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" ... Plant a new Truffula. Treat it with care. 

Give it clean water. And feed it fresh air. 

Grow a forest. Protect it from axes that hack. 

Then the Lorax 

and all of his friends 

may come back." 

Dr. Seuss 1972 
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ABSTRACT 

The arrival of humans in New Zealand has caused a severe decline in the numbers of 

endemic avian species and their densities. Consequently, there is concern that 

pollination and dispersal services which birds carry out in New Zealand forests are 

under threat because of continued bird decline. Studies were conducted to identify 

whether pollinator and/or dispersal limitation was occurring in New Zealand lowland 

forests. Mainland sites (located between Wellington and Palmerston North) were 

compared to Kapiti Island, an island sanctuary. Kapiti Island supports large densities 

of endemic bird species and is used here as a "benchmark" to measure changes in 

pollinator and dispersal mutualisms on the mainland. 

Exclosure cages were constructed to determine how important birds were as pollinators 

and whether pollination limitation was occurring in two omithophilous (bird-pollinated) 

species (Metrosideros fulgens, Fuchsia excorticata) and two entomphilous (insect

pollinated) species (Dysoxylum spectabile, Geniostoma ligustrifolium). Some cages 

prevented all floral visitors, others excluded birds only, while control branches allowed 

all bird and insect visitation. Data was collected on bird visitation rates, nectar 

depletion, number of pollen grains deposited, pollen tube growth and fruit set. Birds 

and insects were important visitors to M. fulgens on Kapiti Island and at Kahuterawa 

Rd. Birds and insects also pollinated F. excorticata but bird pollination was reduced at 

Gladstone Rd and Akatarawa Rd compared with Kapiti Island. Birds were the main 

visitors to D. spectabile at both Kapiti Island and Wilton Bush. Birds were also 

important important pollinators of G. ligustrifolium, especially so at Lake Papaitonga. 

Overall, there was strong evidence for pollination limitation of F. excorticata on the 

mainland. Additionally, there was some evidence for pollination limitation of G. 

ligustrif olium as fruit set was low at all sites. Floral morphology was not able to predict 

whether birds or insects were the most imporant floral visitors. Birds are therefore, 

probably involved in the pollination of species which do not display omithophilous 

flowers. 
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The potential effects which pollinator limitation could have on the breeding systems of 

sexually dimorphic species was investigated. Some secondary sex characteristics 

(standing crop of nectar, the number of pollen grains on stigmas, pollen tubes in styles, 

flowering periods and fruit set) differed between the sexes of F. excorticata and G. 

ligustri.folium. It is suggested the plasticity of fruit set in male F. excorticata, G. 

ligustri.f olium and D. spectabile would enable them to respond to pollinator limitation. 

Pollinator limitation has apparently not yet led to sex ratio differences between 

populations. Most populations demonstrated a male bias which may have resulted from 

varying environmental conditions. 

Possible dispersal limitation of F. excorticata was tested at Kapiti Island, Gladstone Rd 

and Akatarawa Rd using caged branches which prevented bird dispersal and uncaged 

branches. On Kapiti Island, palms retained proportionally less ripe fruit compared to 

the mainland study sites and fruits were dispersed at a faster rate. The proportion of 

dispersed and undispersed Rhopalostylis sapida fruit was determined on Kapiti Island, 

Nikau Reserve and Manawatu Gorge. Again, a greater proportion of fruit was 

dispersed and at a faster rate on Kapiti Island. The fruit there suffered less pre-dispersal 

predation from the endemic caterpillar Doxophyrtis hydrocosma. Although R. sapida 

seedling transects showed seedlings were common, there was strong evidence for 

dispersal limitation of R. sapida as well as F. excorticata on the mainland. Dispersal 

limitation could thus, be adversely affecting plant-disperser mutualisms by reducing the 

ability of species to disperse to new sites and reducing the efficiency of forest 

regeneration. 

The pollination and dispersal services which are carried out by endemic birds suggests 

their continued decline could be causing pollination and/or dispersal limitation. It is 

essential to address the problems of declining bird densities to ensure the perpetuation 

of New Zealand forest ecosystems. 



Acknowledgements v 

ACKNOWLEDGEMENTS 

This thesis would never have been completed without financial support, and I gratefully 

acknowledge help from the Robert Bruce Trust, Coombs Memorial Bursary, Massey 

University Research Fund, the Department of Ecology and Massey Masterate 

Scholarship Fund. 

Secondly, I would like to thank my primary supervisor Dr. Alastair Robertson, who 

gave me the opportunity to undertake a fascinating and challenging project. Alastair's 

dedication and enthusiasm to the topic of pollination biology were an inspiration. 

I would like to acknowledge the support from other post-graduate students at Massey 

University. Thanks to my field assistants; Jo Poulton, Angus Fordham, Mike Joy, 

Chris "monkey boy" Braush, Graeme "to the rescue" Franklyn, Johnny "watch that 

tree" Horrox, Cathy Lake, Andrew "Barney Rubble" White, Pete "Meat Feet" 

Russell, and Chris Guy for their help and good company during the many months of 

fieldwork. Cheers to Brent Stephenson who magically transformed my hand-drawn 

maps into masterpeices. 

I would like to extend a big thank you to Ashley Sparrow (Canterbury University) who 

provided invaluable statistical advice. 

I am very appreciative of support from the Department of Ecology staff including 

Barbara Just, Erica Reid, Jodi Matenga, Dr. Gill Rapson, Peter van Essen, Dr. Isabel 

Castro and especially Dr. Ed Minot for his constructive comments on the drafts. 

I would like to thank the Department of Conservation staff on Kapiti Island, who 

permitted me to do fieldwork in one of the most beautiful places in New Zealand. 

Special thanks to Pim "the boat isn't coming" de Monchy for his interest and support 

for my work. Thanks also to Guy "macpac man" Vickers and Angus Fordham, whose 

photographic records prove I actually did everything in my thesis I claimed to have 

done! Also to Mary and Derek "come up any time" Williams for their endless cups of 



Acknowledgements vi 

tea and for letting me use their video player to watch hours of exciting flower videos. 

The generosity extended by Anita and Chris Hollis who ensured my car was left in safe 

hands during the many trips to the island (and also ensured their lawn was tom up every 

time .. . ') 

I am grateful to my long suffering flatties; Phil "Metrosideros man" Knightbridge for 

his comments on the drafts, Julian "eider boy" Verkaaik for his warped sense of 

humour and sketches throughout the thesis, and to Kathryn "I'm sorry" Knightbridge 

for her general support and good nature. 

Thanks to my Uncle "I'm here to entertain you" Royce and Auntie "come and stay" Fay 

for their kindness and generosity, especially when I was muddy, wet and tired. Special 

thanks to my partner Mike "no stress" Williams, whose never ending encouragement 

and bewilderment at my interest in the sex life of flowers was a breath of fresh air 

during the fieldwork and writeup. And to my Mum, Dad and sister (Prue "mum's 

always worry", Barry "fix that car" and Heather "that's why we're twins" McNutt) 

who always believed in my abilities and were always there whenever I needed them -

thankyou. 



TABLE OF CONTENTS 

ABSTRACT. 

ACKNOWLEDGEMENTS. 

LIST OF F1GURFS. 

LIST OF TABLES. 

Table of Contents vii 

Page iii 

v 

x 

xii 

Chapter One: Overview of the mutualistic processes of pollination and 

fruit dispersal: how valuable are they to ecosystems? ______ I 

1.1. POLLINATION ................................................................................................. 2 

1.1 .1. Floral characteristics of New Zealand plants. 

1.1 .2. Floral reward. 

1.1.3. The importance of bird pollination in New Zealand. 

2 

3 

3 

1.2. DISPERSAL ...................................................................................................... 5 

1.2.1 . Fruiting characteristics of New Zealand plants. 

1.2.2. The importance of bird dispersal in New Zealand. 

1.3. THE DECLINE OF NEW ZEALAND BIRD SPECIES 

5 

5 

AND DENSITIES .........................................•...........•..................•.......•...........•• 7 

1.4. POLLINATION AND DISPERSAL: 

TWO MUTUALISTIC PROCESSES ...............•.........•................•..................... 8 

1.4.1. Pollination and dispersal mutualisms are analogus: or are they? 8 

1.4.2. Effects of the loss of mutualisms. 9 

1.4.3. Pollination services and pollinator effectiveness. 12 

1.4.4. Compensatory mechanisms. 13 

1.5. THE USE OF KAPITI ISLAND ............................•.................................••...•.... 15 

Chapter Two: Reduced binl abundances and pollinator limitation in New 

Zealand forests 17 

2.1. INTRODUCTION .........................................•..........•..............••...•.................... 18 

2.2. J.\.-IETHODS .•.••..•....•.•••..•••••••.•.•••....•...••••...•.••••••••..•••••.••••...•••.•..•.••••••.•........•....•• 21 

2.2.1. Species and site selection. 21 



Table of Contents viii 

2.2.2. Species descriptions. 24 

2.2.3. Site descriptions. 25 

2.2.4. Pollinator services. 29 

2.2.5. Statistical analysis. 34 

2.3. RES UL TS .......................................................................................................... 35 

2.3.1. Metrosideros fulgens . 

2.3.2. Fuchsia excorticata. 

2.3.3. Dysoxylum spectabile. 

2.3.4. Geniostoma ligustrifolium. 

35 

36 

37 

44 

2.4. DIS CUSSI 0 N .....................•.............................................................................. 54 

2.4.1. What carries out pollination services and where? 54 

2.4.2. Bird decline and pollinator limitation. 55 

2.4.3. Compensatory mechanisms. 57 

2.4.4. Availability of resources. 59 

2.4.5. The reliability of bird pollination. 60 

2.4.6 Floral morphology as a predictor of pollinator service. 61 

2.4.7. The value of island-mainland comparisons. 62 

Chapter Three: Secondaiy sex characteristics and pollinator limitation in 

sexually dimorphic plants. ______________ 63 

3.1. INTRODUCTION ............................................................................................. 64 

3.2. METHODS ........................................................................................................ 67 

3.2.1. Species and site selection. 67 

3.2.2. Sex ratios. 68 

3.2.3. Flowering periods. 68 

3.2.4. Nectar depletion. 69 

3.2.5. Pollen counts. 69 

3.2.6. Pollen tubes. 70 

3.2.7. Fruit set. 71 

3.2.8. Statistical methods. 71 



Table of Contents ix 

3.3. RESULTS .......................................................................................................... 72 

3.3.1. Fuchsia excorticata. 

3.3.2. Geniostoma ligustrifolium. 

3.3.3. Dysoxylum spectabile. 

72 

73 

82 

3.4. DISCUSSION .................................................................................................... 85 

3.4.1. Gynodioecey and secondary sex characteristics. 

3.4.2. Sex ratios . 

85 

88 

Chapter Four. Evidence for dispersal limitation in Fuchsia excorlicata and 

Rlwpmosty lis sapida: are dispersal mutualisms being hindered by reduced 

4.1. INTRODUCTION ............................................................................................. 94 

4.2. METH 0 DS ........................................................................................................ 96 

4.2.1. Species and site selection. 96 

4.2.2. Site descrption. 99 

4.2.3. Fuchsia excorticata. 100 

4.2.4. Rhopalostylis sapida. 101 

4.2.5. Fruit dispersers. 104 

4.2.6. Statistical methods. 105 

4.3. RESULTS .......................................................................................................... 106 

4.3.1. Fuchsia excorticata. 

4.3.2. Rhopalostylis sapida. 

106 

113 

4.4. DISCUSSION .................................................................................................... 125 

4.4.1. Dispersal limitation of Fuchsia excorticata fruit. 

4.4.2. Dispersal limitation of Rhopalostylis sapida fruit. 

4.4.4. The effect of disperser limitation on New Zealand dispersal 

mutualisms. 

125 

126 

130 

REFERENCES .......................................................................................................... 133 



List of Figures x 

LIST OF FIGURES 

2.1. Map of mainland study sites. 

2.2. Map of Kapiti Island study sites. 

2.3. Amount of sugar in the nectar of M. fulgens flowers according to 

treatment and site. 

2.4. Amount of sugar in the nectarof F. excorticata flowers according to 

treatment and site. 

2.5. Number of pollen grains deposited on the stigmas of 

F. excorticata flowers grouped by treatment and site. 

2.6. Number of pollen tubes in F. excorticata flowers grouped 

Page 

22 

23 

39 

40 

41 

by treatment and site. 42 

2.7. Peak bud: fruit ratio of F. excorticata grouped by treatment and site. 43 

2.8. Amount of sugar in the nectar of D. spectabile flowers grouped by 

treatment and site. 

2.9. Amount of sugar in the nectar of G. ligustrifolium flowers grouped 

by treatment and site. 

2.10. Number of pollen grains deposited on G. ligustrifolium stigmas 

grouped by treatment and site. 

2.11. Number of pollen tubes in G. ligustrifolium flowers grouped 

by treatment and site. 

47 

48 

49 

50 

2.12. Fruit set of G. ligustrifolium according to treatment and site. 51 

3.1. Average number of open flowers as a proportion of buds and flowers 

during the flowering period of male and female F. excorticata. 74 

3.2. Amount of sugar in the nectar of male and female F. excorticata 

flowers at two sites. 75 

3.3. Number of pollen grains on stigmas of male and female F. excorticata 

at two sites. 76 

3.4. Number of pollen tubes in male and female F. excorticata flowers at two 

sites. 77 

3.5. Peak bud: fruit ratio of male and F. excorticata at two sites. 78 



List of Figures xi 

3.6. Amount of sugar in the nectar of male and female G. ligustrifolium 

flowers at two sites. 79 

3.7. Number of pollen grains on male and female G. ligustrifolium stigmas at 

two sites. 

3.8. Number of pollen tubes in male and female G. ligustrifolium flowers at 

two sites. 

81 

83 

4.1. Map of mainland study sites. 97 

4.2. Map of Kapiti Island study sites. 98 

4.3. R. sapida fruit catching hoop. 103 

4.4. Dispersal of F. excorticata fruit on Kapiti Island. 109 

4.5. Dispersal of F. excorticata fruit at Gladstone Rd. 110 

4.6. Dispersal of F. excorticata fruit at Akatarawa Rd. 111 

4.7 Proportion of R. sapida fruit caught in categories relating to ripening and 

pre-dispersal damage at Nikau Reserve,Manawatu Gorge and 

Kapiti Island. 118 

4.8. Number of R. sapida fruit caught over time at three sites 119 

4.9. Distribution of R. sapida seedlings around parent palms at Manawatu 

Gorge. 120 

4.10. Distribution of R. sapida seedlings around parent palms at Lake 

Papaitonga. 121 

4.11. Distribution of R. sapida seedlings around parent palms on Kapiti Island. 122 

4.12. Showing the total number of R. sapida seedlings per quadrat for 4x50m 

transects from parent palms. 123 



List of Tables xii 

LIST OF TABLES 

2.1. Summary table of sites, species and data collected. 

2.2. Average visitation rate per flower per hour of birds and insects to 

M. fulgens, F. excorticata, D. spectabile and G. ligustrifolium 

at mainland sites and Kapiti Island. 

2.3. ANOVA of bird and insect visitation to M. fulgens, F. excorticata, 

Page 

21 

38 

D. spectabile and G. ligustrifolium at mainland sites and Kapiti Island. 38 

2.4. ANOV A of the effects of site, tree, treatment and site*treatment 

interaction on the amount of sugar in M. fulgens flowers. 39 

2.5. ANOV A of the effects of site, tree, treatment and site*treatment 

interaction on the amount of sugar in F. excorticata flowers. 40 

2.6. ANOV A of the effects of site, tree, treatment and site*treatment 

on the number of pollen grains deposited on stigma of F. excorticata 

flowers. 41 

2.7. ANOV A of the effects of site, tree, treatment and site*treatrnent 

interaction on the number of pollen tubes in F. excorticata flowers. 42 

2.8. ANOV A of the effects of site, tree, treatment and site*treatment 

interaction on the peak bud:fruit ratio of F. excorticata. 

2.9. ANOV A of the effects of site, tree, treatment, flower, treatment* site 

interaction, treatment*flower and site*treatrnent*flower interaction on the 

43 

amount of sugar in the nectar of D. spectabile flowers. 47 

2.10. ANOV A of the effects of site, tree, treatment, site*treatment 

interaction on the amount of sugar in the nectar of G. ligustrifolium 

flowers. 48 

2.11. ANOV A of the effects of site, tree, treatment, site*treatment 

interaction on the number of pollen grains deposited on 

stigmas of G. ligustrifolium flowers . 49 

2.12. ANOV A of the effects of site, tree, treatment, site*treatrnent 

interaction on the number of pollen tubes in G. ligustrifolium flowers. SO 



List of Tables xiii 

2.13. AN OVA of the effects of site, tree, treatment, site*treatment interaction 

on the fruit set of G. ligustrifolium. 

2.14. ANOV A of the effects of site, tree, treatment, site*treatment interaction 

on the fruit set of G. ligustrifolium using a GLM with binomial error 

distribution and logit link function. 

2.15. Summary table whether site and treatment significantly effected the 

results from the caged treatments on Kapiti Island and mainland sites 

for each species. 

3.1. Summary table of sites, species and data collected. 

3.2. ANOV A of effects of site, sex and site*sex interaction on the amount 

of sugar in the nectar of male and female F. excorticata flowers. 

3.3. ANOV A of effects of site, sex and site*sex interaction on the number 

of pollen grains on male and female F. excorticata stigmas. 

3.4. ANOV A of effects of site, sex and site*sex interaction on the number 

of pollen tubes in male and female F. excorticata flowers . 

3.5. ANOV A of effects of site, sex and site*sex interaction on the peak 

bud:fruit ratio in male and female F. excorticata. 

3.6. Sex ratios of G. ligustrifolium plants. 

3.7. ANOV A of effects of site, sex and site*sex interaction on the amount 

of sugar in the nectar of male and female G. ligustrifolium 

flowers at Kapiti Island. 

3.8. ANOV A of effects of site, sex and site*sex interaction on the 

amount of sugar in the nectarof male and female G. ligustrifolium 

flowers at Kahuterawa Rd on first sample date. 

3.9. ANOV A of effects of site, sex and site*sex interaction on the 

amount of sugar in the nectar male and female G. ligustrifolium flowers 

at Kahuterawa Rd on second sample date. 

3.10 ANOV A of effects of site, sex and site*sex interaction on the number 

of pollen grains on male and female G. ligustrifolium stigmas. 

3.11. ANOV A of effects of site, sex and site*sex interaction n the number 

of pollen tubes in male and female G. ligustrifolium flowers. 

52 

52 

53 

67 

75 

76 

77 

78 

79 

80 

80 

80 

81 

83 



List of Tables xiv 

3.12. Sex ratios of D. spectabile trees. 

4.1. Sites and number of F. excorticata and R. sapida trees used at each site. 84 

4.2. Average bird visitation rates per fruit per hour of birds to F. excorticata 108 

at Gladstone Rd, Akatarawa Rd and Kapiti Island. 

4.3. ANOV A table of bird visitation to F. excorticata. 108 

4.4. AN OVA table of tree, date, treatment, data*treatment interaction on the 

proportion of ripe and unripe F. excorticata fruit in caged and uncaged 

treatments at Kapiti Island, Gladstone Rd, and Akatarawa Rd. 112 

4.5. Average bird visitation rates per fruit per hour of birds to R. sapida three 

sites. 116 

4.6. ANOV A table of bird dispersal rates of R. sapida fruits at three sites. 116 

4.7. Proportion of R. sapida fruit attacked by Doxophrytus hydrocosma at 

three sites. 

4.8. Proportion of ripe R. sapida fruit removed per day at three sites. 

117 

117 




