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Leaves of green, yellow and round. 

Do they fall to the ground? 

This Myrtle is sick. 

We better check quick. 

Is there a rust to be found? 
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ABSTRACT 

Lophomyrtus bullata commonly known as ramarama, is a member of the Myrtaceae 

family. It is one of two endemic taxa (Lophomyrtus bullata and Lophomyrtus obcordata). 

Lophomyrtus is notable also in that it is one of New Zealand’s few endemic genera. 

Ramarama has recently been classified as a Threatened – Nationally Critical species 

because of the threat from myrtle rust (Austropuccinia psidii (G. Winter) Beenken). 

Mycorrhizal communities play an important role in the survival of plant species. It is 

important to understand these fungal communities and their effects on plant success, 

ecology, and resistance to disease; such knowledge works towards the improved 

management of plant species. This research looked at the mycorrhizal communities of 

Lophomyrtus bullata, in conjunction with the vegetation and location characteristics in 

the three forest associations: coastal, montane and cloud forest to understand how 

different environmental factors can influence its mycorrhizal communities in Northern 

New Zealand’s ecosystems. Root and soil samples were collected from each forest 

associations, and notes taken on the vegetation composition at each sample site. 

Microscopy and molecular work were undertaken on root samples and chemical analyses 

done on soils. Molecular sampling showed a diverse fungal community in association 

with L. bullata, including nine families of arbuscular mycorrhizae, the presence of this 

mycorrhizal type being further confirmed by microscopy. Other fungal groups also found 

in the sampling include Ascomycota, Basidiomycota and Zygomycota; the family 

Archaesporaceae is a particularly abundant and diverse arbuscular mycorrhiza in 

symbiosis with L. bullata. The species composition across vegetation associations is 

similar but their abundances differ. The Coastal location (Maunganui Bluff) is different 

in both mycorrhizal community and soil characters from the montane (Six-Foot Track) 

and Cloud Forest (The Domain) which are shown to be linked as they are similar in 

composition of both soil and mycorrhizal communities. The differences in arbuscular 

mycorrhizae communities of L. bullata are driven by a variety of factors including soil 

characteristics. Multivariate analysis shows that soil pH explains both 18S ribosomal 

RNA and Internal transcribed spacer community variance, and total nitrogen further 

explains 18S community variance. This shows how these soil characteristics influence 

fungal communities in association with L. bullata and may be drivers of fungal 

communities.  
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Chapter 1: Introduction 

 

 

Ramarama (Lophomyrtus bullata) shoot. Drawn by M. Ford. 
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1.1 Myrtaceae 

The Myrtaceae plant family is important ecologically, economically and culturally (Simpson, 

2005). The family is represented in New Zealand by 28 named species and eight undescribed 

entities (de Lange et al., 2018). It provides many ecological services such as a pollen source for 

bees (Stephens et al., 2005), and plays an important part in the natural succession of New Zealand 

forests (Stephens et al., 2005; Sullivan et al., 2007), forming dominant vegetation associations that 

have strong relationships with other species. For example, pōhutukawa (Metrosideros excelsa Sol. 

ex Gaertn) (Myrtaceae) creates unique forest types along New Zealand’s northern coasts (Bylsma 

et al., 2014) that host seabirds (Whitehead et al., 2014), and it supports a range of endemic lichen 

species (Blanchon et al., 2021). Many New Zealand industries such as tourism, nurseries, mānuka 

honey and oil are reliant on indigenous Myrtaceae species (Stronge et al., 2019). Trees such as 

pōhutukawa and ramarama also have a role in indigenous culture; Māori use these trees 

traditionally in medicine (Conly & Conly, 1988; Riley, 1994).  

1.2 Lophomyrtus bullata (ramarama) 

Myrtaceae is a large predominantly southern hemisphere family that comprises around 142 genera 

and 5500 species (Wilson & Kubitzki, 2011; Thornhill et al., 2015). The two genera Lophomyrtus 

and Neomyrtus are the only New Zealand members of the Myrteae, the largest of the Myrtaceae 

tribes (Thornhill et al., 2015). 

Lophomyrtus bullata (ramarama) is one of the two species in the endemic plant genus Lophomyrtus 

erected by Burret in 1941, the other species being L. obcordata (rohutu) (Allan 1961). 

Lophomyrtus bullata was originally described as a species of Myrtus L., as M. bullata Sol. ex 

A.Cunn., and Lophomyrtus obcordata was first described as Eugenia obcordata Raoul. Eugenia 

obcordata was later transferred to Myrtus as M. obcordata (Raoul) Hook.f. by Hooker (1853). In 

1941, Burret also erected the genus Neomyrtus Burret for a third species, also known as rohutu, and 

variously named Myrtus pedunculata Hook, f. or Eugenia vitis-idaea Raoul, which then became N. 

vitis-idaea (Raoul) Burret. Allan (1961) subsequently renamed this species N. pedunculata (Hook. 

f.) Allan because of the epithet of the older name has the authority. Despite the morphological 

differences that distinguish the two genera as currently circumscribed (Allan 1961), the validity of 

the genus Neomyrtus has been questioned (Garnock-Jones, 2014). A phylogeny created using four 

molecular markers (ITS, ETS, psbA, trnH and matK) shows the genus Neomyrtus within the genus 

Lophomyrtus (Figure 1.1) (Lucas et al., 2007). Further differences are discussed by Garnock-Jones 

(2014) who has suggested the possibility of synonymising the genus Neomyrtus under 

Lophomyrtus. 
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Figure 1.1. Relationship of Lophomyrtus to Neomyrtus from Garnock-Jones (2014) based on 

parsimony and Bayesian analyses of combined ITS, ETS, cpDNA, bootstrap values > 50 shown. 

 

Figure 1.2. Ramarama (L. bullata) in flower. Dec 31, 2020 (M. Ford). 

Lophomyrtus bullata, commonly known as ramarama, is monoecious and, as the species epithet 

suggests, the bullate blistered leaves help distinguish it (Figure 1.2) (Cheeseman, 1906; Allan, 1961; 

Dawson et al., 2011). It often forms a shrub, 2 - 5 m tall to a small tree, 6 - 7 m tall (Figure 3 A & 

B). Ramarama is widespread in coastal and lowland forests especially on margins and can be found 

up to 600 m in a.s.l. (Cheeseman, 1906; Allan et al., 1961; Dawson et al., 2011). It ranges 

throughout the North Island and the north-eastern corner of the South Island (absent from northwest 

Nelson) and south to the Wairau River. Marlborough as illustrated in Figure 4 (Allan et al., 1961; 

Cheeseman, 1906; Dawson et al., 2011). Ramarama grows in shade or full sun, preferring open 

forest or forest margins (Salmon,1980) and is often a common understorey shrub of lowland 

podocarp riparian forest (Figure 3 Right). Lophomyrtus bullata grows occasionally on steep slopes 
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and can form a large component of regenerating shrubland in wetter areas (de Lange, 2020). Typical 

of Myrtaceae species that grow in fertile soils, ramarama produces fleshy indehiscent fruits which 

are animal-dispersed (Wilson et al., 2001; Staggemeier et al., 2010). In Te Reo Māori (Māori 

language) ramarama means ‘a gleam of light’ most likely because of the crinkly, shiny leaves. 

Traditionally the plants leaves have been used by Maori to treat bruises and cuts (Riley, 1994); 

presumably because of the cytotoxic and antimicrobial properties of a unique natural product, 

bullatenone (Amaike, 1990). Applications of bullatenone include: insect repellency, antiulcer 

activity in sunscreens and in fragrances (Imaizumi et al., 1988; Amaike, 1990; Muta & Amaike, 

1991; Felman et al., 1992). 

Figure 1.3. A. Ramarama (L. bullata) in the understorey of kahikatea (D. dacrydioides) forest and 

B. a stand of three mature ramarama (L. bullata) trees.  

1.3 Myrtle rust 

Myrtle rust was first described from Brazil as Puccinia psidii, a member of the rust fungus family 

Pucciniaceae, by Winter (1884). It was recorded growing on the leaves of the Myrtaceae species 

Psidium guajava. Recent phylogenetic and morphological analyses placed P. psidii in the family 

Sphaerophragmiaceae and a new genus was erected for the species, Austropuccinia psidii (G. 

Winter) Beenken (Beenken, 2017). The analysis showed that A. psidii is closely related to the genera 

Dasyspora and Sphenorchidium (Beenken, 2017). Austopuccinia psidii spreads mainly asexually by 

uredinospores to many different genera of Myrtaceae, especially in non-indigenous environments 

(Machado et al. 2015). Myrtle rust has now spread out of its native area and has been recorded from 

https://en.wikipedia.org/wiki/Pucciniaceae


5 
 

around 56 genera and 244 species of Myrtaceae from South America, Central America, the 

Caribbean, Southern USA, Hawaii, Japan, China, South Africa, Australia and most recently New 

Zealand (Coutinho et al. 1998, Machado et al. 2015) (Figure 4). There are at least nine different 

biotypes of A. psidii known to cause disease (Graca et al. 2011; Zhong et al. 2011; Stewart et al. 

2017). The biotype that has arrived in New Zealand is the pandemic biotype, which has caused the 

most devastation globally (Freeman et al., 2019). Figure 5 shows A. psidii’s distribution on the host 

ramarama in New Zealand; this range matches the natural distribution of ramarama also pictured, 

showing that infected ramarama occur throughout its range. 

Following the arrival in 2017 of the fungal disease known as ‘myrtle rust’ (Austropuccinia psidii) 

(see Section 1.5), the threat status of all indigenous Myrtaceae was elevated to at least 'Threatened' 

(de Lange et al., 2018). Myrtle rust poses a major risk to all members of this family attacking the 

new growth, flowers and fruit of infected plants (Toome-Heller et al., 2020). The rust has negative 

economic implications worldwide, by effecting important fruit and timber trees (Coutinho et al. 

1998). The rust is expected to effect all 36 indigenous entities of the Myrtaceae family, 28 of which 

are named and currently no effective treatment is known (de Lange et al., 2018; Stronge et al., 

2019). Evidence suggests that the two New Zealand endemics in Lophomyrtus and the one species 

in Neomyrtus are most likely to be seriously affected by the rust (Makinson, 2014). Previously 

assessed as not threatened, these three species have now been reassessed as ‘Threatened, Nationally 

critical’ because of the risk myrtle rust poses (de Lange et al., 2018). Some closely related species in 

the Australian genera Austromyrtus and Rhodomyrtus are severely, often fatally impacted by myrtle 

rust (Carnegie et al., 2016; Berthon et al., 2018; Giblin, 2013), although the sister genus of 

Lophomyrtus, Lenwebbia, has a relatively tolerant susceptibility rating (Berthon et al., 2018; Giblin, 

2013). 
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Figure 1.4. Ramarama (L. bullata) infected with myrtle rust (A. psidii). Awaroa Scenic Reserve, 

Awaroa Valley, South Kawhai, Waikato. Mar 14, 2020 (P. J. de Lange). 

https://inaturalist.nz/taxa/549208
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Figure 1.5. Current distribution map of L. bullata in New Zealand based on a range of occurrence 

records from the databases Australasian Virtual Herbarium (AVH) and I-Naturalist (I-nat) 

matching the natural range described by Cheeseman (1906) and Allan (1961) (except for a few 

potentially cultivated specimens recorded south of this). This is compared with the current 

distribution of myrtle rust (A. psidii) (ArcGIS Pro 2.7.3, 2021). 
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1.4 Mycorrhizal fungi 

Mycorrhizae are fungi that live in association with the roots of plants. Over 90% of plant species 

have a mutually beneficial symbiotic association with mycorrhizal fungi (Bonfante & Genre, 2010), 

which is an important relationship where both partners benefit. The fungi have a major role in 

nutrient cycling (Kloepper, 1994; Selosse & Roy, 2009), providing the host plants with services 

such as improved nutrient status, growth, water absorption and disease resistance, while the plant 

host is necessary for fungal growth and reproduction (Hali, 1977; Smith & Read, 2008). New 

Zealand has a large number of undescribed fungal species including mycorrhizal fungi. Currently, 

there are 6,500 species recorded from New Zealand, but it is estimated that there are at least another 

15,000 species awaiting discovery (Buchanan et al., 2004). 

The most common mycorrhizal relationships are endomycorrhizae or arbuscular mycorrhizae (AM) 

and ectomycorrhizae (ECM) (Moore et al., 2020). Arbuscular mycorrhizae are named after the 

branching finger-like hyphae they produce called arbuscules. The hyphae of endomycorrhizal fungi 

penetrate the cell wall and invaginate the cell membrane, thereby increasing the surface are for 

nutrient exchange (Moore et al., 2020). Externally the hyphae extend the nutrient access of plants 

because they can reach into smaller soil pore spaces than fine roots can penetrate. In return, the host 

plant provides AM with carbohydrates at 10–20% of the plant’s net primary productivity (Leake, 

2004; Hogberg & Read 2006). AM fungi are ancient root symbionts, it is thought that they aided in 

the colonisation of land by plants (Hardie & Leyton, 1981; Smith et al., 2003; Smith & Read, 2008). 

This symbiosis has resulted in AM being the most common mycorrhizae involved with plants, 

associated with roots of approximately 80% of plant species studied; and many plant species still 

have not been examined for the presence of AM fungi (Trappe, 1987; Brundrett, 2002). The 

mycorrhizal type of about 97 % of the land plants is not yet known (Moore et al., 2020). Species 

concepts struggle to classify both the physical and genetic extents of an individual AM fungus and 

no formal species concepts are currently used (Taylor et al. 2000; Rosendahl, 2008).  

Arbuscular mycorrhizal fungi have a role in global carbon flux from plants to fungi, which is 

estimated to be 5 billion tonnes per year (Bago et al., 2000). The global biomass of AM in roots is 

also large and estimated to be 1.4 gigatonnes dry weight (Treseder & Cross 2006). In the soil the 

biomass of both living and dead AM hyphae is estimated at over 50% of total soil microbial biomass 

(Read & Perez-Moreno 2003). Research also indicates that arbuscular mycorrhizal fungi play a key 

role in determining the distribution and abundance of plant species (Fitter, 2005). Since AM are 

cryptic and only a small percentage of plants have been studied, the knowledge about global patterns 
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of species distribution and abundance generally remains scarce (Fitter 2005; Öpik et al., 2006). 

Ectomycorrhizal fungi (ECM) do not penetrate individual cells within the root, but the relationship 

between these fungi and their host can sometimes be highly specific. Thus, while some hosts can 

support up to 40 ECM species as seen in pine species (Pinus sp.) (Moore et al., 2020), other ECM 

fungi only grow on certain host species. 

The potential function of mycorrhizas is well known but there are still knowledge gaps in the actual 

function (Smith & Read, 2008; Lekberg & Helgason, 2018). Fungi carry out a large range of 

important functions in the environment but their function and the current understanding of their 

biodiversity in the soil is limited (Anderson & Cairney, 2004). Mycorrhizae can mitigate drought, 

phosphorus deficiency and salinity stresses (Rho et al., 2018; Jayne & Quigley, 2014; Kivlin et al., 

2013). Furthermore, they can increase plant resistance to pathogens; for example mycorrhizal 

alkaloids can increase herbivore resistance in plants (Saikkonen et al., 2006, 2010). Most Myrtaceae 

species studied to date have associations with mycorrhizal fungi, either ectomycorrhizae (ECM) or 

arbuscular mycorrhizae (AM) or both (Malloch et al., 1980). Studies of New Zealand Myrtaceae 

species such as mānuka (Leptospermum scoparium agg.) show that mycorrhizal presence increases 

the growth rate of plants (Baylis, 1971). This is most likely the case for many of New Zealand’s 

indigenous Myrtaceae species. Little information is available on the relative species extent and 

abundance of AM and ECM formed on Myrtaceae across their natural global distribution (Hafeel, 

2000). 
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1.5 Mycorrhizal communities  

Mycorrhizal associations are the result of three-way interactions between mycorrhizal fungi, host 

plants and environment/soil conditions (Figure 1.6) (Brundrett, 1991). In order to understand the 

ecology of mycorrhizae all factors need to be considered. 

In the past, studies of AM communities have used spore extraction from the soil. Identification of 

AM species were based on morphology and ontogeny of the spores (Tchabi et al., 2008; Robinson-

Boyer et al., 2009; Oehl et al., 2010). However, the study of the asexual spore morphology is 

known to be error-prone as many AMs have similar-looking spores (Redecker et al., 2003). If 

spores are not found, the AMs can be classified and quantified by the staining and counting of root 

lengths colonized by fungal structures such as hyphae and arbuscules (Koide & Mosse, 2004; 

Vierheilig et al., 2005; Wang et al., 2010). More recently due to the development of molecular 

methods such as Sanger and next-generation Amplicon sequencing (Redecker 2000), molecular 

methods based on genotyping and DNA (Deoxyribonucleic acid) sequencing have been used to 

study AM relationships. This has added more complexity to the study of fungal ecology and the 

relationship with host plants (del Mar Alguacil et al., 2016). The polymerase chain reaction (PCR) 

method has been used to detect the presence of AM in soil within natural and semi-natural 

ecosystems, and both the internal transcribed spacer (ITS) region and small subunit (SSU) (18S) 

ribosomal RNA regions are broadly used in molecular studies of fungi (Liu et al., 2015; del Mar 

Alguacil et al., 2016). This study will use both loci for molecular fingerprinting to identify the 

mycorrhizal communities on L. bullata using specific arbuscular mycorrhizal and general fungal 

primers. ITS primers will amplify ECM and AM, and other fungi and the SSU primers would 

target AMF. 

It is known that mycorrhizal relationships typically predominate under distinctive soil conditions 

(Read & Perez‐Moreno, 2003). Ericaceae members host ericoid mycorrhizal relationships and can 

successfully colonize distinctive soil conditions such as acidic soils containing high levels of heavy 

metals (Bradley et al., 1982). Insight from studies into vegetation-environment relationships in 

New Zealand have recognised the importance of factors such as soil properties and altitude in the 

influence of forest composition (Leathwick 1987; Stewart et al. 1993; Burns & Leathwick, 1996). 

It is expected that this will also affect mycorrhizal composition in New Zealand ecosystems. AM 

communities are shown to differ in composition over broadly defined habitats and the number of 

AM taxa on a host can differ between habitat types (Öpik et al., 2006). Studies have shown that 

AM types are ecologically distinct in tropical forest (Husband et al., 2002). Little is known about 

these communities in New Zealand’s ecosystems. For this study three forest associations (coastal, 

montane and cloud forest) have been selected to represent ramarama’s natural range. Soil 
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properties will be studied along with the mycorrhizal fungi, the host plant and its habitat to begin to 

understand the ecology and influence of mycorrhizal fungi. Most studies into mycorrhizal 

relationships are done in a controlled environment focusing on nutrient and carbon dynamics of the 

symbiosis; there is a movement towards field-based experiments, as in this study, to quantify the 

hypothesised potential functions, but also to work towards the possibly of discovering new 

functions (Lekberg & Helgason, 2018). 

 

 

 

 

Figure 1.6. Mycorrhizal relationships are shown to be the result of the interactions between 

mycorrhizal fungi, host plants and environment and soil conditions. Adapted from Brundrett 

(1991). 

Myrtaceae are known to associate with many types of fungi (Malloch et al., 1980). Evidence from 

ongoing research into Myrtaceae suggests that fungi play an integral role in plant resistance to 

myrtle rust (Tobias, 2017). A study by Chock (2019) into the manipulation of the leaf microbiome 

composition through the application of a leaf slurry containing fungal spores, showed that an 

increased fungal diversity promotes resistance to myrtle rust in the Hawaiian eugenia tree (Eugenia 

koolauensis). Studies into the underlying genetic basis of Myrtaceae resistance to myrtle rust by 

Tobias (2017), have shown that Myrtaceae species show changes in gene expression after 
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inoculation with the rust. The main change seen is in a down-regulated gene; this gene codes for 

strigolactonesterase D14, a receptor for the hormone strigolactone (Tobias, 2017), which is known 

for having a role in inhibiting shoot branching and promoting symbiotic mycorrhizal interactions 

(Brewer et al., 2013). It is hypothesized that in response to the rust infection the plants rely on their 

fungal symbionts for nutrients (Tobias, 2017). Studies into Myrtaceae’s mycorrhizal partners 

elsewhere indicate that these communities may aid the plants in creating resistance against myrtle 

rust and other diseases (Sikes et al., 2009; Tobias, 2017). To understand the mycorrhizal 

communities of New Zealand’s Myrtaceae species, and their relationships to myrtle rust, a baseline 

needs to be formed. To work towards this baseline an inventory will be complied of the 

mycorrhizal communities, to create a starting point for understanding Myrtaceae’s fungal partners 

in New Zealand. 

 

1.6 Thesis overview 

It is unknown if Lophomyrtus bullata have mycorrhizal relationships. Other members of the New 

Zealand Myrtaceae such as Metrosideros are known to support AM relationships (Hafeel, 2000). 

Globally a dual mycorrhizal association of both AM and ECM is uncommon (Harley & Harley, 

1987; Brundrett, 1991; Chen et al., 2000; Lodge, 2000). Members of the Myrtaceae such as 

eucalypts are known to predominantly form ECM relationships (Chilvers & Pryor, 1965), but are 

also known to have both AM and ECM relationships (Lapeyrie & Chilvers, 1985). Two New 

Zealand species of Myrtaceae Leptospermum scoparium and Kunzea (Kunzea ericoides complex) 

are also known to support both AM and ECM relationships (Moyersoen & Fitter, 1999; de Medina, 

2018). The composition of natural colonisation in these two fungal types may vary in relation to 

soil or other habitat conditions (Lodge 1989; Cázares & Trappe 1993; Porter et al., 2019). It has 

been observed that wild plants of Leptospermum scoparium when compared with cultivated plants 

appeared to support a more diverse mycorrhizal fungal community (de Medina, 2018). Further, 

field surveys have found that mycorrhizal relationships are prominent in most natural ecosystems 

(Brundrett, 1991). This suggests that the mycorrhizal relationship is an important factor 

determining the success of plants in different habitats (Read, 1991; Trappe & Luoma 1992; Porter 

et al., 2019), and that the type of mycorrhizal relationship formed by a plant species may be an 

important factor in driving its ecological specialisation (Read, 1991). It is known that Myrtaceae 

that have ecological roles in early succession do support a larger diversity of mycorrhizal fungi and 

species that grow in low nutrient soils support larger mycorrhizal diversity (Harley, 1959). The 

main aim of this study is to examine the mycorrhizal communities of one of New Zealand’s 

indigenous Myrtaceae species, Lophomyrtus bullata. Little is known about the ecology or even the 
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presence of mycorrhizal fungi in New Zealand’s different forest associations (Buchanan et al., 

2004). This is the case for L. bullata. To begin to understand these communities and the 

mycorrhizal diversity they support, we need a baseline understanding of this system. The 

mycorrhizal types in association with L. bullata will be identified to begin to understand the 

interspecific and intraspecific relationships of these communities. These communities will be 

examined to see whether AM and/or ECM associations are formed by L. bullata within its natural 

range, comparing the different forest associations (coastal forest, montane forest and cloud forest) 

in which the species grows. The presence and abundances of fungal taxa will be compared between 

locations to begin to understand the interspecific and intraspecific relationships of mycorrhizal 

communities of L. bullata. Other factors that might influence mycorrhizal diversity will also be 

studied. These include location variables such as rainfall, altitude, geology, soil parent material and 

plant health. Collections of mycorrhizae from root material from these New Zealand forest 

associations will be used for microscopy and molecular study to help our understanding of these 

fungal communities and the relationships they have with their hosts. This will result in an 

inventory of mycorrhizal diversity for the species L. bullata within these forest associations, giving 

insight into the relative abundance of mycorrhizal types (AM and/or ECM), and an index of 

location variables typifying these locations. The location variables and mycorrhizal diversity will 

be compared across the three sample locations to understand the influences of ecosystems that L. 

bullata inhabit and in turn their influence on mycorrhizal communities. 

Hypotheses: 

Lophomyrtus bullata will have an association with arbuscular mycorrhizae fungi. 

The mycorrhizal communities of Lophomyrtus bullata are influenced by the location's vegetation 

associations. There will be clear differences in mycorrhizal communities between the locations.  

The mycorrhizal communities of Lophomyrtus bullata are influenced by soil characteristics. As 

seen in the literature, mycorrhizal communities are influenced by both pH and nitrogen.  
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Chapter 2: Methods 

 

Drawing of ramarama (Lophyrtmus bullata) infected with myrtle rust (Austropuccinia psidii) by M. 

Ford. 
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2.1 Study locations  

The three study locations were chosen to represent the altitudinal range and different 

vegetation associations of Lophomyrtus bullata occurring in coastal, montane and cloud forest. 

Further, locations were chosen from areas of indigenous vegetation with no known 

occurrences of myrtle rust (Beyond Myrtle Rust, 2021). 

The three locations (Six-Foot Track, The Domain and Maunganui Bluff) were selected with 

advice from a local Department of Conservation (DOC) ranger (M. Calder, personal 

communication, September 16, 2020) who knew of suitable local populations of Lophomyrtus 

bullata. The area of study is Tutamoe in the Western Far North of the North Island, New 

Zealand (Figure 2.1) (Latitude: 35°70’0”S, Longitude: 173°5’0”E). The three locations are in 

the Tutamoe Ecological District (Miller & Holland, 2008) (Figure 2.1). 

The Six-Foot Track (Latitude: 35°30'00"S, Longitude: 173°28'00"E) is in private ownership 

forming part of the larger tract of indigenous forest known as the Waimā forest. It is located 

off Mountain Road and provides foot access to the Waimā Forest. Landowner permission for 

this location was gained by phone (A. Land, personal communication, September 1, 2020). 

The Domain public land (Latitude: 35°39'00"S, Longitude: 173°39'0"E) is a forest remnant 

located south of Waipoua Forest on the northern side of Marlborough Road. This remnant is 

administered by the Kaipara District Council. Permission was given by the Kaipara District 

Council by email, to use this location as a sampling area (C. Sloan, personal communication, 

September 29, 2020). 

The Maunganui Bluff (Latitude:  35°45'00"S, Longitude: 173°33'00"E) is vested to the 

northern iwi Te Roroa by the Crown and is co-managed with DOC. The location is accessed 

through private land at the end of Waitapu Road. It forms part of remnant coastal forest 

running north along the western coast. Permission to use this location was given by Te Roroa 

by email (T. Patua, personal communication, September 17, 2020). 
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Figure 2.1. Location of the three Northland study sites (ArcGIS Pro 2.7.3, 2021). 
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2.2 Climate, geology and historical vegetation 

Climate 

Northland’s median annual total rainfall and the median annual average temperature were used 

for site description based on data from 1981 to 2010 maps from the National Institute of Water 

and Atmospheric Research (NIWA) (Chappell, 2014). The Six-foot track is a montane location; 

it has an annual rainfall of 1,600 - 1,800mm with an annual temperature range of 12 - 13℃ 

(Table 2.1). The Domain location is designated ‘cloud forest’ following the definition of that 

vegetation association advocated by Grubb (1977) i.e., “[cloud] forests [are those associations] 

affected by frequent and/or persistent ground-level cloud”. The Domain forest remnant 

experiences an average annual temperature of 2,000 mm +, and an annual temperature range of 

11 - 12℃ (Table 2.1), as well as a high frequency of ground-level clouds (Ford. M, personal 

observation, September 22, 2020). Maunganui Bluff has an annual rainfall of 1,300 - 1,400mm 

with an annual temperature of 14 - 15℃ (Table 2.1). 

Geology 

Soil parent materials were identified from geological maps (Fieldes, 1968; Manaaki Whenua, 

2020a) (Table 2.1). The Six-Foot Track location is a stream gully of Falls Creek that runs into 

the Whirinaki river, in Waimā range. The Domain is part of the Tutamoe Basin; a tributary of 

the Waipoua river runs through the location. Maunganui Bluff is a massif of Waipoua Basalt, 

comprising a four km long coastal exposure of cliffs c. 300 m high (Figure 2.1) (Hayward, 

1975). Following Heron (2014) both the Domain and Maunganui locations have been mapped 

as the 20.44 - 15.97 Ma Waipoua subgroup of the Waipoua Basalts, while the Six-Foot Track in 

the Waimā Forest was mapped as undifferentiated Tangihua Complex (152.1 - 56 Ma) and is 

considered part of the Northland Allochthon. 
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Figure 2.2. Map of the soil types in the study area. All three sample locations (stars) fall within the 

brown granular loams and clays and associated soil types illustrated in pink. Adapted from Fieldes 

(1968). 

Soils of all three locations are derived from the underlying volcanic basalt (Heron, 2014), with 

little azonal influence. These soils were mapped by Fieldes (1968) as brown granular loams 

and clays and associated soils in the Waimatenui and Waitakere northern association (Figure 

2.2, Table 2.1). The brown clays are strongly leached, occupying extensive areas of hilly land, 

previously vegetated by kauri (Agathis australis) – podocarp forest, and now mostly cleared 

and used for agriculture (Fieldes, 1968). Where kauri is the dominant vegetation, the 

associated soils are very strongly leached (Ecroyd, 1982; Jongkind & Buurman, 2006; 

Steward, & Beveridge, 2010). 

The Manaaki Whenua (2020) New Zealand Soil Classification Soil Map Viewer maps the Six-

Foot Track and Maunganui Bluff locations as recent (less than 1000 to 2000 years old) orthic 

soil. Orthic soils are soils with weakly developed gley profiles because they are strongly 

affected by seasonal waterlogging. The Domain location soils are classified as Perch-Gley 

Granular soils. These are clay soils formed from the strong weathering of volcanic rocks or 

tephra (Manaaki Whenua, 2020). 
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Table 2.1. Characteristics of each location: Median annual average rainfall (Chappell, 2014), 

Median annual average temperature (Chappell, 2014), Elevation (a.s.l.), Underlying Geology and 

Soils (Fieldes, 1968; Manaaki Whenua, 2020a). 

 

 
Six- Foot 

Track 

(Latitude: 

35°45'00"S, 

Longitude: 

173°33'00"E) 

The Domain (Latitude: 

35°30'00"S, 

Longitude:173°28'00"E) 

Maunganui Bluff 

(Latitude: 35°39'00"S, 

Longitude: 173°39'0"E) 

Median 

annual 

average 

rainfall 

1,600 – 

1,800 mm 

2,000 mm + 1,300 – 1,400 mm 

Median 

annual 

average 

temperature 

12 – 13 ℃ 11 – 12 ℃ 14 – 15 ℃ 

Elevation 

(a.s.l.) 

438 m 465 m 435 m 

Underlying 

Geology 

Tangihua 

Complex 

Waipoua Basalt Waipoua Basalt 

Soils 

(Fieldes, 

1968) 

Brown 

granular 

loams and 

clays and 

associated 

soils 

Brown granular loams 

and clays and 

associated soils 

Brown granular loams 

and clays and 

associated soils 

Soils 

(Manaaki 

Whenua, 

2020a) 

Orthic 

Recent 

Perch-Gley Granular Orthic Recent 
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Historical vegetation 

The vegetation of all three locations has been modified to some level in the recent past (100 

years). Logging, fire and agriculture are the most likely pressures to have affected the natural 

vegetation. The Waipoua Basin and surrounding areas have been massively logged (Reed, 

1953). Kauri was not found to be present at any of the three locations used in this study but it 

could have been present in the past based on the current composition of the forest and climate 

similarities between the two locations Six-Foot Track and Maunganui Bluff (Mitchell, 1991). 

Further, land managers indicated that the Six-Foot Track location historically had kauri present 

(D. Ford, personal communication, September 28, 2020). 

2.3 Field measurements (vegetation survey) 

In each study location, five Lophomyrtus bullata plants that were mature and healthy were 

selected. Each L. bullata plant was photographed, had its height estimated (Table 4 of the 

Appendix 2) and the locations of plants sampled were recorded using the global positioning 

system (GPS) with elevations recorded in metres. The height was estimated by measuring a 

metre from the ground up the tree and projecting that metre up the trunk to get the total height. 

Assessments of vegetation were undertaken with notes on the location’s position within the 

landform, aspect and elevation. 

The dominant vegetation structure and floristic composition were recorded at each location, 

using the Atkinson naming system (Atkinson 1985) that characterises the composition of the 

dominant species in the canopy and describes the growth form e.g canopy, subcanopy, 

understorey, ground cover, epiphytes and lianas. This was done from a point where all 

sampled plants where visible, or if not possible, from in the centre of the line of sampled plants 

(at sample 3). Vegetation was mapped to determine boundaries using dominant growth forms 

and local scale. Vegetation was separated into canopy layers: canopy, sub-canopy understorey 

and groundcover; the top canopy layer refers to all plants with their crowns exposed to the sky 

(Figure 2.3). Species with more than 20% canopy cover were recorded in each vegetation 

layer. If two or more species met this requirement they were listed by dominance. No more 

than three species were recorded per height category. If no species reached the desired 20% 

level, the most abundant species with cover greater than 1% was used. A structural name was 

allocated based on the dominant growth form. A list of vascular plant species was recorded 

from each location to illustrate the forest composition and diversity (see Table 1 of Appendix 

2). Vascular plant species were recorded within an approximate 30m radius of the sample 

location. Species were grouped in phylogenetic groups (Lycophytes, Pteridophytes, 
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Gymnosperms, Magnoliids, Chloranthales, Monocots I, Monocots II–Commelinids, Eudicots 

and Core Eudicots). In accordance with APG III (Angiosperm Phylogeny Group, 2009), a 

recent classification of vascular plants now widely adopted in New Zealand (e.g., de Lange & 

Rolfe, 2010; Schönberger et al., 2019). A voucher specimen of Lophomyrtus bullata was 

collected from each location and deposited in the Auckland Museum Herbarium (AK) (Table 1 

of Appendix 2). 

 

 

Figure 2.3. Canopy (C), sub-canopy (S) and groundcover (G) vegetation as determined by 

exposure of plants to the sky. Redrawn from Ward et al (1999). 

2.4 Roots and soil sampling 

 

Permission to sample soil and L. bullata plants was granted following requests made to iwi (Te 

Roroa), private landowners and the Kaipara District Council. Collection of root samples from the 

selected mature, healthy L. bullata plants was conducted over two weeks in spring from 28th 

September to 2nd October 2020. This is when mycorrhizal fungi were expected to be active and 

arbuscular mycorrhizae are expected to be producing spores (Stürmer & Bellei, 1994). Stürmer 

and Bellei (1994) studied the composition and seasonal variation of spore populations of AM in 

Santa Catarina, Brazil and found that spore abundance of most species does not significantly vary 

throughout seasons. In some genera, spores were in highest abundance in winter and at the very 

least present in other genera (Stürmer & Bellei, 1994).  

 

Root samples were collected from five mature L. bullata plants at each location. In total fifteen 

root samples were taken. The plants were selected so that their root systems did not overlap. The 

spread of tree roots are known to be one and a half to three times wider than the foliage (Kourik, 

2008). This means that the distances between plants varied (Figures 2.4 to 2.6). This involved the 

removal of leaf litter and large soil particles below to find fine roots with a range of sizes (1–3 cm 
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in diameter), as different-sized roots may have varying degrees of fungal infection (Guo et al., 

2008).  

.  

Figure 2.4. GPS locations of sampled L. bullata at the Six-Foot Track (ArcGIS Pro 2.7.3, 2021). 
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.

Figure 2.5. GPS locations of sampled L. bullata at the Domain (ArcGIS Pro 2.7.3, 2021).
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Figure 2.6. GPS locations of sampled L. bullata at Maunganui Bluff (ArcGIS Pro 2.7.3, 2021). 
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Roots were carefully tracked back to the trunk base of each tree identified for sampling. Samples 

were stored in plastic click-sealing bags and transported in a chilly bin with ice packs before being 

stored in a freezer at -18°C. Mineral soil samples were collected following the root collection from 

12th to 14th December 2020. A 10cm long × 3.5 cm wide stainless steel ring soil corer was used to 

take the samples 0.5 m away from the tree base. Samples were stored in plastic click-sealing bags 

and transported in a cool container with ice packs before being stored in a fridge. 

 

The form of ramarama roots is depicted in Figures 2.7, 2.8 and 2.9. Two of the samples from the 

Domain were not ramarama roots but instead kahikatea (Sample 6 & 7). This was the result of 

missampling. Kahikatea roots with well-developed root nodules were growing thickly amongst the 

roots of ramarama and were initially difficult to distinguish from ramarama until the well-

developed nodules became apparent (Figure 2.10). It was realized that the samples 6 and 7 were 

not the roots of L. bullata so where wrongly collected and left out of the study. 

 

Figure 2.7. Roots of L. bullata growing directly reclining tree trunk at Maunganui Bluff, 

September 29, 2020 (M. Ford). 
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Figure 2.8. Roots of L. bullata forming mats in the leaf litter at the Six-Foot Track Sample 

location, September 23, 2020 (M. Ford). 

 

Figure 2.9. Roots of ramarama (L. bullata) from The Domain, September 22, 2020 (M. Ford). 
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Figure 2.10. Root nodules of kahikatea (Dacrycarpus dacrydioides) from The Domain, September 

22, 2020 (M. Ford). 
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2.5 Sample processing 

The fine soil was washed off the root samples back at the laboratory. This was done by rinsing the 

samples with reverse osmosis (RO) water then removing large soil particles with a toothbrush, 

rinsed with RO water again, then placing the samples in a sealed container with 80% Tween® 20 

(nonionic detergent), then shaking. The samples were placed in a different tub with RO water, 

shaken then rinsed. This was repeated until no bubbles were present in the container. Samples 

were then frozen at -20°C in a fresh labelled bag. 

 

2.6 Laboratory analysis 

 

Roots 

Staining of root samples followed the recent protocol developed by Moukarzel et al. (2020). First 

samples were fixed by covering the roots in 70% v/v ethanol (20ml) and left overnight at room 

temperature. Ethanol was then decanted prior to clearing. The clearing was then carried out by 

immersing root samples in 20ml of potassium hydroxide (KOH) solution (10% w/v) then 

autoclaved in a pressure cooker (15 min, 121°C; 15 p.s.i.). The KOH solution was then decanted. 

Treated samples were then stained using a Trypan Blue mixture (0.05% w/v dissolved in a solution 

of 5% lactic acid, 50% glycerol and 45% water). Samples were then left overnight at room 

temperature. After staining, the roots were de-stained using lactoglycerol (1:1:1 lactic acid: 

glycerol: water) so they could be stored long-term at 4°C before microscopy work was undertaken. 

 

Stained root samples were mounted on microscope slides in water and a cover slip was gently 

placed on top. The slides were then observed under a Nikon Eclipse 80i compound microscope 

(Nikon Instruments Inc., Melville, New York) and any structures resembling mycorrhiza such as 

arbuscules were photographed using NIS elements imaging software 3.1.100 (2018). 
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Soil 

Soil samples were sent to Hills Laboratory (https://www.hill-laboratories.com) where they were 

prepared by air drying at 35 - 40°C overnight to 4% residual moisture, then crushed to pass 

through a 2mm sieve. The pH of samples was measured by making a 1:2 (v/v) soil:water slurry 

which was followed by a potentiometric determination with a default detection limit of pH in 0.1 

pH units. The total carbon content of soil samples was determined by Near Infrared spectroscopy 

(NIR) calibration based on Total Carbon by Dumas combustion with a default detection limit of 

0.1%. The total nitrogen was determined by Near Infrared spectroscopy, a calibration based on 

total nitrogen by Dumas combustion. 

 

DNA 

DNA extraction of mycorrhizae from L. bullata roots was undertaken by Manaaki Whenua 

Landcare Research (Auckland, New Zealand). DNA meta-barcoding was done in Genewiz, China. 

This included PCR (Polymerase chain reaction) with the primers targeting 18S ribosomal RNA 

(SSU Small Subunit) and ITS (Internal Transcribed Spacer). DNA extraction was done using 

QIAGEN DNeasy Plant Mini kit as follows: 

 

• Dried whole plant sample in a SpeedVac Concentrator (ThermoFisher Scientific) for 3hrs at 40C. 

• Ground in a Bead beater, 25Hz, 30sec. 

• Used 30mg dried powder for a DNA extraction. 

• Followed DNeasy Plant Mini kit protocol and used QIAcube Connect machine (QIANGEN). 

• Eluted a DNA with 2 twice of 50 μl AE buffer. 

 

The DNA concentration and quality were measured in Qubit and DeNovix (Nanodrop) 

(ThermoFisher Scientific) and the DNA quality tested using a PCR with ITS1F and ITS4 primers 

(Gardes & Bruns, 1993). The 18S: v7-v8 regions were amplified using primers from Genewiz. A 

forward primer containing sequence “CGWTAACGAACGAG" and a reverse primer containing 

sequence “AICCATTCAATCGG". ITS: ITS2 regions were amplified using a forward primer 

containing sequence “GTGAATCATCGARTC” and a reverse primer containing sequence 

“TCCTCCGCTTATTGAT”. PCR initially failed to amplify two samples (12 & 14) from the 

Maunganui Bluff location but thy were successfully amplified on the 24 June 2021. 

 

The sequencing platform used was Illumina MiSeq. All of the amplicon processing steps were 

carried out using VSEARCH (Rognes et al., 2016), except for trimming of primers and 

Identification with RDP, which was done with Cutadapt 3.3 (Martin, 2011). The forward and 

https://www.hill-laboratories.com/
https://www.biostars.org/p/3423/
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reverse strand R1 and R2 sequences were merged together, trimmed of primers, and relabelled by 

sample using VSEARCH 2.14.2 (Rognes et al., 2016). The trimmed sequences were then pooled 

together and filtered for errors and lengths (any sequences with maximum expected errors > 1.0, > 

0 undetermined bases, and outside length ranges of 300 to 415 for 18S or 190 to 415 for ITS, were 

discarded). The filtered sequences were dereplicated, denoised into ZOTUs (Zero-radius OTU 

(Operational Taxonomic Unit)) and filtered for chimeras. It can be expected that one species may 

have more than one ZOTU, and with OTUs it is expected than an OTU may have more than one 

species. ZOTUs were used in this study because they enable resolution of closely related strains 

with potentially different phenotypes that would be lumped into 97% OTUs (Porter & Hajibabaei, 

2018). The 18S ZOTUs were identified by BLAST with the MarjaAM database (MaarjAM, n.d.), 

which contains Glomeromycota sequences. The ITS data was identified using the RDP Naïve 

Bayesian Classifier with the fungal ITS database option (derived from the UNITE fungal ITS 

database) (Wang et al., 2007). ZOTU abundances were inferred by mapping the trimmed 

sequences against the ZOTU sequences at a 97 % identity threshold.  

 

2.7 Statistical analysis 

The proportions of native to exotic vascular plants were analysed using Excel (Version: 2008). 

The PAST software (Version: 4.06 2021) was used to create a dendrogram to analyse the 

vegetation associations using hierarchical clustering (UPGMA method) and a Bray-Curtis 

similarity index. The mean heights of L. bullata in metres were displayed across locations with 

standard error and deviation using PAST software. 

The soil data set was analysed using Euclidean distance to compare dissimilarity between 

samples. The results were then visualized using a non-metric multidimensional scaling 

(nMDS) plot. A non-parametric multivariate analysis of variance (PERMANOVA) based on 

permutation tests, was then carried out to test multivariate community composition (Anderson, 

2001). 

18S and ITS molecular data were analysed using R Studio (Version 4.0.3.) using the packages 

vegan (Oksanen et al., 2013), ggplot2 (Wickham, 2016) and dplyr (Romain François et al., 

2021). Both datasets provided abundances of ZOTUs which were compared between forest 

types. The 18S data was filtered to exclude sequences with a bitscore of less than 300 to 

exclude probably unreliable identifications, then the data set was filtered again for families 

represented by fewer than 30 ZOTUs. The ITS data was filtered by taxonomic family for an 

identification confidence of more than 0.7, then the data set was filtered again for abundances 

of ZOTU’s exceeding 30. Means and standard errors of ZOTU richness were calculated per 

https://www.biostars.org/p/3423/
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sample. Both filtered molecular data sets were then plotted as a bar graph to display the trends 

of mycorrhizal families across the three forest associations. An ANOVA test was carried out to 

test the significance of difference between the mycorrhizal families across the forest 

associations. The data sets of 18S and ITS molecular data and the soil data were analysed 

using both Bray Curtis and Jaccard similarity indices to compare dissimilarity between 

samples. The results were then plotted showing a non-metric multidimensional scaling 

(nMDS) plot. A non-parametric multivariate analysis of variance (PERMANOVA) based on 

permutation tests, was then done to test multivariate community composition (Anderson, 

2001). A distance-based redundancy analysis (dbRDA) was carried out to analyse the 

relationships between soil and molecular data (Legendre & Anderson 1999).  
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Chapter 3: Results 

 

 

 

Ramarama (Lophomyrtus bullata) root cells with mycorrhizal infection. Drawn by M. Ford. 
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3.1 Vegetation survey 

Site history and classification 

All sites appear to have been subject to some level of anthropogenic disturbance in the 

recent past, a situation that affects most of New Zealand’s indigenous vegetation (Ewers et 

al., 2006). 

The Six-Foot Track 

The Six-Foot Track had a range of mature and seedling L. bullata plants (Figure 3.1). It is a 

forest remnant still used as rough pasture for cattle and is contiguous with the Waimā 

forest. Using the terrestrial environments defined in ‘A classification of New Zealand’s 

terrestrial ecosystems’ (Rogers & Singers, 2014) this sample site is classified as a VS2: 

Kānuka scrub/ forest. This is because of the dominance of both tōwai and kānuka in the 

canopy (Table 3.13). This site has been milled in the recent (50 years) past (D. Ford, 

personal communication, 28, September, 2020). Large tree stumps and logs were seen close 

to the sample site (Figure 3.2). The dominant vegetation, kānuka, confirms this as it is an 

early succession forest tree and its presence suggests recent disturbance (Sullivan et al., 

2007). The public track - the Six-Foot Track runs beside this site as shown in Figures 3.3 to 

3.8), because of the large ramarama plants present. Of all three sites, this site has some of 

the largest ramarama trees (largest diameter trunk) measured (Figure 3.4 & 3.6). 
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Figure 3.1. Grove of L. bullata plants (highlighted) at the Six-Foot Track sample site, 

September 23, 2020 (M. Ford). 
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Figure 3.2. Partially milled log at the Six-Foot Track, September 23, 2020 (M. Ford). 

Figure 3.3. The Six-Foot Track the sampled L. bullata plants are behind vegetation on the 

right, September 23, 2020 (M. Ford). 
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Figure 3.4. Muddy section the Six-Foot Track with sampled L.bullata plants far centre 

right, September 23, 2020 (M. Ford). 

Figure 3.5. Large L. bullata specimen at the Six-Foot Track, September 23, 2020 (M. 

Ford). 
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Figure 3.6. Large specimen of L. bullata seen in the canopy at the Six-Foot Track, 

September 23, 2020 (M. Ford). 

The Domain 

The Domain is a forest remnant surrounded by farmland, south of the Waipoua forest. The 

forest canopy of the sample site is dominated by kahikatea, a tree known to regenerate 

strongly after disturbance and to prefer wet habitats (Dawson, et al., 2011). The large 

average height of L. bullata trees at The Domain is most likely because of the taller forest 

canopy than the other sites. All kahikatea trees at the site looked relatively young (Figure 

3.7) and as discussed earlier, tōwai is a succession tree also dominant in the canopy, so it is 

highly likely this forest has been cleared in the recent (100 years) past, most likely for 

agriculture. Figure 3.8 shows a large tree most likely milled in the recent past. The 

ramarama at this site were distributed along the forest margin (Figure 3.9) where the forest 

was younger and less diverse compared with the forest interior that has larger trees and a 

richer species diversity. This forest association fits best as type MF8: kāmahi (Weinmannia 

racemosa L.f.), broadleaved, podocarp forest (Rogers & Singers 2014) but instead of 

abundant kāmahi this forest association has the northern counterpart, towai. Like kamahi, 

tōwai a common tree of disturbed habitats (de Lange, 2021). This Ecosystem Unit has been 

classed in the Mild sub-humid to cool humid climatic zone (Rogers & Singers 2014). ‘Cool 

humid; is characteristic of a cloud forest association (Wangda & Ohsawa, M, 2010). Based 
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on the species present historically, it is hypothesized here that this forest was type MF13: 

Kahikatea, northern rātā (Metrosideros robusta Hook.f.), kāmahi (again replaced with 

tōwai) forest (Rogers & Singers 2014). Large northern rātā trees are seen in the forest 

remnant but are not dominant in the vegetation structure. 

Figure 3.7. The dominant vegetation of the Domain site, kahikatea (Dacrycarpus 

dacrydioides), forms the canopy with a sparse understorey, September 28, 2020 (M. Ford). 
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Figure 3.8. Tree stump at The Domain, September 28, 2020 (M. Ford). 

Figure 3.9. Kahikatea (D. dacrydioides) on the forest margin of The Domain, September 

28, 2020 (M. Ford). 
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Maunganui Bluff 

Maunganui Bluff is a coastal forest remnant between the coast on the west and farmland on 

the east. The low forest canopy height at Maunganui Bluff is most likely due to harsh 

windy coastal conditions stunting the canopy, which is not much taller than the mean L. 

bullata height and individual L. bullata plants were often as tall as the forest canopy at this 

site. The forest canopy of the sample site is dominated by rewarewa and taraire (Figure 

3.10). This forest association fits best as a WF9: Taraire, tawa (Beilschmiedia tawa 

(A.Cunn.) Benth. et Hook.f. ex Kirk), podocarp forest, being broadleaf forest with an 

abundance of taraire, and the occasional rimu (Dacrydium cupressinum Lamb.), miro 

(Pectinopitys ferruginea (G.Benn. ex D.Don in Lamb.) C.N.Page), northern rātā, tawa, 

kohekohe (Dysoxylum spectabile (G.Forst.) Hook.f.), hīnau (Elaeocarpus dentatus var. 

dentatus (J.R.Forst. et G.Forst.) Vahl) and rewarewa (Rogers & Singers 2014). This is a 

forest association of warmer climates (Rogers & Singers 2014) fitting the coastal forest 

category this site has been assigned. The low canopy height suggests that the vegetation at 

this site has been disturbed or destroyed in the recent (50 years) past. 

 

Figure 3.10. Coastal forest of Maunganui Bluff site, April 25, 2021 (M. Ford). 
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Vascular plant species 

 

In total, 202 vascular plant species were recorded across the three locations sampled. Of these, 181 

species were indigenous, 21 exotic (Table 1 of Appendix 2). The Domain had the largest vascular 

plant richness with 137 species including both indigenous and exotics (Table 1 of Appendix 2). 

Maunganui Bluff had the lowest number of vascular plant species (n=80) but the highest 

proportion of indigenous plants while The Domain had the lowest (Figure 3.11). Twenty-seven 

threatened vascular plant species were found across the three locations (Table 2 of Appendix 2). 

The dendrogram shows that vegetation associations did not separate out by locations (Figure 3.12). 

Plant composition at Six-Foot Track location was nested within The Domain and two of the 

vegetation groupings were a combination of species from both locations. The Maunganui Bluff 

location was only 40 % similar to the other two locations therefore it appears as a distinct 

vegetation association (Figure 3.12). 

 

 

 

Figure 3.11. Percentage of indigenous and exotic of vascular plants by location. 
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Figure 3.12. Dendrogram of relative similarities of vegetation at the three locations (presence/absence data for vascular species).  
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Forest associations using Atkinson classification 

 

All three vegetation associations were mostly covered with vegetation and all had three layers of forest structure (Canopy, Understorey and 

Groundcover) with no emergent trees or sub-canopy vegetation layers (Table 3.1). The only location with a dominant presence of epiphytes and lianas 

was the cloud forest location (The Domain). 

Table 3.1. Plant community composition at sample locations. 

spp. = multiple species 

 

Forest 

structure 

Six-Foot Track The Domain Maunganui Bluff 

Canopy Weinmannia sylvicola Sol. ex A.Cunn., 

Kunzea robusta de Lange et Toelken 

Dacrycarpus dacrydiodes (A.Rich.) de 

Laub.) , Weinmannia sylvicola 

Knightia excelsa R.Br., Beilschmiedia tarairi (A.Cunn.) Benth. 

et Hook.f. ex Kirk 

Understorey Lophomyrtus bullata Dicksonia squarrosa (G.Forst.) Swartz, 

Lophomyrtus bullata 

Myrsine australis (A.Rich.) Allan, Geniostoma ligustrifolium 

A.Cunn var. ligustrifolium, Rhopalostylis sapida H.Wendl. et 

Drude 

Groundcover Schoenus maschalinus Roem. et Schult. Selaginella kraussiana (Kunze) A. Braun Asplenium lamprophyllum Carse 

Epiphytes 
 

Asplenium L. ssp., Astelia Banks & Sol. ex 

R.Br. ssp. and Hymenophyllum Sm. ssp. 

 

Lianas 
 

Ripogonum scandens J.R.Forst. et G.Forst., 

Freycinetia banksii A.Cunn. 
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Tree height 

 

Lophomyrtus bullata height ranged from 3  9 m across locations. The tallest individuals 

were found at The Domain, which showed a large variation in height among the selected L. 

bullata (Figure 3.13). There is no significant difference in average heights between the 

locations. 

 

 

 

Figure 3.13. Mean L. bullata height in metres for three locations, with standard error and 

deviation displayed. 
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Myrtle rust 

 

Post-sampling myrtle rust was found at two of the sample locations. On the 25th of March 

2021 myrtle rust was found at the Six-Foot Track (Figure 3.14 A & B) and on the 29th of 

April 2021 the rust was found at the Domain location. Individual trees that had been 

previously sampled were seen with rust infections. There is potential that myrtle rust was 

present in a dormant stage at both locations at the time of sampling, but no obvious signs of 

the rust were observed then. 

 

 

Figure 3.14. (A). L. bullata seedling from the Six-Foot track infected with myrtle rust (A. 

psidii), and (B) close up of underside of L. bullata leaves infected with myrtle rust (A. 

psidii), April 25, 2021 (M. Ford). 
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3.2 Soil characteristics 

 

The Maunganui Bluff location had a significantly higher pH than the other two locations 

(Figure 3.15). Soil carbon concentration ranged from 5.5 to 19.4 % (Table 3 of the 

Appendix 2). Given the high variability in soil carbon concentration within locations no 

significant differences between locations was found (Figure 3.15). Volume weight ranged 

between 0.37 g/ml and 0.9 g/ml (Table 3 of the Appendix 2).  

 

 

Figure 3.15. nMDS plot of soil characteristics (pH, volume weight, total carbon and total 

nitrogen) data for three sites based on Euclidean distances. 

  



47 
 

nMDS ordination based on Euclidean distances was carried out tested dissimilarity between 

soil characteristics sampled (Figure 3.15). When grouped by locations, most locations were 

shown not to overlap; they are separated with The Domain at higher, the Six-Foot Track in 

the middle and Maunganui Bluff at the bottom (Figure 3.15). Figure 3.16 shows lower 

numbers in weight/volume suggesting a larger proportion of organic matter while higher 

numbers indicate a larger proportion of mineral soil, which partly explains differences in total 

carbon concentration across sampling locations  

 

 

 

Figure 3.16. Correlation analysis between soil characteristics using nMDS ordination based 

on Euclidean distances tested dissimilarity between soil characteristics sampled. The asterisks 

represent p values: * =   p-value is ≤ 0.05 and > 0.01, ** = p-value is ≤ 0.01 and > 0.001,*** = 

p-value is ≤ 0.001. 
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3.3 Microscopy 

 

Samples of ramarama roots collected from the three locations, when stained with Trypan 

Blue showed evidence of AM infection (Figures 3.17 & 3.18). This confirms that the species 

L. bullata in all three forest associations supports AM relationships. No ECM fungi were 

identified using microscopy. Figures 3.19 and 3.20 show stained AM fungi colonising 

ramarama root cells. Figures 3.21 and 3.22 show vesicles (round energy storing structures as 

in Figure 3.20) present amongst the root cells of ramarama. Figure 3.22. shows both AM 

(blue) and dark septate endophytes (brown) growing together on a ramarama root. No spores 

were found during sampling. 

 

 

Figure 3.17. Roots of L. bullata, after cleaning Sample 9 from The Domain. September 22, 

2021 (M. Ford). 
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Figure 3.18. AM fungi within the root cells of L. bullata from Sample 1, Six-Foot Track. 

The AM fungal coils (peloton) appear dark blue due to the trypan stain. Magnification 400×. 

Scale bar 10 μm. 

 

Figure 3.19. AM fungi within the root cells of L. bullata from Sample 10, The Domain. 

Fungal structures appear dark blue due to the trypan stain, the form of the hyphae suggest 

dark septate endophytes and AM fungi are present. Magnification 400×. Scale bar 20 μm. 
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Figure 3.20. Putative vesicle (A) of AM fungi within the root cells of L. bullata. From 

Sample 15, Maunganui Bluff. Fungal structures appear dark blue due to the trypan stain, 

other endophytes are brown. Magnification 400×. Scale bar 10 μm. 

 

Figure 3.21. Putative vesicle (B) of AM fungi within the root cells of ramarama L. bullata 

from sample 2-4, The Domain. Fungal structures appear dark blue due to the trypan stain. 

Magnification 400×. Scale bar 15 μm. 
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Figure 3.22. Fungi within the root cells of ramarama (L. bullata) from Sample 15. Fungal 

structures appear in dark blue due to the trypan stain, fungal endophytes shown in brown. 

Maunganui Bluff at 400×. Scale bar 112.5 μm. 

 

3.4 Molecular data 

 

Seven families from the phylum Glomeromycota (Acaulosporaceae, Ambisporaceae, 

Archaeoporaceae, Claroideoglomeraceae, Gigasporaceae, Glomaraceae and 

Paraglomeraceae) were amplified with an abundance over 30 ZOTUs for the 18S data as 

displayed in Figure 3.23. Similar trends were observed across the forest associations, with 

the family Archaesporaceae J.B. Morton & Redecker being the most abundant for all three 

forest associations. Based on 18S data, there is no significant difference in mycorrhizal 

abundance between locations for both Glomeraceae Piroz. & Dalpé (p=0.802) and 

Archaeosporaceae (p=0.551). 
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Figure 3.23. Mean and standard errors of ZOTU abundance by family in the phylum 

Glomeromycota for the 18S data. 

 

Table 3.1 shows the relative abundances of ZOTU’s for AM families using 18S data, 

matching ZOTUs to families from the MarjaAM database. It shows how many species 

names the ZOTUs match and GIs (sequence identifies in GeneBank). The table shows that 

the family Archaeosporaceae is present across locations at the highest ZOTU abundance but 

only 9 of these were unique species names the full diversity of the Archaeosporaceae family 

seen in MaarjAM (n.d.). 
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Table 3.1. Occurrences of ZOTUS, species names and number of sequence identifiers in 

GenBank (GIs) that matched ZOTUs from this study based on 18S mycorrhizal data. 

 

Family ZOTU 

Richness 

Species Names GIs 

Acaulosporaceae Gerdemann & 

Trappe 

68 6 7 

Ambisporaceae C. Walker, 

Vestberg & Schüßler 

487 3 5 

Archaeosporaceae 2433 9 20 

Claroideoglomeraceae C. 

Walker & A. Schüsler 

105 5 6 

Diversisporaceae C.Walker & 

A.Schüssler 

11 3 3 

Gigasporaceae J.B. Morton & 

Benny 

610 9 14 

Glomeraceae 576 37 56 

Pacisporaceae Oehl & E. 

Sieverd. 

4 1 2 

Paraglomeraceae J.B. Morton & 

Redecker 

189 5 8 

 

The total ZOTU abundances from 18S data over sample sites is shown in Table 3.2. A Bray 

Curtis tested dissimilarity between 18S samples grouped by location (Figure 3.24). 

Sample S12 was removed from this analysis as it was a major outlier due to the sample site 

having the fewest ZOTUs by a fair margin (Table 3.2). This showed that the Maunganui 

Bluff location grouped above the other two sample locations and the Domain location is 



54 
 

closely grouped to the Six-Foot track location. Locations were shown to have a significant 

effect on ZOTU Glomeromycota composition (p= 0.001) based on 18S data.  

 

Table 3.2. Total ZOTU abundances from 18S data over sample sites. 

Sample Number  ZOTU overall Abundance  

S1 Six-Foot Track 726 

S2 Six-Foot Track 1327 

S3 Six-Foot Track 604 

S4 Six-Foot Track 785 

S5 Six-Foot Track 930 

S8 The Domain 1222 

S9 The Domain 1287 

S10 The Domain 920 

S11 Maunganui Bluff 759 

S12 Maunganui Bluff 322 

S13 Maunganui Bluff 1933 

S14 Maunganui Bluff 1839 

S15 Maunganui Bluff 774 
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Figure 3.24. nMDS plot of 18S data across sites with sample S12 removed (Samples 6 and 7 

(The Domain) already excluded as detailed in Section 2.4). 

 

Twenty fungal families occur amplified over 30 molecular sequences in the ITS data as 

displayed in Figure 3.25. A range of differences in ZOTU occur in this data set. The phylum 

Ascomycota is the most common with Basidiomycota second. Ascomycota has the highest 

occurrence data, especially in the families Herpotrichiellaceae Petr. and Hyaloscyphaceae 

Nannf. There is a significant difference for one of the most abundant ITS fungal families, 

Hyaloscyphaceae (p=0.00365) but not the other, Herpotrichiellaceae (p=0.625). There is a 

significant difference between Glomeraceae mycorrhizal abundance between locations 

based on ITS data (p= 0.0736). 
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Figure 3.25. Mean and standard errors of ZOTU abundance by family for ITS data grouped 

by phylum. 

A Bray Curtis tested dissimilarity between ITS samples grouped by locations showed 

that locations are distinctly grouped from each other (Figure 3.26). The PERMANOVA 

test carried out on ITS data showed that locations did have a significant effect on ITS 

ZOTU composition (p= 0.006). 

Samples such as ZOTU10 (Archaeospora sp.) were found from each sample site 

whilst samples like ZOTU1005 (Scutellospora Hijri06 Giga-1) were only found from 

one sample. The highest occurring ZOTU in one sample ZOTU1 (234505) was 

found at multiple other sample sites in lower abundances (two at lowest).  
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Figure 3.26. nMDS plot of ITS data across sites. 
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Multivariate analysis by distance-based redundancy analysis (db-RDA) was used to detect 

linear relationships on dissimilarities between soil and molecular data. The results of the 

analysis show both molecular (18S and ITS) data sets having similar groupings; with the 

Maunganui Bluff location nested within the larger range of the Six-Foot Track location, and 

the small cluster of The Domain to the right (Figures 3.27 & 3.28). The results also show that 

soil pH explains 11.70% of 18S community variance and total nitrogen explains 13.33% 

(Table 3.3). Soil pH also explains 10.08% of ITS community variance for ITS (Table 3.4). 

Other variables were not significant (Figures 3.27 & 3.28) (Tables 3.3 & 3.4). 

 

 

Figure 3.27. Plot of db-RDA of soil characteristic data using 18S data. ★ = Six-Foot Track, 

★ = The Domain, ★ = Maunganui Bluff. 
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Figure 3.28. Plot of db-RDA of soil characteristic data using ITS data. ★ = Six-Foot 

Track, ★ = The Domain, ★ = Maunganui Bluff. 
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Table 3.3. db-RDA analysis of soil characteristics with 18S data. Inertia meaning variance, 

proportion of variance and P Value. 

 

Soil Inertia Proportion P 

pH 0.568695082542858 11.70% 0.052 

Volume Weight g.ml 0.470455702453517 9.68% 0.198 

Total Carbon 0.53187308281896 10.94% 0.081 

Total Nitrogen 0.647920038743183 13.33% 0.007 

Carbon Nitrogen Ratio 0.442643442228855 9.11% 0.297 

 

Table 3.4. db-RDA analysis of soil characteristics with ITS data. Inertia meaning variance, 

proportion of variance and P Value. 

 

Soil Inertia Proportion P 

pH 0.579071590485579 10.08% 0.014 

Volume Weight g.ml 0.496391290851076 8.64% 0.333 

Total Carbon 0.488482883062419 8.50% 0.396 

Total Nitrogen 0.502340025152234 8.74% 0.268 

Carbon Nitrogen Ratio 0.482570615714976 8.40% 0.45 
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Chapter 4: Discussion and conclusions  

 

Ramarama (Lophomyrtus bullata) flower and fruit. Drawn by M. Ford. 
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4 Discussion overview 

This study revealed that Lophomyrtus bullata supports arbuscular mycorrhizal fungi. 

The AM fungal communities associated with L. bullata are diverse. The fungal 

ZOTUs present in each forest associations are similar but their abundances differ. 

This is seen between the Coastal vegetation association (Maunganui Bluff) and the 

Montane (Six-Foot Track) and Cloud Forest (The Domain), which appear to be 

linked. The soil characteristics are distinct between sites and the differences in AM 

communities are driven by a variety of factors including the soil pH and total 

nitrogen. Multivariate analysis shows that soil pH explains both 18S and ITS 

community variance and total nitrogen further explains 18S community variance. 

4.1 Vegetation 

The results of this study confirm the hypothesis that mycorrhizal communities of L. 

bullata do differ between forest associations. Across the three sample sites there is a 

significant difference in the AM fungal abundances (Figure 3.23). There are also 

differences in species presences and absences. The dendrogram (Figure 3.2) showed 

that the vegetation association at Six-Foot Track nested within The Domain, 

indicating that these vegetation types were linked but the Maunganui Bluff 

association remained separate. A similar trend was illustrated in Figures 3.24 and 

3.26 with Six-Foot Track and The Domain locations nested close together and the 

Maunganui Bluff location clustered apart. This shows that the Maunganui Bluff 

association is different in both vegetation and mycorrhizal community frrm the other 

two sites, which are linked in both vegetation and mycorrhizal communities.  

Arbuscular mycorrhizal fungi are known as not host specific and many factors can 

affect the difference in mycorrhizal communities at both local and regional scales 

(Klironomos, 2000). Factors known to effect diversity include land vegetation type 

(Moyersoen & Fitter, 1999; Moyersoen & Beever, 2004; Rodríguez-Echeverría et al., 

2017), as shown by the coastal forest association in this study Maunganui Bluff. 

Land use and intensity is also known to effect mycorrhizal communities (Oehl et al., 

2010; Davison et al., 2015) as well as host plant age (Oehl et al., 2010; Davison et 

al., 2015). The AMs and other fungal ZOTUs present in each forest associations are 

similar even with the different soil characters, historical land use, and tree maturities. 
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Based on the results of this study we could surmise that AM communities of L. 

bullata are, at least at the same time of sampling as this study, generally similar 

across their range, even with this study suggesting vegetation types are slightly 

distinct in mycorrhizal community.  

4.2 Soils 

The hypothesis that mycorrhizal communities of L. bullata are influenced by soil 

characteristics is also supported from the results of this study. A key factor in 

determining AM community composition is known to be differences in soil type 

(Oehl et al., 2010). There are known to be complex interactions between mycorrhizal 

and the soil environment (Kluber et al., 2012). Soil depth and other factors are also 

known to affect differences in diversity of AM fungal communities (Oehl et al., 

2005; Pickles & Pither, 2014; Bahram et al., 2015). Soil pH conditions are known to 

influence mycorrhizal communities in general (Coughlan et al., 2000; Van Aarle et 

al., 2002; Kluber et al., 2012) and AMs in particular (Guo and & 2014; Melo et al., 

2014; Melo et al., 2017). Soil pH is known to have a greater influence on AM fungal 

communities than that of host plant species (Dumbrell et al, 2010). Bainard et al. 

(2015) concluded that soil pH is the only environmental variable to be a key factor in 

AM community structures in the Canadian prairies.  

In this study, soil conditions in the three locations were shown to be distinct; 

furthermore, pH has been shown to explain both 18S and ITS fungal communities 

and total nitrogen for 18S communities. Maunganui Bluff has a higher pH than the 

other sites, meaning it is more basic, so it would be expected that its AM 

communities would be different from the other sites. Mycorrhizal fungi differ in their 

pH tolerance; for instance, Acaulosporaceae can be found mainly in low pH soils, 

while, others, such as Glomeraceae others prefer alkaline and neutral substrates 

(Bainard et al. 2014). This is not reflected in the results of this study as The Domain 

location has the highest abundances of both these AM families. The two locations 

Six Foot-Track and The Domain are likely to be more acidic because of increased 

leaf litter. Soil characterises show similar trends to both the vegetation and 

mycorrhizal data over locations, with the Six-Foot Track and The Domain sites 

linked. Other soil characteristics not sampled in this study including urease, 
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dehydrogenase, total carbohydrates, Zn, and Mn, all of which can influence AM 

community distribution (de Medina, 2018). 

Total nitrogen is shown to explain the community variance for 18S. AM are known 

to take up and transfer significant amounts of nitrogen to their host plants (He et al., 

2003). Since lack of nitrogen availability is known to limit plant growth, mycorrhizal 

fungi can aid in nitrogen uptake in plants (He et al., 2003). Therefore, the 

relationship between total nitrogen and 18S variance seen in this study is not 

surprising. Further AM when compared with ECM are hypothesized to have higher 

carbon cycling rates and a more open nitrogen cycle in the environment (Lin et al., 

2017). 

 4.3 Mycorrhizae 

The results confirm the hypothesis that L. bullata have arbuscular mycorrhizal 

relationships Lophomyrtus bullata hosts a diverse fungal community including 

multiple Glomeromycota lineages as well as a range of Ascomycota and 

Basidiomycota and one family from Zygomycota, Mortierellaceae A.Fisch. 

This study has demonstrated that L. bullata supports four orders (Diversisporales, 

Glomerales, Archaeosporales, and Paraglomerales) within Glomeromycota and nine 

of the 11–16 families depending on the classification system followed 

(Wijayawardene et al., 2020). The organisation of mycorrhizal fungi on L. bullata 

roots remains uncertain. As found in other studies the data indicate that AM 

communities are patchily distributed in the root samples (Padamsee et al., 2016). AM 

communities in general are considered to represent a pool of species from which 

plants recruit only part of the time (Johnson et al., 2003; Davison et al., 2011). Other 

studies sampling the soil rhizosphere showed that Glomeraceae were common (del 

Mar Alguacil et al., 2016). AM fungi are also known to have niche preferences and 

this is identified as an important factor for regulating community composition of AM 

fungi (Varela‐Cervero et al., 2015). The occurrences and abundances of ZOTU data 

suggested that individual trees may not have the same number of AM species or the 

same species composition. Repeated sampling of AM associated with L. bullata at a 

range of distinct sites would confirm if each tree has the same general AM species 

composition or if this differs between individual trees.  
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Sampling in this study did not specifically target AM fungal spores and no spores 

were seen during sampling. A study into Agathis australis fungal communities 

hypothesized that the paucity of spores seen in their study, using spore targeting 

sampling was due to rather than using spores’ fungi spread by being in close 

association with A. australis to colonise new plant roots (Padamsee et al., 2016). A 

similar hypothesis is proposed here for L. bullata AM. A lack of spores could also be 

due to seasonal variation as discussed in further detail below. These are reasons why 

AM community studies increasingly rely on identification of taxa based solely on 

molecular genetic data for species indentifiations (Redecker 2000; Redecker et al., 

2003). 

Within the mycorrhizal communities of L. bullata the high abundance of the AM 

family Archaeosporaceae is seemingly unique. In previous studies of New Zealand’s 

mycorrhizal communities Archaeosporaceae has been in low numbers or lacking 

(Russell et al., 2002; Johansen et al., 2016; Padamsee et al., 2016; de Medina, 2018). 

In contrast, this family had relatively high abundances compared with other fungal 

groups associated with L. bullata. Nine ZOTUs of Archaeosporaceae were present 

across samples in this study, representing the full diversity of the family seen in 

MaarjAM (n.d.). Archaeosporaceae is an early diverging clade of arbuscular 

mycorrhizae (Morton & Redecker., 2001) containing three genera, Archaeospora 

J.B. Morton & Redecker, Intraspora Oehl & Sieverd and Palaeospora Oehl, Palenz., 

Sánchez-Castro & G.A.Silva (Oehl et al., 2019). Oehl et al (2019) discusses six 

species between the three genera. However, the family Archaeosporaceae did not 

appear in the ITS data. Perhaps the reason for the high abundance of this fungal 

group in the 18S dataset could be the genetic target region selected or the Illumina 

MiSeq sequencing platform, and the host plant as mentioned by de Medina (2018).  

No ectomycorrhizal fungi were seen in relation with L. bullata. Microscopy did not 

show any ectomycorrhizal structures. Plants usually to support only one group of 

mycorrhizes either AM or ECM, so it makes sense that L. bullata only supports one 

type of mycorrhizae, (Moyersoen & Fitter, 1999). Many dominant plant species in 

the New Zealand rainforest such as Agathis australis and Podocarpaceae Endl., 

support AM relationships so it is not surprising that L. bullata also does when it 

occupies the same forest type (Russell et al., 2002; Dickie, & Holdaway, 2011: 
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Padamsee et al., 2016). Other members of Myrtaceae in New Zealand such as 

Kunzea (Moyersoen & Fitter, 1999) and Leptospermum (de Medina., 2018), are 

known to support ECM fungi. The reason for this appears to be the ecology of these 

Myrtaceae species. AM fungi are seen in the early stages of colonisation but are 

quickly outcompeted by ECM (Chilvers, Lapeyrie, & Horan, 1987; Lodge & 

Wentworth, 1990; Santos et al., 2001). The species Kunzea and Leptospermum are 

early succession species and it is known that plants in this niche have a closer 

relationship with ECM (Moyersoen & Fitter, 1999; Kałucka & Jagodziński 2017; 

Medina., 2018). Lophomyrtus bullata is a forest understorey plant, inhabiting a 

vegetation type known to support AM fungi in New Zealand (Russell et al., 2002).  

Molecular data (zotu994) indicated the presence of one species of ectomycorrhizal 

fungus, but this was most likely a symbiont of Kunzea robusta rather than L. bullata. 

Within the table of total 174 ZOTUs with a sequence similarity of > 0.96 % (Table 5 

of the Appendix 2) zotu994 ‘s__Scleroderma_xanthochroum|SH1525914.08FU’ - 

Scleroderma xanthochroum Watling & K. P. Sims is known to be mycorrhizal, 

forming relationships with native members of the Myrtaceae genus Kunzea (J. 

Cooper, personal communication, 18 June, 2020). This ZOTU is in the Six-Foot 

Track location, which has a canopy of Kunzea robusta so it is more likely that this 

species is forming an ectomycorrhizal relationship with K. robusta rather than the 

sampled L. bullata. This data may have come from a spore in the soil that was not 

removed during root sample cleaning.  

Septate hyphae were occasionally found on the roots of L. bullata suggesting the 

presence of other fungal species such as Ascomycota. This is supported by the ITS 

data. Dark septate endophytes were also seen in L. bullata roots, which have been 

known to be Ascomycota (Faeth & Hammon, 1997; Raviraja, 2005; Larran et al., 

2007). Within New Zealand, Ascomycota have been found associated with Agathis 

australis (Padamsee et al., 2016) and Spinifex sericeus R.Br (Poaceae) (Johansen et 

al., 2016).  

Apart from the strict arbuscular mycorrhizal family Glomeraceae the ITS data also 

demonstrates the presence of Helotiales or Oidiodendron Robak, which have ericoid 

mycorrhizal (ERM) members but are also known saprotrophs (Rice & Currah, 2006; 

Chambers et al., 2008). The ITS data also show the presence of Phaeohelotium 
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Kanouse, an aggregate genus that has both mycorrhizal and saprotrophic species 

(Baral et al., 2013). It is difficult to confirm if these organisms are in symbiosis with 

L. bullata or are living as saprotrophs in the environment. The ITS data show the 

presence of Trichosporonaceae, a family that includes several opportunistic human 

pathogens in the genus Trichosporon Behrend (Gueho et al., 1992), but also includes 

the genera Apiotrichum Stautz and Vanrija R.T. Moore, which are generally free-

living and have been found in water bodies, food sources and rotten wood (Aliyu et 

al., 2020). There is potential that Apiotrichum could be more abundant in the dataset 

because of contamination from the soil corer during sample collection. Further 

research is needed to characterise the non-AM root endophytes of L. bullata. 
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 4.4 Limitations 

ZOTU (Zero-radius Operational Taxonomic Unit) richness within mycorrhizal taxa 

was assessed using two molecular markers 18S and ITS. ZOTUs provide the best 

possible phenotype resolution (Edgar, 2018). The two molecular markers used have 

varying abilities to characterize fungal communities present on or in L. bullata roots. 

Using the 18S region a primer was used that selects for arbuscular mycorrhizae and 

an ITS regional primer was used that acts as the universal fungal barcode. The 18S 

region is commonly used to target specific species in fungal clades such as 

Glomeromycota (Öpik et al., 2013). The ITS region usually performs better for DNA 

amplification than other primers such as SSU or LSU (Large Subunit) (Schoch et al., 

2012). Because of this the ITS region is commonly used to study the overall fungal 

communities in roots or soil (de Medina, 2018). Studies into the companion biota 

associated with Leptospermum scoparium in New Zealand used the same ITS primer 

pair ITS: ITS2 as this study. Another study looking at the arbuscular mycorrhizal 

fungi of Agathis australis in New Zealand used the primers NS31 and AML2 

focused on the SSU region (Padamsee et al., 2016). This study did not specifically 

focus on looking for spores but followed the movement towards identifying AM 

communities using solely molecular genetic data (Redecker 2000; Redecker et al., 

2003). Molecular study is not without its complications; the PCR carried out by 

Genewiz, China, failed and had to be repeated. Trends of mycorrhizal communities 

in the study could be the result of a primer bias and are not directly comparable with 

that of other studies for this and many other factors (Elbrecht & Leese, 2015). 

Studies into the fungal communities of Phormium tenax identified more ZOTUs in 

Glomeromycota using ITS markers than 18S (Coles, 2017). The P. tenax study also 

had variable AM amplification (Coles, 2017). This is opposite to the results of this 

study where 18S markers showed more diversity and abundance of ZOTUs for AM 

fungi, so 18S is therefore is the better choice of marker for assessing AM diversity 

on L. bullata. This study had relatively consistent AM amplification using both 18S 

and ITS markers. There was some error in the ITS data at species level. The ZOTU, 

ZOTU720 ‘Russulales’ is a mostly ectomycorrhizal group. When this ZOTU species 

hypothesis was tracked back on BLAST, the component sequences found 

represented a member of the genus Antrodia a saprophytic bracket fungus in the 

Polyporales rather than Russulales. However, it could be that the Antrodia was 
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misidentified as some crusts are in the Russulales. As explained by Coles (2017), 

ITS acts as ‘coarse filter’ capturing more fungal diversity overall but also missing 

some AMs while 18S is more of a ‘fine filter’ capturing only AMs. 

  Representation  

The mycorrhizal communities presented in this study represent the three sampled 

forest associations (Coastal, Montane, Cloud Forest). Other forest associations could 

have been sampled within the area of study, such as Lowland. However, due to the 

modification of the lowland environment within the area of the sample sites there 

were not many lowland sites available for sampling. Most sites have been altered and 

this may have affected the fungal associations and communities present. In order to 

gain more insight into the ecology of L. bullata more forest types could be sampled 

throughout the range of L. bullata (34° 40' 00" S to 41° 20' 00" S). Different forest 

associations that L. bullata inhabitat could be sampled such as beech (Fuscospora 

sp.) forest or weedy modified habitats. This would provide more vegetation data to 

create dendrograms more representative of the vegetation associations of L. bullata 

across its range. Further, this data could show relationships not seen within this 

smaller data set sampled. 

Vegetation sampling  

Vegetation sampling was carried out using the semi-quantitative method, the 

Atkinson naming system (Atkinson 1985). This method provided a distribution of 

vegetation at each location. A quantitative study could be carried out to further 

understand the relationship between the mycorrhizal communities, soil and 

vegetation at each individual sample site of the tree locations. Perry’s studies used 

the method of modified point-centred quarter (PCQ) (Bryant et al., 2004; Perry et al., 

2010). This method allows the current vegetation association and structure to be 

described and even predicts future change in composition (Perry et al., 2010. Using 

this method would provide a representation of L. bullata’s direct vegetation 

associations at each individual sample site, rather than over the three location sites 

and predict future change in composition (Perry et al., 2010). The vegetation data 

could further be analyzed using multivariate analysis with soil and mycorrhizal 

diversity data to understand their relationships and see if there are any trends in 

vegetation composition change related to other factors at each individual site. The 
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number of sampled L. bullata trees may be too small (15) to accurately represent the 

vegetation associations at each site. Instead the local population could be sampled 

but this would depend on the size of the L. bullata populations. 
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Seasonality 

The AM communities elsewhere in the world are known to change seasonally both in 

colonisation intensity and type (Godoy & Mayr, 1989; Mandyam & Jumpponen, 

2008), along with community composition (Dumbrell et al., 2011). Studies into the 

AM of Phormium tenax in a New Zealand wetland showed that the composition of 

AMF communities changed seasonally and more AM hyphae and arbuscules were 

seen in winter (Coles, 2017). As vegetation changes with vegetation succession so do 

the AM communities. Also, there is a growing body of evidence suggesting that host 

plants control which AM colonize their roots (Eom et al., 2000; Sanders, 2003; 

Limpens & Geurts, 2014). Therefore, to understand the temporal trends of AM 

communities of L. bullata sampling should be carried out periodically over a few 

years. 

In addition to the extraction of fungal DNA in roots, some studies have extracted 

fungal DNA from the soil as a tool to describe the AM diversity in the soil (del Mar 

Alguacil et al., 2012; Bainard, 2015; Borriello et al., 2015). This sampling would 

create a sample of the AM diversity in the soil but it would not sample the specific 

diversity that ramarama hosts, as in this study. Studies that have compared AM 

communities in roots to those in the rhizosphere soil found that AMs in different 

roots were more similar to each other than those in different soil communities (del 

Mar Alguacil et al., 2016).  
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4.5 Future directions 

Post-sampling Austropuccinia psidii was found at both the Six-Foot Track and The 

Domain sites. It could be present at the Maunganui Bluff, but the site was not visited 

post-sampling. Future research should be carried out sampling the now-infected trees 

of L. bullata to compare mycorrhizal communities with communities documented in 

this study. There is a chance that the sites had myrtle rust before sampling but were 

not displaying any obvious signs of infection. A study by Byers et al. (2020) into the 

soil microbial (fungal and bacterial) communities of kauri forests impacted by the 

pathogen that causes kauri dieback (Phytophthora agathidicida) showed that this 

pathogen altered soil microbial diversity and composition significantly. This study 

further showed that microbial taxa related to disease suppression were found in higher 

abundance in soils of kauri forest infected with dieback (Byers et al., 2020).  

A similar response, i.e., the higher abundance of disease supressing microbial taxa of 

L. bullata could be expected after rust infection. This is supported by the study of the 

genetic basis of resistance to myrtle rust in Myrtaceae outlined by Tobias (2017), 

showing that Myrtaceae species express changes in gene expression after inoculation 

with the rust. Change is seen in a down-regulated gene that codes for a hormone 

strigolactone (Tobias, 2017), which is known to have a role in inhibiting shoot 

branching and promoting symbiotic mycorrhizal interactions (Brewer et al., 2013). 

When the host plant is infected by the rust mycorrhizae could provide the plant with 

increased nutrients such as phosphorus and other nutrients thereby aiding in the 

production of more leaves on the host plant (Sharma et al., 1992; West, 1995). Genes 

related to soil carbon and nitrogen cycling were also impacted in microbes (Byers et 

al., 2020). Future research could also sample the soils to see if there is any chemical 

difference over time in soils around the now infected L. bullata populations and how 

that is reflected in the mycorrhizal communities. 

With the threat of the rust fungus looming, future research should also look at the 

whole soil microbial communities, both fungal and bacterial to identify taxa related to 

disease suppression as well as taxa that can support L. bullata health. These taxa could 

then be isolated and screened against myrtle rust to assess their potential for use as a 

biocontrol agent. 
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Chapter 5: Appendices 

Appendix 2 

Table 1. Field sheet for recording location and vegetation structure. For forest 

structure (on the left) note the three highest percentages of trees per layer. 

 

Location name: 

 

 

Species 1 Species 2 Species 3 

Canopy 

   

Sub-Canopy 

   

Understorey 

   

Groundcover 

   

Epiphytes 

   

Lianes 

   

Estimation cover classes: 50-100%, 20-49%, 10-19%, 1-9% 
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Table 2. Mann-Whitney test results of pH at three locations, comparing the 

significance of relationships between locations. 

 

 

Six-Foot 

Track 

The 

Domain 

Maunganui 

Bluff 

Six-Foot 

Track 

 

0.05624 0.01219 

The Domain 0.05624 

 

0.01167 

Maunganui 

Bluff 

0.01219 0.01167 
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Appendix 2 

Table 1. List of vascular plant species by location. 

var. = variety 

subsp. = subspecies 

s.s = sensu stricto 

aff. = related to 

* = introduced 

× = hybrid 

sp. = species 

 

Vascular Plant Species and totals 

(181 Indigenous + 21 exotic = 

total 202) 

6 – Foot Track 

(107 + 5 = 112) 

The Domain ( 

118 + 19 = 137) 

Maunganui 

Bluff (79 + 1 = 

80) 

Lycophytes (1 + 1 = 2) (1 + 1 = 2) (1 + 1 = 2) (0 + 0 = 0) 

Lycopodium volubile G.Forst. x x 
 

*Selaginella kraussiana (Kunze) 

A. Braun 

x x 
 

Pteridophytes (48 + 0 = 48) (30 + 0 = 30) (38 + 0 = 38) (23 + 0 = 23) 

Abrodictyum elongatum (A.Cunn.) 

Ebihara et K.Iwats. 

x 
  

Asplenium bulbiferum G. Forst. x x x 

Asplenium flaccidum G.Forst. x x x 

Asplenium lamprophyllum Carse 
  

x 

Asplenium polyodon G.Forst. 
 

x x 

Asplenium oblongifolium Colenso x x x 

Austroblechnum membranaceum 

(Colenso ex Hook.) Gasper et 

W.A.O.Dittrich 

 
x 

 

Austroblechnum lanceolatum 

(R.Br.) Gasper et V.A.O.Dittrich 

x x x 

Cranfillia fluviatilis (R.Br.) Gasper 

et V.A.O.Dittrich 

x x 
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Cranfillia nigra (Colenso) Gasper 

et V.A.O.Dittrich 

 
x 

 

Cyathea dealbata (G.Forst.) Sw. 
  

x 

Cyathea medullaris (G. Forst.) Sw. 
 

x x 

Cyathea smithii Hook. f. x x 
 

Dendroconche scandens (G.Forst.) 

Testo, Sundue et A.R.Field 

  
x 

Dicksonia lanata subsp. hispida 

(Colenso) Perrie et Brownsey 

 
x 

 

Dicksonia squarrosa (G.Forst.) 

Swartz 

x x 
 

Diplazium australe (R.Br.) 

N.A.Wakef. 

 
x 

 

Diploblechnum fraseri (A.Cunn.) 

De Vol 

x x 
 

Doodia squarrosa Colenso 
  

x (AK382157) 

Hiya distans (Hook.) Brownsey & 

Perrie 

 
x 

 

Hymenophyllum demissum (G. 

Forst.)Sw. 

x x x 

Hymenophyllum dilatatum (G. 

Forst.) Sw. 

x x x 

Hymenophyllum flabellatum Labill. x x 
 

Hymenophyllum flexuosum (A. 

Cunn.) Copel. 

  
x 

Hymenophyllum frankliniae 

Colenso 

 
x 

 

Hymenophyllum multifidum (G. 

Forst.) Sw. 

x x 
 

Hymenophyllum nephrophyllum 

Ebihara et K.Iwats. 

x x x 

Hymenophyllum rarum R. Br. x x 
 

Hymenophyllum revolutum 

Colenso 

x x 
 

Hymenophyllum sanguinolentum 

(G. Forst.) Sw. 

x x 
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Hymenophyllum scabrum A. Rich. 
 

x 
 

Icarus filiformis (A.Cunn.) Gasper 

et Salino 

x 
 

x 

Lastreopsis hispida (Sw.) Tindale 
  

x 

Leptopteris hymenophylloides 

(A.Rich.) C.Presl 

x x 
 

Lomaria discolor (G.Forst.) Willd. x x 
 

Loxogramme dictyopteris (Mett.) 

Copel. 

 
x 

 

Lygodium articulatum A.Rich. x x x 

Notogrammitis heterophylla 

(Labill.) Parris 

x x x 

Notogrammitis pseudociliata 

(Parris) Parris 

 
x 

 

Paesia scaberula (A.Rich.) Kuhn x 
  

Parablechnum novae-zelandiae 

T.C.Chambers et P.A.Farrant) 

Gasper et Salino 

x 
  

Pneumatopteris pennigera (G. 

Forst.) Holttum 

x x x 

Polyphlebium venosum (R.Br.) 

Copel. 

x x 
 

Pteridium esculentum (G. Forst.) 

Cockayne 

x x 
 

Pyrrosia elaeagnifolia (Bory) 

Hovenkamp 

 
x x 

Rumohra adiantiformis (G.Forst.) 

Ching 

x x x 

Tmesipteris elongata P.A. Dang. x x x 

Zealandia pustulata (G.Forst.) 

Testo et A.R.Field subsp. pustulata 

x x x 

Gymnosperms (5 + 0 = 5) (4 + 0 = 4) (4 + 0 = 4) (4 + 0 = 4) 

Dacrycarpus dacrydioides 

(A.Rich.) de Laub. 

x x x 

Dacrydium cupressinum Lamb. x x x 
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Pectinopitys ferruginea (G.Benn. 

ex D.Don in Lamb.) C.N.Page 

x x x 

Podocarpus laetus Hooibr. ex 

Endl. 

x x 
 

Prumnopitys taxifolia (D.Don) de 

Laub. 

  
x 

Magnolids (4 + 0 = 4) (2 + 0 = 2) (3 + 0 = 3) (3 + 0 = 3) 

Beilschmiedia tawa (A.Cunn.) 

Benth. et Hook.f. ex Kirk 

 
x 

 

Beilschmiedia taraire (A.Cunn.) 

Benth. et Hook.f. ex Kirk 

x x x 

Hedycarya arborea J.R.Forst. et 

G.Forst. 

x x x 

Piper excelsum (G.Forst.) Miq. 

subsp. excelsum 

  
x 

Monocots I (24 + 1 = 25) (16 + 0 = 16) (11 + 1 = 12) (12 + 0 = 12) 

Acianthus sinclairii Hook.f. 
 

x x 

Astelia hastata (Colenso) Skottsb. 
 

x x 

Astelia microsperma Colenso x x 
 

Astelia solandri A.Cunn. 
  

x 

Astelia trinervia Kirk x 
  

Caladenia chlorostyla D.L.Jones, 

Molloy et M.A.Clem. 

x x 
 

Chiloglottis cornuta Hook.f. x 
  

Cordyline australis (Forst.f.) Endl. 
  

x 

Cordyline banksii Hook.f. x 
  

Cordyline pumilio Hook.f. x 
  

Corybas oblongus (Hook.f.) 

Rchb.f., 

x 
  

Corybas acuminatus 

M.A.Clements et Hatch 

x x 
 

Corybas macranthus (Hook.f.) 

Rchb.f., 

x 
  

*Crocosmia × crocosmiiflora 

(Lemoine) N.E.Br. 

 
x 

 

Dendrobium cunninghamii Lindl. x x x 
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Dianella nigra Colenso x x 
 

Drymoanthus adversus (Hook.f.) 

Dockrill 

  
x 

Earina autumnalis (G.Forst.) 

Hook.f. 

x x x 

Earina mucronata Lindl. x x x 

Freycinetia banksii A.Cunn. 
  

x 

Phormium cookianum subsp. 

hookeri (Hook.f.) Wardle 

x 
  

Phormium tenax J.R.Forst. et 

G.Forst. 

  
x 

Pterostylis banksii A.Cunn. x 
 

x 

Ripogonum scandens J.R.Forst. et 

G.Forst. 

x x x 

Thelymitra pauciflora R.Br. 
 

x 
 

Monocots II - Commelinids  

(20 + 8 = 28) 

(7 + 0 = 7) (12 + 8 = 20) (6 + 0 = 6) 

*Anthoxanthum odoratum L. 
 

x 
 

Carex banksiana K.A.Ford 
  

x 

*Carex demissa Hornem. 
 

x 
 

Carex dissita Sol. ex Boott 
 

x 
 

Carex lessoniana Steud. 
 

x 
 

Carex solandri Boott 
  

x 

Carex uncinata L.f. x 
 

x 

Carex zotovii (Hamlin) K.A.Ford x x 
 

*Festuca rubra L. subsp. rubra 
 

x 
 

Gahnia setifolia (A.Rich.) Hook.f. 
  

x 

Gahnia xanthocarpa (Hook.f.) 

Hook.f. 

 
x 

 

*Holcus lanatus L. 
 

x 
 

Isolepis sepulcralis Steud. 
 

x 
 

Isolepis reticularis Colenso x x 
 

Juncus edgariae L.A.S.Johnson et 

K.L.Wilson 

 
x 

 

*Juncus effusus L. var. effusus 
 

x 
 

Juncus planifolius R.Br. x x 
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Libertia micrantha A.Cunn. 
 

x 
 

*Luzula congesta (Thuill.) Lej. 
 

x 
 

Microlaena avenacea (Raoul.) 

Hook.f. 

 
x 

 

Microlaena carsei Cheeseman 
 

x (AK381545) 
 

Microlaena stipoides (Labill.) 

R.Br. 

x x 
 

Oplismenus hirtellus subsp. 

imbecillis (R.Br.) U.Scholz.  

  
x 
 

Rhopalostylis sapida H.Wendl. et 

Drude 

  
x 

Rytidosperma gracile (Hook.f.) 

Connor et Edgar 

x 
  

Schoenus maschalinus Roem. et 

Schult. 

x 
  

*Sieglingia decumbens (L.) Bernh. x x 
 

*Tradescantia fluminensis Velloso 
 

x 
 

Eudicots (3 + 2 = 5) (3 + 1 = 54) (1 + 1 = 2) (2 + 0 = 2) 

Clematis cunninghamii Turcz. x 
 

x 

Clematis paniculata J.F.Gmel. x x 
 

Knightia excelsa R.Br. x 
 

x 

*Ranunculus flammula L. 
 

x 
 

*Ranunculus repens L. x 
  

Core Eudicots (75 + 10 = 85) (44 + 3 = 47) (47 + 9 = 56) (29 + 1 = 30) 

Acaena anserinifolia (J.R.Forst. et 

G.Forst.) J.B.Armstr. 

 
x 

 

Ackama rosifolia A.Cunn. x x 
 

Alseuosmia quercifolia A.Cunn. x x 
 

Australina pusilla Gaudich. subsp. 

pusilla 

  
x (AK382156) 

*Berberis glaucocarpa Stapf 
 

x 
 

Brachyglottis kirkii var. angustior 

(Allan) C.J.Webb 

x x 
 

Brachyglottis repanda J.R.Forst. et 

G.Forst. 

x 
  

*Cardamine flexuosa With. 
 

x 
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Centella uniflora (Colenso) Nannf. x x 
 

Coprosma arborea Kirk x 
 

x 

Coprosma areolata Cheeseman 
  

x 

Coprosma autumnalis Colenso x x x 

Coprosma lucida J.R.Forst. et 

G.Forst. 

x 
 

x 

Coprosma macrocarpa subsp. 

minor R.O.Gardner et Heads ex 

A.Druce 

  
x 

Coprosma parviflora Hook.f. x 
 

x 

Coprosma rhamnoides A.Cunn. x 
 

x 

Coprosma tenuicaulis Hook.f. x 
  

*Digitalis purpurea L. 
 

x x 

Dracophyllum latifolium A.Cunn. 
  

x 

Elaeocarpus dentatus (J.R.Forst. et 

G.Forst.) Vahl var. dentatus  

x x 
 

Elaeocarpus hookerianus Raoul 
 

x (AK381548) 
 

Elatostema rugosum A.Cunn. 
 

x 
 

Euchiton japonicus (Thunb.) 

Holub 

x x x 

Fuchsia excorticata (J.R.Forst. et 

G.Forst.) L.f. 

 
x 

 

Geniostoma ligustrifolium 

A.Cunn.var. ligustrifolium  

x 
 

x 

Gonocarpus incanus (A.Cunn.) 

Orchard 

 
x 

 

Gonocarpus micranthus 

Thunb.subsp. micranthus  

 
x 

 

Griselinia littoralis Raoul 
 

x (AK381546) 
 

Griselinia lucida G.Forst. x x x 

Hebe flavida Bayly, Kellow et de 

Lange 

x 
 

x 

Hoheria populnea A.Cunn. x 
 

x 

Hydrocotyle dissecta Hook.f. 
 

x 
 

Hydrocotyle moschata G.Forst.var. 

moschata  

x 
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Hydrocotyle aff. elongata A.Cunn. 
  

x 

*Hypericum androsaemum L. 
 

x 
 

Hypericum pusillum Choisy x x 
 

*Hypochaeris radicata L. 
 

x 
 

Ixerba brexioides A.Cunn. 
 

x 
 

*Jacobaea vulgaris Gaertn. x 
  

Kunzea robusta de Lange et 

Toelken 

x 
  

Leptospermum aff. scoparium (a) 

“Auckland” - AK 284541 (de 

Lange et al. 2018) 

x x 
 

Leptostigma setulosum (Hook.f.) 

Fosberg 

 
x 

 

*Leycesteria formosa Wall. 
 

x 
 

Lobelia anceps L.f. x x 
 

Lophomyrtus bullata Burret x (AK381550) x (AK381544) x (AK381551) 

*Lotus pedunculatus Cav. x x 
 

Leucopogon fasciculatus (G.Forst.) 

A.Rich. 

x 
  

Melicytus macrophyllus A.Cunn. x x 
 

Melicytus ramiflorus J.R.Forst. et 

G.Forst. subsp. ramiflorus 

 
x x 

Metrosideros albiflora Sol. ex 

Gaertn. 

x x 
 

Metrosideros carminea Hook.f. x 
  

Metrosideros diffusa (G.Forst.) 

Sm. 

x x x 

Metrosideros fulgens Sol. ex 

Gaertn. 

x x x 

Metrosideros perforata (J.R.Forst. 

et G.Forst.) A.Rich. 

  
x 

Metrosideros robusta A.Cunn. x x 
 

Mida salicifolia A.Cunn. x 
  

Montia fontana L. 
 

x 
 

Myrsine australis (A.Rich.) Allan x 
 

x 

Myrsine salicina Hew. ex Hook.f. 
 

x 
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Neomyrtus pedunculata (Hook.f.) 

Allan 

 
x (AK381547) 

 

Nertera depressa Banks et Sol. ex 

Gaertn. 

x x 
 

Nertera dichondrifolia (A.Cunn.) 

Hook.f. 

x 
  

Nestegis lanceolata (Hook.f.) 

L.A.S.Johnson 

 
x 

 

Olearia albida (Hook.f.) Hook.f. 
  

x 

Olearia rani (A.Cunn.) Druce var. 

rani  

x x 
 

Parsonsia capsularis (G.Forst.) 

R.Br. 

 
x 

 

Parsonsia sp. R.Br. x 
  

Pittosporum cornifolium A.Cunn. 
 

x 
 

Pittosporum eugenioides A.Cunn. 
  

x (AK382158) 

Pittosporum tenuifolium Sol. ex 

Gaertn. 

 
x 

 

*Potentilla anglica Laicharding 
 

x 
 

*Prunella vulgaris L. x x 
 

Pseudopanax arboreus (L.f.) Allan x x 
 

Pseudopanax crassifolius (Sol. ex 

A.Cunn.) C.Koch 

 
x x 

Quintinia serrata A.Cunn. x 
  

Raukaua anomalus (Hook.f.) 

A.D.Mitch., Frodin et Heads 

 
x 

 

Raukaua simplex (G.Forst.) 

A.D.Mitch., Frodin et Heads 

 
x 

 

Rhabdothamnus aff. solandri (b) 

(AK 296774; Maunganui Bluff) 

  
x 

Rubus australis G.Forst. x x x 

Rubus cissoides (A.Cunn.) Hook.f. x x 
 

Senecio minimus Poir. x x 
 

Schefflera digitata J.R.Forst. et 

G.Forst. 

x x x 
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Solanum opacum A.Braun et 

C.D.Bouché 

  
x 

Syzygium maire (A.Cunn.) Sykes 

et Garn.-Jones 

 
x 

 

Weinmannia sylvicola Sol. ex 

A.Cunn. 

x x x 
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Table 2. Nationally Threatened and Regionally Significant Vascular Plant Species found at 

three surveyed locations. The threat status of plants was based on the current threat 

assessment of New Zealand vascular plants (de Lange et al., 2018) and the assessment of the 

natural areas of Tutamoe Ecological District (Miller & Holland, 2008). Threat statuses are 

accessed using the categories outlined in the New Zealand Threat Classification System 

manual (Townsend et al., 2008).  

subsp. = subspecies 

var. = variety 

aff. = related to 

★ = Six-Foot Track 

★ = The Domain 

★ = Maunganui Bluff 

 

Species Regional Significance 

(Miller & Holland, 2008) 
Threat Status 

(de Lange et al., 2018) 

Astelia microsperma ★★ Regionally significant 
 

Australina pusilla subsp. pusilla ★ Regionally significant 
 

Brachyglottis kirkii var. angustoir ★★ Regionally significant 
 

Coprosma parviflora ★ Regionally significant 
 

Cranfillia fluviatilis ★ Regionally significant 
 

Cranfillia nigra ★ Regionally significant 
 

Dicksonia lanata subsp. hispida ★ Regionally significant 
 

Doodia squarrosa ★ 
 

At Risk – Naturally 

Uncommon Nationally 

Elaeocarpus hookerianus ★ Regionally significant 
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Griselinia littoralis ★ Regionally significant 
 

Hebe flavida ★ Regionally significant 
 

Ixerba brexioides ★ Regionally significant . 

Kunzea robusta ★ 
 

Nationally Vulnerable  

Leptospermum aff. scoparium (a) 

“Auckland” - AK 284541 (de Lange et al. 

2018) ★★ 

 
Nationally Vulnerable  

Lobelia physaloides ★ 
 

Nationally Vulnerable 

Lophomyrtus bullata ★★★ 
 

Nationally Critical 

Metrosideros albiflora ★★ 
 

Nationally Vulnerable 

Metrosideros carminea ★ 
 

Nationally Vulnerable 

Metrosideros diffusa★★★ 
 

Nationally Vulnerable 

Metrosideros fulgens ★★★  

 
Nationally Vulnerable 

Metrosideros perforata ★  

 
Nationally Vulnerable 

Metrosideros robusta ★★ 
 

Nationally Vulnerable 

Microlaena carsei ★ 
 

Nationally Endangered 

Mida salicifolia ★ 
 

At Risk – Declining 

nationally 

Neomyrtus pedunculata ★  

 
Nationally Critical 

Syzygium maire ★ 
 

Nationally Critical 

Raukaua anomalus ★ Regionally significant 
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Table 3. Soil characteristics for each sample site. 

 

 

Soil characteristics 

pH 

units 

Volume 

Weight g/ml 

Total 

Carbon % 

Total 

Nitrogen % 

C/N 

Ratio 

Location 

and sample 

number 

Sample 1/1 5.1 0.69 10.6 0.54 19.7 

Sample 1/2 4.3 0.42 19.4 0.82 23.7 

Sample 1/3 5.2 0.69 6.4 0.45 14.1 

Sample 1/4 4.8 0.63 10.6 0.61 17.2 

Sample 1/5 4.4 0.33 18.3 0.73 25 

Sample 2/1 4.7 0.69 6.1 0.37 16.7 

Sample 2/2 4.3 0.64 8.8 0.5 17.5 

Sample 2/3 4.2 0.7 7.5 0.43 17.5 

Sample 2/4 4.2 0.59 10.9 0.57 19.2 

Sample 2/5 4.3 0.66 9 0.54 16.8 

Sample 3/1 5.6 0.9 5.5 0.44 12.6 

Sample 3/2 5.8 0.8 6 0.46 13.1 

Sample 3/3 5.5 0.57 13.9 0.77 18.1 

Sample 3/4 6.2 0.71 9.2 0.67 13.7 

Sample 3/5 6.5 0.71 11.9 0.89 13.5 
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Table 4. Heights of sampled Lophomyrtus bullata plants from each location.  

Six- Foot Track (m) The Domain (m) Maunganui Bluff (m) 

6 10 3 

6 5 5 

5 7 5 

6 6 6 

5 3 5 
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Table 5. ZOTU ITS data of species with a sequence similarity > 0.97. 

Zotu Phylum Class Order Family Species % 

seque

nce 

simila

rity 

zotu1

043 

Ascomycota Sordariomycetes Xylariales Xylariales_unidentified Xylariales_unidentified|SH1554496.

08FU 

0.98 

zotu1

276 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1509622.

08FU 

0.98 

zotu1

389 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1509522.

08FU 

0.98 

zotu1

490 

Ascomycota Sordariomycetes Hypocreales Nectriaceae Nectriaceae_unidentified|SH150669

2.08FU 

0.98 

zotu1

523 

Ascomycota Sordariomycetes Xylariales Xylariales_unidentified Xylariales_unidentified|SH1554496.

08FU 

0.98 

zotu1

555 

Ascomycota Sordariomycetes Xylariales Xylariales_unidentified Xylariales_unidentified|SH1647534.

08FU 

0.98 

zotu1

675 

Ascomycota Dothideomycetes Capnodiales Capnodiales_unidentifie

d 

Capnodiales_unidentified|SH16271

83.08FU 

0.98 

zotu1

901 

Basidiomyco

ta 

Agaricomycetes Agaricales Agaricaceae Agaricus_unidentified|SH1593993.0

8FU 

0.98 

zotu1

93 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1522974.

08FU 

0.98 

zotu1

960 

Ascomycota Sordariomycetes Glomerellales Plectosphaerellaceae Musicillium_theobromae|SH155161

4.08FU 

0.98 

zotu2

133 

Glomeromyc

ota 

Glomeromycetes Glomerales Glomeraceae Glomus_unidentified|SH1505739.0

8FU 

0.98 

zotu2

2 

Basidiomyco

ta 

Agaricomycetes Trechisporales Hydnodontaceae Hydnodontaceae_unidentified|SH15

55059.08FU 

0.98 

zotu2

304 

Ascomycota Dothideomycetes Dothideomycetes_un

identified 

Dothideomycetes_unide

ntified 

Dothideomycetes_unidentified|SH1

657585.08FU 

0.98 



90 
 

zotu2

379 

Ascomycota Sordariomycetes Hypocreales Clavicipitaceae Clavicipitaceae_unidentified|SH155

2527.08FU 

0.98 

zotu2

487 

Ascomycota Lecanoromycetes Lecanorales Lecanorales_unidentifie

d 

Lecanorales_unidentified|SH151581

1.08FU 

0.98 

zotu2

569 

Ascomycota Dothideomycetes Capnodiales Capnodiales_unidentifie

d 

Capnodiales_unidentified|SH16271

83.08FU 

0.98 

zotu2

583 

Ascomycota Sordariomycetes Sordariales Sordariales_fam_Incerta

e_sedis 

Conlarium_unidentified|SH1570518

.08FU 

0.98 

zotu3

39 

Basidiomyco

ta 

Agaricomycetes Agaricales Tricholomataceae Mycena_leptocephala|SH1542358.0

8FU 

0.98 

zotu5

20 

Basidiomyco

ta 

Agaricomycetes Agaricales Tricholomataceae Mycena_leptocephala|SH1542358.0

8FU 

0.98 

zotu6

27 

Ascomycota Leotiomycetes Helotiales Hyaloscyphaceae Hyaloscyphaceae_unidentified|SH1

506149.08FU 

0.98 

zotu6

60 

Ascomycota Lecanoromycetes Lecanoromycetes_un

identified 

Lecanoromycetes_unide

ntified 

Lecanoromycetes_unidentified|SH1

560250.08FU 

0.98 

zotu7

09 

Ascomycota Sordariomycetes Hypocreales Hypocreales_unidentifie

d 

Hypocreales_unidentified|SH16492

94.08FU 

0.98 

zotu8

01 

Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Capronia_unidentified|SH1565629.

08FU 

0.98 

zotu8

93 

Ascomycota Ascomycota_unidentified Ascomycota_unident

ified 

Ascomycota_unidentifie

d 

Ascomycota_unidentified|SH15156

96.08FU 

0.98 

zotu9

06 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1558272.

08FU 

0.98 

zotu9

59 

Ascomycota Lecanoromycetes Lecanoromycetes_un

identified 

Lecanoromycetes_unide

ntified 

Lecanoromycetes_unidentified|SH1

560250.08FU 

0.98 

zotu9

88 

Basidiomyco

ta 

Agaricomycetes Cantharellales Cantharellales_fam_Inc

ertae_sedis 

Sistotrema_unidentified|SH1519585

.08FU 

0.98 

zotu1

00 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1549488.

08FU 

0.99 

zotu1

006 

Basidiomyco

ta 

Agaricomycetes Hymenochaetales Schizoporaceae Xylodon_brevisetus|SH1517836.08

FU 

0.99 
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zotu1

02 

Ascomycota Archaeorhizomycetes Archaeorhizomycetal

es 

Archaeorhizomycetacea

e 

Archaeorhizomyces_unidentified|S

H1514410.08FU 

0.99 

zotu1

024 

Ascomycota Ascomycota_unidentified Ascomycota_unident

ified 

Ascomycota_unidentifie

d 

Ascomycota_unidentified|SH15607

99.08FU 

0.99 

zotu1

097 

Ascomycota Sordariomycetes Xylariales Xylariales_unidentified Xylariales_unidentified|SH1554496.

08FU 

0.99 

zotu1

105 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1522939.

08FU 

0.99 

zotu1

114 

Ascomycota Sordariomycetes Hypocreales Hypocreales_fam_Incer

tae_sedis 

Acremonium_furcatum|SH1836220.

08FU 

0.99 

zotu1

155 

Ascomycota Dothideomycetes Dothideomycetes_un

identified 

Dothideomycetes_unide

ntified 

Dothideomycetes_unidentified|SH1

515544.08FU 

0.99 

zotu1

208 

Ascomycota Sordariomycetes Hypocreales Hypocreales_unidentifie

d 

Hypocreales_unidentified|SH16448

92.08FU 

0.99 

zotu1

217 

Ascomycota Sordariomycetes Sordariales Cephalothecaceae Cephalotheca_unidentified|SH1547

820.08FU 

0.99 

zotu1

327 

Ascomycota Sordariomycetes Hypocreales Nectriaceae Nectriaceae_unidentified|SH154635

0.08FU 

0.99 

zotu1

35 

Ascomycota Leotiomycetes Helotiales Dermateaceae Pezicula_unidentified|SH1523023.0

8FU 

0.99 

zotu1

368 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1509622.

08FU 

0.99 

zotu1

565 

Basidiomyco

ta 

Agaricomycetes Atheliales Atheliaceae Athelia_unidentified|SH1561290.08

FU 

0.99 

zotu1

588 

Ascomycota Leotiomycetes Helotiales Helotiaceae Hymenoscyphus_serotinus|SH1564

462.08FU 

0.99 

zotu1

700 

Glomeromyc

ota 

Glomeromycetes Glomerales Glomeraceae Glomus_unidentified|SH1505739.0

8FU 

0.99 

zotu1

759 

Ascomycota Sordariomycetes Xylariales Xylariaceae Xylariaceae_unidentified|SH155759

2.08FU 

0.99 

zotu1

802 

Ascomycota Sordariomycetes Chaetosphaeriales Chaetosphaeriaceae Chaetosphaeriaceae_unidentified|S

H1517985.08FU 

0.99 
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zotu1

870 

Fungi_unide

ntified 

Fungi_unidentified Fungi_unidentified Fungi_unidentified Fungi_unidentified|SH2733261.08F

U 

0.99 

zotu1

952 

Basidiomyco

ta 

Tremellomycetes Tremellales Tremellales_unidentifie

d 

Tremellales_unidentified|SH152823

3.08FU 

0.99 

zotu2

008 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1509622.

08FU 

0.99 

zotu2

246 

Ascomycota Ascomycota_unidentified Ascomycota_unident

ified 

Ascomycota_unidentifie

d 

Ascomycota_unidentified|SH16458

74.08FU 

0.99 

zotu2

30 

Ascomycota Leotiomycetes Helotiales Dermateaceae Pezicula_melanigena|SH2170074.0

8FU 

0.99 

zotu2

362 

Ascomycota Orbiliomycetes GS33 GS33_unidentified GS33_unidentified|SH1652698.08F

U 

0.99 

zotu2

37 

Ascomycota Leotiomycetes Helotiales Myxotrichaceae Oidiodendron_unidentified|SH1564

463.08FU 

0.99 

zotu2

370 

Ascomycota Dothideomycetes Dothideomycetes_un

identified 

Dothideomycetes_unide

ntified 

Dothideomycetes_unidentified|SH1

515544.08FU 

0.99 

zotu2

378 

Ascomycota Dothideomycetes Dothideomycetes_un

identified 

Dothideomycetes_unide

ntified 

Dothideomycetes_unidentified|SH1

515544.08FU 

0.99 

zotu2

589 

Ascomycota Sordariomycetes Glomerellales Plectosphaerellaceae Verticillium_albo-

atrum|SH1520726.08FU 

0.99 

zotu2

603 

Ascomycota Sordariomycetes Hypocreales Hypocreales_unidentifie

d 

Hypocreales_unidentified|SH15486

35.08FU 

0.99 

zotu2

69 

Ascomycota Orbiliomycetes Orbiliales Orbiliales_unidentified Orbiliales_unidentified|SH1659665.

08FU 

0.99 

zotu3

90 

Glomeromyc

ota 

Glomeromycetes Glomerales Glomeraceae Glomeraceae_unidentified|SH15397

51.08FU 

0.99 

zotu4

49 

Ascomycota Ascomycota_unidentified Ascomycota_unident

ified 

Ascomycota_unidentifie

d 

Ascomycota_unidentified|SH15458

67.08FU 

0.99 

zotu4

56 

Ascomycota Sordariomycetes Hypocreales Nectriaceae Fusarium_concentricum|SH245603

4.08FU 

0.99 

zotu5

13 

Ascomycota Sordariomycetes Hypocreales Clavicipitaceae Metarhizium_carneum|SH1552520.

08FU 

0.99 
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zotu5

83 

Basidiomyco

ta 

Agaricomycetes Trechisporales Trechisporales_unidenti

fied 

Trechisporales_unidentified|SH155

9866.08FU 

0.99 

zotu5

98 

Ascomycota Dothideomycetes Dothideomycetes_un

identified 

Dothideomycetes_unide

ntified 

Dothideomycetes_unidentified|SH1

515544.08FU 

0.99 

zotu6

02 

Fungi_unide

ntified 

Fungi_unidentified Fungi_unidentified Fungi_unidentified Fungi_unidentified|SH3334870.08F

U 

0.99 

zotu7

75 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1648808.

08FU 

0.99 

zotu8

05 

Basidiomyco

ta 

Agaricomycetes Agaricales Omphalotaceae Rhodocollybia_incarnata|SH164657

8.08FU 

0.99 

zotu8

26 

Basidiomyco

ta 

Agaricomycetes Agaricales Tricholomataceae Flagelloscypha_minutissima|SH150

8398.08FU 

0.99 

zotu8

56 

Fungi_unide

ntified 

Fungi_unidentified Fungi_unidentified Fungi_unidentified Fungi_unidentified|SH1646794.08F

U 

0.99 

zotu9

57 

Basidiomyco

ta 

Agaricomycetes Agaricales Agaricales_unidentified Agaricales_unidentified|SH1652600

.08FU 

0.99 

zotu1

030 

Ascomycota Orbiliomycetes Orbiliales Orbiliales_unidentified Orbiliales_unidentified|SH1646679.

08FU 

1 

zotu1

033 

Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Capronia_unidentified|SH1565629.

08FU 

1 

zotu1

049 

Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Capronia_unidentified|SH1565629.

08FU 

1 

zotu1

051 

Basidiomyco

ta 

Agaricomycetes Boletales Sclerodermataceae Scleroderma_xanthochroum|SH152

5914.08FU 

1 

zotu1

124 

Ascomycota Dothideomycetes Pleosporales Cucurbitariaceae Pyrenochaetopsis_leptospora|SH152

5086.08FU 

1 

zotu1

168 

Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Cladophialophora_unidentified|SH1

529591.08FU 

1 

zotu1

173 

Basidiomyco

ta 

Agaricomycetes Agaricales Agaricales_unidentified Agaricales_unidentified|SH1522391

.08FU 

1 

zotu1

21 

Basidiomyco

ta 

Agaricomycetes Agaricales Tricholomataceae Delicatula_integrella|SH1567106.08

FU 

1 
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zotu1

247 

Ascomycota Dothideomycetes Pleosporales Cucurbitariaceae Pyrenochaetopsis_leptospora|SH152

5086.08FU 

1 

zotu1

262 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1523086.

08FU 

1 

zotu1

27 

Ascomycota Geoglossomycetes Geoglossales Geoglossaceae Geoglossum_umbratile|SH1562958.

08FU 

1 

zotu1

297 

Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Capronia_unidentified|SH1565629.

08FU 

1 

zotu1

317 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1543031.

08FU 

1 

zotu1

325 

Rozellomyco

ta 

Rozellomycotina_cls_Inc

ertae_sedis 

GS05 GS05_unidentified GS05_unidentified|SH1524209.08F

U 

1 

zotu1

382 

Mortierellom

ycota 

Mortierellomycetes Mortierellales Mortierellaceae Mortierella_gemmifera|SH1557014.

08FU 

1 

zotu1

397 

Mucoromyco

ta 

Mucoromycetes Mucorales Backusellaceae Backusella_tuberculispora|SH15247

21.08FU 

1 

zotu1

496 

Fungi_unide

ntified 

Fungi_unidentified Fungi_unidentified Fungi_unidentified Fungi_unidentified|SH2700897.08F

U 

1 

zotu1

500 

Ascomycota Sordariomycetes Chaetosphaeriales Chaetosphaeriaceae Porosphaerella_cordanophora|SH16

48727.08FU 

1 

zotu1

54 

Basidiomyco

ta 

Agaricomycetes Trechisporales Hydnodontaceae Hydnodontaceae_unidentified|SH15

55065.08FU 

1 

zotu1

551 

Ascomycota Ascomycota_unidentified Ascomycota_unident

ified 

Ascomycota_unidentifie

d 

Ascomycota_unidentified|SH16144

80.08FU 

1 

zotu1

608 

Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales_uni

dentified 

Saccharomycetales_unidentified|SH

1573071.08FU 

1 

zotu1

633 

Basidiomyco

ta 

Microbotryomycetes Sporidiobolales Sporidiobolaceae Rhodotorula_mucilaginosa|SH1558

726.08FU 

1 

zotu1

67 

Ascomycota Dothideomycetes Dothideomycetes_un

identified 

Dothideomycetes_unide

ntified 

Dothideomycetes_unidentified|SH1

515544.08FU 

1 

zotu1

677 

Ascomycota Ascomycota_unidentified Ascomycota_unident

ified 

Ascomycota_unidentifie

d 

Ascomycota_unidentified|SH16144

80.08FU 

1 
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zotu1

724 

Glomeromyc

ota 

Glomeromycetes Glomerales Glomeraceae Glomeraceae_unidentified|SH15397

51.08FU 

1 

zotu1

730 

Ascomycota Ascomycota_unidentified Ascomycota_unident

ified 

Ascomycota_unidentifie

d 

Ascomycota_unidentified|SH16476

29.08FU 

1 

zotu1

738 

Ascomycota Dothideomycetes Pleosporales Pleosporales_unidentifi

ed 

Pleosporales_unidentified|SH16132

92.08FU 

1 

zotu1

739 

Ascomycota Dothideomycetes Capnodiales Capnodiales_unidentifie

d 

Capnodiales_unidentified|SH16271

83.08FU 

1 

zotu1

743 

Ascomycota Dothideomycetes Pleosporales Pleosporales_unidentifi

ed 

Pleosporales_unidentified|SH16370

49.08FU 

1 

zotu1

75 

Basidiomyco

ta 

Agaricomycetes Agaricales Tricholomataceae Delicatula_integrella|SH1567106.08

FU 

1 

zotu1

788 

Ascomycota Ascomycota_unidentified Ascomycota_unident

ified 

Ascomycota_unidentifie

d 

Ascomycota_unidentified|SH15635

70.08FU 

1 

zotu1

79 

Fungi_unide

ntified 

Fungi_unidentified Fungi_unidentified Fungi_unidentified Fungi_unidentified|SH2721242.08F

U 

1 

zotu1

797 

Ascomycota Pezizomycetes Pezizales Sarcosomataceae Plectania_campylospora|SH156434

5.08FU 

1 

zotu1

8 

Basidiomyco

ta 

Agaricomycetes Trechisporales Hydnodontaceae Hydnodontaceae_unidentified|SH15

55059.08FU 

1 

zotu1

806 

Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Capronia_unidentified|SH1565629.

08FU 

1 

zotu1

814 

Ascomycota Sordariomycetes Hypocreales Nectriaceae Cylindrocarpon_unidentified|SH154

8154.08FU 

1 

zotu1

823 

Ascomycota Sordariomycetes Hypocreales Hypocreales_unidentifie

d 

Hypocreales_unidentified|SH15486

35.08FU 

1 

zotu1

85 

Ascomycota Dothideomycetes Pleosporales Cucurbitariaceae Pyrenochaetopsis_leptospora|SH152

5086.08FU 

1 

zotu1

857 

Ascomycota Sordariomycetes Xylariales Vialaeaceae Vialaea_insculpta|SH1650456.08FU 1 

zotu1

890 

Basidiomyco

ta 

Agaricomycetes Trechisporales Hydnodontaceae Hydnodontaceae_unidentified|SH15

55065.08FU 

1 
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zotu1

915 

Ascomycota Ascomycota_unidentified Ascomycota_unident

ified 

Ascomycota_unidentifie

d 

Ascomycota_unidentified|SH15248

42.08FU 

1 

zotu1

928 

Basidiomyco

ta 

Tritirachiomycetes Tritirachiales Tritirachiaceae Tritirachium_cinnamomeum|SH334

0550.08FU 

1 

zotu1

96 

Basidiomyco

ta 

Agaricomycetes Trechisporales Trechisporales_unidenti

fied 

Trechisporales_unidentified|SH154

9725.08FU 

1 

zotu1

973 

Basidiomyco

ta 

Agaricomycetes Agaricales Tricholomataceae Camarophyllus_impurus|SH164626

2.08FU 

1 

zotu1

977 

Ascomycota Sordariomycetes Chaetosphaeriales Chaetosphaeriaceae Chaetosphaeria_unidentified|SH156

4780.08FU 

1 

zotu2

005 

Basidiomyco

ta 

Tremellomycetes Filobasidiales Piskurozymaceae Solicoccozyma_terricola|SH164926

8.08FU 

1 

zotu2

031 

Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Capronia_unidentified|SH1565629.

08FU 

1 

zotu2

070 

Rozellomyco

ta 

Rozellomycotina_cls_Inc

ertae_sedis 

GS11 GS11_unidentified GS11_unidentified|SH1566736.08F

U 

1 

zotu2

077 

Basidiomyco

ta 

Malasseziomycetes Malasseziales Malasseziaceae Malassezia_restricta|SH1515384.08

FU 

1 

zotu2

083 

Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Cladophialophora_unidentified|SH1

529599.08FU 

1 

zotu2

09 

Fungi_unide

ntified 

Fungi_unidentified Fungi_unidentified Fungi_unidentified Fungi_unidentified|SH2721242.08F

U 

1 

zotu2

104 

Ascomycota Orbiliomycetes Orbiliales Orbiliaceae Orbiliaceae_unidentified|SH151105

6.08FU 

1 

zotu2

131 

Glomeromyc

ota 

Glomeromycetes Glomerales Glomeraceae Glomeraceae_unidentified|SH15397

51.08FU 

1 

zotu2

16 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1523764.

08FU 

1 

zotu2

167 

Basidiomyco

ta 

Agaricomycetes Trechisporales Hydnodontaceae Luellia_cystidiata|SH1555060.08FU 1 

zotu2

185 

Basidiomyco

ta 

Agaricomycetes Cantharellales Tulasnellaceae Tulasnellaceae_unidentified|SH151

3940.08FU 

1 
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zotu2

188 

Basidiomyco

ta 

Agaricomycetes Cantharellales Tulasnellaceae Tulasnellaceae_unidentified|SH151

3940.08FU 

1 

zotu2

243 

Ascomycota Dothideomycetes Pleosporales Sporormiaceae Preussia_unidentified|SH1565537.0

8FU 

1 

zotu2

338 

Ascomycota Dothideomycetes Dothideomycetes_un

identified 

Dothideomycetes_unide

ntified 

Dothideomycetes_unidentified|SH1

515544.08FU 

1 

zotu2

387 

Basidiomyco

ta 

Basidiomycota_unidentif

ied 

Basidiomycota_unide

ntified 

Basidiomycota_unidenti

fied 

Basidiomycota_unidentified|SH151

6555.08FU 

1 

zotu2

398 

Basidiomyco

ta 

Agaricomycetes Polyporales Ganodermataceae Ganoderma_australe|SH1555642.08

FU 

1 

zotu2

414 

Ascomycota Archaeorhizomycetes GS31 GS31_unidentified GS31_unidentified|SH1658944.08F

U 

1 

zotu2

484 

Basidiomyco

ta 

Agaricomycetes Trechisporales Hydnodontaceae Trechispora_unidentified|SH155556

7.08FU 

1 

zotu2

528 

Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Capronia_unidentified|SH1565629.

08FU 

1 

zotu2

65 

Ascomycota Eurotiomycetes Chaetothyriales Chaetothyriales_unident

ified 

Chaetothyriales_unidentified|SH163

6084.08FU 

1 

zotu2

650 

Ascomycota Dothideomycetes Pleosporales Lophiostomataceae Lophiostoma_corticola|SH1560576.

08FU 

1 

zotu2

78 

Ascomycota Dothideomycetes Capnodiales Capnodiaceae Scorias_mangiferae|SH1549162.08

FU 

1 

zotu3

24 

Basidiomyco

ta 

Agaricomycetes Agaricomycetes_uni

dentified 

Agaricomycetes_uniden

tified 

Agaricomycetes_unidentified|SH15

64815.08FU 

1 

zotu3

42 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1560077.

08FU 

1 

zotu3

60 

Ascomycota Leotiomycetes Helotiales Helotiales_fam_Incertae

_sedis 

Chalara_angustata|SH1549498.08F

U 

1 

zotu4

26 

Glomeromyc

ota 

Glomeromycetes Glomerales Glomeraceae Glomeraceae_unidentified|SH15397

51.08FU 

1 

zotu4

3 

Ascomycota Saccharomycetes Saccharomycetales Saccharomycopsidaceae Saccharomycopsis_fibuligera|SH16

06066.08FU 

1 
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zotu4

32 

Ascomycota Eurotiomycetes Chaetothyriales Chaetothyriales_unident

ified 

Chaetothyriales_unidentified|SH163

6084.08FU 

1 

zotu4

70 

Glomeromyc

ota 

Glomeromycetes Glomerales Glomeraceae Glomeraceae_unidentified|SH15397

51.08FU 

1 

zotu5

0 

Ascomycota Dothideomycetes Dothideomycetes_un

identified 

Dothideomycetes_unide

ntified 

Dothideomycetes_unidentified|SH1

515544.08FU 

1 

zotu5

32 

Ascomycota Ascomycota_unidentified Ascomycota_unident

ified 

Ascomycota_unidentifie

d 

Ascomycota_unidentified|SH16144

80.08FU 

1 

zotu5

61 

Ascomycota Orbiliomycetes Orbiliales Orbiliales_unidentified Orbiliales_unidentified|SH1646679.

08FU 

1 

zotu5

62 

Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Capronia_unidentified|SH1565629.

08FU 

1 

zotu5

70 

Basidiomyco

ta 

Agaricomycetes Agaricomycetes_uni

dentified 

Agaricomycetes_uniden

tified 

Agaricomycetes_unidentified|SH15

15743.08FU 

1 

zotu5

87 

Ascomycota Eurotiomycetes Chaetothyriales Cyphellophoraceae Cyphellophora_gamsii|SH1636090.

08FU 

1 

zotu5

93 

Ascomycota Ascomycota_unidentified Ascomycota_unident

ified 

Ascomycota_unidentifie

d 

Ascomycota_unidentified|SH16476

29.08FU 

1 

zotu6

03 

Ascomycota Ascomycota_unidentified Ascomycota_unident

ified 

Ascomycota_unidentifie

d 

Ascomycota_unidentified|SH15167

86.08FU 

1 

zotu6

54 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1523764.

08FU 

1 

zotu6

63 

Ascomycota Geoglossomycetes Geoglossales Geoglossaceae Geoglossum_umbratile|SH1562958.

08FU 

1 

zotu6

77 

Ascomycota Leotiomycetes Helotiales Helotiaceae Phaeohelotium_unidentified|SH271

2288.08FU 

1 

zotu7

1 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1523530.

08FU 

1 

zotu7

11 

Ascomycota Leotiomycetes Helotiales Helotiales_unidentified Helotiales_unidentified|SH1523764.

08FU 

1 

zotu7

14 

Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Capronia_unidentified|SH1565629.

08FU 

1 
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zotu7

17 

Fungi_unide

ntified 

Fungi_unidentified Fungi_unidentified Fungi_unidentified Fungi_unidentified|SH1560081.08F

U 

1 

zotu7

19 

Ascomycota Sordariomycetes Xylariales Xylariales_unidentified Xylariales_unidentified|SH1647534.

08FU 

1 

zotu7

36 

Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Capronia_unidentified|SH1565629.

08FU 

1 

zotu7

48 

Fungi_unide

ntified 

Fungi_unidentified Fungi_unidentified Fungi_unidentified Fungi_unidentified|SH2740131.08F

U 

1 

zotu7

61 

Mortierellom

ycota 

Mortierellomycetes Mortierellales Mortierellaceae Mortierella_pseudozygospora|SH15

29195.08FU 

1 

zotu7

66 

Basidiomyco

ta 

Agaricomycetes Russulales Russulaceae Russula_unidentified|SH1524315.0

8FU 

1 

zotu7

82 

Fungi_unide

ntified 

Fungi_unidentified Fungi_unidentified Fungi_unidentified Fungi_unidentified|SH2740131.08F

U 

1 

zotu7

92 

Ascomycota Sordariomycetes Hypocreales Hypocreales_unidentifie

d 

Hypocreales_unidentified|SH15244

97.08FU 

1 

zotu8

28 

Ascomycota Dothideomycetes Pleosporales Pleosporales_unidentifi

ed 

Pleosporales_unidentified|SH15824

39.08FU 

1 

zotu8

46 

Ascomycota Sordariomycetes Hypocreales Clavicipitaceae Metarhizium_novozealandicum|SH

1552453.08FU 

1 

zotu8

77 

Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Capronia_unidentified|SH1565629.

08FU 

1 

zotu8

97 

Basidiomyco

ta 

Agaricomycetes Auriculariales Auriculariales_unidentif

ied 

Auriculariales_unidentified|SH1560

208.08FU 

1 

zotu9

0 

Basidiomyco

ta 

Tremellomycetes Tremellales Trimorphomycetaceae Saitozyma_podzolica|SH1565595.0

8FU 

1 

zotu9

37 

Ascomycota Pezizomycetes Pezizales Sarcosomataceae Plectania_campylospora|SH156434

5.08FU 

1 

zotu9

46 

Basidiomyco

ta 

Agaricomycetes Hymenochaetales Schizoporaceae Xylodon_brevisetus|SH1517836.08

FU 

1 

zotu9

52 

Ascomycota Eurotiomycetes Chaetothyriales Trichomeriaceae Brycekendrickomyces_acaciae|SH1

573318.08FU 

1 
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