red-orange fruits in this study have relatively high chroma and

moderately high lightness levels (Table 3.1). White fruits are achromatic, reflecting all

visible wavelengths; they have low chroma, moderate to high lightness and a hue angle

of between 86° - 109°. The pale-blue C. rugosa fruit has the same low chroma as the

white fruit, and moderately high brightness but the hue angle differs (Table 3.1).

References to the colour of hypothesized "lizard dispersed" fruits in this dissertation,

white and pale fruits, are therefore defmed primarily by low chroma.

Plate 3. Fleshy-fruit from plant species referred to in the text of this dissertation

3a) Coprosma chessemanii white 3b) C. cheesemanii red
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3c) Coprosma decurva

3e) C. propinqua white

3g) C. rotundifolia

3d) C.propinqua -blue flecks

3f) C. tayloriae

3h) Melicytus alpinus
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3.1.2 Fruit colour and contrasting backgrounds

The observed colour of any object is partly dependant on the light reflected by

surrounding objects; background reflectance creates contrast making fruit, for example,

more or less conspicuous within the surrounding foliage. Colour contrast has been

shown to be important in some fruit colour choices in birds (Schmidt et al. 2004) and

primates (Surridge et al., 2003) but not all (Willson et al. 1990).

Lee et al. (1994) examined the conspicuousness (the difference) of fruit against the

background of leaves and bark within 33 species of Coprosma and found that the red

and red-orange fruit of large leaved Coprosma species were the most conspicuous in the

genus. The foliage and bark of small leaved divaricate Coprosma species was described

as a mixed canopyscape of brown, grey and green. Although the difference between the

white and pale fruited species, and their background mosaic is less than the difference

for the red and red-orange fruited species, they are not wholly inconspicuous.

Fruit colours may have been selected because of their conspicuousness to frugivores

(Willson & Whelan, 1990) however the evidence to support this hypothesis is limited.

Giles & Lill (1999) demonstrated that a preference for white fruit existed in wild-caught

silvereyes (Zosterops lateralis: Zosteropidae) when they could be distinguished equally

as well as the red fruit choice, this preference was enhanced when the red fruit were

cryptically presented and nullified when the white fruit were.

Table 3.1 Colour designations of the CIELAB system for fruit from the purported
"lizard dispersed" and "bird dispersed" fruit colour categories, for all species used in the
feeding trials in this study (figures taken from Weatherall & Lee, 1991)

Plant species Assigned colour Hue angle Brightness Chroma

Coprosma cheesemanii red 42.5 29.6 42.5

C. decurva red 41.6 27.6 39.7

C. rotundifolia red-orange 32.6 40.6 32.2

C. robusta orange 55.8 43.4 42.2

C. rugosa white blue 185.7 45.2 4.1

C. tayloriae translucent white 87.8 50.9 16.4

C.propinqua white 99.6 43.9 4.7

Melicytus alpinus white 108.8 66.5 11.3
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3.2 PILOT TRIALS

3.2.1 Research goals

The pilot trials sought to assess the feasibility of catching and using wild skinks as

experimental animals, assess how and what they may respond to in a laboratory

environment, and begin testing predictions generated by the hypothesis that diurnal

skinks make fruit choices based on fruit colour. The questions I sought to answer were:

• Is there a significant difference in the number ofvisits made to, or time spent

at, different "fruit" types?

• Is there a significant difference in the number of visits made to the different

coloured "fruit" choices?

• Does the background colour on which the fruits are presented influence fruit

choices made by the skinks?

• Do the skinks consume more ofone fruit type or colour category of fruit?

3.2.2 Methods

For the purpose ofthis study, fruits were designated to one of two colour categories

based on the hypothetical animal disperser. The white and pale-blue fruits, those

hypothesised to be "lizard dispersed" (Whitaker, 1987) were aggregated in one category

and red and red-orange fruits, those hypothesised to be "bird dispersed" (Lee et al.

1988), in the other. The two fruit-colour categories differ in aspects of their colour

attributes. A two tailed students t-test, assuming unequal variances, revealed that the

brightness levels in both colour categories are variable and the difference between this

attribute of the two fruit-colour categories is statistically insignificant (n = 8, t = -1.42, P

= 2.77). The chroma levels of the fruit-colour categories were however less variable,

and a two tailed students t-test, assuming equal variances, revealed the chroma levels

were significantly different between the two colour classes (n=8, t = 7.85, P = 0.002).

The pilot feeding-trials were conducted during February and March 1999, to

coincide with the fruiting period of the Coprosma species. Twelve Oligosoma

maccanni and 0. nigriplantare polychroma (common skinks) were removed from

Redbank Reserve. These two species were for a long time grouped within one species

complex, Leiolopisma ngriplantare maccanni (Hardy, 1977) but allozyme and

morphometric analysis resulted in this complex being re-defined as four new species
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and one subspecies (Patterson & Daugherty, 1990). The genus name of Oligosoma was

re-instated in 1995 (Patterson & Daugherty). Microhabitat appears to be the most

important factor separating these species in the field. 0. maccanni are found primarily

on and around the schist outcrops and 0. n.polychroma are found primarily in the

tussock and sub-shrubs around the tors in Central Otago. The species differences in diet

were assumed to be minimal, in as much as their propensity to eat fruit is more likely to

be a matter of differences in quantity as opposed to differences of fruit quality.

The animals were sourced from approximately one hectare of mixed native and

introduced grass, herb and shrub land with two small schist outcrops. Ceramic roofing

tiles were placed over this range in order to expedite capture. When a skink was found

under a tile it was captured by hand and quickly placed inside a plastic pail (16 x 16 x

19 cm) with a perforated lid. The animals were taken directly to an accredited animal

care facility in the Zoology Department, University of Otago, where they were placed

individually in translucent plastic boxes (17 x 28 x 35cm), which were used as trial

arenas. All the animals were measured snout to vent (to within lmm), weighed (to

within 0.05 grams), and sexed before being placed in the boxes.

The number of skinks tested was constrained by the physical space and time

available in the environmentally controlled room. Trial arenas contained plastic petri

dishes for water, offered ad libitum and ceramic tiles to provide a crevice and a basking

surface. Sheets ofwhite tissue paper were used as a substrate, so animal movement

could be monitored with a video camera and were changed daily to maintain a clean

environment. The trial arenas were covered by plastic lids with sections ofwire screen

imbedded in them. Reflective lamps (60 w) were placed above the screen section ofthe

lid, and used to heat the basking surface to approximately 24°C (+/- 0.5°C), from 1000

hours until 1600 hours daily. A light cycle of 16 light hours to 8 dark hours was

maintained by fluorescent lights to mimic the local photoperiod for this time of year.

The room temperature during these periods was set to reproduce conditions in the field

based on NZ Meteorological service records for Waipiata (45°26' S, 170°25 'B), the

nearest meteorological station to the field site. During light hours (0600-2200 hrs) the

temperature was set to 19°C and during the dark period, the temperature was BOC.

"Fruit" selection trials began two days after capture. During the acclimation period the

animals were offered honey water and left undisturbed.
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The animals were separated into two cohorts (n = 6 per group) and kept for twelve days

in captivity. In an attempt to compensate for disturbed behaviour due to stress of

capture and relocation to the laboratory, and perhaps decreased feeding activity because

ofthis, fruit choice tests were kept simple and the animals were only offered two

choices of food-items in each trial. Five "fruit" choice trials, using three "fruit" types

and two "fruit" colours, were conducted with each cohort of animals (Table 3.2).

Over the five trials each cohort was exposed to two colours of artificial fruit, real fruit or

tinned pear. The two colour options were offered simultaneously each day. Equal

numbers of "fruit" (either ten or fifteen) of each colour were placed in separate, clean,

clear plastic petri dishes (55mm diameter) adjacent to each other at the front of the

boxes. Position ofthe "fruit" colours in relation to each other was randomised in each

trial, to counter any potential directional bias by the animals. "Fruit" were presented

between 1000 hours and 1200 hours each day of testing. In trials four and eight, the

fruit were presented on a green background created by inserting cardboard disks into the

petri dishes. Three hours of activity were recorded on videotape and watched at a later

date.

When real fruit was used, it was collected locally from Mt Cargill (45° 48' 43"-170°

33' 9"), Swampy Summit (45° 47' 26" - 170° 30' 35") Flagstaff (45° 48" 35" - 170°

31' 31") or in the Dunedin town belt area (45° 5' 45" - 170° 30" 15"), either in the

evening or morning before each laboratory trial. When collected the evening before, the

fruit was stored in sealed containers and refrigerated overnight. The sites for fruit

collection were chosen because of their proximity to the university. At each site five

plants of each species required were selected randomly, and thirty to forty fruits were

picked from each plant An attempt was made to keep fruit selection as uniform as

possible. The fruits were selected for three qualities: size, keeping fruit to

approximately 4x4 mm, ripeness, determined visually by the colour of fruit; and

condition, fruit without visible sign ofdamage. As much care as possible was taken

when collecting fruit in order to prevent damage as this might be expected to change the

chemical composition ofthe fruit and perhaps alter the response of frugivores. The

protocols of both animal and fruit collection in all trials and trial design were

constrained by the availability of environmentally controlled laboratory space.

The number and duration of meaningful responses to the "fruit" choices were

recorded when watching the video recordings. A response was judged meaningful when
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the animal's snout came within approximately 2 mm of the fruit and the movement

lasted two seconds or longer. Movement responses to the fruit choices were divided

into two types. An "approach" was defined as a trip to the front of the trial arena to

examine the "fruit", each "approach" consisted of one or more movements between the

dishes (dish-contacts), thus one approach could potentially consist of several dish

contacts with either or both fruit options. The first dish-contact by each skink in their

first trial is referred to as the primary dish-contact. An "approach" was defined as

having ended when there was a physical retreat from the dishes or a time span lasting

more than 30 seconds when the animal was engaged in other activities. For much of

their time in captivity, the skinks were exploring or attempting to escape the enclosures,

and not all activity performed in the vicinity of the petri dishes was judged meaningful

in terms of fruit detection and selection. A set of variables derived from the behavioural

responses to the fruit samples, observed in the trials, were used to analyse the

movements of the skinks. These variables were:

• number ofdish-contacts to each "fruit" type;

• time spent at each "fruit" type;

• number of primary dish-contacts to each fruit colour category;

• number of dish-contacts to each colour category on the first approach in all

trials;

• number of dish-contacts to each colour category first in all approaches in all

trials;

• total number of dish-contacts made to each fruit colour category.

• number of "fruits" eaten

The above variables were tested for a significant effect of "fruit" type and "fruit" colour

category using chi-squared goodness of fit tests with trials where fruit were presented on

a white background. The data analysing the primary dish-contact of each skink were

pooled for both cohorts to satisfy numeric assumptions of the chi-square distribution.

To compare the results of the trial where fruit were presented on a green background to

all other trials, a binary logistic regression model was used, conducted with the

statistical package Minitab (Minitab release 14, 1986). Only the behavioural responses

of "first dish-contact of the first approach" in each trial and "first dish-contact of all

approaches" in each trial were analysed, as the model assumes that the responses are
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independent of each other and this is unlikely to be the case for the responses of "all

dish-contacts" which maybe contingent on the immediate past response.

Table 3.2 Summary of the pilot feeding trials conducted in 1999. The far left column
describes the chronological order ofthe trials, followed by the cohort number, the
"fruit" type, colours of the "fruit" and the colour of the background on which fruit were
presented. Each cohort comprised six animals. Equipment failure prevented the
collection of data in trial four.

Trial Cohort Fruit type Fruit colours Background colour

1 1 artificial red & white white

2 2 artificial red & blue white

3 1 artificial red & blue white

4 2 artificial red & white green (no data)

5 1
Coprosma robusta red-orange

white
C. propinqua white

6 1
C. robusta red-orange

whiteC. propinqua white

7 2
C. robusta red-orange

white
Melicytus alpinus white

8 2
C. robusta red-orange
M alpinus white

green

9 1 tinned pear dyed red & blue white

10 2 tinned pear dyed red & blue white

3.2.3 Results

The methods of capture and housing the lizards worked adequately. Of the ten pilot

trials conducted in 1999 only nine were analysed as, due to technical failure, trial four

was not recorded; trial four was one of the two trials where "fruit" were presented on a

green background. The variable "number of fruit eaten" was discarded in analyses of

the pilot trials as only three pieces of real fruit were eaten, no artificial fruit or tinned

pear were consumed during the pilot trials.

The number of dish contacts made to each fruit type, by each cohort, was similar for

all trials (Table 3.3). The three "fruit" types did elicit different responses in terms of

time spent at each "fruit" type in both cohorts with a strong preference for tinned pear
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(Table 3.4). There was, however, variation between individual skinks in dish-contact

times and not all skinks approached all fruit types (Fig. 3.1).

Table 3.3 Number of dish-contacts made to each fruit type, by each cohort of skinks
during the pilot trials. n/a for trial 2 indicates that only 1 trial was conducted.

cohort 1 cohort 2

fruit type

fake fruit

real fruit

tinned pear

trial 1

22

17

15

trial 2

11

18

n/a

trial 1

14

24

15

trial 2

n/a

17

nla

Table 3.4 Time spent (minutes) at each fruit type by each cohort of skinks during the
pilot trials.

cohort 1 cohort 2

fruit type

fake fruit

real fruit

tinned pear

trial 1

2.52

24.98

91.50

trial 2

0.98

17.43

nla

trial I

3.23

9.95

14.02

trial 2

n/a

8.87

nla
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Figure 3.1 The average amount oftime (seconds +S.£) per trial that each skink spent at each ofthe "fruit" types during the pilot trials.
Skinks 1-6 are cohort 1, skinks 7-12 are cohort 2.
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The behavioural responses to the colour categories of"fruit" presented on a white

background show a preference, in most cases, for the rlro fruit as opposed to the wlpb

fruit. There was a significant difference in the number of primary dish-contacts that the

skink made to rlro fruit as opposed to wlpb fruit, with all but one skink going directly to

rlro fruit (n = 12, d.f= 1, i= 8.3). The first dish-contact made by each skink to the three

different "fruit" types was on most occasions made to the rlro fruit however, the

difference in this variable between the numbers of dish-contacts to the two "fruit" colours

is negligible for tinned pear (Table3.5). When the data for the remaining behavioural

responses to all "fruit" types were analysed, there was a statistically significant difference

between the numbers ofdish-contacts made to the rlro fruit as opposed to the wlpb fruit,

with a preference for the rlro fruit (Table3.65).

Table 3.5 Colour of the first dish-contact of each skink for each "fruit" type on a white
background. The far left column describes the "fruit" type used in the trials. Numeric
entries in the colour category columns are the number of times the first dish-contacts were
made to each colour category. The results of chi-square goodness of fit tests are given.

Dish-contact colour

Fruit type rlro wlpb X2 df P

fake "fruit" 10 1 9.00 1 0.007

real fruit 9 3 2.27 1 0.083

tinned pear 6 5 0.09 1 0.683

Table 3.6 Behavioural responses to the colour of"fruit" items presented on a white
background; Response variable listed in the far left column. The numeric entries are the
number of dish-contacts made to fruit from each colour category; r/ro: red and red
orange, w/pb: white and pale-blue. Results are given for chi-square goodness of fit tests.

Dish-contact colour

Response variable rlro wlpb X2 df P

first dish-contact of
32 11 10.25 1 0.001

the first approach

first dish-contact of
72 35 12.79 1 0.0003

all approaches

all dish-contacts 81 54 5.36 1 0.02
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Trial eight, conducted with a green background to the fruit presentation, was the only trial

where more approaches to the fruit samples were initiated with a dish-contact to the wlpb

fruit than to the rlro fruit. A simple analysis, using the binomial probability distribution,

shows that this is unlikely to have happened by chance, given the assumption that there is

no preference for either fruit-colour category (n = 9, x = 1, P =0.017).

A binary logistic regression model was fitted to the data, with fruit type and

background colour combined as the main factor with 4 levels; fake fruit, real fruit, tinned

pear and fruit on a green background. The results indicated that the outcomes in trial

eight (fruit presented on a green background) were significantly different to the outcomes

of all other trials (Table3 .7). The odds ratio for "fruit on a green background" for the first

variable indicates that white fruit is 25 times more likely to be chosen on a green

background than it is on a white background, and for the second variable that white fruit

is 10 times more likely to be chosen on a green background than it is on a white

background.

Table 3.7 Results of food-item choice tests comparing the behavioural responses to 2
fruit-colour categories, between the trials offering fruit on white and green backgrounds.
Binary logistic regression model: dish-contact to rlro fruit = success and dish-contact to
wlpb fruit = failure. The coefficient describes the probability of"success". P, for the
model constant, describes the probability of "success" compared to "failure", and for the
other 3 treatments, describes the probability that they are different to the model constant.
The odds ratios describe the influence of the treatment on the outcome.

Variable Factor Coefficient P Odds Ratio

1st dish-contact of constant (fake fruit; white
1.946 0.010

the 1st approach in background)

all trials real fruit; white background -0.846 0.373 0.43

pear; white background -1.764 0.069 0.17

fruit: green background -3.331 0.014 0.04

l" dish-contact of constant (fake fruit; white
0.992 0.007

all approaches in background)

all trials real fruit; white background -0.231 0.638 0.79

pear; white background -0.682 0.208 0.51

fruit: green background -2.292 0.002 0.10
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Plate 4 a) Laboratory set up of trial arenas for ex-situ fruit-choice trials.

4 b) fruit presentation on contrasting background for fruit choice trials
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3.3 FRUIT-COLOUR CHOICES WITHIN COPROSMA

3.3.1 Introduction

Past research has suggested that many fruit-colour choice tests are confounded by the use

of diverse taxa (Puckey et al., 1996) therefore studies of one species rich group

containing a diversity of fruit colours would be helpful (Wheelwright & Janson, 1985).

Willson & O'Dowd (1989) suggested the use of species polymorphic for fruit colour

would be beneficial, as interspecific variation for other features apart from colour will be

greater than intraspecific variation. The Coprosma genus fulfills both of these conditions,

and during the pilot trials of this research only real fruit was consumed. Therefore it was

decided to continue the feeding trials using only fruit from the Coprosma genus.

Giles & Lill (1999) found that white fruit was preferred over red fruit by a small

passerine when both fruit types were equally conspicuous and Fleishman & Persons

(2001) found that contrasting stimulus and background colours elevated response

probability at any brightness level with lizards as well. The conspicuousness of fruit

samples in the pilot trials ofthis research also had a significant effect on the fruit choice

outcomes. Fruit presentation, in natural settings, is done so mostly against a background

of foliage and so will be made conspicuous to a greater or lesser degree. In order to

present equally conspicuous fruit choices in this study it was decided to pursue the

question of colour preference using a contrasting coloured background.

The question I attempted to answer in this section of the research was: is there a

significant difference in the behavioural responses ofdiurnal skinks, to Coprosma fruit

from the two fruit-colour categories (r/ro and w/pb), when presented on a contrasting

background? It was predicted that the diurnal skinks would demonstrate a preference for

fruit from the white-pale fruit category, which is hypothetically associated with lizard

dispersal, as opposed to fruit from the red and red-orange colour category which is

hypothetically associated with bird dispersal.

3.3.2 Methods

Laboratory trials

The ex-situ experiments were conducted during March and April of 2000 and 2001. In

total, seventy wild caught adult Oligosoma nigriplantare polychroma and 0. maccanni

were captured and removed from the wild using the same protocols and from the same

area as described in the methods of the pilot trials (Chapter 3.2.2). The animals were
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housed individually in translucent plastic trial arenas (12 x 22 x 29cm) which were

smaller than those used in the pilot trials. This smaller box size allowed for cohorts often

animals to be used in each trial as opposed to cohort of six animals. Due to constraints on

space, the animals were housed in the Zoology Department of the Otago University

during the experiments of2000 (as in the pilot trials) and in the Department of Laboratory

Animal Sciences during 2001. The facilities differed in the levels of environmental

control available. The trials conducted during 2000 followed the same protocols as

described in chapter 3.2.3. During 2001, two aspects of environmental control were

changed; 1) the room temperature was set at 17°C constantly and 2) the light cycle was a

12:12 hr (D: L) maintained by fluorescent lights. Each cohort often skinks (n=7) was

kept for seven days in captivity and then released at the site of capture. For two days

after capture, the animals were offered honey water and left undisturbed to acclimatise

prior to the commencement of fruit selection trials. The methods of fruit collection and

fruit presentation were the same as the pilot trials (chapter 3.2.2) with the addition of

green cardboard disks inserted into the petrie dishes used for fruit presentation in all

trials. A total 18 trials were conducted, offering two fruit-colour choices, over two years

(Table3.9).

The behavioural responses of the skinks to the fruit choices which were used as

variables in the analyses were the:

• number of primary dish-contacts (first dish-contact made by each skink) to

each fruit-colour category;

• number oftimes the first approaches in all trials was initiated with a dish-

contact to each fruit-colour category;

• total number ofdish-contacts made to each fruit-colour category;

• number of fruit eaten or partially eaten ofeach fruit-colour category;

• sequence of return visits to each fruit colour category

The data were analysed using a combination ofchi-square goodness of fit tests and binary

logistic regressions to test for a difference in the response variables. Regressions were

used where the responses could be argued to be independent of each other, an assumption

of the model. All logistic regressions were conducted using Minitab 14 with "success"

defined as a dish-contact to rlro fruit and "failure" defined as a dish-contact to wlpb fruit.
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The analysis of"approach" responses of animals to different fruits in colour choice

experiments produces additional information to the number of fruit eaten in ex-situ trials,

which may be important where the stress of relocating wild-caught animals disrupts

normal feeding behaviour and results in little experimental fruit being consumed. It can

however be reasonably argued that the amount of fruit eaten is more important than the

number of"approaches" an animal makes to experimental fruit types, and hence this

variable was given more weight in my interpretation of results in this study.

Field trials

Trials were conducted over three days in 200 I, in-situ at Macraes Flat, using free ranging

animals. For these experiments Coprosma cheesemanii red and white fruit colour morphs

were used. Five lateral branches of both fruit colours were collected from five plants at

Swampy Summit, with fruit still intact, stored in sealed plastic bags and placed in a chilly

bin until required. Over the three days, twenty 0. grande individuals were located and

each one was simultaneously offered equal numbers of the red and the white fruit colour

morphs. These trials were performed on the tors where the animals were observed. Fruit

of the two colours morphs were placed on flat ledges adjacent to the crevices. The

observers sat several meters away from the tors and recorded the responses of the skinks.

As 0. grande are an endangered species it was considered inappropriate to subject

them to the stress of capture and relocation to a laboratory environment. This also means

the animals were not measured or sexed prior to the fruit-choice trials. An attempt was

however made to use adult animals, judged so by their size. The response behaviours of

these free-ranging animals differed in type to those in the laboratory conditions, therefore

only the colour of the first fruit sample approached and the number of fruit eaten from

each colour choice were analysed. The number of fruit eaten by each skink was analysed

using a chi-square goodness of fit test and a binary logistic regression model, which was

applied to the data on the number of approaches to the fruit samples over the three days of

trials. Given that behaviour of free ranging animals is less likely to be disturbed by the

experimental procedure, the results of the amount of fruit eaten in these trials was given

the most weight in my interpretation ofall fruit-choice trial results.
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Table 3.8 Summary of the fruit choices in 18 trials conducted to test for a preference
between the two fruit colour categories ofr/ro or w/pb fruit within Coprosma. Trial
numbers in the far left column refer to cohort number, trial number, and year.

Trial Red and red-orange fruit (r/ro) White and pale-blue fruit (w/pb)

1.1.00 Coprosma rotundifolia red-orange C. rugosa pale blue

1.2.00 C. rotundifolia red-orange C. propinqua white

1.4.00 C. robusta red-orange C. propinqua white

2.1.00 C. cheesemanii red C. propinqua white

2.2.00 C. cheesemanii red C. rugosa pale blue

2.3.00 C. cheesemanii red C. propinqua white/blue

3.1.00 C. decurva red C. tayloriae white

3.2.00 C. cheesemanii red C. rugosa pale blue

4.1.01 C. cheesemanii red C. cheesemanii white

4.2.01 C. decurva red C. propinqua white

4.4.01 C. decurva red C. rugosa pale blue

5.1.01 C. robusta red-orange C. rugosa pale blue

5.2.01 C. robusta red-orange C. tayloriae white

5.3.01 C. cheesemanii red C. cheesemanii white

6.3.01 C. cheesemanii red C. cheesemanii white

6.5.01 C. robusta red-orange C. cheesemanii white

7.1.01 C. cheesemanii red C. tayloriae white

7.2.01 C. decurcva red C. cheesemanii white

3.3.3 Results

Laboratory trials

Over all cohorts of both years, there was a significant difference in the number of primary

dish-contacts made to the two colour categories of fruit with a preference for w/pb fruit (n

= 70, X2 = 6.91, df= 1, P = 0.012). There is however some variation between the trials in

the proportion of primary dish-contacts made to each colour category (Table 3.9).

The difference in the number of times the first approach ofeach trial was instigated

with a dish-contact to the w/pb fruits as opposed to the r/ro fruits was significant for all

but one trial (Table 3.10). The result of the binary logistic regression indicates that the

outcome in the term held constant in the model (cohort 1) showed a significant
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probability (P =0.001) of failure, that is the first approach in each trial was most likely to

be instigated with a dish-contact to w/pb fruit. The outcomes of all other trials are

compared to the model constant, therefore, the probability (P =0.029) for cohort 5,

indicates that the result for this cohort is significantly different to the result for cohort I

Table 3.9 The number of primary dish-contacts made to each of the two fruit-colour
categories of red and red-orange (r/ro) and white and pale-blue (w/pb) by each skink (n =
10) in each cohort.

Plant species Number of dish-contacts

cohort r/ro w/pb ITO w/pb

1.1.2000 C. rotundifolia C. rugosa 2 8

2.1.2000 C. cheesemanii C.propinqua 2 8

3.1.2000 C. decurva C.propinqua 3 7

4.1.2001 C. cheesemanii C.propinqua 5 5

5.1.2001 C. robusta C. rugosa 3 7

6.1.2001 C. cheesemanii C. cheesemanii 5 5

7.1.2001 C. cheesemanii C. tayloriae 4 6

Table 3.10 Results of the binary logistic regression model applied to data for the 1st dish
contact of the first approach, in the fruit colour choice tests with Coprosma. Cohort is
used as a 7 level factor. P, for the model constant, describes the probability of"success"
compared to "failure", and for the other 6 factor levels, describes the probability that they
are different to the model constant. The odds ratios describe the influence of the
treatment (fruit colour category) on the outcome.

Variable Factor Coefficient P Odds Ratio

1st dish-contact of the constant (cohort 1) 0.489 0.001
Ist approach in all cohort 2 0.652 0.520 1.52
trials

cohort 3 0.678 0.144 2.69

cohort 4 0.669 0.739 1.25

cohort 5 0.612 0.029 3.82

cohort 6 0.691 0.270 2.14

cohort 7 0.669 0.072 3.33
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The cohorts of2000 made a total of263 approaches, 69% were initiated with a dish

contact to the w/pb fruit. The cohorts of2001 made a total of330 approaches, 60% were

initiated with a dish-contact to the w/pb fruit. A total of 344 dish-contacts were made by

the three cohorts in 2000 of which 64.1% were made to the w/pb fruits. During 2001, the

skinks made 448 dish-contacts ofwhich 63.8% were to the w/pb fruits. Applying the

method of Willson et al. (1990), foregoing the inherent problems of pseudo-replication, a

students t test was applied for all "approach" variables (1 tailed, unequal variances) and

revealed a difference in number of approaches to wpb fruit (n = 1621 df= 1, t = 18.6, P =

0.034).

The order in which sequential fruit choices were approached was also considered and

provided an interesting pattern (Figures 3.3 - 3.6). During the trials of2000 all thirty

animals made at least one dish-contact, 90% ofthe animals followed this with a second

dish-contact, 63% made a third and 27% made a fourth. Of the seven animals that made

their primary dish-contact to r/ro fruit only one animal went back to r/ro on its second

dish-contact. The second dish-contacts ofthe 23 that went to w/pb fruit first were

distributed evenly. Of the animals that went to w/pb fruit first and r/ro fruit second 89%

returned to w/pb fruit on the third dish-contact. When the pattern of return movements

from each of the first dish-contacts of each trial are pooled the pattern is similar (Figure

3.3). Inall trials, the animals made at least one dish-contact, 90% ofwere followed by a

second dish-contact, 81% of those were followed by a third dish-contact and 72% of

those were followed by a fourth dish-contact. Ofthe 19 approaches that began with a

dish-contact to the r/ro fruit 73% were followed by a dish-contact to the w/pb fruit.

Following the 61 approaches that began with a dish-contact to the w/pb fruit, an equal

number ofdish-contacts were made to the two fruit-colour categories. However,

following the 28 dish-contacts that were made to the r/ro category on the second dish

contact, 68% of animals returned to the wIpb fruit. The cohorts of 200 1 showed the same

pattern of return movements with both of the data groups (Figures 3.4 & 3.5). All skinks

made a primary dish-contact (n=40). From these 90% went on to make a second dish

contact, 72% ofthe animals that went to r/ro fruit first followed this by approaching the

w/pb fruit. Of the 85% of skinks that made a third dish-contact 90% of the animals that

followed a primary dish-contact to w/pb fruit with a dish contact to r/ro fruit returned

back to w/pb fruit. When the return dish-contacts from the first approach of each trial by

the second cohort are evaluated the pattern is again similar (Figure 3.5).
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Figure 3.2 The pattern of return movements from the primary dish-contacts ofeach skink (n=30) in their first trial in 2000. The
red circles denote the red/red-orange fruit colour category and the unfilled circles the white/pale-blue fruit colour category, the
numeric entries are the number ofdish-contacts made to each.
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Figure 3.3 Pattern ofreturn movements from the first dish-contact of each trial (n=80) in 2000. The red circles denote the
red/red-orange fruit colour category and the unfilled circles the white/pale-blue fruit colour category, the numeric entries are the
number ofdish-contacts made to each.
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Figure 3.4 The pattern of return movements from the primary dish-contact of each skink (n=40) in their first trial in 2001. The red
circles denote the red/red-orange fruit colour category and the unfilled circles the white/pale-blue :fruit colour category, the numeric
entries are the number ofdish-contacts made to each.
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Figure 3.5 Pattern of return movements from the first dish-contact (n= 109) of each trial in 2001. The red circles denote the red/red
orange fruit colour category and the unfilled circles the white/pale-blue fruit colour category. The numeric entries are the number of
dish-contacts made to each colour category.
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Following the method ofWilson et al. (1990) a "grand" statistic was applied to all

behavioural response data by pooling the results of all paired comparisons to fruit colour

choices and using a paired students t- test to analyse the result. The result ofthis test

showed a significantly greater number ofdish-contacts were made to white and pale fruit

as opposed to res or redOorange fruit, thus supporting the prediction of preference for

white and pale fruit by diurnal skinks.

During the eight trials of 2000, the animals ate or partially ate 101 fruits of the 210

offered; 54% were white/pale-blue fruit. During the trials of 200 1 the animals ate 72 of

the 230 fruits offered 58% of the fruit eaten were red or red-orange. The animals of

cohort 7 ate no fruit at all. Overall the animals only ate 125 whole fruits of the 240

presented in all trials.

A binary logistic regression was applied to data for the number of fruit eaten from

each colour category (Table 3.11). The model was run with a 5 level factor which

equated to plant species comparisons. There was a significant difference in the number of

fruit eaten from the two fruit-colour categories for the factor level held constant in the

model with a preference for the w/pb fruit. This data was derived from the 2 trials where

Coprosma rotundifolia was presented as the r/ro fruit choice. Of the 14 fruit eaten in

these trials, 11 were from the w/pb fruit-colour category, hence the EP:R/RO (estimated

probability of "success") of 0.214. The 2nd level of the factor related to the trials offering

C. robusta as the r/ro fruit choice; ofthe 35 fruit eaten, 21 were from the w/pb colour

category. The outcome from the 4th level of the factor, C. decurva as the r/ro fruit choice,

was similarly, not significantly different to the model constant. The outcomes from the

3rd and 5th level of the factor were significantly different to the C. rotundifolia trials. In

these trials more fruit from the r/ro category were eaten than from the w/pb colour

category.
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Table 3.11 Results of the binary logistic regression applied to the data for the number of
fruit eaten during the ex-situ feeding trials over both years. r/re fruit = success, w/pb fruit
= failure. P, for the model constant, describes the probability of "success" compared to
"failure", and for the other 4 factor levels, describes the probability that they are
significantly different to the model constant. The odds ratios describe the influence of the
treatment (fruit colour category) on the outcome. The coefficient describes the
probability of "success". EP:R/RO = estimated probability of success for the trial.

Variable Factor Coefficient P
Odds EP:
Ratio R/RO

number of fruit constant (c. rotundifolia
0.489 0.001 0.214

eaten or vs. w/pb fruit)

partially eaten C. robusta vs. w/pb fruit 0.652 0.520 1.52 0.40

C. cheesemanii red vs.
0.678 0.144 2.69 0.585

w/pb fruit

C. decurva vs. w/pb fruit 0.669 0.739 1.25 0.50

C. cheesemanii red vs. C.
0.612 0.029 3.82 0.652

cheesemanii white

Field trials

A binary logistic regression was applied to the data for the number oftimes the first

contact with the fruit samples by each skink, was made to either of the fruit-colour

choices. A model using skinks as treatments, was unsuccessful, the S.E ofthe

coefficients ranged from 1.11 to 19077. The model was then applied using the days as a

3 level factor and showed there was no difference in the trial outcomes over the three

days (Table 3.12)

Table 3.12 Results of a binary logistic regression applied to the number oftimes the
skinks made their first contact with fruit to either ofthe two fruit-colour choices in-situ.
A contact with r/re fruit = success, contact with w/pb fruit = failure.

Variable Factor Coefficient P

Ist contact with fruit constant (day 1) 1.080 0.097

samples day 2 1.384 0.073

day 3 1.322 0.256

Odds Ratio

12.00

4.50

Of the 200 fruits that were offered to the skinks on the tors, 11 ofthem rolled off before

the animals approached leaving only 189 fruit. In total the animals ate 74 of these 189

53



fruits. Of the 74 fruits eaten, 24 were red and 53 were white. A chi-square test was

applied to the number of fruit eaten and revealed a significant difference in this variable

(n = 77, d.f. = 1, X2 = 10.922, P = 0.001). Eleven of the lizards approached the fruit

options head on, so were not confronted with one colour before the other. When these

cases are analysed independently of the occasions where the lizards ate the first fruit they

encountered, the difference between the number of white fruit eaten to red is even greater

(n = 39, df= 1, X2= 13.6, p<0.001).

3.4DISCUSSION

The responses ofskinks to experimental devices

In order to establish appropriate methods of testing for fruit-colour preferences the pilot

trials of 1999 experimented with three potential "fruit" types. Most skinks spent the

longest periods of time at the tinned fruit pieces and relatively little time at the fake fruit

even though the number of dish-contacts were the same to each. The number of primary

dish-contacts made to the two colour categories (r/ro or w/pb) oftinned pear were the

same, as were the number of primary dish-contacts made to the two colour categories of

real fruit. These results suggested that tinned pear would be approached regardless of

colour and to use tinned pear as an experimental device would not provide any

biologically useful information. Tinned pear is fed routinely to captive lizards (T Jewell

pers.comm.) as they highly preferred food items. The artificial fruit was unpopular with

the skinks; none were ingested, and thus it was abandoned as an experimental device as

there was not enough time to experiment with other more palaTable recipes under

experimental conditions. The decision was made to use real fruit from the Coprosma

genus in the subsequent experiments for these reasons and because it is a diverse, species

rich genus with species that have polymorphic fruit colours.

The effect ofbackground colour on fruit selection

The background colour on which the fruits were presented in the pilot study was critical

in determining "fruit" colour selection. The white background offered little to no contrast

to the white "fruit", whether real or artificial and this would explain the overwhelming

preference for red and red orange fruit in these trials. In feeding trials with small

passerines, fruit conspicuousness also had a significant effect on fruit colour choices with
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white fruit being preferred when it was equally as conspicuous as the red fruit choice, but

not when it was less conspicuous than the red fruit (Giles and Lill, 1999). Whilst the

green background in these feeding trials was not considered a true representation of

conditions in the skink habitat it provided a contrast for fruit from both colour categories

and this was considered more realistic than a background colour that offered contrast for

only one colour category, therefore all subsequent fruit-colour feeding trials were

conducted on the green background.

Darwin (1859) noted that a suite of traits attracts birds, "that.. ..seeds are embedded in

pulp or flesh ....rendered nutritious, as well as conspicuously coloured", indeed for object

colour to be an effective signal of availability it must be conspicuous (Schaefer &

Schmidt, 2004) otherwise it is rendered more or less invisible. Fruit colours appear more

conspicuous when contrasted with accessory structures (Willson & Thompson, 1982) and

foliage (Webb, 1985; Lee et al., 1988) and potentially with the abiotic environment. The

juxtaposition of red fruit on a green leafy back ground displayed the greatest contrast

when compared to other fruit colours in Coprosma (Lee et al. 1994), and in a variety of

fleshy fruited rainforest species from southern Venezuela (Schmidt et al. 2004).

Diurnal skinks encounter a variety of light environments when they forage for fruit.

Regardless of whether the plant is a shrub or herb, the fruit will be presented against a

background of leaves and/or stem or in this field site, against the schist tors. In

Coprosma, the fruits of the small leaved species are presented against a canopyscape of a

mixture of stems and leaves which form a mosaic of brown, grey and green (Lee et a!.

1994). A mosaic of similar colours (to the human eye) is also seen on the schist tors

(pers, obs) where the field trials were performed and fruit in these trials were presented

directly on the tor surface. Although Lee et al. (1994) found that r/ro fruit against green

leaves displayed the most marked contrasted, they also found that w/pb fruited Coprosma

did display some contrast against their leaves and bark. The responses to fruit colours

demonstrated in this research are considered a function of the contrasting background as

they are in natural situations.

Do diurnal skinks demonstratefruit colourpreferences?

Overall the results of these experiments offer some support to the hypothesis that diurnal

skinks prefer white and pale fruit over red and red-orange fruit, when offered the choice

on a contrasting background. Specifically, the results of the field trials demonstrated a

preference by Oligosoma grande for white over red in the polymorphic fruit of C.
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cheesemanii. The laboratory trials were inconclusive in establishing a fruit colour

preference, only in the trials offering the red-orange fruit of C. rotundifolia were

significantly more white and pale fruits eaten and the prediction that they will

demonstrate a preference was supported only by the data based on "approaches" to the

fruit samples. Amongst the behavioural variables measuring the skinks engagement with

fruit in the laboratory trials (not including the fruit eaten) there were no occasions when

red and red-orange fruit was approached more often than white and pale fruit. It is

reasonable to suggest that, due to the generalized, opportunistic foraging mode employed

by skinks, both fruit colour samples will be investigated, however ifthere is a colour

preference, then the prediction is that the skinks will return more often to the preferred

fruit-colour. The pattern of return "approaches" to the fruit choices, presented in Figures

3.2-3.6 are consistent with this prediction.

The results of the field trials offering the two fruit colour morphs of C. cheesemanii

were different to the results of the laboratory trials in that they showed a significant

difference between the amount of fruit eaten from each colour with a clear preference for

the white fruit. Differences with in- and ex- situ experiments in birds (Willson and

Comet, 1993) has also been recorded. The application of controlled experiments to wild

caught captive animals will not necessarily reveal behaviours representative of behaviour

in the wild and may indicate that "other factors" are probably at work in the natural

environment. Contingency of fruit colour responses is likely to exist in vertebrates

(Willson et al., 1990) therefore, it is reasonable to assume that experiments carried out in

the natural environment provide more biologically important information than those in

laboratory or captive settings. The in situ experiments carried out in this research were

conducted with a different species of Oligosoma skink than those in the laboratory trials

however it is assumed that the differences in fruit consumption of fruit within this genus

is related to the quantity of fruit eaten as opposed to the quality of fruit choices; all

Oligosoma species studied thus far, exhibit facultative frugivory to some extent.

Ofthe three species of Oligosoma skink used in these trials, 0. grande are known to

consume the most fruit; 32% of food items in seats (Tocher 2003). Both of the smaller

skink species 0. maccanni and 0. n. polychroma are recorded as eating smaller amounts

of fruit but in varying amounts in the studies of Patterson (1992) and Freeman (1997).

Differences in other dietary components between 0. maccanni and 0. n. polychroma

exist (Patterson, 1992), given that these two species occur in different micro-habitats

these differences are not unexpected and this by extension may reasonably apply to 0.
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grande. The different responses of the skinks in the laboratory and in the field may in

part be explained by the differences in species foraging behaviour.

The results of this research are similar to food choice experiments with birds, in as

much as there is individual variation in responses to fruit choices (Willson & Comet,

1993: Willson, 1994; Murray et al. 1993). Skinks are omnivorous generalists and given

the individual variation in response to fruit choices in the laboratory and the inherent

problems of experimenting with wild caught, captive animals it does not seem surprising

that a strong and consistent preference for a particular fruit colour was not found.

Willson et al. (1990) offered the argument that if many animals (birds) have a weak,

statistically insignificant preference for a colour, the collective effect could be

biologically significant and they assessed this possibility (despite the potential risks of

pseudo-replication) by pooling the data of all paired comparisons of responses to black,

red yellow and blue fruits. Their analysis, in this manner, did not wholly support the

hypothesis of preference for a particular colour. Using a similar approach in this

research, the cohort data for all four 'approach' variables was pooled and analysed with a

paired students t- test. The result ofthis test showed a significantly greater number of

dish-contacts being made to white and pale fruit as opposed to rlro fruit, thus supporting

the prediction of preference for white and pale fruit by diurnal skinks.

Puckey et al. (1996) suggested that the use of species with fruit colour polymorphisms

could provide a powerful experimental tool, as other fruit traits are more likely to be

similar among colour morphs. The in-situ trials at Redbank Reserve, with 0. grande and

the two fruit colour morphs of C. cheesemanii do attest to a preference for fruit, based on

fruit colour alone, and are therefore consistent with the prediction that they prefer white

fruit over red fruit.
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CHAPTER FOUR

FLESHY-FRUITED PLANTS: FIELD ABUNDANCE AND
OCCURANCE IN LIZARD DIETS

4.1 INTRODUCTION

All animals are presented with dietary choices, both temporally and spatially. Although

foraging decisions are based on a complex set of criteria, relative (energetic) costs and

(nutritional) gains can be used as a framework for a general assessment of decision

making (Stephens & Krebs, 1986). The effectiveness however, of any foraging strategy

is condition and animal dependent, and at times flexible (Eifler & Eifler, 1999).

Most lizards are carnivorous although some plant material occurs in the diets of over

half of lizard species. The few herbivorous species tend to be folivorous and possess

adaptations for processing leaves; omnivorous species on the other hand lack

specialisation and are more likely to eat fruit, flowers or seed (Cooper & Vitt, 2002). A

review of recent studies of lizard-plant mutualisms concluded that fruit eating lizards are

most common on islands: 63% of all lizards recorded as eating fruit come only from

island habitats (Olesen & Valido 2003). Phylogenetic studies suggest that omnivory has

originated many times in the Scincomorpha, especially in Scincidae and Lacertidae

(Cooper & Vitt, 2002). Quantitative studies of the fruit component of scincomorph

lizard diets outside the New Zealand archipelago (Castilla, 1999; Nogales et al., 1998;

Valido et al., 2003 and Valido & Nogales, 1994, Traveset 1995) report respectively,

26%, 31.7%, 64%, 91% and 95% occurrence of seeds or fruits in seats. Many species in

the Scincidae genus Egernia are reported as omnivorous (Cooper 2002) as are 0.

otagense and 0. grande (Whitaker, 1996; Tocher, 2003), and nine other species in the

genus are recorded as eating fruit (Whitaker 1987, Patterson, 1992a; Spencer et al.,

1998).

The fruit of 10 plant species have been identified in the diets of Oligosoma skinks,

as well as fruit from another two genera, Rubus and Gaultheria (at least three species).

The Redbank Reserve field site contains 14 species of fleshy fruiting plants (Table 1).

The peak fruiting period for most of these species is late summer through to autumn

(February-May) with some species, particularly Coprosma species retaining fruit well

into winter (pers. obs.). The six diurnal Oligosoma skink species co-existing at the
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reserve are all reported as eating fruit seasonally as it becomes more abundant

(Whitaker, 1987; Patterson, 1992; Whitaker & Loh 1990; Freeman, 1997; Tocher,

2003). Fleshy fruit was found to comprise 45% of the food items in seats of 0.

otagense, 32% of food items in seats of 0. grande (Tocher, 2003), and 20% of food

items in 0. nigriplantare polychrome (Freeman, 1997). Stomach contents of 0.

maccanni, 0. inconspicuum and 0. lineocellatum have been recorded as containing

between 15% and 18% volume of fleshy fruit (Patterson, 1992; Spencer et al., 1998).

Eifler & Eifler (1999b) found gender differences in fruit consumption in their field

experiments with O. grande; females were found to consume more fruit than males in

the uncontrolled treatment. This finding was not supported by Tocher (2003) however

the difference in timing of the two studies may have affected this outcome.

Diet composition in all animals must reflect the local availability of food; therefore,

studies which quantify diet composition and plant abundance can provide valuable

information (Green, 1984). The comparison of plant abundance and diet composition

can indicate that the species eaten most are not necessarily the most common species

(Brockie, 1992). Preferences can be inferred by the use of ratios that express the

relationship between the proportional use of a plant and the proportional abundance of

that plant in the habitat (Sweetapple et al., 2004).

The purpose of this part of the study was to conduct an investigation into the

occurrence of fleshy- fruits in the diets of lizards and the relationship between dietary

fruit occurrence and relative abundance of fleshy-fruiting species in the local area. The

prediction derived from the hypothesis that lizards have influenced the evolution of

fleshy-fruit colours in the native flora is that where fruit preferences exist in the field,

they will be for small, white and pale fleshy-fruits as opposed to red and red-orange

fruits. The questions I sought to answer were:

• what is the abundance of fleshy-fruited plant species at the study site?

• do the fruits of fleshy-fruited plants occur in equal proportions in lizard

diets?

• are the fruits of any plant species found more frequently in seats than can

be explained by their abundance around the focal tor?
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4.2 METHODS

4.2.1 Vegetation Sampling

Schist outcrops (tors) provided discrete units for identification of plant assemblages and

collection of scat. Six tors were selected in the Redbank Reserve, Macraes Flat from

over 190 tors that have been identified and numbered, as part of a threatened species

recovery program, by the Department of Conservation. All six tors were situated on a

large ridge (Trig E) in the northwest edge of the reserve (Fig. 1). Tors were selected for

the presence of at least two species of Oligosoma skink, all tors were observed with 0.

grande and either 0. maccanni or 0. nigriplantare polychroma. The chlorite and mica

content of schist causes rapid weathering (Wardle, 1991) creating highly eroded tors

with many layers and fissures. Tors differed from each other in size, shape and

complexity; in the number and depth of fissures and the number of smaller, peripheral

aggregates of rocks. For this reason measuring the exact surface area of a tor was

judged impractical and was not attempted. For the purpose ofthis study a tor was

defined as an outcrop or group ofoutcrops (rocks larger than 1m2
) within 5 m ofeach

other, the length and width ofeach tor was measured to calculate the total tor area (m"),

the vegetation was sampled within this area.

The cover of fleshy-fruited plant species within the tor area was sampled by using

random numbers to place 1m2 quadrats over 20% of the tor area. Each quadrate was

divided into 25 sub-squares. The presence of fleshy-fruited plant species rooted in the

sub-squares was recorded, giving an estimate of cover for the whole tor area. This

protocol was modified for one tor which encompassed a very large area (4800m2
) where

the percent of the total tor area sampled was reduced for expediency. All species of

fleshy fruiting plants found in the tor area but not in the sample quadrats were also

recorded. Sample quadrats that occurred on rock faces were included as the many

fissures in the rock allow seed establishment and growth and plants were not uncommon

on the rock surfaces. The vegetation surveys were completed over summer (Dec-Feb)

of 2000/2001.

4.2.2 Diet analyses

The six tors around which the vegetation had been sampled were used as collection

points for scat samples. Scat collection was conducted over three days, during the

optimum time for fruit availability at the field site, in late February and March of2001
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and 2002. Crevices small enough to exclude birds, where skinks had been observed,

were visually searched for seats and a long paint brush was inserted to dislodge those

found. They were stored dry and at a later date examined for seeds from fleshy fruiting

plant species. The seats were soaked in water and a binocular microscope was used to

find, and identify seeds. All seeds from each scat were counted and identified to species

level. Samples ofthe Coprosma seed were measured with the microscope to assist

identification.

Identification of seed species was achieved with reference to a purpose created seed

registry compiled from plants at the field site. Only three species of Coprosma occurred

in the study area of the Redbank Reserve, C. rugosa, C. tayloriae and C. propinqua. It

can be difficult to differentiate between seed in many species of Coprosma; however

there are defining features of the seeds of each of these species such as shape, size,

texture, the presence of notches, and the position of the operculum, which do allow for

specific identification (Webb & Simpson, 2001). The seeds of C. propinqua are on the

whole longer and of a slightly different shape to either C. rugosa or C. tayloriae. C.

tayloriae is usually almost circular and the dorsal surface has an indistinct median

groove, whereas the dorsal surface of C .rugosa is more or less smooth. C. rugosa and

C. tayloriae are of a similar size and both have pale coloured fruit, therefore for the

purpose of the diet analyses in this study, C. rugosa and C. tayloriae are considered as

functionally equivalent fruit and the data were pooled for these two plants.

The fruits of plant species found in lizard diets differ in the number of seeds.

Muehlenbeckia axillaris, Pimelia oreophila and Leucopogonjraseri all have one seed in

each fruit, Melicytus alpinus has 1-2 seeds, the Coprosma species present have two, the

ericas, Gaultheria antipoda and G. macrostigma have many (>30) and Pentachondra

pumila has up to 10 (Willson and Gallloway, 1993; Allan 1982). Therefore, seed

number does not relate directly to the number of fruits eaten. To count whole fruit

consumption, the number of Coprosma seeds was halved and where there was an extra

seed another fruit was added. When only one seed is found in M alpinus the seeds are

pyriform, when there are two seeds in a drupe they fit together tightly leaving a flattened

plane on each seed (pers. obs.), making the identification of the number of fruit easier.

P. pumila fruit were passed through the gut with the exocarp still in tact and the seeds

still bound together within it.
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The relative abundance of the fleshy fruiting species in the diet was quantified in two

ways: (l) The frequency of each species component based on presence of at least one

seed per scat and (2) the percentage of whole fruit in relation to the total number of fruit

eaten. Preference ratings were calculated for all sites combined using the proportion of

whole fruits found in seats. The preference index used followed that found in

Sweetapple et al. (2004) and is calculated as:

% diet - % available
% diet + % available

4.3 RESULTS

4.3.1 Vegetation survey

There were 14 fleshy fruited plant species identified on the six tors. Not all plants

occurred on all tors, and not all species occurred in the sample quadrats. Leucopogon

jraseri was sampled on all six tors as were the Coprosma rugosa/C. tayloriae group,

Pentachondra pumila, Pimelia oreophila and Muehlenbeckia axil/aris were sampled on

five tors, Melicytus alpinus and Gaultheria macrostigma on four tors, and G. antipoda

on three tors. Other fleshy fruited plants identified within the sampling area but not

recorded in the quadrats included Corokia cotoneaster, Myrsine divaricata, Coprosma

propinqua, Coriaria sarmentosa, and Cyathodes juniperina. The largest tor had all

species except C. propinqua. The relationship between number of fleshy-fruited plant

species and tor size is clearly not linear, and neither is the relationship between fleshy

fruited plant species cover (%) and tor size or the number of fleshy fruited plant species

(Table 4.1).

When the data for fleshy- fruited plant cover (%) on all tors were pooled,

Leucopogonjraseri, Pentachondra pumila and the Coprosma rugosa/C. tayloriae group

were the most abundant. The other five species were each found on less than 5% of the

combined tor areas. Gaultheria antipoda was the least abundant fleshy fruited plant

species (Fig. 4.1). The cover of each plant species varied between tors, however, a

similar pattern to that found with the pooled data emerged (Figure 4.2). L.jraseri was

the most abundant on three tors and amongst the three most abundant plants on all tors.

P. pumila occurred on five tors and was amongst the two most abundant plants on four

of those tors. The Coprosma rugosa/C. tayloriae group occurred on all six tors; on one

tor they were the second most abundant fleshy fruited plants with 13.5% cover, but
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covered less than 8% of each of the other five tors. Muehlenbeckia axillaris was found

on five tors, with relatively low abundance on all but one tor, where it was the most

abundant species. G. macrostigma and M alpinus both occurred on four tors: each

species had low abundances on three tors, but G. macrostigma was the second most

abundant species on one tor reaching 15% cover. M alpinus was the third most

abundant species on one tor with 6.7% cover. P. oreophila occurred on five tors in

relatively low abundance on each. The least abundant species, G. antipoda, was found

on only three tors, with very low abundance on each.

Table 4.1 Summary of tor attributes. T.A: tor area. #FF: number of fleshy fruited plant
species. %FF: % cover of all fleshy fruited plant species in the tor area. # seats: number
of seats found at each tor. %SS: percent of seats found to contain at least one seed from

a fleshy fruited plant. ~ WF: average number of whole fruit found in seats with fruit,
from each tor (± standard deviation).

Tor 103 128 188 102 180 97

T.A(m2) 156 348 372 480 589 4800

#FF 7 6 5 6 6 12

%FF 17.1 41.5 23.8 33.7 61.5 33.3

# seats 27 31 22 25 24 45

%SS 66.7 87.1 45.5 44 79.2 66.7

x WF (± s.d) 1.9(1) 3.9 (2.9) 2.5 (2.2) 1.9 (1.1) 3.9 (2.8) 2.8 (2.3)

Figure 4.1 Fleshy-fruited plant abundance on all study tors n=6 (sites combined)
Average % cover of fleshy fruited plant species (± s.d). Species abbreviations; Leu fra:
Leucopogonfraseri, Pen pum: Pentachondra pumila. Cop spp: Coprosma rugosa and C.
tayloriae. Gau mac: Gaultheria macrostigma. Mue axi: Muehlenbeckia axillaris. Mel alp:
Melicytus alpinus. Pim ore: Pimelia oreophila. Gau ant: Gaultheria antipoda.
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4.3.2 Diet analysis

In total 174 seats were collected, of these 115 (66%) contained at least 1 seed from a

fleshy fruited plant species. The percent of seats containing seed varied from tor to tor

but is not related to the number or total cover (%) of fleshy fruited of plant species on

each tor (Table 4.1). There were no seeds that could be reliably judged as having come

from Coprosma propinqua in any scat found.

When the data were pooled across tors, most seeds found in seats corresponded to

the Coprosma rugosa/C. tayloriae group and Leucopogon fraseri; these species made up

over 50% ofall occurrences of seeds found in seats. Seed from Melicytus alpinus were

the third most common in the seats, Pimelia oreophila the fourth and Pentachondra

pumila fifth (Table 4.2). The occurrence (%) of seeds from each species in seats on the

individual tors is variable for most species (Figure 4.1) but the pattern compares with

that ofthe pooled results. On five of the six tors where it occurred the seeds of the

Coprosma rugosa/C. tayloriae group were amongst the two highest occurrences of

seeds in seats. The occurrence (%) of seeds from 1. fraseri, was amongst the two

highest in seats on four out of the six tors where it occurred. M alpinus was found on

four tors; the occurrence (%) in seats was amongst the two highest occurrences on two

tors and amongst the three highest occurrences for the other two tors. The occurrence

(%) of seeds from P. oreophila in seats was amongst the three highest occurrences on

four of the five tors where it was found. P. pumila seeds were absent from scat on two

tors where it was found and only occurred in greater than 10% of seats on one tor.

The number of fruits found in scat does not correspond exactly to the number of

seeds: from the 174 seats collected evidence of339 fruits was found (Table 4.2). Of the

fruit counted in all seats, over 70% were found to be the Coprosma rugosa/C. tayloriae

group and Leucopogonfraseri. Melicytus alpinus was third most common fruit found in

scat (Table 4.2). The number of fruits found in each scat (only in seats with fruit)

ranged from 1 to 12 (Fig. 4.3) with an average ofthree fruits per scat (± 2.9 s.d). The

relative amounts of fruit being eaten at each tor were variable (Table 4.3).

The relationship between a plant's abundance and its occurrence in the diet provides

valuable information on food selection. (Fig. 4.2). Calculation ofa preference index,

using the proportion of fruits of each species found in the seats, indicated that Melicytus

alpinus is the most preferred fruit followed by the Coprosma rugosa/C. tayloriae group.
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Pimelia oreophila and Leucopogonjraseri were moderately favoured whilst the final

four species were not preferred at all (Table 4.4).

Figure 4.2 Frequency distribution of the number of whole fruits found in lizard seats.
Data pooled for all tors (n=6)
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Table 4.2 Fleshy-fruit components of lizard diet. # seeds: number of seeds found in all
seats (n= 174). %SS: percent of seats with at least 1 seed of any plant species. # fruit:
number of fruit of each species found in all seats (n=174). %WF: percent of total fruits
in scat (n=339). Data pooled for all tors (n=6).

Fruit colour # seeds %SS # fruit %WF

Leucopogon fraseri orange 109 24 109 32

Coprosma spp. white/pale-blue 265 34 134 40

Melicytus alpinus
white/bi-coloured

56 13 56 17
dark blue

Pentachondra pumila dark red 65 5 10 3

Pimelia oreophila orange 20 6 20 6

Muehlenbeckia axillaris translucent white 10 3 10 3

Gaultheria macrostigma red/pink/white 0 0 0 0

G. antipoda red/pink/white 0 0 0 0
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Table 4.3 Whole fruit component of lizard diets. Data from individual tors from late
summer (Feb-March). Numeric entries represent percent of the total number of fruits
found in seats collected from individual tors (n=6).

Tor #

Plant species Fruit colour 180 188 102 103 97

Leucopogon fraseri orange 80.8 28.0 4.8 38.2 12.4

Coprosma spp. white/pale-blue 0.0 12.0 85.7 32.4 62.9

Melicytus alpinus white/bi-coloured 0.0 20.0 0.0 17.6 13.5

Pentachondra pumila dark red 2.7 0.0 0.0 2.9 7.9

Pimelia oreophila orange 16.4 0.0 9.5 8.8 3.4

Muehlenbeckia axillaris translucent white 0.0 40.0 0.0 0.0 0.0

Gaultheria macrostigma red/pink/white 0.0 0.0 0.0 0.0 0.0

G. antipoda red/pink/white 0.0 0.0 0.0 0.0 0.0

Table 4.4 Preference Index (PI) of fleshy-fruited plant species (all tors combined). For
fruit colours refer to table 4.3

Plant species % diet - % available % diet + % available PI

Melicytus alpinus 14.41 18.33 0.79

Coprosma spp. 34.22 45.38 0.75

Pimelia oreophila 3.96 7.74 0.51

Leucopogon fraseri 20.69 43.71 0.47

Muehlenbeckia axillaris -0.52 6.36 -0.08

Pentachondra pumila -4.66 10.50 -0.44

Gaultheria antipoda -0.39 0.39 -1.00

Gaultheria macrostigma -2.88 2.88 -1.00
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Figure 4.3 Composition of fleshy-fruit in the diet oflizards, data from individual tors. Plant cover: percent cover of
tor area ofeach species (>1% ifno seed was found in any scat). Diet occurrence: percent of seats from each tor
containing at least 1 seed ofeach plant species.
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4.4 DISCUSSION

Evidence for the importance of fruit in the diets of lizards, at least on islands, and

particularly lizards in the scincomorpha has become more abundant (Olesen & Valido,

2003). The results of this research suggest that amongst the plants available for

consumption by the primarily ground dwelling lizards of the open grass and shrublands

ofOtago there were a suite of preferred fleshy-fruits. The fruit ofthe Coprosma rugosa

and C. tayloriae group were, on average, the most abundant component of the fleshy

fruit diet of lizards in this study. Together with fruit ofLeucopogonfraseri, they

contributed over 50% of the seeds found in lizard seats on all tors sampled. Melicytus

alpinus occurred to a lesser extent but was relatively common in seats on all tors where

it occurred. 1. fraseri, C. tayloriae and M alpinus have also been identified as

important components of both 0. grande and 0. otagense fruit diets by Tocher (2003).

Pimelia oreophila was found consistently but in low levels in scat on all tors where it

occurred, with one exception. Muehlenbeckia axillaris on the other hand, was

infrequent in scat from tors where it occurred with one exception. No seeds from either

ofthe two Gaultheria species were found in any scat in this study although it has been

in recorded in seats from Oligosoma skinks (Tocher 2003) who found Gaultheria spp.

occurred as often as Coprosma spp. in the diet of grand skinks and were only slightly

less common than M alpinus in the diet ofOtago skinks. Also Tocher (2003) found

Pentachondra pumila (Epacaridaceae) occurred more often than Coprosma in the diet of

Otago skinks.

The comparison of plant abundance and diet composition can indicate that the

species most eaten are not necessarily the most common species (Brockie, 1992). In

this study, the most abundant plant species was not the most common fruit found in

seats. The preference index clearly showed that fruits ofMelicytus alpinus and the

grouping of Coprosma tayloriae and C. rugosa are the most preferred fruits. This result

suggests that the animals forage on these fruits regardless of the abundance of the plants

in the tor areas. Leucopogonjraseri was by far the most abundant fleshy-fruited plant

across the field site, yet was only moderately preferred by the skinks. Pimelia oreophila

fruit was twice as abundant in seats as Pentachondra pumila despite, on average, having

lower cover abundance across all tors and hence achieved a moderate preference ratio.

Given that P. oreophila is a small fleshy drupe and P. pumila is a thin skinned, hollow

fruit (pers. obs.) this is unsurprising. The two heath species, Gaultheria macrostigma
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and G. antipoda appear to be the least favoured fruits as their seeds were not found in

any seats. These rankings differ to those found with similar species in Lawerance

(1997) who found that a heath species, Cyathodes colensoi (red fruit) was favoured over

Coprosma petrei (pale blue fruit) followed by Melicytus alpinus (white/bi-coloured dark

blue) and L.fraseri (orange).

The variation in fruit consumption found in seats across the sample tors suggest that

a range of fruits are acceptable food items for lizards and that their diets are flexible, as

would be expected for an omnivorous animal generalist foraging patterns.

The abundance of the Coprosma species group and Melicytus alpinus seed and fruit

in seats may be explained by the amount of fruit produced per m2 by these three shrub

species, which is large due to their stature, when compared to the herbaceous plants.

However, given that these shrubs occur only infrequently across the tor it is possible that

the skinks are flexible in their foraging strategies and will walk to a food source, such as

a plant and eat their fill, minimising energy expended and maximising food quantity

(Tocher 2003). Indeed, Whitaker & Loh (1995) reported the presence of large numbers

of seeds from three fleshy fruited plant species in the seats of Oligosoma waimatense

despite the paucity ofthe plants in the immediate vicinity. Whitaker and Loh (1990)

observed an adult 0. waimatense travel 9m across a scree surface to feed on C. depressa

and Eifler & Eifler (1999a) recorded adult female grand skinks moving more than 15 m

to visit specific fruiting plants, suggesting that the location of plants can influence

movement patterns. Muehlenbeckia axil/aris is described as a liane (AlIen 1982) but its

tangled growth form allows it to attain a small shrub-like stature giving it the potential

to produce many more fruits than the small herbs, but it was seldom found in the seats in

this study. This may be due to a slightly earlier fruiting period, of shorter duration in M

axillaris, than the other fleshy fruiting plant species at this site (pers. obs.), and hence

the collection dates were potentially biased against this species.

The high component ofLeucopogonjraseri in the diet may be explained by its

abundance on tors and that, particularly in female skinks, the foraging strategy of

frequent, short duration moves may increase the number oftimes they encounter this

common species.

Interpretation ofthe results of this study is limited by the uncontrolled aspects of the

system such as; movement, species, gender and age groups of lizards, scat sample

identification, and lack of fruit production numbers, however the results are consistent
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with the hypothesis that lizards consume different proportions of fruit from the plant

species available to them and hence regardless oftheir generalized foraging strategies

do exhibit some preferences for fruits available to them.. The sampling method used did

not control for lizard species, therefore it is probable that some scat from the common

nocturnal gecko, Hoplodactylus maculatus, was included with the scat from the diurnal

skink species. The only alternatives to the methods used in this study require capture

and hold techniques which would have been more distressing to the animals and

required further ethics committee approval. This sampling method was unable to

control for movements made by lizards away from the sample tor areas and therefore the

possibility arises that animals had foraged away from their home ranges. 0. maccanni

are recorded moving up to 150 m (Towns, 1985) and Whitaker (1996) found that 21%

of grand skinks moved more than 10 m between tors, with the range ofminimum

distances moved between captures from 16.8 - 403.3 m. However, Eifler & Eifler,

(1999a) recorded the home ranges of grand skinks extending only as far as 58.2 m2 for

males and less for females. The relatively large areas of the tors sampled compared to

the home range statistics allows some degree of certainty that seeds found in the seats

from the crevices of the tors sampled, come from plants adjacent to these tors.

These results do provide answers to the questions posed in this section of the

research as to whether there was a difference in the proportions of fruit eaten from the

different fleshy-fruited plant species available to the lizards and whether the abundance

ofthe fleshy-fruited plant species at the field site explains the proportions in which fruit

were found in lizard diets. These results indicate that there is a difference in the

proportion of fleshy-fruits from different species consumed by lizards and that the

abundance of each plant species does not adequately explain the proportion of these

fruits being consumed. Despite the limitations of this study, the results are consistent

with the prediction that the most favoured fruits are those from the hypothesised "lizard

dispersed" plant species with white and pale fruit.
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CHAPTER FIVE

FRUIT ODOUR AND FEEDING CHOICES

5.1 INTRODUCTION

The scleroglossan reptiles possess elegant and complex sensory odour detection

systems; of the nasal sensory systems, the olfactory and vomeronasal systems are the

most widely understood (e.g. Burghardt, 1970; Halpern, 1992 and references therein).

The ability of many different lizard taxa to distinguish between odours of food and non

food items has been demonstrated (Cooper, 2002 and references therein), however the

importance ofthe relative roles of odour and vision in foraging decisions are less well

studied. The goal of this chapter is to briefly present the anatomical and behavioural

evidence that lizards are functionally capable ofodour detection and that many species

do use odour detection whilst foraging, and to present and discuss the results of feeding

trials conducted to investigate the influence ofodour on fruit detection and selection by

diurnal omnivorous skinks in the Scincidae genus Oligosoma.

The basic morphological structures of the reptilian nose, following Parsons (1970),

are: the vestibulum nasi, the ductus nasopharyngeal, the cavum nasi proprium, the

conchae and Jacobson's organ. The nasal vestibulum is essentially a tubular portion of

the nasal cavity, which, in some lizard species, may be quite long and complex,

extending between the external naris and the cavum nasi proprium. It seems to keep

foreign substances from entering the nasal cavity. The cavum nasi proprium is a simple

cavity, a portion ofthe nasal cavity between the vestibulum and the nasopharyngeal

duct; sensory epithelium partially and variously lines the caval walls. This basic

structure of the nasal cavity is fairly constant across reptilian groups (Halpern, 1992).

The conchae are projections in the lateral wall of the nasal cavity in reptiles (Bertmar,

1981), occurring in the cavum nasi proprium. The nasopharyngeal duct is the tubular

connection between the internal naris and the cavum nasi proprium. This duct is absent

in Rhyncocephala, and most developed in crocodilians. A lateral expansion of the

internasal wall, called the vomerine cushion, lies dorsomedially to the nasopharyngeal

duct and forms the medial border of the internal naris. Lateral and slightly ventral to

this is the choanal fold which forms the lateral border ofthe nasopharyngeal duct. In all
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squamates there is some fusion between the vomerine cushion and the choanal fold,

leaving a small aperture as the duct of Jacobson's organ. The surface formed by the

fusion is sometime called a secondary palate; however it is not comparable to the

mammalian condition. Jacobson's organ (the vomeronasal organ) begins embryonically

as a medial outpocketing of the nasal pit. In squamates it becomes dissociated with the

nasal cavity and associated with the mouth. It is a nearly spherical organ, with a ventral

invagination that nearly fills the center, called the mushroom body. The duct of

Jacobson's organ leads dorsally from the extension of the palate. The dorsal walls and

sides of Jacobson's organ are formed by thick sensory epithelium. As in all tetrapods

the organ is enervated by an extension of the olfactory nerve which arises from the

accessory olfactory bulb. In lacertids and scincids the lachrymal duct opens into both

the mouth and the duct of Jocobson's organ, and supplies the fluid that fills it (Halpern,

1992). Terrestrial snakes and lizards have evolved the largest and most effective

vomeronasal organs, however not all squamates possess equally well developed

vomeronasal organs, for example the Agamidae family, and the Anolis (lguanidae)

genus have poorly developed vomeronasal organs (Bertmar, 1981).

Odorant type and access to the nasal organs are different in the olfactory and

vomeronasal systems. In terrestrial vertebrates the molecules that stimulate the

olfactory organs are delivered via the nose, and they must be volatile and absorbent to

the olfactory mucosa (Halpern, 1992). In order to produce an odour therefore fruit must

contain volatile compounds, but odour is not always a necessary consequence of

volatility. The vomeronasal system in squamates can detect both volatile substances and

nonvolatile substances (Burghardt, 1970). Transference of nonvolatile odorants to the

vomeronasal system appears to require active transport of the molecules from a

substrate, directly into the organ, by either enlarging the small duct leading to the organ

and activating a suction system, or direct transferal by the tongue: the tongue flicking

behaviour of snakes and lizards is thought to achieve this (Parsons, 1970). Graves &

Halpern (1989) were able to show through invasive surgical experimentation that the

tongue does deliver nonvolatile molecules to the vomeronasal organ; however removal

of the tongue did not completely prevent radioactive compounds from reaching the

vomeronasal organ. Cooper and Alberts (1991) showed by elimination of the

vomeronasal sense that olfaction alone, or olfaction and gustation (taste), were unable to

provide sufficient stimulus to produce expected behavioural responses to odour cues.
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There is convincing evidence that the tongue of some lizards is involved in the transfer

of odours to the vomeronasal system, however tongue flicking does not appear to be

solely a method oftransferring odours to the vomeronasal organ, it may also be related

to gustation or it may not always represent chemosensory activity (Halpern, 1992).

The ability of lizards to detect and discriminate a variety of food and non-food item

odours has been extensively studied and reviewed (Cooper, 2002; and references

therein). The relative roles however of the nasal systems of odour detection and

gustation, or odour detection and other senses such as vision, are less well studied.

Graves and Halpern (1989) show that prey attack but not prey consumption, is severely

affected by closure of the vomeronasal duct, and Halpern (1992) deduced that prey

attack is possibly mediated by multiple sensory cues. The relative roles of vision and

olfaction in prey detection were investigated in Scincella lateralis, a generalised

insectivorous skink, and results showed that in this animal a visual cue was required to

elicit greater tongue flicking rates and attack responses when the chemical cue was of

"normal" strength, but when the chemical cue was very strong, tongue flick response

increased regardless of the visual cue (Nicolletto, 1985). A diurnal omnivorous lacertid,

Podarcis lilfordi was able to identify fruit samples without any visual cues (Cooper and

Perez-Mellado, 2001) however the Iguanid, Tropidurus torquatus, was reported as

locating fruits visually from at least 2 meters (Figueira, 1994). Odour responses of

Oligosoma skinks are unknown; Patterson (1992b) commented that odour may not be

important in 0. grande and Whittaker (1987) stated that it was not entirely clear what

attracted endemic lizards to fleshy fruit in New Zealand as many fruits were more or

less odourless to human olfaction.

The odour detection systems in lizards are complex and most probably integrated

which creates difficulties for establishing which of these systems is responsible for any

particular odour detection activity (Breenan, 2002 and references therein), although this

is achieved to some extent by surgical intervention. The research conducted here does

not attempt to identify the particular sensory system controlling odour detection. The

purpose of this part of the research was to undertake an investigation of the responses of

skinks to fruit odours. Based on the hypothesis that the diurnal skinks have influenced

the evolution of fruit colour within the subset of fleshy-fruited plants available to them,

the prediction tested in this study was that the diurnal skinks select fruit primarily by

visual cues, as opposed to odour cues and therefore, approaches to the two fruit colours

73



categories will be random in absence of visual cues. The specific questions I sought to

answer were;

• are the numberofapproachesto the two fruit colour categories red/red-orange

and white/pale-blue fruit, in the absence of visual cues, random and therefore

equal?

• do the number of approachesto the two fruit colour categories red/red-orange

and white/pale-blue fruit indicatea preference for any Coprosma fruit in the

absenceof visual cues?

5.2 METHODS

Odour detectiontrials were conducted duringMarch 2001, consecutive to the fruit

colour feedingtrials of the same year, using the same cohorts of skinks and the same

animal husbandry protocols (Chapter 3). The experimental fruit samples of Coprosma

were collectedfrom the same locationsusing the same collection protocolsas in Chapter

3 (section 3.2.2).

Nine trials were conducted using four cohorts, each of ten skinks. Three of the

cohorts of skinkswere subjected to two "blind" fruit choice trials (where the fruit was

concealedfrom view) and the fourth cohort to three "blind" trials. To prevent the

animals form seeing the fruit samples, a polystyrene frame of was inserted into each trial

arena, extendingfrom the basking surface, creatinga "V" with two tunnels that

terminated on the left and right sides at the front of the trial arena (Fig. 5.1). A sample

of 15 fruitsof one of each of the two fruit-colour categorysamples were positioned

randomlyat the exits ofeach tunnel, facing the front of the arena, between 1000and

1200hours each day of the trial. Each trial offered a choice between a sampleof

red/red-orange (r/ro) fruit and white/pale-blue (w/pb) fruit (Table 5.1) from the

subgeneraMicrocoprosma and Coprosma. It is assumedthat the design of the trial

arena allowed for some channelingofthe fruit sample's volatile compoundsthrough the

arena, by the normal process ofdiffusion. These compoundscould then be sampled by

the olfactorysystem and potentially by the other odour detection systems and encourage

the animalsto investigate the fruit by entering one of the tunnels. There was room for

the animal to turn around and retreat when insidea tunnel. Once the animal had reached
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the front of the arena, both fruit samples were visible. Three hours of activity was

recorded in each session and viewed later.

Figure 5.1 Layout of the trial arenas used in the fruit odour feeding trials . A) Basking
surface and crevice made from two ceramic tiles. B) V shaped tunnel shaped from
polystyrene to direct lizard movement. C) Fruit options presented in petrie dishes.

A

..
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To address the research questions I reviewed the video tapes and counted the approaches

made by each skink to the two fruit samples. The primary dish-contact of each skink

(the first dish-contact of the first approach in the first trial) to the fruit samples, and the

first approach made to each ofthe fruit samples in each trial, were included in the

analysis. A binomial logistic regression model (Minitab) was applied to both variables.

Subgenus was entered as a 2 level factor with a dish-contact to r/ro defined as a success

and a dish-contact to w/pb as a failure.

Table 5.1 Summary of plant species and fruit colours used in fruit odour feeding trials.
Far left column refers to skink cohort and chronological trial number.

Fruit colour

Trial red and red-orange (r/ro) white and pale-blue (w/pb)

1.5 Coprosma decurva red C. rugosa pale-blue

1.6 C. decurva red C. cheesemanii white

2.4 C. robusta red-orange C. cheesemanii white

2.5 C. robusta red-orange C. tayloriae white

3.4 C. cheesemanii red C. cheesemanii white

3.6 C. cheesemanii red C. tayloriae white

4.3 C. robusta red-orange C. rugosa pale-blue

4.4 C. decurva red C. tayloriae white

4.5 C. cheesemanii red C. tayloriae white

5.3 RESULTS

There was a statistically significant difference in the number of times the primary dish

contact of each skink was made to the w/pb fruit as opposed to the r/ro fruit (n = 40, , X2

= 4.9, P = 0.027) with a preference for the w/pb fruit. A binary logistic regression was

then applied to the data and this resulted in a significant difference between the dish

contacts made to the fruit-colour categories within the subgenus Coprosma (c. robusta)

but not within the subgenus Microcoprosma (Table 5.1). The model estimates that the

probability of a "success" within the subgenus Microcoprosma is 0.5 and within the

subgenus Coprosma it is 0.15.

The data for the first dish-contact of each trial was also analysed using a binary

logistic regression model using the same factor and successl failure parameters as above.
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The result indicates that there was no preference for either fruit-colour category amongst

the factor held constant within the model (the subgeuns Microcoprosma), but that the

treatment "Coprosma" was significantly different to the model constant. The odds ratio

for this variable indicates that amongst the C. robusta trials w/pb fruit are 4 times more

likely to be approached than the C. robusta fruits (Table 5.1).

Table 5.2 Fruit choice in the absence of visual cues. Results of the binary logistic
regressions for the colour of the primary dish-contact of each skink and the 18t dish
contact in each trial. The 2 level factors for each variable are the subgenera.

Variable Factor Coefficient P Odds Ratio

Primarydish-contact constant (Coprosma) 0.6262 0.006
of each skink

Microcoprosma 0.7695 0.024 5.67

1sI dish-contact of the constant (Microcoprosma) 0.2708 0.501
1st approach in all
trials Coprosma -0.0.559 0.Q11 0.24

5.4DISCUSSION

The odour detection systems in lizards are complex; lizards have the ability to detect

odouriferous volatile compounds through both the olfactory and vomerolfactory senses.

Both vision and odour detection have been shown to be important in eliciting courtship

behaviour (Lopez and Martin, 2001) as they have been in foraging behaviour

(Nicolletto, 1985). The importance of odour detection during foraging is likely to be

influenced by other life history traits such as diurnality versus nocturnality, and

insectivory/carnivory versus herbivory and omnivory.

The ability to discriminate plant odours primarily through the vomeronasal system

has been hypothesised as an evolutionary response to a dietary shift from insectivory to

omnivory or herb ivory found in many lizards. The occurrence of odour detection by at

least the vomeronasal system through tongue flicking behaviour is highly correlated

with active foraging behaviour (as opposed to ambush foraging behaviour). The results

of odour discrimination experiments with both insectivores and omnivores in both active
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and ambush foraging lizards are consistent with this hypothesis (Cooper, 2000; Cooper

and Habegger, 2000, 2001). However, at least one species of Oligosoma, 0. grande

does not fit neatly into either the active or ambush foraging categories (Eifler and Eifler,

2000). Tongue flicking was observed in this species in close proximity to fruit samples,

as was tongue flicking (licking) of the fruit surface and nudging fruit with the nose, but

none of these activities were observed consistently when skinks were offered fruit.

Individuals were also observed approaching fruit directly and eating them without this

being preceded by any of these behaviours (pers. obs.)

The skinks in these experiments appeared to discriminate against the aroma of

Coprosma robusta. This species does not occur in the potential home range of the

captured skinks and their aversion to this species may be explained by its novelty,

however neither was C. cheesemanii present at the field site, and the animals showed no

such aversion to this species. C. robusta was the only member ofthe subgenus

Coprosma (Allan, 1961) used in these trials; the other species, all small leaved

divaricates, are in the subgenus Microcoprosma (Allan, 1961). The red-orange fruit of

C. robusta and other members of the subgenus Coprosma are associated with larger fruit

and leaf size (Lee et al., 1988) and clear ecological correlates of fruit colour were found

in Coprosma by Lee et al (1994), but little has been recorded on the biochemical

properties of fruit aroma in Coprosma.

The results of the only experiment that compared skink response to the odour of red

and white fruit colour morphs of C. cheesemanii, showed exactly equal number of

approaches made to each colour morph; the skinks' behavioural response of moving

through the tunnels to the fruit samples was random. This result might be expected

assuming that the volatile compounds are similar in both fruit colour morphs regardless

of pigmentation differences.

Given that the skinks appear to discriminate against the aroma of C. robusta, the

lack of differentiation in response to odours in the remaining species may be because the

aromas of those species are similar or the aromas are not concentrated enough to elicit a

response: a strong concentration of odour was required to elicit a response in the

absence ofa visual stimulus in the diurnal Scincella literalis (Nicoletto, 1985). An

alternative explanation is that the trial arena did not function for its purpose. The trial

arenas used in these experiments were of simple construction and the assumption that

the odour from the fruit samples at the front ofthe arena diffused, unmixed through each
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side of the polystyrene framework was untested. It is assumed that there was some

obvious degree of differentiation of the odour in each tunnel and the response in the

trials using C. robusta appears to corroborate this assumption.

The results ofthese trials indicate that the common diurnal skinks, 0. maccani and

0. n. polychroma are able to discriminate odour from some species of Coprosma fruits,

but not between the fruit samples that came from plants within the subgenus

Microcoprosma. There is no statistical support in this study, for a preference for the

aroma of red and red-orange fruit within or between subgenera and no support for a

preference for the aroma associated with either fruit-colour category within the

subgenus Microcoprosma.
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CHAPTER SIX

VOLATILE COMPOUNDS IN COPROSMA FRUIT

6.1 INTRODUCTION

In order to produce an odour that can be detected by vertebrate olfactory senses, fleshy

fruit must contain volatile compounds, however the presence of volatile compounds in

fleshy fruit does not necessarily mean there is any detectable odour (Nursten, 1970).

There are many classes of volatile compounds in fruit, including esters, terpenes,

alcohols, hydrocarbons, acids, benzenes, and alkanes. The first two groups are

generally, highly aromatic, the last two groups are on the whole un-aromatic, the

alkanes are less aromatic than benzenes and benzene derivatives.

The volatile compound profiles of fruit contain many compounds, but even in many

commercially important fruit, not all compounds have yet been identified. Pino and

Marbot (2001) identified 170 different volatile compounds in the Barbados cherry,

Malphigia emarginata, and Pino et al., (2001) identified 204 aromatic compounds in the

strawberry guava. The quantification of volatile profiles, however, does not necessarily

provide information on organoleptic importance, as the important compounds for smell

and taste can be found in infinitesimal amounts (Nursten, 1970), and minor components

can strongly influence the sensory result (Pino et al., 2001). Moreover the combination

ofcompounds may be important; in apricots, the distinctive aroma is due to the

synergistic effects of 14 separate compounds occurring in proper proportions (Nursten,

1970).

The goal of this section of research was to conduct a preliminary investigation into

the quality and quantity of volatile compounds found in the fleshy fruit from, a sample

of Coprosma species, with fruit colours from the red-red orange and the white-pale blue

colour categories, colours associated with different groups of vertebrate seed dispersers

(refer Chapter 1). The inherent complexities of interpreting the results of volatile

compound analyses, in terms of organoleptic importance, make the subject difficult in

humans, but even more so in lizards. For this reason the analysis of the volatile

compound data was simple, and was conducted with reference to the results of the fruit
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odour detection experiments conducted in chapter four. The main questions I sought to

answer were:

• are there volatile compounds that distinguish the red and/or red orange fruit

from white and/or pale coloured fruit samples of Coprosma ?

• are there volatile compounds that distinguish Coprosma robusta from all other

fruit samples?

• are the volatile compounds in the red and white fruits of C. cheesemanii

identical?

• are there volatile compound classes, in the fruit samples, known to be associated

with aromas detectable by humans?

6.2 METHODS

During late summer and autumn of2000, nine fruit samples from six Coprosma species

were collected from various locations within the Dunedin city area (Leith Saddle, Mt

Cargil, Botanic Gardens, Dunedin Town Belt). The samples included both red and

white fruit colour morphs of C. cheesemanii and a translucent pale white/yellow fruit

sample from a C.propinua x C. robusta hybrid (Table 6.1). The samples were collected

either the evening before, or the day of, delivery to the Department of Consumer and

Applied Sciences at the University Otago, for volatile compound analysis using Gas

Chromatography- Mass Spectrometry methods. Protective gloves were worn whilst

collecting the fruit. Between ten and twenty fruits from each sample group were

collected and stored before being delivered analysis team

Sampie preparation

Freshly picked berries were washed with MilliQ water, dried with a paper towel, and

weighed into 10 ml headspace vials (1.6 g for small berries, 2.2 g for large berries). The

headspace vials were sealed using a 10 mm center hole - 20 mm diameter aluminium

seal (Alltech) lined with a 20 mm chlorobutyl septum (Alltech). Gloves were worn

during all preparation steps that required handling of the berries. Samples in headspace

vials were stored at SOC until start ofSPME incubation (within 24 hours ofpreparation).
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Solid Phase Micro-Extraction (SPME)

A manual SPME holder (Supelco, Bellafonte, PA) was equipped with one of the

following SPME fiber coatings: CarboxenIPolydimethylsiloxane (CAR/PDMS) 75 urn;

Polydimethylsiloxane/Divinylbenzene (PDMS/DVB) 65 um; and Polyacrylate 85f.lm.

The samples were incubated at room temperature with the SPME fiber (needle 1 cm in

vial) exposed to the sample headspace overnight (approx. 20 hours).

Gas Chromatography - Mass Spectrometry analysis of berries

Gas chromatography - mass spectrometry analysis was carried out using a Fisons 8000

Top GC (Carlo Erba Instruments, Milan, Italy) coupled to a Finnigan MAT MD 1000

mass detector (Finnigan Instruments, Manchester, UK). The mass spectrometer was

operated in the electron impact ionisation mode (70 eV). Source and interface

temperatures were 195°C and 220°C, respectively. Detector voltage was 300 V; mass

range was from 35 to 400 amu; scan rate was 0.9 scan/sec. Separation was achieved on

a CP-WAX column (50 m, 0.32 mm id, 1.2 urn film thickness) (Chrompak, Middelburg,

The Netherlands) using helium (constant flow: 34 cm/sec at 50°C) as the carrier gas or

on a ZB-WAX column (60 m, 0.32 mm id, 0.5 urn film thickness) (Phenomenex,

Torrance, CA) using helium (constant flow: 31 cm/sec at 50°C) as the carrier gas.

Injection (250°C) was done in the splitless mode (2 min), with the SPME fiber exposed

in the injector for 5 min at a depth of 2.5 cm. The oven temperature was increased from

50°C to 250°C at 5°C/min and held at this temperature for 5 min.

Volatile Component identification was carried out by Dr. Rana Weirda-Piripiamea

under the advice of Professor l.P DuFour, from the Department ofConsumer and

Applied Sciences, at the University Otago, by reference to an index of volatile

compounds held within the department. Components that were unable to be matched to

known peaks in this index remained unidentified. Comparison ofthe presence, and

quantity of each compound, in each sample were attempted in order to answer the

research questions.

The retention index of each volatile compound component was entered into a

Principle Component Analysis (PCA) model, of the SAS system, employing a stepwise

procedure, with nine observations (fruit types) with two levels (red/red-orange fruit and

white/pale-blue fruit).
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PCA on the original data set of 796 compounds was unsuccessful. The data set was

incompatible with the analysis procedure because the large number of observations

with only two levels. A further refinement of the data set removed some of the smaller,

less reliable and potentially artificial peaks, and reduced the data set to 121 volatile

compounds; with between 46 and 56 peaks for each fruit sample (Table 6.1), the

resultant data set was still incompatible with the analysis procedure. Personal comments

from Professor DuFour resulted in this method being abandoned for the reason that by

the time the data set was small enough to be managed by the analysis procedure so

much potentially important information had been sacrificed that the result would be of

little biological value. Comparison of volatile compounds in different samples was

often accomplished by visually comparing the graphic presentations of each species

profile with reference to the R.I quantities and this method was employed in my

investigation of these results.

6.3 RESULTS

The analysis resulted in a total of 796 peaks being identified along the retention time

scale in the mass spectrometry analysis, with between 125 and 186 peaks for each of the

nine fruit samples. There are 27 unknown compounds amongst those identified, no

attempts was made to name these components. The quantity, as indicated by the

retention indices (RI) of each volatile compound in each fruit sample, varied over a

magnitude of difference, for example, the R.I of pentadecanone, in Coprosma tayloriae

was approximately 0.222 x 106
, and eucalyptol, from C. acerosa was approximately 380

x 106
•
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Table 6.1 Summary of GC-MS volatile compound analyses of nine fleshy fruit samples
from the Coprosma genus. V. C. = Volatile Compound. R. I. =Retention Index
(relative quantity ofV.C in the fruit sample). Total # and range for whole data set.
Species abbreviations: Cop. rob, Coprosma robusta, Cop. rob x Cop. pro (hybrid), C.
robusta x C. propinqua, C.pro, C.propinqua, C. dec, C. decurva, C. ace; C. acerosa,
C. rug, C. rugosa, C. cheR, C. Cheesemanii red fruit, C. che W, C. cheesemanii white
fruit.

Fruit samples & colour Total # V.C Range ofV.C. quantities
#V.C:
R.I> 106

Cop rob red-orange 165 100,091 - 26,880,906 50

C.pro white 125 101,964 - 25,519,064 54

C. rob x pro white 137 100,219 - 24,138,810 45

C. dec red 154 100,695 - 65,837,544 45

C.tay pale-yellow 136 102,070 - 11,933,381 48

C. ace pale-blue 129 101,051 - 380,639,840 54

C. rug pale-blue 183 100,920 - 75,996,640 52

C. cheR red 151 100,854 - 138,827,792 56

C. cheW white 146 101,656 - 102,571,144 52

Analysis ofthe refined data set (121 compounds) revealed that there were 15

compounds shared by all fruit samples. Each sample shared between 22 and 51

compounds with the other samples (Table 6.2). Coprosma robusta had three volatile

compounds which were unique to that species alone. A further compound was found

only in C. robusta and C. rugosa. There were two compounds that occurred in all

samples except C. robusta. The two fruit-colour morphs of C. cheesemanii differed in

the presence of only five compounds as would be expected. Most, but not all

compounds found in the hybrid species were found in either or both ofthe parent

species. Figure 6.2 graphically presents the five compounds which occur in the greatest

amounts in each sample, and their quantity in all other samples.
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Table 6.2 Shared volatile compounds in all nine samples of Coprosma fruit. Numeric
entries represent the number of compounds common to each pair of samples. For
species abbreviations refer to Table 6.1 Colour categories associated with putative
dispersal syndromes indicated for each r/ro = red and red-orange fruit (bird dispersal)
and w/pb = white and pale fruits (lizard dispersal)

hybrid C.pro C. dec C. tay C. ace C. rug C. cheR C. cheW

C. rob
31 28 22 25 22 31 25 24

(r/ro)

hybrid
39 34 34 31 24 29 29

(w/pb)

C.pro
33 31 29 25 28 29

(w/pb)

C. dec
28 39 34 38 39

(r/ro)

C. tay
26 32 27 26

(w/pb)

C. ace
42 38 39

(w/pb)

C. rug
43 42

(w/pb)

C. cheR
51

(r/ro)

The main classes of compounds in C. robusta were benzene derivatives and alkanes. C.

robusta contained less than five terpenoid compounds. C. propinqua and the C.

propinqua x C. robusta hybrid contained benzene derivatives, acids, and between five

and ten terpenoid compounds. C. tayloriae contained between five and ten terpenoid

compounds, and acids. C. rugosa, C. acerosa and C. cheesemanii (both fruit colours)

contained mostly terpenoid compounds (> 20); C. decurva also contained mostly

terpenoid compounds (> 10). There were no compounds that defined the fruit colour

categories of red/red-orange or white/pale-blue or the individual colours of red, red

orange, white or pale blue.
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Figure 6.1 Graphic representation ofthe most abundant identified volatile compounds
(V.C), in each fruit sample, and their amount in all other fruit samples. The V.C are
classed to indicate general, potential odour types. The size of the dot represents the
relative quantity of each compound For species abbreviations refer Table 6.2.

100000 - 1 X 106 =. 1,000,001-1 X 107 = • 10,000,001- 5 x 107 =.
50,000,001-lxl08=• 100,000,001 - 4 x 109 = •

V.C&
C. rob hybrid C.pro C.dec C. tay C. ace C. rug C. cheR C. cheW

CLASS

ALCOHOL • • • • • •• •ethanol

4 & 5-2
cyclopente • • • • • • • • •n-l-01

TERPENOID • • • e •a-pinene • •
sabinene • e e • •

• • •p-myrcene • • • •
D,L- • • • • • • • e e
limonene

eucalyptol e • • • •

terpinolene • • • • • •
ESTER

• • e • e • • •-l-trimethyl- •
pentylester

3-propane- • • • •
diyl-ester • • •
2-methyl,1- •
propalester • • • • • • • •
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6.4 DISCUSSION

The identification of aroma in fruit is considerably more complex than the identification

ofthe volatile compound content. This study has merely taken the first necessary step,

required to identify the volatile compounds that are discernable to skinks. The

identification of preferences and dislikes of lizards, for particular aromatic compounds

is a long way off.

There analysis of single compounds showed that there were no volatile compounds

associated solely with fruit from the colour categories of red/red orange or white/pale

blue. The volatile compound profile for the red-orange fruit of C. robusta did however

differ in several ways from the profiles of all other samples. C. robusta had fewer

terpenoid compounds than all other samples. It lacks two terpenes, found in all other

samples, with low thresholds (are more flavour active) for distinctive mint and pine like

aromas. The two largest M.S. peaks in C. robusta are alcohols, which on the whole

have higher thresholds than esters, aldehydes and terpenoids. The benzenes and alkanes

which constitute the majority of compounds in C. robusta are not flavour active. As

expected C. robusta shares the most compounds with the hybrid species, bur

interestingly shares just as many with C. rugosa as with any other sample. Three esters

occur in large amounts in many of the samples, but much less so in C. robusta (Figure

6.2).

The aroma generally termed "fruity' is ascribed to the presence of esters. Esters

occur in all samples in this research but particularly in Coprosma decurva, they are

notably lacking in C. robusta and in C. rugosa. Terpenoid compounds are the most

common compounds in the Acerosae (c. rugosa and C. acerosa) and C. cheesemanii.

The aromas ofterpenoid compounds encompass the broad range of descriptions from

herbal and spicy, to mint, camphor and pine like. The odour of alcohols is dependent on

the derivation of the compound. Benzenes may be aromatic, but not the type found in

C. robusta.

The two fruit colours of C. cheesemanii share more compounds with each other than

with any other sample but they are not identical. Three alcohols; ethanol, decanol, and

menthol, are found in the red fruit but not in the white, whilst styrene is found in the

white fruit but not the red. Of these alcohols, only ethanol has retention index> 1 x 106

in the red fruited C. cheesemanii. As discussed above, alcohols on the whole have

relatively high aroma thresholds.
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Most discussions on the aromatic properies of fruit are confined to anthropogenic

interpretations. Aroma in humans is a subjective sensation and the difference in odour

detection capabilities between humans and lizards are likely to cause significant

differences in discriminatory abilities. It is likely that lizards recognize more volatile

compounds than humans are able to detect as odours.

Nasal olfaction and vomerolfaction are just two systems designed to taste

environmental chemical cues for food and mates in lizards. Surgical elimination of

lingually mediated odour detection has demonstrated the importance of this ability in

lizards (Halpern, 1992). Lingual mediation ofplant chemical odour occurs in

omnivorous and herbivorous taxa in the Lacertilia (lizards and snakes). Omnivoryand

facultative frugivory occurs in many taxa, including geckoes but most commonly in the

lacertids and skinks. Lingual mediation ofprey chemicals has been demonstrated in

insectivorous diurnal skinks but it was demonstrated that visual cues were of primary

importance, and that very strong odour cues were required to facilitate the recognition of

prey chemicals by odour detection alone (Nicoletto, 1985). The ability to distinguish

prey or plant odour and the utility of this function is unknown Oligosoma skinks.
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CHAPTER SEVEN

GENERAL DISCUSSION

The mutualism between fleshy-fruited plants and the animals that ingest the fruit and

disperse the seeds differs in fundamental ways from the mutualism between many plants

and their pollinators in (Wheelwright & Orians, 1982, Herrera, 1985; Kelly et al. 2004).

These differences have on the whole, resulted in generalised associations between fruits

and frugivores. The frugivore assemblage for any flora, is likely to be dynamic, and

composed of many species with varying preferences and functional abilities; this may

contribute to the lack of consistent selection on the evolution of fleshy-fruit traits, and

fruiting related traits, which would be required for the formation of tightly specialized

relationships (Herrera, 2002).

There is evidence, however, that frugivores could exert selective pressure on the

evolution and/or maintenance (Reeve & Sherman, 1993) of fleshy fruit and fruiting

related traits (Moermond & Denslow, 1983; Eby, 1998; Giles & Lill, 1999; Lord, 2004).

If fleshy-fruit traits have been influenced by frugivores at all, then it is likely to be via a

guild of frugivores, defined by their similarities in functional attributes, such as gape

size, visual sensitivity, and ability to access fruit, as opposed to being defined by single

species associations or taxonomic affiliation.

Fruit preferences, of a range of frugivores, have been demonstrated for a number of

variables such as size, shape, and colour and there is evidence that fruit choice will be

influenced by more than one variable (Nicolletto, 1985, Giles & Lill, 1999). It is

therefore, possible to predict a suite of fruit and fruiting related traits that might be

expected, given the functional, foraging abilities, of the dominant assemblage of

frugivores.

The discrete and predominantly, terrestrial mammal-free environment of Aotearo

New Zealand provides an opportunity to study the role of diumallizards as frugivores

and seed dispersers. It has been proposed that white and pale coloured fleshy-fruits

have evolved in the shrubby flora ofNew Zealand in response to lizard frugivory.

However, before the relationship between the colour of fleshy-fruit and lizard frugivory

in New Zealand can be considered as an evolutionary mutualism it is necessary to

establish that lizards posses the physical capabilities that would enable them to
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discriminate colours, that they primarily use visual cues in fruit selection tasks, and that

they prefer some of the fleshy-fruit available to them. By testing these predictions this

dissertation has contributed to the understanding of saurochory in New Zealand and the

potential role ofdiurnal lizards in the evolution of fleshy-fruit traits. The remainder of

this chapter will summerise the principle findings ofthis research and discuss these in

relation to the significance of fruit colour in fleshy-fruited plants.

Colour vision andfruit selection by lizards

The morphological and physiological structures and pathways necessary for colour

vision have been identified in several lizard genera (Roll, 2000b and 2001a) and colour

vision in diurnal lizards has been demonstrated empirically (Cooper & Greenberg,

1992). It is my contention that the conditions for complex colour vision exist, at least in

the diurnal skinks in New Zealand, if not the nocturnal, based on its wide spread utility

in closely related species. In order to confirm this prediction further behavioural and

fatal experimentation will be necessary. Visual sensitivity is not, in itself, enough to

infer an adaptive relationship between fruit colour and frugivore preference, however it

is a necessary condition.

The range of hue, lightness and chroma levels in fleshy-fruit can complicate

definitions of colour and deductions offrugivore preferences. Hue is known to be of

primary importance in fruit preferences in birds (puckey et al., 1998). In lizards,

brightness is implicated in mate choice in Holbrockia maculata (Hager, 2001), but was

discounted as a cue in chromatic discrimination by an anoline lizard (Fleishman &

Persons, 2001). Brightness and! or hue were found to be important in fig choice in a

cordylid lizard, with red fruit being preferred over white fruit (Whiting & Greff, 1997).

Saturation (chroma) ofcolour was found to be important for mate choice in

Ctenophorous ornatus (Barbour et al., 2002).

The two fruit colour categories employed in this research to investigate the

predictions of fruit colour preference are based on hypothesis, in the literature, that

relates frugivory by birds to red and red-orange fruits and frugivory by lizards to white

and pale fruits (Whittaker, 1987; Lee et al.,1994). Weatherall & Lee (1991) recorded

the CIE colour measurement for many of the Coprosma species used in this research.

There are fundamental differences in the colour categories. The white and pale species

have a higher average brightness to the red and red-orange fruits but as the variation
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within the fruit colour categories is large, there is no significant difference in this

variable between the colour categories. The chroma levels for the two colour categories

are however much less variable and significantly different to each other. The white and

pale fruits in this research are similar in having low chroma levels compared to the red

and red-orange fruit. Therefore, brightness can be discounted as a confounding factor in

the fruit-colour preferences exhibited in this research

Willson and Whelan (1990) proposed several predictions derived from the theory

that fruit colour is adaptive in fostering (avian) frugivory, amongst them they suggest

that fruit colours enhance the conspicuousness of fruit crops. Fruit conspicuousness is a

product of both fruit colour, and background colour on which the fruit are presented.

The juxtaposition of red fruit against green leaves is the most conspicuous of all colour

combinations (the greatest difference between the colours) of fruit and leaves in

Coprosma in New Zealand, and though not as great, contrast does exist between white

and pale fruit in their background of small leaved and divaricate shrubs (Lee et al.,

1994). The results of the pilot trials in this research demonstrated that the background

colour on which the fruit were presented was of primary importance. White fruit on a

white background presented no contrast and as might be expected, fruit were

approached less often than the red and red-orange fruit on a white background. In order

to test for a fruit colour preference in a more biologically relevant context, it was judged

important to present both fruit colour categories on a contrasting background.

Background colour was also found to influence colour preference of fruits in lizards

(Vasconcello-Neto et al., 2001) and birds (Giles & Lill, 1999), fruit conspicuousness is

obviously important for visually foraging animals.

Do lizardsexhibit fruit preferences?

The result of the in-situ fruit choice trials, where Oligosoma grande skinks were offered

the choice of red and white fruit from Coprosma cheesemanii, is compelling support for

the prediction that lizards have a preference for white and pale fruits over red and red

orange fruits, based on fruit colour. The results of the number of fruit eaten in the

laboratory experiments were less convincing; they not support the prediction. There

results of the "approach" responses of the lizards are consistent with the prediction of a

fruit colour preference for white and pale fruits. One might expect a generalist forager

to inspect, and sample a range of food items in feeding experiments, and it is no surprise
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that fruit from all species, from both colour categories were approached and eaten by the

skinks over the course of the experiments. However, the probability that the skinks

were more likely to return to white and pale fruit after approaching red or red orange

fruit is consistent with the prediction that they prefer white and pale fruits, despite their

generalist feeding mode.

There are many potential difficulties when experimenting with wild caught animals,

for instance only when using laboratory bred animals can preferences, unaffected by

past experience, be established (Benes, 1969). Colour choices are contextual (Endler

1990; Gamberale-Stille and Tulberg, 1991; Willson and Whelan, 1990) and the isolation

of foraging choices from a normal environment in laboratory based research may

provide less biologically important information. The incongruities between the results

ofthe in and ex-situ experiments seen in this research are not unique (Willson & Comet,

1993).

Within the open grass and shrubland habitats, which are home to many lizards in

New Zealand, are a variety of fleshy-fruits produced on herbs, sub-shrubs and shrubs.

Across the entire geographic range of lizards in New Zealand, these fruits come in all

colours (Lord & Marshall, 2001). The colours of fleshy- fruit recorded within the

Redbank Reserve field site are: red, orange, pale yellow, pink, and blue, both opaque

and translucent white, and bi-morphic, with white and dark blue/purple. The fruit of

different species were not found in equal proportions amongst the lizard scat in this

study. Tocher (2003) suggested that 0. otagense may be specialising on some fruit

types available to them, and the tendency for lizards to concentrate their feeding on a

few of the available plants has been recorded in other species (Dubas & Bull, 1991;

Valido et al., 2003; Herrel et al. 2004). The results of this field work support the

prediction that as generalist omnivores, lizards do eat a variety of fruit from different

species but, in many cases, they feed on a suite of the available fruits.

The preference ratio constructed in this research demonstrates that the two most

preferred fruits Melicytus alpinus and the Coprosma rugosa/ tayloriae group were not

from the most common plant species, and the second most abundant plant species

(Pentachondra pumila) contributed little fruit to the diets of lizards at this site. Rocha

(2000) also found an omnivorous Tropidurid lizard, specializing on certain plants; the

four plant species most often found in lizard stomachs were not the most frequent plants

in the habitat.
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The distribution of shrubs such as Coprosma and Melicytus alpinus at the field site was

patchy, yet their fruit was found consistently, and in large quantities in lizard scat.

Shrubs and sub-shrubs produce more fruit per meter than do the fleshy-fruited herbs

such as Leucopogon, Pentachondra and Gaultheria, and it may be energetically

profitable for omnivorous lizards to move to a plant with a large quantity of fruit, and

feed in one place (Tocher, 2003). Female Oligosoma grande were recorded traveling

substantial distances to reach fruiting shrubs (Eifler & Eifler, 1999b), as were

omnivorous sleepy lizards, in Australia (Dubas & Bull, 1991). The results of these trials

indicate that lizards do exhibit preferences in the field, for a suite of the plants available

to them. The most favoured fruits in this research are white or pale coloured fruit,

consistent with the prediction of a preference for the putative "lizard dispersed" fruits.

Is fruit odourimportant in fruit selection?

The prediction addressed in chapter four was that lizards use aroma cues as opposed to

visual cues in fruit choices. Odour in humans is a subjective sensation produced by

olfactory recognition of volatile, aromatic compounds. Odour is assessed in lizards by

at least the olfactory and vomeronasal systems. The development and use of nasal

chemical detection within the lacertilia is variable. The ascalabota (i.e. Chameleons,

Gekkos, Agamids, Iguanas and Xantusids) generally depend more on vision than odour,

but the autarchoglossa (Scinicidae, Lacertidae, Varanidae, and all other lizards) appear

to rely widely on both vision and odour in the identification of mates and food (Halpern,

1992). The ability of lizards to identify plant chemical cues is associated with diet. The

carnivorous/ insectivorous lizards appear unable to discriminate plant chemicals

(Cooper, 2002 and references therein). Omnivorous and herbivorous lizards are known

to detect and discriminate between odours of different food-item types including fruit

and invertebrate prey and are able to recognize fruit items by odour alone (Cooper,

2000; Cooper & Habegger, 2000, Cooper & Perez-Mellado, 2001). The utility of aroma

cues in the foraging decisions ofomnivorous Oligosoma skinks in New Zealand is

unknown.

It was predicted that if skinks use odour cues to discriminate between different fruit

samples then they will approach fruits concealed from view, in a non-random fashion.

The results of the fruit-odour feeding trials demonstrated that the skinks avoided

Coprosma robusta. This could have resulted from either the odour of C. robusta not
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being as strong as the competing odours from the other fruits samples offered, or a

dislike of the aroma produced by C. robusta, or a preference for the aroma from the

other fruit sample. The results of the volatile analysis did demonstrate fundamental

differences in the volatile compound profile of C. robusta, from the subgenus Coprosma

compared to the other fruit samples from the subgenus Microcoprosma. The volatile

compounds that dominated the profile of C. robusta were alkanes, which are non

aromatic, and benzene derivatives, which in this sample were the non-aromatic type.

This supports the explanation that the non-random movement away from C. robusta, by

the animals, was due to the lack of discernable odour. The proposition, however, that C.

robusta fruit has no odours that are detectable by lizards can only be verified with

further and more sophisticated volatile compound analyses and behavioural experiments

which were beyond the scope of this dissertation.

The fruit-odour feeding trials which offered fruit samples from the subgenus

Microcoprosma, concealed from view, resulted in random approaches to the fruit

samples by the animals. This could be explained by either, a lack of discernable odour

in any of the fruit samples, or lack of preference for the aromas of these fruit samples.

The results of the volatile compound analyses of these fruits indicates that they do have

aromatic compounds (aromatic to humans at least) which supports the explanation of

lack of preference for the odours, by the skinks, as opposed to a lack of odour in the

fruit samples.

The combined results of the volatile profile analyses and the fruit odour feeding

trials are consistent with the hypothesis that Oligosoma skinks are able to detect fruit

aroma, demonstrated by their preference for the aromatic, terpenoid and ester dominated

Microcoprosma when offered as a choice with the red-orange subgenus Coprosma

species, C. robusta. The ability to detect fruit odour is expected in omnivorous lizards,

given the ubiquity of this ability in all omnivorous lizards tested to date (Cooper, 2000).

Diurnal animals that depend primarily on small invertebrate prey for their food will rely

to a greater extent on vision than nocturnal animals, and may rely more on visual cues

than odour cues, which has been found with diurnal omnivorous lizards (Nicoletto,

1985; Whiting & Greeff, 1997; Vasconcellos-Neto et al., 2000). This research did not

directly test the relative roles of vision and odour in fruit choice by Oligosoma skinks

however the random responses of the skinks to fruit from the subgenus Microcoprosma,

C. rugosa, C. decurva, C. tayloriae and C. cheesemanii, suggests that fruit choices are
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not based on fruit odour. This could be due to either, a lack of preference for the aroma

of these fruits, or because the aroma of these fruits is qualitatively similar.

Coprosma robusta fruit were eaten during the fruit-colour feeding trials, as were

some fruit of all Coprosma species offered to the skinks. Given the disinterest shown

towards C. robusta fruit when concealed from view, it is reasonable to conclude that

visual cues dominate the decision making process in fruit selection by Oligosoma

skinks.

Is there a syndrome offleshy fruit traits that enhance lizardfrugivory in New

Zealand?

The largest endemic vertebrate genus, the diurnal Oligosoma skinks provide a small

gaped, colour sensitive and primarily, visually guided dispersal service. The evidence

of lizard densities on offshore predator free islands suggests they would have been an

abundant and diverse group of frugivores in open habitats from the coastal to montane

environments; perhaps more so than frugivorous birds in the environments ofNew

Zealand.

The three major endemic frugivorous birds listed in Clout & Hay (1989) are all

primarily forest dwellers. There is only one extant, minor frugivore, the rock wren

(Xenicus gilviventris), that habitually lives in an open habitat although some forest

dwelling birds such as the stitchbird (Notiomystis cincta) are found in dense shrubby

environments. There is also an extinct frugivore, Turnaga capensis, that lived in forest

and shrubby habitats, and fed on the ground, however this endemic bird was relatively

large and as such, less likely to access the fruit in divaricate plant species such as

Melicytus alpinus. Many of the endemic frugivorous birds have or had larger gapes (>

1.0 cm) and could eat fruit larger than 0.6 cm. (Clout and Hay, 1989) and it is likely that

larger gaped animals preferentially feed on larger fruits (McEwan, 1978). Lizards might

be expected to have provided the primary dispersal service in Aotearoal New Zealand

for small fruit on herbs, sub-shrubs and shrubs in open habitats. Although primarily

terrestrial skinks are easily able to access fruits up to about a meter from the ground

(Whitaker, 1987), an activity also seen in Podarcis lilfordi in the Balearic Islands

(Traveset, 1995). Lizards are important seed dispersers in other insular, open and

exposed communities (Traveset, 1995; Figueiria, 1994; Castilla, 1999, Olesen & Valido,

2003; Traveset & Riera, 2005).
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Lizards may also have provided a more consistent dispersal service for the low stature

plants in open habitats. In New Zealand, the major predators of lizards and smaller

birds would have been avian, as such, the amount of time available to small birds to

forage close to the ground, flying between plants with a patchy distribution, in exposed

environments, may have been constrained. Lizards are found to prefer shrub cover

(Valido & Nogales, 1994) and Oligosoma grande are found more often on tors with a

greater diversity of shrubs (Whitaker, 1996). This may be in part because shrubs and

sub-shrubs, especially the divaricates provide sheltered basking sites and refuges for

lizards (Valido and Nogaels, 1994; Tocher, 2003), providing protection from aerial

predators.

Patterns of habitat use, employed by different groups ofanimals, might be expected

to influence the deposition of seeds and produce different seed shadows (Saez &

Traveset, 1995; Valido & Nogales, 1994). The dispersal success of plants may be

dependent on the fauna present in the area (Traveset, 1995) and lizards are known to

deposit seeds in suitable micro-sites for germination (Whitaker, 1987; Wotton, 2000;

Traveset & Riera, 2005). Directed dispersal has been considered particularly important

in dry, open habitats where lizards deposit seeds in moist micro-sites (Towns & Elliot,

1996). This may be more important for small seeded species as their ability to

withstand unfavorable conditions will be less than for large seeds. The home ranges of

Oligosoma grande (10's of square maeters) are centered around suitable crevices in

schist tors (Eifler & Eifler, 1999a), whereas volant birds will generally have much larger

territories (lOO's of square meters), especially in open habitats with a patchy distribution

of food. Therefore it is possible that seeds consumed by lizards are more likely to be

deposited in sheltered micro-sites associated with schist tors, suitable for germination,

than seeds consumed by birds and transported greater distances across suitable and

unsuitable habitats. The loss of lizard frugivores may lead to a reduction in fleshy

fruited plant abundance (Traveset & Riera, 2005).

The Oligosoma skinks are generalist omnivores, their diets are composed of

invertebrates from many families and the fruits form at least 10 species of plants with a

range of fruit colour. It seems unlikely that strong and consistent fruit preferences

would result from animals that have such catholic tastes. However the results from the

investigation of fruit choices in the field support the prediction of a preference for white
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and pale fruits and during the laboratory trials there were no occasions when the lizards

approached more red or red-orange fruit then white or pale blue fruit.

There is some support for the "lizard dispersal syndrome" in New Zealand. White

and pale fruits have been associated with lizard dispersal in New Zealand because of the

proportion ofthese colours amongst fruits known to be eaten by lizards, the incidence of

these fruit colours in shrubs, and the association between small fruits and white or pale

fruit colours (Lord & Marshall, 2001). This dissertation is amongst the first to present

the results of experiments conducted to test for fruit colour preference in diurnal skinks

in New Zealand, a necessary condition to propose a mutualism between frugivorous

lizards and fleshy-fruited plant species resulting in the evolution of pale fruits through

the colour preferences of diurnal lizards.

The importance of seed dispersal as a selective pressure on the evolution of fruit

traits may vary in different ecological circumstances (Willson 1983). The frugivore

assemblage in New Zealand is unique and in the open environments, the shrubs,

especially the divaricate shrubs, may have provided sufficient environmental conditions

to establish a mutualism between plants and lizards that has resulted in the evolution of

small, white and pale (low chroma) fruits within the plants of these environments. The

results of this research, on the whole, support the predictions that foraging by diurnal

lizards is primarily mediated by vision and that there exists, to some degree, a

preference for white and other low chroma fruits.
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ApPENDIX I: An abbreviated taxonomy of lizards including those of relevance to this
study (from Cooper and Vitt, 2002).

Class: Reptilia
Subclass: Anapsida

Order: Testudines - turtles
Subclass: Lepidosauria

Order: Rhyncocephalia - tuatara
Order: Squamata

Suborder: Sauria (Lacertillia) -lizards
Infraorder Iguania

Family: Agamidae - agamids
Chamealeonidae - chameleons
Polychrotidae
Phyrnosomatidae
Tropiduridae - tropidurids
Iguanidae - iguana

Infraorder: Gekkota
Family: Gekkonidae - geckoes

Pygopodidae - pygopods
Infraorder Scincomorpha

Family: Cordylidae - cordylids
Gerrhosauridae - plated lizards
Gymnophthalmidae - spectacled lizards
Teiidae - whiptails
Lacertidae - wall and sand lizards
Xantusidae - night lizards
Scincidae - skinks

Subfamily: Feylininae
Acontinae
Scincinae
Lygosominae

Genus: Oligosoma
Cyclodina

Infraorder: Diploglossa
Family: Anguidae - glass lizards

Anniellidae - american legless lizards
Xenosauridae - knob scaled lizards

Infraorder: Platynota
Family: Helodermatidae- gila monsters

Trogonophidae - shorthead worm lizards
Varanidae - monitor lizards
Lanthonotidae - Bornean earless lizard

Suborder: Amphisbaenia - worm lizards
Suborder: Ophidia (Serpentes) - snakes
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APPENDIX11: Phylogeny of representative lizard families, redrawn from Estes et al.
(1988) and Cooper and Vitt (2002)

CHAMAELEONIDAE

AGAMIDAE

POLYCHROITIDAE

IGUANIDA

TROPIDURIDAE

PHRYNOSOMATIDAE

GEKKONIDAE

PYGOPODIDAE

TEIIDAE

LACERTIDAE

AMPHISBAENIA

XANTUSIDAE

SCINCIDAE

GERRHOSAURIDAE

CORDYLIDAE

ANGUIDAE

XENOSAURIDAE

VARANIDAE
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