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Abstract 

Ashmore Reef Nature Reserve is an Australian External Territory on the outer edge of 

the Sahul Shelf in the East Indian Ocean. The islands and waters of the reserve are 

environmentally significant, supporting large concentrations of breeding seabirds and 

providing an important staging point for migratory waders. The dominant shrub species 

on Ashmore's islands is Argusia argentea. Argusia typically grows as a shoreline 

fringing species and is highly adapted to the harsh environmental conditions experienced 

in these habitats. 

Little is known about Argusia argentea despite its importance to the ecology and 

stability of Ashmore Reef and islands throughout the Pacific and Indian Oceans. On 

Ashmore Reef, Argusia is heavily used by nesting sea birds and turtles. In recent years, 

concern has been expressed by the managers of Ashmore that little or no recruitment of 

Argusia is occurring, and the species is declining in abundance on all of Ashmore's 

islands. This project aimed to investigate the ecological and environmental processes 

that affect Argusia recruitment on Ashmore Reef, and determine the most effective 

method of propagation and establishment. 

Two trips were made to Ashmore Reef, in November 1999 and May 2000, to collect 

data on seed banks, seedling recruitment, asexual recruitment, and to assess the impact 

of birds and turtles. Planting trials were established on West Island using seed and 

potted seedlings. Seed was collected from West Island for germination trials conducted 

in Darwin under shade house conditions. Germination trials investigated the treating of 

seed with aerated salt I freshwater for varying periods, and the comparison of 

germinability of Argusia fruits of several ages and provenances. 

Argusia maintains an extensive but low-germinability seed bank, which together with 

the harsh environment, greatly restricts seedling recruitment. Seedling recruitment on 
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West Island is minimal, though asexual recruitment is common in the inland regions of 

the island. No seedling recruitment is occurring on the other islands. 

The primary factor in the successful propagation of Argusia from seed is age of the fruit. 

Using young, mature (yellow) fruit removes the necessity for pre-sowing treatments 

such as salt water soaking. Seed age has not previously been shown to be important in 

germination of Argusia, and the same can be said of asexual reproduction, despite its 

importance to recruitment in the inland regions of the islands. 

Potted seedlings were successfully established on West Island during trials and this 

shows that restoration of the islands is possible. Ashmore's managers now have the 

information to enable the propagation of large numbers of Argusia seedlings in pots for 

replanting on the islands. The knowledge gained in this project on appropriate seed pre-

treatments, seed age selection, and methods of seedling establishment are sufficient to 

achieve successful revegetation on Ashmore's islands. Middle and East Islands require 

extensive revegetation, but the success of planting seedlings into these bird rookery 

areas is yet to be determined. The high impact of nesting birds on seedling recruitment 

remains an area requiring further research. The only successful method available to re-

establish Argusia on Ashmore Reef is via potted seedlings; to date all direct seeding 

trials have been unsuccessful. 

In light of the study findings that using the younger yellow fruits can greatly improve 

gerrninabiltiy, further research is needed into the development of direct seeding 

methods, particularly since the findings on seed age were never able to be tested in the 

field. 
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Chapter 1 Introduction 

1.1 Seed Ecology 

The study of the ecological factors that limit or promote a plant's ability to reproduce via 

seed is crucial to our understanding of natural systems (Penner 1985). A population may 

be in decline, or perceived to be in decline, due to ecological factors, and without a good 

understanding of these factors we will be unable to halt or reverse the decline. By 

investigating a plant's reproductive strategies we develop a better understanding of the 

ecology of that species, its requirements and its importance within the system (Baskin & 

Baskin 1998). 

1.1.1 Recruitment Strategies in Plants 

On average, a plant succeeds in replacing itself only once in its lifetime (Harper 1982). 

There are many and varied reasons for low recruitment success, which are important in 

helping to maintain balance within natural systems. The hurdles faced by plants in their 

attempt to recruit can be broadly classified as being biotic or abiotic (Harper 1982). The 

biotic factors limiting population recruitment include predation by birds, animals or 

insects, seed death due to aging, and seed dormancy which may have been induced by 

abiotic factors. The main abiotic factors that influence reproduction strategies in plants 

include light levels, water availability, temperature in relation to the plant's requirements 

for reproduction and adequate levels of the gases essential for normal reproductive 

processes, in particular oxygen and carbon dioxide. For plants on oceanic islands, or in 

some desert regions, the levels of salinity within the system may impact on a species' 

reproductive success (Baskin & Baskin 1998; Mayer & Poljakoff-Mayber 1982). 



Flowering plants are able to reproduce in two ways - sexually by seeds, or asexually by 

way of vegetative propagation (Hartmann & Kester 1975). Some plants may reproduce 

exclusively by production of seed (most annuals) whilst others rely almost entirely on 

vegetative processes (many water plants), or employ both methods (Fenner 1985). The 

ability to reproduce both sexually and asexually allows a species to maximise its 

reproductive potential in its chosen habitat. This may aid in ensuring species survive in 

their natural habitat particularly under adverse environmental conditions (Crawley 

1997). 

Seed reproduction being the most common method of regeneration used by plants 

(Harper 1982). Seeds are generally small and can be produced in large numbers which 

facilitates their dispersal to new sites of establishment. Seed in its dormant form is able 

to tolerate adverse conditions that might otherwise desiccate vegetative propagules 

(Fenner 1985). The most important advantage attributed to sexual reproduction is the 

mixing of genetic material essential for the adaptation and survival of the species. This 

is particularly important in ever changing environments (Crawley 1997). A low genetic 

diversity results in a relative lack of adaptability to change. Sexual reproduction is 

favorable to evolutionary plasticity and this allows outcrossing and dioecism to be 

common amongst remote oceanic island plant communities (Carlquist 1974). 

Despite lacking the genetic variation of sexual reproduction, asexual reproduction does 

have advantages for plants. Although there are fewer offspring produced from asexual 

reproduction, and a higher investment of resources is required, survival rates have been 

shown to be much higher than that of seedlings (Fenner 1985). Despite the high-energy 

requirement for vegetative reproduction, this process normally takes place at times when 

maximum resources are available thereby reducing the stress on the parent plant. In 

small genetically 'healthy' populations of plants, asexual reproduction can prevent 

excessive inbreeding and population decline; a population may continue indefinitely by 

apomixis where reproduction occurs by other than sexual means (Carlquist 1974). 

Species growing in stressful or disturbed environments, such as those experienced in 

coastal or island communities, also benefit from vegetative reproduction because 
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environmental conditions are often unsuitable for seedling survival (Fenner 1985). The 

ability to switch resources from sexual to asexual reproduction is clearly advantageous 

in habitats where the weather hinders sexual reproduction (Crawley 1997). The 

reproductive strategy used by plants results from the availability of sites and the 

genotypic or phenotypic plasticity that permit a range of sites to be occupied (Harper 

1982). 

1.1.2 Soil Seed Banks 

A store of viable, ungerminated seeds in a habitat is referred to as a seed bank. There 

are two main types of seed bank: 'transient' and 'persistent' (Baskin & Baskin 1998). 

Transient seed banks contain seed that remains viable for just one season, the seed 

loosing viability before the second available germination season following maturation. 

A persistent seed bank is composed of seed that remains viable at least until the second 

(or some subsequent) germination season (Baskin & Baskin 1998). 

Depending on the species and prevailing conditions, after dispersal most seeds undergo a 

period of dormancy, which may last from a few days to many decades (Fenner 1985). In 

some species, the only determinant of germination is the availability of water. If seeds 

are non-dormant and sufficient moisture is available to induce germination, all viable 

seeds will germinate and there will be no reservoir of seeds remaining i.e. no persistent 

seed bank (Bewley & Black 1994). Seed dormancy, where it occurs, allows a proportion 

of the seed to be incorporated into the soil seed bank where it may remain in a dormant 

state for some time if undisturbed (Fenner 1985). If viable dormant seed is disturbed or 

brought to the surface, it will generally germinate if suitable conditions are present. By 

this time the parent plant may no longer be alive. Seed banks, therefore, represent a 

store of 'evolutionary memory' and can act as an 'insurance policy' for plants (Harper 

1982). In most habitats occupied by higher plants, the number of dormant seeds present 

vastly exceeds the numbers present as growing plants (Harper 1982). For species 

inhabiting extreme and disturbed environments, a seed bank is a very important survival 
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mechanism (Fenner 1985). In the event that all mature plants within a community are 

destroyed due to a catastrophe, the seed bank is available to rapidly replace those lost 

plants (Harper 1982). 

The size and shape of fruits can be an indicator of a species' likelihood of maintaining a 

viable seed bank. Plant species with small rounded fruits, along with exacting 

requirements for germination, are traits of species that maintain persistent seed banks 

(Thompson 1987). Plants with larger non-rounded fruits, which germinate easily, lack 

the necessity for large seed banks. An important requirement for all seed banks, is the 

need for an initial agent to bury the seeds. If buried too deeply, the seed risks never 

being returned to the surface to germinate while viable; deposited too shallow and 

premature germination or predation may occur (Baker 1989). On oceanic islands the 

principal agents for seed burial are wind, wave action and in some instances nesting 

marine turtles. The effectiveness of wind as a seed burial agent is governed by the 

particle size of the seed bank substrate. Studies have shown that a small seed is more 

easily trapped by fine particles and a large seed is most effectively trapped by large 

particle substrates (Baskin & Baskin 1998). This factor must impact on the species 

composition of small plant communities, found on oceanic islands. 

It is often assumed that large seeds, with presumably more resources in storage, will be 

more likely to show extended longevity. While this can be the case, it is also possible 

for relatively small seed to remain viable for extended periods (Baker 1989). There are 

many claims of extended longevity in small seeds, for example the 600 year old viable 

Canna compacta (Canna lily) seed found in Argentina and Nelumbo nucifera (Sacred 

lotus) seed unearthed in Japan, believed to be up to 3000 years old and still viable; 

unfortunately, this seed age was not authenticated (Bewley & Black 1994). The death of 

seeds, of any size, is not usually from exhaustion of food reserves but from a failure in 

the supply of enzymes that mobilise food reserves within the seed; additionally the DNA 

repair systems of the embryo may also decline (Baker 1989). Seed viability is not only a 

result of seed storage conditions, but also factors to which the parent plant was exposed 

during seed formation and ripening. These factors include water availability, 
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temperature, mineral nutrition, light and most importantly the genetic control of seed 

viability in each seed (Mayer & Poijakoff-Mayber 1982). 

The volume of seed found in seed banks decreases rapidly with depth, unless a 

disturbance agent has mixed the horizons (Harper 1982). By having the majority of seed 

near the top of the profile it ensures maximum numbers of seed are available if 

appropriate germination conditions prevail. Seed banks are dynamic, and to understand 

their function, a detailed study is required of, not only the rates of seed input but also the 

rates of loss from the system via germination, predation and loss of viability (Fenner 

1985). 

While soil seed banks are more common, some plant species also retain aerial seed 

banks (serotinous) where part, or all, of the seed crop is retained on the mother plant 

long after seed maturity has occurred, some plants retaining both soil and aerial seed 

banks (Baskin & Baskin 1998). This form of seed bank is often seen in extreme 

environments such deserts, where high temperatures and droughts are commonly 

experienced, they are also found in regions where fires are a regular threat to soil seed 

banks. Aerial seed banks maximise seed availability for when conditions are favorable 

for germination, resulting in high densities of seedlings and thus increased chances of 

survival (Baskin & Baskin 1998). The length of time seed is retained on the mother 

plant, the extent of seed retention, and the type structure retaining the seed vary from 

species to species according to their evolutionary adaptations (Baskin & Baskin 1998). 
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1.1.3 Seed Dormancy 

Dormancy, defined in its simplest terms, is a failure of germination to occur in 

seemingly suitable conditions (Black 1972). Dormancy is seen as a way of allowing 

germination to occur at a time suitable for establishment and survival of a species 

(Baskin & Baskin 1998). For germination to occur, seeds require moisture, a suitable 

temperature, and in most cases, an aerobic atmosphere. If one or more of these 

requirements is not met, germination will fail to occur and in this condition the seeds 

may be regarded as being in a state of imposed dormancy (Bradbeer 1988). A second 

reason for germination not occurring is that some property of the seed (or dispersal unit) 

prevents germination (Baskin & Baskin 1998). Dormancy that results from a 

characteristic of the seed is called organic dormancy. There are two forms of organic 

seed dormancy: endogenous dormancy, where some characteristics of the embryo 

prevent germination and exogenous dormancy, where the structure surrounding the 

embryo prevents germination (cited by Baskin & Baskin 1998). An example of the 

latter is a seed coat that is impermeable to water. For germination to occur in either 

endogenous or exogenous dormancy, changes must occur in the seeds to remove the 

block(s) to germination. 

The types of dormancy present in seeds is widely discussed within the literature, with 

some authors believing that dormancy can not be explained simply in terms of 

endogenous and exogenous dormancy. According to Harper (1982) there are three types 

of seed dormancy: some seeds are born dormant, some acquire dormancy and some have 

dormancy thrust upon them. These dormancy types are categorised as 'innate', induced 

and 'enforced or imposed' dormancy. 

Innately dormant seed is incapable of germination when freshly dispersed, even if 

conditions are suitable. Many acacia species are examples of innate seed dormancy. 

Germination may be prevented by a thick impenetrable seed coat preventing passage of 

water and oxygen, or there may be an inhibitory compound in the seed coat or embryo 

that needs to be leached away prior to germination occurring. The presence of innate 



dormancy can usually be interpreted as an adaptation either for staggering germination 

or for delaying germination until the most favourable season (Fenner 1985). Inhibitory 

compounds in the seed coat or embryo may act like a rain gauge and ensure germination 

takes place only after sufficient rain has occurred to support establishment and growth of 

the seedling (Bewley & Black 1994). Many desert plants are controlled by innate 

dormancy, with the seed of some species, such as Euphorbia, containing water soluble 

germination inhibitors that are leached out only after substantial rainfall or soaking 

(Bewley & Black 1994). Dormancy imposed by the fruit or seed coat operates 

differently to embryo dormancy, the latter being chemically imposed, not physically 

(Baker 1989). 

Induced dormancy is used to describe the situation in which seed dormancy develops in 

response to some event after release from the parent plant (Bradbeer 1988). If 

environmental conditions fail to meet those required by the seed to germinate, they 

acquire an induced dormancy (Harper 1982; Fenner 1985). The seed dormancy induced 

by sensitivity to salt is considered a survival mechanism in plants living in saline 

habitats (Bewley & Black 1994). Until the osmotic potential of the soil-water solution 

surrounding the seed is sufficiently high to break the induced dormancy, germination 

will not occur, thus maximising the chances of successful germination when conditions 

are more optimal. An example of induced dormancy in a species is the ocean dispersal 

of the coconut palm (Cocos nucifei-a) in which germination is inhibited by saltwater. 

Enforced dormancy occurs when seed is simply deprived of its requirements for 

germination, for example, by the absence of sufficient moisture, oxygen, light, or a 

suitable temperature. As no special physiological mechanism is involved, the seed is 

more accurately described as merely quiescent (Fenner 1985). A form of this enforced 

dormancy is serotiny which occurs when plants are forced to store seeds for prolonged 

periods on the plant (aerial seed banks). This commonly occurs in nutrient-poor or 

seasonally-dry regions (Lamont & Enright 2000), making it common in many Australian 

plant species and also some oceanic island species. 
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It is possible for seeds of a species to express several forms of dormancy simply as an 

additional survival mechanism (Baker 1989). For some plant species there appears to be 

some confusion about their dormancy status; Baskin & Baskin (1998) quote Lesko and 

Walker (1969) as stating that Argusia argentea is a non-dormant species, although such 

a statement or inference could not be found in Lesko and Walkers paper. For Argusia to 

be a non-dormant species and survive in the harsh environments it inhabits would 

require it to use survival mechanisms typical of a species with non-dormant seed. These 

characteristics would include seed maturing at the end of an unfavorable season, or at 

the beginning of a favorable season, and seeds dispersed upon maturity, with 

germination and seedling establishment occurring immediately thereafter (Baskin & 

Baskin 1998). Neither of these characteristics have been described or observed in 

Argusia argentea. Two characteristics of Argusia which could be seen as typical of a 

non-dormant species is its adaptation for long distance water dispersal, and the 

predictability of the environment it inhabits (Crawley 1997). 



1.2 Regeneration from Seed 

For many plant species, regeneration requires substantial disturbance of seed banks or 

pretreatment of seeds to remove germination inhibitors. Germination inhibitors have 

been found in the endosperm and seed coats, as well as in structures that are sometimes 

dispersed with seeds of some species (Baskin & Baskin 1998). Persistent seed banks 

generally reflect evolutionary constraints on species living within habitats where 

disturbances are important for regeneration (Leck et al. 1989). The disturbance of 

regeneration sites plays a major part in releasing additional resources to enable 

regeneration of certain species to occur. 

An important feature that influences regeneration by seed is the area available for these 

processes to occur. If the density of vegetation is too high, seed will often not germinate 

or seedlings are out-completed from regrowth at the periphery of the site (Fenner 1985). 

An additional factor that may restrict regeneration via seed is that some plant species 

produce leachates from various parts of the plant or roots. Many Australian native 

plants have this ability including Casuarina spp. and many Grevillea spp. These 

leachates are capable of inhibiting seed germination of other members of the community 

until other environmental factors induce or reduce dormancy (Baskin & Baskin 1998). 

In plant communities at equilibrium, the coexistence of species is possible due to the 

partitioning of resources, for example the use of different pollinators and seed dispersal 

agents (Fenner 1985). In communities in disequilibrium, continued coexistence may be 

due to the fact that the competitive interactions between species are never fully resolved, 

because disturbance or environmental fluctuations cause the balance of advantage for 

regeneration to favour each species in turn (Fenner 1985). The relative abundance of a 

species may, in part, reflect their success at regeneration. 



1.2.1 Seed Germination 

A seed consists of an embryo and its stored food supply, surrounded by a protective seed 

covering. At the time the seed separates from the parent plant, cell metabolism is at a 

low level and there is no apparent growth activity within the seed (Hartmann & Kester 

1975). During the germination process cell metabolism increases, the embryo resumes 

active growth, seed covers rupture and the seedling emerges (Hartmann & Kester 1975). 

Despite our current knowledge of plant species, limited data on germination is available 

for only about 7% of those species inhabiting beaches, cliffs and foredunes; much 

research remains to be conducted on these habitats (Baskin & Baskin 1998). 

For a seed to reach the germination stage it must have survived the hazards which attend 

the ripening, dispersal and dormancy phases. Germination requires the seed to 

encounter appropriate environmental cues. Each species has its own set of germination 

requirements (Fenner 1985). In addition to these requirements the seed must be viable; 

that is, the embryo must be alive and capable of germination, and all physical and 

chemical barriers to germination must have disappeared (Hartmann & Kester 1975). 

There are several essential environmental requirements for germination in most species: 

Water. Seed requires sufficient moisture for imbibition and germination. For 

some species excess water may inhibit germination by reducing the 

permeability of oxygen through the seed coat (Bradbeer 1988). Many species 

are able to germinate over a wide range of temperatures and conditions; and 

the main determinant of germination is the availability of water (Bewley & 

Black 1994). For plant species inhabiting harsh environments the timing of 

germination with respect to periods of maximum available moisture is vitally 

important if the resulting seedlings are to survive. Water stress in plants can 

reduce both the rate and percentage of germination. A seed lying on the soil 

surface risks dehydration and will only germinate if water can be absorbed 

more quickly than it is being lost (Fenner 1985). Many plant species from 
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desert habitats have adapted their germination processes to ensure germination 

does not occur unless sufficient moisture is available to sustain subsequent 

plant growth (Bewley & Black 1994). 

Temperature. Each species has a temperature range within which germination 

will occur (Bradbeer 1988; Mayer & Poljakoff-Mayer 1982). For some plants 

a fluctuation in temperature is essential to break dormancy. Germination trials 

carried out on 112 species in Europe showed 46 of these produced higher 

levels of germination in response to fluctuations in temperature (Fenner 

1985). Fluctuation in temperature is especially important in hard seeds of 

tropical, subtropical and Mediterranean climates. This group includes those 

species that require heat (usually from fire) to crack the hard seed coat 

allowing the imbibition of water and subsequent germination (Bewley & 

Black 1994). In studying the effects of temperature on germination, it is 

important to distinguish between the tolerance of dry seed to various 

temperatures and the temperature requirements for germination. Many dry 

seeds have high resistance to extremes of temperature, though during 

germination these tolerances are often much lower due to the risk of 

dehydration of the emerging seedling (Mayer & Poljakoff-Mayer 1982). 

Oxygen. Although imbibition will occur in the absence of oxygen, for most 

seeds, germination is inhibited under anaerobic conditions, and if anaerobiosis 

persists, seed death results. Oxygen is the terminal electron acceptor in 

respiration and, in its absence, potentially toxic products of anaerobic 

respiration may result (Bradbeer 1988). 

Light. In some species light requirements can be an important factor in 

determining whether seed will germinate (Hartmann & Kester 1975). Light 

can be a primary reason why seed buried within a seed bank fails to 

germinate. When the seed is unearthed, germination in some species may be 

rapid due to increased light levels, assuming other environmental 



requirements are adequate (Baskin & Baskin 1998). In some species high 

light conditions may prevent germination. Studies have shown that different 

spectral zones of light affect germination quite differently, with blue light 

inhibiting and red light encouraging germination in many species. The 

sensitivity of seeds to light increases to a maximum at the time of imbibition 

(Mayer & Poljakoff-Mayber 1982). 

Salinity. The high salt content of soils, particularly of sodium chloride, can 

inhibit germination, primarily because of osmotic effects. For most species 

seedling development is poor when seed is sown onto saline habitats, however 

a group of plants described as halophytes have developed special resistance to 

salt which allows successful germination of their seed in saline conditions 

(Mayer & Poljakoff-Mayber 1982). For other species inhabiting salt affected 

regions such as islands or coastlines, germination may be inhibited by saline 

soil water. The salinity levels in the upper layers of sand may increase due to 

salt laden winds during the dry season, leading to a period of reduced 

germination (Baskin & Baskin 1998). On small islands with a loose substrate, 

it is common at the island fringes for seawater to mix with the groundwater 

near the surface and increase salinity (Heatwole etal. 1981). Until the 

soilwater solution is diluted (via rainfall) and has an osmotic potential above a 

certain value, germination will not occur. This will normally coincide with 

periods of heavy rainfall that also aids in seedling establishment (Bewley & 

Black 1994). 

The germination strategies used by plants vary widely. Some seeds germinate readily 

after receiving sufficient water, whilst others stagger their germination to ensure steady 

recruitment, with any ungerminated seed remaining in the seed bank in case of 

catastrophe and the need to maintain the species (Heatwole et al. 1981). The timing of 

seed dispersal that results in germination during periods of optimum seedling 

establishment can be viewed as plant survival strategies (Baskin & Baskin 2000). 
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On remote islands it has been found that germination rates are often low despite the 

large quantities of seed produced. It has been suggested that this is an evolutionary 

adaptation to a situation where many genera compete for a small habitat. In such 

locations, over a period of years, this lower rate of successful reproduction is sufficient 

to maintain the species (Carlquist 1974). This lower recruitment also means there is less 

risk of just a few species out competing all other species, reducing diversity. 

1.2.2 Seedling Establishment 

Hartrnann and Kester (1975) define a seedling as any plant originating from a seed. This 

is the initial juvenile vegetative stage of a plant when the morphological characteristics 

of plants develop. After germination, a seedling is largely dependent on its own stored 

food reserves and is considered established only after growth of the shoot and root has 

occurred and independence from seed reserves is achieved (Fenner 1985). 

Essential factors for seedling establishment are: establishment of an anchoring root that 

ensures commencement of water and solute absorption for the emerging plant stem, 

seedling vigor to allow the radicle to pierce the soil and for the emerging seedling to 

have the ability to begin photosynthesis (Mayer & Poljakoff-Mayber 1982). These 

factors are especially important for plants with small seeds which have limited food 

reserves. 

The biotic and abiotic hazards that seedlings are exposed to during establishment may 

result in an establishment success rate of between 1 - 20 % (Carlquist 1974; Fenner 

1985; Leck etal. 1989). Variation in mortality rates between species can be very high, 

though plant species that produce hundreds to thousands of seed per annum are expected 

to have high mortality of seedlings (Murray 1986). For many species, the adverse 

environmental conditions of establishing in a new location may be a greater obstacle 

than the dispersal method used to arrive there (Carlquist 1974). For example, under dry 

conditions there is diffusion of internal solutes towards the growing root of a seedling. 
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This diffusion may result in concentrations of solute at the root surface up to ten times 

higher than in an average soil solution, creating osmotic problems in water absorption by 

the plant and possible death due to desiccation (Mayer & Poljakoff-Mayber 1982). 

For many coastal or island species, dispersal of seed is principally via the oceans 

(Gakkai 1986). In such species failure to establish may be caused by many factors. 

Biotic factors include predation, disease and competition from other plants; while the 

abiotic hazards faced may include desiccation, unsuitable climate, unsuitable substrate, 

inundation by saltwater and the burial of seedlings growing in sandy habitats (Murray 

1986; Fenner 1985). 

The early morphology of a seedling is determined mostly by whether germination is 

epigeal or hypogeal. In epigeal germination, the hypocotyl elongates and exposes the 

cotyledons to sunlight to allow photosynthesis and food production. In hypogeal 

germination, the cotyledons remain at or below the soil surface and act as a food source 

(Fenner 1985). Epigeal germination is important in species where seeds are small, and 

the ability to photosynthesize, immediately after emergence, is an important survival 

mechanism. For plant species on islands and in coastal regions, rapid establishment of 

seedlings is essential, but this is often hindered by the substrate which usually consists of 

nutrient poor sands restricting immediate food production and the establishment process. 

Undoubtedly the morphological and physiological features observed in establishing 

seedlings are of ecological significance, but this science remains poorly understood 

(Fenner 1985). 
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1.3 Seeds and Islands 

Before a species can establish in a new and/or remote habitat, plant propagules must be 

introduced, usually by the recruitment of seeds (Murray 1986). Plants on islands have 

evolved to cope with the remoteness of their habitat by development of specialised seed 

dispersal techniques. The three main agents of dispersal are birds, wind and, more 

commonly in remote areas, ocean dispersal (Heatwole et al. 1981). In the early stages of 

island succession wind dispersal may be important, with members of the Asteraceae and 

Poaceae families being most prominent due to the small size and weight of their seed 

(Morawetz 1983). Seed dispersal by birds is important later in island succession and 

usually occurs in conjunction with the establishment of more woody species; an 

exception to this is the Ficus spp. that regularly colonise new volcanic islands with the 

assistance of birds (Morawetz 1983). Most bird-dispersed seeds rely on ingestion of the 

fruits, unfortunately the majority of birds on remote oceanic islands are seabirds that 

rarely consume fruits. To overcome this problem the Pisonia trees (Pisonia grandis) of 

the Great Barrier Reef islands produce seeds that are sticky, attaching themselves to the 

feathers and feet of any bird roosting or nesting within its branches thus ensuring 

effective, widespread dispersal of its seeds (Heatwole ci al. 1981). Bird dispersal of 

seeds may also be important on new islands depending on the remoteness of the island 

and the stage of colonisation in progress. 

When new islands form, due to volcanic activity or a build up of coral rubble, it is likely 

that over 70% of plants species colonising the island will arrive via ocean dispersal of 

seeds (Murray 1986). Examples of species dispersed by ocean currents include Cocos 

nucifera (coconut), some Cycad species, Mangal species, some Acacias, Argusia 

argentea (study species) and Hibiscus tiliaceus, the beach hibiscus (Turner 1998). 

Many pan-tropical coastal plant species produce fruit that is adapted for ocean dispersal. 

These adaptations include air spaces within the seed, a fibrous mesocarp, or a corky 

mesocarp surrounding the seeds which allows extended floatation (Gakkai 1988). The 

size and shape of these fruits is an evolutionary adaptation to assist dispersal of the 
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species. Small fruits favour greater dispersal although larger fruits are better suited to 

establishing in difficult or highly competitive environments (Fenner 1985). While larger 

fruits may have an advantage in germination, they are much more likely to succumb to 

herbivory or pathogens than smaller less obvious seedlings (Crawley 1997). Species 

that produce small seed often make up for lack of size by producing fruit in large 
numbers. These small and numerous fruits are considered an adaptation to habitats, such 

as oceanic islands that regularly experience disasters such as destructive storms or 

cyclones (Harper 1982). It is possible that specialised dispersal mechanisms, developed 
by plants in extreme habitats, are more important for species' survival than as a means 

for colonising new areas (Morawetz 1983). 

Remote island plants rarely have specialist pollinators maximising their chance of 

producing viable seed. Island plant flowers are typically small, white or greenish, and 

pollinated by flies, moths or short tongued bees (Crawley 1997). Argusia argentea also 

has small (2-4 mm) white flowers (Brock 1993) and no apparent specialist pollinator. 
Many island plants, including Argusia, have also adapted to flowering at night, attracting 
important pollinators such as moths and avoiding the desiccating midday heat (Heatwole 

etal. 1981). 

A problem for seeds on islands is the higher probability that self-compatibility or poor 
pollination may occur, resulting in a reduced genetic variability and hence adaptability. 

To overcome this problem, island plants are often able to evolve to dioecy or self-

pollination; dioecious plants are very common amongst island vegetation (Crawley 

1997; Barrett 1996). 

Many islands throughout the Pacific and Indian Oceans are vulnerable to regular 

destructive environmental events. The special importance of seed, or the soil seed bank, 
becomes apparent at these times, as failure to re-establish vegetation quickly may result 

in the island being severely degraded, or completely disappearing during the next such 
event. 
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1.3.1 Ashmore Reef, an example of a remote island. 

Ashmore Reef is a remote area located in the Indian Ocean 850 kilometres west of 

Darwin and approximately 200 kilometres south of Roti Island Indonesia. It contains 

three terrestrial islands, Middle, East and West Islands. Despite its long association with 
people, the vegetation of the islands clearly shows its reliance on ocean dispersal of 

seed, and to a lesser extent wind dispersal mechanisms. Due to Ashmore's oceanic 

location, year round currents carry moderate quantities of flotsam containing many 

different propagules on to the beaches (Pike & Leach 1997). While not all species 

washed ashore are able to establish in the harsh environment of the islands, those woody 
species that have survived and established are well represented in the flotsam and use 

the ocean to disperse their seeds. 

West Island, the largest and most heavily vegetated of Ashmore's three islands, is 

predominantly fringed by the woody shrub Argusia argentea (Section I .4), a species 

which rarely grows more than 15 m from the high-water line on the island. The interior 
of all three islands consists mostly of grassland and herb fields (Pike & Leach 1997), 

containing mostly wind-dispersed species. In recent history, man has made an impact 
with the deliberate or inadvertent introduction of several new plant species (possible 

weeds) (Pike & Leach 1997), the effects of which are yet to be fully determined. No 
frugivore bird species have been recorded as inhabiting the islands of Ashmore (Pike & 

Leach 1997) and correspondingly there are no specialist bird dispersed plant species on 

the islands. 

In recent years there has been considerable concern at the limited seedling recruitment 

occurring on Ashmore's islands (Pike 1999). Currently it is not clear whether this 

limited recruitment of Argusia seedlings is a natural phenomenon or the result of 

changes in use and management of the islands and surrounding regions by people. Due 
to the extreme physical environment that newly establishing Argusia seedlings must 
tolerate, seedling recruitment is never likely to be high. Fortunately Argusia is also 
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capable of asexual reproduction via simple layering (Personal observation, November 

1999) which helps to ensure some further establishment of individuals. 

1.4 Study Species 

Argusia argentea (L.f.) Heine (Syn. Messerschmidia argentea (L.f.) I.M. Johnston; 

Tournefortia argentea Linnaeus) belongs to the family Boraginaceae Subfamily 

Heliotropioideae (Forther 1998). The genus was first described by J. Amman (1739) 

and named after the locality in which the prototype was collected, near the Argun River 

in Manchuria (Pike & Leach 1997; George 1981; Harvard Herbarium 1999; Morley & 

Toelken 1988). 

Argusia argentea is one of four species in the Argusia genus, all of which grow in saline 

conditions (Fig. 1.1 & 1.2). Only one species (Argusia argentea) occurs in the 

Australian and territorial region (George 1981). Argusia argentea is characteristic of 

beaches and dunes throughout islands in the tropical regions of the Pacific and Indian 

Oceans, including Ashmore Reef (Fig. 1.3) and restricted areas of the Australian 

mainland (Pike & Leach 1997). The closest known populations of Argusia argentea to 

Darwin (N.T.), occur in the Murgenella region on the Coburg Peninsular (John Brock 

1999 Pers. comm; Parks & Wildlife Commission of the Northern Territory Herbarium 

staff, 1999 Pers. comm.) and on Bickerton Island, in the Groote Eylandt islands in the 

Gulf of Carpentaria (Levitt 1981). Argusia is a common and often dominant colonising 

species in some regions. In other regions it is considered a significant and rare species, 

such as on the Pulau Tinggi Islands of Malaysia (Turner et at. 1998). 

Argusia is a medium shrub to 6 metres high, with fleshy, spirally arranged foliage, 

silvery in colour (hence argentea from the Latin 'argenteus, meaning silvery) and 

tomentose (George 1981; Usback 1998). Argusia argentea is commonly referred to as 

'Argusia' or the 'octopus bush', due to its fruiting characteristic where the flowers and 
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fruits are spread along the flowering stem which curls back to resemble the tentacles of 

an octopus (Pike & Leach 1997). 

The inflorescence is dichotomously branched, one-sided, in scorpioid cymes (Figs. 1.1 

& 1.2). The flowers are bisexual, fruit is globose and dry (schizocarp); the mesocarp is 

vesicular, corky and divides in two, with each half containing two seed-bearing loculi 

(George 1981), 50% of which are usually empty (Lesko & Walker 1969). The fruit is 2-

4 mm diameter, smooth, glabrous and yellow-brown when mature (George 1981; Pike & 

Leach 1997). 

Argusia typically grows in the salt spray zone, fringing the shoreline (George 198 1; 

Levitt 1981). It is well adapted to withstanding salt-laden winds and its proximity to the 

shoreline aids the dispersal of fruits by the ocean currents (Heatwole et al. 1981). The 

corky mesocarp of Argusia fruits allows them to float for long periods over great 

distances with no significant loss of germination capacity (Lesko & Walker 1969). 

Despite the ocean dispersal of fruits by this species, seedling recruitment is low, with 

most seedlings succumbing to salt water inundation, dessication and other environmental 

impacts (Pike & Leach 1997). The tissues of Argusia are often high in chloride and 

many authors list the species as being halophytic (Heatwole etal. 1981; Baskin & 

Baskin 1998). 

Deducing a typical habitat for a little studied species such as Argusia is difficult despite 

its wide distribution. As previously mentioned it typically occurs within a short distance 

of the foreshore, sometimes with its roots in salt water during high tides, and often being 

the dominant species on the periphery (Pike & Leach 1997). Argusia prefers deep free 

draining skeletal carbonate sands which provide a cool root run. The nutrients obtained 

from the skeletal carbonates appear to produce optimal growth in Argusia seedlings. 

The root system may be very deep to aid in shrub stability and also uptake of ground 

water that needs to be available during the dry season for successful establishment to 

occur. Argusia seedlings are rarely observed beneath parent shrubs, and appear quite 

intolerant of even moderate shading. 
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5mm 

Figure 1.1 Argusia argentea showing the foliage, inflorescence and fruits 

(Pike & Leach 1997). 

B A C P 

2 mm 

Figure 1.2 Argusia argentea specimen showing form of the (A) foliage and flower, 

(B) single flower and (C) a longitudinal section of a flower (Soepadmo et at. 1996). 

20 



cD ç 
00 Wetacis 

Lomlokis 
NDONSIA 

 

AlorIs. 

Dili 

2~IIU 
0 

Surnbaiva is. 

rn ba Is. 

- 10 S 
Sawu Is. Kupang 

AL 

Tanmbar1s 

17 >  

c: 

10• S 
-. 

TIMOR 
ô— s-9ipeia SEA 

\rRoti Is. 

I N DI A N hibernia Reef e/e Is. 
OCEAN 

hrnor Ree f 

Ca,e s. 850 kms Bathursf is. 

Darwin o Seruiqapatani Reef 

0 5cott Reef 

0 Brs vise Is. Cape Londonderry 

120 E 

Figure 1.3 Location map of Ashmore Reef, a principal research site for this project (Pike & Leach 1997). 
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1.4.1 Dispersal of Argusia argentea 

The fruit or seed size of a species may represent a trade off between the requirements of 

dispersal, which favors small seeds, and seedling establishment, which favors large 

seeds (Fenner 1985). Argusia produces numerous small fruits (2-4mm diameter). It is 

considered a transient species which has been scattered widely throughout the tropical 
Pacific and Indian Oceans (George 1981) where it is often the pioneer species, 

inhabiting open sometimes-disturbed coral cays. 

The germination ecology of a plant species cannot be understood unless the natural 

dispersal unit is studied (Baskin & Baskin 1998). For Argusia the principal method of 

dispersal is by ocean currents, the corky mesocarp surrounding the seeds allowing 

effective dispersal of the species over great distances, and often for extended periods of 
time without loss of viability (George 1981; Gakkai 1988). Species such as Argusia, 
that use water as a dispersal agent, are said to be hydrochorous (Fenner 1985). The 

majority of tree and shrubs species found on new or highly disturbed islands are 

hydrochorous, particularly in the early years of island establishment. With increased 

colonisation, wind and bird dispersal mechanisms become more important and species 
succession may occur (Heatwole et al. 1981). 

Seeds or fruits that are dispersed by ocean currents require the following properties: 1) 
an ability to float on the surface of the ocean for many days; 2) inhibition of germination 
by sea water; and 3) retention of germination capacity after many days of soaking in sea 
water (Lesko & Walker 1969). Research has shown that Argusia fruits are able to float 
in seawater for 120 days without measurable deterioration in germination capacity. It 
was calculated that if the velocity of an ocean current is just 1.5 km/hr, then Argusia 

fruits may cover 4,200 km in 120 days, thus enabling the fruits with a favorable current 
to be transported from the East Indian Archipelago to the Marshall Islands (Lesko & 

Walker 1969). In studies of water dispersed dissemules, Gakkai (1988) also found that 
for extended drifts to occur all water dispersed seed has a high volume to weight ratio in 

addition to buoyancy mechanisms. The benefit of ocean dispersal is that seeds are able 



to travel great distances for extended periods of time, maximising the chance of 

successful establishment. It is claimed that Argusia argentea is the only vascular plant 

that has been able to colonise Ducie, an atoll considered the most remote in the world 

(Fosberg 1974). 

1.5 Aims of Thesis 

In view of the relatively few studies that have investigated Argusia argentea, and the 

lack of information available on germinating the seed or the establishment of seedlings 

of this species, this thesis has three major aims: 

I. To identify the ecological and environmental processes which most 

impact on the growth and recruitment of Argusia on Ashmore Reef. 

To establish the most effective method of propagating Argusia. 

Determine the methods most likely to be successful in the establishment 

of Argusia on Ashmore reef. 

In light of the observed decline in the population size of Argusia on 

Ashmore Reef, the results of this project may be used to augment 

naturally occurring populations. 

Two main areas of research were conducted to investigate the ecological and 

environmental processes that impact on the growth and recruitment of Argusia argentea. 

The principal areas of investigation were a) Seed biology, and b) Argusia recruitment 

and establishment. 
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1.6 Thesis Scope and Structure 

This thesis focuses on Argusia argentea, a species important to the ecology of Ashmore 

Reef (Pike & Leach 1997). It has been hypothesised that this species is in decline on the 

islands of Ashmore Reef (Pike 1999), and a suitable solution is required to allow the 

germination and re-establishment of seedlings back onto the islands. 

There is little published work available for this species, but most researchers do indicate 

the difficulty of germinating Argusia seeds (Lesko & Walker 1969; Heatwole et al. 

1981; Pike 1999). Due to the lack of background knowledge, two field trips were made 

to Ashmore Reef to make observations, conduct experiments and collect propagation 

materials. Experiments and germination trials were also conducted at the Northern 

Territory University in Darwin. 

Chapter 2 of the thesis provides details of the study site and the methods used to achieve 

the aims. The Seed Biology section describes the data collection and trials conducted to 

learn more about this species. The extent of seed banks, the effects of seed age, and the 

most effective method of germinating Argusia seed in pots is discussed. Finally a 

provenance comparison trial of seed originating from Ashmore Reef, Cocos-Keeling and 

Christmas Islands was made in an attempt to show whether poor seed viability was a 

major factor in the apparent decline of Argusia on Ashmore. 

In the Argusia Recruitment section extensive surveys of West Island, Ashmore Reef, 

were conducted on both field trips to determine the level of seedling and layered (the 

development of new plants due to adventitious roots forming on stems) asexual 

recruitment occurring on the island and the variation between seasons. A trial conducted 

by Parks Australia North staff on West Island involving the transplanting of Argusia 

seedlings was also followed up. The trial plants were located and assessed during 

project field trips and data on seedling health and survival recorded. To reinforce the 

results of the Parks Australia North trial, additional potted seedlings grown in Darwin 

were transported to Ashmore Reef and planted onto West Island to determine the 
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success of this method of seedling re-establishment. Due to the distance and constraints 

of visiting Ashmore Reef regularly, a seedling planting trial was also conducted at 

Vesteys Beach in Darwin and data recorded. A direct seeding trial was also conducted 

on West Island to assess the feasibility of using this method as a recruitment option. 

Surveys of Middle Island and East Island were conducted and data recorded for the 

existing Argusia shrubs, for comparison with past Parks Australia information, to assess 

if decline of Argusia is occurring on these islands. 

Chapter 3 analyses the results of all trials and data collection for the major research 

areas: 

Seed Biology 

Argusia Recruitment 

Chapter 4 details discussion of the results and analysis of the major research areas. The 

findings of the research areas are drawn together to enable final conclusions and 

recommendations to be made on the most appropriate and effective means of 

germinating and re-establishing Argusia seedlings on Ashmore Reef based on the 

knowledge gained in this study. 
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Chapter 2 Methods 

2.1 Study Site 

2.1.1 Ashmore Reef Nature Reserve 

Ashmore Reef Nature Reserve is an Australian External Territory on the outer edge of 

the Sahul Shelf in the East Indian Ocean (12°15S, 123°05 E), 850 kilometres west of 

Darwin (Fig. 1.3) (Pike & Leach 1997). Ashmore Reef Nature Reserve encloses an area 

of approximately 383 square kilometres within which there are three small islands, 

namely East, Middle and West Islands. Along with the nearby Cartier Reef, these are 

the only reefs in the northeast Indian Ocean with land permanently above the high water 

line (Pike & Leach 1997). 

The islands and waters of the reserve are environmentally significant, supporting large 

congregations of breeding seabirds and providing an important staging point for 

migratory waders. Several species of marine turtle utilise the islands for nesting 

throughout the year. The Reserve is internationally recognised for its diverse marine life 

which includes numerous coral species, dugongs and the world's greatest abundance and 

diversity of sea snakes (ANPWS 1989). Many of the marine and terrestrial species, 

visiting or inhabiting the islands are protected under international conservation 

agreements and the Australian Government has a responsibility to protect these species 

and their habitats. 

Ashmore was declared a National Nature Reserve in 1983, but the history of the islands 

goes much further back to when Indonesian sailors regularly visited the islands (Pike & 

Leach 1997). In the early 1800s, European sailors reported seeing Indonesian fishing 

boats in the Ashmore region collecting trepang, trochus shell, clam meat, turtle shell and 

sea birds. Even as recently as 1974 HMAS Diamantina found Indonesian fishermen 

using the islands to cook and dry seabirds, collect seabird eggs and turtles for meat, or in 
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some instances for the carapace. It was not until after 1988 that areas of the reserve 

were closed to the public to protect significant seabird rookeries and the marine wildlife 

of the lagoon and reef. Authorities feared some species would become extinct if 

restrictions were not imposed (ANPWS 1989). 

The earliest official record of European interest in the islands is 1 847 when guano was 

mined on the islands (ANPWS 1989) and, from current vegetation patterns, it appears 

only West Island was mined. In 1891 the guano mining ended. An apparent legacy of 

this disturbance is that few seabirds have returned to breed on West Island, despite the 

other islands being crowded with breeding birds. In 1920 another mining permit was 

issued to excavate guano from Ashmore, fortunately there was insufficient material to 

make the extraction worthwhile (ANPWS 1989). 

Due to the Reserves remote location, few Australians visit the Ashmore area but the 

islands have long been recognised as traditional fishing grounds for Indonesian people. 

To maintain some balance, agreements were made between the Indonesian and 

Australian Governments to prevent over exploitation of the Reserve's resources. These 

agreements included limiting land access to just one area on West Island only (ANPWS 

1989). 

The only other visitors to the islands are occasional yachts, Environment Australia staff 

and researchers, Australian Naval and Customs vessels and more recently it has become 

a favored embarkation point for illegal immigrants entering Australia. Until this year 

(2000), Environment Australia has had a contract vessel stationed on the Reef for much 

of the year monitoring and carrying out law enforcement activities. This responsibility 

has now passed to Australian Customs, who need to monitor the increased illegal 

immigration in the area, with periodic assistance from Environment Australia staff on 

environmental issues. It is hoped this new partnership represents a positive step towards 

improved management of the area. In recent months, the nearby Cartier Island has 

officially been declared a protected marine area further restricting the sometimes-

harmful practices of fishermen visiting the area (Phil Domaschenz 2000 Pers. comm.). 
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2.1.2 Argusia on Ashmore Reef 

West Island is the largest of three sand islands in the Ashmore Reef group and is the 

principal research site for this project (Fig. 2.1). Argusia is the dominant shrub species 

on the island occurring mostly as a peripheral line of vegetation. On Middle Island just 

five Argusia shrubs now exist, and these are heavily utilised by seabirds as nesting sites 

(Personal observation, November 1999). East Island, the smallest of the three islands, 

has previously supported Argusia but currently no plants occur on the island (Pike & 

Leach 1997). 

Argusia occurs in large numbers on West Island, however concerns have been expressed 

about its possible decline in abundance (Pike 1999). In addition to the extreme 

environment of Ashmore Reef with seasonal drought, high temperatures and destructive 

winds, other factors such as human impact, nesting seabirds and marine turtles may have 

contributed to a gradual decline in the Argusia population and only limited natural 

recruitment has occurred (Pike 1999). 

As a study species Argusia argentea is poorly understood particularly in respect of seed 

germination (Lesko & Walker 1969; Heatwole et cii. /981; Pike 1999). Argusia 

provides significant stability to the fore dune regions, deep litter habitat for 

invertebrates, shelter and nest sites for numerous bird species, and provides a food 

source for insects which in turn provide food for insectivore birds. 
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Figure 2.1 Research area at Ashmore Reef Nature Reserve showing the reef area and the three vegetated terrestrial islands 

surveyed (Auslig 1996). 



2.1.3 Impact of Birds 

The Ashmore Islands represent important seabird rookeries with upwards of 50,000 

breeding pairs of Terns (Sterna spp.) being observed on Middle and East Islands 

(ANPWS 1989). To date, more than 80 species of birds have been recorded on the 

islands and surrounding waters (Des Pike 2000 Pers. Comm.). Forty-three of these 

species are included on the Japan-Australia and China-Australia Migratory Bird 

Agreements, obliging Australia to protect their environments (ANPWS 1989). The 

presence of thousands of breeding seabirds on Middle and East Islands hinders plant 

recruitment and establishment (Pike & Leach 1997). No Argusia shrubs currently occur 

on East Island and only a few plants remain on Middle Island due mostly to bird 

pressure. The sheer weight of bird numbers perching or attempting to nest on these few 

shrubs, along with the depositing of phosphate rich droppings, is sufficient to eliminate 

Argusia plants (Pike & Leach 1997). 

On West Island there are few problems with bird numbers though the Argusia shrubs are 

still used for nesting by several species (Personal observation, November 1999). The 

mature shrubs of West Island suffer little from the effect of the nesting birds (mostly 

Reef Egrets, Egretta sacra) with most damage to Argusia resulting from trampling or 

removal of seedlings. This type of damage is seen as a serious threat to re-establishment 

on the other islands as many seabirds have a habit of removing all vegetative material 

from around their nest site while breeding (Steve Tester 1999 Pers. comm.). In dense 

rookeries, birds have been known to destroy nearly all existing vegetation on small 

islands (Heatwole 1983). Not all birds on Ashmore have a negative impact; the 

insectivorous species, particularly on West Island, are probably helpful in limiting the 

number of insects attacking the Argusia shrubs. The Argusia of West Island, may 

benefit from the small quantities of fertiliser deposited below their canopy by roosting or 

nesting birds (Figs. 2.2, 2.3). 

Although there are no fruit eating birds resident on Ashmore Reef, elsewhere fruit eating 

birds, in particular Silvereyes (Zoosterops lateralis), are known to consume and hence 
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disperse Argusia fruits (Heatwole et at. 1981). It is possible trophic relationships exist 

on the islands of Ashmore between birds and Argusia which we are not aware of. The 

Argusia shrubs of Ashmore are very important to the survival of many bird species by 

providing food, shelter, nesting materials and nest sites (Pike & Leach 1997). The 

distribution of bird species on West Island is also determined in part by the spatial 

arrangement of Argusia shrubs. 

Figure 2.2 Red-Tailed Tropic Bird nesting beneath an Argusia bush 

on West Island, Ashmore Reef (November 1999). 

Figure 2.3 Lesser Frigate Bird in Argusia shrub on Middle Island. 
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2.1.4 Impact of Turtles 

Turtles nest on all three islands of Ashmore with most activity occurring on West Island 

(Scott Whiting 1999 Pers.comm.). The Green turtle (Chelonia mvdas) is by far the most 

common species, with only small numbers of Hawksbill turtles (Eretrnochelvs 

imbricata) and even fewer Loggerhead turtles (Caretta caretta) recorded (ANPWS 

1989). Turtles have an important ecological impact on the Argusia of Ashmore, as they 

prefer the conditions created beneath the canopy for their nesting pits. The sand here is 

generally higher in moisture, cooler, and there is less chance of cave-in during 

excavation (Scott Whiting 1999 Pers. comm.). The digging of the nesting cavity can be 

destructive to the Argusia as low branches are broken, roots exposed and in some cases 

the plant destroyed (Heatwole et al. 1981). Some nesting turtles cover large distances, 

searching for a new nesting site or simply trying to find the shoreline. Unfortunately, 

these journeys often result in seedlings up to 0.5 m high being damaged or destroyed as 

the turtles meander through the brittle and easily damaged Argusia stems. 

Green turtles (Fig. 2.4) are very selective in their choice of nest sites; 25 % of 

emergences onto land may result in several excavations but no egg laying (Rogers 1989; 

Limpus ci al. 1983). Each turtle-nesting pit may cover an area of approximately 2 m2, 

and this type of disturbance may exacerbate shoreline erosion (Personal observation, 

November 1999). Research on Heron Island, in the Great Barrier Reef, has shown turtle 

damage to vegetation is a significant factor in the ecology of the island. The study 

showed that up to 20% of the area recognised as nesting zones was disturbed by nesting 

turtles over just a few years (Rogers 1989) making it very difficult for seedlings to 

establish. 

Some plant species are known to benefit from turtle activities by invading clutches of 

eggs with their roots, or enclosing the eggs with a mat of roots preventing the hatchlings 

from escaping, thereby providing the tree with additional nutrients (Heatwole et al. 

1981). Although there is no reference in the available literature to this process being 
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observed in Argusia, the shrubs would benefit from the nutrients supplied by 

decomposition of infertile eggs and aborted hatchlings. 

Although turtles are quite destructive in their nesting activities on Ashmore (Pike & 

Leach 1997), they may aid in the redistribution of Argusia seed from the seed bank 

below the shrubs. These seed banks would otherwise remain undisturbed unless a major 

environmental event, such as a washover or cyclone, occurred. Turtles may also aid 

Argusia recruitment by covering lower branches with sand during nesting (Rogers 

1989), which may result in simple layering and future asexual recruitment. 

Iigiire 2.4 ( recn I un Ic I ( lieu 'nii nivilas 1 coming ashore on \Vesi Island to Ia 

eiis in the cool moisi sand beneath the Argusia shrubs I \oveinber 1999).  
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2.1.5 Impact of People 

The indigenous people of the region, the Rotinese, Bajo and Macassans have exploited 

Ashmore's reefs for generations, at least since the 1800's (Pike & Leach 1997). The 

fishermen came to Pulau Pasir (Indonesian name for Ashmore) to obtain trepang, 

trochus shell, turtles, fish and other mostly marine products. As Argusia was the only 

timber source found on the islands apart from drift wood, in the recent past fishermen 

have used its timber for fires to boil trepang, to cook sea birds, and in the preparation of 

meals (Pike & Leach 1997). The cutting of Argusia for firewood by fishermen still 

remains a problem on West Island despite Environment Australia's efforts to control 

access to the islands (Pike 1999; Personal observation, May 2000). 

The first Europeans visiting the islands possibly posed a greater risk to the islands and 

Argusia than the Indonesian fishermen, as the phosphate mining of the late 1800's 

caused an unknown amount of damage to West Island. Apart from the vegetation 

clearing (including Argusia), a more lasting legacy is the reluctance of most seabird 

species to breed on West Island, despite the more abundant nesting resources (ANPWS). 

A serious long-term threat to Ashmore and Argusia is the introduction of weeds and 

feral animals including rats which may deplete the seed bank or chew young seedlings. 

Weeds may compete with Argusia for space, sunlight, water, and could also increase the 

likelihood of fire on the islands, which may be catastrophic. 

The presence of Environment Australia and the Australian Customs vessels on the reef 

may reduce the human impact. It is hoped any future management plan will recognise 

the ecological importance of Argusia, and all research and other activities conducted on 

the terrestrial areas of the reef will be of a non-impacting nature. 
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2.1.6 Impact of Invertebrates 

There are many terrestrial invertebrates on the islands of Ashmore, particularly insects, 

which have an ecological relationship with the Argusia shrubs. Argusia is important 

because it offers a year round source of nectar, which few other plants on the islands can 
offer due to the harsh conditions. The insects with the most impact on Argusia are the 

heliotrope moths (Utetheisa spp) (CSIRO 1991), whose population cycle tracks that of 

the Argusia (Heatwole 1981). These moths produce larvae that feed only on Argusia, 

and the adult moth is an important pollinator of Argusia flowers (Figs. 2.5, 2.6). The 

large population of larvae and moths attract predatory insects and insectivorous birds 

(personal observation, May 2000) which benefit Argusia through increased droppings 

providing additional nutrients and reduced herbivory (Lowman 1984). The heliotrope 

moth larvae appear to be the only species capable of feeding on the foliage of Argusia 

on Ashmore. Studies have shown that Argusia is able to mobilise toxins in its leaves 

that prevent most species feeding on the plant, greatly reducing the extent of herbivory 

suffered before the larvae is forced to move to a less toxic leaf (Lowman 1984). 

Argusia shrubs offer invertebrates shade, shelter and usually a thick mulch layer that 

affords protection and breeding sites; many of the invertebrates found beneath Argusia 

would otherwise not survive on the islands. The thick leaf litter often contains large 

numbers of nocturnal hermit crabs that scavenge the high water line for food. These 

crabs have been observed feeding on the flowers and small developing fruits during the 

dry season (personal observation, November 1999), with the greatest impact coming 

from feeding on the shoots of germinating seedlings, reducing recruitment (Pike & 

Leach 1997). 

Another insect which may be impacting on Argusia, especially in the dry season, is the 

Mealy bug (Fam. Pseudococcidae) which sucks the juices from the tips of new shoots 

causing them to abort and often deforming emerging flower heads, thereby reducing 

seed production. Several predatory insect species were observed on the islands and it is 

assumed these natural control agents keep the mealy bug and moth larvae in check. 
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Ants are very common on and around the Argusia bushes, though apart from assisting in 

pollination they do not appear to have any detrimental impact. 
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2.1.8 Climate 

The Ashmore Islands lie within the Wet-Dry tropics and are dominated by monsoon 

activity from December to May (main germination and growth period for Argusia), with 

the remainder of the year relatively dry (Pike & Leach 1997). All months are warm/hot 

and evaporation exceeds precipitation. An automatic weather station was commissioned 

on West Island in 1962 and abandoned in 1973 due to vandalism. The Bureau of 

Meteorology does not possess 12 months continuous data for the islands (ANPWS 

1989). 

The mean monthly air temperature for the Ashmore region ranges from 29.5°C in the 

Wet season to 26.3°C during the Dry season (Levitus & Boyer 1995). The Intertropical 

Convergence Zone (ITCZ) is dominant for less than 6 months and subsequent 

convectional rain ensures elevated wet season precipitation when compared to the Dry 

season. No rainfall figures are available for Ashmore, though regional data indicates 

that rainfall exceeds 1715mm per annum with thunderstorms occurring on an average of 

85 days in the Wet season (Layering 1993). The average annual evaporation is twice 

that of the average rainfall (van Andel & Veevers 1967). The Southeast trade winds, 

that are generally associated with fine dry weather (ANPWS 1989), are prevalent from 

April to September and during May to August produce average wind speeds of 11-30 

km/hr. The northwest or west monsoon prevails from December to March and is 

associated with cloud, rain or storm activity. The period, November to May, may see 

cyclones in the region which typically move southwest across the Arafura and Timor 

Seas. Gale to hurricane force winds are liable to be encountered in the Ashmore area 

(Pike & Leach 1997; ANPWS 1989), and have contributed to extensive erosion of the 

islands' coastlines in recent years. The period 1983-1996 showed 23 cyclones tracked 

within 180 nautical miles of Ashmore Reef, a distance within which an area is classified 

as being affected by a storm (Pike & Leach 1997). A severe storm or cyclone may have 

devastating effects on the Argusia of Ashmore, but without the shrubs as the first line of 

defence, as is currently the situation on Middle and East Islands, the results could be 

much worse. 
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2.1.8 Island Vegetation 

The islands of Ashmore support simple herb and shrub lands dominated by annual 

species. There is a marked change from the luxuriant growth rates experienced during 

the wet season to the limited growth occurring during the dry season (ANPWS 1989). 

The range of plant species recorded for Ashmore is limited, though there is some 

evidence of on-going dynamism - particularly of grasses and small herbs. Species 

previously reported can no longer be found on the islands, while previously unrecorded 

species are being discovered (Pike & Leach 1997). Most new species have been 

introduced deliberately or inadvertently by human activity. 

Together with Argusia several woody species are present on the islands in small 

numbers. These include Cordia suhcordata, Suriana maritima, Scaevola taccada and 

Guettarda speciosa, all of which are readily dispersed by ocean currents (ANPWS 

1989). Although these species occur as fringing vegetation on the island none appear as 

well adapted to the harsh conditions as Argusia, with the possible exception of Suriana 

maritima which occurs in reasonable numbers on Middle Island. Several coconut palms 

(Cocos nucijera) have been planted on West and Middle Islands. 

The herb fields on the islands contain a broad mix of herbs, vines and grass species. The 

more common occurring species being: Boerhavia burbidgeana, Sida parvifolia, 

Digitaria mariannensis, Spinifex littareus, Ipomea tuba, Ipornea pes-caprae (Fig. 2.7), 

Sesbania cannabina, Amaranthus interruptus, Tribulus cistoides and Lepturus repens. 

The greatest diversity of herbs occurs on Middle and East Islands as the herb field of 

West Island remains comparatively sparse, possibly due to past guano mining activities 

(ANPWS 1989; Pike & Leach 1997). 

Approximately 36 plant species including four introduced species have been recorded 

for the Reserve, of these 9 (including Argusia) are native species common to all three 

islands. The majority of plants recorded for Ashmore are found elsewhere on tropical 

shorelines of the Indo-Pacific Region (ANPWS 1989). 



Figure 2.7 Impornea pes-caprae vine is a common species on Ashmore's islands 

and can adversely affect Argusia recruitment through smothering. 

2.1.9 Geology 

Ashmore Reef lies on the outer edge of the Sahul Shelf at the northwestern end of the 

submerged Londonderry Rise. The reef occurs on a platform rising from depths of 

greater than lOOm and encloses an area of approximately 239 sq. km  (ANPWS 1989). 

The sands of the islands are predominantly skeletal carbonates, composed mostly of 

foraminifera tests and mollusc shells. The sands also contain coralline algae, such as 

Halirneda, echinoid spines and a small fraction of coral skeletons (Pike & Leach 1997). 

Some organic matter is distributed through the top 40 cm of substrate on the islands as 

are areas of cemented sand. Areas of phosphate (guano) occur on all islands but are not 

considered to be in commercial quantities (ANPWS 1989). An observed characteristic 

of Ashmore's carbonate sands is their ability to hold moisture, which appears to far 

exceed that of quartz type sands, an important trait in such a harsh climate. 
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Argusia appears to prefer growing in the loose sandy areas, with cemented sand areas 

supporting little vegetation. Argusia shrubs are an important part of the succession 

ecology of the islands, particularly in the early stages providing large amounts of 

organic matter that contributes to the soil each year that, in time, may allow other less 

tolerant species to establish. 
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2.2 Seed Biology 

2.2.1 Determining extent of Seed Bank on West Island Ashmore Reef. 

The aims of this study were to measure the typical size of the soil seed bank and to 

determine whether the size of Argusia shrubs influenced seed bank size. 

Study Area 

Argusia is the dominant shrub species on West Island Ashmore Reef, though it is mostly 

restricted to the fringes of the island directly above the high-water line (Figs. 2.8, 2.10). 

The vegetation inland from the fringing Argusia consists mostly of rambling vines 

(Ipomoea spp.), grasses (Spinifix spp.) and small herbs (Boerhavia burbidgeana, Sida 

parvifolia) (Pike & Leach 1997) (Fig. 2.9). The soils of the island consist of skeletal 

carbonate sands with some beach rock occurring below the high-water line (ANPWS 

1989). 

Four sites were selected on West Island Ashmore Reef: North, South, East and West of 

the central fresh water well shown in Figure 2.10 (12014530'S, 122°58056'E). All 

shrubs sampled at the four sites were within 15 m of the high-water line as this is the 

preferred habitat area for Argusia shrubs. Each site chosen was 100 ni long and 

extended 15 rn inland from the high water line. 

The North site comprised a single line of Argusia fringing the shoreline and extending 

approximately 6 metres inland. Turtle nesting activity in this region was low. The 

South site was exposed to strong prevailing winds (southeast) and high turtle nesting 

disturbance. The Argusia at this site extended inland approximately 30m. The East site 

was prone to strong wind and salt damage, resulting in obvious moisture stress late in 

the dry season. Turtle nesting activity was high at this site. The Argusia at this site 

extended approximately 20 m inland, though sparse in distribution (3-4m apart). 
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A band of Argusia, approximately three plants wide, occurs at the West site and 

extended approximately 15 rn inland from high water. The shrubs here were wind 

affected and experienced high turtle nesting disturbance. 

Figure 2.8 Argusia shrubs fringing the high-water line on West Island, Ashmore Reef. 

•1 * 

SI. . .. 

Figure 2.9 Interior of West Island, Ashmore Reef showing fringing Argusia 

shrubs and inland vegetation consisting predominantly of grasses and herbs. 
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Experimental Design 

At each site, 3 Argusia shrubs were randomly selected for seed bank assessment. For 

each shrub a transect was established running inland from the high water mark to a point 

2 m beyond the shrub. Samples were collected at six points along the transect; the high-
water line, the landward and seaward margins of the canopy, I m landward and I m 

seaward of the main trunk and 2 m inland from the canopy fringe (Fig. 2.11). At each 

distance, three samples were randomly collected within the area defined by the width of 

the canopy. Each sample consisted of a 0.25 m2  area that was excavated to a depth of 

100 mm. The sand was removed and sieved through 3 mm mesh. All seeds retained in 
the sieve were removed and counted. This sampling method gave 18 samples per shrub 

and 54 samples per site. 

Details of shrub dimensions, the presence of flowers or fruit, distance of shrub from high 

water line, and evidence of disturbance by fauna (i.e. bird nests, or turtle nesting pits) 
were recorded for each shrub. The condition of each plant was also noted using a three-

point scale of either good, average or poor. 

To provide an estimate of seasonal variation in the seed bank, the East site was re-

sampled in May 2000, and an additional site was sampled in the North/Northwest region 
of West Island. This additional site was selected due to the greater dimensions (mean 

height 4.9 m) of most Argusia shrubs in that area. The sampling was intended to test 
whether larger shrubs maintain a larger seed bank. At the East and North/Northwest 
sites three shrubs were randomly selected and sampling conducted using methods 

described above. For all sites and shrubs at each distance along the transect, the three 
samples collected were pooled prior to sowing to give six pots per shrub. 
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Figure 2.11 Seed bank sampling design used on West Island Ashniore Reef 

(Diagram not to scale). 

On returning to Darwin, seed collected on both field trips was sown directly, with no 

pretreatment, into 125 ml plastic pots containing standard potting media of one part 
Cocopeat to three parts Mary River sand. All pots were placed into a shade house 

(30% transmission of light) on raised benches and watered daily for 15 minutes using 
overhead sprinklers. Seedling emergence was recorded weekly until no new emergence 
was observed for three weeks. 
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2.2.2 Pilot Seed Germination Trials 

The aim of this trial was to determine the factors that stimulate germination in this 
species. The results of this trial were intended as a guide to reduce wastage of often 
difficult to obtain seed in future trials. 

Experimental Design 

In January 1999, a preliminary seed germination trial commenced using fresh brown 

Argusia seed from West Island Ashmore Reef. 

The trial assessed the following seed treatments: 

• Control - no treatment before sowing 

• Soaking fruits in saltwater (NaCI 3lppt) for 24 hrs 

• Soaking fruits in saltwater (NaCl 3 1 ppt) for one week 

• Soaking fruits in saltwater (NaCl 3 1 ppt) for two weeks 

• Soaking fruits in freshwater for 24 hrs 

• Soaking fruits in freshwater for one week 

• Soaking fruits in freshwater for two weeks 

• Soaking fruits in boiling water (then allowed to cool) for 12 hrs 

All soaking treatments were carried out in glass beakers containing 100 ml of fresh or 
salt water as required for individual treatments. After 48 hours, the solution was drained 
off and replaced in all treatments. This was considered necessary to remove the tannins 
released naturally by the fruits. It is unknown if these tannins inhibit germination, as 
they are not mentioned in the available literature. Each treatment was replicated five 
times (i.e. five pots each) and 70 fruits were placed into each pot. The fruits were 
covered with approximately 5 mm of standard potting media and hand watered. The 
replicates were randomly assigned positions in a block of 5 x 7 rows on raised benches 
in a 30 % light transmission shadehouse. All pots were hand watered once daily for a 
minimum of 10 minutes depending on prevailing weather conditions. The number of 
emerging seedlings was recorded weekly, and seedling heights were recorded monthly. 
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2.2.3 Seed Soaking and Aeration of Trial 

With the results of the previous Pilot Seed Germination trial (Section 2.2.2) in mind, this 

experiment was designed to assess the importance of seed soaking in the germination 

process. 

Germination rates for Argusia argentea are highly erratic, with published research 

showing < 12 % germination success with the aid of treatments (Heatwole et al. 1981; 

Lesko & Walker, 1969). An exception to this is a report by the botanist Guppy (1 891) 

stating that Argusia seed, collected on Cocos-Keeling Atoll, germinated readily during 

the first month of planting (no data details given). The fruits used in this trial were 

collected on West Island during the field trip in May 2000 just prior to the 

commencement of the trial. 

Experimental Design 

The trial assessed the following treatments: 

• Control - no treatment before sowing 

• Soaking in saltwater (NaCl 3 1 ppt) for I week - Aerated 

• Soaking in saltwater (NaCl 3 1 ppt) for 2 weeks - Aerated 

• Soaking in saltwater (NaCl 3 1ppt) for 4 weeks - Aerated 

• Soaking in saltwater (NaCl 3lppt) for 8 weeks - Aerated 

• Soaking in freshwater for I week - Aerated 

• Soaking in freshwater for 2 weeks - Aerated 

• Soaking in freshwater for 4 weeks - Aerated 

• Soaking in freshwater for 8 weeks - Aerated 

• Soaking in saltwater (NaCl 31 ppt) and then freshwater for I week - total 2 weeks 

aerated 

• Soaking in saltwater (NaCl 3 1 ppt) and then freshwater for 2 weeks - total 4 weeks 

aerated 
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Soaking in saltwater (NaCl 31 ppt) and then freshwater for 4 weeks - total 8 weeks 

aerated 

Soaking in saltwater (NaCl 3 1 ppt) and then freshwater for 8 weeks - total 16 weeks 

aerated 

Each treatment was replicated four times and each replicate contained 100 fruits. All 
replicates with the exception of the control were placed into 9 litre plastic buckets 
containing 5 litres of either salt or freshwater solution as required for the individual 
treatments (Fig. 2.12). All treatments were aerated using an aquarium air stone for the 
period of each treatment. Due to evaporation, every 14 days the remaining treatments 
required topping up with the appropriate solution, so levels were maintained at 5 litres. 
For replicates receiving both salt and freshwater treatments, the fruit was rinsed in 
freshwater to remove excess salt prior to being placed into the freshwater treatment for 

further soaking. 

Following treatment, the fruits were immediately sown into I 25m1 plastic pots 
containing standard potting media. The fruits were covered with approximately 5mm of 
potting media and hand watered. The pots were randomly assigned positions on raised 
benches in a 30% light transmissive shade house. All treatments including the control 
were watered twice daily for 10 minutes using automatic overhead sprinklers. 

The numbers of emerging seedlings were recorded weekly until no further emergence 
was recorded for three consecutive weeks. Some unexpected emergence of seedlings 
occurred during treatment soaking and these seedlings were recorded for each replicate 
in addition to total seedling emergence after sowing. 



2.2.4 Comparison of germination in Ashmore Reef, Christmas Island & Cocos 
Keeling Seed Provenances. 

The aim of this trial was to see if germination varied with seed provenance. 

In March 1999, a small provenance trial was conducted for the project using Argusia 

fruits from Christmas Island and West Island Ashmore Reef. There were only a limited 

number of replicates available and, to reach any firm conclusions, further formal trials 

were necessary. In May/June 2000 fresh Argusia fruit was obtained from Cocos 

Keeling, Christmas Island and Ashmore Reef (West Island). The fruits were assumed to 

be of similar age and quality, all maturing over the 1999/2000 wet season period. 

Experimental design 

Ten replicates of each provenance were selected, with each replicate containing 100 

fruits. Of these, five replicates were sown directly into 125m1 plastic pots containing 

standard potting media, watered and placed on raised benches in a shadehouse. The 

remaining five replicates of each provenance, were placed into 9 litre plastic buckets and 

soaked in 5 litres of aerated saltwater (3 1 ppt) for two weeks. The aeration of the water 

was intended to replicate the fruits floating in the ocean (main dispersal method for 

study species) and this process also aids the removal of tannins from the fruits. The 

continuous aeration was provided via airlines and air stones as used in aquariums. After 

two weeks of soaking, all fruits were removed, washed under freshwater and sown 

directly into I 25m1 plastic pots containing standard potting media. 

As an additional trial, to show if freezing of Argusia fruit is detrimental to germination 

or if it is suitable as a storage method, fruit from Cocos Keeling, which had been 

accidentally frozen for three months, was replicated in the same manner as the other 

provenance trials and sown into pots. 
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All pots were placed in a 30% light transmission shadehouse on raised benches and 

watered overhead for ten minutes twice daily (this level of watering was seen as 

sufficient during the dry season for optimal growth). Seedling emergence was recorded 

for each replicate until no further emergence had occurred for a three-week period. 

Figure 2.12 Method of soaking used for Seed Provenance Trial and Seed Aeration and 

Soaking Trial. 

2.2.5 Seed Age Trial 

The aim of this study was to determine whether germination rates varied with seed age, 

and to assess at what stage Argusia fruit is at its optimum viability for harvest so as to 

maximise seed germination rates. 

There is no mention of seed age in the literature for Argusia. Studies of Argusia carried 

out on One Tree Island, on the Great Barrier Reef, show that flowering and fruiting of 

Argusia is independent of short-term weather conditions (Heatwole et at. 1981). For 
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Christmas Island this may not be strictly true as it has been observed that a flush of 

flowers can be expected after heavy rainfall events followed by a dry period (Roger Hart 

1999 Pers. comm.). On Ashmore, flowers and fruit can be found at all times of the year, 

with a peak in December - January when heavy rains are expected (Pike & Leach 1997). 

The only previous information available on seed collection, comes from Environment 

Australias Christmas Island rainforest rehabilitation nursery. This suggested that 

Argusia fruit should be collected soon after changing from green to brown, but it is also 

possible to collect during the colour change stage. Fruit remaining on the trees for too 

long should not be collected, as often the seed has already been released (Roger Hart 

1999 Pers. comm.). The release of seeds has not been observed in older fruit collected 

on Ashmore Reef. 

Experimental Design 

During the May 2000 field trip, Argusia fruits were collected randomly from West 

Island, Ashmore Reef. In addition to picking the well-matured dark brown fruits, some 

mature sized, but mostly yellow fruits, were also collected (Fig. 2.13). 

The two samples of fruit collected were cleaned to remove unwanted trash and placed 

into calico bags for return to Darwin. Under nursery conditions in Darwin, four 

replicates of 100 fruits of each sample were sown into 125mm plastic pots containing 

standard potting media. The fruits were lightly covered with potting media to a depth of 

approximately 5mm and hand watered. The pots were placed in random order on raised 

benches in a 30% light transmission shadehouse and watered overhead twice daily for 10 

minutes (Fig. 2.14). The number of seedlings emerging from each replicate was 

recorded until no further seedling emergence had occurred for three consecutive weeks. 
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Figure 2.13 Cluster of Argusia fruit showing younger yellow fruit used in seed age 
trial. 

Figure 2.14 Nursery pots (125 mm) used in seed germination trials, showing random 
pot placement on raised benches in a 30 % light transmissive shadehouse. 
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2.3 Argusia Recruitment 

2.3.1 Seedling Recruitment on West Island, Ashmore Reef 

This project was initially prompted by a strong belief by Environment Australia staff 

(formerly Parks Australia North) that little or no recruitment of Argusia seedlings was 

occurring on Ashmore Reef (Pike 1999). The vast majority of Argusia growing on 

Ashmore Reef occurs on West Island (Fig. 2.16), so this island was chosen to study 

recruitment. 

Study Sites 

For the purpose of recording recent seedling recruitment, the island was divided into 

four sectors - North, South, East and West from the fresh water well in the centre of the 

Island (Fig. 2.15). Each sector extended for approximately a quarter of the 

circumference of the island (approximately, 500 m each) and up to 30 m inland from the 

high-water line (the preferred habitat of this species). To collect additional information 

on the distribution of seedlings, each sector was further subdivided into two adjacent 

zones. The first zone extended from the high-water line to a point I Sm inland, the 

second adjacent zone covered the region from the 15m above the high water line to 30m 

inland. 

Survey Technique 

In each sector, and in both zones, all seedlings less than one metre in height were 

recorded. The seedling recruitment surveys were conducted on the 14th  November 1999, 

during the initial field trip, and again on the 161h  May 2000 during the second field trip. 
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Figure 2.16 Natural seedling recruitment occurring on the south-east tip of West Island, 

Ashmore Reef (May 2000). 

2.3.2 Determining Extent of Argusia Recruitment via Simple Layering 

Determining the extent of recruitment on Ashmore Reef via seedlings (assessed in an 

earlier trial) or simple layering is very important to the future of these islands. 

Recruitment via simple layering is not reported in the literature but appears prominent 

amongst mature Argusia shrubs (Fig. 2.17) and this survey was intended to assess to 

what extent this process is occurring. 

Experimental Design 

Three sites were selected on West Island Ashmore Reef; South, East and West of the 

central fresh water well on the island (Fig. 2.15). Due to time constraints, the North site 

was not sampled during the field trip. At each site, two lOOm transects were established. 

The first transect encompassed the region from the high water line to 15m inland 

running parallel to the shore for lOOm. The second transect ran adjacent to the first, 
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encompassing the Argusia in the region 15-30m inland. This region is important 

because shrubs here rely almost exclusively on layering for recruitment. 

On each transect, all Argusia shrubs taller then one metre were visually assessed. 

Details of whether simple layering of the lower branches was occurring were recorded, 

and the number of stems (independent or semi-independent) identified for that shrub. If 

no layering was observed, this was also recorded. Due to the heavy foliage cover of the 

Argusia shrubs at the time of data collection, it was often difficult to accurately gauge 

the exact extent of layering on some plants. 

Figure 2.17 Simple layering of Argusia stems on the north shoreline of West Island 

showing adventitious roots exposed by wave erosion. (May 2000). 

2.3.3 Trial Establishment from Seed on West Island 

In order to determine the feasibility of establishing Argusia argentea from seed in the 

field, trials were conducted on West Island Ashmore Reef. 

On November 161h  1999, fresh Argusia seed was collected on West Island Ashmore 

Reef. The seed was manually cleaned using a 5 mm mesh sieve that allowed the seed to 

fall through the mesh while the unwanted trash was winnowed off. The seeds were then 

manually counted into samples of 100 fruits, to ensure consistency in quality and seed 

quantity. An area was selected on the southeast tip of West Island Ashmore Reef 
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(12°14'6564'S, 122°58236"E) for the seed establishment trial. This site was selected 

due to the absence of competing vines (Ipomoea spp.) and the reduced chance of 

disturbance by nesting turtles (Fig. 2.19). 

Experimental Design. 

Four adjacent 8 m long transects were established inland from the fringing shoreline 

vegetation. Transect lines ran approximately perpendicular to the shoreline and were 

positioned 12 m apart (Fig. 2.18). At 2 m intervals along each transect line, I mx 4 m 

quadrats were established at right angles along the left side (from shore line) of the 

transect line. Each quadrat was subdivided into four I m squares, and each square was 

randomly assigned a single seed treatment (described over page). Fig. 2.18 shows a 

diagrammatic view of the design. Each quadrat received approximately 9-11 hours of 

sunlight each day. 

4-12m —* 

Treatments 
1234 

8m Transect 
lines 

—0-0-0-0  

0 = Treatments (in random order) 

Figure 2.18 Design of Seed Sowing Trial on West Island, Ashmore Reef 

(diagram not to scale) 
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Treatments used for seed establishment trial on West Island Ashmore Reef. 

The following treatments were applied to seed samples sown at the site: 

Control - Untreated seed sown. 

Seeds were sown directly with water crystals (Rainsaver -Hortex Australia) and 

slow release fertiliser (Nursery-cote 6 month). Both substances were applied at 

the manufacturer's rate of one level teaspoon (approximately 5 gms) per sample 

(Fig. 2.20). 

Seeds, water crystals and slow release fertiliser (applied at the manufacturer's 

rate) were placed into 150mm lengths of cellulose tube which were tied at each 

end with fishing line (cellulose tube is permeable to water and slowly 

biodegrades). The sausage type packages were placed into the sand until just 

covered. 

Seeds were soaked continuously in seawater for 10 days and then sown with 

water crystals and slow release fertiliser (applied at the manufacturer's rate). 

Each treatment was replicated 16 times within the trial. To maxirnise the chance of 

successful germination and establishment, sowing was carried out in the build up to the 

wet season on November 16th  1999. The results of this trial were assessed during the 

second field trip to Ashmore in May 2000 (7 months after sowing). All quadrat 

treatments were individually inspected for emergence of Argusia seedlings and the 

results recorded. 
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Figure 2.19 Planting site for seed establishment trial at southeast point of 

West Island Ashmore Reef (November 1999). 
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Figure 2.20 Treatments applied with planting trials - water crystals (Rainsaver -Hortex 

Australia) and slow release fertiliser (Nursery-cote 6 month). Both substances were 

applied at the manufacturer's rate of one level teaspoon (approximately 5 gms) per 

replicate. 
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2.3.4 Investigation of Seedling Transplanting Trial by Parks Australia North 

In December 1998, Environment Australia (formerly Parks Australia North) staff 

conducted a trial involving the transplanting of 32 naturally established Argusia 

seedlings on West Island, Ashmore Reef. The trial was intended to show whether it was 

possible to relocate seedlings successfully to new areas of the island during the wet 

season (Pike 1999). This was the first recorded instance of any planting of seedlings 

being attempted on Ashmore Reef and, as such, was of importance to this project. All 

previous attempts at establishment only involved the use of seed. Of the 32 seedlings 

initially transplanted, 26 remained alive when Environment Australia staff departed the 

island in late December 1998 (Pike 1999). Data on the success of this establishment 

trial was recorded. 

Survey Technique 

The previous transplanting trial, by Parks Australia North staff, is of significance to this 

project as it provides valuable data and information on survival and approximate growth 

rates for Argusia over a 16-month period, including two wet seasons. During the 

November 1999 field trip, the surviving transplanted seedlings were located and data 

recorded on the number of plants surviving, their health rating (poor, average or good) 

and plant height. Unfortunately, no heights were recorded at the original planting. The 

same data was recorded for all surviving seedlings during the May 2000 field trip. This 

second data collection allowed precise records of Argusia vegetative growth to be 

determined over the 7 month period. 



2.3.5 Seedling Establishment Trial on West Island, Ashmore Reef 

The aim of this trial was to assess the feasibility of establishing pot grown seedlings 

back on to West Island to improve recruitment. Four sites were selected on West Island, 

Ashmore Reef at approximately North, South, East and West of the central fresh water 
well on the island (Table 2.1 and Fig. 2. 10). The sites chosen were mostly free of 

competing vines (Ipornoea spp.) and the threat of damage from nesting turtles. 

Table 2.1 Location of seedlings planted onto West Island, Ashmore Reef as part of the 

Seedling Establishment trials in November 1999. 

Establishment site GPS reading Location details of each site from the water 

well in the centre of the island 

North Site 12°14430"S, True north from central water well to shore 

122058057"E. line, then east along high-water line for 16 m 

South Site 12°14'657'S, True south from central water well to shore 

122058'040"E. line, then east along high-water line for 11 m 

East Site 120  145475, True east from central water well to shore line, 

122058158'E. then south along high-water line for 100 m 

West Site 120 145395, True west from central water well to shore line, 

122°57'791'E. then north along high-water line for 17 m 

The seedlings planted in the field for this trial were grown in Darwin under shadehouse 
conditions from seed collected on Ashmore in December 1998 by Parks Australia North 

Staff. The seeds were sown in January and February 1999. When the resulting 
seedlings reached a height of approximately 20 mm, they were potted into 70 mm tubes 

and fed with slow release fertilisers (Nursery-cote at the manufacturer's recommended 
rate for seedlings). In September 1999,   the most robust sixty seedlings (average height 

80 mm) were selected for the replanting trial on West Island Ashmore Reef. Prior to 

leaving Darwin, the plants were hardened off in full sun and the watering was reduced to 
limit dependency on artificial irrigation. To avoid the risk of carrying any pathogens to 
Ashmore, all seedlings were sprayed with pyrethrum insecticide and inspected for pests 
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and diseases prior to departing Darwin. The seedlings were transported in plastic 
nursery trays each containing 20 tubes (Fig. 2.21). During the 48 hour voyage to 
Ashmore the seedlings were placed under benches on the rear deck of the vessel to avoid 
damage. Unfortunately, this meant the seedlings were shaded heavily for this period 

resulting in many seedlings developing yellow leaves which later dropped. Apart from 
this partial defoliation, the seedlings arrived in good condition at Ashmore, where the 
seedlings were transferred to the Environment Australia's contract vessel (Aralia IV) and 
placed in a full sun position for the next 6 days. During this time the seedlings were 
hand watered once each day. After the 6 days the seedlings were sufficiently recovered 
to be planted on to the island. 

Experimental Design 

Fifteen seedlings were planted one metre apart, in three rows of five plants, at each site 
around the island. The rows were adjacent to each other, two metres apart running 
parallel to the shoreline. All seedlings were planted within 15 m of the high-water line 
as this is where most Argusia naturally occur, and the zone most in need of restoration 
and recruitment. 

All the seedlings were planted on the 14  th  November 1999. At planting, all seedlings 
received slow release fertiliser (Nursery-cote) and water gel (Rain-saver) at the 

manufacturer's recommended rate (one teaspoon of each substance per seedling) 
(Fig. 2.20). The health and height of each seedling was recorded at planting. Initially it 
was hoped rainfall would occur on the island before the seedlings were planted as 
conditions were very hot and dry. Unfortunately this was not the case, and the seedlings 
required watering by hand at planting, then each day thereafter (two litres each) for 6 
days. Environment Australia staff carried out one more watering several weeks after our 
departure. Unfortunately, there was a three week interval between planting and any 
significant rainfall on the island. At the time of our departure, 56 seedlings of the 60 
planted were alive (some minor problems were experienced with inquisitive birds 
breaking seedlings off). 
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During the May 2000 field trip to Ashmore, the surviving seedlings were located at the 

four planting sites, and their height and health rating (poor, average or good) recorded. 

Figure 2.21 Tray of potted Argusia seedlings grown in Darwin for planting onto 

West Island as part of Seedling Establishment trial (November 1999). 

2.3.6 Seedling Establishment Trial at Vestey's Beach Darwin 

Due to the unpredictable rainfall at the time of the seedling planting trial on Ashmore 

Reef and the possibility of failure, a similar trial on the foreshore of Vestey's Beach in 

Darwin was established. This site was chosen due its easy access and close proximity to 

the high-water line, without causing damage to existing native vegetation. 

Study site 

The area chosen had a westerly aspect and was devoid of any shrubs or trees. Above the 

high water line, the vegetation consisted of a zone of Ipornoea pes-caprae approximately 

two metres wide, replaced by grasses and weed species further up from the high water 
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line. It was necessary, throughout the trial, to control the growth of vines in the lower 
transect area, to prevent them smothering the Argusia seedlings. In the higher transect 
the grasses were manually removed at planting to reduce competition. A careful 

application of weedicide (Glyphosate 360) was also applied midway through the trial to 
reduce the competition of grasses surrounding the seedlings. No ill effects were 
observed in the Argusia after this treatment. All seedlings at the site were planted into 
the fine quartz sands found at the foreshore of beaches in that area. 

Experimental design 

The sixty Argusia seedlings selected for the trial were approximately 11 months old and 
of a similar height and vigor to those planted on Ashmore Reef. The seedlings were 
growing in 70 mm tubes and sun hardened prior to the trial. A zone 50 m in length was 
chosen and divided into two transect lines running parallel to the shore. The first 
transect was located one metre above the high water line, the second transect three 
metres above the high water line. On each transect line 30 seedlings were randomly 
planted (minimum one metre apart). To assess the value to future plantings, 50% of the 
seedlings were given a slow release fertiliser (Nursery-cote at the recommended rate of 
one teaspoon per seedling) at planting. 

The seedlings were planted in February 2000 and no additional watering was required 
due to consistent wet season showers. Data on seedling height (from tip of highest leaf 
to soil surface) and number of leaves (unfolded) was recorded at planting, then weekly 
for four weeks then fortnightly for four months. 

At the conclusion of the wet season shower and monsoonal activity, the site became very 
dry and grasshopper attack on the foliage was a slight problem. No additional 
treatments or watering were given to the seedlings. Observations of the seedlings 
continued until no further growth was detectable due to water stress. 
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2.3.7 Survey of Argusia on Middle and East Islands, Ashmore Reef 

A survey was conducted on Middle and East Islands to assess current population 

statistics against those known for previous years. Middle and East Islands are heavily 

utilised bird rookeries. Argusia represents a very important resource to the birds that use 

the shrubs as nesting platforms. 

Survey Technique 

A trip was made to Middle and East Islands during the November 1999 field trip. The 

dimensions and GPS readings of all Argusia shrubs were recorded along with their 

appearance rating (poor, average or good). All shrubs were receiving heavy use by birds 

at the time of the field visit. The shrub dimensions collected for Middle Island were 

intended to be mapped against those recorded in 1984 and 1996 on the AUSLIG 

Ashmore Poster/map (Fig. 2.22) to test if any significant change in population is 

occurring. 
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Figure 2.22 Middle Island Ashmore Reef: The dark shaded area of the island 

represents the extent of Argusia on the island in 1996. The island is heavily utilised by 

nesting seabirds (AUSLIG 1996). 
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2.4 Statistical Analyses 

All statistical analyses were performed with Statistica Edition 99, Kernel 5.5A (Stats 

Inc.) software. 

2.4.1 Experimental Analyses 

The results of trials and experiments were statistically analysed where possible to ensure 

the integrity of any conclusions drawn. Logarithmic transformation was required for 

some data before analysis of variance could be performed, the mean values presented in 

the results are untransformed data. Where the differences between individual means 

were required, the experimental data was analysed with a one-way ANOVA, where 

several factors were compared a two-way or a multifactoral ANOVA was used. A 

Cochran's Test was used to check the assumptions of ANOVA for homogeneity of 

variances. Where ANOVA results were found to be significant, the Tukeys HSD test 

was used as the post hoc multiple comparison procedure. When the F statistic in the 

ANOVA was significant, the means were compared by least significant difference (LSD, 

P = 0.05). ANOVA tables are provided in the results (Section 3). 
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Chapter 3 Results 

3.1 Seed Biology 

3.1.1 Determining extent of Seed Bank on West Island, Ashmore Reef. 

A substantial seed bank was found at all sampling sites on West Island (Appendix 1). In 

1999 the size of the seed bank varied significantly between sites, ranging from 117 seeds 

per m2  at the North and West sites to - 39 seeds per m2  at the East and South sites 

(Fig. 3.1). 
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Figure 3.1. The mean seed banks (No. of Seed I m  2  ) at 4 sites on West Island in 1999. 

Different letters (a, b) above error bars denote significantly different means (P<O.00 1). 

Error bars are ± 1 SE. 
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In 2000, only two sites were sampled and the size of the seed bank varied from 275 

seeds per m2  at the Northwest site (not previously sampled) to 29 seeds per m2  at the 

East site. The Northwest site seed bank was significantly larger than all other samples 

collected in either year and may relate to the larger dimensions of shrubs, which had a 

mean height of 4.8 in compared to 2.93 m for shrubs sampled in 1999. The East site 

seed bank (the only site sampled in both years) represented a mean reduction of 10 seeds 

per m2  on the 1999 samples. The data, for sites in 1999 and 2000 (Appendix I), shows 

that there is no significant difference in seed bank size between years. The samples 

collected in November 1999 from West Island had a mean of 79 seeds per m2  for all 

sites, while the May 2000 samples had a mean of 152 seeds per m2  for two sites. A lack 

of consistent data for both years makes accurate analysis difficult. However, seed 

numbers, on and below the shrubs during both field trips, suggest there is a larger seed 

bank available during the late wet season (May) than in the late dry season (November). 

There was a significant difference in the size of the seed bank between sampling zones 

at all sites (P <0.05; Table 3.1) with the vast majority of seed being found beneath the 

canopy of the shrubs. This suggests there is limited dispersal of seed away from the 

parent shrub. Despite the lack of seed dispersal, the outlying zones had means of 8-41 

seeds per m2. The largest seed bank occurred beneath the canopy I m landward of the 

trunk, with 130 seeds per m2. There was no significant interaction between sites and 

zones (Table 3.1). 

Seed viability testing showed that germinability of the seed bank collected in 1999 and 

2000 was very low and there was insufficient data for analysis. Although the high-water 

line zone had the smallest seed bank (Fig. 3.2), the seed collected here was more 

germinable (<0.2 % germinability) than other zones. Mean germinability in all other 

zones was 0.05 %. 
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Figure 3.2 Comparison of seed bank densities found within sampling zones on West 

Island 1999. The area between the arrows denotes the canopy area. Different letters 

(a, b) above error bars denote significantly different means (P <0.05). Error bars are 

± I SE. 

Table 3.1 Summary of ANOVA for seed bank samples collected on West Island in 
sites and zones and any interaction between them. 

df MS df MS 
Effect Effect Error Error F p-level 

Site(s) 3 1295.5 192 19516.17 5.1903 <0.001 
Zone(z) 5 2207.3 15 28154.82 2.9198 <0.05 
S x Z 15 8154.8 192 19516.17 1.4426 ns 



3.1.2 Pilot Seed Germination Trial 

The pilot seed germination trial showed the significant effect of two seed pre-treatments 

on germination (Table 3.2), soaking in freshwater for one week and soaking seed in 

saltwater for two weeks (Fig. 3.3). Six of the eight treatments had a mean germination 

rate of less than two seeds of the seventy sown, the hot water treatment resulting in zero 

germination. The highest germination rates occurred in the seed soaked in freshwater 

for one week (14 %) and seed soaked in saltwater for two weeks (9.7 %). The two 

higher rates of germination were not significantly different from each other, but the seed 

soaked in freshwater for one-week was significantly different to all other treatments (P < 

0.001; Table 3.2). Germination of the seed soaked in saltwater for two weeks was not 

significantly different to any other treatment. 
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Figure 3.3. Comparison of mean germination rates for eight different treatments used in 

the pilot germination trial. Different letters (a,b) above bars denote significantly 

different means (P < 0.001). Error bars are ± 1 SE. 
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Table 3.2 Summary of I factor ANOVA for Pilot Seed Germination Trial comparing 

Argusia seed treatments. 

Df MS df MS 
Effect Effect Error Error F p-level 

Treatments 7 0.6147 32 0.51912 11.841 <0.001 

3.1.3 Seed Soaking and Aeration Trial 

An unexpected artefact of the methods used in this trial, was that some seed germinated 

during the pre-sowing soaking process (Fig. 3.5). This germination is referred to as pre-

sowing germination in the results. 

Soaking Argusia seed in aerated saltwater inhibits pre-sowing germination, but appears 

to hasten germination after sowing. Pre-sowing germination in Argusia only occurred in 

seeds receiving aerated soaking treatments for a minimum of four weeks, with at least 

the final two weeks of this period being within freshwater (Fig. 3.4). 

Seed treatments that resulted in no pre-sowing germination generally produced higher 

rates of post-sowing germination in pots than those with high rates of pre-sowing 

germination (Fig.3.6). 
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Figure 3.4. Comparison of pre-sowing germination for Argusia seed pretreatments 

using aerated freshlsalt water. Salt 1 wk = Seed soaked in saltwater for I week, salt 

2wks = Seed soaked in saltwater for 2 weeks, Salt 4wks = Seed soaked in saltwater for 4 

weeks, Salt 8wks = Seed soaked in saltwater for 8 weeks, Fresh I wk = Seed soaked in 

freshwater for 1 week, Fresh 2wks = Seed soaked in freshwater for 2 weeks, Fresh 4wks 

= Seed soaked in freshwater for 4 weeks, Fresh 8wks = Seed soaked in freshwater for 8 

weeks, s+f 1 wk = Seed was treated with aerated saltwater soaking for 1 week and then 

freshwater soaking for 1 week, s+f 2wks = Seed was treated with aerated saltwater 

soaking for 2 weeks and then freshwater soaking for 2 weeks, s+f 4wks = seed was 

treated with aerated saltwater soaking for 4 week and then freshwater soaking for the 4 

weeks, s+f 8wks = Seed was treated with aerated saltwater soaking for 8 weeks and then 

freshwater soaking for 18 weeks, Control = No treatment applied direct sowing to pots. 

Different letters (a,b,c,d,e) above bars denote significantly different means (P < 0.001). 

Error bars are ± I SE. 
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Figure 3.5 Seedlings resulting from pre-sowing germination that occurred during 

soaking and aeration in freshwater treatment after 21 days of trial. 

60 

50 (a) 

1-1  40 (a) 

30 

20 

10 

1) 

(a) (ab) (a) 

till ri 
(ab) 

(abc) (abc) 

-- (bc) 

H 

(a) 

- salt 1 wk salt 4wks fresh 1 wk fresh 4wks s+f 1 wk s+f 4wks control 
salt 2wks salt 8wks fresh 2wks fresh 8wks s+f 2wks s+f 8wks 

TREATMENTS 

Figure 3.6. Comparison of post-sowing germination of Argusia seed for all treatments. 

All seed treatments except for the control were soaked in aerated salt or freshwater, or a 

combination of both treatments. Different letters (a,b,c) above bars denote significantly 

different means (P<O.00 1). Error bars are ± 1 SE. 
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The mean total germination rates showed only minimal difference between treatments 

(Fig. 3.7). The only significantly different treatments were the soaking of seed in 

saltwater for 2 weeks (highest germination) and the soaking of seed in saltwater for 2 

weeks followed by soaking in freshwater for 2 weeks (lowest germination). Neither of 

these treatments were significantly different to any other treatment (Table 3.3). 
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Figure 3.7. Comparison of total germination for all treatments, including both pre-

sowing and post-sowing germination. Different letters (a,b,c) above bars denote 

significantly different means (P < 0.05). Error bars are ± I SE. 
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Table 3.3 Summary of ANOVA for Argusia seed aeration and soaking trial. The pre-

sowing germination category included only seed that germinated during soaking. The 

potted germination category included seed that germinated post sowing into pots. The 

total germination was a combination of the germination results for pre-sowing 

germination and post-sowing germination categories. 

Df MS df MS 
Effect Effect Error Error F p-level 

Pre-sowing 12 410.2 39 12.865 31.886 <0.001 
germ. 

Potted germ. 12 496.2 39 34.782 14.268 <0.001 
Total germ. 12 080.1 39 38.570 02.079 <0.05 
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3.1.4 Comparison of Germination in Ashmore Reef, Christmas Island and Cocos 

Keeling Seed Provenances. 

The mean germinability of both fresh and frozen Cocos-Keeling seed was significantly 

less than that of the Christmas Island and Ashmore Reef provenance seed (P < 0.001: 

Fig. 3.8). This result was consistent for seed that had no treatment and seed that was 

soaked in aerated saltwater for 2 weeks. The seed provenance and treatment was highly 

significant with interaction occurring between effects of source and seed pre-treatment 

(Table 3.4). 

60 

NO TREATMENT 

EJ 2 WKS SALTWATER SOAK 
50 

(c) 
(c) 

40 I 
I 

(b) (b) 

c0 30 I 
(J 20 
-o 
U) 
U) 

10 
(a) (a) 

(a) 

0 IL  

Cocos Keeling Christmas Is. Cocos Keeling frozen Ashmore Is. 

PROVENANCE SOURCE 

Figure 3.8 Comparison of Argusia seed germination for three provenances - Cocos 

Keeling (also includes a separate frozen sample), Christmas Island and West Island, 

Ashmore Reef. Different letters (a,b,c) above bars denote significantly different means 

(P<0.001). Error bars are ± I SE. 
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Freezing Argusia seed did not significantly affect germination rates for Cocos Keeling 

seed. Cocos Keeling seed had significantly lower germination rates than all other 

provenances with a mean of < 8 % germination. The Ashmore Reef (West Island) 

Untreated and Christmas Island Untreated seed sources were not significantly different 

(Fig. 3.8) and both had a mean seed germination rate of 31 %. While both 

provenances were significantly more germinable than the Cocos Keeling samples, the 

highest rates of germination were achieved by the Ashmore and Christmas Island seed 
which had been treated with aerated saltwater; both seed sources had a mean 

germinability of 43 %. The treated Ashmore and Christmas Island germination levels 

were 42 % higher than that of the Untreated Ashmore and Christmas Island seed. There 

was significant interaction between the treatment used and the source of seed 

(Table 3.4). 

The results indicate the germination of Argusia seed from Christmas Island and 

Ashmore Reef may be further enhanced by soaking the fruits in aerated saltwater 

(31 ppt) for up to 2 weeks before sowing. 

Table 3.4 Summary of ANOVA for Seed Provenance and Soaking Trial. Comparison 
of seed provenance sources and seed treatment in saltwater versus direct sowing, and 
interaction between seed source and the treatment applied. 

Df MS df MS 
Effect Effect Error Error F p-Level 

Source(S) 3 3117.491 32 20.1375 154.810 <0.001 
Treatment (T) I 255.0249 32 20.1375 12.6641 <0.001 
S x T 3 126.6916 32 20.1375 6.2913 <0.001 
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3.1.5 Seed Age Trial. 

The younger yellow Argusia fruits were significantly more germinable than the older 

brown fruit (52% compared to 30%; p <0.01; Fig. 3.9). The germinability of this 

younger yellow seed was the highest of all germination trials conducted during the 

project. 
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Figure 3.9 The mean germinability of younger yellow fruits and older brown fruits of 

Argusia collected on West Island, May 2000 (P < 0.001). Error bars are ± I SE. 

Table 3.5 Summary of 1 way ANOVA for Seed Age trial comparing younger yellow 

and older brown Argusia fruits from West Island, Ashmore Reef. 

Df MS df MS 
Effect Effect Error Error F p-level 

Seed Age 1 1012.50 6 27.166 37.269 <0.001 



3.2 Argusia Recruitment 

3.2.1 Seedling Recruitment on West Island, Ashmore Reef. 

Seedling recruitment on West Island was concentrated in the region 0-15 m above the 

high-water line (Fig. 3.10), with most seedlings establishing in areas which had 

previously been disturbed by natural agents such as nesting turtles or wave action. Few 

seedlings and no natural disturbance were observed in the zone 15-30 m inland of the 

high-water line. There was a significant difference between the number of seedlings 

recorded for the 0-15 m zone and the 15-30 m zone for both years (P < 0.00 1). 
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Figure 3.10 Shows the mean number of Argusia seedlings in sampling zones on West 

Island during November 1999 and May 2000. Recruitment was recorded from the high-

water line to 15 m inland and from 15 m inland to 30 m inland from the high-water line 

(P<0.001). Error bars are ± I SE. 
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There was no significant difference between the number of seedlings recorded for the 

15-30 m zone in 1999 (5 seedlings / site), and 2000 (0.5 seedlings / site). The mean 

recruitment recorded for the 0-15 m zone in 1999 was 35 seedlings per site, whereas in 

2000 it was 550 seedlings per site. The number of seedlings per site in the 0-1 5m zone 

in 2000 were significantly higher than the I 5-30m zone in 2000, and significantly 

different to both zones in the previous year. The interaction occurring between years 
and zones was also highly significant (P <0.01; Tukey's HST test; 15-30 m zone 2000 = 

15-30 m zone 1999<0-15 m zone 1999<0-15 m zone 2000; Table 3.6). The disparity 
of seedling numbers between years may be partially due to the different seasons of 

collection. Sampling was conducted at the end of the dry season (November) in 1999, 
when the least number of seedlings remained alive due to the harsh conditions of the dry 
season, whereas in 2000 data was collected at the end of the wet season (May), soon 

after seed germination and establishment. 

Table 3.6 Summary of ANOVA for seedling recruitment on West Island, Ashmore 

Reef. Data was analysed for seedling recruitment occurring within two zones on West 
Island, over two years. Interaction between zones and years was also analysed. 

df MS Df MS 
Effect Effect Error Error F p-level 

Year(Y) 1 0.1300 12 0.2154 0.6037 ns 
Zone(Z) 1 8.3793 12 0.2154 38.898 <0.001 
Y x Z 1 2.5433 12 0.2154 11.807 <0.01 



3.2.2 Determining Extent of Argusia Recruitment via Simple Layering 

Simple layering occurred at all sites sampled on West Island Ashmore Reef. The 

highest mean number of layered stems per site occurred in the East site with 4.4 stems 

per shrub. The West site recorded 4.2 stems per shrub and the South site 3.7 stems per 

shrub. There was no significant difference between sites 

(Fig. 3.11). 
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Figure 3.11 The mean number of simple layered stems per site sampled on West Island 

November 1999. Error bars are ± 1 SE. 
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There was a significant difference between the number of layered stems in zones at all 

sites (Fig. 3.12), with the 15-30 m zone (inland) having 75% more layered stems per 

shrub than the 0-15m zone (high-water region). There was no significant interaction 

between sites and zones (Table 3.7). 

The mean number of layered stems in the 0-15m zone was approximately the same for 

all sites and there was no significant difference between means in the 1 5-30m zone. The 

15-30m zone on the South site was the only inland site not significantly different to the 

high-water line (0-15m) zone. 
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Figure 3.12 Mean number of simple layered stems within transect zones on West 

Island. The first transect zone ran from the high-water line to 15 m inland, the second 

transect running adjacent to the first from 15-30 m inland. Each transect was 100 m 

long (P < 0.001). Error bars are ± I SE. 



Table 3.7 Summary of ANOVA comparing simple layering occurring at sites and in 

zones on West Island, and interaction between sites and zones. 

df MS Df MS 
Effect Effect Error Error F p-level 

Site(S) 2 1.6421 54 10.301 0.1594 ns 
Zone(Z) 1 436.1000 54 10.301 42.3340 <0.001 
S x Z 2 11.8360 54 10.301 1.1489 ns 

3.2.3 Trial Establishment from Seed on West Island 

The seed establishment trial on West Island in May 2000 showed that no seedlings had 
emerged from the seeds sown in any of the four treatments. Subsequent visits revealed 

that natural germination and establishment of Argusia seedlings had occurred during the 
trial period, via seed rain and the seed bank, in areas close to the planting site. 

3.2.4 Investigation of Seedling Transplant Trial by Parks Australia North 

A search of Parks Australia Norths transplanting sites on West Island in November 1999 
revealed 15 surviving seedling transplants of the original 26 seedlings moved from the 

shoreline in December 1998 by Parks North staff. Of the 15 seedlings located, 12 were 
found in the Northwest region of the island and 3 in the Southeast region of the island. 
All but two of the seedlings were in good health (Fig. 3.13). Due to the planting 

locations of the seedlings, there was minimal chance of mistaking natural seedlings as 
transplants; natural seedling recruitment seldom occurs at this distance (20-30 m) from 

the shoreline on West Island. The 15 surviving seedlings represent a 58 % success rate 
in this trial (Table 3.8). 



In May 2000, only Ii of the 15 seedlings were located. All II seedlings located were in 

good health, with four plants producing fruit. The three plants unable to be found on the 

northwest site and the other seedling that died were all within an ipomea vine field 

which was in full foliage, making locating them very difficult. Data on seedling growth 

rates is only available for the 7-month period between project visits, as no original 

information on the seedlings was recorded by Parks North staff (Table 3.8). During the 

7 month period seedlings increased in height by 39 - 253 %. The II surviving seedlings 

represent a 42 % success rate for the 18 months of the trial. 

Table 3.8 Results of Transplanting trial by Parks Australia North, on West Island 

December 1998. Seedling transplant survival in 1999 was 58 %, Seedling 

transplant survival in 2000 was 42 %. 'na in table symbolises seedling not found or 

dead. 

Site I = Northwest Site 2 = Southeast  

Site Tree Height 99 
(m) 

Height 00 
(m) 

Increase 
(m) 

Increase 
% 

1 1 0.37 na na na 
1 2 0.40 na na na 
1 3 0.17 na na na 
1 4 0.32 0.72 0.40 125 
1 5 0.28 0.39 0.11 39 
1 6 0.24 0.37 0.13 54 
1 7 0.16 0.27 0.11 69 
1 8 0.30 0.77 0.47 157 
1 9 0.25 0.64 0.39 156 
1 10 0.15 0.53 0.38 253 
1 11 0.22 0.39 0.17 77 
1 12 0.29 na na na 
2 1 0.18 0.39 0.21 117 
2 2 0.33 0.74 0.41 124 
2 3 0.13 0.30 0.17 130 
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Figure 3.13 One of the Argusia seedlings successfully transplanted on West Island in 
December 1998 by Parks Australia North staff (May 2000). 

3.2.5 Seedling Establishment Trial on West Island, Ashmore Reef 

The seedling establishment trial commenced on the 14th  November 1999, but with no 

sustained rainfall on the island until approximately 22 days later. Some hand watering 

of the seedlings was undertaken after planting, but this was insufficient to support all 

seedlings. Minor problems were experienced with birds removing the tops of several 

seedlings after planting. Only 27 of the 60 seedlings planted were alive on the 241h 

December 1999 (Crew of Aralia IV Environment Australia contract vessel 1999 Pers. 

comm.), all others had died primarily due to a lack of moisture. 

In May 2000, the remaining seedlings were located at all sites and their heights recorded 

(Appendix 2). A total of 21 seedlings survived after the 7month period. The North site 

recorded the highest rate of survival (53 %), and the East site recorded the lowest (20 %) 



(Fig. 3.14). These two regions also recorded the highest and lowest increase in mean 

height for seedlings since planting (Fig. 3,15). 
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Figure 3.14 Percentage survival of Argusia seedlings at 4 sites on West [sland 7 months 

after planting. 

Seedlings that had been planted closest to the high-water line (within 5 m) produced the 

strongest growth, but also had the lowest survival rate of the three planting zones 

(Fig. 3.16). 
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Figure 3.15 The mean percentage increase in height of seedlings between November 

1999 and May 2000 (7 months) at four sites on West Island. Error bars are ± 1 SE. 

Figure 3.16 Two of the successful seedlings planted onto West Island as part 

of the Seedling Establishment trial in November 1999 (May 2000). 



3.2.6 Seedling Establishment Trial at Vestey's Beach, Darwin 

Despite ideal establishment conditions, no seedlings planted in the trial at the Vestey's 

Beach site survived beyond 20 weeks. Within the first 12 weeks, a total of 30 % of 

seedlings in transect 1 (1 m above high-water), and 36 % in transect 2 (3 in above high-

water) had died. 

Data collected on leaf counts, for the first 12 weeks of the trial, clearly showed the 

gradual decline in seedling vigor (Fig. 3.17). Both transects commenced with a mean of 

approximately 14 leaves per seedling and this declined to a mean of less than 9 leaves 

per seedling by week 12. 
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Figure 3.17 Comparison of mean leaf counts for seedlings of both transects at Vestey's 

Beach, Darwin over a 12 week period. Error bars are ± I SE. 
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Several seedlings planted at the site initially grew and established satisfactorily, but the 

majority failed to achieve any significant gain in height despite persistent rainfall soon 

after planting (Fig. 3.18). The data shows some mean heights actually decreased over 

the 12 week period, this was unfortunately due to the sampling method chosen where the 

height of a seedling was calculated from ground level to the top of the tallest leaf. This 

method meant a seedling wilting from water stress could affect height records and for 

this reason most data was collected early or late in the day. The I m above shoreline 

transect had a mean height of between 80-85 mm for the entire 12 week period. The 

seedlings in the 3 m above shoreline transect commenced with a mean height of 85 mm 

which fell to 65mm within 4 weeks , recovering to 75mm by week 12. No significant 

gains in height were made in either transect for the period of this trial. 

Figure 3.18 Mean height trend of seedlings in both transects for first 12 weeks of 

planting trial. Error bars are ± 1 SE. 
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The results of the fertiliser treatment (Nursery-cote), applied randomly to half of the 

seedlings, showed that there was no significant advantage in adding fertiliser to the 

seedlings (Fig. 3.19), as the seedlings without fertiliser achieved similar (in some cases 

higher) growth rates to those with the added fertiliser treatment. 

The trial results were heavily influenced by the substrate at the planting site which had 

poor water holding capacity and high heat conductance characteristics. Competition 

from surrounding weed and native plant species may also have slowed the growth of 

some seedlings. The final factor that concluded this trial, was the burning of the site by 

unknown persons; fortunately all seedlings had died before this event (week 21). 
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Figure 3.19 Assessment of effects of slow release fertiliser treatment (Nursery-cote) on 

growth of seedlings planted at Vestey's Beach, Darwin. Error bars are ± I SE. 
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3.2.7 Survey of Argusia shrubs on Middle and East Islands Ashmore Reef. 

The survey of Middle Island (November 1999) showed that only five Argusia shrubs 

(clumps) remained on the island; based on AUSLIG (1996) data this represents a 38 % 
decline in population. Data was recorded for each remaining shrub (Table 3.8). All of 

which were being heavily utilised by roosting and nesting seabirds. 

Table 3.9 Census of Argusia shrubs for Middle Island Ashmore Reef, November 1999. 

Shrub Location Dimensions Height Health Status 
(GPS) (m) (m) Poor/Average/Good 

1 12°16'07"S, 8.6 x 8.9 1.2 Average 
I 23°0204'E  

2 120 1567'S, 8.8 x 9.6 1.2 Average 
12300191 !E  

3 12°16'06'S, 14.5 x 10.5 2.4 Average 
12300201 E 

 

4 12016'03"S, 6.9 x 5.2 1.0 Poor 
I 23°0 I '89'E 

5 12015198S, 10. x 10. 2.4 Poor 
123001_'79'E  

The approximate location of each shrub is shown on the map of Middle Island (Fig. 
3.20), which allows comparisons of Argusia shrub area and their location since 1984. 

The most prominent change occurring on Middle Island since 1996 (Auslig 1996) is the 
reduction in Argusia shrub numbers from eight to five, though some expansion of shrub 

dimensions may have occurred. The survey revealed that a sizeable Argusia shrub 

clump on the northern shoreline of the island had completely disappeared, possibly due 
to island erosion. No additional recruitment of seedlings has occurred on the island. 
Apart from Argusia, the shrub species Suriana maritirna, also plays an important role in 

providing nesting habitat for seabirds on Middle Island, but like Argusia, it is also 

threatened by intense bird activity. A similar survey of Argusia populations was 

conducted on East Island Ashmore Reef but no Argusia were recorded. 
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Chapter 4 Discussion 

4.1 Seed Germination and Seedling Establishment 

Many environmental and ecological processes potentially affect the recruitment of 

Argusia argentea on Ashmore Reef. The most important of these could be: the high 

temperatures, strong drying winds, the highly seasonal rainfall, and the destruction and 

disturbance caused by birds and nesting turtles (Pike & Leach 1997). Other effects such 

as salt, wind, insects and competing vegetation must also be considered (Fig. 4. 1). 

Despite these factors, natural regeneration of Argusia is occurring on West Island. In 
the shore region of the island, regeneration is via seedling establishment, whereas in the 

inland regions, asexual recruitment via simple layering (where the forming of 

adventitious roots on a branch, usually at ground level, may become independent of the 

parent shrub) accounts for most recruitment. Recruitment on Ashmore Reef could not 
be quantified in the time frame of this study, but the results suggest recruitment is very 
low on West Island, not occurring on East Island, and limited to asexual recruitment on 

Middle Island. 

The Argusia seed bank on West Island was found to be extensive (Section 3.1.1), but 
with low germinability. In general the size of a seed bank is determined by many 

factors, such as the size of the nearby seed-producing shrubs, environmental pressures, 
and whether fruits are retained on the shrub after maturity (aerial seed banks), and/or in 
soil seed banks (Baskin & Baskin 1998). Aerial seed banks are characteristic of mature 
Argusia shrubs, and on Ashmore's islands most Argusia retain some fruit for 6-12 

months of the year (Personal observation, November 1999, May 2000). The periodic 
seedfall from aerial seed banks is an important input of viable seed to the soil seed bank, 
however despite this input, soil seed bank germinability was shown to be very low (<2 

%) (section 3.1 . I). Plants retaining aerial seed banks often have soil seed banks of low 
viability, with only the seed that becomes covered with substrate retaining viability for 
extended periods (Edwards & Whelan 1995). For example Leck and Brock (2000) show 
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that long-term seed viability is often unnecessary if there is annual seed input. This may 
be the case for Argusia (i.e that viable seed is stored in the canopy rather than in the soil 

Argusia fruit is well adapted for dispersal by ocean currents (Pike & Leach 1997; 
Gakkai 1988; Heatwole etal. 1981; Lesko & Walker 1969) with the corky mesocarp 
surrounding the seeds allowing effective dispersal over great distances, without loss of 
viability (George 1981). Despite this characteristics being very effective for ocean 
dispersal, this study has shown the majority of fruits were found beneath the parent 
shrubs. Only during extremes of weather such as cyclones are shrubs beyond those 
fringing the high water line able to disperse their fruits into the ocean (Fig.4. 1). The 
limited number of small seeds dispersed away from the parent plant may be the result of 
seeds being trapped by the coarse particle substrates (commonly found on islands) and 
the seed being incorporated into the seed bank (Baskin & Baskin 1998). There was 
substantial variation in substrate texture, both between and within sites on West Island, 
with it becoming finer from the shoreline to inland. 

The density survey of seedling recruitment showed that this occurred mainly in the near-
shore region, whereas regeneration of the inland zone is mainly through asexual 
reproduction (Sections 3.2.1 & 3.2.2). Research by Nathan & Muller-Landau (2000) has 
shown that seed dispersal is influenced by seasons and micro-sites. Seed dispersal 
remains one of the least understood elements in plant life cycles, despite being 
fundamentally important for understanding abundance and population dynamics 
(Eriksson 2000). Further study is needed to fully understand the dispersal patterns of 
Argusia seedlings on Ashmore's islands. 

On West Island the seed bank samples collected along the high-water line were exposed 
to saltwater, which was not the case for the samples collected beneath shrubs. It is 
possible that seed collected from along the shoreline was deposited there by wave action 
and was not the result of seed rain from nearby shrubs. The seed bank germination 
result (Section 3.1.1) shows that seed from the high-water linethat had most likely 
received a saltwater soaking treatment had higher rates of germination than those that 
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did not. This finding supported the results of the pilot seed germination trial (Section 
3.1.2) and the seed provenance trial (Section 3.1.4), which suggested soaking of Argusia 
seed in saltwater substantially increased germination success. Similar trials conducted 
by Lesko & Walker (1969) also found that saltwater soaking of Argusia seed assisted 
germination. However, the findings of the seed soaking and aeration trial (Section 3. 1 .3) 
did not support the suggestion that saltwater soaking improves germination, as none of 
the pre-treatments tested resulted in higher rates of germination. The reason for this 
conflicting result is unclear. One possible explanation is, that during seed soaking, in 
either fresh or saltwater, tannins were quickly released from the seeds, and rapid 

germination occurred (Persona! observation). In potted seed, leaching of tannins may be 
incomplete which could result in some seed remaining dormant, reducing potted seed 
germination levels. The use of saltwater soaking treatments prior to sowing reduces the 
time required for germination to occur (Lesko & Walker 1969) and may aid germination 
in some seed. 

The fact that aerated freshwater can induce pre-sowing germination in Argusia probably 
reflects the characteristic that allows Argusia to recruit inland where they are not 
exposed to saltwater inundation. During persistent monsoonal rains, shallow pools 
develop in the inland regions of the islands (Steve Tester 1999 Pers. comm.) and these 
may also enable Argusia to germinate and establish in areas otherwise unlikely to recruit 
seedlings. Another possible explanation for the inland shrubs is that during a wash-over 
of the island (due to storms or cyclones), fresh seed is carried to the interior of the 
island, along with ample saline moisture which allowed germination and establishment 
to occur. 
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Figure 4.1 Sequence of seed dispersal, germination and recruitment that occurs within Argusia ecology. 



Tests for germinability in seed collected in November 1999 showed that germinability 

was variable and low which was consistent with previous studies that showed less than 

12 % germinability (Heatwole et al. 1981; Lesko & Walker 1969). The germinability of 

Argusia seed collected on Ashmore's West Island was compared with seed from 

Christmas Island and Cocos-Keeling and the results showed that germinability was 

either equal or similar to Christmas Island, while the Cocos-Keeling seed gave 

significantly lower results when tested. The lower germinability of the Cocos-Keeling 

seed is assumed to be primarily as a result of low quality seed (Section 3.1.4). The seed 

soaking and aeration trial (Section 3. 1 .3), on seed collected in 2000, showed that mean 

germination levels were —35%. As this trial showed there was no significant difference 

between treatments, the improved germinability must have been due to improved seed 

quality. This was confirmed in the seed age trial which showed the primary 

consideration, in the germination of Argusia, is the age and freshness of the seed used 

(Section 3.15). The germinability recorded for the younger yellow fruits was the highest 

of all trials conducted during the study. 

Personal observations of Argusia fruiting patterns showed the collection of these yellow 

fruits would be restricted to the peak fruiting months (December - May). During seed 

harvest, care would need to be taken to avoid immature fruits, as these are unlikely to 

germinate (Baskin & Baskin 1998). A factor that must be considered when collecting 

fruits of different ages, is that they may require different treatments to achieve similar 

germination rates (Beadle 1952). It is possible that the germination requirements of the 

older (brown) fruits used in the study were not met and many of the seeds remained in a 

dormant state (McIntyre & Hsiao 1985). The optimum age for the collection of Argusia 

fruit is not discussed in the available literature, but from the seed age trial (Section 3.1 .5) 

we now know that using the younger yellow fruit will give much higher germination 

(>50 %). This is a vast improvement on the < 12 % previously accepted as normal for 

the older brown fruits (Lesko & Walker 1969). It is unfortunate that this success was 

unable to be replicated in the seed establishment trials conducted on West Island. Under 

natural conditions, the seed that mostly germinates on the islands is the older brown 

seed, not the younger yellow seed which rarely falls from the shrub until fully brown. 



Because of this characteristic, and given the environmental pressures i.e. long dry 

season, bird pressure or turtles, only low germinability would be expected of Argusia on 
Ashmore's islands. 

The presence and density of a seedling population is dependent not only on the amount 
of seed available for regeneration but also the number of available 'safe sites' for the 

establishment of seedlings (Harper 1982). The number of 'safe sites' determines the 

magnitude of future plant recruitment and hence population abundance (Maron & 

Gardner 2000). Determining what constitutes a 'safe site' for Argusia on Ashmore Reef 

is difficult, considering the unpredictable nature of the environment and the many threats 
to seedling recruitment, i.e. wind, birds, desiccation, storms, saltwater inundation and 

nesting turtles. Despite the lack of truly 'safe sites' on Ashmore many seedlings do 

attempt to establish when there are suitable conditions. 

It has been reported (Des Pike 1999 Pers. comm.), and observed during the field trip in 
May 2000, that during the mid to late wet season on West Island large numbers of 

Argusia seeds had germinated a small distance inland of the high water line, and in areas 

nearby which had been disturbed by storms or nesting turtles. This observation was 
reflected in the data collected on seedling abundance May 2000 (end of the wet season), 
where a mean of 550 seedlings were recorded in the shore line zone, compared with 35 
seedlings in the same zone in November 1999 (dry season) (Section 3.2.1). This finding 

suggests that the majority of Argusia seedlings do not survive the first dry season (>93 
% mortality). Survivorship curves for most perennials show greater than 80 % mortality 
in the first year (Fenner 1985). In unpredictable or harsh environments, germination 

represents a high-risk event as, for example, rainfall may be sufficient to allow 

germination but not sufficient for seedling establishment (Letnic et al. 2000). 

Surveys of seedling distribution and abundance on West Island showed that the majority 
of seedlings occur within I Sm of the high water line. This region supports the majority 
of mature Argusia shrubs and is exposed, or subjected, to most natural disturbance, 

suggesting that this may assist Argusia germination. Disturbance, in plant communities, 



may aid in producing microsites that function to maintain or increase recruitment 

(Dhillion 1999; Milberg 1993). The inland region of West Island, is rarely subjected to 
soil disturbance caused by wave action (cyclones, island wash overs) or nesting turtles 

and this may have resulted in low seedling recruitment. The Argusia in the inland 

region contends with lower soil moisture and greater competition from other plant 
species. Competition with other plants reduces available moisture and gap size (light 

levels) which prevents seedlings establishment (Morgan 1998). On West Island nesting 

turtles and wave action at the shoreline create most gaps. 

In the inland regions of West Island, recruitment is predominantly via asexual 

reproduction (simple layering). Simple layering has not previously been recorded in the 

literature as a method of Argusia recruitment and its importance therefore was unknown. 

Approximately 75 % of all asexual reproduction of Argusia occurs in the 15-30 m zone 

on West Island (Section 3.2.2). In the harsh conditions of the inland of West Island, 

Argusia plants allocate resources to regenerate by simple layering. When conditions do 
not favour seed production, many plant species re-allocate resources to asexual 

reproduction. In stable environments no such compromise exists (Bengtsson & Ceplitis 
2000; Salmai 1995). 

It is assumed that most of the larger shrubs growing in the inland region of West Island, 
were originally established by a washover of the island during cyclonic weather. On 

islands that are exposed to washovers, many plants in the most disturbed regions are 

capable of clonal growth, such as layering or runners (Fahrig 1993). This clonal growth 
is very important in erosion reduction and plant re-establishment. It could be assumed a 
major washover event on West Island would be quite destructive for existing Argusia 
shrubs but the overall large size of some inland shrubs may indicate that major washover 
events are uncommon at Ashmore, despite the number of cyclones affecting the region 
each year. Simple layering also occurs in the shoreline region, but its importance here is 
more in terms of shoreline stability by reducing erosion. 

UJ 



4.2 Recruitment and Revegetation 

Despite natural recruitment occurring via seedlings and simple layering, there remain 

areas on West Island that are unlikely to be revegetated by this process due to their 
exposed position, and the current low levels of recruitment. Seedling recruitment, as 
shown in the trial (Section 3.2.1), is insufficient to revegetate areas eroded by waves or 
wind and these areas represent a threat to island stability. On Middle and East Island, 
broadscale revegetation is required to establish fringing vegetation and reduce bird 
pressure on existing vegetation. It is not clear from historical records for the area 
whether fringing vegetation ever occurred on these islands, but judging by the current 
vegetation structure on West Island it could be assumed this was once the case. Fringing 
vegetation offers the best chance of maintaining future stability on these islands. 

Using direct seeding to revegetate vulnerable areas of Ashmores islands may be a 
solution to the current problems. Seed is relatively easy to obtain, easy to distribute and 
can result in better establishment than cultivated seedlings; however, information on 
germination is scant for many species (Budelsky & Galatowitsch 1999). The lack of 
information on the germination requirements of Argusia resulted in total failure of all 
seed establishment trials on Ashmore, including past trials by Parks Australia North staff 
(Des Pike 1999 Pers. comm.). Another factor which may make use of seed for 

revegetation difficult on Ashmore, is that projects often fail due to severe competition 
from surrounding herbaceous weeds and grasses encountered at the regeneration site 
(Toh 1999). Further work on a successful method of direct seeding should be carried 
out utilising the knowledge gained in this study. The project showed that, by using fruits 
of the correct age with, or without, the saltwater treatment, consistently high levels of 
germination can be achieved. The timing of any revegetation program is very important, 
be it with direct seeding or the planting of seedlings, this is particularly so in monsoon 
tropic environments such as Ashmore Reef. Sufficient moisture must be available for 
seedlings to not just germinate, but establish sufficiently to survive the following dry 
season. Currently the use of seed for revegetation programs on Ashmore Reef is not an 
option, as the project findings on seed age have not been tested in the field. 



Until 1998, the only possible option to revegetate Ashmore was the use of seed (Des 

Pike 1999 Pers. comm.). The successful seedling transplanting trial in 1998 suggested 

that planting of seedlings was seen as a feasible option. Although the transplant trial 

was successful, it is not a method of establishment that should be encouraged, as it may 

inadvertently reduce natural recruitment. The removal of seedlings from the high water 

line at the beginning of the wet season would mean removing seedlings that may be up 
to 12 months old and sufficiently established to have survived the previous dry season. 

In theory, this may mean they could become fully established over the coming wet 

season. Of the 32 seedlings moved in the transplant trial, just 11 survived after 18 

months - considering the seedling mortality of Ashmore, this is still a good result. If, 

however, we consider that there were less than 160 naturally occurring seedlings 

(< I rn in height) recorded for West Island in November 1999, this method presents too 

high a risk for such a valuable resource, particularly when the less damaging option of 
potted seedlings is available. 

With the knowledge gained in this project it is now possible to germinate seed reliably in 
sufficient numbers for any revegetation project, which means the production of potted 
seedlings for rep1anting programs is likely to be a cost effective and an efficient method 

of improving recruitment on Ashmores islands. The results of this study show that 

using potted seedlings compares favourably to the alternatives of seed establishment (yet 
to be successfully conducted) and the environmentally unsound transplanting of local 

Argusia seedlings. Some early problems were encountered in the seedling establishment 
trial with the loss of many seedlings due to lack of water. These problems could be 
avoided in future plantings by: 

planting seedlings only after wet season rains have commenced; 

acclimatising seedlings thoroughly prior to planting; and 

using pots (tubes) that allow a deeper root system to develop and 

establish the seedling quickly. 



Determining the requirements for seedling reestablishment projects presents a major 

challenge to ecologists. Without sufficient knowledge such projects, and their implicit 
role as a conservation tool, are likely to be problematic (Morgan 1999) and may result in 

project failure. Considering the lessons learnt and the successful seedling planting trial, 
it is hoped the managers of Ashmore will heed the advice and carry out the required 

revegetation works. 

For revegetation to be successful, seedlings need to be planted into an environment with 
conditions that enables survival (Campbell 1991). Ashmore is unlikely to provide all 

these requirements, all the time, for all seedlings, so losses are likely to be relatively 
high particularly on Middle and East Islands. Revegetation needs to be a priority for 

these islands, but success will depend on the planting time (preferably during moist 

weather conditions and not while birds are breeding), planting methods and the number 

of seedlings planted. It is rarely possible to plant all the shrubs needed for restoration of 

large areas, but large numbers of seedlings will accelerate re-establishment (Toh 1999). 
On Middle and East Islands, the destructive effect of birds may be reduced by extensive 
planting which may translate into a higher survival rates of established seedlings. It is 

important to increase, or at least maintain, the number of shrubs on these islands as there 
is a high demand from birds requiring shelter, roosting and nesting sites. Survey results 
for Middle Island suggest there has been a gradual decline in shrub numbers with little 
or no recruitment occurring on the island. 

The vegetation composition of isolated tropical islands is mostly determined by two 

main factors, exposure to wind and the presence of animals (Leigh et al 1993). This is 
clearly shown in the different vegetation densities occurring on West Island (high cover, 
few birds) and Middle and East Islands (sparse cover, numerous birds). The sheer 

weight of the birds nesting and roosting on branches is sufficient to cause physical 

damage to Argusia. Many seedlings are removed during nesting and the deposition of 
large quantities of phosphate-rich bird droppings can eliminate non-adapted or 

weakened shrubs (Pike & Leach 1997). 
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Middle and East Islands could support much larger populations of Argusia and other 
woody shrubs, without impacting on ground nesting bird populations that mostly use the 
interior of the islands. A larger Argusia population would alleviate some of the pressure 
on existing shrubs and may encourage more nesting turtles to these islands. A survey of 
Argusia shrub coverage was initially intended for these islands, but data from previous 
years was not sufficiently accurate to allow mapping comparisons. 

An ongoing monitoring program is required for shrub populations on Middle and East 
Islands, and further research needed on methods of seedling establishment in areas 
heavily used by birds. In the revegetation of natural areas, such as Middle and East 
Islands, it is argued that only seed and seedlings from the same provenance should be 
planted in order to take advantage of the environmental adaptations within the seeds; 
foreign seeds potentially give poorer results (Keller & Kollmann 1999). The seed 
provenance trial conducted in this study confirmed there was no advantage in using seed 
from other regions. 

Prior to this study little was known of Argusia argenrea, particularly its propagation and 
establishment requirements. While further research is required on interactions between 
Argusia and nesting birds, Argusia recruitment and nesting turtles, and on the extent of 
annual seedling recruitment, sufficient information is now available on Argusia 
germination and establishment to implement a revegetation program using potted 
seedlings. 
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Chapter 5 Conclusion and Recommendations 

Despite the extreme environmental and ecological pressures of the Ashmore Island 

environment, natural recruitment of Argusia argentea is occurring on West Island. In 

the shore region above the high water line (0-15 m), regeneration is via seedling 

recruitment from annual seed rain and the aerial and soil seed banks. In the inland 

regions (15-30 m) of the island, most regeneration is by asexual recruitment via simple 

layering. The extent of annual recruitment for West Island could not be quantified in the 

time frame of this study, but the results suggest recruitment is very low. On Middle and 

East Islands no recruitment is occurring via seedlings, with only limited asexual 

recruitment occurring on Middle Island. These findings suggest that extensive 

revegetation is required, particularly on Middle and East Islands. 

A successful revegetation program for Ashmore's islands could be formulated using the 

information gained in this study, which showed that germination of Argusia seed is best 

achieved using the younger mature yellow fruits, rather than the older brown fruits. 

Germination may be accelerated and sometimes enhanced by pre-soaking the fruits in 

aerated saltwater two weeks prior to sowing. To date, no successful method of 

undertaking direct seeding of Argusia into the field has been established and more 

research is required to expand on the findings of this study. With the current knowledge 

available to produce seedlings in pots efficiently, the planting of seedlings is seen as the 

only feasible method available to revegetate Ashmore's islands. Although asexual 

reproduction (simple layering) occurs in Argusia on West and Middle Islands, this 

method of recruitment is very slow and could not produce the large numbers of plants 

required for a revegetation program. 

The planting of Argusia seedlings into the field has been proven successful, but care is 

needed to ensure future plantings of seedlings are made at the commencement of the wet 

season. This ensures the seedlings receive the critical moisture required in initial 

establishment. The addition of slow release fertiliser and water saving gel at planting 
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may assist in seedling establishment. In small planting projects, the addition of watering 

soon after planting would be beneficial in reducing dehydration of the seedling roots and 

promote rapid establishment. With the use of modern revegetation techniques and 

equipment, many hundreds of seedlings could be planted on the islands in a very short 

time. 

To stem the decline in Argusia populations on Ashmore, and maintain the present 

breeding bird population, Environment Australia needs to place a high priority on 

undertaking a simple, inexpensive and effective program of revegetation. This study has 

shown that there is a readily available supply of seed that will germinate and establish in 

pots. The planting of a large number of seedlings is likely to give the best results, 

particularly on the bird rookeries of Middle and East Islands. Minimal seedling after 

care would be needed, except for the removal of competing vegetation from around 

seedlings after the first wet season; this reduces water stress due to root competition and 
assists the survival of seedlings. 

The successful re-establishment of Argusia on East Island should be seen as a priority if 
present populations of above ground nesting seabirds are to be maintained. A similar 
concern should be expressed about bird and shrub populations on Middle Island. In 

addition to the importance of Argusia as a nesting habitat, it is also important for island 
stability by reducing erosion caused by wind and wave action. 

Ashmores islands all suffer from varying degrees of upper foreshore erosion, or 

potential erosion, and these areas should be the focus of future intensive revegetation 
programs. Although this erosion is mostly due to natural processes, the protection 

afforded by the often reduced fringing vegetation at these sites is most likely not only 
the result of natural processes. Failure to develop revegetation programs for Ashmore's 
islands in the near future may see further deterioration of this already fragile habitat. 
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Appendix 1 
Raw data sheets from samp'ing of the seed bank on West Island in 1999 I 2000 show the 
number of seeds collected, germination per replicate, and the percentage germination per 
replicate. 

- West Island Ashmore ReefSeed bank 1999 Raw Data 
Site Zone Tree Rep No. 

Seeds 
Rep 

Germ 
Results  

Germ % 

North 1 1 1 1 0 0 

1 

0 
1 1 1 21 0 
1 1 1 3 

1 2 1 1 42 5 

6 

6 
1 2 1 2 35 
1 2 1 3 

1 3 1 1 6 0 

14  

0 
1 3 1 2 6 
1 3 1 3 

1 4 1 1 104 17 

236  

4 
1 4 1 2 84 
1 4 1 3 

1 5 1 1 117 16 

110  

6 
1 5 1 2 61 
1 5 1 3 

1 6 1 1 3 0 

5  

0 
1 6 1 2 4 
1 6  1 31 
1 1 2 1 6 19 

4  

100 
1  2 2 9 
1  2 3 
1 2 2 1 42 1 

147  

0.5 
1 2 2 2 17 
1 2 2 3 

1 3 2 1 43 2 

22  

2 
1 3 2 2 19 
1 3 2 3 

1 4 2 1 15 1 

5 

4 
1 4 2 2 6 
1 4 2 3 

1 5 2 1 20 4 

13  

11 
1 5 2 2 3 
1 5 2 3 

1 6 2 1 15 2 

3 

5 
1 6 2 2 21 
1 6 2 3 
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Appendix 1 continued 
West island Ashmore Reef Seed bank 1999 Raw Data 

Site Zone Tree Rep No. 
Seeds 

Rep 
Germ 

results  

Germ % 

North 1 1 3 1 0 13 

1 

100 
1 1 3 2 12 
1 1 3 3 

1 2 3 1 19 1 

8 

2 
1 2 3 2 33 
1 2 3 3 

1 3 3 1 102 5 

38  

3 
1 3 3 2 50 
1 3 3 3 

1 4 3 1 18 1 

21  

2 
1 4 3 2 15 
1 4 3 3 

1 5 3 1 7 0 

0 

0 
1 5 3 21 8 
1 5 3 3 

1 6 3 1 0 0 

0 

0 
1 6 3 2 0 
1 6 3 3 

South 2 1 1 11 0 0 

8 

0 
2 1 1 2 0 
2 1 1 3 

2 2 1 1 0 0 

0 

0 
2 2 1 2 0 
2 2 1 3 

21 3 1 1 35 1 

14  

2 
2 3 1 2 17 
2 3 1 3 

2 4 1 1 21 1 

33  

1 
2 4 1 21 39 
2 4 1 3 

2 5 1 1 2 0 

0 

0 
2 5 1 2 7 
2 5 1 3 

2 6 1 1 1 0 

6 

0 
2 6 1 2 0 
2 6 1 3 
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Appendix 1 continued 
West Island Ashmore Reef Seed bank 1999 Raw Data 

Site Zone Tree Rep No. 
Seeds 

Rep 
Germ 

results  

Germ % 

South 2 1 2 1 0 0 

0 

0 
2 1 2 2 0 
2 1 2 3 

2 2 2 1 30 2 

19  

3 
2 2 2 2 21 
2 2 2 3 

2 3 2 1 19 4 

56  

4 
2 3 2 21 20 
2 3 2 3 

2 4 2 1 12 1 

6 

6 
2 4 2 2 0 
2 4 2 3 

2 5 2 1 12 0 

9 

0 
2 5 2 2 8 
2 5 2 3 

2 6 2 1 14 1 

0 

7 
2 6 2 2 0 
2 6 2 3 

2 1 3 1 0 0 

0 

0 
2 1 3 2 0 
2 1 3 3 

2 2 3 1 21 8 

5 

15 
2 2 3 2 27 
2 2 3 3 

2 3 3 1 4 3 

27  

8 
3 3 2 7 

2 3 3 3 
4 3 1 12 1 

5 

3 
2 4 3 2 13 
2 4 3 3 

2 5 3 1 14 1 

3 

4 
2 5 3 21 8 
2 5 3 3 

2 6 3 1 61 0 

0 

0 
2 6 3 2 4 
2 6 3 3 
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ADDendix 1 continued 
- West Island Ashmore Reef Seed bank 1999 Raw Data 

Site Zone Tree Rep No. 
Seeds 

Rep 
Germ 

results  

Germ % 

East 3 1 1 1 4 2 

4 

13 
3 1 1 21 8 
3 1 1 3 

3 2 1 1 0 0 

2  

0 
3 2 1 2 1 
3 2 1 3 
3 3 1 1 0 0 

0 

0 
3 3 1 2 2 
3 3 1 3 

3 4 1 1 5 2 

4 

14 
3 4 1 2 5 
3 4 1 3 

3 5 1 1 3 0 

2 

0 
3 5 1 2 4 
3 5 1 3 

3 6 1 1 7 0 

10  

0 
3 6 1 21 10 
3 6 1 3 

3 1 2 1 3 3 

4 

23 
3 1 2 2 6 
3 1 2 3 

3 2 2 1 6 2 

8 

8 
3 2 2 2 10 
3 2 2 3 

3 3 2 1 2 4 

30  

8 
3 3 2 2 16 
3 3 2 3 

3 4 2 1 21 17 

18  

24 
3 4 2 2 31 
3 4 2 3 

3 5 2 1 7 15 

25  

21 
3 5 2 21  39 
3 5 2 3 

3 6 2 1 0 0 

2 

0 
3 6 2 2 1 
3 6 2 3 

3 1 3 1 2 0 

6 

0 
3 1 3 2 0 
3 1 3 3 
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ADpendix 1 continued 
- West Island Ashmore Reef Seed bank 1999 Raw Data 

Site Zone Tree Rep No. 
Seeds 

Rep 
Germ 

results  

Germ % 

East 3 2 3 1 3 0 

0 

0 
3 2 3 2 5 
3 2 3 3 

3 3 3 1 16 0 

17  

0 
3 3 3 2 9 
3 3 3 3 

3 4 3 1 2 0 

2 

0 
3 4 3 2 9 
3 4 3 3 

3 5 3 1 32 1 

9 

2 
3 5 3 2 1 
3 5 3 3 

3 6 3 1 20 0 

47  

0 
3 6 3 2 35 
3 6 3 3 

West 4 1 1 1 0 0 

0  

0 
4 1 1 2 0 
4 1 1 3 
4 2 1 1 0 0 

1 

0 
4 2 1 2 1 
4 2 1 3 

41 3 1 1 0 0 

1 

0 
4 3 1 2 0 
4 3 1 3 

4 4 1 1 0 0 

2 

0 
4 4 1 2 0 
4 4 1 3 

4 5 1 1 1 0 

0 

0 
4 5 1 2 0 
4 5 1 3 

4 6 1 1 0 8 

6 

100 
4 6 1 2 2 
4 6 1 3 

4 1 2 1 0 0 

0 

0 
4 1 2 21  1 
4 1 2 3 

4 2 2 1 26 0 

32  

0 
4 2 2 2 18 
4 2 2 3 



Appendix 1 continued 
West island Ashmore ReefSeed bank 1999 Raw Data 

Site Zone Tree Rep No. 
Seeds 

Rep 
Germ 

results  

Germ % 

West 4 3 2 1 57 3 

34  

2 
4 3 2 21 33 
4 3 2 3 

4 4 2 1 49 0 

26  

0 
4 4 2 2 36 
4 4 2 3 

4 5 2 1 7 0 

2 

0 
4 5 2 2 10 
4 5 2 3 

4 6 2 1 0 0 

0 

0 
4 6 2 2 0 
4 6 2 3 

4 1 3 1 0 0 

0 

0 
4 1 3 2 0 
4 1 3 3 

4 2 3 1 16 8 

39  

10 
4 2 3 21 29 
4 2 3 3 

4 3 3 1 74 8 

80  

4 
4 3 3 2 29 
4 3 3 3 

4 4 3 11 141 20 

15  

8 
4 4 3 2 94 
4 4 3 3 

4 5 3 1 139 20 

169  

3 
4 5 3 2 321 
4 5 3 3 

4 6 3 1 31 2 

28  

2 
4 6 3 2 29 
4 6 3 3 



Appendix 1 continued 
Seed bank raw data for West island 2000  

Site Zone Tree Rep No. 
Seeds 

Rep 
Germ 

results  

Germ % 

North 1 1 1 1 108 8 

81  

3.7 
1 1 1 21 56 
1 1 1 3 

1 2 1 11 42 8 

21  

4.3 
1 2 1 2 123 
1 2 1 3 

1 3 1 1 123 14 

132  

3.5 
1 3 1 2 141 
1 3 1 3 

1 4 1 1 232 55 

579  

5.8 
1 4 1 2 135 
1 4 1 3 

1 5 1 1 184 90 

373  

15 
1 5 1 21 56 
1 5 1 3 

1 6 1 1 8 0 

2 

0 
1 6 1 2 0 
1 6 1 3 

1 1 2 11 33 2 

53  

2 
1 1 2 2 19 
1 1 2 3 

1 2 2 1 16 3 

30  

5 
1 2 2 2 10 
1 2 2 3 

1 3 2 1 163 16 

32  

8 
1 3 2 2 7 
1 3 2 3 

1 4 2 1 196 32 

173  

7 
1 4 2 21 106 
1 4 2 3 

1 5 2 1 259 18 

82  

5 
1 5 2 2 43 
1 5 2 3 

1 6 2 1 0 0 

0 

0 
1 6 2 2 3 
1 6 2 3 
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Appendix 1 continued 
Seed bank raw data for West Island 2000  

Site Zone Tree Rep No. 
Seeds 

Rep 
Germ 

results  

Germ % 

North 1 1 3 1 35 5 

35  

6 
1 1 3 21 15 
1 1 3 3 

1 2 3 1 6 2 

4 

15 
1 2 3 2 3 
1 2 3 3 

1 3 3 1 0 0 

0 

0 
1 3 3 2 0 
1 3 3 3 

1 4 3 1 0 0 

0 

0 
1 4 3 2 2 
1 4 3 3 

1 5 3 1 0 0 

0 

0 
1 5 3 2 0 
1 5 3 3 

1 6 3 1 0 0 

0 

0 
1 6 3 2 0 
1 6 3 3 

East 21 1 1 1 0 1 50 
2 1 1 2 0 
2 1 1 3 2 
2 2 1 1 24 5 

36  

8 

2 2 1 2 0 
2 2 1 3 

2 3 1 1 12 22 

42  

19 
2 3 1 2 59 
2 3 1 3 

2 4 1 1 41 14 

18  

22 
2 4 1 2 4 
2 4 1 3 

5 1 1 1 1 

0  

5 
5 1 21 20 
5 1 3 
6 1 1 1 0 0 
6 1 2 2 
61 1 3 0 
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Appendix 1 continued 
Seed bank 

2000 
 

Site Zone Tree Rep No. 
Seeds 

Rep 
Germ 

results  

Germ % 

East 2 1 2 1 3 0 

4 

0 
2 1 2 2 12 
2 1 2 3 

2 2 2 1 8 1 

12  

4 
2 2 2 2 5 
2 2 2 3 

2 3 2 1 0 1 

2 

4 
2 3 2 21 23 
2 3 2 3 

2 4 2 1 6 0 

3 

0 
2 4 2 2 0 
2 4 2 3 

2 5 2 11 2 0 

0 

0 
21 5 2 2 1 
2 5 2 3 

2 6 2 1 0 0 

0 

0 
2 6 2 2 0 
2 6 2 3 

2 1 3 1 2 0 

2 

0 
2 1 3 2 4 
2 1 3 3 

2 2 3 1 0 0 

0 

0 
2 2 3 2 2 
2 2 3 3 

2 3 3 1 0 0 

0 

0 
2 3 3 2 1 
2 3 3 3 

2 4 3 11 0 0 

3 

0 
2 4 3 2 2 
2 4 3 3 

2 5 3 1 1 0 

2  

0 
2 5 3 2 0 
2 5 3 31 
2 6 3 1 12 0 0 
21 6 3 2 8 
21 6 3 3 7 
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Appendix 2 
Raw data for Seedling Planting trial West Island November 1999, and trial 
results in May 2000 showing increases in height and survival figures for 
each site. 

Site hght99 hghtoo 
(cm) 

Increase 
(cm) 

% 
increase 

% 
survival 

East 1 13 25.5 12.5 96 20 
1 8 20 12 150  

1 5 14 9 180  

North 2 5 42 37 740 53 
2 5 41 36 720  

2 8 12 4 50  

2 7 13 61 86  

2 9 19 10 111  

2 7.5 17.5 10 133  

2 6 7 1 17  

2 71 17 10 142  

South 3 10 60 40 400 27 
3 8 21 13 163  

3 10 19.5 9.5 95  

3 5 13 8 160  

West 4 8 29 21 263 40 
4 5.5 18 12.5 227  

4 7.5 14 6.5 87  

4 7 18 11 157  

41 7.51 17 9.51 127 
41 8 17.5 9.51 119 
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