
 i 

 
 
 
 

Aspects of the ecology of Tupeia antarctica 

and its conservation management 

 
 
 

Zoe Lunniss 
 
 
 
 
 

 
 

 
 
 
 

A thesis submitted for the degree of 
Master of Science 

Department of Botany 
University of Otago 

 
Dunedin, New Zealand 

 
 

29th August 2020 
 
 



 ii 

Abstract  

Mistletoes, a functional group of aerial stem hemiparasites, are considered to be keystone 

species in many ecosystems worldwide. Unfortunately, they have received little attention 

relative to their diversity, distribution and ecological importance. More specifically, one 

of New Zealand’s endemic Loranthaceae mistletoes, Tupeia antarctica, has not been the 

focus of a targeted research study in over 70 years despite being classified as ‘At Risk’ 

and ‘Declining’. More knowledge is required about this species given the sizeable time 

period that has passed, and the degree to which habitat modification and other threats are 

contributing to T. antarctica’s declining conservation status. T. antarctica, an endemic 

mistletoe species of New Zealand is under threat due to a variety of factors such as 

introduced mammalian herbivores, low seed establishment and habitat destruction. Like 

many parasitic plants, T. antarctica requires the involvement of two key mutualists, insect 

pollinators and avian frugivores, in order to successfully reproduce and establish. Pollen 

is most likely transferred by small Diptera (fly) species while avian frugivores disperse 

the seeds to suitable establishment sites on eligible host species.  

This thesis aimed to explore (1) the general ecology and distribution of Tupeia antarctica, 

focusing on the species’ current distribution in New Zealand generally and the Otago 

region specifically, (2) the structure and specificity of Otago populations, (3) 

morphological and sex-linked variation in leaf traits, (4) seed establishment processes, 

and (5) the effects of herbivory on gall like T. antarctica infections.  

 

This study found that the current distribution of T. antarctica is significantly more 

restricted than historically recognised, despite the fact that species modelling suggests a 

wider distributional range throughout New Zealand and within Otago is achievable for 

the species. Only three viable T. antarctica populations were identified within the Otago 

region. Within these, T. antarctica tended to be aggregated on large, old host trees. 

Although T. antarctica is recognised as a generalist mistletoe (i.e. able to parasitise a 

wide range of host species), two key hosts were favoured within Otago; Carpodetus 

serratus and Plagianthus regius. Furthermore, different host preferences were recognised 

at both a regional and population level. Morphological features varied with latitudinal 

gradients across New Zealand, which is likely indicative of climate and ecotype variations 
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at different locations. However, leaf features were not useful for distinguishing between 

male and female plants. Seed translocation trials failed to successfully establish any new 

T. antarctica individuals; presumably a larger sample size and host breath is needed to 

observe success. Lastly, introduced herbivorous mammals such as Trichosurus vulpecula 

(common brushtail possum) and Rattus species (rats) significantly impacted T. antarctica 

growth by grazing on plants at all study sites in Otago. The Dunedin Town Belt T. 

antarctica population was most greatly affected by these pests and it is likely minimal 

recruitment occurs in this population. In light of these findings, a management plan was 

produced which outlines all current threats and ways these factors can be mitigated for 

the ongoing survival and increased recruitment of the species.  
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Chapter 1: Introduction  
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Chapter 1: Introduction 

1.1 Parasitic Plants 

Parasitism is a highly successful life strategy and a theme that bridges all kingdoms of 

life (Poulin and Morand, 2000). By definition, parasitism is an intimate and obligatory 

relationship between two heterospecific organisms, during which the parasite is 

metabolically dependant on the host (Sorci and Garnier, 2008, Cheng, 1986).  

Parasitic plants are a specialised functional group defined by the parasitic acquisition of 

at least some essential resources from other plants or fungi (mycotrophic plants) (Těšitel, 

2016). From here on in, the term parasitic plant will only refer to plant parasites of other 

plants. Parasitic plants are distributed globally and form an integral component of many 

ecosystems (Mathiasen et al., 2008). Essential resources acquired from the host include 

water, inorganic solutes, and organic solutes, all of which are at least partially depended 

on for the survival of the parasite (Norton and De Lange, 1999, Musselman and Press, 

1995). The consequence of parasitism means plants are less affected by the nutritional, 

edaphic, and hydrological factors that can often limit the distribution and growth of most 

plants (Watson, 2001). Parasitic plants comprise over 4,700 species in 292 genera from 

more than 20 families, however this diverse group of angiosperms is poorly studied 

(approximately 1% angiosperms) (Nickrent, 2020, Westwood et al., 2010). Host 

affiliations vary widely, from extreme specialisation (e.g. endemic hemiparasitic 

mistletoe Peraxilla colensoi almost exclusively parasitizes Nothofagus menziesii (Norton 

and De Lange, 1999)) to extreme generalisation (e.g. native hemiparasitic mistletoe 

Ileostylus micranthus parasitizes over 200 species from 51 families (Norton and De 

Lange, 1999)).  

Plant parasitism has evolved independently 12 times amongst angiosperms, however the 

evolutionary history of these transitions remains elusive (Nickrent, 2020, Naumann et al., 

2013, Westwood et al., 2010, Barkman et al., 2007, Musselman and Press, 1995). 

Literature suggests that these multiple evolutionary events were facilitated (in part) by a 

mutation-based modification to the root or stem which eventually lead to the formation 
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of a haustorium (Yoshida et al., 2016, Kuijt, 1969). A haustorium is a specialised organ 

produced by all parasitic plants which enables host invasion, attachment and 

physiological redirection of resources through the formation of vascular connections 

within the host (phloem and/or xylem tissues) (Yoshida et al., 2016). Atsatt (1973) 

suggests haustoria evolved from roots due to their similar functions of absorption, 

anchorage and storage. Alternatively, some have also suggested that the haustorium may 

have evolved from a pathogenically induced neoplasm, possibly by externally acquired 

genes from a haustorial forming bacteria or fungus which subsequently modified the plant 

(Atsatt, 1973, Atsatt, 1983). All plant haustoria share common structures and functions 

across evolutionary lineages, highlighting the organs innovative and key role in the 

convergent evolution of parasitism among plants (Yoshida et al., 2016). Thus, the key 

evolutionary event in the transition from non-parasitic to parasitic plants is the origin of 

invasive haustoria (Westwood et al., 2010).  

Parasitic plants display a variety of growth habits that are often used to divide the group 

into different functional plant groups. These habits can allude to the parasite’s ability to 

photosynthesise or the site of haustoria attachment on a host plant. Haustoria attachment 

is usually categorised into two groups; root attachment and stem attachment. Plant 

parasites that attach to the stem of a host are commonly referred to as mistletoes. Since 

photosynthesis is often viewed as the principal characteristic of terrestrial plants it also 

acts as an informative category to group parasitic plants. Hemiparasites contain 

chlorophyll and thus photosynthesise. They most often connect to the xylem tissue only, 

obtaining water and other soluble xylem distributed minerals. Holoparasitic species do 

not produce chlorophyll and thus lack photosynthetic ability. Consequently, holoparasites 

acquire all organic carbon from the host, connecting to both the hosts xylem and phloem. 

However, there are exceptions to this general rule. During early ontogeny, some 

hemiparasitic species (e.g. Striga spp. and Alectra spp.) will function as holoparasites 

until seedlings are successfully established. The ability to transition from holo- to 

hemiparasitism is likely to significantly increase establishment success in communities 

with intense competition (Těšitel, 2016).  
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1.2 Mistletoes 

Mistletoes are largely defined as shrubby aerial stem hemiparasites which attach to the 

host stem immediately after germination (Těšitel, 2016, Norton and Reid, 1997, Kuijt, 

1990). However, not all mistletoes are aerial stem hemiparasites: endophytic mistletoes 

(e.g. Viscum minimum and Tristerix aphyllus) and root parasites (e.g. Nuytsia floribunda) 

also make up a small proportion of this functional group (Amico et al., 2007, Nickrent et 

al., 2004). As mistletoes are hemiparasitic (i.e. photosynthetically active) they only 

connect to the xylem tissues of their hosts from which they derive water and other soluble 

minerals (Těšitel, 2016). The efficiency of mistletoes’ photosynthesis can vary greatly 

within and between species and is mostly attributed to the quality of the host and 

environment (Strong et al., 2000). Despite the ability of mistletoes to produce their own 

carbohydrates through photosynthesis, organic carbon uptake from the host can still occur 

through organic elements mobile in the xylem (Těšitel et al., 2010).  

Mistletoes are among the most diverse parasitic plants, comprising over 1500 species 

from five families within the order Santalales (Nickrent et al., 2010). Loranthaceae, 

Viscaceae, Eremolepidaceae, Myzodendraceae, Phacellaria, and the ‘Henslowia’ 

complex in Santalaceae, form the monophyletic clade of shrubby aerial stem parasites 

(Těšitel, 2016, Norton and Reid, 1997, Kuijt, 1990). Loranthaceae is the largest family of 

parasitic angiosperms, encompassing around 950 species across 73 genera (Vidal-Russell 

and Nickrent, 2008, Yan and Reid, 1995). Five extant members of Loranthaceae are 

present in New Zealand: Alepis flavida, Peraxilla tetrapetala, Peraxilla colensoi, Tupeia 

antarctica and Ileostylus micranthus. A sixth species, Trilepidea adamsii, is thought to 

have become extinct in the last 60 years (Norton, 1991). All species listed above are 

endemic to New Zealand apart from I. micranthus which also inhabits Norfolk Island 

(Barlow, 1966).  
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1.3 Tupeia antarctica 

1.3.1 Systematics and history 

Tupeia antarctica was initially described in 1769 as Viscum antarticum by Forster 

(Engler and Kraus, 1935), but later recognised as V. pubigerum. The genus Tupeia was 

subsequently erected in 1828 to provide for the single species Tupeia antarctica 

(Chamisso and Schlechtendal, 1828). Other synonyms included T. pubigera and T. 

cunninghamii, these species were eventually reduced to synonymy with Tupeia 

antarctica (Forst.fil.) Cham. et Schldl. which had nomenclatural priori and is still 

recognised today. 

 

Tupeia is a monotypic genus of the Loranthaceae family, and thus T. antarctica is often 

referred to as solely Tupeia throughout literature (Smart, 1952). A new species of Tupeia, 

T. undulata, was described by Colenso in 1883 (Colenso, 1883). Colenso described the 

species as a small dioecious diffuse shrub with notable differences of bark, leaves, flowers 

and fruit compared to T. antarctica. T. undulata was later determined to be T. antarctica 

highlighting the variability of the species’ morphology. T. antarctica belongs to a group 

of fourteen Loranthaceae genera identified as relatively primitive among the extant 

members of the family (Barlow, 1983). Common features of this group include many 

small/monotypic genera, small habitual areas, and their occurrence on Gondwanan land 

surfaces. As a result, Barlow (1983) determines this group to be restricted endemics 

which are relictual in nature. Based on molecular tree topology, clade support, 

morphology and base chromosome number, T. antarctica is classified as the sole member 

of the subtribe ‘Tupeinae’, organised under the Psittacantheae Tribe (Nickrent et al., 

2010).  

 

Tupeia antarctica was named after the priest and navigator Tupaia from the island 

Ra’iātea in French Polynesia. Chamisso and Schlechtendal (1828) give the explanation 

“nominee Taheitensis amabilis peregrinatoris, in prino Cookii itinere de scientiis bene 

meritii” – named after the friendly Tahitian traveller on Cook’s first scientific voyage – 

recognition they thought was well deserved (“bene meritii”). Tupaia joined James Cook 

and the crew of the Endeavour when he visited Tahiti in 1769, continuing to New Zealand 
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where he communicated with the local Māori upon the arrival of Pākeha (Salmond, 2003). 

Tupaia’s death at Batavia on the return voyage was greatly mourned. T. antarctica is also 

referred to as Tāpia, Kohuorangi (mist of heaven) and Tirau-riki in Te Reo Māori 

(Anderson, 1926). T. antarctica and I. micranthus are also referred to collectively as Pirita 

or Pirinoa, meaning ‘clinging or climbing to the sky’ in Te Reo Māori (Williams, 1957). 

According to Best (1907) T. antarctica seeds were harvested and eaten by Māori. In 

gathering the berries, Best (1907) wrote; “…the person would climb far up into the tree, 

and, gathering the same, would put them into a basket, which, when full, he would lower 

to the ground by means of a long cord attached to it. These baskets would be taken to the 

stream and the contents washed to free the same of leaves and rubbish, after which it 

would be eaten, without cooking.” 

 

1.3.2 Biology and morphology 

T. antarctica have small, dichlamydous flowers (2-4 mm diameter). Flowering occurs 

between mid-August – December varying with latitude (New Zealand Plant Conservation 

Network, 2019, Smart, 1952, Smart, 1949). The pale green, lightly to strongly scented 

flowers are unisexual on separate plants, thus making the species dioecious (Figures 1 

and 2) (Kuijt, 1969). Pollen grains have a characteristic spherical shape, 3-5-zonocolpate, 

with short colpi (Grímsson et al., 2017). According to Grímsson et al. (2017), T. 

antarctica pollen are strikingly distinct from the majority of other Loranthaceae 

members. The significance of such distinctly different pollen is still obscure, although 

Grímsson et al. (2017) suggests that T. antarctica could be the remnants of largely extinct 

lineages which are sisters to the remaining Loranthaceae. 

No true ovules can be distinguished in Loranthaceae (Vidal-Russell and Nickrent, 2008), 

instead an ovarian mamelon, located basally in the unilocular ovary is present (Kuijt & 

Hansen, 2015). Consequently, Loranthaceae members do not develop true seeds, 

although this term is still used for the functional unit (Vidal-Russell & Nickrent, 2008). 

Within T. antarctica the style is straight, 1 mm in length, bearing a broad, capitate stigma, 

three times as wide as the style (Barlow, 1966). The entire style is deciduous and falls 

around 14 days after the perianth (sepals and petals) is shed, this is around 4 weeks after 

the flower opens (Smart, 1952). Mature fruits are globular (almost spherical) 
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pseudoberries, translucent/white with varying degrees of purple specks when ripe, and 4 

mm in diameter (Figure 1 and 3) (Smart, 1952; Barlow, 1966; Sawyer & Rebergen, 2001). 

All fruits contain one viscin-coated seed, an essential adaptation that permits attachment 

to the host branch (Vidal-Russell & Nickrent, 2008). Mature fruit is available anywhere 

between December-May, dependant on latitude (Smart, 1952; Sawyer & Rebergen, 

2001). Seed is occasionally forced from its pedicel by swelling of the viscous tissue, 

however, dislodgement by external agents, specifically birds, appear to be the natural 

means of dispersal (Watson, 2001, Ladley and Kelly, 1996, Smart, 1952). 

T. antarctica seed is dispersed by a number of different avian frugivores, however 

Anthornis melanura (korimako/bellbird) is the most commonly recorded frugivore 

(personal observations, 2019, Ladley and Kelly, 1996). Other records of dispersers 

include Zosterops lateralis (silvereye), Prosthemadera novaeseelandiae (Tūi), 

Hemiphaga novaeseelandiae (Kererū), and Turdus merula (common blackbird) (Sawyer 

and Rebergen, 2001, Dopson, 2001, Burrows, 1994). Dopson (1997) suggests T. 

antarctica most likely had a wide range of seed dispersers in the past that are now extinct 

or significantly limited in population size, these include: Philesturnus carunculatus 

(saddleback), Callaeas cinerea (kōkako), Heteralocha acutirostris (huia), Nestor 

meridionalis (kākā), Notiomystis cincta (stitchbird/hihi), and Turnagra capensis (piopio). 

Individuals typically form dense clumps in host canopies (Figure 4). These clumps are 

generally composed of semi-succulent mistletoe stems and leaves, approximately 1-2 

meters across with only one primary haustoria connection (Nickrent et al., 2010, Watson, 

2001, Sawyer and Rebergen, 2001). Although only one primary haustorium is formed, 

the endophyte (bark strand) spreads laterally within the host cortex distal to the point of 

the original infection (Vidal-Russell and Nickrent, 2008). Stems and bark are pale 

coloured (near to white/pale yellow) and flat when young, with new stems arising each 

season from involucre of scales (Barlow, 1966). Mature leaves range between 2.3-7 by 

0.8-4.5 cm in length, with a lanceolate to rhomboidal or ovate shape, however shape can 

be very variable (Chapter 4, Sawyer and Rebergen, 2001, Barlow, 1966).  
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Figure 1: Female Tupeia antarctica in flower and bearing fruit. 

 

Figure 2: Male Tupeia antarctica in flower. Photo 1249796 Ó chrismorse, some rights reserved 
(CC-BY-NC), uploaded by Chris Morse, iNaturalist.org. 

4 mm 

4 mm 
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Figure 3: Female Tupeia antarctica bearing fruit. 

 
 
Figure 4: Female Tupeia antarctica parasitic on Plagianthus regius host (Goodwood, Otago). 
Arrows indicate site of haustoria attachment.  
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1.3.3 A hybridisation event 
 

A putative T. antarctica x I. micranthus hybridisation event has been reported in the 

literature by Thomson (1948) and Smart (1952), however these reports are highly suspect. 

According to Barlow (1966), the characteristics which were considered by Thomson 

(1948) and Smart (1952) to indicate hybridisation were in fact within the range of 

variability observed by T. antarctica individuals. de Lange et al. (1997b) agree with the 

theory raised by Barlow (1966), adding that observations of wild populations have found 

T. antarctica individuals of both sexes to become intermingled, making it difficult to 

distinguish separate plants and therefore explaining the possible confusion behind the 

sexuality of the hybrid reported (de Lange et al., 1997b). Norton et al. (1994) considers 

the hybrid may have been an example of double parasitism between T. antarctica and I. 

micranthus individuals. A rare, yet plausible explanation, due to the fact that both genera 

overlap in host specificity and distribution. Furthermore, Nickrent et al. (2010) considers 

that the phylogenetic distance of the two genera, and the absence of later observations of 

bisexual individuals, questions the legitimacy of these claims. Lastly, based on 

chromosome numbers and karyotypes, hybrids between any of our native mistletoe 

genera are considered unlikely (de Lange et al., 1997b, Beuzenberg and Groves, 1974). 

Unfortunately, no herbarium specimens of Thomson’s hybrid exist, therefore, an 

assessment based on tangible plant material is impossible.  

1.3.4 Conservation status and threats 

Of the five extant native Loranthaceae members in New Zealand, four are currently 

recognised as having some degree of threat classification (de Lange et al., 2017). For the 

last two consecutive New Zealand Threat Classification Series reports, T. antarctica was 

listed as ‘At Risk’ and ‘Declining’ by the Department of Conservation (de Lange et al., 

2017, de Lange et al., 2013). ‘At Risk’ and ‘Declining’ species show, (1) a total 

population size < 100, 000 mature individuals; or (2) the total area of occupancy is < 100 

km2 (Townsend et al., 2008). In addition, there is an ongoing or predicted decline of 10-

70% in the total population or area of occupancy due to existing threats, taken over the 

next 10 years or three generations (Townsend et al., 2008). However, no official 
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examination of T. antarctica distribution and abundance was conducted in New Zealand 

prior to the determination of this conservation status.  

 

The decline of all mistletoes in New Zealand is most likely reflective of intense 

herbivorous damage, habitat destruction, diminishing bird populations, and 

overcollection (Sweetapple et al., 2002, Ladley and Kelly, 1996). In pre-European 

landscapes, a range of evolutionary and environmental factors would have regulated the 

abundance and distribution of T. antarctica in New Zealand. Historical determinants 

would have likely included host abundance and distribution, pollination, dispersal, 

infection, predation, natural disturbance regimes and environment habitat quality (e.g. 

availability, host water and nutrient relations) (Norton and Reid, 1997). Since European 

arrival, these environmental influences have been significantly modified, affecting 

natural densities and distributions (Sweetapple et al., 2002, Owen and Norton, 1995). 

Threats to native Loranthaceae are attributed to these changes (Sweetapple et al., 2002, 

Sessions et al., 2001, Ogle and Wilson, 1985, Norton and Reid, 1997, Norton et al., 1997, 

Owen and Norton, 1995, Norton, 1991).  

 
1.4 Thesis objectives 

The objective of this project was to assess the current state of Tupeia antarctica in New 

Zealand, specifically in the Otago region, and provide a baseline of ecological knowledge 

that could be used for the future protection of T. antarctica. There is some literature 

assessing the state and threats of Loranthaceae species in New Zealand, however no work 

has been produced addressing solely T. antarctica for the last 70 years. Therefore, much 

of the work described within this thesis has not been perused before and acts as a great 

initial report of the species. There is potential for this work to be carried on and monitored 

over a longer period of time, this would likely strengthen our understanding of New 

Zealand mistletoes in general.  
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The objectives are organised per chapter and are outlined as follows: 

 

Chapter 2 uses a process-based species distribution model to understand the historical 

and current distribution for T. antarctica throughout New Zealand by modelling the 

distribution of realised host species. This chapter investigates in detail the current 

distribution of T. antarctica within the Otago region. Additionally, a digital resource has 

been developed and described to capture the distribution information for T. antarctica in 

Otago and will be of valuable use for future species management.  

 

Chapter 3 aims to analyse three selected populations of T. antarctica within Otago, 

specifically investigating within-tree mistletoe distribution and abundance, sex ratios and 

host specificity. 

 

Chapter 4 aims to analyse the variation in T. antarctica leaf shape and size, determined 

from fresh material and herbarium specimens, among geographic latitudes and plant 

sexes.  

 

Chapter 5 aims to investigate T. antarctica seed establishment and methods on four 

different host trees, at three locations, monitored over six months. The principal goal is 

to establish new populations of T. antarctica in the Otago region. 

 

Chapter 6 aims to investigate the effect of mammal exclusion on the recovery of T. 

antarctica infection sites within the Dunedin Town Belt. Furthermore, this chapter aims 

to compile evidence demonstrating the impacts pests have on T. antarctica and how this 

affects growth over a season. 

 

Chapter 7 aims to review all findings from this project and produce a species 

management plan for T. antarctica, describing threats and suggestions for the future 

protection of the species.  
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Chapter 2: Current and potential Tupeia antarctica 

distribution 
 
2.1 Introduction 

Distribution patterns and structure of mistletoe populations are important to understand, 

especially given the current conservation concerns for all Loranthaceae members (Norton 

and Reid, 1997). Information on species distributions underlie nearly every aspect of 

managing biodiversity, including the effort to conserve rare species. Identifying 

environmental factors that influence distributional limits of rare species, such as Tupeia 

antarctica, is useful for managing particular environments and highlighting suitable 

reintroduction zones. There is reason to believe that the current occurrence of T. 

antarctica distribution is significantly more restricted than historically recognised. New 

Zealand was once dominated by forest below the alpine treeline, but 1000 years of 

Polynesian and European colonisation has resulted in the destruction of nearly three-

quarters of the indigenous forest cover (Ewers et al., 2006). Deforestation in New 

Zealand’s history has been a non-random process, with the East Coast of the South Island 

and much of low lying North Island being mostly cleared of indigenous forest and 

converted into urban or agricultural land uses (Ewers et al., 2006). One of the heaviest 

deforested regions in New Zealand is eastern Otago (Walker et al., 2004). Deforestation 

after the arrival of humans substantially reduced the extent of native forests and 

shrublands and their dependant bird, lizard and invertebrate faunas (Walker et al., 2004, 

Anderson, 1984). The impact of habitat destruction, especially in Central Otago, has 

likely removed many eligible host species from this area and thus represents a potential 

loss of habitat for T. antarctica. 

 

2.1.1 Process-based species distribution modelling of realised Tupeia antarctica hosts 
 
 
The modelling of parasitic plant species distribution is under represented in the literature. 

However, applying distributional models normally used for non-parasitic plants opens up 

opportunities to better understand the distribution of plant parasites at different spatial 
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scales. T. antarctica is a generalist mistletoe known to parasitise at least 48 different host 

species across New Zealand (Norton, 1997), although it is unlikely the species occupies 

the full range of these hosts. Furthermore, as explored in Chapter 3, host preference is 

likely to have varied among regions. Therefore, modelling host distributions directly, 

even of all known host species, will provide few insights into the potential distribution of 

T. antarctica. In fact, host quality might be more informative than host identity in 

determining the distribution of T. antarctica. Watson (2009a) proposed the host-quality 

hypothesis for explaining the patchiness of parasitic plant populations. The hypothesis 

suggests that host quality is one of the crucial proximate factors determining which 

potential host plants are susceptible to infection; parasites are expected to establish and 

survive on higher quality hosts (Watson, 2009a). Rather than parasitism being random, 

Watson suggests there are measurable differences in potential host plants that define a 

group of hosts physiologically capable of supporting a parasite. This chapter proposes 

and trials a novel alternative to modelling either T. antarctica occurrences directly, or all 

host species individually, which is to model infected trees ignoring their specific identity, 

to predict the distribution of the fundamental realised-host niche. 

 

Higgins et al. (2012) produced a method that is especially well suited for modelling 

realised host distributions. The method takes advantage of advances in biophysical niche 

modelling in plants to provide model-based methods for inferring useful but previously 

difficult to measure aspects of plant physiology. The technique combines occurrence data 

with environmental variables and a process-based model of plant growth to estimate the 

physiological niche of a species (Higgins et al., 2012). Because the model only requires 

location information and associated environmental data, it is possible to apply the 

approach to all known infected T. antarctica hosts in order to model the distribution of 

suitable hosts in the broad sense. The method is especially useful because the process-

based approach predicts something akin to the fundamental niche of suitable hosts as 

opposed to the realised niche, which would be predicted by a purely correlative 

distribution model (Dormann et al., 2012). This is appropriate when the historical range 

of suitable hosts is unknown and modelling is attempting to estimate the potential 

distribution despite broad-scale habitat loss, as is the case for T. antarctica in much of 

New Zealand.  
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2.1.2 Historic distribution 

Kirk (1875) wrote that one of the most striking points of contrast between the flora of the 

British Islands and New Zealand was the large proportion of shrubby parasites, one of 

which being T. antarctica. T. antarctica was first collected during October, 1769 by 

Daniel Solander and Joseph Banks in Totaranui, Queen Charlotte Sound, during Cooks’ 

first expedition of New Zealand (Brownsey, 2012). Very little is known about the natural 

habitat preferred by T. antarctica, however records from Canterbury note the species to 

be very common in subalpine Totara forest and subalpine scrub, commonly hosted by 

Hoheria lyallii (Cockayne, 1909, Speight et al., 1910). The first known record of T. 

antarctica in Otago was from the 14th June, 1898 where specimens of a Town Belt plant 

were collected and exhibited at an Otago Institute meeting (Thomson, 1898). 

Consequently, it is likely that T. antarctica naturally occurred in Otago prior to human 

arrival and was once prevalent in the area. Early records from Dunedin suggest T. 

antarctica was very much a generalist and noted to be found on almost every species of 

tree and shrub, and sometimes even parasitic on its fellow mistletoe Ileostylus micranthus 

(Suckling, 1913). Nevertheless, Pittosporum and Carpodetus have been highlighted as 

common host genera in the Otago region and it is commonly assumed that regional host 

specificity occurs (Petrie, 1895, Smart, 1949).  

 

2.1.3 Current distribution 

T. antarctica currently occurs naturally in the North and South Islands of New Zealand 

and is predominantly easterly in distribution. It has typically been located in shrublands 

and low forest communities which tend to be characterised by a greater diversity of 

potential host species (de Lange et al., 1997a, Barlow, 1966). Distribution within the 

Otago region is thought to favour seral vegetation (de Lange et al., 1997a). The most 

recent review of T. antarctica regional and national distribution is from 1997, 23 years 

ago, at which time the species was not considered to be under any threat (Simpson, 1997). 

The current abiotic and biotic influences on native Loranthaceae population dynamics are 

largely unknown but most likely differ from the historical abiotic and biotic factors 

(Watson, 2009a, Lira-Noriega and Peterson, 2014).  
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2.1.4 Aims 

There is no current documentation comparing T. antarctica historic and current 

distribution in New Zealand. To address this lack of knowledge, this chapter aims to 

develop a historic and current understanding of T. antarctica distribution throughout New 

Zealand by modelling the distribution of realised host species. The novel approach 

proposed and trialled here is to model T. antarctica-infected hosts in a broad sense, using 

a process-based method that estimates resource acquisition of infected individuals rather 

than the mistletoe itself. Additionally, a digital resource is produced and described that 

captures this information for T. antarctica in Otago that will be of use in species 

management. Description of T. antarctica could lead to a better understanding of 

processes affecting mistletoe distribution and could also help to identify the scales at 

which future studies should focus on. This is also the first time the Thornley transport 

resistance (TTR) model has been used to describe the potential distribution of infected 

host species of a generalist parasitic plant.  

 

 
2.2 Methods 

2.2.1 Species distribution modelling 

The process model used here, initially described by Higgins et al. (2012), is derived from 

the TTR model (Thornley, 1998). It considers carbon, nitrogen and biomass pools in the 

roots and shoots of plants and how physiological processes of resource assimilation, 

allocation, growth and respiration interact to determine these pools. Each physiological 

process in the model is constrained by environmental factors at a monthly time steps 

which considers seasonal fluctuations in the environmental variables influencing plant 

resource uptake and growth. For example, how do environmental factors such as soil 

moisture impact nitrogen uptake in terrestrial plant species. The implementation by 

Higgins et al. (2012) relates the uptake and growth processors to environmental forcing 

variables. More so, this model considers how carbon uptake might be limited by 

temperature, soil moisture, solar radiation and shoot nitrogen. For a full description of the 

model and its assumptions, see Higgins et al. (2012).  
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The TTR model was used to predict the occurrence of host plants infected with T. 

antarctica in New Zealand. More specifically, the model identifies locations where 

realised hosts are recorded and locations that, given host species are present, could 

continue to support T. antarctica and their hosts. The model also identifies proximal and 

distal areas that do not currently support hosts infected with T. antarctica but may be 

suitable given an eligible host species is also present in the area. Like most process-based 

species distribution models, this analysis predicts the potential niche of a species. Thus, 

this model produces an area of potential niche space suitable for potential T. antarctica 

hosts to inhabit.  

Spatial data for infected hosts was collated from observations of T. antarctica in this 

study, iNaturalist and the Global Biodiversity Information Facility (www.gbif.org). 

Infected host distribution was modelled using the TTR.sdm R package (available on 

request from Steve Higgins, University of Bayreuth, Germany). The TTR.sdm defines the 

physiological niches of vascular plant species by using distribution data to calibrate a 

process-based physiological model derived from TTR (Higgins et al., 2012, Thornley, 

1998). The method published by Barbet-Massin et al. (2012) for simulating 

pseudoabsence points was also adopted. As described in Larcombe et al. (2018), this 

method balances the number of presence and absence points and stratifies the selection 

of absence points by environment type. The model fit was evaluated by examining the 

confusion matrix (a matrix comparing the number of true positives, true negatives, false 

positives and false negatives). Particular weight is given to the false negative rate, i.e., 

instances where the model predicts the species to be absent, but it is actually present.  

2.2.2 Digital map production (current species distribution) 

T. antarctica presence in the Otago region was surveyed and recorded between February 

and June 2019. Historic records, current records, the New Zealand Plant Conservation 

Network database, iNaturalist, Department of Conservation, personal communications 

and anecdotal evidence were used to select locations to search.  

 

The online resource created (https://mistletoe-project.firebaseapp.com/) is all original 

and purpose built, making use of free and open source programming languages and 
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libraries. The online resource makes use of Leaflet (https://leafletjs.com/ and 

https://github.com/Leaflet/Leaflet), which is an open source Javascript library for 

creating maps inside of web applications.  

 

The digital map resource was coded from Leaflet, an open-source JavaScript library for 

creating maps inside of web applications. The online map resource created was originally 

and purposefully built making use of free and open source programming languages and 

libraries. Leaflet is licensed under the BSD 2-Clause "Simplified" License 

(https://github.com/Leaflet/Leaflet/blob/master/LICENSE). The online resource also 

makes use of the JavaScript library jQuery, in order to simplify its use 

(https://jquery.com/). It is also free and open source (https://github.com/jquery/jquery), 

under the MIT license (https://github.com/jquery/jquery/blob/master/LICENSE.txt). In 

terms of the presentation of the online resource, CSS framework Bulma was included 

(https://bulma.io). Bulma is free and open source, under the MIT license 

(https://github.com/jgthms/bulma/blob/master/LICENSE). The online resource, and its 

associated images, are all hosted on Google Firebase (https://firebase.google.com/), 

which is a Mobile backend as a service (Mbaas) provided by Google. 

 

Website link: https://mistletoe-project.firebaseapp.com/(%22Leaflet,%22) 

Map code: https://leafletjs.com/ 

Open source code: https://github.com/Leaflet/Leaflet 

 
 
2.3 Results 

2.3.1 Predicted national distribution  

The TTR model correctly predicted T. antarctica infected host occurrence to be 

predominantly easterly in distribution with larger distribution pockets in Otago, 

Southland and Wellington regions. Notably, infected hosts are also predicted to occur on 

Stewart Island however there is no record of T. antarctica ever growing there. The West 

Coast and upper North Island have no predicted distribution of infected hosts. These 

general patterns, however, need to be treated with caution as the confusion matrix for the 
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TTR model showed 392 true positives, 455 true negatives, 150 false positives and 217 

false negatives (poor fit; Figure 5, 6, 7). Simulated presence and absence points show 

many points of predicted species occurrence where infected hosts are present, however, 

there were also a disproportionately large number of predicted infected host absence 

where T. antarctica is present (Figure 6). The false negative points mostly occur in 

Northland and Auckland regions, and these cause the most inaccuracy in the model. The 

probability of infected host occurrence (Figure 7) is very similar to the predicted 

occurrence of infected hosts observed in Figure 5. Figure 7 predicts high probability of 

infected host occurrence throughout the Manawatu District, however this area has high 

false positive rates (Figure 6) and is not consistent with the observed infected host 

distribution modelled in this study. Despite the production of a relatively poor fitting 

model, predicted infected host distribution in Otago is consistent with current T. 

antarctica occurrence data collected in this study (Chapter 2.3.2).  
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Figure 5: Process-based species distribution model predicted occurrence of realised Tupeia 
antarctica hosts in New Zealand. 
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Figure 6: Presence and absence of realised Tupeia antarctica hosts at simulated plot points over 
realised host predicted niche distribution produced by process-based species distribution model.  
The green area shows the predicted occurrence of T. antarctica as presented in Figure 5.  
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2.3.2 Current Otago distribution 

T. antarctica was mostly recorded on fringes of lowland coastal forest, agricultural areas 

or remnant edges. All plants located within Otago are recorded within 15 km of the Otago 

coast and at elevations below 110 meters. Most host trees were noted to grow alongside 

streams or in the vicinity of springs. Many locations that were historically recognised as 

T. antarctica sites no longer show evidence of T. antarctica being present in the area. The 

occurrence data presented here is consistent with the predicted T. antarctica occurrence 

produced from the TTR model in Otago (Chapter 2.3.1).  
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Figure 7: Probability of realised Tupeia antarctica host occurrence in New Zealand produced by 
process-based species distribution model. 
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Figure 8: Screen shot of electronic map attachment - Current distribution map of Tupeia 
antarctica within the Otago region. Pins on website resource (from which this screenshot 
originates) are interactive and supply general information on plants (sex, number of infections on 
host, host species, photos). Follow link for website resource. 
 
 
 



 24 

2.4 Discussion 

T. antarctica has three main reproductively viable populations within Otago, with isolated 

plants in a few other locations. The species prefers well-lit, warm positions, and is 

typically found on hosts in agricultural land and lowland coastal forest. Elevation of these 

surviving populations is relatively low in comparison to historical records of T. antarctica 

which have recorded the species at elevations over 500 m (Cockayne, 1909). It is evident 

that the current distribution of T. antarctica within Otago is significantly smaller than that 

recorded in Otago previously (Simpson, 1997).  

 

The TTR modelling exercise produced a relatively poor fitting model due to the high false 

negative rate (217: Figure 5). This poor model performance may reflect the unusual 

parametrisation using a broad range of infected hosts across New Zealand rather than one 

terrestrial plant species. There are a number of other factors that may cause the poor 

performance of the model, such as the distribution being controlled by a factor that is not 

recognised in the model (such as soil type), or a biotic interaction with T. antarctica that 

does not affect the host. Mistletoe distribution is shaped, at least, in part by the movement 

and preferences of avian seed dispersers (Lira-Noriega and Peterson, 2014, Aukema and 

Martínez del Rio, 2002c, Aukema and Martínez del Rio, 2002a). This is likely a biotic 

interaction affecting the suitability of the model and is discussed further in relation to 

population structure in Chapter 3.4. The extent to which frugivores contribute to large 

scale mistletoe distribution is unknown, however the successful establishment of 

mistletoes will only occur if the right combination of climate and hosts are met (Lira-

Noriega et al., 2013). Lira-Noriega et al. (2013) found dispersal factors to be most 

relevant in process-based mistletoe modelling when exploring trends at fine resolutions, 

while dispersal factors become practically irrelevant at coarser resolutions where climatic 

factors dominate. Consequently, it is difficult to determine to what extent the results in 

this model are affected by bird dispersal of T. antarctica fruit, however, this is likely to 

play some role in the patterns observed. Nevertheless, the predicted occurrence and 

distribution of T. antarctica (observed through realised host distribution) in this model is 

consistent with current Otago occurrence records which show T. antarctica to grow 

predominantly easterly in what were once lowland coastal forests.  
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The predicted occurrence of realised hosts in the TTR model demonstrates a very small 

probability that realised hosts would be present in Central Otago. Given the assumption 

that current infected host distribution provides the model with an accurate estimate of 

environmental tolerances of an infected host, it is unlikely suitable hosts will occur in 

Central Otago, thus explaining the absence of T. antarctica. A recent study by McGlone 

and Wood (2019) describe an early Holocene site (~11 700-8300 years ago) from the 

Central Otago lowlands (near Cromwell Gorge) in which a paleovegetative analysis was 

conducted. Alongside Plagianthus regius and Hoheria species (key host species of T. 

antarctica (Chapter 3.3.1), T. antarctica was identified in the pollen analysis. P. regius 

was the tallest plant represented in the local assemblage from this site with a maximum 

height of 15 m. If T. antarctica was exploiting P. regius as a preferred host at this site it 

is likely T. antarctica had access to a high light environment, a factor essential for 

mistletoe growth (Lamont, 1983). The plant assemblage identified in this study reflects a 

local vegetation community consisting of shrubland or low woodland (McGlone and 

Wood, 2019). The assemblages as a whole is similar to those found later in the Holocene 

(Wood and Walker, 2008) and in the open shrubby habitats of the eastern South Island 

today – a major area of T. antarctica distribution. Additionally, Walker et al. (2004) 

reconstructed the woody vegetation of pre-settlement central Otago with a combination 

of palaeoecological and physiological research and spatial process modelling. Walker et 

al. (2004) found evidence of Carpodetus serratus and Pseudopanax crassifolius being 

potential canopy species in the area. Records of subfossil wood and charcoals found 

evidence of Hoheria spp. present in central Otago sites analysed growing more commonly 

at elevations below 500 m (Walker et al., 2004). These species are also recognised as T. 

antarctica hosts within Otago (Chapter 3.3.1). These findings indicate that although the 

model predicted an extremely low probability of infected hosts currently in Central 

Otago, they have occurred there at some point during the early Holocene. 

 

As aforementioned, forest clearance patterns in New Zealand are a non-random process. 

According to Ewers et al. (2006) clearance patterns are strongly associated with the 

density of road networks, climatic moisture gradient and soil fertility. As Watson (2009a) 

suggests, host susceptibility and therefore host quality for a parasite may be determined 

by factors that can predispose certain trees to mistletoe infection, for example, genetically 
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mediated physiological compatibility, superior host water and nutrient relations, soil 

nitrogen and bark thickness (Watson, 2009a, Reid and Smith, 2000). Consequently, it is 

plausible that realised host distribution in Otago is affected by the host’s susceptibility to 

infection, which in turn could have been influenced by historic clearance patterns. Watson 

(2009a) proposed that the association between disturbed habitat and plant parasite 

presence relates to the same underlying mechanism: in areas where water is limiting, 

parasites are more likely to establish on hosts with greater access to water. The parasitic 

and unregulated water use of mistletoes likely contributes to the formation of this 

hypothesis (Strong and Bannister, 2002, Ehleringer et al., 1986). A number of infected 

hosts identified in this study that grow on the margins of streams in agricultural land and 

thus have greater access to water. Agricultural areas were originally cleared due to their 

soil fertility, indicative of non-random forest clearance. Other evidence supporting host 

quality trends comes from an Australian study (Miller et al., 2003), in which stands of 

trees with higher pre-dawn water potentials had the highest proportion of trees infected 

with mistletoes. Furthermore, Norton and Smith (1999) studied the foliar water content 

of roadside Loranthaceae hosts and found mistletoe presence to be greater on roadside 

individuals who also had higher foliar water content in comparison to interior site 

individuals. Water availability and potential is only one aspect of host quality, however, 

it appears T. antarctica parasitises hosts that experience less water stress.  

 

More interestingly is the fact that the TTR model uses environmental data to model pools 

of carbon and nitrogen in the roots and shoots, and how they are allocated to result in 

plant growth. This involves a trade-off between root and shoot allocation, an aspect the 

model takes into consideration when predicting species distribution. While mistletoes are 

able to produce their own basic sugars through photosynthesis, they often have lower 

photosynthetic rates than their hosts and the ability to acquire carbon from the host 

(Mathiasen et al., 2008, Lamont, 1983) Consequently, carbon accumulation and use 

efficiency are reduced in host trees (Meinzer et al., 2004). In addition to water availability, 

high quality hosts likely have higher access to carbon, allocating these resources in the 

shoots, rather than the roots in order to support a stem parasite. An improvement on the 

model could involve weighting shoot allocation of carbon and nitrogen more heavily than 

root allocation in order to test this hypothesis.  
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It is important to consider T. antarctica’s life history, particularly seed establishment and 

dispersal (Chapter 5.1), in the realised host distribution noted in this chapter. Dispersal 

and seed establishment is not explicitly estimated in the TTR model, however because 

the model uses the distribution of known realised hosts it implicitly includes those factors. 

Nevertheless, dispersal and seed establishment likely play a fundamental role in the 

distribution of realised host trees across New Zealand. T. antarctica infection is likely to 

occur only where host distributions overlap areas that are suitable for mistletoe growth. 

According to Lira-Noriega and Peterson (2014), infections of the desert mistletoe, 

Phoradendron californicum, occur in non-random subsets of the niche of each host. 

Furthermore, mistletoe infections of different hosts occur under similar niche conditions. 

Specifically, this study anticipates significant non-similarity between mistletoe hosts in 

general, but similarity among hosts when infected by mistletoe. This led Lira-Noriega 

and Peterson (2014) to the conclusion that hosts of P. californicum are infected by the 

mistletoe only where they range into suitable and accessible areas for the mistletoe to 

establish and grow. This may be what is occurring with T. antarctica in this study. It is 

possible the niche of realised hosts is formed by both the physiological quality of host 

plants (‘host-quality hypothesis’) and the dispersal and successful establishment of 

mistletoes on those hosts. Nevertheless, the broadscale distribution of infected hosts, as 

modelled here, likely represents a broad scale physiological niche highlighting 

geographical areas more likely to contain suitable host species and individuals for T. 

antarctica establishment.  

 
 
2.5 Conclusion 

Although the process-based species distribution model of realised T. antarctica hosts 

produced a relatively poor fitting model (mostly attributed to the high false negative 

rates), it is clear that T. antarctica is much less common now than it was historically or 

even observed over the period of this study (Chapter 6). Forest destruction has been 

historically, and continues to be one of the greatest threats to T. antarctica and has 

changed present day host distribution and mistletoe population structure. This may be 

attributed to factors affecting the physiological quality of host plants and/or the successful 
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dispersal of T. antarctica fruit to these areas. Despite difficulties with the model used, 

projections of infected host distribution overlapped the current distribution data recorded 

in Otago. In a rapidly changing world, there is a critical need to predict the future 

geographical ranges of endangered species. This foundational work provides a good 

baseline to expand and build on the identification, prediction and conservation of both T. 

antarctica and potential host populations in the future.  
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Chapter 3: Host specificity and population structure 

3.1 Introduction 

The ecology of New Zealand’s native Loranthaceae is underrepresented in the literature. 

This deficiency in knowledge is in marked contrast to the number of studies regarding 

host-parasite relationships, small scale mistletoe distribution patterns and dispersal 

patterns from Australia which is somewhat indicative of their higher level of species 

richness (e.g. Turner and Smith, 2016, Carnegie et al., 2009, Reid et al., 1994). What 

knowledge we do have consists mainly of generalised geographical mistletoe patterns and 

anecdotal accounts which do not include important and specific aspects of Tupeia 

antarctica life history such as sex ratios and host preference. The differential influences 

abiotic and biotic factors have on native Loranthaceae population dynamics are largely 

unknown and likely different to abiotic and biotic factors historically (Lira-Noriega and 

Peterson, 2014, Watson, 2009a). 

 

3.1.1 Host specificity 

Host preferences and parasitic specificity are major factors constraining the distribution 

of mistletoes worldwide. At the smallest scale, a parasite’s success will depend on the 

interactions (with environment and host) it experiences throughout life on its host. Host 

specificity is the restricted use of available and potential host species at a local scale, 

while host preferences refers to the hierarchical ranking of host use (Okubamichael et al., 

2017). Generalist mistletoes, which parasitise a large number of host species, tend not to 

be unrestricted in their host range but show preference for some host species over others 

(Norton and De Lange, 1999, Norton and Carpenter, 1998). Host specificity in parasites 

may be advantageous in that it allows the evolution of adaptations and traits enabling 

more successful interactions with frequently encountered hosts. It is also suggested to 

facilitate the location of potential mates, or the potential for more efficient pollination and 

dispersal by making mistletoes easier to find (Norton and Carpenter, 1998).  
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As previously mentioned, T. antarctica is described as a generalist and has been recorded 

to parasitise at least 48 different hosts across New Zealand (Norton and De Lange, 1999, 

de Lange et al., 1997a). Where T. antarctica originated is unclear, however fossil records 

(such as pollen) provide some context to the evolution of the species generalist host 

preferences. Pollen records indicate T. antarctica presence from the Pliocene epoch of 

the Tertiary period (2-5 million years ago) (Mildenhall, 1980, Norton, 1997). This was a 

time when environmental conditions were more variable than those encountered earlier 

in the Tertiary (e.g. in the Eocene). The late Tertiary was a period of climatic fluctuations 

cause by glaciation events and mountain orogenic onset. The variability in environmental 

conditions would have likely caused dramatic fluctuations in mistletoe hosts’ spatial and 

temporal patterns and thus provided major barriers to the development of host specific 

relationships (Norton and De Lange, 1999). The late Tertiary also coincided with the 

diversification of species, specifically the formation of tropical and subtropical forests, 

and the radiation of songbirds (Liu et al., 2018). Mistletoes that are initially capable of 

utilising several host species may also become restricted to a subset of individuals within 

an area (Amico et al., 2007, Kavanagh and Burns, 2012). Generalist mistletoe species are 

therefore often composed of distinct host-specific regions (e.g. Lira-Noriega and 

Peterson, 2014). T. antarctica has repeatedly been recorded to parasitise a large array of 

host species and populations from different regions but does tend to show considerable 

regional specificity (de Lange et al., 1997b, Smart, 1949). A review of 251 T. antarctica 

herbarium specimens highlighted Pseudopanax arboreus (whauwhaupaku) as the 

dominant host in the Taupō volcanic zone of the North Island, while Myrsine australis 

(Mapou) was the dominant host on Banks Peninsula, and Carpodetus serratus was a key 

indigenous host in the Otago Region (de Lange et al., 1997).  

 

Although parasite host specificity is commonly reported, specific challenges do exist 

when examining T. antarctica populations. Excluding this study, no recent work has 

investigated the specificity of T. antarctica throughout New Zealand. The last thorough 

review of T. antarctica distribution is from 23 years ago, and substantial environmental 

and climatic modifications have since occurred. Secondly, determining current host 

specificity in the Otago region does not necessarily reflect historic or original host 

preferences as Otago was hugely modified upon human settlement. Nevertheless, 
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investigating host specificity is imperative for T. antarctica conservation. Not only can it 

identify the most suited host species for T. antarctica establishment within particular 

areas, it also allows us to determine which potential host species are important to conserve 

for the long term viability and regeneration of future populations.  

 

3.1.2 Mistletoe population structure 

Many factors that are considered to be primary determinants of plant distribution do not 

have the same relevance to parasitic plants. For example, mistletoes lack roots and thus 

have no contact with the soil. Abiotic factors such as soil moisture and nutrients do not 

directly affect the distribution of mistletoes as they would other terrestrial plant 

communities (Calder, 1983, Barlow, 1981). Consequently, mistletoes occupy habitats 

with a distinct spatial structure (Overton, 1994). The mistletoe habitat is a collection of 

eligible host trees imbedded in an inhospitable habitat (area between host trees) and 

uninhabitable habitat (non-eligible host trees) with avian seed dispersal within and 

between habitats (Overton, 1994). Overton (1994) described the patchy distribution of 

mistletoes as a metapopulation. More recently, this analogy has been overturned in favour 

of ‘spatially structured patchy populations’ (Aukema and Martínez del Rio, 2002a). Hosts 

are identified as ‘patches’, infection is characterised as patch occupancy, and seed 

establishment equates with patch colonisation (Aukema and Martínez del Rio, 2002a).   

 

3.1.3 Sex ratio 

The spatial context in which reproduction occurs is of critical importance for plants 

because of their sessile habit. As a dioecious parasite, T. antarctica is especially sensitive 

to spatial structure and composition due to the restricted number of mating groups within 

an already restricted area of inhabitancy (restricted by host distribution). Local sex ratios 

may affect T. antarctica fitness through pollen limitation or small fruit set. Dioecious 

angiosperms commonly deviate from 1:1 sex ratio, however the mechanisms driving this 

are poorly understood (Field et al., 2013). Biased sex ratios have been attributed to diverse 

factors such as local resource competition (De Jong et al., 2002), sex-ratio distorters 

(Taylor, 1999), or as a result of sex determination (Lloyd, 1974). Different reproductive 

resource allocation between males and females is considered one of the key drivers of 
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biased sex ratios in angiosperms. Greater reproductive investment in females is suggested 

to produce male-biased sex ratios because of the earlier onset and more frequent 

flowering of males and higher female mortality (Lloyd and Webb, 1977, Lloyd, 1974).  

 

Although sex ratios are commonly reported in dioecious plant populations, challenges do 

exist when investigating them. The sex of most dioecious plants, including T. antarctica, 

cannot be determined until reproductive maturity, so most estimates of sex ratios are from 

samples of flowering/fruiting individuals, ignoring juvenile or vegetative plants. 

Nevertheless, investigating sex ratios provides an opportunity to explore general 

reproductive and distribution patterns. More specifically for T. antarctica, it allows us to 

identify whether dioecy is another challenge in conserving the species.  

 

3.1.4 Aims 

Understanding the population structure and ecology of mistletoe populations are of 

significant importance given the current conservation concerns of all Loranthaceae 

members (Norton and Reid, 1997). There is no documentation addressing T. antarctica 

population structure and size, sex ratios and host specificity throughout New Zealand. To 

address this lack of knowledge, this chapter aims to analyse three selected populations of 

T. antarctica within Otago. Specifically investigating within tree mistletoe distribution 

and abundance, sex ratios and host specificity. Furthermore, a description of T. antarctica 

populations in Otago will help generate hypotheses regarding the processes that lead to 

the recognised population patterns and will help to identify the scales at which future 

studies should focus in order to understand population patterns affecting mistletoe 

distribution. 

 

 

 

 



 34 

3.2 Methods 

3.2.1 Study sites 

A viable population of T. antarctica was defined as having at least one male and female 

plant located within close proximity to each other.  

 
3.2.1.1 Goodwood and Tavora Reserve  

Goodwood is located around 50 km North of Central Dunedin at 60 m altitude and 

consists of predominantly agricultural land. Two Department of Conservation reserves 

are situated within the hub of paddocks; Goodwood Reserve and Tavora Reserve. T. 

antarctica individuals were located on fragmented lines of trees near to the roadside 

(Goodwood Road) in agricultural paddocks and on a few isolated hosts within Tavora 

Reserve. Both sites are grazed heavily by sheep and thus recruitment of young seedlings 

is minimal. Goodwood farmland is dominated by P. regius, Hoheria angustifolia and 

Sophora microphylla (kōwhai) with Ileostylus micranthus commonly parasitising the 

latter. I. micranthus was never observed to have any browse damage and the population 

is very healthy in the area. Tavora Reserve is also dominated by P. regius, H. angustifolia 

and S. microphylla in addition to a number of other juvenile native species planted here 

as part of a restoration project. Although Tavora Reserve is fully fenced, it is evident that 

sheep are still accessing the site and grazing a majority of palatable species.  

 

 
Figure 9: (a) Goodwood (upper left) and Tavora Reserve (lower right) (denoted by blue markers) 
in relation to Palmerston, each other and the coast, (b) general habit of Tavora and Goodwood. 

a b

1 km 
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3.2.1.2 Owaka Valley, The Catlins 

Owaka Valley is located in Otago’s Clutha District, 120 km south of Dunedin, 20-40 m 

in altitude. Land in the area is predominantly agricultural, with few areas of remnant 

forest remaining. T. antarctica individuals were observed in lowland agricultural 

paddocks on host trees of P. regius which grow on or near the banks of Owaka Valley 

Stream. Historically, Owaka Valley Stream was referred to as the ‘Yellow Ribbon’ due 

to P. regius (Ribbonwood) and S. microphylla (Kōwhai) dominating the vegetation of the 

stream bank. Although largely cleared, when present, P. regius and S. microphylla were 

always identified growing together in this manner. Recruitment of P. regius and S. 

microphylla is virtually non-existent in this area due to the continual grazing regimes of 

livestock in paddocks, hence juvenile potential hosts are absent amongst this T. antarctica 

population. As the T. antarctica individuals were found on private agricultural land, 

identification of plants could only be determined via roadside observation and 

subsequently explored after permission was granted by landowners. T. antarctica 

recorded in this area is predominantly a representation of individuals close to the roadside 

and occasionally of a more comprehensive population when the research was performed 

in cooperation with willing local farmers. Consequently, the data observed and collected 

from the Owaka Valley only provides a selected snapshot of what is likely to be a much 

larger T. antarctica population than is documented here.  
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Figure 10: (a) Owaka Valley (Catlins) approximate study area denoted by red rectangle, (b) 
Owaka Valley habit. 
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Figure 11: Secluded host tree parasitised by Tupeia antarctica on agricultural land. Owaka 
Stream runs below. 
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3.2.1.3 Dunedin Town Belt 

The Dunedin Town Belt is located in the central urban area of Dunedin, covering 202 

hectares on a gentle east facing slope. The altitude of the site varies between 75 m to 90 

m in altitude. The Town Belt represents a fragment of the native remnant forest which 

once covered Dunedin (Ōtepoti). During the European settlement of Dunedin, much of 

the Town Belt was cleared of forest with settlers planting many exotic species in order to 

make their surroundings feel more ‘English’ (McIndoe, 1890), however small patches of 

remnant native bush still persist. Vegetation mainly consists of Kunzea ericoides 

(Kānuka), moist broadleaf forest, exotic coniferous-deciduous forest and other 

opportunistic exotic species. C. serratus makes up a large component of mature trees in 

this area as the species was often thought to be of less value than other trees within the 

Town Belt (J Steele, personal communication, 2019). This is most likely due to the large 

number of associated wood boring species which utilise C. serratus as a key host (Plant-

SyNZ, 2020). At present, the forest remains fragmented and disturbed with close 

proximity to residential housing, which is a key factor in the continual invasion of weeds. 

The study area for this research was restricted to a 3 km2 section of the Dunedin Town 

Belt, between Prospect Park and Olveston Historic Home. T. antarctica was often 

observed as a haustorium swelling on mature C. serratus, which grow on the fringes of 

tall forest surroundings, or emerging through gaps in the canopy. 
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Figure 12: (a) Dunedin Town Belt approximate study area denoted by red rectangle, (b) 
Dunedin Town Belt habit. 
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3.2.2 Population structure 

3.2.2.1 Mistletoe data collection 

The following features were recorded for each individual T. antarctica plant observed at 

the three study sites on an identified host (Appendix 1.1: Figure 33):  

• Sex - confident sex determination could only occur during flowering or fruiting 

seasons. If there were many individuals on one host with some having heavy fruit 

set, it was assumed that those without any fruit were male. When possible, plants 

were revisited when flowering to ensure correct sex determination. Individuals 

were noted as ‘NA’ if sex could not be determined.  

• Position on host - classification followed Norton et al. (1997): outer branches 

(outer 50% branches relative to trunk), inner branches (inner 50% branches 

relative to trunk), or main trunk. These categories were determined by searching 

for the point of attachment on the host. If this was not visible, a decision was made 

based on the best estimate of the recorder. 

• Height within canopy - subjectively estimated in four classes corresponding to 

the trunk (below crown) lower crown, mid crown and upper crown.  

• Size - measured or estimated (depending on plant accessibility) to the nearest 10 

cm for each axis, these measurements were used to group plants into size 

categories detailed in Table 1.  

• Photographs – habit, hosts, infections, phenological stages, types of growth, 

damage, flowers and fruit. 

 
Table 1: Size class dimensions for Tupeia antarctica size estimates. 

Size class Size class dimensions 

A ! < 0.5 m x 0.5 m 

B 0.5 m x 0.5 m < ! < 1 m x 1 m 

C 1 m x 1 m < ! < 1.5 m x 1.5 m 

D 1.5 m x 1.5 m < ! < 2 m x 2 m 

E ! > 2 m x 2 m 

I Infection site: no woody stems but leaf growth or green nodes present 
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After an initial assessment of the mistletoe data, it was decided that measurements for 

size were unreliable. This was because of the high degree of error associated with size 

estimates from plants high above the ground.  

 

3.2.2.2 Uninfected host data collection 

To test whether infected hosts were a non-random subset of size classes of available hosts, 

uninfected eligible host trees were selected for diameter at breast height (DBH) 

measurements. Within a clump of infected host trees (clump defined as grouping of 

infected host trees within 15 m proximity to each other), the outer most north, south, east 

and west facing T. antarctica hosts were identified. A measuring tape was used to 

measure 10 m out from the edge of the tree trunk of identified edge hosts. This produced 

a spatially defined area in which all non-infected eligible host trees were visited for data 

collection (Figure 13). Host eligibility was based on location and determined from host 

species parasitised by T. antarctica in that area (H. angustifolia and P. regius at 

Goodwood/Tavora, C. serratus and Chamaecytisus palmensis in Dunedin Town Belt).  

 

 
Figure 13: Experimental design for data collection of uninfected host species at different 
locations. 

 

10 m

10 m

10 m

10 m

Non-infected potential host

Realised T. antarctica host



 42 

3.2.3 Host data collection 

Upon identification of an infected host plant, a number of features were recorded 

concerning both the host and T. antarctica (Appendix 1.1: Figure 33). These were:  

• GPS co-ordinates - recorded in DDM (degrees decimals minute) using a Garmin 

64s handheld GPS receiver (+- 10 meters)  

• Host diameter at breast height (DBH) - measured at 1.35 m, following methods 

described in Hurst and Allen (2007). For multistem host plants, DBH of all stems 

were measured at 1.35 m (Hurst and Allen, 2007) and used to produce a ‘virtual’ 

single DBH measurement via the following equation:  

														√#$%1! + #$%2! = *+,-./01	2./3+*342	#$%  

I.e. the square root of the sum of squares of all individual trunk measurements.  

• Host health - subjectively estimated into one of three categories modified from 

Waipara et al. (2013). ‘1’ was scored for a ‘healthy’ host, defined as having no 

visible symptoms of stress, ‘2’ as ‘moderately healthy’, defined as some branch 

death and sparse canopy, and ‘3’ as ‘unhealthy’, defined by the conspicuous 

presence of dead branches, hollowing trunk and defoliation.  

 

3.2.4 Data analysis 

Chi-squared goodness of fit test based on equal probability was used to assess whether 

different host species were non-randomly parasitised at different study sites in Otago. 

Host species present at all sites were included separately in analyses whereas host species 

not present at all sites were grouped together as ‘other’. Chi-squared goodness of fit test 

based on equal probability was also used to assess whether T. antarctica had equal sex 

ratios in different locations (NAs omitted), non-random distribution between different 

positions and heights within the hosts P. regius and C. serratus, and non-random 

association between host health and increased T. antarctica intensity. Parasitology 

terminology uses intensity of infection to infer number of parasites per host (Aukema and 

Martínez del Rio, 2002a), thus intensity here describes the number of T. antarctica 

infections on a given host. H. angustifolia and C. palmensis were omitted from mistletoe 

host position analyses due to small sample sizes (n<5). A simple linear regression was 

used to assess if there was a relationship between the normalised host tree DBH and 
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mistletoe intensity. Where hosts weren’t located at a site, their expected value for a chi-

squared test was 0. An analysis of variance (ANOVA) was conducted to examine whether 

host mistletoe infection intensity on H. angustifolia and P. regius was associated with 

differences in DBH at Goodwood/Tavora. A chi-squared test of independence was also 

used to test whether C. serratus DBH class was independent of infection status in the 

Town Belt. Dunedin Town Belt and Goodwood/Tavora were analysed independently here 

due to different tree species acting as key hosts at each site (C. serratus and P. regius 

respectively).  

 

 
3.3 Results 

3.3.1 Host species and specificity  

Only two host species, H. angustifolia and P. regius, were present at all three sites. These 

were the only host species parasitised in the Catlins and Goodwood/Tavora sites, however 

two additional tree species were hosts in the Town Belt, C. serratus and C. palmensis 

(Table 2). For the chi-squared analysis the species present only in the Town Belt were 

grouped together as ‘other’ and the Catlins and Goodwood/Tavora sites were scored as 

having zero ‘other’ hosts. T. antarctica differ significantly in host preferences between 

Town Belt, Goodwood/Tavora and Catlins populations (Table 2b: χ2 = 54.53, P < 

0.00001).  
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Table 2: (a) Number of shared and ‘other’ host tree species infected by Tupeia antarctica at each 
study site, (b) Chi-squared analysis of differences in host infection rates among sites. 
 

(a) Shared Host Species Town Belt Goodwood/Tavora Catlins  
Hoheria angustifolia 0 2 0  
Plagianthus regius 0 8 17  
Other Host Species 21 0 0  
Carpodetus serratus 20 Not at site Not at site  
Chamaecytisus palmensis 1 Not at site Not at site  

          
(b) df 4 

  
 

χ2 54.53 
  

  P <0.00001     
 
 

Infected host trees at Goodwood/Tavora have significantly larger DBH than uninfected 

potential hosts from the same location (P < 0.001) (Figure 14). The mean DBH of infected 

host plants was 49.35 cm whereas the uninfected hosts mean DBH was 31.85 cm (Figure 

14). There is no significant difference between H. angustifolia and P. regius DBH within 

infection groupings (P > 0.7) (Figure 14). In contrast, infected C. serratus individuals 

within the Dunedin Town Belt did not differ significantly in DBH from uninfected trees 

of the same species (P = 0.46) (Figure 15). Sample size, as indicated on each figure, also 

demonstrates the larger proportion of uninfected trees in comparison to infected trees at 

Tavora/Goodwood (Figure 14), however the Town Belt has a larger proportion of infected 

hosts over non-infected (Figure 15).  
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Figure 14: Comparison of diameter at breast height (DBH) of uninfected and infected Hoheria 
angustifolia and Plagianthus regius individuals at Goodwood/Tavora. 
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Figure 15: Comparison of diameter at breast height (DBH) of uninfected and infected 
Carpodetus serratus individuals in the Dunedin Town Belt. 
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Normalised host DBH exhibited a significant (F = 8.151, P < 0.007, R2 = 0.149) 

relationship with host T. antarctica infection intensity, larger DBH was associated with 

higher mistletoe infection intensity. C. serratus had a lower T. antarctica infection 

intensity that varied across a range of diameter sizes. In comparison, P. regius had a larger 

infection intensity and diameter range (Figure 16).  

 

 
 
Figure 16: Relationship between normalised diameter at breast height (DBH) for Tupeia 
antarctica hosts from the Catlins, Dunedin Town Belt, and Goodwood/Tavora and intensity of T. 
antarctica infections (n=47). Fitted linear regression line represents the relationship between 
normalised host DBH and T. antarctica intensity.   
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No relationship was found between T. antarctica infection intensity and the index of host 

health determined at all study sites in Otago (χ2= 27.49, P = 0.193) (Figure 17).  

 

 
 
Figure 17: Host health index in relation to Tupeia antarctica infection intensity. 
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3.3.2 Population structure 

T. antarctica occupies different positions on C. serratus and P. regius hosts in Otago, 

with differences between the two host species being significant for both T. antarctica 

branch position (χ2 = 22.17, P < 0.0001, Table 3b) and height within the host canopy (χ2 

= 21.61, P < 0.0001, Table 3d). For H. angustifolia and C. palmensis raw counts, see 

Appendix 1.1 (Table 9). 
 
Table 3: Distribution of Tupeia antarctica in Otago on Plagianthus regius and Carpodetus 
serratus with respect to (a) branch position, (b) chi-squared analysis between P. regius and C. 
serratus branch position, (c) mistletoe height within host canopy and (d) chi-squared analysis 
between P. regius and C. serratus height within host canopy. Count data ((a) and (c)) relate to the 
number of plants observed in each position. NA – data not available (includes all plants that were 
observed on host but where hosts could not be accessed for exact canopy and height positions). 
  

  Host Species 

(a) Canopy position       P. regius          C. serratus 
 

Outer 68 9  
Inner 62 20  
Trunk 11 14  
NA 24 0  
df 2 

(b) χ 2 22.172  
P <0.0001 

 
Height     

(c) Upper 33 5  
Middle 55 8  
Lower 42 15  
Trunk 11 14  
NA 24 0 

 
df 3 

(d)  χ2 21.612  
P <0.0001 
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3.3.3 Sex ratio 

Under the assumption of equal distribution, T. antarctica appears to have equal presence 

of males and females at all three locations (P = 0.996, Table 4). The high frequencies of 

individuals that could not accurately be sexed are not incorporated in this analysis. 

Consequently, the assumption of equal distribution identified here assumes non-sexed 

plants have equal male-female distribution at all locations studied.  
 

Table 4: Frequency distribution of female and male Tupeia antarctica at different Otago sites. 
(a) Raw mistletoe count data for all T. antarctica individuals recorded. ‘Unknown’ counts reflect 
the number of specimens that could not be confidently sexed. (b) Percentages of male and females 
at each study site. (c) Chi-squared tests of independence (assuming equal distribution) analysis 
between male and female proportions. 
 

 
Location     Female      Male      Unknown 

(a) Catlins 40 38 61 
 

Town Belt 13 8 25  
Goodwood/Tavora 9 10 10 

     

(b) Catlins 51% 49% 
 

 
Town Belt 47% 53% 

 
 

Goodwood/Tavora 47% 53% 
 

     

(c) df 2 
  

 
χ2 0.0076 

  
 

P 0.9962 
  

 
 
 
3.4 Discussion  

Many mistletoe species are known to differ in host specificity and canopy distribution 

between geographical regions (Aukema and Martínez del Rio, 2002a, Norton and 

Carpenter, 1998), however the site-specific host preferences and distribution of a 

generalist mistletoe within a singular region has not been recorded in Loranthaceae 

before. Results within this chapter demonstrate that there are major differences in T. 

antarctica host preference among study sites, and host-specific differences in distribution 
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among host plants in Otago. Specifically, T. antarctica preferentially parasitises C. 

serratus within the Dunedin Town Belt, even when other eligible species are present in 

the area (also recognised by Smart (1949)). Furthermore, mistletoes at this site were 

located predominately on the trunk or inner branches of the host. Whereas T. antarctica 

at Tavora/Goodwood and the Catlins were most commonly observed on P. regius (Table 

2 & 3) where they were observed higher, and more evenly distributed throughout the host 

canopy. The nature of infections also differed between study sites. Dunedin Town Belt T. 

antarctica was almost entirely observed as large swellings with some producing leaves 

and/or small green nodes (Figure 25) (this growth form was not observed at any other 

location and most likely due to the intense canopy competition and predation in the Town 

Belt). Conversely, Tavora/Goodwood and the Catlins populations were observed as 

‘normal’ vegetative mistletoe growths (Figure 11).  

 

T. antarctica populations within the Otago region provide little evidence of the successful 

recruitment of new plants onto smaller (and presumably younger) host trees. Furthermore, 

infections at Tavora/Goodwood and the Catlins tended to be relatively clumped on larger 

host plants. Many studies recognise the tendency of mistletoes to have a clumped 

distribution; intensity of mistletoe infection increases with host size. This is noted through 

higher mistletoe intensity on larger infected host trees over other potential non-infected 

hosts within an area (Sayad et al., 2017, Barbosa et al., 2016, Magrach et al., 2015, 

Watson, 2009a, Aukema and Martínez del Rio, 2002b, Aukema and Martínez del Rio, 

2002c, Aukema and Martínez del Rio, 2002a, Reid and Smith, 2000, Kelly, 1998, Norton, 

1997). Nevertheless, in this study host trees with higher mistletoe intensity did not appear 

to have worse health than plants with less mistletoe intensity. This is contradictory to 

many overseas reports of intense mistletoe parasitism causing detrimental effects to host 

health (Messias et al., 2014, Kołodziejek et al., 2013, Rist et al., 2011, Press and Phoenix, 

2005). 

 

The DBH of infected trees at Tavora/Goodwood are significantly larger than their non-

infected equivalents in the same area. Furthermore, host trees at the Catlins and 

Tavora/Goodwood sites with larger DBH tend to have higher mistletoe intensity. This 

would suggest that T. antarctica is more likely to establish on a host tree if it already 
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hosts another individual. On the contrary, Town Belt hosts do not demonstrate a strong 

visual trend in relation to host DBH and mistletoe intensity, neither does the site 

demonstrate any significant difference in DBH of uninfected and infected host trees.  

 

3.4.1 Dunedin Town Belt population trends  
 

Dunedin Town Belt T. antarctica is an anomaly in terms of parasitic plant population 

structure. The majority of ‘plants’ within this area are actually living infection sites on 

hosts, a phenomenon recorded only once before at a population level (Sweetapple et al., 

2002), although occasional individual T. antarctica persisting in this state have been 

recorded before (Sweetapple et al., 2002, King and de Lange, 1997, de Lange et al., 

1997a, Smart, 1952). Some swellings identified in this study did not have any leaves 

initially but were later recorded to do so (see Chapter 6). This suggests T. antarctica has 

the ability to remain dormant under the bark of host trees until conditions are suitable for 

growth. When recording the distribution of infected hosts within the Town Belt, hosts 

that supported swellings without leaves were not incorporated into realised host 

distribution modelling (Chapter 2) or mistletoe population structure analysis (this 

chapter) as there was no way to determine whether these infections were in fact living 

individuals or a form of burl growth. It is, therefore, very likely that the Town Belt 

population of T. antarctica is more widespread than recorded here (Chapter 6). T. 

antarctica infections in the Town Belt were not observed flowering or fruiting suggesting 

recent recruitment within the population is essentially non-existent. Continuous and more 

intensive monitoring would be beneficial for a better representation of T. antarctica 

population size and distribution, allowing for more informative decisions to be made for 

future conservation and management actions (discussed in Chapter 7).  

 

Historical clearance patterns within the Town Belt offer a possible explanation for the 

patterns of host specificity and within-host distribution of T. antarctica observed at this 

site. The Dunedin Town Belt was cleared in the late 1800’s for timber, however many C. 

serratus were not removed as their timber was of low quality (J Steele, personal 

communication, 2019). This may have resulted in increased establishment of C. serratus 

in cleared areas, with plentiful access to light and soil nutrients. It is possible that these 

conditions were also favourable for T. antarctica seed dispersal and establishment but 
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with C. serratus the predominant available host. Trees in fragmented forests have greater 

access to water, nutrient pockets and light and may thus act as better hosts to mistletoes 

than trees within a stand (Barbosa et al., 2016, López de Buen et al., 2002). However, as 

the bush recovered and possum presence in the area increased, T. antarctica may have 

inhabited an increasingly stressful environment experiencing a reduction in light 

availability and an increase in mammalian grazing, reducing reproductive output and 

opportunities to spread to new hosts. Thus, T. antarctica remains alive at this site as we 

see them today; swollen infection points on the trunks of old C. serratus hosts.  

 

3.4.2 Tavora/Goodwood and Catlins population trends 
 

Mistletoes at Tavora/Goodwood and the Catlins are sexually reproductive and function 

as viable reproductive populations. The findings for both sites indicate two circumstances 

(not necessarily independent of one another); the successful establishment of seeds onto 

new hosts is rare, and, when establishment is successful, it is more likely that this will 

occur on a host tree that already harbours one or more mistletoes resulting in a clumped 

distribution of plants on particular host individuals. At both sites, T. antarctica were 

conspicuously clumped on isolated host trees or fragmented stands. Clumping of T. 

antarctica in fragmented tree stands could be explained by the host-quality hypothesis 

(Chapter 2.1) in that hosts in forest fragments have greater access to key resources 

(Watson, 2009a). Alternatively, avian behaviour may be affected by the fragmentation of 

host trees, resulting in a reduction in dispersal due to large flight distances between host 

trees. Even when birds can easily move between adjacent trees, if mistletoe populations 

are highly fragmented, disruptions to dispersal mutualisms can occur (Rodríguez-Cabal 

et al., 2007). Mistletoe clumping on larger trees commonly attributed to the behaviour 

and preferences of mistletoe seed dispersers. Overton (1994) initially suggested larger 

mistletoe hosts could be better perches or bigger targets for ejected seeds, receive more 

seeds and are thus are more likely to be infected. This is possibly due to the predictable 

movement of birds in particular environments. Preferential perching was evident in this 

study, observed in the form of intense seed rain on particular branches (Appendix 1.3: 

Figure 34). In addition to the seed rain observed, larger trees most likely have a greater 

abundance of smaller twigs and potential perch sites for avian vectors, therefore 

increasing the probability of mistletoe establishment (Sayad et al., 2017). Reid and Smith 
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(2000) suggested spatial factors such as tree location relative to avian nest-site or fruiting 

source may also lead to the differential use of some trees by dispersers. Additionally, 

Larson (1996) found seed dispersers spent more time on host trees with more female 

mistletoes (Phoradendron californicum). As T. antarctica is dioecious, only female 

plants produce fruit. We can therefore assume that hosts initially infected with female T. 

antarctica plants are more likely to be visited by avian frugivores than hosts infected with 

a lone male. This idea was not explored in this study however it would be an interesting 

hypothesis to investigate.  

 

Studies of other mistletoe species suggest larger, older trees are more likely to be infected 

as they most probably receive more mistletoe seeds than smaller trees (Kołodziejek et al., 

2013, López de Buen et al., 2002, Aukema and Martínez del Rio, 2002b). This is likely 

due to a greater abundance of potential perch sites for avian vectors, as above, and/or 

greater time exposed to seed dispersal. Given DBH is a reasonable proxy for host age, we 

can therefore assume that the relationship between T. antarctica intensity and size at 

Tavora/Goodwood can be explained by the accumulation of mistletoes through time. 

Kelly (1998) provides evidence of T. antarctica having a clumped distribution at Wainui, 

departing significantly from the expected Poisson distribution, with larger C. palmensis 

host trees accommodating more mistletoes than smaller hosts within the same area. Kelly 

(1998) suggests, like other studies, that this deviation from equal distribution could be a 

result of larger trees having a larger surface area, and thus more chance of encountering 

mistletoe seed, or, they are older plants and consequently have had a longer exposure to 

seed rain from T. antarctica frugivores.  

 

Host specificity may also be favoured by the advantages of adapting to interact with a 

frequently encountered host due to host reliability through time and space (Luo et al., 

2015, Okubamichael, 2009, López de Buen et al., 2002, Norton and Carpenter, 1998). 

Norton & de Lange (1999) suggested this pattern of relative host abundance has led to 

host specificity for New Zealand mistletoes. Given the prevalence of P. regius at 

Goodwood/Tavora and Catlins study sites, and the possible historic bias towards C. 

serratus surviving logging in the Town Belt, the results from this study are consistent 

with these suggestions of relative host abundance influencing host specificity.  
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3.4.2 Sex ratio 

Contrary to expectations based on the theoretical cost of reproduction, T. antarctica in 

Otago did not significantly deviate from the 1:1 male:female theoretical sex ratio. Field 

et al. (2013) found that of 243 dioecious angiosperms sex ratios studied, 49.8% did not 

deviate significantly from equality. However, that study also found mistletoes had the 

highest female-biased sex ratios of the growth forms studied. Ladley et al. (1997b) studied 

a population of T. antarctica in Wainui (Banks Peninsular) and reported a sex ratio of 1:3 

(male:female plants) consistent with Field et al. (2013). The sex ratio in Ladley et al. 

(1997b) was based on reproductive plants only, as was the study reported here, however 

they failed to report the number of plants unable to be sexed. If a sex bias existed among 

the non-reproductive plants in the present study, e.g. because males but not females could 

successfully reproduce when small, that could explain the discrepancy between the results 

presented here and other published sex ratios for mistletoes. As all three populations 

studied in Otago produced relatively even sex ratios among reproductive plants, it is not 

likely the ratio reported here is due to sampling error. 

 

3.5 Conclusion   

T. antarctica parasitises a large number of hosts nationally, however Otago individuals 

demonstrate extreme host specificity at both a regional and population scale. P. regius, 

H. angustifolia (both of which are in the Malvaceae family) and C. serratus are the 

preferred host species in the region and should be considered in future reintroduction 

studies. T. antarctica population features are extremely different in the Dunedin Town 

Belt in comparison to Tavora/Goodwood and the Catlins populations. Dunedin Town Belt 

individuals were observed as large swellings on the trunks of old C. serratus individuals. 

It is likely this population has minimal recruitment. Chapter 6 explores further factors 

affecting the growth of these plants. It is most likely the factors affecting the distribution 

of T. antarctica observed at Tavora/Goodwood and the Catlins (avian behaviour, host 

quality and forest fragmentation) are non-exclusive and work in tandem to form the 

population distribution trends noted in the present study. Although forest fragmentation 

increases the nutrients and water availability to remaining trees (and possibly the quality 

of a host), the low density of eligible host species remaining in an area could result in the 
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local extinction of mistletoe species through the absence of hosts. Many of the host trees 

located in this study are subject to incremental degradation and have little chance of long 

term survival unless they are protected.  
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Chapter 4: Leaf Trait Analysis 

4.1 Introduction 

Intraspecific leaf variation is a common phenomenon within the botanical field (Siefert 

et al., 2015). Widely distributed species are generally exposed to an array of 

environmental factors such as rainfall, temperature, light, and in the instance of parasitic 

plants host availability, which can all affect the general size and shape of leaves. Apart 

from environmental variability influencing phenotype, widespread species can also 

display heritable genetic variability in leaf features. The functional significance of leaf 

shape variation has been debated for many years, however the rich diversity of leaf traits 

on Earth suggests there is not one ecological strategy that depends exclusively on leaf 

shape (Nicotra et al., 2011). Nevertheless, thermoregulation, hydraulic constraints, light 

interception and adaptations against herbivory have all been documented to have an effect 

on the general shape and size of leaves (Scalon et al., 2016, Chitwood et al., 2016).  

 
Not only is variation in leaf traits linked to climatic conditions, but dioecious angiosperms 

can also demonstrate a range of morphological variation between male and female plants 

(in addition to physiological and life-history variation) (Geber, 1999, Lloyd and Webb, 

1977). This between sex variation is termed sexual dimorphism and is often associated 

with disparity in reproductive investment between male and female plant function. Sexual 

dimorphism is further divided into primary and secondary sex characteristics, the former 

relates directly to male and female sex organs, and the latter to differences between the 

sexes in structures other than sex organs (Barrett and Hough, 2012). Primary sexual 

dimorphism typically recognises greater resource investment into female products (seeds 

and fruit) than their male counterparts (Cepeda-Cornejo and Dirzo, 2010). On the other 

hand, secondary sex characteristics can include any aspect of physiology or morphology 

such as leaf size and shape, nectar production, flower symmetry and floral structure. 

These features may be the consequence of genetics, sexual selection, ecological 

pressures, or a combination thereof (Lloyd and Webb, 1977). Consequently, the predicted 

outcomes of secondary sex characteristics are not as clearly recognised as primary sex 

characteristics and can differ for all species.  
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4.1.1 Aims 
 

Environmental drivers, adaptations for generalist parasitism and sexual selection for 

secondary sex characteristics could all theoretically contribute to variations in parasitic 

plant morphology (Midgley, 2010). This chapter investigates the variation of Tupeia 

antarctica leaf shape and size among geographic latitudes and between plant sexes 

determined from fresh material and herbarium specimens. As described in Colenso 

(1883), morphological variation in size and shape of T. antarctica leaves was noted to be 

so extreme that a second species was described in the genus, Tupeia undulata. Exploring 

morphological leaf variation of T. antarctica helps to highlight the phenotypic plasticity 

of the species and may allow eventual morphological differentiation between 

geographical locations and plant sex. Currently, there is no way to differentiate female 

and male T. antarctica from one another outside of reproductive growth, comparing 

variation between male and female leaf traits may present an option for sexing plants 

during vegetative growth in the future.  

 
 
4.2 Methods 

4.2.1 Fresh leaf collection 

To assess general T. antarctica leaf traits, a combination of freshly collected leaves and 

leaves from herbarium specimens were analysed. Plants (n=11) from Goodwood and 

Dunedin Town Belt were sampled to obtain fresh material. Of these, the fifth youngest 

fully intact leaf (fifth leaf back from youngest fully expanded leaf) of five different 

branches was collected per individual. Leaves were placed in labelled zip lock bags lined 

with a damp paper towel to slow leaf drying. All trait measurements of fresh leaves were 

taken within four hours of leaf removal from the parent plant. For each fresh leaf, the 

length, width (at the longest and widest point; Figure 18) and thickness of the leaf blade 

(avoiding mid-rib) was measured with digital callipers. The length:width ratio (L/W) was 

subsequently estimated. To calculate leaf area, leaves were scanned using an ‘Epson 

Perfection 4990 Photo’ photo scanner to generate A4 size images (210 x 297 mm, 

resolution 300 dpi). The surface area of each individual leaf was subsequently measured 
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with the LeafArea R package (Katabuchi, 2015). For the analysis the proportion of pixels 

in each part of the segmented image was computed and used to calculate leaf area. To 

calibrate this function, a leaf cut to 1 x 1 cm was scanned and processed, setting the 

arguments “distance.pixel = 826” and “known.distance = 21” (Katabuchi, 2015). To 

prevent dust and dirt from affecting the image analysis, the lower size limit for leaf area 

to be considered on calculations was set to 0.7 cm2 (argument “low.size = 0.7”). Lastly, 

weight was measured with digital precision scales to an accuracy of 0.1 mg before placing 

leaves in a plant press. Each leaf was placed in a paper bag, labelled with the date, 

location, host and leaf replicate number to ensure fresh and dry measurements could be 

linked. Leaves were dried in an air circulation oven at 60 °C for 48 hours to best mimic 

drying conditions of herbarium specimens (Alexiades, 1996). Once dried, the above 

method was repeated to measure each dry leaf’s length, width, thickness, weight, area 

and L:W ratio.  

 

4.2.2 Herbarium specimens 

To assess a wider range of T. antarctica individuals, leaf trait data were collected from 

herbarium specimens at Allan Herbarium (CHR: Manaaki Whenua, Lincoln) and Otago 

Regional Herbarium (OTA: Botany Department, University of Otago, Dunedin). Where 

appropriate, the fifth youngest leaf of at least two branches per specimen was removed 

and leaf trait data collected as detailed above (length, width, thickness and surface area). 

Key information including specimen location, host and sex was recorded where available 

for reference in trait analysis. Location was classified into regional groupings for each T. 

antarctica specimen analysed:  

• Lower North Island: North Island location south of -38.656818, 175.906514 

(northern tip of Lake Taupō) 

• Upper South Island: South Island, north of -43.764217, 172.133208 (Rakaia) 

• Lower South Island: South Island, south of -43.764217, 172.133208 (Rakaia) 

Insufficient data was collected for upper North Islands locations, hence ‘upper North 

Island’ is not included in this analysis. A total of 46 herbarium specimens were analysed. 
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4.2.3 Data analysis 

Patterns in leaf trait variation in relation to host species, location and sex were processed 

in the R environment (R Core Team (2013); version 1.2.1335). For individuals where 

host, location or sex was unknown, specimen data were omitted from the data set. For 

indicators of leaf trait variation between locations, single-factor analysis of variance 

(ANOVA) was conducted among the three location groups (Lower North Island, Lower 

South Island, Upper South Island). Statistically significant traits were subsequently 

analysed using the Tukey’s HSD (α = 0.05) post hoc analysis. A two-way ANOVA 

incorporating an interaction effect was conducted for leaf traits in order to determine 

whether the differences observed in location means were independent of any plant sex 

differences. Sex differences in leaf traits were analysed using a Welch’s t-test (α = 0.05). 

Box-plots were produced with the ggplot2 R package (Wickham, 2011).  

 

Unfortunately, limited information was available on host species for most herbarium 

specimens and consequently, leaf variation as a result of host species parasitised could 

not be analysed. 

 

 

  

Figure 18: Horizontal and vertical parameters measured for Tupeia antarctica leaf dimensions 
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4.3 Results 

4.3.1 Leaf traits and location 

T. antarctica leaf width (mm) differs significantly between upper South Island and lower 

South Island individuals (Tukey’s HSD, p <0.01; Figure 19). Upper South Island leaves 

were over 4 mm wider than lower South Island individuals. Lower South Island leaf L:W 

ratio differs significantly from lower North Island and upper South Island T. antarctica 

(Tukey’s HSD, both p < 0.001; Figure 19 & 20). Leaf length, leaf thickness and leaf area 

did not differ within or between locations (Table 5). A two-way ANOVA did not reveal 

a statistically significant effect of the interaction between sex and location on leaf traits.  
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Figure 19: Tupeia antarctica leaf traits at specified locations across New Zealand, n=43. (a) leaf 
length (mm), (b) leaf width (mm), (c) length:width ratio (L/W), (d) leaf thickness (mm), (e) leaf 
area (cm2) as a result of T. antarctica location. Boxes are drawn at 25th and 75th percentile, with 
internal bar of box indicating mean value. Whiskers extend to the 10% and 90% percentiles. 
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Table 5: Tupeia antarctica leaf trait and locations one-way ANOVA summary statistics. 
Asterisks indicate statistical differences in means: *p < 0.05; **p < 0.001. 
 

Leaf Trait df F value Significance 

Leaf Area (cm2) 2 0.167 0.847 

Leaf Length (mm) 2 1.719 0.192 

Leaf Width (mm) 2 4.78 0.0138* 

Leaf L:W ratio 2 35.58 <0.001** 

Leaf Thickness (mm) 2 0.427 0.655 

 

 

 
 
Figure 20: Representative dry leaf scans of (a) upper South Island and (b) lower South Island 
Tupeia antarctica. Scale bar consistent for figure (a) and (b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5 cm 
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4.3.2 Leaf traits and sex 

The sex of T. antarctica did not significantly effect leaf length (mm), leaf width (mm), 

leaf L:W ratio, leaf thickness (mm) and leaf area (cm2) (Welch’s t test, all p-values > 0.3, 

Table 6, Figure 21).   
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Figure 21: Female and male Tupeia antarctica leaf traits, n=43. (a) leaf length (mm), (b) leaf 
width (mm), (c) length:width ratio (L/W), (d) leaf thickness (mm), (e) leaf area (cm2) as a result 
of T. antarctica sex. Boxes are drawn at the 75th and 25th percentiles with internal box bar 
indicating the mean value. Whiskers extend to the 10% and 90% percentiles. 
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Table 6: Summary statistics of Welch Two Sample t-test results comparing sex and Tupeia 
antarctica leaf traits. 
 

Leaf Trait 

Mean 

    p-value   t-value     Male         Female 
Leaf Area (cm2) 3.2 2.814 0.507 0.671 

Leaf Length (mm) 37.213 35.879 0.672 0.427 

Leaf Width (mm) 12.97 12.416 0.715 0.369 

Leaf L/W ratio 2.995 3.132 0.621 -0.5 

Leaf Thickness (mm) 0.243 0.267 0.3 -1.058 
 
 
 
4.4 Discussion 

4.4.1 Location influence on leaf traits 

For many plant species, from local to global scales, leaf size and shape correlate strongly 

with temperature and moisture (reviewed in Peppe et al., 2011). T. antarctica leaf analysis 

found that lower South Island leaf length:width ratio and leaf width differ from the upper 

South and lower North Island groupings. Analyses suggest this relationship is non-

linearly correlated with longitude, however, a more detailed analyses of leaf traits is 

needed for conformation. Overall, Lower South Island T. antarctica had larger L:W 

ratios, an indication of longer, narrower leaf blades (Figure 20).  

 

Upon arrival in New Zealand, Colenso (1885) frequently noticed that several of New 

Zealand’s indigenous flora, particularly monotypic genera, appeared to have at least two 

species to each genus. He suggested that many native monotypic species had two distinct 

forms; southern and northern, with T. antarctica suggested as an example. New Zealand’s 

climate is complex and varies from subtropical in the upper North Island to cool temperate 

climates in the lower South (NIWA, 2019). Lower South Island mean seasonal 

temperatures are quite different to the upper South and Lower North Islands. Lower south 

winters are cold with infrequent snow fall and frequent frosts, maximum day time air 

temperature ranges from 6–12 °C. In summer, typical temperatures range from 16-23 °C 

but occasionally exceed high temperatures of 30 °C. In comparison, upper South and 
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lower North temperatures are more similar with summer temperature typically ranging 

from 20-26 °C and 21-27 °C, and winter temperatures 8-15 °C and 10-15 °C 

respectively (NIWA, 2019). The extensive latitudinal gradient of New Zealand helps 

explain the variety in these climatic pressures. Nicotra et al. (2011) suggests 

thermoregulation is the main ecological driver of leaf shape evolution in angiosperms. 

The maintenance of leaf temperatures (within certain species limits) is critical for a 

plant’s ability to successfully photosynthesise (Sharkey, 2005). Leaf shape and size affect 

leaf temperature regulation by determining the rate of heat transfer. This offers an 

explanation to the leaf diversity noted in this study.  

 

Physiological and morphological specialisation of mistletoes to distinct environmental 

locations has been documented previously, suggesting temperature and latitudinal 

gradients as a causative mechanism for morphological leaf variation (May, 1972). 

However, a high degree of mistletoe phenotypic plasticity reflected in both morphology 

and physiology has also been associated with the parasitism of different host species 

(Yule, 2018, Scalon et al., 2016, Atsatt, 1983). Yule (2018) found that mistletoes are 

strongly genetically structured by host species, but divergence is not complete. According 

to Scalon et al. (2016), for mistletoes to cope readily with intrinsic host functions, they 

must display a level of plasticity in their ability to deal with abiotic and biotic pressures. 

As clarified in Chapter 3, T. antarctica demonstrates a high degree of regional host 

specificity, preferring different hosts in the lower South Island than those further North 

(Norton, 1997). Consequently, a combination of both climatic variation and relative host 

specificity across the analysed locations may help further explain the variation observed 

with leaf shape. Climatic variations at different locations could impose selective pressures 

on, not only T. antarctica, but the host too. For example, elevated temperatures and 

minimal rain fall (e.g. upper South Island) produce strong pressures on trees for stomatal 

regulation of transpiration to maintain their water balance. The parasitic and unregulated 

water use by mistletoes may be affected if the host water potential becomes extremely 

low. Parasite populations face the unique problem of adapting to variability in both 

climate conditions and hosts. The adaptive responses to environmental conditions may 

differ for T. antarctica throughout New Zealand, especially due to the wide range of hosts 

the species is able to parasitise.  



 67 

 

Although a mistletoe’s leaf shape can fluctuate with different environmental factors and 

host species parasitised, it is also possible that aspects of leaf shape can reflect genetic 

divergence through mechanisms other than abiotic and biotic pressures. Known genetic 

and developmental effects also regulate leaf morphology (Kimura et al., 2008, Kawamura 

et al., 2010). Leaf shape is highly heritable and regulated at the molecular level and 

environmental pressures further modulate the complex genetic based expression of leaf 

shape (Chitwood et al., 2016). Consequently, I cannot be sure to what extent the 

differences identified in leaf shape between lower South Island and more northern 

locations is attributed to environmental differences (as a consequence of latitudinal 

gradient), regional host specificity, or genetic variation (‘ecotypes’) at different locations 

or a combination thereof.   

 

4.4.2 Sex influence on leaf traits 

It is commonly assumed that dioecious plant traits ought to be under sexual selection due 

to the differential costs and requirements of female and male plants (Lloyd and Webb, 

1977). For instance, females may grow more or larger than males before sexual maturity 

because more resources are required to produce fruit than pollen. However, this study 

failed to highlight any degree of secondary sexual dimorphism pertaining to male and 

female T. antarctica leaf traits. Geber (1999) suggests dimorphism in dioecious 

vegetative traits evolves after the evolution of separate genders in response to sex-

differential selection. Thus, lack of sex-differential selection will limit divergence in 

secondary sex characteristics. This is explained by the sexual function hypothesis which 

infers that leaf size secondary sexual dimorphism is a consequence of selection on 

architecture for maximising male and female function (Midgley, 2010). For example, the 

hypothesis suggests secondary sexual dimorphism in dioecious species is likely to occur 

with anemophilous plants, as the structural needs for receiving and donating pollen are 

so different. Furthermore, the lack of differentiation between male and female leaf traits 

are concordant with the equality in male:female sex ratios of Otago populations (Chapter 

3.3.3). Greater investment in female plants, whether this be primary or secondary sex 

characteristics, are likely to be associated with male-biased sex ratios due to the increase 

in female resources required which has been linked to greater mortality in this sex (Lloyd, 
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1973, Lloyd and Webb, 1977). Lack of sexual dimorphism observed in this study provides 

further evidence that investment of male and female T. antarctica is similar supporting 

the notion of equal sex ratios.  

 
 
4.5 Conclusion 

T. antarctica leaf morphology differ with latitudinal gradients across New Zealand. This 

is noted significantly between upper South Island and lower South Island T. antarctica. 

It is likely climatic conditions have some role in this differentiation however the extent 

of this is unknown. It is also possible that other factors such as regional host specificity 

and limitations in gene flow between distant populations aids in the differentiation of 

morphological leaf traits identified in this study. Exploring the genetic structure of T. 

antarctica populations across New Zealand as well as host species effect on leaf 

morphology is likely to indicate to what extent climatic variations have an effect on T. 

antarctica leaf morphology. There was no evidence to suggest sexual dimorphism is 

apparent in T. antarctica leaf traits. It would be beneficial to explore other avenues of 

secondary sex characteristics of T. antarctica, such as branching structure or the degree 

of annual growth, in order to develop methods for identifying male and female plants 

when they are not in reproductive growth.   
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Chapter 5: Seed Establishment  

5.1 Introduction  

Survival and reproduction in mistletoes differs from that of non-parasitic plants due to 

their dependence on hosts for water and nutrients. Mistletoes are further limited by the 

inability of seeds to germinate and grow if they fall to the ground. Establishment is thus 

the key limiting factor in a mistletoe’s lifecycle and is reliant on the successful dispersal 

of seed onto a suitable branch of an eligible host species (Norton and Ladley, 1998, 

Norton and Reid, 1997, Reid et al., 1995). Mistletoes worldwide are known for their close 

relationships with birds, both as pollinators and frugivores (Restrepo, 2002, Ladley and 

Kelly, 1996, Ladley and Kelly, 1995, Kuijt, 1969, Sutton, 1951). Tupeia antarctica seed 

dispersal, like the majority of Loranthaceae members, is dependent on birds which 

remove the fruit exocarp by ingesting the fruit and voiding the seed in an appropriate 

environment (Kelly et al., 2004). Beneath the exocarp is a sticky, mucilaginous material 

called viscin which ensures seed adhesion to a host branch (Kuijt, 1969). Eventually the 

viscin dries, cementing the surface of the seed to the host branch (or any substrate to 

which the viscin adheres to) (Baskin and Baskin, 2014). While the removal of the exocarp 

is imperative for successful germination, seed germination percentages are near exactly 

the same when the exocarp is removed by hand rather than via bird gut passage (Ladley 

and Kelly, 1996). The removal of the exocarp is the important prerequisite for 

germination rather than the specific passage through a bird’s digestive tract (Ladley and 

Kelly, 1996). In a natural environment, successful seed dispersal and establishment can 

only occur via seed ingestion by avian frugivores. 

 

Successful establishment is most probable on fast growing, narrow branches in specific 

positions within host canopies (Norton & Ladley, 1998). Variation in temperature, 

moisture and light availability, as a result of seed position within a canopy can 

dramatically reduce mistletoe penetration of host tissue and establishment success rates 

(Aukema and Martínez del Rio, 2002b, Botto-Mahan et al., 2000, Norton and Ladley, 

1998, Norton et al., 1997, Yan and Reid, 1995). Mistletoes prefer conditions that are light 

and warm, yet not too dry. The defecation sites of frugivores determine the microhabitat 
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for seed germination, whilst the host tree characteristics and location effect the 

establishment and early survival of mistletoes (Ramírez and Ornelas, 2012, Aukema and 

Martínez del Rio, 2002c, Norton and De Lange, 1999, Ladley and Kelly, 1996).   

 

Mistletoes are reliant on their hosts for nutrient and water, however they need to 

successfully parasitise the host before these resources are available to them. 

Consequently, hemiparasites have evolved the ability to photosynthesise in the 

endosperm, an uncommon trait amongst angiosperms (Heide-Jørgensen, 2008). The 

ability to photosynthesise prior to parasitic carbon acquisition enables the seedling to 

penetrate through host bark which is an energetically expensive process (Těšitel, 2016). 

The critical importance of photosynthesising during seed establishment explains 

mistletoes’ high light requirements during establishment and subsequent maturation 

(Lamont, 1983). 

 
The exact process and mechanisms behind the successful establishment of T. antarctica 

are unknown. However, a vast literature examining seedling establishment of other 

Loranthaceae members provides a relevant understanding of the early phases of mistletoe 

establishment (Kuijt and Hansen, 2015, Kuijt, 1990, Kuijt, 1985, Kuijt, 1971). In general, 

dissemination of a mistletoe seed onto a suitable host plant via bird defecation allows the 

germination process to begin (i.e. removal of the exocarp). The radicular pole of the 

seedling, commonly referred to as the radicle, emerges from the seed and the radicular 

end forms an attachment disk known as a holdfast (Vidal-Russell and Nickrent, 2008). 

The primary haustorium develops directly from the radicle where penetration of the host 

plant can commence (Barlow, 1966). The internal haustorium system penetrates the host 

xylem, forming a parasitic connection (Kokla and Melnyk, 2018). Haustoria function as 

a specialised organ for host attachment, invasion, vascular connection and the 

physiological redirection of the host’s resources into the parasite (Westwood et al., 2010). 

A gradient of water potential between the host and parasite drives the flow direction and 

thus the mistletoe acts as a sink for water and mineral nutrients from the xylem (Yoshida 

et al., 2016).  
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5.1.1 Aims 

This chapter presents the results of seed establishment trials on four different host tree 

species, at three locations, monitored over six months. As detailed in Chapter 3, the 

current distribution of T. antarctica throughout Otago is sparse with only three 

reproductively viable populations being identified (Chapter 2). Additionally, the intense 

herbivorous pressure and results of grazing (Chapter 6) further threaten the species future. 

Seed trials were set up with the principal aim to investigate establishment methods in 

order to establish new populations of T. antarctica in the Otago region. Exploration of 

other factors affecting the success of T. antarctica seeds such as location, host species, 

branch size and establishment date may provide additional information for future 

mistletoe establishment projects.  

 

 
5.2 Methods 

5.2.1 Site and host selection 

Seed establishment trials were conducted at three sites throughout Otago: Tavora Reserve 

(Chapter 3.2.1.1), Orokonui Ecosanctuary and Dunedin Botanic Gardens. These sites 

were selected based on the suitability of the host species (size and health), high light 

availability, ease of access and monitoring, permit access and previous/current presence 

of T. antarctica (Botanic Gardens and Tavora). A survey of the transplant sites was 

conducted prior to T. antarctica seed collection to select suitable host trees. Although T. 

antarctica is referred to as a ‘generalist’ mistletoe (de Lange et al., 1997b), only four host 

species were selected. Tree species (Plagianthus regius, Carpodetus serratus, 

Pittosporum eugeniodes, Pseudopanax arboreus), accessible branch thickness (5-60 

mm) and light availability (e.g. branch selected on ‘sunny side’ of host or individuals at 

the edge of a tree patch) were all factored into decision making in consultation with site 

managers. P. regius and C. serratus were the two key hosts selected as these species are 

most commonly parasitised in Otago (Chapter 3.3.1). P. eugenioides and P. arboreus 

were selected as secondary hosts as both species are commonly recorded as key T. 

antarctica hosts throughout New Zealand (de Lange et al., 1997b). Both P. eugenioides 
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and P. arboreus were only available at the Botanic Gardens site. A total of nine C. 

serratus, six P. regius, one P. eugenioides and one P. arboreus were selected as seedling 

hosts. 

 

5.2.1.1 Orokonui Ecosanctuary 

Orokonui Ecosanctuary (Te Korowai o Mihiwaka) is an ecological island wildlife reserve 

in the Orokonui Valley, located between Waitati and Purakaunui, 20 km north of Central 

Dunedin. Rainfall averages between 500-750 mm annually (NIWA, 2018). A predator 

fence was constructed around the 307 hectare sanctuary in 2007 and all mammalian 

predators within Orokonui were subsequently removed. Due to the predator exclusion 

fencing and management of pests, Orokonui has been predominantly mammalian 

predator free, apart from mice, since 2007. The ecosanctuary ranges in forest types 

including, broadleaf podocarp forest, Kanuka dominated canopies, Eucalyptus, pine 

plantations and regenerating areas of agricultural land. Weed control and reintroduction 

of suitable native species continues to enhance the surrounding habitat.  

 

5.2.1.2 Dunedin Botanic Gardens  

Established in 1863, the Dunedin Botanic Garden is the oldest botanical garden in New 

Zealand. The gardens are situated at the northern end of central Dunedin, around 85 m in 

altitude and have an average annual rainfall between 750-1000 mm (NIWA, 2018). The 

Dunedin Botanic Garden was selected as an establishment site as T. antarctica has been 

recorded here previously. The native plant collection in the upper gardens was the site of 

study.  

 

5.2.2 Seed collection  

Seed collection and establishment trials commenced in May, 2019. Fruit colour (white 

with varying degrees of purplish/pinkish flecks), shape and firmness were examined in 

order to selectively harvest the ripest fruit. Fruit was removed from the parent plant and 

placed into brown paper bags. To preserve freshness, fruits were collected while still 

attached to the infructescences and stems, as per Honaas et al. (2015). Where appropriate, 
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fallen fruit was collected from below the parent plant. Fruit was ideally established on the 

same day as collection. If same day establishment could not occur, fruit were stored in a 

fridge at 2-4 °C before for a maximum of 48 hours following the direction of Ladley et 

al. (1997a).  

 

Tavora Reserve was selected as the seed source population due to the numerous heavily 

fruiting females present. As a result, seed collection was not likely to threaten the viability 

of the population. There are concerns that establishment of seeds from non-local 

populations can result in loss of local adaptations and eventually reduce overall genetic 

variation within a population (Ladley et al., 1997a). These concerns were considered 

during the initial selection of a seed donor population. Given T. antarctica’s threatened 

status, lack of local seed sources and heavy fruit set at the time of collection, Tavora 

individuals were determined to be the only eligible seed source for this experiment. As 

the only host species parasitised at Tavora is P. regius, this is the host provenance of all 

seeds established in this study. 

 

5.2.3 Seed establishment 

Three to five branches between 7 mm and 60 mm diameter were selected per host. The 

diameter of each branch was measured and all branches were subsequently labelled for 

future reference. Thin cotton twine was wrapped around labelled host branches at two or 

three different points prior to seed establishment, this was to ensure seeds did not slip off 

the bark (figure 22a). Seeds were established as described in Ladley et al. (1997a): fruit 

was squeezed to remove the exocarp and reveal the sticky viscin layer. Seeds were then 

wiped onto segments of the host branch and secured with twine (two or three seeds per 

twine segment) with a seed-to-seed distance of around 2.5-3 cm, ensuring viscin contact 

with the host bark. Between three to eight seeds were established per branch. In total, 122 

seeds across all three locations were established. Seed establishment was conducted on 

two separate dates; 49 seeds between the 9th and 10th May 2019 and 73 seeds between the 

8th and 9th June 2019. Seeds were harvested on these separate dates. 
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5.2.4 Seed monitoring 

Seed fate was monitored intermittently for six months (roughly every 21-30 days), with 

final measurements made six months after each establishment date. At each visit, 

presence or absence of the seed was noted. If present, seed/seedling condition was 

classified into one of the following categories:  

(1) adhesion, (2) germinant, hypercotyle emergence (radicle tip visible), (3) tip of radicle 

touching branch, (4) radicle forming holdfast (swelling), (5) emerging leaves present 

(Figure 22a-e). Seed fates other than seedling survival were decided using two additional 

criteria: Category (6) predation/fallen off included many seeds that simply disappeared 

without trace from marked twigs. Seeds that did leave traces were also included in this 

category. In several instances’ thin rims of the edges of seeds were left in place or some 

of the hardened viscin was still visible marking the spot where the seed had been. 

Category (7) Died in situ (figure 22f) typically included seedlings that had germinated 

and formed the holdfast but then slowly lost their green colouring, turned yellow then 

brown, looking deflated at the end. After 6 months of monitoring, seeds were determined 

as successful if they still appeared to be photosynthesising (green colour). Missing and 

dead seeds were recorded as failures.  
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Figure 22: Tupeia antarctica seedling categories; (a) seed adhesion, (b) germinant, (c) radicle 
touching branch (d) radicle forming holdfast, (e) hypercotyle elongating, (f) seed death in situ 
(arrow indicates failed seed).  

a b

c d

e f
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5.2.5 Data analysis 

Differences in the success and failure of seeds among sites (Orokonui, Botanic Gardens, 

Tavora), branch sizes (mm), between host species (C. serratus, P. regius) and between 

establishment dates (May 2019 and June 2019) were examined with generalised linear 

models (GLM) with a binary logistic response structure using SPSS Statistics v.26 (IBM 

2019). Host and site were confounded, consequently they were not included in this model. 

Success of seeds was measured at the last evaluation of seeds from six months post 

establishment date. Each model assumed a binomial error distribution for the response 

variable, which was the number of successful seed ‘events’ from the 122 seed ‘attempts’. 

All predictors were treated as categoric factors apart from ‘branch size (mm)’ which was 

treated as a continuous variable. Assumptions of complete independence of events were 

met, thereby validating the use of chi-squared. Of the models that converged on a 

solution, the best subset models were determined based on deviance and Akaike’s 

Information Criteria (AIC). Comparisons of germination and establishment patterns were 

made between the May and June seed cohorts.  

 

 
5.3 Results 

Of the 122 T. antarctica seeds established, 17 (13.9%) were lost from branches either 

through predation (possibly by birds) or because they simply fell off. Of the remaining 

105 seeds, 100% successfully germinated. In contrast, the total number of seeds that 

remained alive at the end of the six-month trial period was 31 (25.4%) (Table 7). The 

survival rate of the seeds placed in May (40.8%) was higher compared to the seed cohort 

in June (15.1%). All of the seeds established on P. eugenioides and P. arboreus within 

the Botanic Gardens failed to succeed (100% failure).  

 

The patterns of germination and establishment were similar for T. antarctica seeds 

established in May and June (Figure 23). Both seed cohorts showed a similar pattern in 

the onset of germination, occurring from week 1 until around week 12. Week 12 

coincided with a rapid onset of seed holdfast formation and seed death for both May and 

June cohorts. Seeds established in May had a longer germination period (up to 22 weeks) 
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than seeds in June, which had either produced holdfasts or died by week 15. Following 

germination, both the May and June cohorts progressed through establishment stages 

comparably. The radicle tip germinated from the distal end of the seed. As the green 

hypercotyl grew from the seed, a disk of circular tissue (the developing holdfast) formed 

at the tip of the radicle. The hypercotyl continued to grow until the radicle tip made 

contact with the host branch, usually within 6-12 weeks. Once contact with the host 

branch occurred, it seemed a time of inactivity progressed. During this time many of the 

seeds died. By around week 22 both May and June cohorts had a higher seed mortality 

than seed success. The maximum number of seeds forming holdfasts occurred around 

week 18 for both establishment dates. Seed predation occurred mostly between weeks 1 

and 4, with the second seed mortality spike occurring at week 22. No true leaves were 

recorded by any of the seedlings after the six-month study period.  

 

The generalised linear models for T. antarctica seed success showed that establishment 

date is a consistently significant factor in the success of seeds after six months (Table 8). 

Neither branch size nor host species were statistically significant in any models. A model 

that included establishment date alone had the lowest AIC value. This was followed 

closely by a second equally fitted model (delta AIC < 2, Table 8) with establishment date 

and site as the main effects and included a significant interaction between establishment 

date and site. Success was the highest for seeds established in May in comparison to June.  
 

Table 7: Tupeia antarctica seed success and failure six months post establishment. 
 

 Number of seeds Proportion of seeds 

Succeeded 31 0.254 

Failed 91 0.746 

Total 122 1 
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Figure 23: Germination and establishment patterns Tupeia antarctica seeds established in (a) 
May and (b) June. Germinated: Figure 22b. Holdfast formation: Figure 22d. 

 
 
Table 8: Summary of analysis of deviance table for the binomial attempts/trials generalised linear 
models for survival of Tupeia antarctica seeds. Asterisks denote: **p < 0.01; ***p < 0.001. 
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5.4 Discussion 

This study found little evidence for any statistically significant effect on T. antarctica 

seed success apart from date of establishment. Although a model including establishment 

date and site was equally likely, site as a main effect was not significant, and the 

interaction between the two variables was likely only significant because the Botanic 

Gardens site had May established seeds only. Losses of T. antarctica seeds were primarily 

due to in situ seedling death, observed in both May and June established seeds. However, 

a larger proportion of seeds were lost this way in the June cohort. Overall survival of T. 

antarctica seeds established in May was higher than those established in June. The high 

proportion of seeds that germinated after establishment in both May and June is consistent 

with the widespread observation that mistletoe seeds usually germinate on most surfaces 

once the exocarp is removed (Norton et al., 2002, Norton and Ladley, 1998, Ladley and 

Kelly, 1996, Yan and Reid, 1995, Lamont, 1983). Radicle emergence was observed at 

around week 4, which is consistent with Smart’s (1949) account of T. antarctica 

germination after around 3 weeks.  

 

The growth and survival of seeds was evidently influenced by environmental changes 

between May and June. Mean monthly averages in May between Waikouaiti and Dunedin 

Central are 8.5°C whereas June averages fall between 5.9-6.1°C (Climate-Data.org, 

2020). Furthermore, average rainfall in the same area falls between 52-71 mm and 46-63 

mm respectively (Climate-Data.org, 2020). On average, May is ca. 2.5°C warmer and 

receives ca. 10 mm more rainfall than June. Lower temperatures in June together with 

drier conditions are presumably responsible for the higher proportion of in situ death 

compared to May due to seed desiccation. Mistletoe seeds lack a testa and are presumably 

susceptible to changes in temperature and humidity that is outside the species ideal 

establishment conditions. Furthermore, fruit and seeds harvested later in the season (June 

cohort) may have been of inferior quality because of additional stressors the parent plant 

was facing. In June, herbivorous damage significantly increased in comparison to the 

same plants observed in May (Chapter 6.3.1). Yan and Reid (1995) also determined the 

date of seed establishment to significantly influence both success rates and the proportion 

of seeds that died in situ.  
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Although the proportion of successful seeds was statistically significantly between May 

and June cohorts, progression through seed germination was relatively similar for both 

establishment dates. This trend was clearly visible for the seeds transition between each 

germination stage. Ultimately all seeds that weren’t lost to predation or dislodgment 

successfully germinated. This supports the idea that the process of exocarp removal is the 

initial trigger that promotes seed germination. This then could lead to a change in gene 

expression resulting in either the up- or down- regulation of genes involved in the 

germination process. There are a number of other factors that may be regulating T. 

antarctica seed germination patterns. Firstly, gene expression profiles may change in the 

seed and determine what proteins are up- or down-regulated, thus regulating gene 

expression which in turn controls mechanisms and timing of germination. Kuijt (1969) 

suggested the fruit surrounding mistletoe seeds inhibits gas exchange which in turn 

inhibits germination. Evidence of genetic regulated processes occurring in germinating 

rice seeds has been presented previously (He et al., 2011). Additionally, a study by He et 

al. (2011) shows that genes are regulated in a timely matter with gene regulation changing 

48 hours past initial germination without any extrinsic influence. This is interesting as the 

process of germination observed with T. antarctica showed precise timing that was 

relatively consistent across all seeds. Another factor that could regulate the germination 

process is host cues. A study on the mistletoe species Phoradendron leucarpum by Randle 

et al. (2018) suggested light, physiochemical substrate and host volatiles to be important 

host-mediated cues for successful radicle growth and the transition to holdfast formation. 

Randle et al. (2018) also found seedlings to form haustorial discs at significantly lower 

rates on plastic cassettes covering tree branches rather than on bare tree branches. These 

findings suggest host trees may play a role in regulating germination stages. Whatever 

regulates the timing and process of T. antarctica germination, it is clear that the removal 

of the exocarp is key in initiating germination. 

 

Branch size was not a significant predictor in the survival of T. antarctica seeds. It is well 

established amongst the literature that successful establishment of Loranthaceae species 

is more probable on smaller, fast growing branches (Norton et al., 2002, Norton and 

Ladley, 1998, Yan and Reid, 1995, Sargent, 1995). In fact, the diameter of host branches 

has been suggested as one of the most important variables determining the success of 
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mistletoe establishment (Ladley and Kelly, 1996, Yan and Reid, 1995, Sargent, 1995, 

Reid, 1989). Although the literature does suggest branch size to play a pivotal role in the 

successful establishment of mistletoe seedlings, Yan and Reid (1995) found branch size 

to be significant in one of only four seed establishment cohorts in Australia. Due to the 

large proportion of seeds that failed, it may be that the effect of branch size wasn’t 

recognised amongst the data or that branch size does not influence the success of T. 

antarctica seeds at the same degree as other New Zealand Loranthaceae species.  

 

5.4.1 Future work 

While this study was successful in indicating when the best time to establish T. antarctica 

seed is, future work is needed to understand what parameters are best for successful seed 

establishment and how we can eventually use this knowledge for the reintroduction of T. 

antarctica to other areas around New Zealand. It would be beneficial to explore host 

specificity more, including host species that are not preferred in the region, and the role 

that host provenance may have for the success of seeds. Additionally, exploring other 

locations for establishment (guided by results within Chapter 2.3.1), for example 

agricultural land, established bush, juvenile bush and forest fragments may indicate best 

areas for future establishment. According to Ladley and Kelly (1996), cotyledons are 

usually observed 24 weeks after germination. This study theoretically left enough time to 

record the success of T. antarctica seeds however no cotyledons were ever observed. 

However, a longer study period and larger sample size is imperative to draw concise 

conclusions on the success of T. antarctica seeds. Six months might not have been long 

enough to observe the whole process of seed germination and haustoria connection. A 

period of at least 24 months is proposed to allow for haustoria connection observations. 

A larger seed sample size would also be advised and would potentially increase the 

probability of observing successful establishment. 

 
 
5.5 Conclusion 

Findings from this study suggest the success rate of T. antarctica seedling establishment 

is extremely low. Although at the end of the six month study period there were still seeds 
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that survived, none of these seeds were actually recorded to have successfully established 

in the sense they had an undoubtable connection with the host xylem and produced leaves. 

According to Smart (1949), we would expect to observe host connection and leaf 

production around six to seven months after the seeds were initially put onto the host 

trees. As this trial was only six months long, it may be that not enough time was allowed 

to see the seeds through to parasitic establishment. In addition, T. antarctica has 

previously been recorded to have low rates of seed success (much lower than that of other 

New Zealand Loranthaceae) (Ladley and Kelly, 1996). It is most likely a combination of 

both study duration and low success rates that explain why no parasitic establishment was 

observed from all seeds in this trial.  
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Chapter 6: Impact of Herbivory on Tupeia antarctica 

in Otago 
 
6.1 Introduction 

The introduction of wild mammalian herbivores are arguably the single biggest threat to 

conservation and indigenous biodiversity in New Zealand’s remaining forests (Nugent et 

al., 2001). Herbivores have the potential to dramatically alter the vegetative structure and 

composition of ecosystems which can cause fundamental changes in population 

demography and community composition (Donlan et al., 2002, Nogué et al., 2017). The 

impact of mammalian herbivores on New Zealand Loranthaceae is well established in the 

literature (Head, 2005, Sweetapple et al., 2004, Sweetapple et al., 2002, Sessions et al., 

2001, Sessions and Kelly, 2001, Dopson, 2001, Ogle and Wilson, 1985, Owen and 

Norton, 1995). These studies suggest the most common threat to native mistletoes is 

Trichosurus vulpecula (Australian common brushtail possum). T. vulpecula was first 

introduced into New Zealand during the mid to late 19th century in order to establish a fur 

trade, however populations expanded rapidly and are now recognised as pests throughout 

the nation. Mistletoe foliage is recorded to constitute the preferred browse of possums 

and other arboreal marsupials in Australia (Evans, 1992). The palatability of mistletoe 

leaves is suggested to be the driving factor in the preferential grazing of these plants 

(Sessions et al., 2001). Like other parasitic plants globally, mistletoe vegetation tends to 

contain higher levels of water and nutrients (characteristically phosphorus, nitrogen and 

potassium) (Lo Gullo et al., 2012, March and Watson, 2010). Accumulation of these 

resources is most often noted in leaf tissues due to the high transpiration rates and active 

transport of mistletoes. This is most likely a key factor in the preferential browsing of 

mistletoe tissue by herbivores (Griebel et al., 2017).  

 

Possums are known to graze on foliage and flowers of Tupeia antarctica, destroying 

whole populations in a single season (Sweetapple et al., 2002, Ogle and Wilson, 1985, 

Owen and Norton, 1995). Sweetapple et al. (2002) has produced the only specific research 

addressing the impacts of possums on T. antarctica. The study monitored a population of 

79 T. antarctica individuals in the Pureora Forest Park, central North Island, over four 
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years following the cessation of a possum control period. Sweetapple et al. (2002) found 

only 6% of plants were browsed when possum densities were kept below 3% trap-catch 

rates, while 75.9% of plants were browsed when trap-catch rates exceeded 4.6%. The 

mean T. antarctica size declined by around 55% when possum control efforts were 

alleviated.  

 

6.1.1 Aims 

This chapter presents the results of a herbivory exclusion trial and 12 months of herbivory 

monitoring and evidence logging of T. antarctica pests in Otago. Specifically, the trial 

firstly investigates the effect mammal exclusion has on the recovery of T. antarctica 

infection sites within the Town Belt, and secondly, compiles photographic records 

demonstrating the impacts pests have on T. antarctica and how this affects growth over 

a season. As detailed in Chapter 3, the current distribution of T. antarctica in Otago is 

sparse. Monitoring the effects of mammalian grazers develops an understanding of the 

threat pests have on species. Furthermore, observations of seasonal trends can indicate 

the most effective times for intensive mistletoe protection for future conservation 

management.  

 

 

6.2 Methods 

6.2.1 Spatial and seasonal variation in herbivory 

In order to gather evidence of the spatial and seasonal variation in mistletoe herbivory, 

damage attributed to herbivory was recorded every time a population or plant was visited 

throughout the year-long study period (December 2018 – December 2019). Evidence was 

collected by recording observations and taking photos. The nature of damage was 

assessed and typically documented within the photo. If the location of damage was not 

evident in the photos, this was also recorded. 
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6.2.2 Identification of herbivores 

Chew-track-cards (CTCs) have been developed as a tool for monitoring the distribution 

and relative abundance of small-mammal populations in New Zealand (Sweetapple and 

Nugent, 2011). CTCs were nailed onto host trees in the Dunedin Town Belt and 

Tavora/Goodwood sites. All host trees at these two sites had a CTC attached during July 

2019. CTCs were baited with Connovation’s ‘FeraFeed 213 paste’ (a mix of peanut 

butter, icing sugar and Lucerne chaff). After around 7 days, CTCs were removed from 

host trees and examined for damage. Damage was assessed as per the methods described 

in Sweetapple and Nugent (2011) with specific attention paid to possum and rat bite 

marks (Figure 24).  

 

Two motion cameras were set up over a 72-hour period between 29th June–3rd July 2019 

at Tavora Reserve. Each camera was trained on a different Plagianthus regius host facing 

a large T. antarctica individual known to have suffered some form of damage from 

herbivory recently. Cameras were set up in order to gather verified evidence of 

herbivorous species grazing T. antarctica. Cameras were left undisturbed and 

subsequently checked at the end of the 72-hour recording period.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: Chew track cards showing possum bite marks (a and b) and rat bite marks (c and 
d). From Sweetapple and Nugent (2011). 
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6.2.3 Host tree collaring, Dunedin Town Belt 

The baseline survey of the Dunedin Town Belt described in Chapter 3.2 was utilised to 

identify hosts with T. antarctica infections suitable for collaring. The infections selected 

were typically large gall-like haustoria swellings located on large branches or trunks of 

Carpodetus serratus and Chamaecytisus palmensis host trees. Of the 21 host trees 

identified in Chapter 3.3, five were selected for collaring based on accessibility for 

monitoring and installation of tree collars (four C. serratus, one C. palmensis). These five 

host plants together supported eight infection sites able to be protected by collaring. A 

further four host trees (all C. serratus) were monitored as ‘control’ individuals. As these 

individuals were sampled non-independently (within a small area) they are likely to be 

affected by similar conditions (e.g. climatic, edaphic), and will therefore not represent the 

full range of variation present in the population. Genuine random sampling was not 

practical for this study as infections were often hard to identify, access and monitor. 

 

One metre wide galvanised steel collars were installed under T. antarctica infection sites 

of the five selected host tree. These collars act as a physical protection barrier excluding 

arboreal non-flying herbivores such as possums and rats (Figure 25). When adjacent 

branches appeared to provide access to T. antarctica individuals from above the infection 

site, collars were installed above and below the identified infection. Overhanging trees 

adjacent to the collared host were pruned to prevent pests accessing T. antarctica from 

adjacent plants. PVC flagging tape was attached to control and collared host trees to assist 

with relocation. Collared and control hosts were revisited and photographed every 3-4 

weeks for 6-7 months.  
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Figure 25: Aluminium tree collar below one, and above another Tupeia antarctica infection 
(arrow indicates T. antarctica growth site). Red circle indicates a CTC. 
 
6.2.4 Data analysis 

Sequential photographs of T. antarctica on collared and control hosts were compared to 

estimate intensity of browse pressure and timing of growth. CTCs were scored by 

presence/absence of species detected. Motion camera footage was viewed, and any 

animals detected were identified from freeze frame images.  
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6.3 Results 

6.3.1 General herbivory observations  

Of the T. antarctica plants monitored in this study, 87% were affected to some extent by 

herbivory (indicated by CTC and physical damage to plants). The only T. antarctica 

plants that were not affected by herbivorous damage were located within the Dunedin 

Town Belt on a large C. serratus host adjacent to roadside lighting. Of the initial 

herbivory evidence recorded, the majority of the damage appeared to be browsing of 

peripheral plant parts (Figure 26a and 26b). It was apparent that the effect of herbivorous 

mammals climbing and hanging off T. antarctica whilst grazing was causing additional 

stress to the plant’s branches. In some cases, this led to the abscission of large branches 

or sections of the plant that, in some cases, ultimately caused death to T. antarctica 

individuals (Figure 27a and 27b). Over the course of this study, 100% of the CTCs 

installed eventually showed signs of possum browse. A number of CTCs were installed 

on secluded T. antarctica hosts, far from other trees and roads (Goodwood) and too 

provided evidence of possum browse. CTC damage by possums was evident in the form 

of extensively crushed card margins with clear incisor impressions around 6 mm wide, 

consistent with possum marks documented by Sweetapple and Nugent (2011). The 

surface of the CTC was rarely cut or perforated after possum damage. Only 8% of CTCs 

showed evidence of rat browse.  

 

Two distinct forms of physical damage from plant grazing were attributed to two different 

herbivores; possums and rats. Typical possum browse sign on T. antarctica consisted of 

stems with many or all leaves reduced to just petioles or totally defoliated stems (Figure 

26a, 26b, 28c and 28d). There were often recently dead stems or large plant sections with 

heavy possum browse evident on the ground beneath plants. Possum browse damage was 

most intense during winter months (June – August) leaving many individuals virtually 

without leaves (Figure 26b). Many of these plants showed signs of recovery during 

Spring. Typical rat browsing damage on T. antarctica consisted of gnawed bark of woody 

stems (Figure 28a and 28b). There was no seasonal trend attributed to this form of 

damage.  
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Interestingly, observations of Ileostylus micranthus at Goodwood and the Dunedin Town 

Belt provided no evidence of herbivorous mammal damage to I. micrathus in areas where 

T. antarctica was significantly affected by possums. This was consistent over the year-

long observation period. Although I. micranthus was not found to parasitise the same host 

trees as T. antarctica, at both sites, I. micranthus was identified growing on adjacent trees 

to T. antarctica hosts. A large healthy I. micranthus parasitic on Sophora microphylla 

(Kōwhai) can be observed in the background of Figure 26b showing no visible signs of 

grazing damage.  

 

 
Figure 26: Light (a) and heavy (b) (Ileostylus micranthus in the background indicated with arrow) 
browsing damage of Tupeia antarctica plants by arboreal herbivores Arrow indicates site of light 
grazing and heavily truncated stems (a). 
 

 
Figure 27: Distant (a) and close up (b) of Tupeia antarctica branch abscission zones. Arrow 
indicates an abscission zone (a).  

a b

a

c d

b
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Figure 28: Typical rat (a & b) and possum (c & d) browse damage on Tupeia antarctica. Arrows 
indicate areas of interest.  
 
 
6.3.2 Motion camera 

Eight T. vulpecula (possum) visitations to T. antarctica plants were detected over the 72-

hour observation period at Tavora Reserve (Figure 29). It is not clear whether one or a 

number of different individuals were responsible for these visits. As expected, no daytime 

visits occurred. Evening visits typically occurred between 11:20 pm and 1:30 am, 

however one visitation was observed as early as 5:50 pm. Time stamps from motion 

detection indicated that possums tend to feed specifically on T. antarctica for around 10 

minutes at a time. On each visit, possums were noted to access plants from larger host 

branches where they hung from both the host plant and mistletoe to graze vegetative 

material. A single observation of a Rattus species (most likely Rattus rattus, black rat) 

accessing T. antarctica was detected by the motion camera over this same trial period 

(Figure 30). Unfortunately, no direct evidence was obtained of the rat grazing on T. 

antarctica.  

 

a b

c d
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Figure 29: Motion camera still frames of Trichosurus vulpecula grazing Tupeia antarctica at 
Tavora Reserve.  
 

 
Figure 30: Rattus species accessing Tupeia antarctica at Tavora Reserve.  
 

 

6.3.3 Host tree collaring 

Collaring of the five T. antarctica host plants within the Dunedin Town Belt showed a 

marked recovery and increase of all eight infections in the amount of vegetative biomass 

apparent at growth sites (Figure 31.1 and 31.2). Most of the recovery observed occurred 

between days 60 and 120 (Figure 31.1c, 31.1g, 31.1k, 31.2c, 31.2g, and 31.2k). This is 

consistent across the eight collared individuals monitored. Recovery of non-collared 

a b

c
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individuals also show an increase in vegetative biomass during this time (Figure 32b, 32c, 

32f, and 32g). The new growth often appeared to carpet the infection, which commonly 

wrapped around the diameter of the host trunk or branch. Flowers were observed to be 

forming on some collared individuals during September. A number of additional T. 

antarctica infections that were initially thought to be dead began to recover and produce 

leaves again 120 days following collaring. This recovery coincided with increased T. 

antarctica growth during spring (Chapter 6.3.1).   
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Figure 31.1: Changes in collared Tupeia antarctica individuals 1-3 over a 6-month observation period. Rows: (a-d) collared infection one, (e-h) collared infection 
two, (i-l) collared infection three. Columns: one through four show infections on day 0, 60, 120 and 180 since collars were installed and T. antarctica monitoring 
commenced. 
 

Day 0 Day 180 Day 120 Day 60 
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a b c d
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i j k l

Day 0 Day 180 Day 60 Day 120 

Figure 32: Changes in collared Tupeia antarctica individuals 4-6 over a 6-month observation period. Rows: (a-d) collared infection four, (e-h) collared 
infection 5, (i-l) collared infection six. Columns follow Figure 31.1. 
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Figure 33: Changes in non-collared (control) Tupeia antarctica individuals over a 6-month observation period. (a-d) control individual one, (e-h) control 
individual two. Columns follow Figure 31.1. 
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6.4 Discussion 

6.4.1 The identity of herbivores 

Predator control operations are necessary to protect populations of mistletoes severely affected 

by possums (Head, 2005, Sweetapple et al., 2002, Sessions et al., 2001, Nugent et al., 2001, 

Dopson, 2001, Norton, 1991). T. antarctica in Otago is severely affected by the presence of 

arboreal herbivores. The majority of T. antarctica browse damage during this study was most 

likely caused by possums, as the severity of plant damage indicates browsing by a relatively 

large animal. This is evident through the large number of branches observed to have been 

broken off the mistletoes, the proportion of CTCs with possum damage and similar browse 

damage to native Loranthaceae documented in other studies (Head, 2005, Sweetapple et al., 

2002, Sessions et al., 2001, Dopson, 2001). Possum browse also appears to have a significant 

impact on annual leaf production. Results from this study suggest that possum browse and 

damage can be a significant factor influencing the growth and reproduction capabilities of T. 

antarctica, as shown by the collaring experiment within the Dunedin Town Belt. All of the 

monitored T. antarctica infections (swellings) produced new leafy growth 60 days following 

possum protection. It is likely that these infections have also produced such growth in previous 

years. Non-collared T. antarctica individuals also produced new leafy growth during the study 

period, although arguably not as much as collared individuals (Figure 31.2h, 31.2l compared 

to 32e and 32d). The results from this collaring trial may be bias toward possum recovery due 

to an ongoing possum trapping project in the immediate vicinity of collared plants in the Town 

Belt. When setting up this study I was made aware that a community group was working in the 

area to control possums. This likely reduced the density of possums at the site and possibly 

aided in the recovery of non-collared T. antarctica during the study.  

 

Although rats have been suspected of browsing mistletoe in New Zealand, this is the first study 

to provide some indication that rats may be a threat to T. antarctica. Although we understand 

the significant impact possum browse has on annual T. antarctica leaf production, there is no 

documentation on the direct effects rats have on mistletoes in New Zealand. Ladley and Kelly 

(1996) suggest inadequate dispersal of New Zealand mistletoe seed may be linked to a 

reduction in bird numbers caused by a number of introduced pests including rats. However, 

this is the only study which addresses the impact of rats on mistletoe growth and survival. It is 

likely that rats have affected T. antarctica by reducing indigenous bird and invertebrate species 
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which act as key dispersers and pollinators of the species in addition to causing bark damage. 

Furthermore, bark gnawing by rats may cause damaged stems to become more vulnerable to 

pathogen invasion and further decay.   

 

6.4.2 Seasonal trends in herbivory 

Possum browse of T. antarctica demonstrates seasonal trends, with a prominent increase in 

browse damage recorded during winter months (June-August). Other studies have also 

documented an increase in the amount of mistletoe leaf loss attributed to possum browsing 

during these months (Sweetapple et al., 2002, Owen, 1993). This may be attributed to changes 

in possum diet between seasons due to changes in the relative abundance of other food types. 

Sweetapple et al. (2002) suggests that the increased browsing of mistletoes during winter may 

in fact reflect increased possum activity in C. serratus trees as possums search for fruit. C. 

serratus fruits ripen and remain on trees during winter where possums will eat large quantities 

when available (Nugent et al., 1997). Recognising when grazing pressure is most intense can 

give an indication as to when possum management is vital. This indicates that there may be a 

pattern of cyclical growth and annual depletion of shoots on unprotected mistletoes. The 

findings from this study suggest that protecting T. antarctica from herbivory damage would be 

most beneficial during winter, however protection all year round is ideal.  

 

6.4.3 Tupeia antarctica in the Dunedin Town Belt 

The first record of T. antarctica surviving as a large haustoria swelling on host trees was 

documented by Smart (1952) within the Town Belt, however the recovery of T. antarctica 

infections recorded here is the first long term study focusing specifically on these growths. 

Sweetapple et al. (2002) suggest that the haustoria growths monitored in their study may have 

persisted in an almost leafless state for 20 years. The authors suggest this survival may be in 

part facilitated by the presence of chlorophyll within the haustoria of T. antarctica. Given 

Smarts’ 1952 documentation of T. antarctica within the Town Belt and the absence of any 

substantial long-term and widespread possum trapping projects in the area, it is likely the 

infections documented here are the same as those recorded in 1952 and thus at least 70 years 

old. Furthermore, the complete absence of Town Belt T. antarctica records for the last 50 years 

suggests these infections have survived in an almost dormant state over this time. It is likely 

these plants have been in a state of near annual depletion and consequently make up a senescent 
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population of T. antarctica with few mistletoes having been recruited into the population since 

previous observations in 1952 (Smart, 1952). This is most likely dictated by the constant high 

possum densities that encompass the area. The position of most mistletoes on C. serratus trunks 

or large branches within the Dunedin Town Belt may increase their vulnerability to herbivory. 

These plants are more likely to be encountered by climbing possums than those infections 

located on the small branches in the extremities of higher canopy. Powell and Norton (1994) 

determined young Alepis flavida on the outer crown of host trees to be less vulnerable to 

possum browse than mistletoes growing in the inner canopy. T. antarctica within the Town 

Belt is also more likely to be opportunistically grazed by possums rather than directly sought 

after. This is due to the minimal vegetative biomass available on these infections. In contrast, 

mistletoe plants at Tavora/Goodwood are likely targeted by possums due to their palatability 

and prominent presence in the area.  

 

Studies into possum diets in New Zealand showed evidence of T. antarctica in the stomach of 

possums, however they never constituted a large proportion of the stomach contents analysed 

(Sweetapple et al., 2004, Sweetapple et al., 2002, Owen and Norton, 1995). In one study, T. 

antarctica comprised 1.2% of the total possum diet, however T. antarctica made up just 

0.003% of the estimated total foliage biomass within the study area (Sweetapple et al., 2002). 

Sweetapple et al. (2002) calculated a preference index of 0.995 indicating possums had a strong 

dietary preference toward T. antarctica. Possums are known to selectively browse palatable 

species until they become an energetically inefficient resource (Nugent et al., 2001, Owen and 

Norton, 1995). This is likely what is occurring at all sites effected by possum browse in Otago.  

 
 
6.5 Conclusion 

Predator abundance, specifically herbivorous marsupials such as possum, and rodents such as 

rats are likely to affect the abundance and reproductive viability of T. antarctica in a somewhat 

predictable manner. Increases in New Zealand mistletoe predators put plants at a disadvantage.  

Generally, native Loranthaceae increase in size when protected from herbivorous damage 

however little is known regarding feeding length, visitation rates, rate of defoliation and other 

species specific effects. Ongoing browse of both T. antarctica infections and established plants 

is likely to result in stagnant, reproductively unviable populations. The highly selective and 

seasonal nature of possum herbivory gives an indication as to when intense and imperative 
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possum control and plant protection should occur. Ongoing collaring may allow long term 

escape from the cycle of near total annual depletion and begin to recover a substantial leaf and 

stem structure over the following years. 
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Chapter 7: General conclusions and species management 
plan 
 

7.1 Thesis findings 

The overall objective of this project was to assess the distribution and the important aspects of 

Tupeia antarctica ecology that contribute to its conservation status in New Zealand, in 

particular the Otago region. This foundational work provides a baseline of ecological 

knowledge that could be used for the future management of T. antarctica.  

While the process-based species distribution model of realised T. antarctica hosts produced a 

relatively poor fitting model for some parts of New Zealand, the predicted T. antarctica 

infected host distribution within Otago is consistent with the current occurrence of the species 

(Chapter 2.3). In Otago, T. antarctica was mostly recorded on the fringes of lowland coastal 

forest, agricultural areas or remnant forest edges with many hosts noted to grow alongside 

streams or in the vicinity of springs. Only three viable populations, all within eastern Otago, 

were identified in this study. Many locations that were historically recognised as T. antarctica 

sites no longer provide evidence of the species being present in the area. The reduced and 

confined occurrence of T. antarctica in the Otago region suggest that the conservation status 

of this species is further deteriorating. This preliminary investigation into the species current 

distribution pattern in New Zealand provides an initial baseline for future studies involving the 

identification, geographical prediction and conservation of T. antarctica and it’s potential host 

populations.  

T. antarctica populations varied in structure and host relationships within Otago. Host 

preferences are specific at a population level, with Carpodetus serratus and Plagianthus regius 

undeniably the most preferred host species within Otago (Chapter 3.3). Hosts that are infected 

with T. antarctica tend to have a larger DBH than non-infected trees of the same species 

(Tavora/Goodwood and the Catlins). Avian behaviour, host quality and forest fragmentation 

are likely driving factors of the clumped mistletoe distribution noted in this study. Lastly, T. 

antarctica sex ratios in Otago were found to have an equal distribution of males and females, 

which minimises the threat of bias sex ratios to the likely recruitment of new plants.  
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Chapter 4 found that T. antarctica leaf width (mm) and leaf length:width ratio’s differed 

significantly in latitudinal and geographic groupings across New Zealand. Plant sex did not 

however appear to have an effect on leaf morphology. Climatic gradients across New Zealand 

are likely acting as an external stressor on the leaf morphology and could partly explain the 

leaf variation noted in this study. Exploring the morphological diversity of T. antarctica plants 

at a national scale, and examining the association of morphological leaf variation with host 

species parasitised would provide a more comprehensive approach in the explanation of leaf 

variation noted in this study.  

 
Of the 122 seeds established in Otago, 25.4% remained alive at the end of the six-month trial 

period (Chapter 5.3). Survival was significantly higher for T. antarctica seeds established in 

May when compared to seeds established in June. Harvesting and establishing seeds earlier in 

the fruiting season is likely to result in higher success rates and should be an aspect of mistletoe 

establishment that is addressed in future trials. 

 
Given the sensitivity of T. antarctica infections to herbivory and the pivotal role mature plants 

play in successful seed production, possums are clearly the major threat to the sustainability of 

T. antarctica throughout Otago (Chapter 6.3). Aluminium collars have proved their ability to 

restrict grazers from accessing T. antarctica growths in the Dunedin Town Belt, however this 

method of protection is not suitable for the long-term conservation of the species at this site.  

 

7.1.1 Thesis limitations 

Most monitoring programmes are generally too short to capture all of the variability 

experienced by a population. Increasing data collection across additional years increases the 

ability to accurately quantify population parameters. For example, this study coincided with a 

heavy mast seeding year for many New Zealand species which triggered surges in rat and 

possum numbers (Ballance, 2019, Sweetapple, 2003). This can change dynamics of population 

processes among years through factors such as increased grazing pressure.  

 

As is typical of work on rare species and fragmented plant communities, the conclusions drawn 

in this thesis are derived from limited sample sizes. In addition, the Catlins and 

Tavora/Goodwood populations are located in agricultural areas, so there is the potential that 

some plants have been overlooked due to restricted access to private property. It is not 
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considered likely that additional plants within the eastern Otago region will show radically 

different host relationships, leaf traits or responses to herbivory. For example, two isolated T. 

antarctica plants in a coastal gully at Kuri Bush, south of Dunedin, are also parasitic on a 

commonly identified host in this study, Hoheria angustifolia. Thus, the three populations 

studied here can be considered representative. Conversely, the majority of T. antarctica within 

the Town Belt were identified as large infection swellings on host trees. Smaller infections or 

swellings obscured by other plants could easily have been overlooked or misidentified as 

another gall form. While it is possible overlooked infections might favour different hosts, it is 

unlikely that their host distribution will differ radically, and highly unlikely that they will 

respond any differently to herbivory from the infections studied. Therefore, while the findings 

presented here can be regarded as representative, it is important to consider these limitations 

in the reliability of conclusions drawn within this thesis.  

 

 
7.3 Mistletoes as a keystone resource 

Mistletoes have long been recognised for their interactions with other animals and were even 

discussed by Darwin in his theories of evolution. Nowadays, mistletoes are more commonly 

linked with parasitism and the negative connotations associated with this noun. Although 

parasitism can cause detrimental (but not necessarily lethal) damage to the host plant (Watson, 

2009a, Cameron et al., 2005), mistletoes also have profound effects on the ecosystems in which 

they occur and are thus considered keystone species (Sayad et al., 2017, Griebel et al., 2017, 

Watson and Herring, 2012, Hatcher et al., 2012, Press and Phoenix, 2005, Watson, 2001). A 

keystone species is defined as a species which has a disproportionately large effect on the 

surrounding environment relative to its abundance.  

 

Mistletoes provide structural and nutritional resources within canopies and influence local 

diversity. Many organisms, including plants, birds, insects, other parasites and mycorrhizal 

fungi can be affected directly or indirectly by mistletoe presence in an ecosystem (Griebel et 

al., 2017). They are recognised to have both top-down (natural enemy of host plant) and 

bottom-up (keystone resource) affects in a community, explaining how such a wide variety of 

organisms can be impacted by mistletoes (Press and Phoenix, 2005). For example, herbivorous 

insects and birds consume mistletoe foliage, berries, and pollen (Napier et al., 2014, van 

Ommeren and Whitham, 2002, Watson, 2001); fungi and insects can take advantage of host 
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plants weakened by parasitic plant infections (Aukema, 2003); habitat structures change when 

mistletoes are present, providing increased structural complexity, supporting nesting sites and 

aiding concealment (Anderson and Braby, 2009, Watson, 2001); leaf litter can provide 

considerable point sources for nutrients (Watson and Herring, 2012, Quested et al., 2003), 

effecting epigeic arthropods (Ndagurwa et al., 2014) and fungal diversity (Mueller and 

Gehring, 2006) (among other organisms). Press and Phoenix (2005) reviewed ecosystem 

consequences of parasitic plants comprehensively, considering such plants to be both keystone 

species and ecosystem engineers. Mistletoes should not be ignored in community studies and 

theories due to the substantial cascading effects they have in their surrounding environment.  

 

Findings from this project suggest T. antarctica is likely acting as a keystone resource in its 

habitat. Although the species does not constitute a large degree of vegetative biomass in Otago 

locations, T. antarctica provides many resources for both native and exotic species. A 

preliminary exploration of the invertebrates associated with T. antarctica in Otago (Appendix 

4) highlights the large number of invertebrate species associated with the mistletoe, including 

potentially undescribed species that may be specific to T. antarctica. Further exploration into 

T. antarctica pollinator and frugivore interactions and leaf litter effects on soil dynamics is 

required to determine to what extent the species acts as a keystone resource in New Zealand. 

 

 
7.4 Tupeia antarctica management goals 

For the last two consecutive New Zealand Threat Classification Series reports, T. antarctica 

was listed as ‘At Risk’ and ‘Declining’ by the Department of Conservation (de Lange et al., 

2017, de Lange et al., 2013). Findings from this project suggest the conservation status of T. 

antarctica in Otago is most likely more vulnerable than what has been recognised in these 

reports. Consequently, a species management plan for T. antarctica can inform and suggest 

different strategies for the conservation of the species. The goal for T. antarctica management 

within Otago is to ensure the species remains self-sustaining at the populations identified by 

this study and to ensure the persistence and dispersal of T. antarctica to new locations in the 

future. T. antarctica has not reached its distribution limits or regained its prehuman distribution 

throughout Otago. The fact that mistletoes are recognised as a keystone resource provides 

evidence as to why protection of this species is essential.  
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The aim of this section is to produce a conservation management plan for T. antarctica which 

identifies a variety of threats and proposes management solutions to these. The greatest 

insurance for T. antarctica is possible by addressing all threats and following through with all 

management suggestions provided in Chapter 7.6. The major focus of this plan is the 

continuation and establishment of self-sustaining T. antarctica populations. By achieving such 

a goal, it is most likely that ecosystem function will improve in addition to population size and 

distribution.  

 

 
7.5 Threats and agents of decline 

Several threats of T. antarctica in Otago were identified in this study; herbivorous browsing 

and habitat destruction are among the most influential. Additionally, a review of non-possum 

threats to Loranthaceae (de Lange, 1997) identified several other factors that threaten the 

survival of mistletoes throughout New Zealand. These include; fungal disease, longevity and 

fitness of host species, regeneration of host species, habitat destruction and habitat availability. 

The threats to T. antarctica outlined below combine previous findings of mistletoe threats, and 

findings from this project to form a comprehensive overview of all the factors affecting the 

conservation of T. antarctica.  

 

7.5.1 Pest animals  

7.5.1.1 Direct effects 

Herbivory is one of the largest threats to T. antarctica in Otago. Findings from this project 

(Chapter 6) and other literature (Sweetapple et al., 2002) suggest possums are the main grazing 

species responsible for herbivorous damage and can defoliate whole plants within two weeks 

(Chapter 6.3.1). The degradation of mistletoes throughout New Zealand is most conspicuous 

in areas where possums have been present for a significant amount of time (Ogle and Wilson, 

1985). There is ample evidence suggesting abundant T. antarctica populations existed where 

there are few or none today. Speight et al. (1910) described T. antarctica in totara forest and 

subalpine scrub in the Mount Arrowsmith District, Petrie (1895) noted T. antarctica as ‘not 

scarce in the forest’, and finally Kirk (1898) noted the species to be found parasitising almost 

every variety of tree and shrub. Possums predominantly graze leaves, flowers and fruit, whilst 

Rattus rattus causes herbivorous damage by stripping bark (as identified in Chapter 6.4.1). As 
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this is the first-time rats have been observed to strip bark on T. antarctica, it is unknown to 

what degree this damage threatens the species. However, it is likely the grazing pressure 

exerted on T. antarctica is larger than realised in this study. Possums and rats have extremely 

wide distributional ranges in New Zealand and are expected to be present at all three study 

sites. Ungulates (deer, goats, cattle) may also be contributing to T. antarctica decline by 

grazing foliage within an agricultural landscape (noticed at Catlins population). 

 

Plant browsing can also destroy habitats of invertebrates and other organisms inhabiting T. 

antarctica. While invertebrate sampling as part of this study was preliminary (Appendix 4), 

results indicated that the diversity of insects associated with T. antarctica is relatively high. 

Two new species of spider (Theridiidae spp. and Baalzebub spp.) have been discovered in 

addition to many other native spider, caterpillar, weevil and mite species (Appendix 4.3). 

Furthermore, the ‘At Risk’ and ‘Declining’ (Hoare et al., 2015) mistletoe moth Zelleria 

sphenota was captured and reared from T. antarctica in Otago. Z. sphenota utilises T. 

antarctica as a host and is thus dependant on its presence for survival (Patrick and Dugdale, 

2000). Consequently, browsing animals such as possums and rats not only threaten T. 

antarctica, but all the other invertebrate species living on and within the plant. It is most likely 

many more specialist species are associated with mistletoes in general and thus the effect of 

grazing is undoubtedly large at both a population and ecosystem level.  

 

7.5.1.2 Indirect effects 

Stoats (Mustela erminea), rats, and other mustelids indirectly threaten T. antarctica survival 

through the predation of birds and their eggs. T. antarctica rely on avian frugivores for the 

dispersal of seeds, ultimately affecting the survival of current, and generation of new 

populations. Numerous publications have documented the negative impacts reduced avifauna 

diversity, distribution and abundance have on native plant species (Anderson et al., 2011, 

Traveset and Richardson, 2006, Robertson et al., 1999, Ladley and Kelly, 1996). The 

mutualistic plant-bird relationships play a crucial role maintaining the structure and diversity 

of many ecosystems. Consequently, plants do not solely endure the impacts of declining native 

bird populations, but so will majority of organisms in a functioning ecosystem (Traveset and 

Richardson, 2006). Kelly et al. (2005) demonstrated that short term stoat trapping (10-12 

weeks) significantly increase Anthornis melanura (bellbird, a common T. antarctica frugivore) 

nest survival and density. Others have also suggested the reduction in range and abundance of 
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seed dispersing species is a major factor in the decline of New Zealand’s loranthaceous 

mistletoes (Ladley et al., 1997b, Ladley, 1997, Norton, 1991). The declining population 

densities of T. antarctica are directly limited by the availability of seed dispersers and warrant 

a real concern in future conservation.  

 

7.5.2 Human destruction 

Gardeners, councils and their associated contract workers are known to remove single T. 

antarctica plants and host trees. A tagged and collared host was removed in the Dunedin Town 

Belt during this study which has resulted in a severe depletion of plants in the Dunedin area. 

There were a number of removal instances throughout this project where human perception or 

lack of knowledge led to the destruction of T. antarctica individuals. As previously discussed, 

mistletoes are often associated with the noun “parasite” which has many negative connotations 

associated. For a layman it is hard to understand how essential parasites are in an ecosystem 

when the word itself means deleterious organism. It is most likely people think mistletoes are 

lethal to host trees and in order to protect them, mistletoes should be removed.  

 

7.5.3 Vegetation succession 

Sawyer and Rebergen (2001) suggest vegetation succession from scrub to forest can result in 

mistletoe habitat being lost or mistletoe species being shaded out. As indicated in Chapter 3, 

vegetation succession in the Dunedin Town Belt is likely a factor in the decline of T. antarctica 

and may, in part, explain the growth form observed at the site. Successional loss of mistletoes 

is a natural process, however succession is normally balanced by newer young forest species 

becoming available (Sawyer and Rebergen, 2001). Vegetation succession may be a factor in 

local extinctions as there are no new suitable habitats becoming available for colonisation.  

 

7.5.4 Habitat destruction 

Destruction or reduction of T. antarctica habitat is a significant threat to the species’ survival. 

Habitat destruction mostly involves the removal of host trees within an area suitable for 

mistletoe growth. Due to the large habitat modification that has occurred since European 

arrival, we do not fully understand the original habitat T. antarctica would have once preferred, 

however the TTR model described in Chapter 2 gives a better indication than realised before. 
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Nevertheless, removal of hosts in suitable locations eliminates the ability for T. antarctica to 

ever establish there, as observed with the historical pollen evidence of T. antarctica in Central 

Otago but the absence of mistletoe in that area today (Chapter 2.4). Road construction and road 

widening is an example of habitat modification that would affect mistletoes. T. antarctica 

prefers open and well-lit areas, consequently roadside trees are often infected (Kelly, 1998) as 

this study found at Goodwood/Tavora Reserve. If roads are widened or re-routed, many of T. 

antarctica hosts would be vulnerable to removal. Furthermore, initial interest with City 

Councils (in this project) to engage in the protection of T. antarctica sites failed to result in any 

action being taken as of yet. It is clear that we lack strategical conversation and communication 

with key stake holders that may ensure plants are protected on public land.  

 
7.5.5 Host survival and health 

Mistletoes rely on the presence of eligible host species for their survival. Destruction of 

mistletoe habitat through host degradation is likely having a significant effect on the 

persistence and regeneration of T. antarctica populations. Natural senescence and lack of 

regeneration of host species will cause the loss of mistletoes from an area. In T. antarctica’s 

case, death of host trees is common and most often attributed to natural senescence and damage 

from farm stock, which rub themselves against the trunks of host trees. This was especially 

apparent within the Catlins area. Furthermore, no T. antarctica sites in this study provided 

evidence of natural host species regeneration. It is likely that once infected host trees die at 

these sites, T. antarctica will become extinct in that area.  

 
7.5.6 Dioecy and sex imbalance 

The dioecious habit of T. antarctica may also be considered as another barrier to the 

conservation of the species. The existence of single sex populations (such as Kuri Bush) results 

in the absence of mistletoe fertilisation, and thus regeneration, in these areas. In this study, a 

population was determined as such when at least one male and female plant were present 

simultaneously in close proximity. Single plants or plants of the same sex were identified at 

other Otago sites, but these could not be deemed as a population due to only having one sex 

present. This is likely to be a common occurrence when seeds successfully colonise new areas. 

As dioecious species cannot self-pollinate, pollen limitation is a conceivable threat to 

population regeneration. Vamosi and Otto (2002) reviewed dioecious flora and determined the 

risk of extinction much higher than that of hermaphroditic species. This was especially so in 
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locations with pollinator limitation. Robertson et al. (1999) highlighted the effect pollen 

limitation can have on Peraxilla species, with hand pollinated individuals producing 1.25-5.3 

times more seeds than control individuals. The necessity of pollen transfer between male and 

females, the inability for many individuals to produce seed, and the requirement for at least 

two individuals to establish a population makes T. antarctica especially vulnerable to 

population decline (Vamosi and Otto, 2002). Furthermore, a lack of pollinator knowledge 

limits our information regarding likely or appropriate colonisation locations, where pollinator 

abundance is sufficient. 

 

7.5.7 Fungal diseases 

Although fungal disease wasn’t recognised as a threat in this study, a species of Fusarium has 

been implicated in the death of T. antarctica at the Omori Scenic Reserve, Lake Taupō (de 

Lange, 1997). A late observation of a fungal species was observed toward the end of this 

project. Unfortunately, constraints with time meant this specimen was not identified (Appendix 

2.2).  

 
 
7.6 Current solutions and management 

7.6.1 Current management 

To date, a number of small conservation research and community projects have looked at 

protecting populations or individual Loranthaceae members throughout New Zealand. The 

majority of these studies manage possum numbers either by trapping or through the physical 

protection of individual plants. Specific management of T. antarctica by community or 

conservation groups is underrepresented within this framework. The 2002 paper by Sweetapple 

et al. is the only published study to have focused specifically on T. antarctica monitoring and 

threats. Possum management by poison indicated that possums need to be controlled to 

extremely low levels for recovery and growth of T. antarctica. Other small-scale management 

has resulted in T. antarctica recovery - this includes a 1991 seed translocation project as part 

of the Mokoia Island restoration programme which successfully established a new population 

of T. antarctica on the Island. Additionally, Forest and Bird and the Rotorua Botanical Society 
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have been working since 2002 to protect T. antarctica at Lake Okareka by controlling plant 

and animal pests in the area (DOC, 2020).  

 

There are still no current solutions for the protection of T. antarctica nationally. The 

Department of Conservation produced a national recovery plan in 2002 to coordinate 

Loranthaceae conservation efforts and the long-term survival of mistletoe. Unfortunately, the 

report never made it to publication standards and is not utilised within the Department of 

Conservation for mistletoe management.   

 
7.6.2 Management requirements 

7.6.2.1 Surveys and monitoring  

Survey work offers a baseline of information concerning population locations, numbers and 

quality. Although this study has focused surveys around Otago, it would be beneficial to 

expand this survey work to the whole of New Zealand. Identifying T. antarctica ‘hotspots’ 

throughout the country defines areas for intensive species management. Furthermore, baseline 

distribution data allows researchers to revisit areas and assess population changes through time. 

Annual survey programs would be beneficial to determine the most at-risk 

populations/individuals/hosts and concentrate conservation efforts in those areas. Monitoring 

should be established in accordance to the best practice for survey and monitoring of 

Loranthaceae mistletoe which was documented in the unpublished recovery plan (Department 

of Conservation, 2002). This requires a minimum of 50 plants to be randomly selected from a 

representative population. As population numbers of T. antarctica have proven to be low in 

Otago, recording all individuals in a population would be sufficient. In addition to filling out 

standard Department of Conservation species’ record sheets (Appendix 2.1), the host species 

infected, host DBH, plant sex and mistletoe foliar browse index (Sawyer, 2004) should also be 

recorded. The development of an intensive monitoring programme where select individuals are 

visited 2-3 times a year would also be beneficial for understanding shorter term population 

trends and dynamics such as: population recruitment (new hosts), regeneration (new plants), 

population viability and the loss of individuals from populations. This knowledge is likely to 

indicate how T. antarctica functions at both an individual and population level in addition to 

improving our understanding and management of threats to mistletoes in general. Monitoring 
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can also involve photographing populations or individual plants repeatedly over time to 

determine if and/or how they are changing.  

 

7.6.2.2 Legal protection 

T. antarctica in Otago is found on private, reserve and public land. The majority of the plants 

are not located in protected natural areas and should therefore be a priority for protection. Even 

in protected scenic reserves such as the Dunedin Town Belt, T. antarctica has been removed 

by contractors tidying road edges. T. antarctica is poorly represented in the Protected Natural 

Area Work and would benefit for being recognised as a protected plant species. Consultation 

with landowners may help to raise awareness about the presence of plants on properties and 

suggestions for protection would be beneficial. Personal communication with private 

landowners in the Catlins suggested they would be encouraged to protect mistletoe species on 

their land if there was some form of compensation for protection costs from government-run 

organisations (e.g. fencing, possum traps, collaring materials).  

 
7.6.2.3 Control vegetative succession 
 
The survival of some T. antarctica populations, such as the Dunedin Town Belt, may depend 

on maintaining a certain degree of vegetative succession. In encouraging ‘succession’, plants 

overtopping hosts could be pruned or cut away to provide gaps in the canopy for light to reach 

T. antarctica. The closed canopy habitat of the Town Belt suggests even if long term possum 

control commenced, it may not be enough to ensure the populations survival and recovery. The 

only T. antarctica individual at this site that produced abundant flowers from an infectious 

swelling was exposed to bright sunlight as a result of being on an isolated host on the roadside. 

The management of host and adjacent tree crowns to increase light levels to mistletoe plants is 

necessary to ensure the best chance of T. antarctica survival.  

 

 
7.6.2.4 Pest animal control 

Possum and rat control should be carried out in all areas that support T. antarctica. Numerous 

studies have demonstrated the significant improvement in mistletoe vigour when possum 

numbers are reduced (Head, 2005, Sweetapple et al., 2002, Sessions et al., 2001, Dopson, 

2001). T. vulpecula are the single biggest threat to T. antarctica survival in Otago and should 
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be the main focus of pest animal control programmes. Browsing pressure tends to be more 

intense during winter (May-August), and thus intense possum control should be focused 

during this time (Chapter 6). The collaring of mistletoe hosts is a useful tool for protecting 

mistletoe plants from possum browse (Chapter 6, Sweetapple et al., 2002). Collaring may be 

required below and/or above a T. antarctica plant and can also involve collaring nearby trees 

or pruning plants overtopping hosts so possums and other browsing herbivores cannot gain 

access from adjacent trees. Collars should be inspected regularly to ensure they do not strangle 

the host tree as it grows, in addition, surrounding trees should also be monitored to determine 

whether they act as an alternative access route and deal with these plants accordingly. Fixing 

cages around plants can also be used to protect mistletoes. This is especially feasible when T. 

antarctica are located on host trunks close to the ground. Unlike other ornithophilic 

Loranthaceae members, T. antarctica is an entomophile and thus cages would only need to be 

removed during fruiting (for frugivore access), remaining on plants whilst they are flowering. 

Management of pests is preferable to mistletoe protection as pest control has significant effects 

on the functioning of whole ecosystems. It may be beneficial to control pests and protect plants 

simultaneously, however if pest control was regular and effective, individual plants would not 

need to be physically protected.   

 

7.6.2.5 Seed establishment and translocation 

Seedling establishment and translocation is a growing area of mistletoe conservation. Many 

attempts, such as described in Chapter 5, have been made to infect eligible host species with 

mistletoe seeds (Norton et al., 2002, Norton and Ladley, 1998, Ladley and Kelly, 1996, Kuijt, 

1985). Research into the requirements for T. antarctica successful seed establishment is 

underrepresented in the literature, however we do understand that success rates are low. 

Additionally, it is likely that the effects of branch size, host species, host provenance, site 

location and time of establishment also effect the establishment process (Chapter 5, Bach et 

al., 2005, Norton et al., 2002, Norton and Ladley, 1998, Yan and Reid, 1995). Nevertheless, 

successful establishment stories prove that translocation is a viable option for mistletoe 

conservation. In 1998, Nick Singers collected T. antarctica fruit from Omori Scenic Reserve 

(Lake Taupō) and established the seeds on Pittosporum tenufolium. After 18 months of 

monitoring, significant growth was observed. The 1991 Mokoia Island restoration programme 

also successfully established a new population of T. antarctica on the island. In addition to the 

seed establishment methods described in Chapter 5.2, it may be beneficial to lightly suck or 
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bite on T. antarctica seeds prior to placing them on hosts branches (T. Thompson, personal 

communication, October 14, 2019). It would be interesting to test this in the field as previous 

research suggests this step is not necessary for successful seed establishment (Ladley et al., 

1997a). Work to date on mistletoe establishment has found that germination is readily 

achieved, however haustoria connection is much less common. Continued research into T. 

antarctica establishment parameters would be hugely beneficial for the conservation of the 

species. Translocation trials can be conducted throughout New Zealand, not just in reserves 

but also in private gardens.  

 

7.6.2.6 Host protection and regeneration 

Protection of host species at current and potential T. antarctica sites needs to be addressed. 

Many of the host trees observed in this study were large, old trees in deteriorating condition. 

This is especially true for host trees located in open agricultural paddocks. Exposure to both 

environmental conditions and stock severely affect the quality of host trees in these areas. 

Fencing of vegetation or singular host trees containing T. antarctica may prevent damage to 

mistletoes and their hosts. Fencing off larger areas of land to exclude grazing surrounding hosts 

may also benefit the regeneration of host trees as saplings will have a greater chance of 

maturing. Incentive for fencing such as government funding is likely to encourage private land 

owners to protect rare plants and their hosts. If hosts are in reserve land, establishing potential 

host species in the same area in which mistletoes are found is likely to encourage regeneration 

of T. antarctica on new host species. Human induced establishment of seeds on other potential 

hosts in the area may also serve to conserve species presence at these sites.  

 

7.6.2.7 Public awareness 

Public awareness surrounding the presence of rare, endemic mistletoes, their biology, 

biogeography and conservation threats need to addressed. The best way to achieve this is 

through working with community groups, schools, universities, social media and online 

reporting. An identification campaign with suitable educational resources such as informative 

pamphlets needs to be provided to the public, local councils and their stakeholders (including 

council contractors). This could include information regarding the significance and uniqueness 

of mistletoes plants, their presence and identification of host species that may be supporting T. 

antarctica. Articles could be published by nationally recognised groups such as Forest and 
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Bird, QEII Trust and the New Zealand National Geographic to cover a wide variety of 

audiences. Alternatively, local publications such as Valley Voice, Blueskin Bay News and the 

Otago Daily Times are likely to gain the attention of locals. These groups can be easily 

contacted for submission of work addressing local mistletoe populations and ways the general 

public can become involved in their conservation. The importance of legal and physical 

protection of mistletoe populations, their hosts and associated plant and animal communities 

should be advocated. In addition, informative signs at local population sites can help with 

species awareness. Lastly, schools should be encouraged to teach more about local and rare 

plant life. There are many intriguing aspects to T. antarctica which make it an exciting plant 

to study. As part of this study, a poster and teaching module was prepared for use by secondary 

school science teachers (Appendix 2.3 and 2.4) demonstrating how mistletoes could lend 

themselves to educational activities. Incorporating other tools such as iNaturalist into these 

resources encourages community awareness, citizen science and ongoing plant monitoring.  

 

Involving Māori in the recovery of T. antarctica and incorporating information provided from 

iwi in public outreach, is a formative step in the conservation of endemic species. It is 

understood that mistletoes are taonga to iwi and thus will have their own whakapapa and mauri 

(life force). Creating and maintaining dialogue regarding mistletoe presence and history allows 

perspectives and advice to be shared and sort. Not only do both scientists and iwi learn from 

such interactions, but awareness of T. antarctica in particular, due to its association with Tupaia 

and Cook’s voyage, helps bridge the gap between biology, ecology, conservation and New 

Zealand history.  

 

7.7 Future research directions 

Research on mistletoe ecology, survival and threats is required to fill the knowledge gap in this 

area of work. Although an autecological study of T. antarctica was carried out here, such 

information is required at a national level. The following points highlight areas of T. antarctica 

ecology that still require investigation.  

Pollination: 

• What pollinates T. antarctica? 

•  Do pollinators differ in different regions? 

•  Will pollen limitation affect populations if native pollinators become threatened? 
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•  What is the effect of T. antarctica decline on native pollinators? 

Herbivorous browsing: 

• What level of browsing can T. antarctica recover from?  

• What density of possums is compatible with healthy and reproductive populations? 

 

Host interactions: 

• Does T. antarctica establishment show preference in relation to host provenance? 

• Do T. antarctica populations vary genetically depending on host species? 

• Are some host individuals, or genotypes, more likely to host mistletoes than others? 

Seed establishment: 

• What are the best microsites for seed establishment? 

• What are the short-term and long-term survival rates of T. antarctica established by 

hand? 

• Can mistletoes be protected ex-situ? 

 

 
7.8 Conclusion 

The combined effect of the threats described above on the status of T. antarctica is unknown. 

Limited surveying, monitoring and habitat protection has been initiated by the Department of 

Conservation and other Government counterparts, and considerably more commitment is 

required in order to prevent further losses. Conservation efforts such as the caging/collaring of 

mistletoe individuals to prevent possum browsing has been successful, however, this is only a 

temporary measure (Sweetapple et al., 2002). This approach is also expensive in the long term, 

and requires a significant level of human intervention in order to maintain such protection (de 

Lange & Norton, 1997). Long-term solutions need to address the underlying causal agents of 

T. antarctica decline. Management interventions need to be preventative, and look at 

ecosystem function as a whole, rather than individual species or population abundance. 

Solutions for T. antarctica conservation must address both possum browsing on individuals, 

predatory effects on avian pollinators and dispersers and maintenance of host trees in particular 

geographical areas. Addressing just one of these solutions will not result in long term benefits 

for the survival of T. antarctica, nor will it result in population numbers bouncing back.  
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Appendix 1: Chapter 3 additional resources  

Appendix 1.1: Mistletoe and host data recording sheet  
 

 
 
 
 
 

 
Date: 
 
GPS co-ordinates (DDM): 
 
T. antarctica sex (if available): 
 
T. antarctica size class estimate (A-I): 
 
Host species: 
 
T. antarctica position on host: 
 
T. antarctica height within host canopy: 
 
Host DBH (cm): 
 
Host health: 
 
Habit notes: 
 
 
 
 
Additional notes: 
 

 

Figure 34: Tupeia antarctica and host tree data recording sheet used in the field when identifying 
new T. antarctica individuals.  
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Appendix 1.2: Tupeia antarctica distribution on hosts Hoheria angustifolia and 

Chamaecytisus palmensis within Otago 

 
Table 9: Distribution of Tupeia antarctica in Otago on Hoheria angustifolia and Chamaecytisus 
palmensis with respect to (a) canopy position, and (b) mistletoe height within host canopy. Counts relate 
to the number of plants observed in each position. NA – data not available (includes all plants that were 
observed on host, but hosts could not be accessed for exact canopy and height positions).  
  

Host Species 
(a) Canopy Position Hoheria angustifolia Chamaecytisus palmensis 
Outer 0 1 
Inner 1 3 
Trunk 2 0 
NA 0 0 
(b) Height     

Upper 0 1 
Middle 1 3 
Lower 0 0 
Trunk 2 0 
NA 0 0 

 
Low raw mistletoe counts from hosts H. angustifolia and C. palmensis. Data omitted from the 

within host distribution analysis (Chapter 3.3.2).  

 

Appendix 1.3: Tupeia antarctica seed rain 

 
Figure 35: Tupeia antarctica seed rain on Plagianthus regius host branch, Catlins (July 2019). 
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Appendix 2: Chapter 7 additional resources  

Appendix 2.1: Department of Conservation species record sheet 
 

SPECIES RECORD SHEET  
Completed forms should be returned to:  

Department of Conservation  
P.O. Box 5086  

Wellington  
 

 
SPECIES NAME:  

OBSERVER: 
NAME:  

TELEPHONE NUMBER:  

ADDRESS:  

NEAREST MAJOR 
LOCALITY:  

OWNER/OCCUPIER OF 
LAND (if known):  
 

MAP SERIES:  MAP NUMBER:  GRID REFERENCE:  

DATE OF OBSERVATION AND TIME:  

LOCATION:  
DESCRIPTION OF SITE (INCLUDING HABITAT):  

SKETCH MAP OF SITE:  
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POPULATION FEATURES:  
Number of individuals seen.  
An indication of the scope of your survey i.e. is the population more widely spread?  
An estimate of the age structure (number of adults, number of juveniles), flowering? fruiting? moulting?  
Have you visited site before? If so how does it compare now?  

WHAT IS THE CURRENT SITE MANAGEMENT?  

ARE THERE ANY THREATS TO THE POPULATION?  
e.g. herbivores, predators, land development, recreation, pollution, other.  

RECOMMENDATIONS FOR MANAGEMENT OF THE SITE OR 
POPULATION:  

WAS A PHOTOGRAPH TAKEN? Please circle          YES            NO  
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 WAS MATERIAL COLLECTED?  YES                       NO  

 TYPE OF MATERIAL  SEED          CUTTINGS        SPECIMEN  

WHERE IS MATERIAL NOW?  

 
 
Appendix 2.2: Suspected fungal pathogen 
 
 

 
 

Figure 36: Unidentified fungal species (indicated by arrows) growing on Tupeia antarctica growth on 
host Carpodetus serratus within the Dunedin Town Belt. 
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Appendix 2.3: Public outreach, parasitic plant poster 
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Appendix 2.4: Public outreach, parasitic plant teaching module 
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Appendix 3: Pilot study of pollination biology 

Appendix 3.1: Introduction 

The breeding system of any plant species is of major importance when determining its 

dependence on pollinators (Bond, 1994). Due to the dioecious habit of Tupeia antarctica, and 

therefore, its inability to self-fertilise, T. antarctica is completely dependent on pollinator visits 

for natural pollination. Unfortunately, T. antarctica pollination has largely been overlooked to 

date and has received particularly less attention than fruit dispersal. To the best of my 

knowledge, no research concerning the specific pollination system of T. antarctica has been 

conducted, therefore, determining key pollinators and plant-pollinator interactions is 

troublesome. Ladley (1997) separated New Zealand Loranthaceae mistletoes into two groups 

based on flower phenotypic traits. Ileostylus micranthus and T. antarctica make up the first 

group, characterised by their small yellow-green flowers which are presumed to be insect 

pollinated. The second group includes all remaining native species, characterised by their 

hermaphroditic, brightly coloured and ornithophilous flowers. Unconfirmed records of 

pollinator/flower visitors to T. antarctica have been recorded which support entomophily, 

however, all records lack verified voucher specimens and specific observation details.  

A historical record of avian and invertebrate pollination in New Zealand by Thomson (1927) 

describes male and female T. antarctica flowers to be very fragrant and secrete a relatively 

large amount of nectar. This work also states that flowers are frequented by numerous midge-

like Diptera, which while sucking the nectar from the flat disks of the flowers bring the lower 

parts of their body into contact with the stamens or stigmas of male and female flowers 

respectively. Moreover, the attraction of invertebrates within Diptera likely depend chiefly on 

scent in search for food, explaining the inconspicuous green flowers of T. antarctica (Thomson, 

1927). Ladley (1994) and Dopson (1997) documented the pollination of T. antarctica 

individuals via unidentified insect species in both the North and South Islands. Additionally, 

Dopson (1997) recorded a Geckkonidae species acting as a pollen vector. A later study 

recorded honeybee (Apis mellifera), bumblebee (Bommbus terrestris) and hoverflies 

(Melangyna novaezelamdiae) to visit T. antarctica in the Tongariro area (Dopson, 2001). 

Additionally, a review of New Zealand’s Hymenoptera fauna revealed the native bee, 

Lasioglossum sordidum, to carry T. antarctica pollen (Donovan, 2007). Wind pollination was 

also proposed by Dopson (1997), however, given the dioecious habit of T. antarctica, and the 
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lack of obvious anemophilous floral features, this is highly unlikely. These records are only a 

partial indication of pollinator interactions with T. antarctica, and thus understanding of 

pollinator relationships is far from complete.   

Appendix 3.2: Methods 

Pollinator observations were made at Goodwood/Tavora Reserve and the Dunedin Town Belt 

on flowering female and male T. antarctica individuals between 10th-16th September 2019. A 

total of 20 hours was spent during this period observing flowers. Four female and four males 

were monitored for the presence of potential pollinators. Plants were observed during both the 

day and night for monitoring diurnal and nocturnal flower visitors. In the case of a captured 

pollinator, these specimens would have been examined microscopically for traces of pollen 

which would indicate their potential as pollen vectors. If pollen grains were collected, these 

would have been compared with pollen grains collected from male T. antarctica.  

 

To test T. antarctica pollen nutrition, fresh male flowers with dehiscing anthers were collected 

from the parent plant. The pollen sample was immersed in a drop if Sudan IV solution and 

examined under the microscope. A red colouration indicates the presence of lipids (Dafni, 

1992). 

 

Appendix 3.3: Results 

After carrying out both day- and night-time observations, no floral visitors were observed 

visiting the flowers of T. antarctica within the Dunedin Town Belt and Goodwood/Tavora. It 

was hypothesised that a native moth species may be acting as a pollen vector due to the close 

association that Zelleria sphenota has been historically recorded and observed in this study as 

having with T. antarctica (Patrick and Dugdale, 1997) (Appendix 3.3). Nectar was observed 

to be secreted from the base of the flower which as previously been noted and described as a 

nectar pad by Thomson (1927). The pollen nutrition test resulted in the identification of T. 

antarctica having lipid rich pollen.  
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Figure 37: Tupeia antarctica pollen stained with Sudan IV solution indicating lipid presence. 
 
Appendix 3.4: Conclusion 

I expect that longer observation periods over the whole flowering season would result in the 

identification of T. antarctica floral visitors. It would also be beneficial to explore whether 

female T. antarctica plants are pollen limited. A pollination exclusion study would be helpful 

to understand whether this is another factor threatening the survival of T. antarctica.  

 

According to Baker and Baker (1979), where Hymenoptera and Diptera consume or collect 

pollen to feed their brood, there will be selection in favour of starchless/lipid rich pollen. Given 

the lipid content of pollen and historical observations of Diptera species visiting T. antarctica 

flowers, it seems likely Diptera species may be pollinating T. antarctica.  

 

Appendix 3.5: Future pollination work 

• Does production of rewards for pollinators differ by host species? 

To test host associated differences in the production of pollinator rewards, explore nectar and 

pollen production of T. antarctica infecting different species throughout New Zealand. 

Preliminary studies by (Yule, 2018) found mistletoe sex to influence nectar production.  

• Does visitation by pollinators differ by host species? 

 

26 µm 
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Appendix 4: Invertebrate diversity pilot study 

Appendix 4.1: Introduction 

Watson (2001) concluded that mistletoes represent a critical keystone resource in habitats 

worldwide because they support high biodiversity and facilitate numerous complex ecological 

associations (Chapter 7.3). Although birds and mammals commonly use mistletoes as a 

resource for food and breeding sites globally (Watson, 2001), there has been comparatively 

little research on the invertebrate communities associated with different species of mistletoes. 

Mistletoes provide a link between their hosts, pollinators and frugivores and mediate a series 

of direct and indirect competitive and facilitative effects on ecological processes (Watson, 

2009b).  

 

A pursual of the literature conducted by Anderson and Braby (2009) outlines a number of 

interactions invertebrates families associated with mistletoes global. Insects regularly feed on 

mistletoe nectar and flowers (Barlow, 1966), the woody tissue of the haustorium (Whittaker, 

1984), the leaves and non-woody stems (Patrick and Dugdale, 1997, Whittaker, 1984), and act 

as pollinators (Ladley et al., 1997b, Ladley and Kelly, 1996).  

 

The importance of mistletoes as a food source and nesting sites for invertebrates has been 

described in the literature (Watson, 2001). However, these interactions are poorly understood 

and the specific interactions Tupeia antarctica has with invertebrates is virtually unexplored. 

Unlike vertebrates that are long lived and highly mobile (i.e. have the ability to visit mistletoes 

periodically), many insects live their entire lives within mistletoe clumps, relying on them 

solely for food and shelter (Burns and Watson, 2013). 

 

The aim of this research was to explore the diversity of invertebrates associated with T. 

antarctica within the Otago region. Uncovering the degree of diversity affiliated with the 

species may help to illustrate how important keystone species such as T. antarctica are in an 

ecosystem and provide more incentive to protect such species.  
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Appendix 4.2: Methods 

Invertebrates were collected when visiting T. antarctica plants in Otago throughout the 

yearlong study period. Around 30 minutes was spent observing plants and collecting specimens 

during each visit, with observations spanning over a nine month period . All invertebrates 

observed were collected and preserved either in solution containing 70% ethanol or placed in 

a freezer until an identification had been made. Vials were labelled with specimen collection 

date and locality. Several collecting methods were used depending on the specimen being 

collected. Collection tools included a small net, tweezers and hand collection methods. 

Invertebrates were identified to the level of family, and when available, identified to species 

level. All invertebrates were taken to an entomologist to help with identification of the species. 

When needed, additional experts were contacted to double check species identification and 

help identify problem species.  
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Appendix 4.3: Results  
 
 
Table 10: Invertebrate collections Tupeia antarctica in Otago. 
 
 
Order Family Species No. of observations Notes 
Araneae Anapidae Novanapis spinipes 1 

 
 

Araneoidea Eriophora pustulosa 1 
 

 
Clubionidae Clubiona spp. 4 

 
 

Desidae Badumna spp. 2 
 

  
Unknown spp. 1 

 
 

Dictynidae Unknown spp. 2 
 

 
Pisauridae Dolomedes spp.  2 

 
 

Salticidae Unknown spp. 1 
 

 
Salticidae Hypoblemum albovittatum 1 

 
 

Theridiidae Undescribed spp. 8 Tag name "King Crimson" – Figure 37a   
Unknown spp.  1 Figure 38e   
Cryptachaea gigantipes? 1 

 
  

Cryptachaea veruculatum 1 
 

  
Cryptachaea blattea 3 

 
 

Theridiosomatidae Baalzebub spp. #1? 6 Undescribed?   
Baalzebub spp. #2? 1 Undescribed?  

Thomisidae Diaea ambara 1 Figure 37d 
Diptera Chironomidae Unknown spp. 2 Possibly two different spp. Moisture sensitive species 
Hemiptera Acanthosomatidae Onacontias vittatus 3 

 
 

Aphididae Myzus persicae 5 Parasitised by native Aphidiine spp. - Figure 37c  
Miridae Calocoris norvegicus 2 Cause leaf damage 
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Table 10: Continued 
 
Order Family Species No. of observations Notes 
Hemiptera Miridae Creontiades dilutus 1 

 

Hymenoptera Formicidae Prolasius advena 1 
 

 
Hyminoptera Unknown spp. 1 

 

Lepidoptera Yponomeutidae Zelleria sphenota 4 Reared from caterpillar - Figure 37b 
Poduromorpha Poduroidea Unknown spp. 1 

 

Psocoptera Ectopsocidae Ectoscopus spp 6 Possibly two different species 
Stiphidiidae Stiphidiidae Cambridgea spp. 1   
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Figure 38: Selection of invertebrates collected from Tupeia antarctica. (a) “King Crimson” - undescribed Theridiidae species, (b) T. antarctica leaves fused 
by Zelleria sphenota larvae, (c) Myzus persicae on T. antarctica – darker specimens most likely parasitised by Aphidiine spp., (d) Diaea ambara, (e) 
unknown/undescribed Theriddiidae spp. 
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Appendix 4.4: Discussion 

Araneae (spiders) was the biggest order represented in the invertebrate collections from this 

study. Araneae was hugely diverse in terms of the species recorded and possibly newly 

discovered. Similarly, a study by Anderson and Braby (2009) found high abundance and 

diversity of Araneae and Lepidoptera on the Australian mistletoe, Decaisnina signata. It is well 

established in the literature that spider abundance and diversity is linked to the structural 

complexity of plant vegetation (Vasconcellos-Neto et al., 2017, Halaj et al., 2000, Greenstone, 

1984). This factor is said to be more impactful in terms of spider abundance and diversity than 

the availability of prey (Greenstone, 1984). One of the mechanisms proposed to explain the 

pattern of structural complexity and spider abundance and diversity is the microclimate formed 

by different plant species (Henschel and Lubin, 1997). Spiders form a diverse group with many 

species selecting favourable microhabitats to inhabit (Turnbull, 1973). Microhabitat 

requirements and structural characteristics preferred differ among Araneae in relation to life 

strategies such as hunting, reproductive behaviour, and morphological and physiological 

features such as moisture and thermal conditions tolerated (De Souza and Martins, 2005). 

Mistletoes commonly have higher transpiration rates than their hosts (Strong and Bannister, 

2002) and therefore humidity within a mistletoe bunch is most likely higher than the host tree. 

Furthermore, a more complex branching structure may provide increased structural features 

that support a diversity of nesting and foraging opportunities. It may be that the greater 

abundance and species richness of spiders collected on T. antarctica are linked to the structural 

complexity and microclimate produced by the plant. This is an area of mistletoe ecology that 

is vastly understudied and deserves exploration in the future.  

Only one invertebrate species known to be a herbaceous invertebrate predator was collected on 

T. antarctica in this pilot study (Calocoris norvegicus). Because spiders are predators, a high 

abundance and diversity of Araneae (such as identified on T. antarctica in this study) can affect 

the dynamics prey populations and communities (Vasconcellos-Neto et al., 2017). 

Furthermore, spiders often consume insect herbivores, decreasing herbivory on plants (Romero 

and Vasconcellos-Neto, 2007). Other herbaceous invertebrate predators have been identified 

on T. antarctica in other studies. Declana griseata larvae, a moth species commonly associated 

with mistletoes was identified to cause damage to leaves (Patrick et al., 2011, Sessions and 

Kelly, 2001, Patrick and Dugdale, 1997), whilst moth species Epalxiphora axenana and 

Pyrgotis plagiatana larvae have been observed predating on stem and leaf vegetation (Patrick 
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and Dugdale, 1997).  

It is evident from these preliminary results that T. antarctica provides a favoured habitat for a 

diverse range of invertebrates. Notably, the ‘At Risk’ and ‘Declining’ endemic mistletoe moth 

Zelleria sphenota was captured and reared. Discoveries such as Z. sphenota and the probable 

novel spider species collected again illustrate the need for T. antarctica conservation and 

ongoing mistletoe research.  
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Appendix 5: Historical Tupeia antarctica figures  

 
Figure 39: Taken from Smart (1952): (1) Tupeia antarctica on host Carpodetus serratus, (2) young T. 
antarctica infection showing encircling of haustoria infection on host, (3) T. antarctica herbarium 
material (a) Gisborne, (b) Nelson, (c) Dunedin, (4) T. antarctica growth on C. serratus trunk, (5) surface 
of T. antarctica growth, two feeble shoots persist in the lower left-hand corner.
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Figure 39: Scanned from files obtained at Allan Herbarium (CHR: Manaaki Whenua, Lincoln), photographed by J.S. Cocks, date unknown – (a) and (b) cross 
section of gall on Cytisus proliferus (now recognised as Chamaecytisus palmensis) caused by parasitism of Tupeia antarctica (T. antarctica indicated by white 
arrows, C. palmensis indicated by red arrows), (c) T. antarctica brittle node/abscission zone

a cb
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