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Abstract of a thesis submitted in partial fulfilment of the 

Requirements for the Degree of M.Sc. 

THE CONSERV ATION AND ECOLOGY OF 

ISCHNOCARPUS EXILIS AND 1. NOVAE-ZELANDIAE: 

TWO THREATENED NEW ZEALAND CRESSES 

By A.L. Miller 

Abstract 
Sixty-five percent of New Zealand's threatened plants are herbaceous, yet 

herbaceous species have received relatively little research attention. Very little 

experimental work is done to scientifically test hypotheses thought to be governing 

any threatened plant species in New Zealand. This study experimentally tested 

several hypotheses related to the restriction and decline of two of New Zealand's 

threatened herb species, Ischnocarpus exilis and 1. novae-zelandiae, in order to make 

recommendations for their conservation management. This was done with a 

glasshouse experiment, a series of field experiments, demographic monitoring and 

seed bank analysis. 

1. exilis is critically endangered and exists in only one small population.!. novae-

zelandiae has declined throughout its range and has disappeared from former habitat 

of tussock grassland. Both species are confined to marginal rock outcrop habitat, 

possibly due to competition from invasive weeds. 

A glasshouse competition experiment showed that the presence of Hieracium 

pilosella (mouse-eared hawkweed) at two different densities had a negative effect on 

Ischnocarpus germination, seedling survival, growth rate, and fecundity. Since 1. 

novae-zelandiae is found growing underneath tussock and shrub canopy in the 

northern-most portion of its range, I also tested for a facilitory effect of Festuca 

novae-zelandiae (hard tussock) on 1. novae-zelandiae to determine if a loss of 

tussock cover could also be important in the decline of the species. Germination of 1. 
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novae-zelandiae was favoured by the presence of F. novae-zelandiae, indicating that 

shelter from tussock canopy may be important for 1. novae-zelandiae establishment. 

A field experiment confirmed that weed competition had a negative effect on 1. exilis 

establishment with germination of experimentally sown seeds significantly higher in 

non-weedy habitat and higher in weeded plots in weedy habitat. This experiment, 

combined with seed bank analysis, also showed that the distribution of 1. exilis is 

limited by low se~d production and poor dispersal ability, and not by specific habitat 

requirements. Therefore, the management of weeds within the present habitat of 1. 

exilis is essential, as is the enhancement (introduction of additional 1. exilis plants) of 

the population to increase seed production, and reintroductions of populations in 

other locations. 

In a second field experiment, seeds were sown into different habitat types, and in 

weeded and non-weeded treatments within those habitats, to examine the effects of 

habitat type and weed competition on 1. novae-zelandiae establishment. Different 

factors were found to impact on 1. novae-zelandiae establishment depending on 

habitat conditions. In dry conditions, little establishment occurred in open modified 

tussock grassland habitat compared to adjacent sheltered rock outcrop habitat, 

suggesting that shelter was a prerequisite for establishment in dry conditions. In the 

sheltered conditions of rock outcrop habitat however, weed competition significantly 

decreased germination rates. Thus 1. novae-zelandiae may be limited by an inability 

to establish in open modified tussock grassland, and by weed competition within its 

current rock outcrop habitat. Demographic processes did not appear to limit natural!. 

novae-zelandiae popUlations, although when the habitat is highly weed-invaded, seed 

production may be lower. Regular demographic monitoring of populations of 1. 

novae-zelandiae throughout its range, and monitoring and control of weeds within 

those populations is required. 

Keywords 
Ischnocarpus exilis; 1. novae-zelandiae; threatened plants; refugia; weed 

competition; displacement; habitat; seed bank; New Zealand; establishment; rock 

outcrop; tussock grassland; facilitation; microhabitat; Hieracium pilosella 
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Chapter 1 Introduction 

Indigenous floras throughout the globe are threatened. In New Zealand, 

approximately 21 % of the vascular flora is under threat (de Lange et al., 1999), while 

in California 32.9% of the flora is in some way vulnerable (California Native Plant 

Society, 2001). The Hawaiian Islands are called the extinction capital of the world 

because of the tremendous rates of loss to both the native flora and fauna (Hawaii 

Biological Survey, 2001). On a global scale, Raven (1987) predicted that 25% of the 

world's vascular plant species would go extinct by 2040. The United States' 

Endangered Species Act of 1973 is based on the premise that species in danger of 

extinction due to human activities have aesthetic, ecological, educational, historical, 

recreational and scientific values that deserve protection (Rolston, 1991). Plants are 

essential to human life in terms of the basic necessities of food and shelter, and many 

are economically important. Ecologically, plants provide the basic needs of much of 

the earth's biota either directly or indirectly. Aesthetically, there is no replacement 

for the beauty and distinctive character provided by the vegetation of the different 

regions of the world. Morally, we have an obligation to reduce the loss of 

biodiversity from the earth's flora. 

Habitat loss, degradation and fragmentation are the primary threats facing 

plants worldwide (Raven, 1987; Noss et al., 2001; e.g. Schmeske, et al., 1994; 

Dopson et al., 1999; Myers, 2001). Habitat loss due to activities such as 

development, logging and agriculture directly destroy populations. Habitat 

degradation such as weed invasion or livestock grazing can have more insidious 

effects resulting in long-term decline that is often more difficult to detect (Noss et 

al., 2001). For example, reproductive capacity may be reduced due to competition 

for resources with exotic weeds, or through the loss of pollinators. The loss of native 

vegetation may disrupt the establishment of species that require cover for 

establishment (D' Antonio and Vitousek, 1991; Rosentreter, 1994; Walker andSmith, 

1997; Woods, 1997). Lower fecundity and reduced establishment will result in an 

aging population with less and less recruitment and eventual extinction. 

Many plant species are naturally rare; that is, have a naturally sparse 

distribution or exist at low population densities, because of narrow ecological 

tolerances that limit the habitat available to them (Gaston, 1997; Wolf et al., 1999; 
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Wolf and Harrison, 2001; Noss et ai., 2001). These natural rarities are often less 

vulnerable than species that have recently become rare due to human activities 

because they have had time to evolve adaptations to equip them for the problems 

accompanying small and isolated populations (Holsinger and Gottlieb, 1991; Wolf, 

2001; Noss et ai., 2001). However, habitat loss and fragmentation also compound the 

threats facing natural rarities, especially those that depend on specific habitats that 

are under threat (Wolf and Harrison, 2001). 

The set of problems contributing to the threatened status of an individual rare 

plant species is often unique, making generalisations about threatened plants difficult 

to make, and necessitating studies that investigate threatened plants on a case-by-

case basis (Fiedler, 1987; Holsinger and Gottlieb, 1991; Schmeske, et al., 1994). 

Some argue that such case studies do not further the advancement of general 

ecological theory (e.g. Kunin and Gaston, 1993). Others argue that this approach is 
• inefficient and costly, and call for a move towards conservation on an ecosystem 

level (Tear et ai., 1993; Hunter, 1991; Noss, 1991; Noss et ai., 2001). I agree that 

ecosystem level conservation is necessary, as the recovery of an individual species 

can not help but be related to the health of the community of which it is a part. 

Further, it is impractical to develop management plans for every threatened plant 

species in the world, and with an ecosystem approach, is unnecessary to do so (Tear 

et ai., 1993; Hunter, 1991; Noss, 1991; Noss et ai., 2001). However, ecosystem and 

species level conservation should not be either/or, but both (Noss et ai., 2001). 

Ecosystem level approaches will not meet the requirements of the most threatened 

species (Hunter, 1991; Noss et ai., 2001), and in depth biological studies of 

individual species are fundamental for developing restoration techniques, and for 

understanding the processes governing rare species (Bevill and Louda, 1999). 

Understanding the threats facing an individual species within a particular ecosystem 

can also help to provide clues for the management of a suite of species with similar 

life-history types within that ecosystem. 

This thesis describes a study designed to evaluate the threats facing two 

endemic New Zealand herb species, Ischnocarpus novae-zeiandiae and 1. exiiis 

(Brassicaceae), in order to provide recommendations for their conservation 

management. Although the study is specific to these two herbs, the threats facing 

them may be relevant to other native herbs in dry rocky habitats of eastern South 

Island, New Zealand, and processes relevant to threatened floras worldwide, such as 
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weed invasion and competitive displacement, seed limitation, habitat effects, and soil 

seed bank dynamics. The remainder of this Introduction will provide a general 

background of threatened plant research and the specific areas investigated in this 

study: weed competition, habitat effects and soil seed banks. It will then examine 

threatened plants and threatened plant research in New Zealand. Finally it will 

discuss the details of this study, including the specific aims and objectives. Chapter 

two provides a background of the biology, distribution, habitat, conservation status 

and threats of the two species. The third, fourth and fifth chapters describe the 

experiments of this study, and are presented as scientific papers to be submitted to 

journals, hence some stylistic differences between the chapters. The final chapter is a 

general discussion of the entire study with implications for the management of the 

two species. 

Threatened Plant Research 

To maximise conservation benefits, Schemske et al. (1994) advocate a 'top-down' 

approach to threatened plant research. First, the current biological status of the 

threatened species must be determined to decide whether populations are in decline, 

stable or increasing. Then, the life-history stages that have the greatest impact on 

population growth must be determined. Finally, the factors that will affect those life-

history stages must be examined (Schemske et al., 1994). To determine the 

biological status of the species and to identify critical life-history stages for 

population growth and persistence requires demographic monitoring of several 

populations whereby repeatable measurements of individuals of a population are 

taken over time (Fiedler, 1987; Pavlik and Barbour, 1988; Schmeske et al., 1994; 

Pavlik, 1994; Bevill and Louda, 1999). 

However, this is not always a feasible approach, as it requires several 

seasons of data collection to acquire an accurate representation of natural population 

fluctuations. When time is an issue, field observations and anecdotal evidence may 

be necessary to decide which life-history stages are most likely to be limiting 

(Schemske et al., 1994). Recruitment processes, including seed bank dynamics, 

germination, and seedling establishment, are frequently considered of critical 

importance for maintaining plant populations (Harper, 1977; Hamrick and Lee, 1987; 

Parker et al., 1996; Morgan, 1997; Fischer and Matthies, 1998; Foster, 1999; Nash 

Suding and Goldberg, 1999). Accordingly, recruitment phases are often the focus of 
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threatened plant research. Reproductive capacity is also fundamental for the 

maintenance of plant populations, and many threatened plant studies investigate 

fecundity and its probable limitations (e.g. Pavlik et al., 1993b; Pantone et al., 1995; 

Oostermeijer et al., 1998; Kery et al., 2000; Colas et al., 2001; Wolf and Harrison, 

2001; Wolf, 2001). 

Many factors may limit the maintenance and growth of plant populations, 

including intrinsic factors due to the unique biology of the particular species, or 

extrinsic factors imposed on the population such as weed competition (Pavlik and 

Manning, 1993; Pavlik et al., 1993b; Schmeske, et al., 1994). Identification of both 

intrinsic and extrinsic limitations are essential for designing appropriate management 

and restoration strategies (pavlik et al., 1993b). 

Experiments 

Experimental demographic studies are a powerful tool used to identify factors and 

life history stages limiting threatened plants (e.g. Pavlik et al., 1993a; Pavlik and 

Manning, 1993; Huenneke and Thomson, 1995; Helenurm, 1998; Kluse and Doak, 

1999). These studies allow for the effects of limiting factors such as habitat 

parameters and weed competition on different life-history stages to be tested. A 

common method for carrying out such studies is sowing seed (Pavlik et al., 1993a; 

Pavlik and Manning, 1993; Fischer and Matthies, 1998; Helenunn, 1998; Foster, 

1999) and/or planting seedlings (Morgan, 1997; Foster, 1999; Kluse and Doak, 1999) 

into different habitat conditions with different treatments imposed (e.g. weeding, 

discing, clipping), and then monitoring establishment and fecundity of the sown or 

planted individuals. Another option is to impose treatments on natural populations 

and then demographically monitor seedling establishment, growth, survival and 

reproduction (Gurevitch, 1986; Huenneke and Thomson, 1995). 

The advantages to sowing seed or planting transplants include greater 

control to manipulate experimental conditions, and an avoidance of ethical problems 

that arise when natural processes in a threatened plant population are disrupted 

(Kluse and Doak, 1999). The advantage to manipulating natural populations is that a 

more relevant understanding of processes affecting natural population processes is 

provided; however, the researcher is then limited about where experiments can occur, 

and does have to consider the ethical issues mentioned above (Huenneke and 

Thomson, 1995). 
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Competition 

Weed invasions threaten native plants worldwide (D' Antonio and Vitousek, 1991). 

Weed invasion can directly displace species through competition, and it can also alter 

ecosystem processes such as biotic interactions (e.g. facilitation, pollination), change 

community structure, or disrupt disturbance regimes (D' Antonio and Vitousek, 1991; 

Rosentreter, 1994; Walker and Smith, 1997; Woods, 1997). Weed competition is 

often blamed for the displacement of rare species from productive habitats into 

unproductive refugia (Gankin and Major, 1964; Gurevitch, 1986; Huenneke et al., 

1990; Gilfedder and Kirkpatrick, 1993; Greenlee and Calloway, 1996; Escudero et 

al., 1999; Foster, 1999; Hamilton et ai., 1999). 

Weed invasion and other habitat changes may have more far-reaching 

effects than direct competitive displacement (D' Antonio and Vitousek, 1991). The 

loss of shelter provided by native plant canopy such as tussock grasses and shrubs 

which may play important roles in the recruitment and/or survival of native species 

(Scott, 1961; Pilhlsson, 1974; O'Connor, 1986; Greenlee and Calloway, 1996), may 

contribute further to species decline, and may prohibit reintroduction following 

simple weed removal. Understanding these other interactions between threatened 

species and their environment is essential for restoration to be successful (Carlsen et 

ai., 2000). 

To test for possible competitive effects governing rare species, glasshouse 

or garden competition experiments testing the relative competitive ability of two or 

more species, or testing the impacts of one species on another are employed (e.g. 

Gilfedder and Kirkpatrick, 1993; Huenneke and Thomson, 1995), as are field 

experiments that manipulate the existing vegetation either via removal experiments 

alone, or in combination with additions (e.g. Gurevitch, 1986; Pavlik et al., 1993a; 

Huenneke and Thomson, 1995; Morgan, 1997; Fischer and Matthies, 1998; Foster, 

1999). 

Studies of competition can be approached in many different ways, all of 

which have inherent limitations which I will not consider in detail here (see Connell, 

1983; Schoener, 1983; Tilman, 1987; Aarssen and Epp, 1990; Snaydon, 1991; 

Goldberg and Barton, 1992; Gibson et al., 1999; Freckleton and Watkinson, 2000; 

for reviews). 
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There are two basic designs for glasshouse competition studies (although 

there are many variations on these): 1. Replacement designs, and 2. Additive designs 

(Snaydon, 1991). In replacement designs, a constant density is maintained while the 

proportions of the component species are varied. In additive designs, the density of 

the target species remains constant while the density of the other species is varied. 

Replacement designs (also known as de Wit series designs), have tniditionally been 

the design of choice for competition experiments (Snaydon, 1991; Gibson et ai., 

1999). However, i,ssues over interpretation of results and validity of statistical 

analysis have led to much criticism of this design in recent years, and it is now not 

recommended (e.g. Snaydon, 1991; Gibson et ai., 2000; Freckleton and Watkinson, 

2000). Additive designs, though they also have been criticised, are considered more 

appropriate (Snaydon, 1991; Gibson et ai., 2000; Freckleton and Watkinson, 2000). 

Since confounding factors can be more easily controlled in the glasshouse, 

glasshouse experiments are a powerful tool for isolating species interactions, and 

provide a good initial test of whether such interactions are occurring (Gibson et ai., 

1999). However, since the glasshouse is an artificial, controlled environment, the 

results of these experiments can not be directly applied to field conditions (Huenneke 

and Thomson, 1995; Gibson et ai., 1999; Freckleton and Watkinson, 2000), and thus 

are ideally carried out in conjunction with field experiments (Gibson et ai., 1999). 

A problem with any field experiment is the level of nafural site variability 

between treatments and replications (Connell, 1983; Schoener, 1982; Aarssen and 

Epp, 1990). Regardless of the care taken to minimise such variability when 

establishing experiments, it invariably exists, and contributes unknown confounding 

factors into the experiment (Aarssen and Epp, 1990). Further, ideal site conditions 

are usually difficult to locate in the field, and compromises are required. Replication 

may be necessarily limited due to limited space available at the experimental site, 

which lessens the power of the experiment to detect significant results. Natural site 

variability combined with low replicates will lessen statistical power even further. 

Removal experiments have their own set of problems. The removal of 

vegetation can alter soil moisture, while the disturbance of the soil when vegetation 

is mechanically removed causes a transitory release of nutrients (Aarssen and Epp, 

1990). This can be overcome with the use of an additional soil disturbance treatment 

to isolate the effects of soil disturbance and the removal of competitors. 

Alternatively, vegetation may be clipped at ground level, but this will not control for 
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competition below the soil surface, and may actually increase competition as the 

clipped plants utilise extra resources in the recovery effort (Aarssen and Epp, 1990). 

Herbicides may be used but run the risk of contamination and affecting species other 

than the target (Aarssen and Epp, 1990). 

Habitat Effects 

The current distribution of threatened plant species is not necessarily a reflection of 

their preferred habitat for reasons such as competitive displacement, habitat loss and 

browsing pressure (Dopson, et al., 1999; Kluse and Doak, 1999). Many threatened 

species may persist in suboptimal habitats in which their fitness is impaired, and 

where conservation efforts will not be particularly useful in the long term (Morgan 

and Norton, 1992; Dopson et ai., 1999; Kluse and Doak, 1999). If the goal of 

restoration is to ensure the highest probability of long-term persistence and viability 

of threatened species (Pavlik, 1994), knowledge of the effects of habitat conditions 

on the performance of threatened species is critical. Such knowledge will allow for 

decisions to be made about where conservation efforts would best be directed, and 

allow for selection of sites where additional populations might be established if 

necessary (Helenurm, 1998). Many threatened plant studies have examined the 

effects of habitat conditions on species success (e.g. Gurevitch, 1986; Pavlik et ai., 

1993a; Pavlik and Manning; Huenneke and Thomson, 1995; Helenurm, 1998; 

Morgan, 1997; Fischer and Matthies, 1998; Oostermeijer et al., 1998; Foster, 1999; 

Kluse and Doak, 1999, Wolf and Harrison, 2001; Wolf, 2001). 

Understanding the processes regulating populations within current habitat 

conditions is also fundamental, especially when species are suspected to be restricted 

to marginal habitats (Kluse and Doak, 1999). If species that have already been 

displaced are under threat from weeds or other factors within their remaining habitat, 

they are at real risk of extinction, as they may have no remaining refugia. 

Seed Banks 

Soil seed banks are an important component of population recruitment, as they 

represent a reserve of potential regeneration that can buffer the small populations of 

threatened plants (Harper, 1977; Parker et ai., 1989; Pavlik et ai., 1993b; Kalamees 

and Zobel, 1997). Most small-se~ded species produce a persistent (i.e. lasting longer 

than one year) seed bank (Grime, 1976), as do longer-lived species characteristic of 
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harsh environments in which opportunities for recruitment are limited (Grime, 1976; 

Wolf et al., 1999). Many studies of threatened plants include an investigation of seed 

bank dynamics (Pavlik and Barbour, 1988; Williams, 1992; Gilfedder and 

Kirkpatrick, 1993; Pavlik et al., 1993b; Fischer and Matthies, 1998). 

The soil seed bank can also be an important tool for restoration and 

management of rare plants (Keddy et al., 1989; Parker et al., 1989; van der Valk and 

Pederson, 1989). Soil seed banks can be managed to control unwanted weeds or to 

manage populations of rare plants, or both together (Keddy et al., 1989). Knowledge 

of the germinable seed of unwanted weed species present in the soil is important as 

weeds may dominate the germination phase of the threatened species (Gilfedder and 

Kirkpatrick, 1993). 

Seed bank studies may be carried out using two different methods: direct 

counting of seeds in the soil sample, or by recording seedling emergence from the 

soil sample (Simpson et al., 1989). Direct counting techniques do not distinguish 

viability, pose problems with the identification of species and are tedious (Simpson 

et al., 1989). Seedling emergence techniques are more commonly used as they are 

less tedious, allow for an estimation of viable seeds, and allow for much easier 

identification of species in the sample (Simpson et al., 1989). However, since 

conditions for emergence may not favour all species in the sample, or the timing of 

soil collection may miss certain species, seedling emergence techniques may 

underestimate the extent of the soil seed bank (Parker et al., 1989; Simpson et al., 

1989). 

New Zealand's Threatened Plants 

New Zealand supports a highly unique flora, with more than 80% endemism at the 

species level. Since human arrival, first by Polynesians in c 1200 AD followed by 

Europeans in the mid-1800s, this unique flora has undergone massive changes. 

Repeated burning of the land and the introduction of grazing followed by increased 

agricultural and urban development has dramatically fragmented the landscape. As in 

most of the world, modification and fragmentation of the landscape has resulted in a 

threatened status for nearly a quarter of New Zealand's indigenous vascular flora (de 

Lange et al., 1999; Dopson et al., 1999). Habitat loss is the primary threat to New 

Zealand's flora (78%), while browsing (64%) and weed encroachment (59%) are 

cited as the second and third most significant threats (Dopson et al., 1999). 
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Published studies on the biology and conservation of New Zealand's 

threatened plant species are relatively few; perhaps because the degree of threat 

facing many taxa is not known (de Lange et al., 1999). Published studies that have 

been done tend to focus on woody shrubs (Pittosporum obeorda.tum, Clarkson and 

Clarkson, 1993; Heliehrysum dimorphum, Given and Pavlik, 1994; Olearia heetori, 

Rogers, 1996; Chordospartium muritai, Williams, et al., 1996; Kowhai knutukaka, 

Shaw and Bums, 1997; Hebe eupressoides, Widyamotoko and Norton, 1997; 

Teueridium parviflorum, Boot, 1998). Published studies on threatened herbaceous 

plants are especially few (Carex inopinata, Morgan and Norton, 1992; Seutellaria 

novae-zelandiae, Williams, 1992; Australopyrum ealeis, Molloy, 1994) despite the 

fact that herbaceous plants (dicot herbs, grass, orchids, sedge, rushes, monocot herb) 

comprise 65% of New Zealand's threatened plant taxa (de Lange et al., 1999). 

New Zealand Threatened Plant Research 

Most threatened plant studies in New Zealand are descriptive studies wherein 

historical records are revisited, and population structures and habitat characteristics 

are recorded (e.g. Williams, 1992; Clarkson and Clarkson, 1994; Molloy, 1994; 

Rogers, 1996; Shaw and Bums, 1997; Widyatmoko and Norton, 1997; Boot, 1998). 

Some of these studies have included seed bank analysis (Williams, 1992; Williams et 

al., 1996; Boot, 1998), and others have investigated seed viability and germination 

requirements (Rogers, 1996; Williams et al., 1996). Many of these studies point to 

regeneration failure as a major limitation in the growth of New Zealand's threatened 

plant populations due to a lack of seedlings or juveniles observed in the wild. Seed 

viability studies indicate that often seed production and viability is not limiting, but 

that germination and successful seedling establishment in the wild is (Williams, 

1992; Rogers, 1996; Williams et al., 1996; Boot, 1998). This lack of recruitment in 

the wild is usually hypothesised to be a result of competition with exotics and lack of 

suitable establishment sites due to habitat loss (Williams, 1992; Rogers, 1996; 

Williams et al., 1996; Widyatmoko and Norton, 1997; Boot, 1998), but without 

experimental tests designed to test the effects of weed invasion or microhabitat on 

recruitment, this will remain speculation. 

Threatened plant research in New Zealand is dominantly descriptive because 

the conservation of our flora is relatively new (Neill Simpson pers. eomm.). The 

degree of threat facing many species is unknown (de Lange et al., 1999); indeed, the 
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taxonomic status of at least 22% of our threatened plants is unknown (Dopson et al., 

1999). Descriptive work such as field surveys and habitat descriptions are a 

necessary first step in determining the current extent and abundance of presumably 

threatened species, and, if they do appear to be threatened, in forming hypotheses 

explaining their decline and restriction. However, demographic and experimental 

studies are required to test these hypotheses. 

Weed encroachment is included among the threats facing 59% of New 

Zealand's threatened flora (Dopson et al., 1999). As in other parts of the world, 

competition with- weeds is often blamed for the displacement of threatened species 

from productive habitats into unproductive refugia in New Zealand (Morgan and 

Norton, 1992; Williams, 1992; Molloy, 1994; Given, 1998; Walker, 2000). Without 

specific testing, this hypothesis remains speculation based on observations of 

distribution patterns. 

This Study 

Here I report on a combination of experimental and demographic methods used to 

test hypotheses regarding the restricted distribution of two of New Zealand's 

threatened herb species, Ischnocarpus novae-zelandiae and l. exilis (Brassicaceae). 

Both species are endemic to the South Island and persist in unproductive rock 

outcrop habitats, possibly due to weed competition. The study was designed to 

examine the factors considered most relevant for the conservation of these two 

threatened species based on recent surveys of historical records (Wardle, 1999; 

Wardle, 2000), field observations and discussions at an informal Department of 

Conservation recovery group meeting for the species (Appendix 1). 

1. novae-zelandiae 

l. novae-zelandiae is found from Marlborough to Southland in a range of different 

habitat types, from skeletal soils on rocky ledges to mountain beech forest to 

subalpine grasslands (Appendix 2). However, it is nearly always associated with rock 

outcrops. Do these outcrops represent refugia from weed competition, or are they the 

preferred habitat for I. novae-zelandiae? In Marlborough, l. novae-zelandiae is found 

growing under native shrubs and tussocks (Department of Conservation, 2000) 

suggesting a possible facilitative relationship between tall native plant cover and I. 

novae-zelandiae establishment or survival. 
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I. exilis 

The sole population of 1. exilis consists of c 35 plants on a limestone tower in the 

Waitaki Valley, South Canterbury. Records indicate that it has occurred elsewhere in 

the past, but was never widespread (Molloy et ai., 1999). Weeds from surrounding 

pasture have invaded and altered much of this tower, and are presumed to be 

responsible for restricting 1. exilis to the relatively weed-free area where it is found. 

However, weed competition does not explain why 1. exilis is not more widespread 

throughout the weed-free area. There are two likely explanations for this: either seed 

is not reaching unoccupied suitable habitat (due to poor dispersal, low seed 

production, seed predation, etc), or the current population exists in the only suitable 

habitat on the tower. It is unlikely that the habitat requirements of 1. exilis are 

specific to the small area that the population occupies, as this site is not obviously 

different from others parts of the weed-free portion of the tower. Since the 

population is so small, and since 1. exilis has no dispersal adaptations, it is more 

likely that seed is simply not reaching unoccupied suitable habitat due to low seed 

productivity combined with limited dispersal. 

Study Design 

The central theme investigated in this thesis was the effects of weed competition on 

Ischnocarpus distribution both in terms of competitive displacement from a more 

favourable habitat, and in terms of competition within the current habitat as a further 

threat to the species conservation status. To initially determine whether weed 

competition is a possible mechanism in the displacement of Ischnocarpus 

populations from more productive habitats, I tested whether competition with 

Hiercacium pilosella (mouse-eared hawkweed) affected germination, seedling 

survival, growth rate, and fecundity of 1. novae-zelandiae and 1. exilis in a glasshouse 

experiment. Because the loss of tussock cover could also be important in the decline 

of the 1. novae-zelandiae, I also tested for a facilitory effect of Festuca novae-

zelandiae (hard tussock) on 1. novae-zelandiae in the glasshouse. I used an additive 

design wherein the density of Ischnocarpus was kept constant while the density of 

the competing species was Varied, and where the performance of different life-stages 

of Ischnocarpus was measured over time. 
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Aim and Objectives 

General Aim 

The general aim of this study was to evaluate factors contributing to the decline and 

restriction of 1. novae-zelandiae and 1. exilis in order to provide recommendations for 

the conservation and management of these threatened species. 

Glasshouse experiment 

Aim: To determine whether weed competition is a possible mechanism in 

the displacement of Ischnocarpus populations from more productive habitats. 

Specific Objectives: 

1. To determine whether competition withBieracium piloseUa affected 

germination, seedling survival, growth rate, and fecundity of 1. novae-

zelandiae and 1. exilis in the glasshouse. 

n. To determine whether hard tussock (Festuca novae-zelandiae) had a 

facilitative effect on 1. novae-zelandiae germination rate, seedling growth rate 

and survival, and fecundity level to determine if a loss of tussock cover could 

also be important in the decline of the species. 

Field Experiment: 1. exilis 

Aim: To investigate factors contributing to the restricted distribution of 1. 

exilis, notably, the effects of weed competition on recruitment, and failure of seed to 

reach suitable habitat. 

Specific Objectives: 

1. To evaluate three hypotheses that might account for the limited distribution 

of 1. exilis: 

1. Exotic weeds exclude 1. exilis from areas dominated by weeds. 

2. 1. exilis is restricted to its present site due to a lack of seed 

reaching suitable habitat (due to low seed production and limited seed 

dispersal). 
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3. The present population exists in the only suitable habitat 

available. 

Field Experiment: 1. novae-zelandiae 

Aim: To investigate factors contributing to the restricted distribution of 1. 

novae-zelandiae, notably, the effects of weed competition and habitat on recruitment. 

Specific Objectives: 

I. To determ.lne whether weed competition has displaced 1. novae-zelandiae 

from former habitats, such as tussock grassland, to rock outcrop refugia, and 

to determine whether weed competition limits establishment within the 

current rock outcrop habitat of 1. novae-zelandiae. 

IT. To examine the effects of habitat type on establishment of 1. novae-

zelandiae. 

ill. To assess if demographic processes such as seed production, seed bank 

dynamics and mortality limit natural population maintenance and growth. 
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Chapter 2 Background 

Ischnocarpus novae-zelandiae (Hook. f.) Shulz and 1. exilis (Heenan) are the only 

two members of the endemic New Zealand genus Ischnocarpus (Brassicaceae). The 

genus was considered monotypic until 1999, when 1. exilis was described by Molloy 

et al., (1999). Both species are restricted to dry rocky areas in the east of the South 

Island. Both are rosette forming, taprooted, perennial herbs. 

I. novae-zelandiae 

Biology 
1. novae-zelandiae is a small to large (up to 50cm tall) herb (Figure 1). Basal leaves 

are up to lOcm long, spathulate, entire to pinnatifid or pinnatisect, and covered in 

stellate hairs. Flowers are small and white and borne on racemes up to 50 cm long. 

Fruit are long narrow glabrous siliques that bear many small brown seeds that are 

most likely gravity and wind-dispersed. Flowering occurs from September to 

February and fruiting from October to March. Plants in cultivation are larger, 

produce more seeds and flower longer than in the wild (Molloy et al., 1999). 

Field observations indicate that flowering and fruit production are high. 

Plants at Mt Somers, Canterbury produce c 65 seeds per pod (K€nnedy Lange, pers. 

comm.). Seedling production in the wild varies, in some sites seedlings are virtually 

never observed (Kennedy Lange, pers. comm.; pers obs.) and the absence of young 

plants indicates recruitment may be a limiting factor in population growth at these 

sites. However, in other sites (e.g. Wye Creek, Queenstown and Diamond Lake, 

Wanaka) thousands of newly emerged seedlings have been observed (Neill Simpson 

pers. comm.; pers. obs.), but how many of these reach maturity is unknown. 

A limited weeding exercise at Mt. Somers showed that seedling production 

was high following weed removal (57 seedlings emerged within one month of 

weeding), while areas that were not weeded yielded no seedlings (Kennedy Lange, 

pers. comm.). However, the unweeded area had low weed abundance anyway, and 

whether the burst of seedling emergence was due to weed removal or due to soil 

disturbance is unclear (Kennedy Lange, pers. comm.). Other observations of 

seedlings have indicated that plants seem to remain in the seedling stage for up to 
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A. 

B. 

Figure 1. Ischnocarpus novae-zelandiae. A. Plant growing in the shelter of a rock at 
Wye Creek, Queenstown (circled). B. Several plants in duff underneath Hebe shrubs 
at Mt Somers, Canterbury. (A. Miller). 
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several years until triggered by some optimal condition (Peter Heenan, pers. comm.; 

Neill Simpson, pers. comm.). Similarly young plants have been observed to remain 

in a non-producti ve state for several years (Kennedy Lange, pers. comm.). 

Distribution 
Allen (1961) describes the habitat of I. novae-zelandiae as lowland to higher 

montane tussock-grassland, bare places, and unstable screes, from latitude 4(30' to 

45° 30', east of the main di vide. Wardle (1991) describes I. novae-zelandiae as a 

'characteristic though seldom abundant crucifer of inland grassland ... which grows 

mainly among rocks and shrubs ... ' (p249). Herbarium records show the species 

occurring from Marlborough to Southland, although the stronghold for the 

population has always been central Otago. 

Recent survey work in Canterbury has shown the species has disappeared 

from two of three Historic Record sites visited in the Mackenzie Basin (Wardle, 

2000). Currently only one moderately healthy population occurs in Canterbury at Mt. 

Somers, and this population consists of only c 69 plants (Figure 2). Other populations 

in Canterbury are dangerously small (1-7 plants), and are all threatened by invasion 

of Hieracium pilosella (mouse-eared hawkweed), and other weeds taking over the 

habitat (Wardle, 2000; pers. obs.). 

Figure 2. The largest of the Mt Somers populations of I. novae zelandiae. 
This population is growing under an overhanging rock bluff in the shelter of Hebe 
rakaiaensis shrubs. (A. Miller). 
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Three of ten Historic Records in Marlborough were examined in 1997.1. 

novae-zelandiae was no longer present at one of these sites (Department of 

Conservation, 1997). There is a population of >100 plants at Boundary Stream in 

Marlborough which is being monitored (Department of Conservation, 2000), as well 

as a population of four plants at Blinkers Saddle (Department of Conservation, 

1997). 

The stronghold of the species is in the WanakaiQueenstown area of Otago. 1. 

novae-zelandiae was present at six of seven Historic Records in the Wanaka area 

visited in 1999, while three new sites were found as well (Wardle, 1999). However, 

these populations all tend to be fairly small (Appendix 2). In Queenstown, two large 

populations exist in the Wye Valley. One is under mountain beech forest and consists 

of c 200 plants. The other was found recently (summer 2001) by Peter Heenan is in 

subalpine grassland at an altitude of 1120m. This population is remarkable in size, as 

well as the size and vigour of the plants (Figure 3). Survey work explicitly for new 

populations of 1. novae-zelandiae has not been done, and it is likely that such 

searches would yield more populations in the WanakaiQueenstown area. 

A summary of survey work for 1. novae-zelandiae shows evidence of decline, 

with the species disappearing from several of its Historic Record sites. The absence 

of 1. novae-zelandiae in its former, more productive habitat of tussock grassland and 

current distribution nearly always associated with rock outcrops, suggests that the 

species has been driven from more productive habitat by weed invasion. In the harsh 

conditions of rock outcrops, it can avoid competition from the Hieracium and exotic 

pasture grasses which have invaded its former habitat, but often at the cost of a 

marginal existence where the plants remain small, with relatively low productivity. 

And since Hieracium is now moving into these dry rocky habitats, and is present in 

the vicinity of nearly all recently visited 1. novae-zelandiae sites (Wardle, 1999; 

Wardle, 2000; pers. obs.), further displacement is a very likely scenario. 

Habitat 

Although predominately associated with rock outcrops, 1. novae-zelandiae has a 

wide geographic distribution in a variety of habitat situations, from low to high 

altitude, and from closed forest canopy to subalpine grassland. Habitat in 

Marlborough is different from that generally found in Canterbury and Otago, in that 
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A. 

B. 

Figure 3. The I. novae-zelandiae population in subalpine grassland, upper Wye 
Valley, Queenstown (altitude = 1120m). A. The population extends approximately 
40m along a large south-facing bluff. The circle in the foreground and the arrows in 
the background point to large clusters of I. novae-zelandiae plants. B. Close-up of 
one of these clusters. The high seed-production of this population is evidenced by the 
abundance of brown, dried inflorescences. (A. Miller). 
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the plant is found growing under the canopy of other plants (Department of 

Conservation, 2000), while in Canterbury and Otago, it is nearly always found 

growing in the shelter of rock overhangs. In general, the current habitat of l. novae-

zelandiae is in dry skeletal soils in the shade of south-facing bluffs where other 

vegetation is sparse. It also is found growing in crevices and clefts on south-facing 

bluffs. 

Conservation Status and Threats 

l. novae-zelandiae was listed as Endangered on the 1995 New Zealand Threatened 

Plant List (Cameron et al., 1995), but was relisted as naturally sparse on the 1999 list 

(de Lange et al., 1999). However, when threat assessment criteria were applied to 1. 

novae-zelandiae using the results of survey work and other field observations, it 

received a classification of Endangered. Under the current Department of 

Conservation classification scheme for threatened species, l. novae-zelandiae is 

listed as a category B threatened plant (second highest priority for conservation 

action). Under the new scheme ranking system, which has not yet been published, it 

is listed as Gradual Decline, this will be discussed further in Chapter 6. 

The most significant threat facing l. novae-zelandiae appears to be weed 

invasion into its habitat, notably by Hieracium lepidulum and H. pilosella. Small 

population size is also a threat, with many populations of less than ten plants, which 

are unlikely to be sustainable. 

Cultivated plants are susceptible to white rust (Albugo candida), which 

threatens other cress species in the wild (Dopson, 2000). White rust has been 

observed badly infecting one plant at one location in the field (Te Haka, Queenstown 

population, pers. obs. 7-12-00), but due to the dry conditions of most populations, 

rust is unlikely to be a threat. Aphids have also been observed infesting plants in the 

wild (Wardle, 2000; pers. obs.), but do not appear to cause mortality. The lack of 

browse even when plants are accessible to stock or feral animals has been noted by 

several observers (Wardle, 2000; Peter Heenan pers. comm.), indicating that 

browsing itself is not likely to be a threat. 
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A. 

B. 

Figure 4. Ischnocarpus exilis at Awahokomo. A. Close-up of the rosette. B. Several 
plants with flower stalks. (1. Barkla). 
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I. exilis 

Biology 

l. exilis is a small (up to lOcm tall) herb, notably different from l. novae-zelandiae in 

its smaller and slender stature in all features (Molloy et al., 1999) (Figure 4). Basal 

leaves are up to 2cm long, entire to pinnatifid or pinnatisect, and covered in stellate 

hairs (becoming glabrous with age). Flowers are small and white and borne on 

racemes 4-10cm long. Fruit are narrow, glabrous siliques which produce many small, 

brown seeds that are most likely gravity and wind-dispersed. Flowering occurs in 

November with fruiting and seed dispersal in December. For a complete description, 

and distinguishing features from l. novae-zelandiae, see Molloy et al., (1999). Wild 

plants produce 3-10 fruits per plant are estimated to produce 300-500 seeds per plant 

(Molloy et al., 1999). 

In cultivation l. exilis grows much larger and produces copious viable seed 

that germinates readily (about 10 days) (Molloy et al., 1999; pers. obs.). Like l. 

novae-zelandiae, l. exilis is prone to attack by white rust (Albugo candida) in 

cultivation (Molloy et al., 1999; pers. obs.). 

Distribution 

The current distribution of l. exilis consists of one population on a limestone tower in 

an area called the 'Awahokomo Karstland' on the true left of Awahokomo Creek, 

Waitaki Valley, South Island (44°4i S, 1700 23'E) (Figure 5). Herbarium records 

indicate that the species was never widely distributed, with a historic distribution in 

the Waitaki Valley, near Oamaru and inland Otago on dry shallow soils (Molloy et 

al., 1999). These herbarium records are unfortunately very general, and no extensive 

surveys for l. exilis in the vicinity of these records or elsewhere have occurred. 

Habitat 

The climate of the Waitaki Valley is semi-arid with a mean annual rainfall of 

639.5mm and mean annual temperature of 11.1 °C (1908-2000, New Zealand 

Institute of Water and Atmospheric Research). The geology of the Awahokomo 

Karstland is Oligocene age Oteike limestone, which is yellow, course-textured, free 
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Figure S. Location of the 'Awahokomo karsland', Waitaki Valley, South Island, 

New Zealand. Study site is circled. 
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A. 

B. 

C. 

Figure 6. A. The 'Awahokomo karstland', Waitaki Valley, South Canterbury. (N. 
Head). B. The limestone tower on which I. exilis is found. (N. Head). C. The 1m2 
area of the I. exilis population site, with a circled I. exilis plant. (A. Miller). 
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draining and rich in marine fossils (Molloy et aI., 1999). The tower on which 1. exilis 

occurs is c 100m long and is composed of three main 'plateaux of c 15m wide 

connected by narrow ridges (Figure 6). The southern half of the tower is a mixture of 

shallow skeletal rendzina and unweathered parent material with potholes and 

crevices, and gullies of limestone colluvium that all support a unique suite of native 

species, many of which are endemic to the tower (Molloy et al., 1999). This southern 

half of the tower is rich in native species of low biomass, resulting in a sparse 

vegetative cover. The northern end of the tower has a high vegetative cover 

dominated by the' exotic weeds Sedum acre (stonecrop), Hieracium 

pilosella (mouse-eared hawkweed), Dactylis glome rata (cocksfoot) and Trifolium 

subterranean (subterranean clover) (see Chapter 3, Figure 2). Accompanying the 

weed invasion in the northern portion of the tower has been an increase in organic 

matter, resulting in more developed soils in this part of the tower. See Molloy et al. 

(1999) for a complete flora of Awahokomo. 

Conservation Status and Threats 

1. exilis is listed as critically endangered (de Lange et al., 1999). It is one of the most 

endangered plants in New Zealand with only one known population of at most 42 

plants in an area of only one square meter. Several other threatened species occur 

only at Awahokomo (e.g. Poa spania, Gentiana cf. astonii), but -are found more 

extensively over the limestone tower. 

The most significant threats to the survival of 1. exilis are its very small 

population size and weed invasion into its habitat. . 
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Appendix 1. Minutes of an infonnal recovery group held for Ischnocarpus novae-
zelandiae and l. exilis in Wanaka, August 2000 

Ischnocarpus novae-zelandiae 
Recovery Meeting Minutes 

Date: 17 August 2000 

Place: Wanaka Area Office 

Present 
John Barkla (Otago Conservancy), Nicholas Head (Canterbury Conservancy), Kennedy 
Lange (Raukapuka Area Office), Dave Massam (Twizel Area Office), Alice Miller 
(Lincoln University), Geoff Rogers (Dunedin Science and Research), Neil Simpson, Stu 
Thome (Wanaka Area Office), Mike Tubbs (Central Otago Area Office),). 

Introduction and the reason for a meeting 

• Recent work undertaken in Otago and Canterbury suggest that Isc nz is a seriously 
threatened species. 

• Current listing under de lange et al1999 (N.Z. J Botany 37 (4» as naturally sparse 
conflicts field evidence that indicates that Isc nz is in decline and threatened .. 

• Need to understand ecology of species across its distributional range. Hence the 
need for a co-ordinated and standardised approach to monitonng. 

Conservancy Overviews (Overviews attached) 

Conservancy and Area Office overviews presented. Survey and monitoring is being 
done in each conservancy, although there appears to be little consistency between 
approaches. 

• Small population size a feature of Isc nz 

• Weed invasion in particular by Hieracium species appears to be a common threat 

• There are many unanswered questions about the ecology of Isc nz - almost always 
confined to bluffs (refugia?), but recorded in grassland!, under forest and shrubs?, 
montane - alpine?, many different rock types. 

• Otago is the strong hold for Isc nz - it is likely to be found at more sites but it is 
also not present over much ostensibly suitable habitat. 

MSc Proposal (attached) 
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Alice Miller from Lincoln University outlined her thesis proposal. Alice will be looking 
at ecology of both Ischnocarpus novae zclandiae and I. exilis. 

• Need to co-ordinate Area work with Alice's work 

• Best sites for Alice to conduct field experiments are considered to be: Diamond 
Lakes, Wye, lindis, Mt Somers, Kingston? - any more? 

General Discussion 

Species Threat Assessment Exercise (attached) 

The new species threat assessment criteria was applied to Isc nz. Seems that Isc nz is 
classified as endangered when this criteria is applied. 

Recovery Group 

• Need to recommend to BRU the necessity of a recovery group for Isc nz 
• Needs to be formed before recovery plan written 

Goals and Objectives of Recovery Process for next 12 months 

• Need to move on from basic survey to include information on the fate of 
individuals within populations 

• Need to enter into a research phase 
• Sound monitoring required - co-ordinated - goal focussed - standardised between 

Conservancies 

• Important issues that need consideration: 
what are demographic trends 
what part of the life cycle is being threatened 
recruitment, germination, dispersal 
habitat specificity 
representativeness 

Survey - important to expand Conservancy knowledge of frequency and abundance. 
Further survey is to be done at Area Office discretion. 

Raise Profile - good identification required to assist field staff and other relevant follc 

*Geoff to produce I.D. sheet. 

Monitoring - standardisation of data collection for each site required. 
*Yet to be defined, but Geoff still working on it. 

• Monitoring of individuals (tracking the history of plants) important to establish life 
cycle demography 

• Plot demarcation - problems associated with small size and difficult terrain. 
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1 - for small site - cracks etc maps and schematic diagrams ok combined with 
marking individual plants - several methods possible - paint, tags etc although 
can be problematic 
2 - for larger ledges - plot/grid system 

Other Matters 

Collection of Specimens - recognised that there is a need to lodge herbarium 
specimens however discretion required. If population is small, say < 10 individuals, 
collect a piece of plant or take photos instead. 

E-mail network to be set up to include all relevant people. 

Paper on ecology and conservation to be written up by Geoff Rogers within 12 
months?? 

Next Meeting - yet to be specified 
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Appendix 2. Summary of habitat characteristics of most known populations of <-:'-,-;',' .... -
t..:.-:_:_:_:_:_:< 

Ischnocarpus novae-zelandiae. Partially adapted from Wardle, 2000. f~~;i}#ti 
j 

Site Conservancy Habitat #plants Aspect Altitude Grid Ref Vegetation 
(m) 

Boundary NelsonlMarlborough Scree >100 NE 1280 N 30198074 Shrub/grassland 
Stream 
Blinkers NelsonlMarlborough Scree 4 1385 N 31151 748 
Saddle 
Lindis A Canterbury Med schist 5 NW 1080 G40 4299 1866 Depleted tussock 

outcrop grassland 
Lindis B Canterbury Small schist 1 SW 822 G39 4231620178 Depleted tussock 

outcrop grassland 
Lindis C Canterbury Med. schist SW 845 G39 42314 20238 Depleted tussock 

outcrop grassland 
Lindis D Canterbury Under small 3 SW 845 G39 42310 20217 Depleted tussock 

outcrop grassland 
Mt Somers Canterbury Base of large 65 SE 850 Shrub 
A bluff under 

Hebe 
MtSomers Canterbury Base of large 12 Sparse forb/grass 
B bluff cover 
MtSomers Canterbury In Cave under 3 Depleted tussock 
C medrock grassland 
Skeleton A Otago Ledges on large 55 . 680 F41 9871 7430 Depleted tussock 

boulder grassland 
Skeleton B Otago Rocky ledge at 2 690 F41 98707431 Depleted tussock 

base of boulder grassland 
Skeleton C Otago Under 5 660 F41 98667410 Depleted tussock 

overhanging grassland 
bluffs 

Roaring Otago Under large 2 400 F41 99987191 Scrub 
MegA overhang of 

large bluff 
Mou Waho Otago Dry ledge 10 430 GR F39 9854 Scrub 
A 2096 
Mou Waho Otago Dry wide ledge 3 290 GR F39 988215 Scrub 
B on sheltered 

large bluff 
Mou Wahu Otago Bluff 4 288 F40 98262005 Scrub 
C 
Mou Tapu Otago Tall shaly bluff 8 290 F4097621457 Mixed broad leaf 
A forest 
Mou Tapu Otago Base of short 15 285 F4097101421 Mixed broadleaf 
B bluff forest '- :->:, :'."::-: 

Mou Tapu Otago Deep crap Med 10 285 F40 9632 1413 Mixed broadleaf 
C size bluff forest 
Mou Tapu Otago Ledges of Tall 18 285 F4096941412 Mixed broadleaf 
D bluff forest 
Mou Tapu Otago Ledges of Bluff 15 285 F4096891403 Mixed broadleaf 
E forest 
Mou Tapu Otago Talus at base of 4 285 F40 96481429 Mixed broadleaf 
F med bluff forest 
Diamond A Otago Tall bluff 81 S 600 F40899105 Mixed broadleaf 

forest 
Diamond B Otago Med bluff 39 S 680 F40 90401070 Depleted tussock 

grassland 
Diamond C Otago Small bluff 17 S 400 F40 89760988 Depleted tussock 

grassland 
Diamond D Otago Base of tall bluff 13 SE 495 Mixed Broadleaf 
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Diamond E Otago 

Diamond F Otago 

Diamond G Otago 

Diamond H Otago 

Lower Otago 
Cluden A 

Lower Otago 
CludenB 
Lower Otago 
Cluden C 
Lower Otago 
CludenD 
Lower Otago 
CludenE 
Lower Otago 
CludenF 
Lower Otago 
Cluden G 
Mid Otago 
Cluden 
Tributary 
Mid Otago 
Cluden 
TeKare 
Haka 

Otago 

Bob's Cove Otago 
A 
Bobs Cove Otago 
B 
Bobs Cove Otago 
C 
Bobs Cove Otago 
D 
Wye A Otago 

WyeB Otago 

WyeC Otago 

Ledge at base of 
Tall bluff 
Base of bluff 

Ledge of Tall 
bluff 
Under rock near 
base of bluff 
ledge under 
overhang on tall 
bluff 

61 

18 

5 

7 

4 

Dry ledges on 58 
small bluff 
Long bluff face 2 

Small bluff 5 

Ledges of large 12 
bluff 
Ledges on large 18+ 
bluff 
Along face and 50+ 
under large bluff 
Med bluff 9 

Bluff 4 

Ledge on bluff 15+ 

Cracks on Small 7 
bluff 
Cracks of Small 50 
bluff 
Cracks of Small 15 
bluff 
Med bluff 2 

Med ledge at 20 
base of large 
bluff 
Ledge at base of 200+ 
bluff 
Base of large 
bluff 
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300+ 

SE 

SE 

SE 

SE 

660 

700 

695 

715 

670 

710 

580 

475 

SE 195 

SW 575 

SW 1120 

Forest 
Mixed Broadleaf 
Forest 
Mixed Broadleaf 
Forest 
Broadleaf forest 

Mixed Broadleaf ! 

Forest 
G40 3968 9321 Scrub/tussock 

grassland 

G40 4005 9289 Scrub/tussock 
grassland 

G404005 9288 Scrub/tussock 
grassland 

G40 4010 9291 Scrub/tussock 
grassland 

G4040259287 Scrub/tussock 
grassland 

G40 4035 9278 Scrub/tussock 
grassland 
Scrub/tussock 
grassland 
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Chapter 3 
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decline of Ischnocarpus (Brassicaceae): a Glasshouse 
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Abstract 
In New Zealand, weed invasion in productive habitats such as tussock grasslands is 

thought to be responsible for driving some species into unproductive habitats such as 

rock outcrops. This study examined whether competition with the invasive weed 

Hieracium pilosella (mouse-eared hawkweed) was a possible mechanism for the 

displacement of two threatened native plant species (lschnocarpus novae-zelandiae 

and l. exilis). In a glasshouse experiment, I tested whether competition with H. 

pilosella at two. different densities impacted on Ischnocarpus germination, seedling 

growth and fecundity. Because the loss of tussock canopy may also be important in 

the decline of l. novae-zelandiae, I also tested whether Festuca novae-zelandiae 

(hard tussock) had a facilitative effect on l. novae-zelandiae germination, seedling 

growth and fecundity. Germination of 1. novae-zelandiae was enhanced by the 

presence of F. novae-zelandiae, but was not affected by the presence of H. pilosella, 

while germination of l. exilis was inhibited by the presence of H. pilosella. The 

presence of H. pilosella significantly limited the growth of both species of 

Ischnocarpus, and reduced the fecundity of l. exilis. F. novae-zelandiae slightly 

interfered with the growth of 1. novae-zelandiae. These results show that competition 

with invasive weeds such as H. pilosella could be responsible for the displacement of 

Ischnocarpus from productive habitats, and that the presence of tussock cover can 

provide conditions suitable for 1. novae-zelandiae establishment. 

Keywords 
Competition; displacement; facilitation; weed invasion; threatened plants; refugia; 

New Zealand; Ischnocarpus, Hieracium, tussock grassland. 
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Introduction 
A widespread decline in the abundance of native species, especially small herbs, and 

an increase in the abundance of invasive exotic species has been observed in South 

Island tussock grasslands in the past 30 years (O'Connor, 1982; Treskonova, 1991; 

White, 1991; Connor, 1992; Rose et ai., 1995; Ferraira and McKinlay, 2000; Walker, 

2000; Duncan et ai., 2001). Many native species that were formerly more 

widespread, and that used to occur in tussock grasslands, are now confined to 

unproductive refugia such as rock outcrops (O'Connor, 1982; Molloy, 1994; Given, 

1998; Walker, 2000). 

The displacement of native species from productive habitats has been 

attributed to competition with invading weeds in New Zealand (Molloy, 1994; 

Given, 1998; Walker, 2000) and elsewhere (Gurevitch, 1986; Foster, 1999; Wolf, 

2001). However, other changes in grassland composition, such as the availability of 

microhabitats for plant establishment and survival, may also be important in the 

displacement of native species (D'Antonio and Vitousek, 1992; Rosentreter, 1994). 

For example, tussock canopies can provide a favourable microclimate for smaller 

grassland species (Scott, 1961; Pflhlsson, 1974; O'Connor, 1986; Greenlee and 

Calloway, 1996), possibly because the sheltering effects of the tussock canopy create 

a cooler and moister microclimate than in surrounding shorter vegetation (Pflhlsson, 

1974; Hunter and Aarssen, 1988; Greenlee and Calloway, 1996). 

Although a widespread decline of native species from tussock grasslands has 

been well documented, few studies have directly addressed whether weed 

competition could be responsible for the displacement of species from productive 

habitats. Nor have any studies examined whether the loss of formerly widespread 

native dominants might also result in the decline of native species through the loss of 

overs tory that may facilitate establishment or survival. 

The endemic New Zealand genus Ischnocarpus (Brassicaceae) contains two 

species, 1. novae-zeiandiae and 1. exilis, both of which are confined to the South 

Island, and both of which persist in unproductive rock outcrop habitats, possibly due 

to weed competition. Allen (1961) included tussock grassland as a habitat of 1. 

novae-zeiandiae, but it is unknown in tussock grassland today, and is considered a 

rock outcrop plant. In Marlborough, 1. novae-zeiandiae is found growing under 
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tussock and shrub canopy, which suggests a possible facilitative relationship between 

tall native plant cover and 1. novae-zelandiae establishment or survival. 

The sale population of 1. exilis consists of c35 plants on a limestone tower in 

the Waitaki Valley, South Canterbury. Records indicate that it has occurred 

elsewhere in the past, but was never widespread (Molloy et al., 1999). Weeds from 

surrounding pasture have invaded and altered much of this tower, and are presumed 

to be responsible for restricting 1. exilis to the relatively weed-free area where it is 

found. 

To detennine whether weed competition is a possible mechanism in the 

displacement of Ischnocarpus populations from more productive habitats, I tested 

whether competition with Hieracium pilosella (mouse-eared hawkweed) affected 

germination, seedling survival, growth rate, and fecundity of 1. novae-zelandiae and 

1. exilis in the glasshouse. I also tested for a facilitory effect of Festuca novae-

zelandiae (hard tussock) on 1. novae-zelandiae to determine if a loss of tussock cover 

could also be important in the decline of the species. 

Methods 
I tested if germination rate, seedling survival, growth rate, and fecundity of 1. novae-

zelandiae and 1. exilis was affected by the presence of H. pilosella grown at two 

densities (low and high), and if germination rate, seedling survival and growth rate of 

1. novae-zelandiae was affected by the presence of F. novae-zelandiae also grown at 

two densities (low and high). H. pilosella and F. novae-zelandiae plants were 

collected in the Mackenzie Basin near Lake Pukaki (South Canterbury), on 18 

December 2000 and were planted into 30L pots (40cm diameter x 29cm height) on 9 

January 2000 using 3-4 month slow release potting soil. H. pilosella was planted at a 

low density of ten plants per pot and a high density of 20 plants per pot. F. novae-

zelandiae was planted at a low density of two plants per pot and a high density of 

four plants per pot. Plants of uniform size and condition were chosen for the 

experiment. 

On 29 January 2001, six replicate pots of each H. pilosella density and six 

control pots (with no competitor species) were sown with seeds of 1. exilis, and six 

pots of each H. pilosella density, six pots of each F. novae-zelandiae density, and six 

control pots were sown with seeds of 1. novae-zelandiae. Ischnocarpus seeds were 
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obtained from plants cultivated at Lincoln University, Canterbury. Approximately 

400 seeds of each species were scattered evenly over each pot, and the pots were 

watered. Pots were kept watered as needed throughout the experiment. Initial 

germination was recorded as the number of lschnocarpus seedlings per pot two 

weeks after sowing. Additional seedlings were then counted and removed every three 

weeks for 14 weeks. 

To monitor seedling growth, I selected ten evenly spaced lschnocarpus 

seedlings in each ppt and tagged these with a numbered paperclip four weeks after 

seeds were sown. All other seedlings were removed. I measured the width of the 

basal rosette and recorded the number of basal leaves of each tagged plant, and 

remeasured these every three weeks for twelve weeks. At the first remeasurement 

date, dead seedlings were replaced with new live seedlings of the same age 

(seedlings removed when the growth experiment was established were transplanted 

for use here). At subsequent remeasurements, dead seedlings were not replaced, and 

the number of plants surviving to each remeasurement was recorded. I also recorded 

the date of flowering, the number of flower stalks and the number of flowers and 

fruits produced by each plant. 

Rapid growth of H. pilosella in the low-density treatment soon resulted in a 

similar cover of H. pilosella in both the low- and high-density treatments. To 

maintain a low-density treatment, I removed all leaves from four-H. pilosella plants 

in each of the low-density pots, and clipped off all runners on 26 February 2001, and 

every three weeks after that until the end of the experiment. 

The experiment was terminated after twelve weeks of growth measurements 

(14 weeks after initial sowing) due to an attack of white rust (Albugo candida). At 

this time, 1. novae-zelandiae had not flowered, so there is no data on fecundity for 

this species. At the end of the experiment, alllschnocarpus plants were removed, 

separated into root and shoot components, dried to a constant weight, and weighed 

per pot. Plants in one of the 1. exilis control pots had been badly affected by white 

rust and were not included in the biomass measurements. 

Analysis 
For both species, the number of seeds that germinated between each remeasurement 

date, and the total number of seeds that germinated after 14 weeks in the different 

treatments were compared using one-way ANOV A. When a significant difference 
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was found, Fisher's Least-Significant-Difference tests were used to test for 

significant differences in the means of all treatment pairs. The percentage of the total 

number of seeds germinating in each pot between each remeasurement date was also 

compared in the different treatments using one-way ANOVA and Fisher's LSD tests. 

The average growth rate of tagged plants was calculated as the change over 

time for both width of the basal rosette and the number of basal leaves, using the 

equation 

(VF-V/)lT 

where V F is the final average value (rosette width or leaf number) of all plants in a 

pot, Vds the initial average value (rosette width or leaf number) of all plants in a pot, 

and T is the total time over which growth was recorded in weeks. This equation 

assumes that growth is linear, which it mostly was. Only the control treatments 

showed sigmoidal growth, and because the purpose of the experiment was to 

compare the effects of the different treatments on average growth rates, fitting further 

growth curves was not considered necessary. Survival was calculated as the 

percentage of tagged plants alive per pot at the end of the experiment. For both 

species, average growth over time, survival, final biomass of roots and shoots, and 

root to shoot ratios in the different treatments were compared using one-way 

ANOVA, and differences between the treatments were examined using Fisher's LSD 

tests. 

Results 

Germination 

1. novae-zelandiae 

Germination two weeks after sowing was lowest in the control treatment, 

intermediate in the H. pilosella treatments and highest in the F. novae-zelandiae 

treatments (AN OVA F4,25=6.9, P<O.OOl; Fisher's LSD tests). Subsequently, there 

were no consistent treatment differences in the number of germinating seeds at each 
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Figure 1. Mean number of seeds germinating per pot in each treatment (c=control, 
hl=low-density hawkweed, hh=high-density hawkweed, tl=low-density tussuck, 
th=high-density tussock) after 14 weeks. A. 1. novae-zelandiae (n = 30, ANOVA F4, 

25 = 11.3, P < 0.001). B. 1. exilis (n = 18, ANOVA F2,15 = 153.4, P < 0.001). Bars are 
means ± 95% confidence intervals, and bars on the same graph sharing the same 
letters are not significantly different (Fisher's LSD tests). 
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remeasurement date, except that germination rates in the high-density H. pilosella 

treatment were significantly lower than all other treatments between five and 14 

weeks (P<O.05, Fisher's LSD tests). After 14 weeks, the high density F. novae-

zelandiae treatment had the highest germination followed by the low density F. 

novae-zelandiae treatment. There was no significant difference in total germination 

between the remaining treatments (Figure 1a). 

All treatments displayed a peak in germination two to five weeks after 

sowing (Figure 2a): However, temporal patterns of germination differed in the 

control treatment relative to all other treatments, with a greater proportion of 

germination in the control treatment occurring later. 

1. exilis 

There was no significant treatment effect on germination until five to eight weeks 

after sowing, when a gradient in germination from the control to the low-density H. 

pilosella to the high-density H. pilosella treatment was established. The total number 

of seeds germinating (after 14 weeks) in the high-density H. pilosella treatment was 

only half that of the low-density H. pilosella treatment, and less than one third of the 

control (Figure 1b). In one of the high-density pots, most of the H. pilosella died 

between nine and twelve weeks for an unknown reason, and numerous 1. exilis 

seedlings germinated in response (pers. obs.). This shows that the seed of 1. exilis 

remained viable in the H. pilosella pots over the 14-week duration of the experiment, 

and that they were inhibited from germinating by the presence of H. pilosella. 

Like 1. novae-zelandiae, germination of 1. exilis in the control treatment 

occurred later relative to the H. pilosella treatments (Figure 2b). Germination peaked 

between two and five weeks after sowing in both H. pilosella treatments, while in the 

control it peaked between five and eight weeks. 
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Figure 2. Temporal patterns of germination. A.!. novae-zelandiae; comparison of 
the mean percentage of total seeds germinating in the H. pilosella and F. novae-
zelandiae treatments (shaded bars) versus the control treatment (unshaded bars) at 
each remeasurement date. B.!. exilis; comparison of the mean percentage of total 
seeds germinating in the H. pilosella treatments (shaded bars) versus the control 
treatment (unshaded bars) at each remeasurement date. Bars are means ± 95% 
confidence intervals, and bars on the same graph sharing the same letters are not 
significantly different for each measurement period (Fisher's LSD tests). 
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Growth, survival, and fecundity 

1. novae-zelandiae 

Treatment had a significant effect on the growth rate of I. novae-zelandiae (Figure 

3). Mean growth rate, measured as the number of basal leaves and width of the basal 

rosette, was highest in the control treatment, intermediate in the F. novae-zelandiae 

treatments, and lowest in the H. pilosella treatments. 

Survival was high (>90%) in all treatments except the high-density H. 

pilosella (Table 1). As predicted by the growth rates, average shoot and root biomass 

was highest in the control treatment, followed by the F. novae-zelandiae treatments, 

and lowest in the H. pilosella treatments (Table 2). The root to shoot ratio was lowest 

in the high-density H. pilosella treatment, with no other treatment differences. 

Table 1. Mean percent survival of seedlings (and standard deviation, SD) in each 
treatment after twelve weeks, by species. There was a significant difference in mean 
percent survival by treatment for both I. novae-zelandiae CANOVA F4,25 = 138.8, P < 
0.0001) and I. exilis (ANOVA F4,25 = 109.6, P < 0.0001). n = 6 in all cases. 

Species Treatment Mean 
% Survival SD 

I. novae-zelandiae Control 98.3 4.1 
Low-density H. pilosella 91.7 11.7 
High-density H. pilosella 10.0 12.6 
Low-density F. novae-zelandiae 98.3 4.1 
High-density F. novae-zelandiae 100.0 0 

I. exilis Control 100.0 0 
Low-density H. pilosella 88.3 11.7 
High-density H. pilosella 13.3 15.1 

48 

I 
!. 

-. ~.:, --

1------- .. 



a) 

40 
a 

35 

<II 30 
~ b 
~ 25 
"iii 
<II 

--. --. 
~ 

'" 20 .0 

'0 
"" 15 c 
'" Q) 

~ 10 

./' .----
./.rr ___ ---./.---....-

/--- .... 0··· 

_ .... c 

....... Od 

5 ~~~ ___ ~ ______ ~ _____ -~--____ ~ e 

0 
0 2 4 6 8 10 12 

Time (weeks) 

b) 

25 

E 20 ~ ___ ..... a 
~ 
.c 
i5 15 .§ 
Q) 

~ 10 <II e 
"iii 
<II 

'" 5 .0 

c 
... 0 c ••••.••••• ·0 

C 

'" Q) 

~ 0 

o 2 4 6 8 10 12 
Time (weeks) 

Figure 3. Growth of 1. novae-zelandiae at each remeasurement date by treatment. A. 
Change in mean number of basal leaves. After 12 weeks there was a significant 
difference in mean growth rate of basal leaves by treatment (n = 27, ANOVA F4,22 = 
56.4, P < 0.001). B. Change in mean width of the basal rosette (em). After 12 weeks 
there was a significant difference in mean growth rate of basal rosette by treatment (n 
= 27, ANOVA F4,22 = 58.4, P < 0.001). Symbols on the same graph sharing the same 
letter are not significantly different (Fisher's LSD tests). (Treatments: Control-e - ; 

Low-density F. novae-zelandiae -\1-; High-density F. novae-zelandiae -.-; 
Low-density H. pilosella · .. 0··· ; High-density H. pilosella --l'-). 
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Figure 4. Growth of 1. exilis at each remeasurement date by treatment. A. Change in 
mean number of basal leaves. After 12 weeks there was a significant difference in 
mean growth rate of basal leaves by treatment (n = 27, ANOV A F4,12 = 69.6, P < 
0.001). B. Change in mean width of the basal rosette (cm). After 12 weeks there was 
a significant difference in mean growth rate of basal rosette by treatment (n = 27, 
ANOVA F4,12 = 64.0, P < 0.001). Symbols on the same graph sharing the same letter 
are not significantly different (Fisher's LSD tests). (Treatments: Control-e-; Low-
density H. pilosella ···0··· ; High-density H. pilosella --T--). 
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1. exilis 

The growth patterns of 1. exilis were very similar to 1. novae-zelandiae (Figure 4). 

The average growth rate was approximately three times greater in the control than in 

the low-density H. pilosella, and 20 times greater than in the high-density H. 

pilosella for both number of basal leaves and width of the basal rosette. 

As with 1. novae-zelandiae, only the high-density H. pilosella treatment had 

high mortality rates, with only 13% of plants in this treatment surviving to twelve 

weeks (Table 1). Resource allocation patterns for 1. exilis were also similar to those 

of 1. novae-zelandiae, with average shoot and root biomass in the control treatment 

higher than in the H. pilosella treatments (Table 2). 

Table 2. Resource allocation patterns in each treatment. Shoot and root biomass and 
root to shoot ratio is the mean per pot ± the standard deviation after twelve weeks 
For 1. novae-zelandiae all treatments were significantly different for shoot and root 
biomass and root to shoot ratio (one-way ANOVA P<O.OOOI). For 1. exilis treatments 
were significantly different for root and shoot biomass (one-way ANOVA 
P<O.OOOI), but not for root to shoot ratio (P=0.152). 
Species Treatment Shoot biomass Root Biomass Root to Shoot 

n (mg) (mg) Ratio 
1. novae-
zelandiae Control 6 

1. exilis 

Low-density H. pilosella 6 
High-density H. pilosella 3 
Low-density F. novae zelandiae 6 
High-density F. novae-zelandiae 6 

Control 
Low-density H. pilosella 
High-density H. pilosella 

5 
6 
1 

98.4 ±20.7 
15.4 ±6.3 
0.4 ±0.23 

62.6 ±22.6 
52.8 ±12.1 

111.8 ±34.6 
17.1 ±1O 

3 ±O 

21.7 ±3.2 0.232 ±0.057 
3.9 ±2.4 0.241 ±0.077 

0.4 ±0.23 l±O 
11.9 ±3.2 0.203 ±0.06 
9.7 ±3.7 0.18 ±0.047 

21.8 ±4.7 0.207 ±0.071 
4.9 ±2.7 0.318 ±0.1 

1 ±O 0.333 ±O 

No flowering of 1. exilis occurred in the high-density H. pilosella treatment; this was 

not surprising given that most of the plants remained small. Only four of the 60 

plants in the low-density H. pilosella flowered, while 50 of the 60 control plants 

flowered. The number of flower stalks and number of flowers/fruit were higher in the 

control plants relative to the low-density H. pilosella plants (Table 3). 
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Table 3. Reproduction patterns of l. exilis in each treatment. Mean number of fruit or 
flowers and flower stalks of reproducing plants after twelve weeks are given 
for the control and low-density hawkweed treatments. No plants in the high-density 
hawkweed treatment flowered by the end of the experiment. 

Treatment 
Control 
Low-density H. pilosella 
High-density H. pilosella 

Discussion 

Germination 

Number of 
n Flowering Plants 
60 50 
53 4 
5 0 

Mean Number of 
FlowerslFruit per plant 

30.8 
14.8 

Mean Number of Flowe1 
Stalks per Plant 

2.3 
1.25 

The presence of F. novae-zelandiae facilitated germination of l. novae-zelandiae 

relative to the control and H. pilosella treatments, showing that a tussock canopy 

provides conditions favouring 1. novae-zelandiae establishment. These conditions are 

likely related to the sheltering effects of the tussock canopy which may alter 

microclimate conditions such as soil moisture, temperature, light intensity and 

quality to favour germination (Hunter and Aarsen, 1988). Since the glasshouse 

represents a favourable environment in which good conditions for germination, such 

as constant soil moisture and warm temperatures, are provided, t~ese facilitative 

effects could be more pronounced in the field (Fowler, 1986). 

The presence of H. pilosella initially had no effect on the germination rates of 

either species of Ischnocarpus. While it did not affect the total number of 1. novae-

zelandiae seeds germinating (after 14 weeks),!. novae-zelandiae germination in the 

latter stages of the experiment decreased in the high-density H. pilosella treatment 

relative to all other treatments, and the presence of H. pilosella at both low- and 

high-density inhibited 1. exilis germination. This suggests that while germination 

may not have been affected by the presence of small H. pilosella plants early on, the 

growth of H. pilosella as the experiment progressed inhibited germination of 

Ischnocarpus. This is reinforced by the burst of 1. exilis germination observed 

following the death of H. pilosella in one of the high-density treatment pots. 
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Growth, survival, and fecundity 

Growth rates and survival of both species of Ischnocarpus decreased with increasing 

density of H. pilosella. Retarded growth rates in the field are likely to increase the 

probability of seedling mortality, as in general, larger plants are more likely to 

survive through unfavourable periods (Gross, 1980). Ischnocarpus seeds germinate 

in early spring (pers. obs.), so that early growth is important if seedlings are to 

survive the dry cOIiditions typically encountered during summer months in the 

species natural range. With growth limited by competition with invasive weeds, the 

probability of surviving summer drought could be lowered. 

A second consequence of a reduction in growth is delayed reproductive 

maturity and reduced reproductive output (Dyer and Rice, 1999; Hamilton et al., 

1999), as was observed here with the low fecundity of 1. exilis in the presence of H. 

pilosella. Other studies have shown that reduced reproductive output caused by 

competition with exotic weeds is a mechanism contributing to the decline of native 

species in grassland systems (Pavlik et al., 1993; Dyer and Rice, 1999; Hamilton et 

al., 1999; Carlsen et al., 2000). 

The presence of F. novae-zelandiae interfered with the growth of 1. novae-

zelandiae. Given favourable growth conditions in the glasshouse, it is not surprising 

to find this interference. In the field where F. novae-zelandiae canopy could provide 

relief from temperature and moisture stress (Pahlsson, 1974; O'Connor, 1986; 

Calloway et al., 1996; Greenlee and Calloway, 1996), a facilitation experiment might 

show that tussock canopy had a positive effect on the growth rate of 1. novae-

zelandiae. A study of a similar rare Brassica herb, Lesquerella carinata var. 

languida, found that bunchgrass facilitated seedling survival in dry, rocky habitats, 

while under milder conditions, there was a competitive effect between bunch grass 

and Lesquerella (Greenlee and Calloway, 1996). Such trade-offs between positive 

and negative effects are common, with early establishment often facilitated, and 

growth at different life-history stages or under different conditions interfered with 

(Morris and Wood, 1989; Holmgren et ai., 1997; Calloway, 1994). 
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Resource Allocation 

Root to shoot ratio responses to competition tend to be species-specific (Austin et al., 

1985; Goldberg and Fleetwood, 1987; Goldberg, 1987; McGraw and Chapin, 1989; 

Gurevitch et al., 1990). Different responses may depend on the type of competition 

occuning, as a greater investment in root biomass suggests that soil resources are 

limiting, while a greater investment in shoot biomass suggests that light is limiting 

(Goldberg and Fleetwood, 1987; Meekins and McCarthy, 2000). I expected that the 

root to shoot ratios of lschnocarpus would be higher in the presence of H. pilosella, 

as competition for light is less likely to be a factor with this mat-forming plant, while 

the dense root system produced by mats of H. pilosella would dominate soil 

resources (McIntosh, et al., 1995). However, the root to shoot ratio of l. novae-

zelandiae was lower in the high-density H. pilosella treatment relative to the other 

treatments. Nevertheless, to adequately examine the effects of H. pilosella on 

resource partitioning, adult Ischnocarpus plants should be tested, as the immature 

stage of the lschnocarpus plants in the high-density H. pilosella treatment (small 

seedlings) meant that little resource investment to either roots or shoots had occurred. 

Conclusions 
This experiment demonstrated that the invasive weed H. pilosella can have negative 

impacts on Ischnocarpus germination, seedling survival, growth rate, and fecundity 

in a productive environment. These impacts increased at a higher density of H. 

pilosella, but were still observed when H. pilosella was only patchily present. These 

results suggest that it would be difficult for Ischnocarpus to establish in areas 

dominated by H. pilosella. Thus, the hypothesis that weed competition is responsible 

for eliminating Ischnocarpus species from productive habitats is certainly plausible. 

Since H. pilosella and/or H. lepidulum (tussock hawkweed) exist in proximity 

to most of the remaining popUlations of l. novae-zelandiae (Wardle, 1999; Wardle, 

2000), and the only population of l. exilis, it would be worthwhile to repeat the 

experiment using impoverished soils or under imposed drought conditions that 

reflect the current habitat of Ischnocarpus. I would expect that H. pilosella would 

still impact negatively on Ischnocarpus under less favourable conditions, as many 

studies have found that competition intensity is high in unproductive environments 
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(Del Moral, 1983; Welden et al., 1988; Gurevitch et al., 1992; Wilson and Tilman, 

1991; Wilson and Tilman, 1993), and because H. pilosella is abundant on relatively 

infertile dry soils (Makepeace, 1985; Svavarsdotter, 1995; Rose et ai., 1998). 

1. novae-zeiandiae germination was enhanced by the presence of a tussock-

forming native grass, while growth was slightly interfered with. Tussock canopy 

appears to favour 1. novae-zelandiae establishment, but the effects of tussock cover 

on 1. novae-zelandiae growth needs to be examined under harsher field conditions. 

Nevertheless, these results provide some support for the hypothesis that the loss of 

the microhabitat provided by tussock canopy could have contributed to the decline of 

1. novae-zelandiae. 

The results of this study were obtained in a glasshouse experiment under 

controlled conditions, and may not be directly applicable to the field (Huenneke and 

Thomson, 1995). I examine weed competition and habitat effects on Ischnocarpus 

establishment and growth in the field in the following two chapters. 
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Abstract 

Ischnocarpus exilis, a critically endangered cress, persists in one small population in 

a 1m2 section of a limestone tower in the South Island, New Zealand. The importance 

of intrinsic (seed production, dispersal ability and habitat specificity) and extrinsic 

factors (weed competition) acting to restrict the distribution of this threatened 

species were investigated with afield experiment, demographic monitoring and soil 

seed bank analysis. Demographic monitoring showed that the existing population is 

maintaining itself but not increasing, and a seed sowing experiment showed that the 

species is capable of establishing elsewhere. Thus, I. exilis is not confined to its 

present site because of high habitat specificity, but rather is limited by low seed 

production and limited dispersal. This was reinforced by seed bank data, with no 

detectable I. exilis seed found in the soil. Seeds experimentally sown into weedy and 

non-weedy habitat showed that germination rates were significantly higher in non-

weedy habitat, and following weed removal in weedy habitat, indicating that I. exilis 

is also limited by competition with invasive weeds. Even when sparsely present, 

weeds impacted negatively on I. exilis germination. In terms of conservation 

management, these results suggest that the present habitat of I. exilis must be 

managed to control weeds and that additional popUlations of I. exilis must be 

created. 

Keywords: Competition; Weed invasion; Threatened plants; Seed limitation; Seed 

bank. 
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Introduction 

Identification and classification of the relative importance of the factors contributing 

to the decline or restriction of threatened plant species is critical if restoration and 

conservation attempts are to be successful (pavlik et al., 1993; Pavlik and Manning, 

1993; Pantone et al., 1995). These factors may range from intrinsic ecological 

species characteristics such as high habitat specificity, limited dispersal ability and 

low seed production (Primack and Miao, 1992; Pantone et at., 1995; Wolf et al., 

1999), to extrinsic factors such as weed competition and habitat destruction 

(Guerrant, 1996; Cully, 1996; Johnson, 1996). 

Intrinsic factors reflect natural phenomenon such as species adaptation to 

specific habitat conditions, or adaptations to cope with existence in small and 

isolated populations (Huenneke, 1991; Pantone et al., 1995; Wolf et al., 1999; Noss 

et al., 2001; Wolf and Harrison, 2001). Thus, if only intrinsic factors are acting to 

limit distribution; that is, the species is naturally restricted, then priority for 

conservation management is lower (Holsinger and Gottlieb, 1991). Extrinsic factors, 

especially those related to habitat loss and degradation caused by human activities, 

are often found to be more important in limiting populations of rare plants (Pavlik 

and Barbour, 1988; Pavlik et at., 1993; Pantone et al., 1995), and are considered of 

higher priority for conservation management. When extrinsic fac!ors are imposed on 

top of intrinsic limitations, conservation management becomes essential. 

I evaluated the effects of intrinsic and extrinsic factors on the establishment 

of the critically endangered cress Ischnocarpus exilis to explain its restricted 

distribution, and to make recommendations for its conservation management. l. exilis 

is one of the most endangered plants in New Zealand with only one population of 35 

plants located in an area of approximately 1m2 on a limestone tower in the South 

Island. The habitat occupied by this population is in a relatively weed-free area in the 

southern half of the tower. Invasive weeds dominate the northern half of this tower. 

The present distribution, biology of the species, and previous research 

suggest three possible reasons for the restriction of l. exilis: 

1. High habitat specificity restricts 1. exilis to the only suitable habitat on 

the limestone tower. 

It is unlikely that the habitat requirements of 1. exilis are specific to the small area 

occupied by the population, as this site is not obviously different from other 
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relatively weed-free portions of the tower. If high habitat specificity does restrict I. 

exilis, I would expect that the population is viable and maintaining itself within the 

present site, and that seed sown outside of this small area would not become 

established. 

2. Seed is not reaching suitable habitat outside of the present population 

site due to low seed production and limited seed dispersal. 

With limited dispersal ability, even species with high seed production may not reach 

suitable habitat short distances away (Primack and Miao, 1992; Helenurm, 1998; 

Colas et ai., 2001), so with a very small population and thus low seed production, 

and no long-distance dispersal adaptations, it is likely that I. exilis seed is not 

dispersing away from the present population. If this is the case, I would predict that 

establishment should occur in apparently suitable but unoccupied areas where seed is 

sown. 

Limited seed production should result in little detectable seed in the soil 

(Parker et al., 1989), and limited dispersal should result in a decrease in soil seed 

reserves with increasing distance from the parent population (parker et ai., 1989; 

Spence, 1990; Fischer and Matthies, 1998; Kiviniemi and Eriksson, 1999). Thus, an 

examination of the soil seed bank will provide additional evidence to support 

whether seed production and dispersal are limiting the distribution of 1. exilis. 

Low seed viability is discounted as a constraint on the distribution of I. 

exilis, as seed collected from the population germinates readily in garden and 

greenhouse environments, and seed production and viability from cultivated plants is 

high (P. Heenanpers. comm.; pers. obs.). Seed predation is also discounted as a 

likely constraint, as damage to fruit is rarely observed in the field. 

3. Invasive weeds exclude l. exilis from areas dominated by weeds. 

Because the population occurs in a relatively weed-free area of the tower, and not in 

the area dominated by weeds, it has been suggested that weeds are responsible for 

restricting I. exilis to the weed-free area where it is found (Molloy et al., 1999). 

Competition with Hieracium piiosella (mouse-eared hawkweed), one of the 

dominant weed species on the tower, has been shown to reduce germination rates, 

seedling growth and survival, and productivity of I. exilis in the glasshouse (unpubi.). 

If weeds are restricting 1. exilis, then establishment of sown seed should be higher in 

relatively weed-free habitat than in weedy habitat, and when weeds are removed 

from weedy habitat. 
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To test my three hypotheses, I monitored the natural population, conducted 

a field experiment in which I measured establishment success in tenns of emergence, 

seedling growth and survival of 1. exilis seeds sown into weedy and weed-free areas, 

and in weeded, soil-disturbed and control treatments within both of these areas, and 

conducted a seed bank trial. 

Methods 

Study Site 

The study site is a limestone tower in an area known as the 'Awahokomo karstland' 

in the Waitaki Valley, South Island, New Zealand (44°4i S, 1700 23'E) (See Chapter 

2, Figures 4 and 5). The climate of the region is semi-arid with a mean annual 

rainfall of 639.5mm and mean annual temperature of 11.1 °C (Records from 1908-

2000, National Institute of Water and Atmospheric Research). The geology is 

Oligocene age Oteike limestone, which is yellow, course-textured, free draining and 

rich in marine fossils (Molloy et al. 1999). The study tower itself is approximately 

100m long and is composed of three main plateaux of approximately 15m wide 

connected by narrow ridges. The southern half of the tower is a mixture of shallow 

skeletal rendzina and unweathered parent material with potholes and crevices, and 

gullies of limestone colluvium that all support a unique suite of native species, many 

of which are endemic to the tower (Molloy et al. 1999). This area is rich in native 

species of low biomass, resulting in a sparse vegetative cover. The northern end of 

the tower has a high vegetative cover dominated by the exotic weeds Sedum acre 

(stonecrop), Hieracium pilosella (mouse-eared hawkweed), Dactylis glomerata 

(cocksfoot),and Trifolium subterranean (subterranean clover). In areas dominated by 

weeds, there appears to have been an increase in soil organic matter, with a thin layer 

of dark brown soil overlying the skeletal limestone colluvium of the weed-free area 

of the tower (as opposed to a small portion where soils were already much more 

developed and in which tussocks and shrubs grow). 

Study Species 

1. exilis is a small (up to 10cm), rosette-forming, taprooted perennial herb. Flowering 

occurs in November with fruiting and seed dispersal in December. Flowers are small 

and white and fruit are narrow siliques. Seeds are small and most likely gravity and 
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wind-dispersed. Wild plants are estimated to produce 300-500 seeds per plant 

(Molloy et ai., 1999). It has a conservation status of Critically Endangered (de Lange 

et ai., 1999).1. exilis is endemic to the South Island of New Zealand, and herbarium 

records indicate that the species was never widely distributed, with a historic 

distribution in northern and inland Otago on dry shallow soils (Molloy et ai., 1999). 

Population Demography 

To determine whether the natural population of I. exilis is viable within its current 

habitat, the population demography was recorded on 18 December 2000, and again 

one year later. The number of flowering adults, juveniles and seedlings was recorded, 

and the number of flowers or fruit on reproducing adults was recorded. 

Experimental Design 

To test whether 1. exilis is limited by seed production and dispersal, and by weed 

competition, on 29 November 2000 I established a field experiment where seed was 

sown into habitat that was dominated by weeds but that otherwise appeared suitable 

(hereafter referred to as 'weedy'), and into habitat that was relatively weed free and 

that appeared suitable for l. exilis establishment (hereafter referred to as 'weed-free') 

(Figure 1). 

Within each habitat, I selected three replicate sites. Two--of the weed-free 

sites were gently sloping to flat, while the third was on a 30° slope. All three weedy 

sites were gently sloping to flat. Within each site I laid out twelve 30x30cm plots, 

and recorded groundcover characteristics (% cover by exotic and native vegetation, 

litter, moss, rock, and bare ground), measured the soil depth, and recorded the 

species present for each plot. Cover was visually estimated and soil depth was 

measured by inserting an aluminium rod in the centre of the plot as far as it could 

without undue force, and measuring this depth with a ruler. I then randomly assigned 

three plots to each of four treatments: 

1. Weeded, where all exotic species were removed. Reinvading weeds 

were removed when the plots were monitored for germination and the 

number and identity of reinvading species was recorded. 

2. Soil disturbed, where plots were raked lightly to a depth of c. l-cm with 

a hand rake, but weeds were not removed. Since weed removal disturbed 
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A. 

B. 

Figure 1. A. Weed-dominated habitat in the northern portion of the limestone tower 
that otherwise appeared suitable for I. exilis establishment. B. Relatively weed-free 
habitat in the southern portion of the tower that appeared suitable for I. exilis 
establishment. This site is located close to the existing population of I. exilis. (A. 
Miller). 
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the soil, this separate soil disturbance treatment was done to isolate the 

effect of weed removal versus the effect of soil disturbance. 

3. Control, where the plot was left intact. 

4. Unsown control, where the plot was left intact and no seed was sown. 

(This treatment was to control for any seed already present in the soil. 

There was no natural germination in these plots and they were not used 

in subsequent analysis). 

After the treatments had been applied, I sowed approximately 400 1. exilis seeds per 

plot by scattering the seeds evenly over the plot from a height of c. 15cm. The soil 

surface of the plot was gently firmed and the plot was watered with c. 0.5 litre of 

water. Seeds were obtained from plants cultivated at Lincoln University. 

Plots were monitored for emergence on 18 December 2000, and checked 

monthly until 17 April 2001. Since no emergence had occurred by then, monitoring 

ceased until early spring (7 September 2001) when seedlings were observed. On 21 

September 2001, all observed seedlings were tagged with a coloured paper clip and 

the number of leaves and maximum width of the seedling was recorded. At this time 

ground cover characteristics were recorded again. 

Pre-treatment variables are defined as those site variables not affected by 

treatment, ie native cover, litter cover, moss cover, and soil depth. Post-treatment 

variables are those site variables that were altered by treatment, ie exotic cover, bare 

ground, and rock cover. For these, exotic cover was set to zero and the bare ground 

and rock cover values recorded after treatment has been applied were used. (Since 

much of the ground cover at the study site is colluvium, removing weeds exposed 

rock as well as bare ground). 

Seed bank 

To determine the level of detectable seed in the soil and how far seed dispersed from 

the parent population, five soil samples were collected from within the population, 

and from distances of 1m and 3m from the population. Soil surface samples of 

c200cm3 were collected from random locations at each distance with a small garden 

spade. Because of the threatened status of 1. exilis only five samples were collected at 

each distance, and sampling was done only once (29 November 2000). 

The samples were air dried in open plastic bags in the glasshouse for two 

weeks then spread out on sand in trays and watered as needed. All emerging 
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seedlings were counted and identified over a three-month period. If identification 

was not immediately possible, seedlings were potted for later identification. 

Analysis 

Habitat Characteristics 

Site characteristics were compared in the weedy and weed-free habitat using paired t-

tests (pairing means of weedy and weed-free plot characteristics) and variables were 

log-transformed to improve nonnality if appropriate. 

Emergence 

First, emergence (the number of seeds emerging) in the weedy and weed-free habitat 

was compared using Kruskal-Wallis non-parametric one-way ANOVA. Second, 

since the two habitats were a priori expected to differ in the effects of weed removal 

(with a strong effect in the weedy habitat but not in the weed-free habitat), 

emergence was analysed separately in the two habitats. Since the data set included 

many zeroes, logistic regression was used to build models of the variables that best 

predicted the presence or absence of emergence within each habitat. Backward 

selection models were built by subtracting each variable one at a time from a full 

model of all variables, dropping the least significant variable fro~ the model, and 

repeating the process until only significant variables remained. Two models were 

built for each habitat. In the first, treatment and pre-treatment variables were 

modelled to determine the effects of treatment and pre-treatment site conditions on 

emergence. Secondly, to isolate the effect of exotic cover on emergence, post-

treatment variables were modelled without treatment, with exotic cover in the 

weeded treatments set to 0, and with bare ground and rock cover included in the 

model. 

Seedling Growth and Survival 

Since the number of seedlings in the weedy habitats was so low, statistical 

comparisons of seedling survival and growth rates between the weedy and weed-free 

habitat was not appropriate, and the data is presented in a descriptive manner only 

(Morgan, 1997). Survival was calculated as the proportion of tagged seedlings alive 

per plot after 12.3 weeks. The growth rate of tagged seedlings was calculated as the 
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percentage change over time for both leaf number and width of the basal rosette with 

the equation 

where VFis the final value, VIis the initial value, and T is the total time over which 

growth was recorded in weeks. 

Results 

Natural Population Demography 

The population of 1. exilis increased by seven plants from December 2000 to 

December 2001. There were significantly more juveniles in 2001, but fewer 

reproducing adults (Table 1). Fruit production was significantly higher in 2001 

(Table 1), possibly as a consequence of the wetter, milder summer of 2001 relative to 

2000. The population of I. exilis appears to be stable since 1996, with similar 

numbers of plants and fecundity levels to those reported by Molloy et ai., 1999. 

Table 1. Five years of 1. exilis popUlation demography. Population details were 
recorded in mid-December of both 2000 and 2001. 1996 data is from Molloy et al. 
(1999). 

Year 
1996 2000 2001 

Total Plants 35 35 42 
Seedlings 17 15 
Juveniles 2 14 

Reproducing Adults 18 13 

Mean Fruit Number per Adult 3.6 9.5 
Fruit Number Range 3-10 1-8 3-25 

Habitat characteristics 

The primary difference between the weedy and weed-free habitat was confirmed to 

be the proportion of exotic cover, with nearly 70% mean exotic cover in the weedy 

area compared to only 15% in the weed-free area. The weedy habitat also had more 

species per plot, due to the presence of more exotic species (Table 2). The weed-free 
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habitat was dominated by rock, with a small proportion of bare ground, exotic and 

native plant cover, while the weedy habitat was dominated by exotic cover with a 

small proportion of native plant cover, rock cover and bare ground. Litter and 

MosslLichen cover was very low in both habitats (Table 2). 

Table 2. Site characteristics in the weed-free and weedy habitat. Mean values per 
plot are given, and *=paired t-test significant difference at P<O .000 1. 

Site Characteristic 
% ground cover 
Exotic * 
Native 
Litter 
Rock* 
Bare 
MosslLichen 
Exotic Biomass* (g) 
Soil Depth (cm) 
Number of Species * 
Number of Exotic Species* 
Number of Native Species 

Emergence 

Habitat 
VVeed-free VVeedy 

15.1 
12.6 

2 
59.1 
17.3 
0.5 
6.5 
2.9 
3.9 
1.9 
1.9 

68.8 
10.1 
0.7 
10.6 
27.5 
0.7 

54.7 
3.4 
5.7 
3.2 
2.5 

Overall emergence was low with only 98 seedlings emerging from a total of c. 

21,600 sown seeds. Nevertheless, total emergence was significantly higher in the 

weed-free habitat (72 seedlings) than in the weedy habitat (26 seedlings) (Kruskal-

VVallace one-way ANOVA U=497, r=5.137, dJ=l, P<0.025). Emergence was also 

more frequent in the weed-free habitat, with some seedlings emerging in half of all 

weed-free plots compared to only a quarter of the weedy plots. 

In the weedy habitat, only treatment was a significant predictor of 

emergence when all pre-treatment variables were controlled for (Table 3a), and the 

backward selection process left only treatment as a significant variable (Table 3b). 

Emergence was favoured in the weeded plots (5/9 plots with some emergence and 22 

total seedlings) compared with the control and soil-disturbed plots (2/18 plots with 
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some emergence and 4 total seedlings) (Table 3b). The importance of weeds in 

controlling emergence of 1. exiliswas further reinforced when post-treatment 

variables were modelled, with only exotic cover significant in a full model, and 

where only exotic cover remained significant after backward selection (Table 3b). In 

the weedy habitat, plots with a lower proportion of exotic cover (including weeded 

plots) were more likely to have emergence. 

In the weed-free habitat, treatment had no significant effect on emergence 

(Table 4). In the full model of pre-treatment variables, soil depth had a slightly 

significant negative effect on emergence (Table 4a), but did not remain significant as 

other non-significant variables were dropped from the model in the backward 

selection process. When post-treatment variables were modelled, the backward 

selection process left exotic cover and bare ground as significant predictors of 

emergence, with both having a negative effect (Table 4b). 

Table 3. Results of logistic regression modelling of the presence or absence of 
germination with site variables in the weedy habitat. A. The significance of pre-
treatment variables measured as change in deviance in a full model of treatment and 
pre-treatment variables. B. The final model resulting from backward selection using 
post-treatment and post-treatment variables. More positive parameter estimates 
indicate that the variable has a more favourable effect on germination. 
a) 

Site Variable 
Treatment 
Native cover 
Litter cover 
Soil Depth (cm) 

b) 

Model 
Pre-treatment 

Change in Deviance df 
5.862 2 
0.038 1 
0.044 1 
0.019 1 

P 
0.05 
0.95 
0.95 
0.95 

Site Variable Parameter Estimate 
Constant 0.233 
Control -2.303 

Soil Disturbed -2.303 
Weeded 0 

Model Deviance = 5.980, with 2 dj, P<0.05 

Post-treatment Constant 0.204 
Exotic Cover -0.034 

Model Deviance = 6.190, with 1 dj, P<O.013 
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S.E. P 
0.671 0.739 
1.255 0.067 
1.255 0.067 

0.658 0.757 
0.015 0.025 



Table 4. Results of logistic regression modelling of the presence or absence of 
germination with site variables in the weed-free habitat. A. The significance of pre-
treatment variables measured as change in deviance in a full model of treatment and. 
pre-treatment variables. B. The final model resulting from backwardselection using 
post-treatment variables. More positive parameter estimates indicate that the variable 
has a more favourable effect on germination. 
a) 

Site Variable Change in Deviance dt P 
Treatment 2.27 2 0.5 
Native Cover 3.367 1 0.075 
Litter Cover 0.187 1 0.5 
Soil Depth (cm) 4.077 1 0.05 
Model Deviance = 7.387, with 5 df, P=0.193 

b) 

Site Variable Parameter Estimate S .E. P . 
Constant 4.916 1.899 0.01 
Bare Cover -0.252 0.117 0.031 
Exotic Cover -0.183 0.09 0.042 
Model Deviance = 22.950, with 2 df, P < 0.001 

The lack of a treatment effect, but ,significant negative effect of exotic cover may be 

explained by the variation in the level of exotic cover throughout the plots. The 

proportion of exotic cover in the weeded treatments prior to weeding was relatively 

low (the mean was 13%), probably too low for the effect of weeding to make a 

difference. However, high exotic cover in some of the control or soil disturbed plots 

that coincided with a lack of emergence would indicate a negative effect of exotic 

cover. This is reinforced by the data with four of five plots with no exotic cover 

having some emergence compared to no emergence in all four plots with more than 

20% exotic cover. 

Seedling Growth and Survival 

Survival rates were similar in both the weeded and weed-free habitat with c. 70% of 

all tagged seedlings surviving from when they emerged in early spring to early 

summer in both habitats (Table 5). 
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Growth rates were highly variable both in tenns of width of the basal rosette and 

number of leaves in both habitats. In general however, there was a tendency for 

higher growth rates in the weed-free habitat (Table 5). 

Table 5. Total emerged I. exilis seedlings in September 2001, total seedlings still 
alive in December 2001 and mean seedling growth ± the standard deviation in tenns 
of increase in the width of the basal rosette and increase in leaf number from 
September to December in the weed-free and weedy habitats. 

Habitat Total Seedlings 
September 2001 

Total seedlings 
December 2001 

Mean increase in 
width of the basal 

rosette 

Mean increase in 
leaf number 

Weed-free 
Weedy 

Seed Bank 

75 
26 

53 
18 

6.29 ±13.1 
O±8.8 

3.1 ±3.7 
1.2 ±1.7 

No I. exilis germinated in any of the seed bank samples. Exotic weeds dominated the 

soil samples at all three distances, with a total of 14 species present in all samples 

(Appendix 1). 

Discussion 

High habitat specificity is not responsible for restricting I. exilis to one small area on 

the limestone tower where it is found. Although the population of I. exilis appears to 

be viable and maintaining itself at this site, it is capable of establishing elsewhere. 

Successful establishment in at least some plots in all six sites that it was sown into 

indicates that seed is not reaching these sites, and that if more seed was naturally 

present, I. exilis would have a greater distribution. Therefore, low seed production 

and limited dispersal ability are likely to be important in the restriction of I. exilis to 

the small area that it currently occupies. 

This hypothesis was further supported by the lack of a soil seed bank, 

indicating that seed production is so low that very little seed is reaching soil seed 

bank reserves within the popUlation, let alone dispersing to habitat away from the 

population. Soil seed banks can play an important role in species conservation in that 
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they provide a reserve of material that can buffer populations from stochastic 

occurrences (Harper, 1977; Pavlik et ai., 1993; Parker et ai., 1989; van der Valk and 

Pederson, 1989; Akinola et ai., 1998; Kalamees and Zobel, 1997). The lack of such 

reserves to buffer the tiny 1. exilis population highlights the extreme vulnerability of 

this species due to intrinsic factors alone. 

Extrinsic factors were also found to restrict 1. exilis, with weed competition 

reducing establishment in areas dominated by weeds. Weeds also had a negative 

effect on establishment when exotic cover was relatively low. The slow but steady 

increase of weeds into the 'weed-free' southern half of the tower (Molloy et ai., 

1999; pers. obs.) may thus already be impacting negatively on 1. exilis. Any 

additional factors acting to limit 1. exilis in this area is especially important, as any 

natural increase of 1. exilis will have to occur immediately adjacent to the present 

population. 

The dominance of weed species in the soil seed bank provides further 

evidence that weeds may be increasing in the until now relatively weed free areas of 

the tower. It also poses a serious threat to the natural population of 1. exilis. Soil seed 

banks can be managed to control unwanted weeds or to manage populations of rare 

plants, or both together (Donelan and Thompson, 1980; Keddy et al., 1989; 

Gilfedder and Kirkpatrick, 1993). Here however, the soil seed bank can not be 

expected to provide any assistance for the restoration of 1. exilis,-and instead may 

contribute to its decline. 

The seed bank results illustrate the importance of a combination of intrinsic 

and extrinsic limitations. The current evidence is that the population is maintaining 

itself but not increasing. The dominance of weeds in the soil seed bank and the 

increase of weeds around the population, if left unchecked, will ultimately result in 

the reduction of recruitment of l. exilis seedlings into the population. 

The fact that the removal of weeds allowed l. exilis to become established in 

areas where weeds dominate indicates that habitat characteristics such as soil quality 

have not been irrevocably changed by weed occupation such that the habitat is no 

longer suitable for 1. exilis, and presumably the other species endemic to this habitat. 

This is encouraging for the overall restoration of this limestone tower as habitat for 1. 

exilis. However, although there was a good deal of variability in the seedling growth 

rate data, the generally lower growth rates of 1. exilis seedlings in the weedy habitat 

relative to the weed-free habitat (Table 5) indicates that habitat quality in the weedy 
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habitat may be poorer. Since weeds were removed from only small plots, lower 

growth rates in the weedy habitat may also result from competition with weeds 

surrounding the weeded plots, and the removal of weeds from the entire tower would 

eliminate this problem. 

Microhabitat 

The part of the limestone tower on which 1. exilis is found generally provides 

conditions that are suitable for 1. exilis establishment. In this relatively weed-free 

area, bare ground had a highly significant negative effect on emergence in the weed-

free habitat. Bare ground here was very fine, smooth, cemented soil in which there 

were no 'safe sites' for seeds to germinate in. The small rocks which account for 

much of the ground cover appear to provide such safe sites, with seedlings found 

actually underneath small rocks, and seedlings associated with rock larger and 

greener than those in the open (pers. obs. 21-9-01). A topographically diverse 

environment such as that provided by rocks or cracks has been found to favour 

germination and seedling establishment in dry environments, probably due to 

protection from desiccation (Fowler, 1986; Hamrick and Lee, 1987; Fowler, 1988; 

Ryser, 1993; Foster, 1999). 

Conclusions 

The distribution of l. exilis is restricted by a combination of intrinsic (low seed 

production and limited dispersal) and extrinsic (weed competition) factors. Although 

the population has maintained itself at a steady state for at least five years, new 

habitat has not been colonised because seed is not dispersing away from the existing 

population. Weed competition restricts 1. exilis from establishing in areas where 

weeds are dominant, but also where they are still relatively sparse, thus acting to 

intensify the low likelihood of colonisation of new habitat, and threatening the 

existing natural population. 

It is critical for this extremely vulnerable plant that its current habitat is 

maintained free of weeds, and that additional self-sustaining populations of 1. exilis 

are established. Sowing seed into weed-free habitat appears to be a good method for 

the reintroduction of 1. exilis populations because the germination requirements of 

the species are not very precise, many seeds can be obtained from cultivated plants, 

and because sowing seed mimics natural dispersal processes (Primack and Miao, 
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1992; Primack, 1996). Monitoring of the seedlings that established in this experiment 

will demonstrate how successful the reintroduced plants are in the different habitats, 

and provide more clear directions for management and future reintroduction efforts. 

However, based on these results, additional planting of!. exilis should occur in sites 

with low vegetative cover, a high cover of small (D.5-5cm) rocks that provide safe 

sites for establishment, and avoid sites dominated by smooth bare ground that do not 

provide such safe sites. 
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Appendix 3. The number of seeds germinating and frequency (% occurrence in 5 
soil samples) of species found in the soil seed bank at Awahokomo. Native species 
are in bold. 

Distance (m) 
0 1 3 

Species # Seeds Frequency # Seeds Frequency # Seeds Frequency 
Stella ria media 25 100 5 20 3 60 
Sedum acre 1 20 1 20 7 20 
Verbascum thapsus 1 20 2 40 1 20 
Crepis capillaris 4 40 5 60 5 40 
Populus nigra 1 20 0 0 0 0 
Cardamine bilobata 2 20 0 0 2 20 
Solanum nigra 1 20 0 0 1 20 
Anthoxanthum odoratum 2 40 1 20 0 0 
Oxalis exilis 1 20 0 0 1 20 
Rytidospenna sp 1 20 0 0 1 20 
Agrostis stolonifera 0 0 1 20 0 0 
Dactylus glomeratus 0 0 0 0 1 20 
Senecio vulgaris 0 0 1 20 0 0 
Poa cita 1 0 0 0 0 0 
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Abstract 

The distribution of many threatened plant species is restricted to marginal habitats 

such as rock outcrops. When this distribution is a result of recent confinement from it 

former more widespread distribution, there are two probable explanations: 1. 

Competitive displacement to marginal habitat due to weed invasion in former habitat, 

and 2. Degradation of former habitat resulting in the loss of microhabitats for 

establishment and/or survival.lshnocarpus novae-zelandiae is a threatened South 

Island, New Zealand endemic with a distribution nearly confined to rock outcrops. It 

has disappeared from former habitat of tussock grassland. The effects of weed 

competition and habitat type on 1. novae-zelandiae establishment were examined in a 

series of field experiments. I tested whether weed competition is a likely mechanism 

both in the displacement of 1. novae-zelandiae from former habitat, and in the decline 

of 1. novae-zelandiae within its current habitat, by sowing seed in weeded and 

nonweeded treatments in three habitat types: remnant tussock grassland and rock 

outcrop habitats that have been extensively invaded by weeds, and in rock outcrop 

habitat with much less weed invasion. These experiments demonstrated that different 

factors are important in the establishment of 1. novae-zelandiae depending on habitat 

conditions. In dry conditions, I. novae-zelandiae appears unable to establish in 

remnant tussock grassland and requires shelter for establishment. Within its current 

rock outcrop habitat, weed competition significantly reduced germination rates, and 

appeared to reduce growth rates. Since other factors may be important in limiting I. 

novae-zelandiae, I also demographically monitored four natural populations and 

conducted a seed bank study. Seed production, seed bank dynamics and adult 

mortality did not appear to be limiting in general. Seedling mortality may be an 

important limiting factor. These results suggest that the conservation of I. novae-

zelandiae is dependent on the maintenance of weed-free habitat. 

Keywords: lschnocarpus novae-zelandiae; weed competition; rock outcrops; 

shelter; establishment; tussock grasslands; seed bank. 
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Introduction 

Many threatened plant species have a distribution confined to marginal habitats such 

as rock outcrops (e.g. Gankin and Major, 1964; Morgan and Norton, 1992; Molloy, 

1994; Huenneke et ai., 1990; Greenlee and Calloway, 1996; Given, 1998; Escudero 

et ai., 1999; Hamilton et al., 1999). Such a narrow habitat range may result from 

natural adaptations to a particular habitat (Huenneke, 1991; Kluse and Doak, 1999; 

Wolf et al., 1999; Wolf and Harrison, 2001 ;Colas et al., 2001). Alternatively species 

may have more recently been confined due to degradation of former habitat such as: 

1. competitive displacement from weed invasion, or 2. the loss of suitable 

microhabitat in former habitat. 

Weed invasion has been blamed for the displacement of many native species 

to marginal habitat (Gurevitch, 1986; Molloy, 1994; Given, 1998; Huenneke et ai., 

1990; Foster, 1999; Walker, 2000; Foster, 1999). Because conditions of marginal 

habitats such as rock outcrops are stressful for plant growth in terms of moisture and 

resource availability, invasive species that thrive in more productive habitats may 

lose their competitive advantage at these sites, thus allowing for poorer competitors 

to survive (Sensu Grime, 1979; e.g. Gurevitch, 1986; Huenneke et al., 1990; Foster, 

1999). 

Alternatively, other forms of habitat degradation, such as the loss of 

microhabitats for plant establishment and survival, may also be important in the 

displacement of native species (D' Antonio and Vitousek, 1992; Rosentreter, 1994). 

For example, in tussock grasslands, the shelter provided by tussock canopies can 

create a cooler and moister microclimate than that of surrounding shorter vegetation, 

thus providing a favourable microclimate for smaller grassland species (Scott, 1961; 

Pllhlsson, 1974; O'Connor, 1986; Hunter and Aarssen, 1988; Greenlee and 

Calloway, 1996). The loss of shelter-providing native species in former habitat may 

result in the displacement of species to rock outcrops, where, although conditions 

may be unfavourable for plant growth, the shelter provided by rock overhangs 

provides a cooler, shadier microclimate than in open habitat. 

Ischnocarpus novae-zelandiae (Brassicaceae) is a South Island, New Zealand 

endemic confined to marginal rock outcrop habitat from Marlborough to Southland. 

It has disappeared from fonner habitat such as tussock grassland, and field surveys of 

historic records show evidence of decline (Wardle, 1999; Wardle, 2000). 
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Competitive displacement by invading weeds is thought to be the most important 

factor responsible for the decline of 1. novae-zelandiae, and for further threatening 

the status of the species (Wardle, 1999; Wardle, 2000). Competition with the 

invasive weed Hieracium pilosella was shown to reduce 1. novae-zelandiae 

germination rates and seedling growth in the glasshouse, indicating that weed 

competition could be responsible for the displacement of 1. novae-zelandiae from 

more productive habitats (Miller and Duncan, submitted). 

In the northern-most part of its range (Marlborough), 1. novae-zelandiae is 

found growing in the shelter of other plants, including shrubs and tussocks 

(Department of Conservation, 2000), suggesting a possible facilitative relationship 

between native plant cover and 1. novae-zelandiae establishment and/or survival. 

Canopy of Festuca novae-zelandiae (hard tussock) was also shown to provide 

conditions that favoured 1. novae-zelandiae germination in the glasshouse, 

suggesting that the shelter provided by tussock canopy is important in the 

establishment of the species (Miller and Duncan, submitted). Thus, the loss of such 

shelter may also be important in the decline of the species. 

Here I report on field experiments designed to test the effects of weed 

competition and habitat type on 1. novae-zelandiae establishment. I tested whether 

weed competition is a likely mechanism both in the displacement of 1. novae-

zelandiae from former habitat, and in the decline of 1. novae-zelandiae within its 

current habitat, by sowing seed in weeded and non weeded treatments in three habitat 

types: remnant tussock grassland and rock outcrop habitats that have been 

extensively invaded by weeds, and in rock outcrop habitat with much less weed 

invasion. 

Because factors other than weed competition may also be important in the 

maintenance and survival of 1. novae-zelandiae populations, I demographically 

measured plant growth, reproduction, mortality and seed bank dynamics within 

naturally occurring populations in different habitat conditions. This provided an 

understanding of demographic processes that might additionally limit 1. novae-

zelandiae, and also pointed to habitat conditions where conservation efforts would 

best be directed (Helenurm, 1988; Pavlik et al., 1993; Kluse and Doak, 1999). 
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Methods 

Study Species 

/. novae-zelandiae is a small, rosette-fonning, taprooted, perennial herb with small 

white flowers borne on racemes. Fruits are long cylindrical pods that contain 

numerous light brown seeds. These seeds have no obvious dispersal mechanism and 

are most likely gravity and wind-dispersed short distances. Flowering occurs from 

October to February, and fruiting from November to March. 

The historical habitat of /. novae-zelandiae is lowland to higher montane 

tussock-grassland, bare places, and unstable screes, from latitude 41"30' to 45° 30', 

east of the main divide (Allen, 1961). Currently it is found associated with rock 

outcrops from Marlborough to Southland, with a stronghold in central Otago. Within 

the rock outcrop habitat, /. novae-zelandiae is found in a variety of habitat situations, 

from low to high altitude, and from closed forest canopy to subalpine grassland. 

/. novae-zelandiae was listed as Endangered on the 1995 New Zealand 

Threatened Plant List (Cameron et al., 1995), but was relisted as naturally sparse on 

the 1999 list (de Lange et ai, 1999). It is listed as a category B threatened plant by 

the Department of Conservation, which is second highest priority. 

Study sites 

I selected three experimental study sites at locations where populations of /. novae-

zelandiae exist (Figure 1; Table 1). 

MtSomers 

This site is Northwest of the summit of Mt Somers (43°36'S, 117°19'E). The geology 

is ancient rhyolite rock, which forms dry, thin and infertile soils. Rock habitats such 

as bluffs, rock outcrops, boulder fields, and screes are abundant around the study site. 

The mean annual rainfall of the study site is 1063mm (1988-2000, Environment 

Canterbury weather station data). The vegetation is modified tussock grassland 

dominated by weeds such as Hieracium pilosella and exotic pasture grasses. It also 

includes pockets of mountain beech (Nothofagus solandri var cliffortiodes) and 

scrub. There are two natural populations of /. novae-zelandiae at Mt Somers, one of c 

65 plants growing under Hebe rakaiaensis shrubs under an overhang, and the other 
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·Diamond L 

• Wye 

Figure 1. Location of the three experimental field sites. (The natural population 

monitored at Bob's Cove is very near to Wye Creek). 
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of c 7 plants growing in skeletal soils under a second overhang. Other 1. novae-

zelandiae plants have been found in the area, but never more than a few plants. 

WyeCreek 

The Wye Creek Conservation area is along Lake Wakatipu near Queenstown 

(45°09'S, 168°46E). Soils are mainly stony steepland schists, which are strongly 

leached and droughty in the summer (McEwen, 1987). The topography is steep and 

rugged. The mean annual rainfall is 836.7mm and the mean annual temperature is 

1004° (Record 220 yrs, National Institute of Water and Atmospheric Research 

(NIW A)). The vegetation is a mixture of tussock grassland, mountain beech 

remnants, scrub and bracken (McEwen, 1987). There are two populations of 1. 

novae-zelandiae in the study area, one of c 200 plants located along a ledge under an 

overhanging bluff under mountain beech forest, and a small population of c 20 plants 

on an open rocky ledge. Weed presence is relatively low although the invasive weed 

Hieracium lepidulum (tussock hawkweed) is present and appears to be increasing 

(pers. obs.). 1. novae-zelandiae plants are scattered in other bluffs in the area, but not 

in any abundance (pers. obs.). 

Diamond Lake 

'Diamond Lake' is part of a 3144-hectare pastoral lease property located near 

Wanaka, Central Otago (44°38'S, 168°5iE). The soils are Haast schists with 

Paradise yellow-brown earths. It is a glaciated landscape with lakes, tams, 

boulderfields, and steep bluffs (Department of Conservation, 1997). The climate is 

dry and cool with a mean annual rainfall of 689.4mm and the mean annual 

temperature is 10.2° (Record 9 years, NIW A). The vegetation consists of remnant 

broadleaf forest pockets located along the bluffs and on steeper slopes. Hieracium 

lepidulum is extensive within these forest remnants. Surrounding the remnants is 

exotic pasture dominated by introduced grasses including browntop (Agrostis 

capillaris), sweet vernal (Anthoxanthum odoratum), and cocksfoot (Dactylis 

glomeratus) (Department of Conservation, 1997). Sheep and cattle currently graze 

the pasture and have access to the bush remnants. There are ten known populations 

of 1. novae-zelandiae on bluffs in the Diamond Lake area, ranging in size from 5-60 

plants. 
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Bob's Cove 

Bob's Cove was not an experimental site, but it was the site of a population that was 

monitored in this study. The population site is a 2 metre tall bank located along a 

Department of Conservation walking track along Lake Wakatipu (45°0iS, 168~OE). 

The climate is the same as for Wye Creek. The vegetation is mixed beech-broadleaf 

forest with few exotic species present. 1. novae-zelandiae is found in several 

locations scattered along the bank of the track, ranging from 1-40 plants. 

Field Experiments 

MtSomers 

The field experiment at Mt Somers was established on 11 November 2000. I selected 

five sites within three different habitat types where no 1. novae-zelandiae plants 

currently occurred, but that were similar to where plants are currently found, or are 

known to have occurred (Table 1). Note: these sites were chosen subjectively based 

on knowledge of existing 1. novae-zelandiae habitat. A more accurate method would 

have been to quantify characteristics of sites where 1. novae-zelandiae populations 

occur and then compare these with the chosen sites to ensure that site characteristics 

were indeed similar. 

1. Forested Rock Outcrop; one site (moderately weed-free rock outcrop site 

in mountain beech forest). 

2. Open Rock Outcrop; two sites (moderately weed-free rock outcrop sites 

in open tussock grassland). 

3. Open Tussock Grassland; two sites (very weedy open tussock grassland 

sites a short distance away from the two open rock outcrop sites). 

At each of these five sites I laid out twelve 30x30cm plots in areas judged to be 

suitable for 1. novae-zelandiae establishment. I then recorded groundcover 

characteristics (cover by exotic and native vegetation, litter, moss, rock, and bare 

ground), measured the soil depth, and recorded the species present for each plot. 

Cover was visually estimated and soil depth was measured by inserting an 

aluminium rod in the centre of the plot as far as it could without undue force, and 

measuring this depth with a ruler. I then randomly assigned three plots to each of 

four treatments: 
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1. Weeded, where all exotic species were removed. Reinvading weeds 

were removed when plots were monitored for germination, and the 

number and identity of reinvading species was recorded. 

2. Soil disturbed, where plots were raked lightly to a depth of c. l-cm with 

a hand rake, but weeds were not removed. Since weed removal disturbed 

the soil, the separate soil disturbance treatment was done to isolate the 

effect of weed removal versus the effect of soil disturbance. 

3. Control, where the plot was left intact. 

4. Unsown control, where the plot was left intact and no seed was sown. 

(This treatment was to control for any seed already present in the soil. 

There was no natural germination in these plots and they were not used 

in subsequent analysis). 

After the treatments had been applied, I sowed approximately 5001. novae-zelandiae 

seeds per plot by scattering the seeds evenly over the plot, gently firming down the 

soil, and watering the plot with c 0.5 litre of water. Seeds were obtained from plants 

cultivated at Lincoln University. 

I monitored plots for germination and watered them on 23 November and 12 

December 2000. I monitored for additional germination and seedling survival at 

monthly intervals after this. I recorded the number of seedlings observed per plot, 

and monitored their survival. Nearly all seedlings had died by the end of autumn 

(April 2000). A second pulse of germination was observed early the following spring 

(August 2001), and these seedlings were tagged with a coloured paperclip, and the 

width of the basal rosette and number of leaves was recorded. Growth and survival 

was recorded eight weeks after tagging. 

Wye Creek and Diamond Lake 

The summer of 2001 in New Zealand was the driest on record for 140 years 

(NIW A, 2001), and in these hot and dry conditions almost no germination occurred 

in the Open tussock grassland habitat, but did occur in both rock outcrop habitats in 

the initial pulse of germination at Mt Somers, suggesting that shelter was critical for 

1. novae-zelandiae establishment in these conditions. In order to examine the effects 

of weed competition I therefore set up experiments at two additional locations, Wye 

Creek and Diamond Lake, that were in sheltered habitats but where weed invasion 

was a potential problem (Table 1). 
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Table 1. A summary of the experimental field sites. Where there are two sites per habitat type, they are assigned a site number, and the mean 
plot characteristics are the means for both sites. 

Mean plot characteristics for site 
Location Habitat Site # % Exotic % Native % Litter % Rock % Moss % Bare Soil Depth Notes 

(cm) 
MtSomers Forested Rock Outcrop 16.7 8.4 41.4 7.2 0.3 25.9 5.8 

Open Rock Outcrop 1 21.1 12.9 22.1 35.4 2.3 4.2 3.0 
2 

Open Tussock Grassland 1 80.7 1.8 15 2.8 0 0 4.8 
2 

Wye Creek Forested Rock Outcrop 2.1 10.4 24.8 15.3 10.3 37.4 5.2 Destroyed by vandals 
Open Rock Outcrop 23.8 11.3 48.2 5.6 8.3 4.6 3.9 

Diamond Lake Forested Rock Outcrop 1 65 0.8 18.8 12.5 1.7 0.8 2.6 Grazed by sheep 
2 



The experiment at Wye Creek was established on 25 January 2001. I selected 

two habitat types: 

1. Forested Rock Outcrop; one site (weed-free rock outcrop site in mountain 

beech forest). 

2. Open Rock Outcrop; one site (moderately weedy open rock outcrop site). 

At each site I laid out 16 30x30cm plots and recorded plot characteristics as before. I 

then randomly assigned four plots to each of four treatments 1. Weeded, 2. Soil-

disturbed, 3. Control, 4. Unsown Control. After treatments had been applied I sowed 

approximately 800 seeds per plot. 

I established the experiment at Diamond Lake on 26 January 2001. I selected 

two sites within one habitat: 

1. Forested Rock Outcrop; two sites (rock outcrop sites in mixed broadleaf 

forest with high weed presence (Hieracium lepidulum and Dactylis 

glomerata). 

At each site I laid out 16 30x30cm plots and recorded plot characteristics as before. I 

then randomly assigned four plots to each of four treatments 1. Weeded, 2. Soil-

disturbed, 3.Control, 4. Unsown Control. After treatments had been applied I sowed 

approximately 800 seeds per plot. 

I monitored both Wye Creek and Diamond Lake for germination on 28 

February 2001, one month after establishment because this was the time to first 

germination at Mt Somers. I monitored again on 18 and 19 April 2001, but since no 

germination had occurred by then, monitoring ceased until early spring (4 September 

2001) when seedlings were observed. On 9 October 2001, ten (or all if <10) 

seedlings were tagged with a coloured paper clip and the number of leaves and 

maximum width of the seedling was recorded. Growth and survival was recorded 8.7 

weeks after tagging. 

Natural Populations 

The growth and fecundity of plants in natural populations was recorded at four 

different locations: Mt Somers, Wye Creek, Diamond Lake and Bob's Cove. Plant 

size and reproductive effort are both indicators of plant performance and used as 

measures of habitat suitability (e.g. Huenneke 1991; Kluse and Doak, 1999; Kery et 

al., 2000). The habitat characteristics of the four populations are summarised in 

Table 2. Plants were tagged by placing a metal fencing staple with a numbered label 
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in the soil near the plant. Maximum width of the basal rosette was measured, number 

of basal leaves was counted, and the number of flower stalks and fruits or flowers 

were recorded. Damage to the plant such as browse, disease, or insect infestation was 

noted. At Mt Somers every third adult plant was tagged and five seedlings were 

tagged. At Diamond Lake every second adult plant and every seedling was tagged. 

At Wye Creek every fifth adult and every third seedling was tagged. At Bob's Cove 

every adult in a small section of cliff was tagged to give 20 tagged adults. Due to the 

difficulty in tagging the plants at Bob's Cove, the unstable nature of the habitat and 

consequent risk to the health of the plant, a limited number of plants were tagged. All 

populations were monitored at approximately monthly intervals for nine months. 

Table 2. Habitat Characteristics of the four demographically monitored populations 
of 1. novae-zelandiae. 

Population Aspect Altitude(m) Habitat Vegetation 
Diamond Lake SE 680 Open Rock Outcrop Exotic pasturelandlweeds 
Bob's Cove SE 195 Forested Bluff Mixed Broadleaf Forest 
Wye Creek S 575 Forest Rock Outcrop Mountain Beech 
Mt Somers SE 850 Semi Open Rock Scrub 

Outcrop 

Seed Bank 

At three populations (Mt Somers, Wye Creek, and Diamond Lake), I also conducted 

a seed bank study to test whether 1. novae-zelandiae produced a persistent seed bank, 

and the extent that seed disperses short distances from the parent population, I 

examined soil samples at two different times of the year. I randomly collected ten 

soil surface samples of approximately 200cm3 from within the population, and from 

distances of 1m and 3m from the population. Soil surface samples were collected 

with a small garden spade because the rocky nature of the soil in these populations 

made using a soil corer impossible. 

The samples were air dried in open plastic bags in the glasshouse for two 

weeks, then spread out on sand-filled trays and watered as needed. All emerging 

seedlings were counted and identified. If identification was not immediately possible, 

seedlings were removed and potted for later identification. Observations were 
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tenninated after three months after no new 1. novae-zelandiae were observed. I first 

sampled in the spring of 2000 (23 November at Mt Somers, 7 December at Wye 

Creek and 5 December at Diamond Lake), to test for the existence of a persistent 

seed bank. I then sampled in the autumn of 2001 after most seed had dispersed (6 

April at Mt Somers, 18 April at Diamond Lake and 19 April at Wye Creek). 

Analysis 

Habitat Differences 

For each habitat type (Forested Rock Outcrop, Open Rock Outcrop and Open 

Tussock Grassland) at Mt Somers, plot characteristics were compared using one-way 

ANOV A. At Wye Creek and Diamond Lake, plot characteristics were quantified for 

each habitat. 

Germination 

Mt Somers 

Since no gennination occurred in many plots, logistic regression was used to build 

models of treatment, habitat and plot characteristics that best predicted the presence 

or absence of germination in each plot at Mt Somers. Backward selection models 

were built by subtracting each variable one at a time from a full model of all 

variables, dropping the least significant variable from the model, and repeating the 

process until only significant variables remained. Since exotic cover and bare ground 

were correlated with treatment (weeding removed exotic cover and increased the 

amount of bare ground) they were excluded from the analysis. 

Wye Creek and Diamond Lake 

Plots in the Forested outcrop habitat at Wye Creek were destroyed by people or 

animals removing plot markers, making it impossible to relocate plots. This habitat 

will not be referred to again. Site #1 at Diamond Lake (Table 1) was grazed and 

trampled by sheep, whose numbers were increased in the vicinity of the plots during 

the drought. Plot markers were left intact, but the additional 'treatment' imposed by 

grazing meant that our original treatments were no longer valid at this site because 

most plots had much of their exotic cover removed by grazing or trampling. 

Since the remaining intact habitats, the Open rock outcrop habitat at Wye 

Creek and Site #2 at Diamond Lake were similar in that they were both sheltered, 
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weedy outcrop habitats where I. novae-zelandiae might occur if it were not for the 

high weed cover, these two sites were combined for analysis. The effects of 

treatment, site, and a site by treatment interaction on the number of seeds 

germinating in each plot were analysed with a General Linear Model (GLM), along 

with the effects of other site characteristics. Germination data was first normalised 

with the square root function. 

The additional 'treatment' imposed by sheep grazing at Site #1 at Diamond 

Lake provided a new testable prediction: at this site there should no longer be a 

strong weeding effect since weed cover had been reduced in all plots. I tested this by 

modelling site, treatment, and a site by treatment interaction term with the combined 

Wye Creek Open rock outcrop site and Site #2 at Diamond Lake as one site and the 

sheep grazed Site #1 Diamond Lake site as the other. I also tested for a treatment 

effect within the sheep grazed site alone with a GLM using square root normalised 

germination data. 

Seedling Growth and Survival 

Seedling survival was calculated as the mean percentage of tagged seedlings alive 

per plot after 8.7 weeks at Wye Creek and Diamond Lake, and eight weeks at Mt 

Somers. The growth rate of tagged seedlings was calculated as the percentage 

increase from the initial measurement of both leaf number and width of the basal 

rosette with the equation 

where VFis the final value, Vds the initial value, and Tis the total time over which 

growth was recorded in weeks. 

For Mt Somers, the data is presented descriptively. For Wye Creek and 

Diamond Lake, the effects of site and treatment on survival and growth in terms of 

leaf number and rosette width were examined with a General Linear Model. By 

December 2001, much of the grazed and trampled vegetation in the control and soil-

disturbed plots at Site #1 at Diamond Lake had recovered, while the weeded plots 

remained weed-free, thus our treatments at this site were once again valid. Therefore, 

I combined both Diamond Lake sites and the Wye Creek site for analysis of seedling 

growth and survival. Kruskal-Wallis non-parametric ANOVA was used to examine 

the effects of treatment on survival, and the effects of site and treatment on survival 

and growth rates were examined with a General Linear Model. 

95 

i .... 



Seed Bank 

Because the data was highly patchy, as is characteristic of the distribution of seed in 

the soil, only descriptive data is presented (Warr et al., 1994). 

Results 

Mt Somers 

Habitat Differences 

Relative to the other two habitats at Mt Somers, the Forested rock outcrop 

habitat had low exotic cover,. high litter and high bare ground. The Open tussock 

grassland habitat was characterised by high exotic cover (predominately Hieracium 

piloseUa) and comparatively little bare ground. The Open rock outcrop habitat had 

low exotic cover, similar to that in the Forested outcrop habitat, higher native cover, 

and high rock cover (Table 1). 

Germination 

There were two distinct pulses of germination at Mt Somers, the first beginning one 

month after sowing (December 2000), and the second early the following spring 

(August 2001). The first pulse of germination probably occurred as a result of our 

initial watering and the relatively milder conditions when seeds were sown. During 

the extreme dry conditions of the 2001 summer, germination ceased until early 

spring when the drought had ended and conditions were again suitable for 

germination to occur. 

Table 3. Germination patterns in the summer (December 2000) and spring (August 
2001) germination pulses at Mt Somers. n=number of plots. 

Pulse 

Summer 
Spring 

Total # # Plots with 
Seedlings Emergence 

133 15 
242 14 

# Seedlings in Habitat 
Forested Rock Open Rock Open Tussock 
Outcrop (n=9) Outcrop (n=18) Grassland (n=18) 

64 55 14 
24 141 0 
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The patterns of gennination were similar for both pulses, with half of the 

plots that had some gennination in the summer pulse, also having gennination in the 

spring. Very little gennination occurred in the Open tussock grassland habitat in 

either pulse. The Forested rock outcrop habitat had more gennination in the first 

pulse and the Open rock outcrop habitat had more in the second (Table 3). Since I 

were interested in the effects of habitat and treatment on gennination, regardless of 

the timing of germination, I combined the two pulses for analysis. 

Model Results 

Habitat, native cover, litter cover and moss cover were all significant predictors of 

gennination (p ::; 0.05) in a model of all variables, while treatment, rock cover and 

soil depth were not (Table 4a). The backward selection process left habitat as a 

strong predictor of gennination, and litter cover and moss cover were also 

significant. Germination was favoured in the Forested rock outcrop habitat, followed 

by the Open rock outcrop habitat, and was poor in the Open tussock grassland habitat 

(Table 4b). Litter cover had a negative effect on gennination while higher moss 

cover favoured gennination (Table 4b). 

Seedling survival and growth 

Mortality of tagged seedlings was high during the eight weeks of spring for 

which they were monitored, with only 22 of 42 seedlings in the Qpen rock outcrop 

habitat and 11 of 19 seedlings in the Forested rock outcrop habitat surviving. 

Seedling leaf number increased by a mean of 14.1 % from initial measurements in the 

Open outcrop habitat and 25% in the Forested outcrop habitat. In tenns of width of 

the basal rosette, the mean increase was 1.8% in the Open outcrop habitat and 2.9% 

in the Forested outcrop habitat. 
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Table 4. Results of logistic regression modelling of habitat, treatment, and plot 
characteristics predicting the presence or absence of gennination in each plot at Mt 
Somers. A. The significance of variables measured as the change in deviance in a full 
model of all variables. B. The final model resulting from backwards selection. More 
positive parameter estimates indicate that the variable has a more favourable effect 
on germination, while less positive parameter estimates indicate a less favourable 
effect. 
A. 

Variable Change in Deviance 4l p. 
Habitat 19.444 2 0.001 
Treatment 0.949 2 0.975 
Native Cover 4.418 1 0.05 
Litter Cover 11.643 1 0.001 
Moss Cover 7.588 1 0.01 
Rock Cover 2.917 1 0.1 
Soil Depth (cm) 2.515 1 0.5 
Model Deviance = 37.912, with 9djp<0.000l 

B. 

Variable Parameter Estimate S.E. p. 
Constant 3.444 1.404 0.014 
Forested Rock Outcrop 4.279 2.458 0.082 
Open Tussock Grassland 4.274 1.309 0.001 
Open Rock Outcrop 0 
Litter Cover -0.122 0.057 0.032 
Moss Cover 0.824 0.57 0.148 
Model Deviance=32.398, with 4 dte<O.OOOI 
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Wye Creek and Diamond Lake 

Habitat Characteristics 

Wye Creek had a lower percentage of exotic cover than Diamond Lake (Table 1); 

however, at Wye Creek the high litter cover was composed primarily of dead 

cocksfoot, the dominant weed at the site, and litter and exotic cover combined 

comprise c 72%, which is similar to the exotic cover at Diamond Lake. As a measure 

of the 'weediness' of the site, this higher figure is more representative than the 24% 

exotic cover, although the litter was not removed in the weeding treatment. Native 

cover, moss cover, and bare ground were higher at Wye Creek than Diamond Lake, 

while rock was higher at Diamond Lake (Table 1). 

Germination 

In these sheltered habitats that were dominated by weeds, weeding did have an effect 

on germination. Germination was highest in the weeded treatments, followed by the 

soil disturbed, and lowest in the control treatments at both Wye Creek and Diamond 

Lake (Table 5). There was no site effect or site by treatment interaction effect on 

germination, indicating that patterns of germination were similar in both sites, 

justifying combining the two sites. Germination was only weakly affected by 

treatment (GLM F2,21=2.979, P<0.073). However, when a single_outlying control plot 

with abnormally high germination of 201 seedlings (possibly because of a relatively 

low exotic cover of 35 %) was removed, treatment had a significant effect on 

germination (GLM F2,20=3.973, P<0.035). I suspect that this is a biologically 

significant result, with the weak statistical result stemming from a lack of power due 

to low replication following the loss of two of the sites. No other variables had a 

significant effect on germination. 

The prediction that the additional treatment imposed by sheep grazing at Site 

#1 at Diamond Lake would lessen the effect of weeding was confirmed. When site, 

treatment and site by treatment were modelled with this grazed site included as one 

site and the combined Wye Creek and Site #2 Diamond Lake site as another (and the 

above outlier plot excluded), there was a significant site by treatment interaction 

(GLM P<0.029), indicating that treatment had a different effect in the grazed plots 

and ungrazed plots. Further, there was no significant treatment effect on germination 

in the grazed site alone (one-way ANOVA F2,9=2.851, P<0.110). 
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Table 5. Germination patterns of experimentally sown 1. novae-zelandiae seed at Wye Creek and Diamond Lake observed in September 2001. 

Location 
Wye Creek 
Diamond Lake 

Site 
Open Rock Outcrop 

Forested Rock Outcrop # 1 
Forested Rock Outcrop #2 

Total # of Seedlings 
391 
1825 
251 

Total # Seedlings per Treatment 
Weeded Soil Disturbed Control 

270 74 47 
560 
113 

195 
77 

1070 
61 

Table 6. Seedling survival and growth rates at Wye Creek and Diamond Lake. Results of a General Linear Model with mean percentage increase in leaf number, rosette 
width (cm), and mean percentage survival over 8.7 weeks as the dependent variables and site and treatment as the independent variables. 

Location 

Diamond Lake 

Wye Creek 

Diamond Lake 
(Sites #1 and #2) 

Site 

Forested Rock Outcrop #1 
Forested Rock Outcrop #2 

Open Rock Outcrop 

F-ratio 
p 

Treatment 
Control 

Soil disturbed 
Weeded 

F-ratio 
p 

-" 
" , 
" 

Mean Increase in 
Leaf Number (%) 

20.3 
14.5 
6.5 

3.931 
0.037 

11.5 
11 

18.8 

1.685 
0.212 

Mean Increase in 
width (%) 

7.5 
6.4 
-0.8 

6.684 
0.006 

2.7 
3.6 
6.9 

2.06 
0.156 

Mean Survival (%) 

81.1 
68.8 
45.6 

3.411 
0.051 

57.6 
66.7 
71.1 

0.477 
0.627 



Seedling survival and growth 

When the effects of site, treatment and a site by treatment interaction were 

examined on the combined Wye Creek and two Diamond Lake sites, seedling 

survival and growth were significantly effected by site, with survival and growth 

much lower at Wye Creek than at the two Diamond Lake sites (Table 6). Because of 

this significant site effect, survival and growth was then analysed within the 

combined Diamond Lake sites (but not within the Wye Creek site alone due to 

insufficient replication). Within the Diamond Lake sites, treatment had a slight effect 

on survival rates with survival highest in the weeded treatments and lowest in the 

control (Kruskal-Wallis ANOVA .i=5.255, P<0.072). Treatment had no statistically 

significant effect on growth rates (GLM results Table 6), nor within sites. However, 

mean growth rate both in terms of leaf number and rosette width was consistently 

higher in the weeded treatments at all sites (Table 6). 

Natural Population Growth and Productivity· 

Individuals in all populations showed a trend of negative growth over the dry 

summer months arid a recovery over winter (Figure 2). Leaf senescence was 

common, and perhaps more severe during this especially dry season, however, most 

plants had begun to form new leaves at the rosette crown by late winter. Many new 

seedlings were observed at Wye Creek and Diamond Lake in the-spring, but virtually 

all of these had died due to water stress by the end of summer (pers. obs.). Very few 

tagged adults died (3 total) during the monitoring period, but tagged seedling 

mortality ranged from 25-45 %. The percentage of plants flowering was high in most 

populations except for Diamond Lake (Table 7). Browse of flower stalks and fruit, 

and broken flower stalks were observed at each population. At Diamond Lake 30% 

of tagged plants suffered stalk browse or had broken stalks; in this population where 

the proportion of plants flowering was low and most plants had only one flower 

stalk, this is a significant loss of reproductive capacity. 

If rosette width and proportion of plants flowering are used as indicators of 

habitat suitability, then Diamond Lake was the least suitable habitat for 1. novae-

zelandiae (Table 7). However, although rosette width was low at Mt Somers, 90% of 

tagged plants at Mt Somers flowered, which is the highest of the four populations 

(Table 7). Wye Creek had the largest mean rosette width and the highest mean fruit 

production, however, the proportion of flowering plants was only 41 % (Table 7). 
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Figure 2. Mean growth of individuals within four populations of I. novae-zelandiae 
over a six -month period in terms of number of basal leaves. (Populations: Diamond 
Lake (n=20) -e- ; Wye Creek (n=32) --T--; Bob's Cove (n=28) "'0'" ; Mt Somers 
(n=30) -V-). 

102 

L .<--
1'-'--· 
,-,_ .. _ .. ,---

I" 



...... o w 

Table 7. Characteristics of four populations of l. novae-zelandiae. The population sizes are estimates from November 2000. Width of the basal 
rosette and number of basal leaves are mean values taken over a nine-month period. Flowering data is from January 2001, when flowering was 
maximum for all populations. Number of flower stalks and fruit/flowers is the mean value of all tagged flowering plants. n = the number of 
tagged plants. 

Population Size of n Width of Basal # Basal % of Tagged Plants # Flower # Fruit or 
POEulation Rosette (em) Leaves Flowering Stalks Flowers 

Diamond Lake 40 20 4.55 9.27 15.00 2.34 10.78 
Bob's Cove 35 20 6.33 6.35 47.37 1.72 7 
WyeCreek 200 32 8.55 6.21 40.63 2.59 11.44 
Mt Somers 65 30 5.97 4.78 90.00 1.86 8.31 
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Table 8. Seed bank data for three populations of l. novae-zelandiae. The mean number of emerging l. novae-zelandiae seedlings and the 
frequency of occurrence (percentage of soil samples in which seedlings emerged) are given for 10 soil samples taken from each of three 
distances: zero metres (within the population), and from one and three metres from the population. 

Distance (m) 
0 1 3 

Date Population Mean Frequency Mean Frequency Mean Frequency 
November Mt Somers 14.9 80 0.1 10 0 0 
December WyeCreek 3.6 50 2.4 50 0 0 

Diamond Lake 2.4 50 3.8 20 0 0 

April 
Mt Somers 49.8 100 4.1 90 0.33 22 
Wye Creek 27.3 90 . 4 50 0.11 10 
Diamond Lake 7.3 66.7 1.3 20 0 0 
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Given the lack of consistency among the variables measured, it is difficult to 

order the four populations in terms of habitat suitability. In general however, Wye 

Creek appeared to be most consistently 'suitable', while Diamond Lake was most 

consistently 'unsuitable'. Although Diamond Lake had a high mean number of 

flowers/fruit, the proportion of flowering plants was so low that overall population 

productivity was low. 

Seed Bank 

1. novae-zelandiaedoes produce a viable persistent seed bank with germinable seed 

detected in the soil year round. In terms of total germinable seed in the soil, samples 

obtained in the spring (NovemberlDecember 2000) had far fewer germinating 1. 

novae-zelandiae seeds than those obtained in the autumn (April 2001), after seed had 

dispersed (Table 8). The Diamond Lake seed bank however, was smaller in the 

autumn than in the spring. This is likely a function of level of reproduction observed 

in this population (Table 7). The extent of the seed bank was also larger in the 

autumn, with viable seed found even at the three metre distances at Wye Creek and 

at Mt Somers (Table 8). 

The amount of seed in the soil samples decreased with increasing distance 

from the population, with very little seed found three metres away from the 

population (Table 8). Unexpectedly, Mt Somers had the largest s_eed bank at both 

sampling times, followed by Wye Creek and Diamond Lake. Since the popUlation at 

Wye Creek is at least three times larger than that at Mt Somers, a greater residual 

seed bank would be expected in the larger population. This is likely a result of the 

high density of the Mt Somers population relative to the more sparsely distributed 

Wye Creek population combined with physical features of the sites whereby a 

natural cleft at Mt Somers serves as a reservoir for seed, while at Wye Creek the 

population is along a ledge that drops off steeply, thus facilitating loss. 

Many other plants germinated in most soil samples, though these were mostly 

a collection of the exotic weeds surrounding the sites. Appendix 1 lists the 

frequencies of all species found in the seed bank at each site. Plants other than 1. 

novae-zelandiae were less frequent in the zero metre samples, while exotics were 

most frequent in the three-metre sample. At Diamond Lake, the soil seed bank was 

especially weed-dominated, reflecting the degraded state of the grassland 

surrounding the I. novae-zelandiae population, with weed invasion possibly 
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contributing to the poor performance of this population (Table 8). Wye Creek had the 

greatest species richness and a greater proportion of natives than the other two sites 

(Appendix 1). This is a reflection of the more intact condition of this site, and 

perhaps is partly responsible for the large 1. novae-zelandiae population at Wye 

Creek, and greater performance of the 1. novae-zelandiae plants measured at this site. 

Discussion 

Perhaps the most significant finding to come out of this study is that different factors 

are important in the establishment of 1. novae-zelandiae under different 

environmental conditions. Kluse and Doak (1999) similarly found that different 

factors were important in the restriction of an endangered California endemic 

depending on habitat type. 

At Mt Somers, a sheltering effect appeared to be the dominant factor 

determining 1. novae-zelandiae establishment, overriding any effects of weed 

competition with establishment almost exclusively restricted to the sheltered habitats. 

This is probably due to the open nature of the heavily modified tussock grassland. 

The weeded plots in the Open tussock grassland habitat were left virtually bare, as 

there were almost no native species, and this lack of any shelter combined with the 

dry conditions of the study season likely prevented 1. novae-zelandiae from 

germinating. This is further supported by the results of the glasshouse experiment 

which suggested that native tussock cover provides conditions favouring germination 

of 1. novae-zelandiae (Miller and Duncan, submitted). There is a suite of similar 

species, usually characteristic of arid, harsh environments that rely on cover provided 

by other vegetation or rocks for establishment (Fowler, 1986; Hamrick and Lee, 

1987; Fowler, 1988; Ryser, 1993; Bertness and Calloway, 1994; Foster, 1999; Nash 

Suding and Goldberg, 1999). 

In contrast, at Wye Creek and Diamond Lake, which were sheltered habitats 

with a high weed presence, there was evidence of weed competition effects, with 

germination rates, seedling growth and survival all improved when weeds were 

removed. 

These results suggest that the distribution of 1. novae-zelandiae may be 

limited by two factors: 1. An inability to establish in highly modified open tussock 

grassland in which it was formerly present, and 2. Weed invasion into the sheltered 

rock outcrop habitat to which it is now restricted. Most of New Zealand's tussock 
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grasslands have been heavily modified (O'Connor, 1982; Treskonova, 1991; White, 

1991; Connor, 1992; Rose et al. 1995; Ferraira and McKinlay, 2000; Walker, 2000; 

Duncan et ai. 2001), and the results of this study suggest that the chances of 1. novae~ 

zelandiae recolonising this habitat are low, particularly in dry seasons. The threat 

posed by weed invasion within the current marginal habitat where 1. novae-zelandiae 

is now restricted thus poses a grave threat to the status of the species, because if 1. 

novae-zelandiae is displaced from this habitat, it may have nowhere to be displaced 

to. 

Natural Populations 

The importance of the effects of shelter and weed competition was reinforced by the 

demographic study of natural populations and the seed bank study. The sheltered, 

non-weedy forested habitat of the Wye Creek population appeared most favourable 

out of the four monitored natural populations in terms of rosette size and fecundity 

levels, while the more open, weedy habitat of the Diamond Lake population was 

least suitable. 

Seed production, survival of adult plants and seed bank dynamics do not 

appear likely to limit 1. novae-zelandiae populations in general. However, where 

weed presence was high, as at the Diamond Lake population site, seed production 

may be limited both due to failure of plants to flower, and due to.-inflorescence 

damage. The exotic-dominated Diamond Lake population also supported the lowest 

1. novae-zelandiae soil seed bank reserves, but a high number of weeds in the seed 

bank. The seed bank at Wye Creek, which supports a large and relatively healthy 

population of 1. novae-zelandiae, included many other native species, and fewer 

exotics. 

Seedling survival was a critical factor limiting natural 1. novae-zelandiae 

population growth during the study period, with the mortality of both newly 

germinated seedlings and of tagged, older seedlings high. The experimental seedlings 

also had high mortality rates, suggesting that this is a key stage for the successful 

maintenance and growth of 1. novae-zelandiae populations. 

Conclusions 

Together, the findings of this study reveal two major trends concerning 1. 

novae-zelandiae establishment and population success: 1. novae-zelandiae has low 
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success establishing in modified open habitats with no shelter, and weeds can inhibit 

I. novae-zelandiae establishment within its current rock outcrop habitat. Weeds thus 

pose a serious threat to the establishment of new 1. novae-zelandiae populations 

within the rock outcrop habitat, and may be already negatively impacting 1. novae-

zelandiae populations such as the one monitored at Diamond Lake. Conservation of 

I. novae-zelandiae should therefore focus on maintaining populations in habitats that 

are less weed invaded, with management of weeds within those habitats essential. 

Except for seedling survival, natural demographic processes do not appear to 

be limiting when habitat conditions are sheltered and weed presence is low. In these 

conditions, seed production is high and a persistent seed bank that can buffer the 

population exists. However, in habitats such as Diamond Lake, where reproductive 

capacity is lowered, the soil seed bank appears to diminish quite rapidly. Not only 

will the buffering capacity of the seed bank be lost in such situations, through lack of 

seed entering the seed bank, but high weed cover and the dominance of exotic 

species in the seed bank will likely prevent establishment of seedlings from the 

existing seed bank (Gilfedder and Kirkpatrick, 1994). 
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Appendix 4. Frequency (% occurrence of seeds germinating from 10 samples) of k;~-'~::; all species found in the soil seed bank at three I. novae-zelandiae populations: Mt 
I 

Somers, Diamond Lake and Wye Creek. All seedlings were identified to species 1 

level when possible. Some could be identified only to genus or life-form. *=exotic. 

MtSomers 
November 2000 Distance (m) 
Species 0 1 3 
Ischnocarpus novae-zelandieae 80 10 0 
Euphorbia peplos* 20 0 0 
Agrostis capillaris* 20 10 20 
CerastiumJontanum* . 60 10 40 
Anthoxanthum odoratum* 10 0 0 
Hieracium pilosella* 20 30 50 
Ag rostis stolonifera * 70 100 100 
Senecio vulgaris 30 0 20 
Sagina procumbens* 10 30 30 
Gnaphalium luteo-album 0 20 30 
funcus effusa 0 10 0 
Holcus lanatus* 0 10 20 
Verbascum thapsus* 10 0 10 
Stellaria media * 0 0 20 
Coriaria arborea 0 0 10 
Mimulus guttatus* 0 0 10 

Total Species: 16 Native: 5 

April 2001 0 1 3 
Species 100 90 20 
Ischnocarpus novae-zelandieae 22 0 20 
Geranium micro flo rum 10 20 40 
Anthoxanthum odoratum * 60 70 40 
Cerastium Jontanum * 11 30 40 
Hieracium pilosella* 50 100 80 
Agrostis capillaris* 10 0 0 
Taraxanum sp* 0 10 0 
Cirsium arvense* 0 0 

~ . ~,4 

10 
Stellaria media * 0 10 10 
Gnaphalium luto-album 10 20 20 
Holcus lanatus* 0 20 20 
Digitalis purpurea * 20 40 0 
Senecio vulgaris* 40 60 50 
Hebe subalpina 0 20 0 . ","-'. 

Sag ina procumbens* 0 20 20 
Epilobium pubens 0 0 10 
Anthoxanthum odoratum * 0 0 10 
Mimulus guttatus* 0 0 10 
Coprosma propinqua 

Total Species: 19 Native: 6 
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Diamond Lake 
I;'~'; December 2001 Distance (m) ~:~~~~~~~ 

Species 0 1 3 
Ischnocarpus novae-zelandieae 50 20 0 
Stella ria media * 20 20 20 
Holcus lanatus* 40 50 20 
Agrostis stolonifera * 20 40 70 
Trifolium repens* 10 10 0 
Dactylus glomeratus* 40 60 30 
Hieracium lepidulum* 10 10 20 
Cerastium Jontanum * 20 10 50 
Anthoxanthum odoratum * 10 0 40 
Grass sp. 0 20 0 
Digitalis purpurea* " 0 10 10 
Myosotis sp 0 10 0 
Cardamine corymbosa 10 10 10 
Juncus articulus 0 10 0 
Solanum nigra * 0 0 10 
Senecio vulgaris* 0 0 10 
Sag ina procumbens* 0 0 10 
Lotus peduncularis* 0 0 10 

Total Species: 18 Native: 4 ! 
! 

April 2001 i:,:,:;;:, 
Species 0 3 
Ischnocarpus novae-zelandieae 60 20 0 
Stella ria media * 30 0 10 
Holcus lanatus* 70 70 60 
Agrostis stolonifera * 30 10 60 
Trifolium repens* 0 20 20 
Dactylus glomeratus* 30 40 60 
Hieracium lepidulum * 40 30 40 
Cerastium Jontanum * 70 90 80 
Anthoxanthum odoratum * 11 40 20 \ -~ . 

Rumex acetosella * 20 0 0 
Fumaria muralis* 0 0 20 
Digitalis purpurea* 0 30 10 ' -

--~----' 

Cardamine corymbosa 0 40 10 
Deschampsia chapmanii 10 10 0 
Aceana caesi-glauca 10 0 0 
Lamium amplexicaule* 0 20 0 
Hypochaeris glabra * 0 10 0 
Cirsium arvense * 0 10 10 1=,," ;;-'" 

I ~ :~~: . 

Vulpia bromoides* 10 10 20 
Coprosma rugosa 0 10 0 
Fuschia excorticata 0 10 0 
Aceana dumicola 20 0 0 
Sag ina procumbens* 10 0 0 
Erophila verna * 20 0 0 
Co ria ria sarmentosa 10 0 0 
Lotus peduncularis* 0 0 10 
Veronica arvensis* 0 20 10 
Hypochaeris radicans* 10 0 0 

Total Species: 28 Native: 8 
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Wye Creek 

l'-ic~jE: December 2000 Distance 
Species 0 1 3 
Ischnocarpus novae-zelandieae 50 50 0 ! 
Cardamine corymbosa 10 30 10 
Leycesteria formosa * 10 0 10 
Verbascum thapsus* 20 10 0 
Deschampsia chapmanii 20 10 10 
Holcus lanatus* 10 0 0 
Cerastium fontanum * 10 20 10 
Hypocharis radiacan * 10 10 0 
Stella ria parviflora 0 50 10 
Cirsium vulgare* 0 20 30 
Aira caryophyllea* 0 10 0 
Crassula siberiana * 0 20 10 
Cirsium arvense* 0 10 10 
Helichrysum filicaule 0 10 0 
Digitalis purpurea* 0 40 20 
Gnaphalium luteo-album 0 10 10 
Hieracium lepidulum * 0 20 10 
Coprosma rugosa 0 10 0 
Anthoxanthum odoratum * 0 0 20 
Coria ria sarmentosa 0 20 40 

Total Species: 21 Native: 8 

April 2001 
Species 0 1 3 
Ischnocarpus novae-zelandieae 90 50 10 
Cardamine corymbosa 20 60 50 
Leycesteria formosa * 0 20 20 
Agrostis sto Ion ifera * 30 0 10 
Deschampsia champmanii 50 40 30 
Holcus lanatus* 10 20 10 
Cerastium fontanum * 70 80 40 f 
Myosotis sp 40 10 0 
Poa colensoi 10 20 10 
Grass sp. 0 10 0 
Dicot herb sp. 30 10 30 
Stella ria parviflora 0 30 20 
Cirsium vulgare* 0 30 10 
Aceana dumicola 10 10 0 
Crassula siberiana* 20 50 30 
Luzula sp 0 20 30 ;-;'.; ~'.': ~.; : 

Digitalis purpurea* 0 40 80 
Gnaphalium luteo-album 0 0 10 
Hieracium lepidulum* 0 20 10 
Rubus schmeliodes 10 0 0 
Coriaria sarmentosa 0 0 20 
Anthoxanthum odoratum * 0 10 20 
Senecio wairauensis 10 
Fuschia excorticata 0 20 60 
Hebe salicifolia 10 20 20 
Epilobium pubens 40 50 20 
Cirsium arvense* 10 0 0 
C. vulgare* 0 20 0 
Epilobium sp. 0 10 0 
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Coprosma rugosa 
Unidentified shrub seedling 
Coprosma propinqua 

Total Species: 33 Native:20 

o 
o 
o 
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Chapter 6 General Discussion 

The general aim of this thesis was to evaluate factors contributing to the decline and . 

restriction of the threatened New Zealand cresses 1. novae-zelandiae and 1. exilis in 

order to provide recommendations for their conservation management. To 

accomplish this, I designed this study to examine the factors considered most 

relevant for the conservation of these two threatened species based on recent surveys 

of historical records (Wardle, 1999; Wardle, 2000), field observations and 

discussions at an informal Department of Conservation recovery group meeting. 

Notably, the effects of weed competition as agents in the displacement and decline of 

both species, the effects of seed and dispersal limitation on 1. exilis, and the effects of 

different habitat types on 1. novae-zelandiae. 

Glasshouse Experiment Summary 
The glasshouse experiment (Chapter 3) showed a clear competitive effect of the 

invasive weed Hieracium pilosella on both 1. novae-zelandiae and 1. exilis. 

Germination rates were reduced, growth rate was reduced, mortality was increased, 

and fecundity of 1. exilis was reduced (fecundity of 1. novae-zelandiae could not be 

tested). These effects were greater with increasing density of H. pilosella. These 

results indicated that competition with exotic invaders such as HA pilosella could be 

responsible for the decline and displacement of Ischnocarpus sp. from productive 

habitats. 

The glasshouse experiment also showed that germination of 1. novae-

zelandiae was higher under Festuca novae-zelandiae canopy, but that seedling 

growth rate was interfered with. This interference was not great, and since in the 

glasshouse, optimum environmental conditions are provided, it was not surprising. It 

is possible that in the field where exposed conditions might be lessened by tussock 

(or shrub) cover, a facilitative effect would be observed. Thus, I concluded that 

tussock cover could be important in the establishment of 1. novae-zelandiae. 

Ischnocarpus exilis 

Field Experiment Summary 

Weed competition was confirmed to negatively effect 1. exilis establishment in the 

field, both when weeds were dominant, and when they were only sparsely present 
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(Chapter 4). Thus, weeds are likely to be at least partially responsible for the decline 

of 1. exilis to its present critically endangered state. However, 1. exilis is currently 

primarily confined to the small area that the population occupies because of low seed 

production and poor dispersal ability. Due to the very small population size that this 

species has been reduced to, seed production is so low that the population is only just 

maintaining itself. Virtually no 1. exilis seed was present in the soil seed bank, which 

was instead dominated by exotic species. Even if weeds were not present in the 

vicinity of the popl,llation, it unlikely that the population would increase due to these 

intrinsic limitations. However the increase of weeds in the up until now relatively 

weed-free area in which the population occurs, threatens even the continued survival 

of the population. 

/. exilis was able to establish in areas in which weed cover was high once the 

weeds were removed, although at a lower rate than where weed cover was still 

sparse, indicating that the limestone habitat where 1. exilis occurs is not beyond 

restoration if weeds are removed. 

Conservation 

In terms of conservation, the results of this study indicate that it is critical for the 

survival and recovery of 1. exilis, that weeds are removed from the limestone tower 

where the population exists. If weeds are not managed, weed competition will likely 

tip the balance for /. exilis from a population that is just maintaining itself, to one that 

will decline and disappear. Restoration efforts can not rely on assistance from the 

soil seed bank for 1. exilis (or the other endemic species at Awahokomo as they were 

not present in the soil seed bank either), and instead should concentrate on weed 

removal combined with augmenting the population to increase seed production. 

Weed management will likely benefit the other threatened endemic species at 

Awahokomo such as Poa spania and Convovulus verecundis. These species are also 

sparsely present, and augmenting their populations would help to restore the tower. 

This will necessitate cUltivating ex situ populations to build up a reserve of 

seed. Since /. exilis is easy to grow in the glasshouse, with plants prolifically 

producing seed in as little as eight weeks after seed sowing, this should not be a 

problem. However, /. exilis is prone to attack by white rust in cultivation. 

Subpopulations of 1. exilis have been established in this study, and the 

distribution of 1. exilis was increased in that it is no longer confined to a I_m2 area. 
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This is important for the successful conservation of the species, and these additional 

subpopulations must be carefully monitored. A fundamental principle of 

conservation biology is that species are first maintained in situ (Ashton, 1987; 

Holsinger and Gottlieb, 1991), as once they are lost from their natural habitat, all of 

the ecological and demographic information to be obtained from natural distribution 

patterns is lost. Further, it is much more likely that an existing population will persist 

than that an introduced population will succeed (Pavlik et al., 1993; Schmeske et al., 

1994; Pantone et al., 1995). 

However, a distribution confined to the c 1500-m2 of the entire tower is still 

not acceptable from a conservation perspective, because a single catastrophic event 

could still extinguish the natural existence of the species. It is therefore also critical 

that 1. exilis is established in similar habitat elsewhere. The Department of 

Conservation, Otago Conservancy, has planted adult 1. exilis on a limestone tower at 

Gard Road, also in the Waitaki Valley, South Canterbury. The habitat at Gard Road 

is similar to that at A wahokomo, and has room for additional introduction attempts. 

It will be useful to compare the success of the seedlings from this study to that of the 

adults planted at Gard Road to determine the most appropriate method for 

introducing new 1. exilis populations. Historic records of 1. exilis distribution include 

dry river flats as habitat, and reintroducing populations into this type of habitat 

would also be useful for comparison with the skeletal limestone habitat from which it 

is currently known. 

Ischnocarpus novae-zelandiae 

Field Experiment Summary 

Depending on habitat circumstances, different factors were found to be important in 

determining the establishment success of 1. novae-zelandiae. At Mt Somers, I 

expected that establishment would occur in the weeded plots of the open tussock 

grassland habitat, thus demonstrating that weed competition was excluding 1. novae-

zelandiae from this habitat. However, very little germination occurred in these sites, 

and a requirement for shelter for establishment appeared to override any weed 

competition effects at Mt Somers. The study season happened to fall in one of the 

driest years on record in New Zealand, probably exaggerating the requirements for 

shelter. However, this part of the field experiment indicated that, at least in dry 
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conditions, 1. novae-zelandiae can not establish in open, degraded tussock grassland. 

This may be due to a loss of native plant cover in degraded tussock grassland, thus 

reinforcing the results of the glasshouse experiment that tussock cover may be 

important for 1. novae-zelandiae establishment. 

At Wye Creek and Diamond Lake, where the field sites were sheltered but 

invaded by weeds, weed competition did impact negatively on 1. novae-zelandiae 

establishment, indicating that weed invasion into the current rock outcrop habitat of 

1. novae-zelandiae is a serious threat to the status of the species. 

Together, the results from Mt Somers and from Wye Creek and Diamond 

Lake, indicate that 1. novae-zelandiae distribution may be restricted due to 

comp~tition from weeds in its current rock outcrop habitat, and an inability to 

establish in open modified tussock grassland under dry conditions, possibly due to 

the loss of native shelter-providing native species in these habitats, combined with 

competition from invading weeds. 

Natural Populations 

Demographic monitoring and seed bank analysis provided further support for the 

negative effects of weed invasion and the importance of shelter on 1. novae-

zelandiae. Demographic processes such as seed production, adult mortality and seed 

bank dynamics did not appear to limit population maintenance, ~xcept at the more 

open, weed invaded Diamond Lake population site where damage to inflorescences 

and a low proportion of flowering plants resulted in low seed production, and 

consequently, relatively lower detectable seed in the soil. 1. novae-zelandiae does 

produce a persistent seed bank that may render some buffering assistance to the small 

populations characteristic of the species. 

Other threats 

The importance of environmental stochasticity acting on the small populations of 1. 

novae-zelandiae was also demonstrated in this study by the drought of the study year 

and the disturbance to my experiments at Wye Creek and Diamond Lake. The severe 

summer drought meant that sheep numbers were increased in the vicinity of my 

study sites at Diamond Lake (and where at least seven natural populations of 1. 

novae-zelandiae exist). The increase in sheep promptly resulted in trampling and 

grazing that opened up the forested vegetation along the study bluff to an extent that 
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it was nearly unrecognisable one month later. If a population of I. novae-zelandiae 

had occurred along the base of this bluff (which is not unlikely), they would no doubt 

have been damaged. However, the overall trampling and grazing of one of the study . 

sites along this bluff resulted in very high levels of I. novae-zelandiae germination 

(Chapter 5, Table 5), as well as relatively high growth rates and survival (Chapter 5, 

Table 6), possibly because weed cover was reduced, or because an increase in 

nutrients from the grazing animals stimulated growth rates. 

At Wye Creek, damage to pegs marking individual plants in the monitored 

natural population, and those marking plots in the experiment brought up the issue of 

possible damage to natural populations caused by rock climbing activities. Rock 

climbing is a threat to outcrop and bluff plants in other parts of the world, with 

species diversity, number of individual plants, plant cover and density decreasing 

with increasing climbing use (Kelly and Larson, 1997; Camp and Knight, 1998; 

Johnson and Bratton, unpublished). For the most part, climbers tend to be in favour 

of conservation, and take an active role in caring for the environment that they use 

(Dawn Palmer, pers. comm.; Mike Simpson, pers. comm.). However, when plants are 

growing underneath of a popular, pegged route, or if plants happen to be in cracks 

that make for good handholds, the plants are often removed (Camp and Knight, 

1998). Information about threatened outcrop plants needs to be put out to those who 

may be encountering them (Kelly and Larson, 1997; Camp and Knight, 1998). 

Fostering awareness for certain species within the climbing community can have 

conservation benefits, as climbers are in a position to locate new populations as well 

as observe damage to existing populations. 

Conservation 

I. novae-zelandiae has been listed as 'Gradual Decline' under the Department of 

Conservation's new ranking system for threatened species. Since this was 

presumably based on the answers to the questionnaire in Appendix 5, which 

according to the status and trends criteria set out in Molloy et al. (2001), suggests 

that the species is 'Nationally Vulnerable', this ranking is inappropriate. In central 

Otago, I. novae-zelandiae is found fairly regularly where south-facing rock outcrop 

systems exist. However, the great majority of these populations are small, and there 

is significant seemingly suitable habitat in which I. novae-zelandiae is not found. I. 

novae-zelandiae has already disappeared from several historical records throughout 
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its range. The results of this thesis indicate that competition with invasive weeds is a 

considerable threat to I. novae-zelandiae within its current habitat of rock outcrop 

refugia (Chapter 5), and may have contributed to the displacement of I. novae-

zelandiae from more productive habitat such as tussock grasslands (Chapter 3). 

Further, the results indicate that I. novae-zelandiae is unlikely to recolonise its 

former habitat of tussock grassland, so persistence in its current rock outcrop habitat 

is essential for the survival of the species. 

Weeds, especially Hieracium spp., are increasing in New Zealand (Scott, 

1984; Hunter, 1991; O'Connor, 1982; Treskonova, 1991; White, 1991; Connor, 

1992; Rose et al., 1995; Duncan et al., 1997; Rose et al., 1998; Ferraira and 

McKinlay, 2000; Duncan et al., 2001). Hieracium spp. dominate many tussock 

grasslands and are moving into mountain beech forest, mixed broadleaf forest, and 

into rock outcrop habitats (Wiser et al., 1998; Wiser and Allen, 2000; pers. obs.) The 

continued invasion of these species will undoubtedly result in the further decline of I. 

novae-zelandiae. 

A major criticism of contemporary species conservation practices is that they 

are often 'too little too late' with conservation management put in place only when 

species have reached a critically endangered level (Tear et al., 1993; Hunter, 1991; 

Noss, 1991; Noss et ai., 2001). Since few species recover from an endangered status 

(Tear et al., 1993; Pavlik et aI., 1993), this is not acceptable. I. exilis has already 

reached this critical stage and management including reintroductions and ex situ 

population maintenance is required. This need not be the case for I. novae-zelandiae. 

Management practices set in place now to protect the habitat and populations of I. 

novae-zelandiae, will prevent it from joining the critically endangered list in the 

future. 

To do this, the maintenance of populations in weed-free habitat in a variety of 

habitat types is essential. Large populations in relatively intact, weed-free habitat 

such as the two found in the Wye Valley (Chapter 2, Appendix 2), should receive 

priority. Demographic monitoring of populations across the species range should be 

carried out, and the status of weed species within these populations should be 

monitored. Where, necessary, the control of weeds within these population sites is 

essential. 

Some monitoring is already in place: at Boundary Stream, Marlborough, Mt 

Somers, Canterbury, and the Bob's Cove, Wye Creek and Diamond Lake monitoring 
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set in place during this study. These monitoring efforts must be standardised so that 

the same infonnation is collected from each, and weed monitoring and control needs 

to be incorporated. 
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Appendix 5. Conservation Status questionnare for Ischnocarpus novae-zelandiae 

Questionnaire: 

Please copy this fonn as many times as required to complete a questionnaire for every 
species or lower-level taxon in your taxonomic group that you consider to be threatened, or 
data deficient and potentially threatened. 

Your name John Barkla 

Address Department of Conservation 
P.O. Box 5244 
Dunedin 

E-mail jbarkla @doc.govt.nz 

Telephone numbers (03) 474 6907 

Taxon: 
Scientific name 
Ischnocarpus novae-zelandiae 

Common name 

General status: 
Does the taxon have a fonnally published name that is generally accepted by those 
working on the group?@1 No 

Is the taxon (please tick correct choices) 
Introduced and naturalised 
A vagrant visitor with no resident breeding population 
A regular migrant to New Zealand not breeding in New Zealand 
A colonist which has established without human assistance and begun breeding in 
the wild in the last 50 years 
Native but non-endemic, including natural colonists established for more than 50 
years, and migrants which breed or spend the great majority of their lives in New 
Zealand but are also breeding or resident elsewhere 

" Endemic, including migrants which breed or spend the great majority of their lives 
only in New Zealand 
Believed to be extinct after adequate search effort? 

Is the taxon secure in other pails of its natural range outside New Zealand? Yes I No 

For non-endemic taxa, please consider only the New Zealand populations when 
answering the questions below (please also answer the questions for endemic taxa): 
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Is the taxon extinct in the wild, but surviving in captivity or cultivation? Yes ~ 

Will the status of the taxon deteriorate if current management ceases? Yes ;@ 

Is the taxon sufficiently well-known to meaningfully answer the questions below? (dNo (if no, 
then stop here) U 
Population: 

Is the total population size 
<250 mature individuals 
250-1000 mature individuals 

~ 1000-5000 mature individuals 
>5000 mature individuals 
unknown? 

Is the total area occupied 
<1 ha (0.01 km2) 
1-lOha(0.01-0.IkM2) 
10-100ha(0.1-IkM2) 
>100 ha (1 krri2) 

~ unknown? 

Is the taxon subject to extreme unnatural pOPulatio~tions, or natural fluctuations overlaying 
human-induced declines, such that the fluctuation i rease the threat of extinction? Yes / No 

SUb-populations: 

Do the data available for your assessment ofthe questions below allow 
Confident response for the taxon throughout its range 
~Confident response for many but not all sub-populations 
Confident response for only a small subset of sub-populations 
Low confidence in all estimates? 

Is the known number of sub-popUlations of the taxon 
<2 
3-5 
6-15 

~ >15? 

Is the taxon found at only one location, so that a single event (e.g., a predator irruption) could soon 
affect all iI~ls of the taxon? Yes / No 

Is the number of mature individuals in the largest known sub-population 

< 200 
~200-300 
300-500 
>500 
Unknown 
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Decline: 
Regardless of whether or not the trend is the result of management, is the total 
population now 

showing a sustained recovery 
stable 

" in decline? 

If in decline, do existing threats mean the decline in the total population in the next 10 years 
is predicted to be 

>80% 
60-80% 
"30-60% 
5-30% 
Not applicable? 

Is this decline predicted to continue beyond the next 10 years? 
@ No I Not Applicable 

Is r(Z"uitsnt failure likely to result in catastrophic declines in the future? 
Ye No 

~~tal habitat area currently in decline? 
~o 

Has there been a decline in either the total popUlation or the habitat area in the last 
100 years of 

>60% 
"30-60%? 

Has the range of the species been greatly reduced by direct or indirect human 
impacts? 

~NO 
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Distribution: 
For terrestrial, freshwater, and coastal «12 nautical miles offshore) marine species, please 
tick all DOC Conservancies in which you know the taxon currently occurs. For 
conservancy boundaries please refer to the map supplied with the covering letter. For oceanic 
species please indicate whether they are found north or south of the subtropical convergence. 
For colonial-nesting species which forage over large areas, include colony sites only. 

Northland 
Auckland 
Waikato 
Bay of Plenty 
East CoastlHawke's Bay 
Tongarirorraupo 
Wanganui . 

Oceanic - north of subtropical convergence 
Oceanic - south of subtropical convergence 

Wellington 
'-'NelsonlMarlborough 
West Coast 
'-'Canterbury 
'-'Otago 
'-'Southland 

For terrestrial, freshwater, and coastal «12 nautical miles offshore) marine species, please 
tick all DOC Conservancies in which you know the taxon formerly occurred, but is 
now locally extinct. For conservancy boundaries please refer to the map supplied with the 
covering letter. For oceanic species please indicate whether they were formerly found north 
or south of the subtropical convergence. For colonial-nesting species which forage over large 
areas, include colony sites only. 

Northland 
Auckland 
Walkato 
Bay of Plenty 
East CoastlHawke's Bay 
Tonganiroffaupo 
Wanganul 

Oceanic - north of subtropical convergence 
Oceanic - south of subtropical convergence 
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