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Abstract

This researchnvestigated the ecology of vascular epiphytes and vines in the
Waikato region of the North Island, and the water relations of the shrub
hemiepiphyte Griselinia lucida The main gok was to develop robust
recommendations for the inclusion of epiphytic speciaglan forest restoration

projects To achieve this, thre@roadquestions were addressed:

1. How are vascular epiphytes and vines distributed throughout the
nonurban and urbaareas of the Waikato region, andvia does this
compare to other North Islarzdea®

2. Why aresome epiphyte and vine specassentrom urban Hamilton
andwhat opportunities exist for their inclusion in restorafwoject®

3. How doesGriselinia lucidarespnd to desiccation stress dmulv does

this compare to its congen@r littoralis?

To investigatequestiors one and two, an ecological survey of the epiphyte
communities on host trees in Waikato (n=649) and Taranaki (n=101) was
conducted alongside canopymicroclimate monitoring in five Waikato sites.
Results show that epiphyte and vine populatiomsHamilton City forests
represent only 55.2 of the total Waikato species ppaind have a very low
average of 0.8 epiphyte species per hiostontrast, theirban forests of Taranaki
support 87.9 % of the local species pool and have an average of 5.5 species per
host tree. Thdow diversity and abundande urban Waikatocan be primarily
attributed to the alteration of canopy microclimates bygeeceffects Mean
temperatureand vapour pressure deficita Waikatowere 1.9°C and 1.1 kPa
(respectively) higher in the canopy of small urban patches than the larger,
nonurban forests. These warmer and drier conditions are speculated to be
interrupting species accunatiion and community formation processéhis
phenomenomsi not as pronounced in Taranaki which teager treesand higher
rainfall. Epiphyte diversity and abundance was also foundet@ssociated with

seed dispersalistances anthe size, bark type, drarchitecture of host trees.

To link the microclimate findings with physiological limitations of epiphytes and

to address question three, a desiccation tolerance experiment was conducted on



the shrub hemiepiphyteGriselinia lucida Moderate and severe vids of
desiccationstress were applied to seedlings @f lucida and its terrestrial
congener,G. littoralis. Both specieendurel over two months of droughwith
negligible mortality In G. lucida stomatal conductance reduced to zara leaf
bulk elasic modulus reduced from 8.09 (+0.51) MPa in the control group to 3.66
(x0.61) MPa under severe stre8¥hen compared td. littoralis, G. lucida
exhibited a more acute response to stress and recovered faster with ngwateri
However, the overall responeéeach pecies was similar arfabth speciesan be

classifiedasdesiccation postponer

To summarise and combine the findings of this research with existing information
on Griselinia lucida a contribution tahe New Zealand Biological Flora Series

for this species is presented.

Recommendations for the inclusion of epiphyies restoration projectsare
presented Reintroductions shoulduse epiphyte and vine speciethat are
appropriate for the conditions of the target forastifocus onlarge hostrees in

relatively humid microclimates
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Chapter One: Introduction

This research addresses thalleng of restoring indigenous ecosystems in urban
environments, in particular, the guild of vascular epiphytes and viies.first
chapter providesdrkground informatiomn the theory and practice of ecological
restoration and the life history, distributio and restoration potential of New
Zealand epiphytes and vines. Following this is iamoduction to Griselinia
lucida*; the focal species chosen for thiesearch, and the thesis objectives and

outline.

1.1 Ecological Restoration

Restoration ecology is a nescience that is continuously developing across the
globe to support and inform the modern methods of environmental repair (Hobbs
& Norton 1996 Ormerod 2008 Restoration of natural environments has been
taking place for centuriebut as our society ineasingly perceives environmental
degradation as unacceptable, a surge in interest and numbers of active projects has
occurred(Reay &Norton 1999;Palmer et al. 2004)t is important to support this
activity with appropriateesearctthat develops theoiieal concepts, models, and
methods This can then assiststoratiorpractitioners to make informed decisions
and increase the scope and success of restoration achiev@rahiis & Norton

1996 Society for Ecological Restoration International Science &cl?dVorking
Group 2004; Zedler 20Q0%abin et al. 2010)

The motivations for ecologicalestoration projects are as diverse as the localities

in which they occur, but a principal goal for all projects is the preservation and
enhancement of biodiversityOrmerod 2003; Menninger & Palmer 2006).
According to the Convention on Biologica
variability among living organisms from all sources includingter alia,

terrestrial, marine and other aquatic ecosystems and thegead complexes of

which they are part; this includes diversity within species, between species and of

e c 0 sy s(EBOMY9R) Biodiversity is important in maintaining ecosystem

function, resilience, and services (Walker 1995; Chapin et al. 2000; Ormerod

2003; Menninger & Palmer 2006)

*Species nomenclature follows the New Zealand Plant Conservation Network (NZPCN 2011)
1



Ecosystem function can be categorised into gnargl material processing (e.qg.
decomposition)accumulation of mergy and material stocks (elgomass) and

the stability and resilience of these rates and stocks over(Racala & Kinzig

2002) Ecosystem resilience, as defined by Fol
system to absorb disturbance and reorganise while undergoing change so as to
retain essentially the same f drunctiobni on, stru
and resilience rely upon biodiversity because genetic, species, and population

variation provide a range of functional characteristics and the capacity for

response to change (Walker 1995; Folke et al. 2004; Fischer et al. 2006).

AccordingtoDa |l vy (1997) , ecosystem services are f
through which natural ecosystems, and the species that make them up, sustain and

ful fil human | i f e.sof edosysgtgm fumatian which benefito mponent
humankind, for example; watecleansing, nutrient recycling and resource

renewal, as well as goods that are useglveryday life such as timber ahab fuel

(Daily 1997;Palmer et al. 2004).

Environmental restoration in New Zealand is rapidly growing in both practical
and theoreticahpplications(Norton 2009. Gr e e n & (Q20@6)rdviewooh 0 s
the New Zealand Biodiversity Strategy estimated that the number of private or
communityled projects restoring, managingr protecting native ecosystems
throughout the country was betwee@@®) and 5,000As of 2007, the Waikato
Biodiversity Forum (2007j)eported 170 community group restoration projects in
the Waikato region. A Google scholar search ddicles containing the words
Afecol ogi cal r est or dlusirates the igmificdnt iicidasevin Ze al and o
research congtted in this area, returning @dticlespublishedin the year 1999

and over 300 for the same search 2009 Alongside this, most New Zealand
universities now offer both study and research opportunities in restoration

ecology.

There are manglifferent ecosystemthat are degraded by direct and/or indirect
human disturbancdtom marine estuaries (e.gotze et al. 2006)o alpineherb

fields (e.g. Whine & Chilcott 2003) In New Zealand, many restoration projects

are drected at temperate forest ecosystemtss is because their difficult terrain

has frequently protected them from landuse change and development and thus



they are gpredominant remaininnd coveitype throughout the countriHalkett
1991; Wardle 1991 Examples ofestoration projectm forest ecosystemaclude
Maungatautari Ecological Island protection and restoration, Hamilton Gullies
restoration, Tiritiri Matangi Island restoratioand Karori Sarttiary protection

and restoration

On a national scal] most forest restoration occurs in nonurban settifags,
example,pest control by the Department of Conservation in National Parks and
Reserves and forest acquisition and restoration by the New Zealand Native
Forests Restoration trust. However, thedsatfrontier of ecological restoration is
within towns and citiegvan Andel & Aronson 2006)

Urban and subur ban ( dedafteefardsts oftenl hgrbotire r me d
many restoration opportunitieiccasionallywith high levels of indigenous
biodiversity (McKinney 2002;Ingram 2008) Forest fragments frequentxist in

public parks, gardens and reserves, adjacent to waterways and roads, in private
properties and other areas protected from developméng. Clarkson &

McQueen, 2004; National Ra Board Singapore, 201@)rban forestalsooften
presentuniqueopportunitiesto restore vegetation types that may lssleommon
throughout the regionsuch as fertile lowlandsvhich are developed for

production inrural settings (Scott et al. 2001;akson et al. 2007).

Over 50% of peopleworldwide (United Nations 2007and 86% of people in

New Zealandive in urban setting¢Statistics New Zealand 2006}liller (2005)
explains that e s i dntemadticn®with urban nature can improve not onlyrthe
appreciation of biodiversity but also their motivation to protect it. Urban forests
therefore present an opportunity to educate and engage the public with their local
flora and fauna in a way that nonurban forests cannot. Improved public
engagement camlso create large workforces who are willing to assist with
restoration work in their neighbourhod@iicKinney 2002; Miller 2005;ingram

2008)

The dynamic nature of urban forests means that there are many challenges to their
restoration, includinglepleed biodiversity, incessant exotic plant invasions, pest

browsing and predation, vandalism, competition for land use, air and soil



pollution, altered climates, and forest isolatigMcKinney 2002) Also
problematic are the many ecosystem components thataodn should be

considered in planning and implementing restoration projects.

Both urban and nonurban forest restoration projects across the country have
celebrated numerous successes, but the complexity of forest ecosystems combined
with a lack of experiece in this relatively new endeavour, has meant that some
components of the forest systems are frequently overlookdd. @larkson
University of Waikatopers comm. 2009). Onéfe form or guild that is regularly

left out of research(Burns & Dawson 208), planning,and implementation of
ecological restoration isvascular epiphytes and vines. This discrepancy is
reflected by a lack of literature on these plants in restoration, or inclusion of these
life forms in New Zealand restoratiguides €.g.Restaing Waikato's Indigenous
Biodiversity (Waikato Biodiversity Forun2006). Epiphytes and vines should be
included in forest restoration efforts because theycontribute to biodiversity,

ecosystem function, resilience, and services.

This thesis aims tamprove o u r under standi ngascaldr New Zea
epiphytes and vinegnd identify the ecological and physiological processes that

are important for their future inclusion iacological restoration theory and

practice. This investigation focussed the Wakato regon in the central North

Island, New Zealand with an extension to the Taranaki region in the western

North Island.

1.2 Epiphytes and vines

Vascular epiphytes and vines are +pamasitic plants that depend on other plants
for structural support (Scitmer & Bongers 2002; Laube &otz 2006) The first
important differentiation of this guild is between obligate speciespthatarily

occur as epiphytes, and facultative species that grow on all forms of media, or
accidental species that only occasionaltgur epiphyticallyBenzing 2004) The

present study focuses on obligate spedagufel.l).

Based on life cycles,here are two principal categes of vascular obligate
epiphytes; hole and hemiepiphytes(Lowman & Rinker 2004. Holoepiphytes
are plants that spend their entire life cycle in the candpgder et al. 2001)
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while hemiepipytes spend some stage of their life rooted in terrestrial soil; either
starting in the canopy and sending roots to the ground (primary hemiepiphytes), or
starting on the ground, growing to the canopy and losing their terrestrial
connections (secondary hapiphytes)Putz & Holbrook 1986Holbrook & Putz

1996, 1996b; Nieder et al. 2001; Lowman & Rinker 2004; Benzing 2004)
(Figure 1.1). There are no native species of secondary hemiepiphyte in New
Zealand. Strangler hemiepiphytes are a class of primary hemiepiphyte that
continue growing until they are freestanding tréegtZ & Holbrook 1986; Shaw
2004)

Vines are plants that rooh terrestrial soil but cannot stand upright without
structural support from other plants (Putz & Mooney 1991). They occur as
herbaceous or woody fosrHerbaceous vines are predominantly ferns that climb
using roes and grow within subcanopies, disturbaceas or forest edges
(Figure 1.2E). Woody vines climb using roots, stems, petioles, tendrils or hooks,
and are commonly referred to as lianes or liafizewvson 1986 Gentry 1991

Putz & Mooney 1991)the latter term is used in this the¢isgure 1.1). Lianas
grow quickly towards Igher light levels and often occupy the upper reaches of
forest canopiesf mature forest§Gentry 1991; Schnitzer & Bongers 2002)

Holoepiphyte . i
Primary Strangler
Hemiepiphyte Hemiepiphyte
Secondary
Hemiepiphyte

Herbaceous
Vine

Vascular
Epiphyte

Woody
Vine/Liana

Figure 1.1: Life form classification of vascular epiphytes anities used in the present stt
Compiled from information ilawson(1986); Gentry(1991); Putz & Mooney(1991); Nieder €
al. (2001); Benzing(2004); Lowman & Rinker(2004); Shaw(2004).

Epi phytes constitute ten percent of the
an important component of dlal plant diversity(Nieder et al. 2001)These
plantshave evolved in many unrelated taxa around the w@khtry & Dodson

1987)andare particularly well recognised members of tropical forest ecosystems



where they can represent from 15 to %0 of total species(Benzing 1990;

Dickinson et al. 199370tz 2005; Laube &otz 2006) HoweverNew Zeal andds
temperate forests haatsobeen shown to host a significant population of diverse

epiphyte and vine speciéBickinson et al. 1993; Hofstede et al. 20@btz 2005)

(examples provided ifrigure 1.2). From five North Island vegetation surveys
(Campbell 1984 Clarkson 1985;ClaytonGreene & Wilson 1985; Dawson &

Sneddon 1969Wilcox 1999 the mean number of vascular epiphytes and vines

was 45, which represented an average ¢fol®f the total spaes count.

Epiphytes and vinesontribute to species richness guidy a substantial role in

the processes and interactions that make a forest furf@ionmings et al. 2006)
They constitute a large proportion of photosynthetically active mafetaittede

et al. 2001) andcontribute to abiotic processes such as water fluxes and nutrient
cycling (Gentry 1991; Holscher et al. 2004khile providing habitat, nectar,
water, fruits and nesting materials for invertebrates and Hidslkarni &
Matelson 1989; Benzing 1990;Gentry 1991; Nadkarni 1992Affeld 2008;
Alvarenga et al. 2009)Therefore, to ensure that restored forests are -fully
functioning, it is important that epiphytes are considered in the resgédaaning,

and implementation of ecological resdtion(Cummings et al. 2006)

One particularly distinctive element of the Newalzad epiphyte and vine flora is
the shrub epiphytes, of which there are four spe(@svson 1986)The present
researchncludes a case study on thieligateshrub epiphte Griselinialucida.



Figurel.2: Examples of New Zealand native vascular epiphytes and vin&ryAioanthus
adversusB: Hymenophyllum dilatatupC: Metrosideros fulgend): Collospermum hastaturk,;
Blecmum filiforme F: Brachyglottis kirkij G: Pyrrosia eleagnifoliaH: Earina mucronata.
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1.3 Griselinia lucida

Griselinia lucida (Griseliniaceae), or puka, was described by Dawson (1966) as

At he most conspicudes Nehr WZbe a¢ @gingh ywtaag ni f or e
primary hemiepiphyte witharge glossy greeteaves and thick fluted roots that

often descend the host trunk to access terrestrial soil (Dawson (B3gi&e 1.3).

G. lucidais the only indigenous species thammonly makes a connection

between a hostanopy andheforest floor without losing reliance on the host tree

for structural support.

Figurel.3: Examples of the hemiepiphy@riselinia lucida.A: a juvenile growing in théork of a
large pine treeB: grooved roots of a mature plant growing on a tawa.

Griselinia lucida generally germinates in the fork of a latysst, and often within

the canopy soil of existing epiphytic communities. It is most abundant in the
humid canopies of old growth forests where it can grow to be a very significant
component of the uppdoreststrata; this author has observed mat@reducida

with spans of more than ten metres.

Griselinia lucida primarily grows as an epiphyte but also occupies terrestrial
habitats in rocky and coastal environments. In occurs throughout the North Island,
in a limited area ofthe South Islandand on volcanic offshore rocky islands
(Wardle 1964; Dawson 196B5awson 1986; Julian 199Burrows 1999%.



1.4 Research Objectives and Questions

The objective of this research at® enhanceahe understanding of 1) vascular
epiphyte and vine ecology in both nonurbard amrban settingsand 2) the
physiology of desiccation stress i@riselinia lucida The following broad
research questions address these objectives:

1. How are vascular epiphytes and vines distributed throughout the
nonurban and urban eas of the Waikato ggon, and low does this
compare to other North Islarlea?

2. Why aresome epiphyte and vine specedssent from urban Hamilton
andwhat opportunities exist for their inclusion in restorafiooject®

3. How doesGriselinia lucidarespond to desiccation stseandhow does
this compare to its congen@r littoralis?

1.5 ThesisOutline

The results of research into each of the above questiongresented in four

chapters:

Chapter One: Introduction
This chapter provides relevant background information and setsaifitext for
consideringepiphytes in urban ecological restoratiorthin outlins the research

objectivesand summarises the thesis content.

Chapter Two: Epiphyte and vine species diversity and abundance in Waikato
and Taranaki regions

This chapter mrsents a literature review on the effects of human activity on
indigenous forest. It theutilisesan ecological suryeof epiphyte populations in
Waikatoand Taranakregiors to determine which epiphyte and vine species are
absent inurbanWaikato and identify the keyreasons why. This information is
usedin Chapter Fiveto develop recommendatiorisr the inclusion of epiphytes

in urban restoratian



Chapter Three: Water relations of Griselinia lucida and G. littoralis under
desiccation stress

This chapte surveys the literature ophysiological plant stress strategiasd
presents the results of a drougixiperiment on thevater relations ofsriselinia

lucida under three levels of desiccation stress with a comparison to its congener
G. littoralis. It thendiscusses the characteristics of these plants under stress and
identifies the predominatressstrategy with which they align.

Chapter Four: Biological Flora of New Zealand.Griselinia lucida, puka,
akapuka, akak@puka, shining broadleaf
This chapter isa summary of the findings from this researeongside a
comprehensive review of current literature availableGoiselinia lucida It has

been prepared in the format of the New Zealand Biological Flora Serigs
Wardle 1966 Wehi & Clarkson 200)yandwill be submitted to the New Zealand
Journal of Botany for publication.

Chapter Five: Synthesis
This chapter summars the findings of this thesis research and presents the
developed recommendations for inclusion of epiphytes and vines in ecological

restoration.
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Chapter Two: Epiphyte and vine species diversity and

abundance in Waikato and Taranaki regions

2.1 Introduction

Deforestation associated with land use change is an ongoing, international
phenomenon that creates landscapes of spatially diorest fragment$Young

& Mitchell 1994) that are surrounded by varying degrees of anthropogenic
disturbance and activitfLaurance 2004; Bruna & Kress 2009his destruction

may cause irreversiblecosystemchanges that affect all forest life forms and
species; including epiphytes and vines (Belinchon e2G09)

As forest extent is reduced, the ratio of perimeter to area is enlarged, increasing
the area of forest that abruptly meets the distinctly different ecosystems of
deforested land. This sharpamsition creates adedge effedi that altersthe
microclimate vegetation composition and population structure up to fifty metres
in from the forest boundar§¥oung & Mitchell 1994;Murcia 199% Denyer et al.

2006) Theoveralldegree of disturbance caddsey fragmentation is depeauit on

the time since isolatiornthe distance between forest patchdse connectivity
between patchethe size and shape of the remnamtd the surrounding landuses
(Saunders et al. 1991)

In the canopy, the climatef epipghyte and vinehabitat is generally drier and
warmer than the understoriyreiberg(1997)found the canopy of a premontane
tropical rainforest tree in Costa Rica to b& 2C warmer and 15 % less humid
than the ground below it. Forest canopies are elgpsed to higher wind speeds
and insolation, and more extreme fluctuations in water supply (Madison 1977;
Matelson et al. 1993; Holbrook & Putz 1@96Each of these conditionare
intensified by edge effect{Laurance 2004; Werner & Gradstein 2008)
Fragmenation also reduces epiphyte substrate through the removal of host trees;
even when selective logging is undertaken, there is commonly high post
harvesting mortality of the intended retention tr@leshmus & Lohmus 2010)
Another important consequence ofdst fragmentation is the increased dispersal
distances for pollen and seed patch connectivity is reduced and isolation
increasedMaschinski 2006; Alvarenga et al. 2009)
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As a result of intense human modification and deforestation, fosgghéntatia

is adominant feature ithe Waikato regiomf the central North Islandrrival by

MUbri around 1300 AD led to initial forest clearances and some exotic plant

i ntroductions, but it was 1in the early 19
European settlers occurred. This anthropogenic disturbance has been ongping and

in many places, hassulted in the complete replacement of native flora with

introduced agricultural cultivars; especially in lowland and coastal Zdasdle

1991; Nicholls 2002) The regionis nhow comprised ofscattered forest patches

representing 25.36 of the vegetatiorcover that was present in the 18&l0

(Leathwick et al. 1995)

The Waikato region includes the Raglan, Kawhia, Hamjleoxd Maungatautari
Ecological Districts Figure 2.1) and covers 508,973 h®verall, only 15.26 of
indigenous forest still remains in these four districts (separatelys, 136 %, 1.6%

and 9.5% respectively(Leathwick et al. 1993) The degree of vegetation
fragmentation also varies with a markeadjent of increasing urbanisation from

the outer Raglan, Kawhia and Maungatautari districts into the central Hamilton
district (Figure 2.1). As seen worldwide, this urbanisation gradient laas
increasing human populatidowardits city which is associad with increasing
populations of invasive, exotic plant species and decreasing abundance and

diversity of indigenous species (McDonnellRickett 1990; McKinney 2002)

Ecological restoration is imperative in these disturbed and highly modified
landscapse in order to preserve and enhance the remaining biodiversity along
urbanisation gradients. In the Waikato, forest patches are predomilwratigd

on hills; with a smaller proportion in gullieshd adjacent tavaterwaygClarkson

et al. 2002) Many of these forests, especially in gully sites, are the focus of

ecological restoration projects run predominantly by community groups and non

profit organisations (for examples see www.waikatobiodiversity.org.nz).
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Figure 2.1: The ecological districts of the Waikato region, North Island, New Zealand,
contain study sites. The extenit desforestation throughout the regiorsi®wwith decreasing
vegetation cover and patch size towards Hamilton City. Figure courtesy of T. Cornes.

Urban forest patchesf Hamilton City gillies have been the focus of public and
private restoration efforts since 2001, even earlier. Restoration has been
encouraged through local council work, public seminars, practical workshops,

native plant giveaways and funding programi@arkson & M&Queen 2004)

As mentioned in chapter one, restoration programmes regularly overlook epiphyte

and vine species that are indigenous to the Waikato region. Information on
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