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Abstract 

 

This research investigated 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 goal was to develop robust 

recommendations for the inclusion of epiphytic species in urban forest restoration 

projects. To achieve this, three broad questions were addressed:  

 

1. How are vascular epiphytes and vines distributed throughout the 

nonurban and urban areas of the Waikato region, and how does this 

compare to other North Island areas? 

2. Why are some epiphyte and vine species absent from urban Hamilton 

and what opportunities exist for their inclusion in restoration projects? 

3. How does Griselinia lucida respond to desiccation stress and how does 

this compare to its congener G. littoralis? 

 

To investigate questions one and two, an ecological survey of the epiphyte 

communities on host trees in Waikato (n=649) and Taranaki (n=101) was 

conducted, alongside canopy microclimate monitoring in five Waikato sites. 

Results show that epiphyte and vine populations in Hamilton City forests 

represent only 55.2 % of the total Waikato species pool, and have a very low 

average of 0.8 epiphyte species per host. In contrast, the urban forests of Taranaki 

support 87.9 % of the local species pool and have an average of 5.5 species per 

host tree. The low diversity and abundance in urban Waikato can be primarily 

attributed to the alteration of canopy microclimates by edge effects. Mean 

temperature and vapour pressure deficits in Waikato were 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 accumulation and community formation processes. This 

phenomenom is not as pronounced in Taranaki which has larger trees and higher 

rainfall. Epiphyte diversity and abundance was also found to be associated with 

seed dispersal distances and the size, bark type, and architecture 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 
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the shrub hemiepiphyte Griselinia lucida. Moderate and severe levels of 

desiccation stress were applied to seedlings of G. lucida and its terrestrial 

congener, G. littoralis. Both species endured over two months of drought with 

negligible mortality. In G. lucida, stomatal conductance reduced to zero, and leaf 

bulk elastic modulus reduced from 8.09 (±0.51) MPa in the control group to 3.66 

(±0.61) MPa under severe stress. When compared to G. littoralis, G. lucida 

exhibited a more acute response to stress and recovered faster with rewatering. 

However, the overall response of each species was similar and both species can be 

classified as desiccation postponers.  

 

To summarise and combine the findings of this research with existing information 

on Griselinia lucida, a contribution to the New Zealand Biological Flora Series 

for this species is presented.  

 

Recommendations for the inclusion of epiphytes in restoration projects are 

presented. Reintroductions should use epiphyte and vine species that are 

appropriate for the conditions of the target forest, and focus on large host trees in 

relatively humid microclimates.  
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1 Chapter One: Introduction 

 

This research addresses the challenge of restoring indigenous ecosystems in urban 

environments, in particular, the guild of vascular epiphytes and vines. This first 

chapter provides background information on the theory and practice of ecological 

restoration, and the life history, distribution and restoration potential of New 

Zealand epiphytes and vines. Following this is an introduction to Griselinia 

lucida*; the focal species chosen for this research, and the thesis objectives and 

outline. 

 

1.1 Ecological Restoration 

Restoration ecology is a new science that is continuously developing across the 

globe to support and inform the modern methods of environmental repair (Hobbs 

& Norton 1996; Ormerod 2003). Restoration of natural environments has been 

taking place for centuries, but as our society increasingly perceives environmental 

degradation as unacceptable, a surge in interest and numbers of active projects has 

occurred (Reay & Norton 1999; Palmer et al. 2004). It is important to support this 

activity with appropriate research that develops theoretical concepts, models, and 

methods. This can then assist restoration practitioners to make informed decisions 

and increase the scope and success of restoration achievements (Hobbs & Norton 

1996; Society for Ecological Restoration International Science & Policy Working 

Group 2004; Zedler 2005; Cabin et al. 2010).  

 

The motivations for ecological restoration projects are as diverse as the localities 

in which they occur, but a principal goal for all projects is the preservation and 

enhancement of biodiversity (Ormerod 2003; Menninger & Palmer 2006). 

According to the Convention on Biological Diversity (CBD), biodiversity is ñthe 

variability among living organisms from all sources including, inter alia, 

terrestrial, marine and other aquatic ecosystems and the ecological complexes of 

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

ecosystemsò (CBD 1992). Biodiversity is important in maintaining ecosystem 

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

2003; Menninger & Palmer 2006).  
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Ecosystem function can be categorised into energy and material processing (e.g. 

decomposition); accumulation of energy and material stocks (e.g. biomass); and 

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

2002). Ecosystem resilience, as defined by Folke et al. (2004) is ñthe capacity of a 

system to absorb disturbance and reorganise while undergoing change so as to 

retain essentially the same function, structure, identity, and feedbacks.ò Function 

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).  

 

According to Daily (1997), ecosystem services are ñthe conditions and processes 

through which natural ecosystems, and the species that make them up, sustain and 

fulfil human life.ò They are the components of ecosystem function which benefit 

humankind, for example; water cleansing, nutrient recycling and resource 

renewal, as well as goods that are used in everyday life such as timber and bio fuel 

(Daily 1997; Palmer et al. 2004). 

 

Environmental restoration in New Zealand is rapidly growing in both practical 

and theoretical applications (Norton 2009). Green & Clarksonôs (2005) review of 

the New Zealand Biodiversity Strategy estimated that the number of private or 

community-led projects restoring, managing, or protecting native ecosystems 

throughout the country was between 3,000 and 5,000. As of 2007, the Waikato 

Biodiversity Forum (2007) reported 170 community group restoration projects in 

the Waikato region. A Google scholar search for articles containing the words 

ñecological restorationò and ñNew Zealandò illustrates the significant increase in 

research conducted in this area, returning 64 articles published in the year 1999 

and over 300 for the same search in 2009. Alongside this, most New Zealand 

universities now offer both study and research opportunities in restoration 

ecology. 

 

There are many different ecosystems that are degraded by direct and/or indirect 

human disturbance, from marine estuaries (e.g. Lotze et al. 2006) to alpine herb 

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

are directed at temperate forest ecosystems. This is because their difficult terrain 

has frequently protected them from landuse change and development and thus 
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they are a predominant remaining land cover type throughout the country (Halkett 

1991; Wardle 1991). Examples of restoration projects in forest ecosystems include 

Maungatautari Ecological Island protection and restoration, Hamilton Gullies 

restoration, Tiritiri Matangi Island restoration, and Karori Sanctuary protection 

and restoration. 

 

On a national scale, most forest restoration occurs in nonurban settings, for 

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, the latest frontier of ecological restoration is 

within towns and cities (van Andel & Aronson 2006).  

 

Urban and suburban (collectively termed ñurbanò hereafter) forests often harbour 

many restoration opportunities; occasionally with high levels of indigenous 

biodiversity (McKinney 2002; Ingram 2008). Forest fragments frequently exist in 

public parks, gardens and reserves, adjacent to waterways and roads, in private 

properties, and other areas protected from development (e.g. Clarkson & 

McQueen, 2004; National Parks Board Singapore, 2010). Urban forests also often 

present unique opportunities to restore vegetation types that may be less common 

throughout the region, such as fertile lowlands which are developed for 

production in rural settings (Scott et al. 2001; Clarkson et al. 2007). 

 

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

New Zealand live in urban settings (Statistics New Zealand 2006). Miller (2005) 

explains that residentsô interactions with urban nature can improve not only their 

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 can also create large workforces who are willing to assist with 

restoration work in their neighbourhood (McKinney 2002; Miller 2005; Ingram 

2008).  

 

The dynamic nature of urban forests means that there are many challenges to their 

restoration, including depleted biodiversity, incessant exotic plant invasions, pest 

browsing and predation, vandalism, competition for land use, air and soil 
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pollution, altered climates, and forest isolation (McKinney 2002). Also 

problematic are the many ecosystem components that can and 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 experience in this relatively new endeavour, has meant that some 

components of the forest systems are frequently overlooked (B.D. Clarkson, 

University of Waikato, pers. comm. 2009). One life form or guild that is regularly 

left out of research (Burns & Dawson 2005), planning, and implementation of 

ecological restoration is vascular 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 restoration guides (e.g. Restoring Waikato's Indigenous 

Biodiversity (Waikato Biodiversity Forum 2006)). Epiphytes and vines should be 

included in forest restoration efforts because they contribute to biodiversity, 

ecosystem function, resilience, and services.  

 

This thesis aims to improve our understanding of New Zealandôs vascular 

epiphytes and vines, and identify the ecological and physiological processes that 

are important for their future inclusion in ecological restoration theory and 

practice. This investigation focussed on the Waikato region 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 non-parasitic plants that depend on other plants 

for structural support (Schnitzer & Bongers 2002; Laube & Zotz 2006). The first 

important differentiation of this guild is between obligate species that primarily 

occur as epiphytes, and facultative species that grow on all forms of media, or 

accidental species that only occasionally occur epiphytically (Benzing 2004). The 

present study focuses on obligate species (Figure  1.1). 

 

Based on life cycles, there are two principal categories of vascular obligate 

epiphytes; holo- and hemi-epiphytes (Lowman & Rinker 2004). Holoepiphytes 

are plants that spend their entire life cycle in the canopy (Nieder et al. 2001), 
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while hemiepiphytes 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 hemiepiphytes) (Putz & Holbrook 1986; Holbrook & Putz 

1996a; 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 trees (Putz & Holbrook 1986; Shaw 

2004).  

 

Vines are plants that root in terrestrial soil but cannot stand upright without 

structural support from other plants (Putz & Mooney 1991). They occur as 

herbaceous or woody forms. Herbaceous vines are predominantly ferns that climb 

using roots and grow within subcanopies, disturbed areas, or forest edges 

(Figure  1.2E). Woody vines climb using roots, stems, petioles, tendrils or hooks, 

and are commonly referred to as lianes or lianas (Dawson 1986; Gentry 1991; 

Putz & Mooney 1991); the latter term is used in this thesis (Figure  1.1). Lianas 

grow quickly towards higher light levels and often occupy the upper reaches of 

forest canopies of mature forests (Gentry 1991; Schnitzer & Bongers 2002). 

 

 

 

 

 

 

 

 

 

 

Epiphytes constitute ten percent of the worldôs vascular plant species and are thus 

an important component of global plant diversity (Nieder et al. 2001). These 

plants have evolved in many unrelated taxa around the world (Gentry & Dodson 

1987) and are particularly well recognised members of tropical forest ecosystems, 

Vascular 
Epiphyte

Obligate

Holoepiphyte

Hemiepiphyte

Primary 
Hemiepiphyte

Strangler 
Hemiepiphyte

Secondary 
Hemiepiphyte

Facultative and 
Accidental

Vine

Herbaceous 
Vine

Woody 
Vine/Liana

Figure  1.1: Life form classification of vascular epiphytes and vines used in the present study. 

Compiled from information in Dawson (1986); Gentry (1991); Putz & Mooney (1991); Nieder et 

al. (2001); Benzing (2004); Lowman & Rinker (2004); Shaw (2004). 
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where they can represent from 15 to 50 % of total species (Benzing 1990; 

Dickinson et al. 1993; Zotz 2005; Laube & Zotz 2006). However, New Zealandôs 

temperate forests have also been shown to host a significant population of diverse 

epiphyte and vine species (Dickinson et al. 1993; Hofstede et al. 2001; Zotz 2005) 

(examples provided in Figure  1.2). From five North Island vegetation surveys 

(Campbell 1984; Clarkson 1985; Clayton-Greene & Wilson 1985; Dawson & 

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

was 45, which represented an average of 19 % of the total species count. 

 

Epiphytes and vines contribute to species richness and play a substantial role in 

the processes and interactions that make a forest function (Cummings et al. 2006). 

They constitute a large proportion of photosynthetically active material (Hofstede 

et al. 2001), and contribute to abiotic processes such as water fluxes and nutrient 

cycling (Gentry 1991; Holscher et al. 2004), while providing habitat, nectar, 

water, fruits and nesting materials for invertebrates and birds (Nadkarni & 

Matelson 1989; Benzing 1990; Gentry 1991; Nadkarni 1992; Affeld 2008; 

Alvarenga et al. 2009). Therefore, to ensure that restored forests are fully-

functioning, it is important that epiphytes are considered in the research, planning, 

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

 

One particularly distinctive element of the New Zealand epiphyte and vine flora is 

the shrub epiphytes, of which there are four species (Dawson 1986). The present 

research includes a case study on the obligate shrub epiphyte Griselinia lucida. 
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A B 

C D 

E F 

G H 

Figure  1.2: Examples of New Zealand native vascular epiphytes and vines. A: Drymoanthus 

adversus, B: Hymenophyllum dilatatum, C: Metrosideros fulgens, D: Collospermum hastatum, E: 

Blechnum filiforme, F: Brachyglottis kirkii, G: Pyrrosia eleagnifolia, H: Earina mucronata.  



8 

 

1.3 Griselinia lucida 

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

ñthe most conspicuous shrub epiphyte in the New Zealand rain forestò. It is a 

primary hemiepiphyte with large glossy green leaves and thick fluted roots that 

often descend the host trunk to access terrestrial soil (Dawson 1966) (Figure  1.3). 

G. lucida is the only indigenous species that commonly makes a connection 

between a host canopy and the forest floor without losing reliance on the host tree 

for structural support.  

 

Griselinia lucida generally germinates in the fork of a large host, 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 upper forest strata; this author has observed mature G. lucida 

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 of the South Island, and on volcanic offshore rocky islands 

(Wardle 1964; Dawson 1966; Dawson 1986; Julian 1992; Burrows 1999). 

  

Figure  1.3: Examples of the hemiepiphyte Griselinia lucida. A: a juvenile growing in the fork of a 

large pine tree. B: grooved roots of a mature plant growing on a tawa. 

A B 
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1.4 Research Objectives and Questions 

The objectives of this research are to enhance the understanding of 1) vascular 

epiphyte and vine ecology in both nonurban and urban settings, and 2) the 

physiology of desiccation stress in Griselinia lucida. The following broad 

research questions address these objectives: 

 

1. How are vascular epiphytes and vines distributed throughout the 

nonurban and urban areas of the Waikato region, and how does this 

compare to other North Island areas? 

2. Why are some epiphyte and vine species absent from urban Hamilton 

and what opportunities exist for their inclusion in restoration projects? 

3. How does Griselinia lucida respond to desiccation stress and how does 

this compare to its congener G. littoralis? 

 

1.5 Thesis Outline 

The results of research into each of the above questions are presented in four 

chapters: 

 

Chapter One: Introduction 

This chapter provides relevant background information and sets the context for 

considering epiphytes in urban ecological restoration. It then outlines the research 

objectives and summarises the thesis content. 

 

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

and Taranaki regions 

This chapter presents a literature review on the effects of human activity on 

indigenous forest. It then utilises an ecological survey of epiphyte populations in 

Waikato and Taranaki regions to determine which epiphyte and vine species are 

absent in urban Waikato and identify the key reasons why. This information is 

used in Chapter Five to develop recommendations for the inclusion of epiphytes 

in urban restoration. 
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Chapter Three: Water relations of Griselinia lucida and G. littoralis under 

desiccation stress 

This chapter surveys the literature on physiological plant stress strategies and 

presents the results of a drought experiment on the water relations of Griselinia 

lucida under three levels of desiccation stress with a comparison to its congener 

G. littoralis. It then discusses the characteristics of these plants under stress and 

identifies the predominate stress strategy with which they align. 

 

Chapter Four: Biological Flora of New Zealand. Griselinia lucida, puka, 

akapuka, akakǾpuka, shining broadleaf 

This chapter is a summary of the findings from this research, alongside a 

comprehensive review of current literature available on Griselinia lucida. It has 

been prepared in the format of the New Zealand Biological Flora Series (e.g. 

Wardle 1966; Wehi & Clarkson 2007) and will be submitted to the New Zealand 

Journal of Botany for publication.  

 

Chapter Five: Synthesis 

This chapter summarises the findings of this thesis research and presents the 

developed recommendations for inclusion of epiphytes and vines in ecological 

restoration. 
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2 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 discrete forest fragments (Young 

& Mitchell 1994) that are surrounded by varying degrees of anthropogenic 

disturbance and activity (Laurance 2004; Bruna & Kress 2005). This destruction 

may cause irreversible ecosystem changes that affect all forest life forms and 

species; including epiphytes and vines (Belinchon et al. 2009). 

 

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 sharp transition creates an óedge effectô that alters the 

microclimate, vegetation composition and population structure up to fifty metres 

in from the forest boundary (Young & Mitchell 1994; Murcia 1995; Denyer et al. 

2006). The overall degree of disturbance caused by fragmentation is dependent on 

the time since isolation, the distance between forest patches, the connectivity 

between patches, the size and shape of the remnant, and the surrounding landuses 

(Saunders et al. 1991).  

 

In the canopy, the climate of epiphyte and vine habitat is generally drier and 

warmer than the understory. Freiberg (1997) found the canopy of a premontane 

tropical rainforest tree in Costa Rica to be 2-5 °C warmer and 15 % less humid 

than the ground below it. Forest canopies are also exposed to higher wind speeds 

and insolation, and more extreme fluctuations in water supply (Madison 1977; 

Matelson et al. 1993; Holbrook & Putz 1996a). Each of these conditions are 

intensified by edge effects (Laurance 2004; Werner & Gradstein 2008). 

Fragmentation 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 trees (Lohmus & Lohmus 2010). 

Another important consequence of forest fragmentation is the increased dispersal 

distances for pollen and seed as patch connectivity is reduced and isolation 

increased (Maschinski 2006; Alvarenga et al. 2009).  
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As a result of intense human modification and deforestation, forest fragmentation 

is a dominant feature in the Waikato region of the central North Island. Arrival by 

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

introductions, but it was in the early 1900ôs that widespread deforestation by 

European settlers occurred. This anthropogenic disturbance has been ongoing and, 

in many places, has resulted in the complete replacement of native flora with 

introduced agricultural cultivars; especially in lowland and coastal zones (Wardle 

1991; Nicholls 2002). The region is now comprised of scattered forest patches 

representing 25.3 % of the vegetation cover that was present in the 1840ôs 

(Leathwick et al. 1995).  

 

The Waikato region includes the Raglan, Kawhia, Hamilton, and Maungatautari 

Ecological Districts (Figure  2.1) and covers 508,973 ha. Overall, only 15.2 % of 

indigenous forest still remains in these four districts (separately: 15 %, 36 %, 1.6 % 

and 9.5 % respectively (Leathwick et al. 1995)). The degree of vegetation 

fragmentation also varies with a marked gradient 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 has an 

increasing human population toward its city which is associated with increasing 

populations of invasive, exotic plant species and decreasing abundance and 

diversity of indigenous species (McDonnell & Pickett 1990; McKinney 2002).  

 

Ecological restoration is imperative in these disturbed and highly modified 

landscapes in order to preserve and enhance the remaining biodiversity along 

urbanisation gradients. In the Waikato, forest patches are predominantly located 

on hills; with a smaller proportion in gullies and adjacent to waterways (Clarkson 

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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Urban forest patches of Hamilton City gullies have been the focus of public and 

private restoration efforts since 2001, or even earlier. Restoration has been 

encouraged through local council work, public seminars, practical workshops, 

native plant giveaways and funding programmes (Clarkson & McQueen 2004).  

 

As mentioned in chapter one, restoration programmes regularly overlook epiphyte 

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

Figure  2.1: The ecological districts of the Waikato region, North Island, New Zealand, that 

contain study sites. The extent of desforestation throughout the region is show with decreasing 

vegetation cover and patch size towards Hamilton City. Figure courtesy of T. Cornes. 

 
















































































































































































































































