Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



Breeding systems and reproduction of indigenous

shrubs in fragmented ecosystems

A thesis
submitted in partial fulfilment

of the requirements for the degree of

Doctor of Philosophy
in
Plant Ecology
at

Massey University

by
Merilyn F Merrett

€ MasseyUniversity
i

Palmerston North, New Zealand
2006




Abstract

Sixteen native shrub species with various breeding systems and pollination syndromes
were investigated in geographically separated populations to determine breeding
systems, reproductive success, population structure, and habitat characteristics. Of the
sixteen species, seven are hermaphroditic, seven dioecious, and two gynodioecious.
Two of the dioecious species are cryptically dioecious, producing what appear to be
perfect, hermaphroditic flowers, but that function as either male or female. One of the
study species, Raukaua anomalus, was thought to be dioecious, but proved to be
hermaphroditic. Teucridium parvifolium, was thought to be hermaphroditic, but some
populations are gynodioecious. There was variation in self-compatibility among the four
Alseuosmia species; two are self-compatible and two are self-incompatible. Self-
incompatibility was consistent amongst individuals only in A. quercifolia at both study
sites, whereas individuals in A. macrophylla ranged from highly self-incompatible to
self-compatible amongst four study sites. The remainder of the hermaphroditic study
species are self-compatible. Five of the species appear to have dual pollination

syndromes, e.g., bird-moth, wind-insect, wind-animal.

High levels of pollen limitation were identified in three species at four of the 34 study
sites. Moderate to high levels of pollen limitation were evident in 50% of the gender
dimorphic populations compared with 31% of hermaphroditic populations. Melicope
simplex populations were female-biased in 14 study plots and successful fruit set was
influenced by combinations of male plant density, male flower numbers and distance to
the nearest pollen. Natural fruit set in wind-pollinated species was generally higher than
in animal-pollinated taxa. Populations of Coprosma spathulata were mostly male-
biased, and male plant density and proximity influenced natural fruit set, with a
correlation between low fruit set and low male density. Population recruitment was
evident in 32 of the 34 sites. In Pimelea arenaria, recruitment failure was widespread in
populations throughout the North Island despite high seed set. Gender ratios showed
variation from north to south, with a lower proportion of females with increasing
latitude. Many of the sixteen shrubs in this study show remarkable resilience to the
effects of fragmentation of natural ecosystems, and many of the species have benefited
from the creation of new edge habitat after perturbation — it may be that edges are

important refugia for some native taxa, especially shrubs.

1i



Acknowledgements

There are many people who have helped in a variety of ways during the research and
preparation of this thesis, and I would like to take this opportunity to thank the

following for their contribution.

[ am grateful to Landcare Research for providing the support and funding for me to
undertake this thesis as part of my work commitments, and in-kind support from
Massey University. [ am also grateful to have been able to have ‘close encounters’ with
a sample of our native shrubs and be amazed at the beauty, intricacy and variability of

their flowers, no matter how small.

I would like to thank my supervisors Dr Alastair Robertson of Massey University, Dr
Bill Lee of Landcare Research, Dunedin, and Dr Bruce Burns, Landcare Research,

Hamilton for their advice and support.

Many people have assisted with the large amount of fieldwork required for this thesis,
and [ would particularly like to thank Davis Lee, a retired amateur botanist who
enthusiastically accompanied me in the field as a volunteer on numerous occasions. I
am grateful to Paul Peterson, Landcare Research, Palmerston North, who helped with
field work in the central North Island, and with lab work. The following people assisted
in the field at one time or another during 3 years of field work: Katie Cartner, Donna
Worthy, Edna Leet, David Burnett, Cleland Wallace, Danny Thomburrow, Louise
Duncan, Neil Fitzgerald, Mark Smale, Diane Miller, Anne Lee, Corinne Watts, Craig
Briggs, Daniel Rutledge, John Shaw, John Stoddart, Sue Smith, and Michelle Parker. I
also thank Craig Briggs and Neil Fitzgerald who created maps of study sites, and David
Hunter and Neil Fitzgerald who helped with formatting photographs. Thanks also to

Greg Amold who has provided statistical support, and Anne Austin for editorial help.

[ would also like to thank family, friends and colleagues who have offered
encouragement and support over the past few years. Special thanks to my daughter
Nicola who encouraged me into attending university in the first place and who has

continued to be supportive throughout my career and through this thesis process.

il



Table of Contents

ADSEIACE. ..ottt ettt ettt nae e s bbbt et eaee 11
ACKNOWIEAZEMENLS.....c..ceieieiiiiiiiiieiieit ettt e te e e beesteeeteeneeebeaenseaeseasseeeenseenns 111
Table Of CONEENLS......eiciieiiieiieeiieiie st et e ettt e et eese e e st e e sbe e saesbaeesbeessseeseessnnaans v
LISt Of FIGUIES ...ttt ettt ettt sttt et sat e bbb s sas vii
LISt Of TADIES ..ottt ettt s e et e e st e e e e neeeeene 1X
CRAPLEL 1 ..ottt s s 1
INtroduction tO ThESIS .....ccueruieiiiriiriiiiertere ettt ettt eaees 1
1.1 Background..........c.ooiiiiiiiiiiiiie e 1
1.2 Human-induced fragmentation in New Zealand...........c.ccccccevieiiniinceneeneenne. 4
1.3 Current knowledge about the breeding systems of indigenous shrubs............. 5
1.4 Thesis objectives and StTUCIUTE ...........eecveeeeieeeeiieeecieeeeeireeereeeeirreeeeeraeseeeeeenene 5
1.5 RELETENCES....eiiiieiiiiiie e ettt 6
CRAPLET 2 ...ttt et st e ettt et e e et b et 9
Fragmentation and plant reproduction: case studies of sixteen native shrubs.................. 9
2.1 YN 015 ¢ Tt S SRS 9
2.2 INETOAUCTION. ...t ettt ettt et e et et eeetbe e sbee e aeeneensannas 10
2.3 Materials and MeEthOdS .........c.ceviiiiciiiiiiiieeet e 20
2.4 RESULLS ...ttt e e e e e e s e e e aaeeenns 30
2.5 SUMMANY ..ttt ettt e e 58
2.0 DISCUSSION ....uiutitietieniiceiiesteet et ettt e st et et et e satesatesbe et e sbeebeeasesbeebeeaeenneens 59
2.7 ACKNOWIEAZEMENLS. ..ottt sttt s 68
2.8 RELETENCES.....ccuiiiiieiieieeiee ettt s 68
CRAPLEL 3 ...t st st be s e 78
Floral biology, and bird and moth pollination in Alseuosmia macrophylla, an endemic
shrub from New Zealand ............ccooeieiiiiiiieiieeee e 78
3.1 PN 1 8 ¢ o1 SO PPTRU PRSPPI 78
3.2 INTOAUCHION. ... teiiieeiie ettt ettt ettt et eabe et e e esteeenseeenseeesnnnes 78
3.3 Materials and MEthOdS ........ccecieiieiiieiiiiieiee e 81
3.4 RESULLS ...ttt ettt e e e e e e e 86
3.5 DISCUSSION ....eeuiiuieitieitireeteeeieeteeebeeseteesseeeteessbeeseeasseessaesaaesseessssesssaessasseeas 96
3.6 ACKNOWIEAZEMENLS......oeiiiiiiiiiiiiieeee e 102
3.7 RETEIEINCES. ....c.veieieciieceee ettt sab e e e e aveenae e 102
CRAPTEI 4 ...ttt sttt et s s s et as 107
The efficacy of wind-pollination in Coprosma spathulata, a dioecious shrub............. 107
4.1 PN 01515 ¢ 17 A PSPPSR PR 107
4.2 INrOQUCHION......ciuiitiiiriierterteete ettt ettt st st s ne e 107
4.3  Materials and MethodS ........cccceevieiiiriiniiieie e 110
4.4 RESULLS ...ttt ettt 114
4.5 DISCUSSION ...uteutieutieitieeieeerttesteetteesteeesbetsteebeesseesseessseessaesnssesnsseeneeennseesins 121
4.6 ACKNOWIEAZEIMENTS......eeiiiiiiiieiieie ettt 125
4.7 RETEIENCES ... .ottt st 125

iv



(@) F:1 1] (=) o TSRS 130
The influence of female-biased gender ratios on reproduction in Melicope simplex, a

small-leaved, divaricating species from New Zealand...........c..cccoevienieniiiiniierniiinencs 130
5.1 PN 01 -1 TS PRPRRISSPRO 130
5.2 ) §913 0T Dot A To ) o MO 130
5.3 Materials and methods ...........c.eeecviiieiiiiee e e 134
5.4 RESULLS ...ttt e e e et e e s ae e ae e e e nae e e sreee e 139
5.5 DISCUSSION ...ceveiitieeeutiteeeeereetttteeseeeeteesttesseeestesee s teseaennsesseesaeenssensssennses ans 152
5.6  AcKnOWIEdEEMENtS.......cc.eiuiiiiriiieneiiei e et 156
5.7 REMOIEINCES. ...eiuiieiiiiiciicieee ettt sttt te e et eeaseaee e 156

CRAPLET 6 ...ttt et e et e e sttt e e ate senee e b ceeaes 161

Gender distribution and population structure in Pimelea arenaria (Thymelaeaceae), a

gynodioecious sand dune species from New Zealand ...........cccccoeevviieiiecin e 161
6.1 PN 010 ¢ To] SRR 161
6.2 INTOAUCHION. ...ttt et et e et sta e ete e s et ae e e nseesnseesareenns 161
6.3  Materials and methods .........ccccvieiiiiiiiiiiiie e 163
6.4 RESULILS ..ttt et s e et e e e e et e e e nae e e sanee s 167
6.5 DISCUSSION ...utiititiieitieieesie et tee ittt e e e seateeteeteenbeesteesaeeemtasseesnseesnseesnseeenseennns 175
6.6  AcKknOwWledgemEntS.......cc.eeiiiiiiiieiie it 180
6.7 RS (S (5 0 (61 TR PSSRSO 180

(@) T:1 1] 1) S PP PP PRSPPI UPPPPPPP 184

The breeding system of Raukaua anomalus, a small-leaved shrub from New Zealand

...................................................................................................................................... 184
7.1 PN 01§ ¢ 1] S USSP 184
7.2 INEFOQUCHION . ...etiiuieiietieie ettt sttt st ere e et e st e e eaee i s 184
7.3 Materials and MEthOdS ...........cccueieiiiieiiiciieceeeee et 185
7.4 RESUILS .ttt s e 188
7.5 DISCUSSION ...ueveieieitieietteete ettt e eteeeeteeeteeestabeeeesssteaesaeessseenseessesseesseesnseeanseanns 190
7.6 ACKNOWIEAZEMENLS......coiuiiiiiiiiiiiiiieeie et ettt 191
7.7 REEIENCES .....viiiiieeiieeet et 192

Chapter 8 ... ..o e 194

Gynodioecy in Teucridium parvifolium (Verbenaceae), a threatened, small-leaved shrub

from New Zealand .........cc.ccieiiiiiieiie ettt ettt et e st e saeeesesnaesnne 194
8.1 PN o 8 ¢ T SRS SRTPRRPRS 194
8.2 INErOAUCTION ... .ciiiieieiie ettt ettt ettt te e et ee et e esnaeesseennneesaesaeens 194
8.3 Materials and mMethodS .........c.ccoevuiieciiiiiiiiececeee e 195
8.4 RESUILS ...ttt et e e e e e e e e e e eraeennnaens 196
8.5 DISCUSSION ...uetieiieiieeeitiestt e et e steeetteeteete e e e eaaeesse e seeseeseaesssnseeesnssessenseesees 199
8.6 ACKNOWIEAZEMENLS ... oottt ettt 200
8.7 RETEIEIICES .....oveiieiiiieie ittt ettt ea e et e et s esnaeesee e sneenseenee 200



CRAPLET D ...ttt ettt et ettt sttt 203
Do pollen-ovule ratios reflect breeding systems and successional stages in native shrubs

Of NEW Zealand? ...........oooieiiieiiie et et ettt et ee et et e s eee s steab e e seessaeaeensnas 203
9.1 W 0118 ¢: 11 SO 203
L2 (Y {014 11161 8 o ) s B OSSOSO 203
9.3 1Y (519 o T Yo 3SR SUUPRRRRSRPPPT 204
9.4 RESUILS ..ottt e e ste e e e eee s s saaae e e e 206
9.5 DISCUSSION ....uviiitieeieiiiitieteeteetteeeetveeesesteaeessesetesassaeassssensesseessssesannssensennses 211
9.6 ACKNOWIEAZEMENLS. ....cccviieeiiiiiiieiieciiiie st etre e ete e sae e eetre e e e e e e s seneneeesanenes 214
0.7 RELEIEICES. ... ittt ettt sttt et et aeee s 214

Chapter 10 ...t e sttt e ta e e steee e eneaeesasbaaaeesaneeens 217

SYNERESIS .ttt sttt sttt ettt n e ettt et e et e eten 217
10.1 Review 0f thesis ODJECHIVES.....c.cuuieiieiiiieie ettt eeee e 217
10.2 Breeding systems and proximity of conspecifics ........c.cceeveriniieniireeennenenne. 218
10.3  Assessing fragmentation ffects ..........coovueerierirmiieniieenenre e e 224
10.4  POPUIALION STALUS .....ccueeiiiieeciicetieeitie e sttt et ste e b e e e sabeeneeesaeaeensenmeens 226
10.5  Further ReS€arch .........coocviiiiiieiiiecee e e 227
10.6  RELEIEINCES.....ceiiiiiiiiieiiiiieiiee ettt ettt ere e 229

vi



List of Figures

Fig. 1.1 A kahikatea (Dacrycarpus dacrydioides) Temnant ..............ccceceeeerrencerseeseennens 3
Fig. 2.1 Location of study sites of 16 native shrub species...........cceveevircierienieeiennee. 21
Fig. 2.2 Flowers of Alseuosmia macrophylla .................ccccoeveevemiencienensenieneneennennes 31
Fig. 2.3 Boxplot of fruit set in eight hermaphrodite shrub species ...........ccccoeverirenenne 36
Fig. 2.4 Histogram of size-class structure of eight hermaphroditic shrub species........ 37
Fig. 2.5 Fruit of Alseuosmia pusillQ .................ccccocvinenoeneniniiieiineneeeee e 38
Fig. 2.6 Flowers of Alseuosmia quercifolia.................ccocouevuenoiiierieiiiniiiiscircieeeeenne 39
Fig. 2.7 Flowers of Coriaria Qrboreq.................oueeveneesinieeseeiinieseeeseese e 40
Fig. 2.8 Flowers of Pomaderris hamiltonii .................ccccovemieeceinoeiiienieneiaecceseeenne 41
Fig. 2.9 Fruit of Raukaua GRomalus ................c.ccoeveeeuiecieeiieieesieesieecieeeie e eiae e ns 42
Fig. 2.10 Boxplot of fruit set in eight gender dimorphic shrub species ...........c.c.c........ 48
Fig. 2.11 Histogram of gender ratios in gender dimorphic shrub species...................... 49
Fig. 2.12 Histogram of size-class structure of eight gender dimorphic shrub species .. 49
Fig. 2.13 Cut flower of Cyathodes junipering................cccccevveecoeneenensreneesereeseeennene 50
Fig. 2.14 Cut flower of Leucopogon fasciCUlQrus ..............ccceuceevercieneesesceeseneeneenes 51
Fig. 2.15 Flowers of Macropiper excelSum .................ccoevemveeneiiienicnencenicneneenenes 53
Fig. 2.16 Flowers of Melicope SImpPlex...............ccceeeeivieniieirieaiiesieeceescieesieesenesieeneas 54
Fig. 2.17 Flowers of Melicytus miCranthus .............c.ccccoevueveeenencieiniicseeenesenesee e 55
Fig. 2.18 Cut flowers Melicytus novae-zelandiae ..................cccocevvuevcunsencuinensennnane 56
Fig. 2.19 Flowers of Pimelea arenaria................c.coceoevuereeseneeniineeiiesiecnieneeenesenenne 57
Fig. 2.20 Path diagram of plant population persistence. .........c..cceceervuerereerueeeeneneennes 60
Fig. 2.21 Scatterplot of natural versus outcrossed fruit Set .........cccevervueeierieeneenennenes 64
Fig. 3.1 Location of six Alseuosmia macrophylla plots............cccecvueevueeecienueenienieranens 82
Fig. 3.2 Scatterplot of Alseuosmia macrophylla populations............cceceeeevrenieneennennn. 87
Fig. 3.3 Flowering periodicity of Alseuosmia macrophylla....................cccccvvevcueeeueannnn. 88
Fig. 3.4 Boxplot of Alseuosmia macrophylla nectar qUantities.............cecuerevereeereennennes 88
Fig. 3.5 Alseuosmia macrophylla flowers with an exserted stigma .......c..cccceeceevrerueenne. 89
Fig. 3.6 Scatterplot of variable herkogamy in Alseuosmia macrophylia....................... 89
Fig. 3.7 Alseuosmia macrophylla flowers with equally positioned stigma and anthers 90
Fig. 3.8 Alseuosmia macrophylla flower bud showing a precocious stigma. ............... 90
Fig. 3.9 Boxplots of Alseuosmia macrophylla fruit set from pollination treatments .... 93
Fig. 4.1 Location of eight Coprosma spathulata study plots. ........cccoeceiieiiniceeenenn. 113
Fig. 4.2 Flowering periodicity of Coprosma spathulata...................ccccccoccveneenucnnennn. 116
Fig. 4.3 Scatterplots of eight Coprosma spathulata populations ............ccceceerveennnnne 117
Fig. 4.4 Boxplot of natural fruit set in Coprosma spathulata....................cccceeueeueen.... 118
Fig. 4.5 Scatterplot of fruit set and pollen distance in Coprosma spathulata ............. 118
Fig. 5.1 Illustration of Melicope simplex with seeds. .........cccoceveviieeiieiiiniieiieeieeen. 137
Fig. 5.2 Location of Melicope simplex study sites in the North Island ....................... 138
Fig. 5.3 Melicope simplex fIOWETS .......c.c..eiiiiiiiieiiiieieeciie et e e 141
Fig. 5.4 Boxplot of Melicope simplex fIOWET SIZE .......c.cceveevuieieriieniieiieieeiereesieenens 141
Fig. 5.5 Nectar quantities from Melicope simplex flOWers...........ccccccveviieniiieneneeennne. 142
Fig. 5.6 Pollen grains on Melicope simplex Stigmas...........ccccccueverercieneeneneeeceienene 143
Fig. 5.7 Boxplot of natural fruit set in Melicope Simplex.............cccccoouvverceevursenennnn. 147
Fig. 5.8 Scatterplots of natural fruit set and pollen distance in Melicope simplex. .... 148

Vil



Fig. 5.9 Scatterplots of Melicope simplex study plots.........ccceervuiiiiieiiininiieienieneen 150

Fig. 6.1 An adult Pimelea arenaria plant............cccccoeeieiiviiieiniieieniiee e sieee e 164
Fig. 6.2 Flowers of Pimelea arenariu.................cccueecuueeeuvvinveeicuieieieeereeesenesesssssenneans 165
Fig. 6.3 Fruit of Pimelea Qrenaria..................ccoeeveveennuiieneienecniieeeieieceieeieeenenens 165
Fig. 6.4 Location of Pimelea arenaria study SIteS ............ccceervieeerririeeeereenieeeneerenenens 166
Fig. 6.5 Histogram of size-class structure of 18 Pimelea arenaria populations......... 168
Fig. 6.6 Scatterplot of female frequency and latitude.............ccceeevieeiiiiiiiciiieniinnnne. 170
Fig. 6.7 Scatterplot of flowers per cluster and latitude............ccccocveeevieecnirieiieneeneeenne. 170
Fig. 6.8 Boxplot of fertilisation success in female Pimelea arenaria.......................... 172
Fig. 6.9 Boxplot of fertilisation success in hermaphroditic Pimelea arenaria............ 172
Fig. 6.10 Scatterplot of fertilisation success and latitude.............ccceevvreeriereierieenenne. 173
Fig. 6.11 Scatterplot of hermaphrodite fertilisation and female frequency................. 173

Fig. 6.12 Copper and common blue butterflyworking Pimelea arenaria flowers. ..... 178

Fig. 7.1 Location of Raukaua anomalus study SItES.............ccvurrvieriurerreesieeeiirieneeennnens 187
Fig. 7.2 Raukaua anomalus fIOWETS ..........cccoeiiiiiiiiiiiiiiiic e 189
Fig. 7.3 Histogram of fruit set in Raukaua anomalus .................ccccccceeevcncececnnnennnns 190
Fig. 8.1 Hermaphrodite and female flowers of Teucridium parvifolium..................... 197
Fig. 8.2 Anthers of flowers of Teucridium parvifolium ...............ccccccoovuevveinceinennnnne. 198
Fig. 8.3 Boxplot of floral dimensions of Teucridium parvifolium .............................. 199
Fig. 9.1 Boxplots of pollen-ovule ratios in variou reproductive systems.................... 210
Fig. 10.1 Line graph of PLI and SII indices in hermaphrodite populations................ 223
Fig. 10.2 Line graph of PLIINdiCeS.......ccooteioiiiiiiiiicie e 223
Fig. 10.3 Model of key processes in plant population dynamics ............cccceeueeevenvennne. 226

viii



List of Tables

Table 2.1 Location details if species and Study SItES ........cceerueerieerreeerieniieereeeeeeeeenne 22
Table 2.2 Fruit set, PLI, SII and ASI for hermaphroditic Species........c.ccccceverrvenueennene 33
Table 2.3 Significance results of pollination treatments in hermaphroditic species..... 34
Table 2.4 Seeds per fruit and seed weights for hermaphrodite species ...........ccce........ 35
Table 2.5 Fruit set, PLI, SII and ASI for gender dimorphic species...........ccceeeerveenene. 45
Table 2.6 Significance results of pollination treatments in gender dimorphic species. 46
Table 2.7 Seeds per fruit and seed weights for gender dimorphic species ................... 47
Table 2.8 Summary of breeding system and reproductive strategies................cceeveenee. 59
Table 3.1 Frequency of video footage of Alseuosmia macrophylla.............................. 85
Table 3.2 Nectar characteristics ofdl/seuosmia macrophylla flowers................ccc........ 91
Table 3.3 Frequency of variable herkogamy in Alseuosmia macrophylla flowers....... 91
Table 3.4 GLM results of effect o f predictor variables in Alseuosmia macrophylla.... 91
Table 3.5 Frequency of nectar robbing in Alseuosmia macrophylia ............................ 92
Table 3.6 Significance results for fruit set in Alseuosmia macrophylla ....................... 93
Table 3.7 Fruit set, PLI and SII in Alseuosmia macrophylla populations .................... 94
Table 3.8 Alseuosmia macrophylla study populations............cceceeereeeereerceenienreesieennenn 94
Table 3.9 GLM results of Alseuosmia macrophylla pollination treatments................. 95
Table 4.1 Population structure of 8 Coprosma spathulata study sites........................ 119
Table 4.2 Pollen distance and pollen grains on stigmas of Coprosma spathulata...... 119
Table 4.3 GLM results of fruit set in Coprosma spathulata.....................cccovevuvenenannen. 120
Table 4.4 Gender composition of Coprosma spathulata study Sites ..........c.ccccceeuenen. 120
Table 4.5 GLM results of fruit set and male flower frequency........c.cccccevverveecriennens 120
Table 4.6 Trees and shrubs in eight Coprosma spathulata study sites ............c.......... 121
Table 5.1 Location details of 14 Melicope simplex plOts.........c.cevcveviiveceniniecninnenne. 137
Table 5.2 ANOVA results of nectar quantity in Melicope simplex flowers ............... 142
Table 5.3 ANOVA results of pollen grains on stigmas from Melicope simplex......... 143
Table 5.4 Invertebrate abundance on sticky traps from Melicope simplex................. 144
Table 5.5 Invertebrate abundance from Melicope simplex SItes ............ccccecereneenencne. 145
Table 5.6 GLM results of natural fruit set and site variables..........cccecerviereriiennenenn 146
Table 5.7 GLM results of fruit set and the male plant distance...........c.cccceerevervennnns 146
Table 5.8 Gender frequency and significance results ........cocceeeeerreeenieeiiieneenenninns 147
Table 5.9 Number of adult plants, plant height and number of flowers ..................... 151
Table 5.10 Size-class distributions of Melicope simplex at 14 study sites.................. 151
Table 6.1 Characteristics of 18 Pimelea arenaria study Sites...........ccovveveveneeveenene. 169
Table 6.2 Frequency of species growing in association with Pimelea arenaria ........ 174
Table 6.3 Vascular plants growing in association with Pimelea arenaria ................. 175
Table 7.1 Site characteristics of Raukaua anomalus ..................cccocevevveevcenenucnnenne. 188
Table 7.2 GLM results of fruit set at two Raukaua anomalus study sites. ................. 189
Table 8.1 Study site details of Teucridium parvifoliun................cccoceeeveeevvinuvevennennn 196
Table 8.2 Significance results of flower dimensions of Teucridium parvifolium....... 198



Table 9.1 Pollen grains, ovule numbers and pollen-ovule ratios...........ccccceeveeeruvennnen. 208

Table 9.2 P/Os of breeding systems, pollination vector and successional stage......... 209
Table 9.3 ANOVA results of pollen grains, ovules and P/Os..........cccoceeviiiviinceennene 210
Table 9.4 Comparisons with of Cruden’s pollen-ovule ratios ..........cccceeeveerierueenene 211
Table 10.1 Summary of study species charaCteristiCs........cooeruerreerurererveererveereereene 222



