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SUMMARY

The previously uninvestigated spatial and temporal patterns of

annual and ephemeral species at Middteback station, South Àustralia

were the subject of thís study. The study area ís in the semi-arid

regÍon of the state where the lor¡ raínfall is erratíc and unpredictable

and consequently the appearance of annual and ephemeral species is

unreliable from year to year.

Investigations of seasonal patterns did not 1ead to the

identification of distinct groups of summer and winter germinating

annuals. There $rere a few species restricted to growing in the cooler

months of the year but there çrere no species restricted to growing

during the summer months. Most species could germínate with varying

success from late summer through to spring. The time of appearance of

annual plants varied from one year to the next, and consequently there

were marked changes in the floristic composition, frequency and density

of annuals over the period of the study. Àn unexpected observation was

that there were changes ín interspecifÍc associatÍon, measured by )G,

from one growth event to the next.

The distribution and spatial pattern of annual plants were

influenced by the perennial bushes. Some annual species are restricted

to growing beneath the bushes, others avoid the bushes while a third
group shows no preference. Some species could be found occupying

different microhabitats at different times and at different sites. Many

of the differences observed in the annual. vegetation from one growth

event to the next can be partialJ.y attributed to differences in the

guantity and temporal distribution of rainfall events. The changes in



the spatial pattern of annual species may be due to the variation ín
rainfall interacting with edaphic factors to produce differences in the

spatiaJ. arrangement of microhabitats from year to year. That is,
habitats for annual plants may not be stable over time but may vary

depending upon the prevailing climatic conditions.

The dispersal of seed from annual plants was investigated as a

possible cause of spatial pattern. It was found that the dispersal of

seed from annual plants is restrícted. The grreat majority of seed is
found wíthin 1 m of the parent plant. For some species the dispersal

distance is even less. The smalL stature of the annual plants means

that the seed is released close to the ground so ftight through the air
is not the major component of dispersal. Movement across the ground

surface largely determines dispersal distance. This is influenced by

the size and shape of the seed, the presence of surface obstructions,

the texture of the soil surface and the soil microtopography.
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TECHNICÀL DEFINITIONS

Throughout this thesis there are a number of terms which are used

repeatedì.y. It is considered useful to define these terms in this
technical preface before the body of the thesis.

Two commonly used terms to descibe short lived plants are annual

and ephemeraL. An annual is defined for the purpose of this thesis as a
plant that germinates and grows during periods of favourable moisture

and completes its life cycle withÍn one year. An ephemeral was defined

by Crisp 1975) as a species which germinates and grows in response to
sufficent rain but dies out at the onset of drought, leaving no aeriaL

parts. such growLh periods are irregular and may not occur at all in a

given year. The definition of an ephemeral includes species which may

persi-st for tr+o to three years when conditions are favourable. During

the study it was found that some species generally behaved as annuals

but survived for more thalr one yeår under very wet conditions. In this
thesis the term annual is predominantly used, but r^rhen species showed a

behaviour not covered by the above definition of an annual the term

ephemeral ís used.

The terms bush and shrub are used to discriminate between two

components of the perennial vegetation. A bush is a woody perennial

which grows upto 1.5 m high. The term shrub describes multibranched

woody perennials greater than 1.5 m high.

À seed is used to refer to the matured ovule without accessory

parts. In the studies on dispersal the term dispersal unit is used to
describe the seed and any associated structures which are dispersed

from the pJ.ant. For some species the seed is the dispersal unit.



The nomenclature for plant species occurring in the study area is
according to the most recent list of species names for South Àustralia

by Jessop,(1984). Àuthor citations are not given in the text but can be

found in Appendix I of this thesis.
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7. INTRODUCTION

1,7 Introduction

À common feature of the hot arid regions of the wortd is the

occurrence of numerous short lived herbaceous species after heavy

rainfall events (lJent,t948,7949; Shreve,lgsl; Beatley,1967,lg74;

Perry,7970a,hi Juhren et aI.,1956). Hot arid environments are

characterised by long periods of high temperatures and low moisture

availability. RaÍnfall patterns are often erratic and unpredictable

with drought conditions sometimes lasting for several consecutive

years. t{hen effective rainfalls occur they are followed by a period of

germination and rapid growth of numerous herbaceous species which may

be so abundant that they form a temporary dense cover on the usually

bare ground. The desert environment is particuJ.arly suitable for short

lived plants. Germination, rapid growLh and reproduction during the

brief moist periods enables the ephemeral p).ant to avoid the conditions

of severe moísture stress which influence the growth and reproduction

of other desert plants (Shreve,1951).

llent ( 1948) suggested that desert plants are pa.rticularly

suitable as experimental material because they are subject to more

extreme conditions than other plants and so their responses are geared

to greater climatic differences. This is especially applicabte to

desert annuals.
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During periods when conditions are unfavorabre for growth,

annuals exist only as dormant seeds in the soit. A response of this
type to moisture stress has been referred to as drought evasion

(Cloudsley-Thompson & Chadwick,1964) or drought escaping

(Kozlowskí,7964). This response differs from that of many other desert

pJ.ants such as xerophyLes which persist throughout periods of moisture

stress. Xerophytes are non-succulent and non-halophytic pJ.ants of arid

regions which maintain living above-ground organs throughout the year,

and obtain their water from local precipitation or atmospheric

moísture. Annual plants however are mesophytic because they only

survive in the vegetative state during periods of abundant soil
moisture. Ànnual plants of desert regions have developed a response to

moisture stress that allows them to persist in the severe desert

environment. xerophytic plants have developed a dÍfferent set of

adaptive characteristícs which enable them to remain in the vegetative

state under the same conditions.

The per-sistence of annual plants in desert environments is
closely linked to the seed. In many perennial species the importance of

the seed has been reduced and in some species has been replaced by

vegetative reproduction. The seed is of central importance to the

survival of annuals. It represents a discrete phase in the life cycle

of the annual plant and is the dormant phase that can survive high

temperatures in a dehydrated state. lJent (1979) regarded the seed of an

annual plant more as a survival unit than a dispersal unit. The ability
of the seeds of annual plants to survive in the soil for extended

periods until favourable conditions for germination occur may be more

important than the abiiity of the seed to move away from the parent
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plant.

Th,is study, the aims of rvhich are detailed in section 1.3, takes

up the issue of arid zone annual flora and seeks, via studies in a

previously uninvestigated locality, to throw further light on principal

features of annual plants. In partÍcu1ar field patterns of annual

plants were investigated, with a vÍew to the identification of possible

factors that may determine their distribution. This involved the study

of temporal patterns as weII as spatial patterns to determine the

effects of variable environmental conditions on the annual populations

and the stability of annual patterns.

1.2 Literature

There have been numerous studies of annuals from non-arid

regions. The conditions under which these annuals exist are different
to those of arid regions and consequently they often show different

responses to environmental factors. The literature that is reviewed in

the following sections refers predominantly to annual pi.ants from arid

regions, although reference is made to studies from temperate regions

in later chapters, where approprÍate.

7 .2,1 Germination

The germination of annuals which usualJ.y coincides with the onset

of favorable conditions for growth and survival has ]ed to considerable

interest in the factors that control germination (soriano,1953;

l'lareing,7965; Ko].Ier.1969; Mott ,1972a,b,1g24a,b). Annual plants possess
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drought avoidance behaviour because they are present during perÍods of

available soil moisture but are absent during periods of moisture

stress. The mechanism however is far from self evident. Germinatíon

occurs after rainfall events and at a time of year that allows the

plants to girow and complete their life cycles; in other words we do not

observe the soil seed bank being depleted by a succession of

germinations that are subsequently kitted by drought. The seed Ís of

major importance in the survival of annual plants as it is the only

Iink between successive populations. Germination should therefore occur

at a time which favours the survival of the plants to maturity so that

there is a new input of seed into the seed store. If the plants die

before producing seed then there would be a net loss of seed from the

seed store. This behavíour contrasts with perennial plants where the

failure of a seeding event is not usually critical to the maÍntenance

of the population.

Àn important requirement for seed in the soil to germinate is
available soíI moisture (Harper & Benton,1966; Mayer &

Poljaloff-Mayber,7978). The seeds often have mechanisms to prevent

germination if only Iight falls of rain occur. These usually take the

form of inhibitors which have to be 1eached from the seed before

germination can occur. Ànother method of ensuring that mature

populations develop from the germination of seed is to aLlow

germination only during the seasons in which rainfall regularly occurs.

The controls are often dormancies of the seed which do not allow

germination to occur unless a certain set of conditions are fulIfilled.

Two types of dormancy can be recognised. Prímary dormancies are

eonditions required for germination, including the correct temperature,



Page 5

noisture and light conditions. secondary dormancies are said to be

present when the seed is given the correct conditions but germination

does not occur. secondary dormancy may be due to immaturity of the

embryo, impermeability of the seed coat to water or gases, prevention

of embryo development due to mechanical causes, special requirements of

temperature and light, or the presence of substances inhibiting

germination (Hayer & Poljakoff-Mayber,7978).

Ànother form of dormancy is called after-ripening. The seeds of

many species will not germinate when released from the plant. These

seeds will germinate under natural conditions if they are kept for a

period of time. Àfter-ripening can be defined as any changes that occur

in the seeds as a resutt of storage which improve germination (Mayer &

Poljakoff-Mayber,7978). This form of dormancy can be important in

controlling the tÍme of germination of desert annuals. l,fott ( 7972a)

found that the seed from the grass Àrrslrde conlarle was dormant when

released from the plant but storage at high temperatures for a number

of months improved germination. This storage condition was interpreted

as the seeds requiring high summer temperatures to break dormancy. This

particular dormancy restricted germination to after summer.

À second functÍon of the germination controls is to ensure that

only a small proportion of the seed in the soil germinates at any one

time. The seed remaÍning in the soil is a reserve to guard against the

possibility that the seeds r^rhich have germinated may not produce

reproductive individuals due to adverse conditions. glithout these rigid
controls it is unlikely that annual pJ.ants could survive in arid

environments.
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À conseguence of germination controls and dormancies is that
germination is restricted to periods when a certain combination of

temperature and raÍnfalI conditions prevail. The times at which

germination can occur will depend upon the loca1 climatic conditions of

an area. The differences in climate from one arid region to another

(HcGinnies,797i) wilI cause marked differences in the behaviour of the

annuals and it is therefore difficult to generalise concerníng the

behaviour of annual populations from different localities.

7,2,2 Temporal patterns

Thc annual flora of an arid region can change markedly from one

year to the next (Beatley,797Ð. À species may be dominant in one year,

but entirely replaced in the same area by a different species the

following year (Loria a Noy-meir,19B0). The causes of temporal

variabi].ity in the abundance of annual species are not completely

understood, but shifts in species abundance are generally considered to
be due to an interaction between the conditions reguired for
germination and the environmental conditions at the time of the

initiating rainfall event (Went ,1949; Beatley ,!97Ð, It has also been

suggested that annual floras may be influenced by the abundance of

individual species in preceeding annual froras (Heady,195g).

In some regions more than one annual flora rTìay occur ín a year

and these can be identified on the basis of the season in which they

germinate and grow (ltent,7948,7952; Shreve,1951). The species

composition of these populations of annuals may be different. Went

n957) found that when soils from the Colorado Desert were moistenecl in
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the laboratory at low temperatures (10" c) chiefly winter annuals

germinated. If they were moistened at higher temperatures (26" -
30" c) only summer annuals germinated, while at intermediate

temperatures a third group of prants could be recognised. The groups of
plants found corresponded well wíth the annual floras that could be

observed under fietd conditions.

À similar observation lras made on annuals in lJestern Australia by

Mott (7972a) who noted that following summer rains there r^¡as a

predominance of grass species in the annual vegetation, however

following winter rains, dicotyledons were the most common. This

observed fietd behaviour could be reproduced under controlled

conditions. t{hen topsoils containing seed were incubated under

different conditions it was found that a combination of moisture and

temperature was important in determining which annual species

germinated.

The two most common seasonar groups of annuals recognised are

summer and winter annuals. À summer annual was defined by fJent ( 1g4g)

as

" À species which germinates and completes its lÍfe
cycle during the summer and early autumn months."

À winter annual was described as:

" À species which germinates and completes its life
cycle during the winter and spring months."

Às well as these two g,.oups, other categories have been defined.

Beatley (1967,7974) described spring and autumn annuals from the Mojave
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Desert

The majority of the studies on annual plants of desert regions

are from the American deserts (e.g. tlent,t948,7949,1953,1955,!9s7; llent

& 9ùestergaard,7949i Juhren et aI.,1956; Shreve,195t; Tevis,195ga,b;

Beatley,t967,7969b,t974). Two studies from the Àustralian arid region

(Mott ,t972ai Crisp,197Ð have shown differing resuLts. As çras

previously mentioned, Mott (7972a) observed differences between surffner

and winter annual floras. In contrast, the study of crisp 197s) in the

norLh-east of south Àustralia, found that there s¡ere no distinct

seasonal floras, rather one highly variable annual flora. Most species

could be found after rainfall events but the relative abundance of the

species varied depending upon the time of year that the rainfall event

occurred.

Studies in the southern Mojave Desert (ltent,1953,1955) have shown

that desert annuals once germinated usually reach maturity even if only

as small depauperate individuals that are barely reproductive. It has

been suggested that the environmental conditions prevailing at the time

of seed germination are more critical to the determÍnation of the

annual flora than the conditions that are encountered at later stages

in the J.ife cyc1e.

Juhren et al. (1956) who also conducted studies ín the Hojave

Desert supported this conclusion but reported a range of. 9-77% survival

to reproduction for the annual pJ.ants. This result suggests that the

conditions subsequent to germination may be important in determining

the density of plants at maturity. Tevis (1958a,b) and Beatley

(967,7974) also repor-ted that annual plants in the Californian deserts
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may have survival values ranging from 0-70%. The conclusion they drew

was that soil moisture was an important factor in determining the

survÍval of annuals to reproduction.

In populations of plants grown at hígh density Ít has been shown

that self thinning may occur, (Harper & McNaughton,1962; yoda et

aI.,1963; Harper & Gajic,796l; Hiroi & ilonsi ,!966; vJhite & Harper, 1970;

Kays & Harper,7974). when the 1og of mean plant weight of survivors is
pLotted againt the log of the density of survivors, the values of

successive harvests nere found to lie around a line of slope of approx.

-1.5, (Yoda et aI., 1963). It has not been investigated as to whether

self thinnÍng is a contributor to mortality in populations of arid

annuals. In many instances ít may not be expected to have a significant
effect. self thinning usually is observed in populations of plants

gro$¡n at hiqh density. However when populations are sown at a lower

density there is a longer períod before self thinning occurs, (Kays &

Harper,t974). The plants must be larger in size before mortality occurs

at lower densities. In the case of annual plants the density of the

germinating popu).ation may be low (relative to that reported jn the

studies above) and the mature individuals may be srnall in stature. It
may be that orrly under exceptional conditions for germination and

growth of annual plants that self thinning occurs.

Ther'e obviously exists a degree of contradiction in these results

with some workers recording minimal mortality while others have

recorded near total mortality of the populations studied. The

conclusion that can be drawn from this coLlection of different results
is that it is not realistic to generalise on the behaviour of annuals.

Annua] plants are by nature opportunistic and are predominantLy
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controlled by the prevailing environmental condÍtions. It is therefore

not unexpected that under certain conditions there may be virtually no

mortality but under a different set of conditions there may be death of

the whole population before it reaches maturity.

In a study of an annual community in a more temperate region of

california which was dominated by winter annuals, Heady (1958) also

found that there vrere considerable differences in the total numbers of

plants found from one year to the next. There were also differences in

the proportions of the species present at maturity. He was not abLe to

obtain any precÍse relationship between the numbers of plants and any

meteorological data. The conclusion he drew was that the differences

could have been the result of the seed production of the previous years

or the loss of viable seed during the summer months.

Inouye et al. (1980) found that competition between annuals was

an important factor affecting fecundity but that it did not cause

mortality of individuals. They also found that seed predation by ants

and rodents had a significant effect upon the density of the mature

population and in some instances affected the species composition of

the germinating annuals.

7 .2.3 Spatial patterns

There have been few investigations of the spatial patterns of

annual plants. Went (1948) observed differences in the annual flora

between areas for which there $¡as no obvious cause related to

topography, vegetation or soils. He proposed that these differences

were the consequence of uneven rainfall across the region causing
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differences in the species which germinated. À similar phenomenon r.ras

observed in Israel (Loria & Noy-Meir,1980) where great spatial

heterogeneity in the density and composition of annuals was found. In

this instance it was considered to be the result of Local differences

in the run-off and run-on relationships, and in soil salinity profiles.

I'lent ( 1942) found that giroups of annuals could be separated on

the basis of their behaviour in relation to the perennial plants of the

area. The distributions of some annual species bore no relationship to
any shrubs or other pre-existing vegetation and were predominantly

found in the open spgces between the bushes. Ànother group of species

could grow either under the shrubs or in the open spaces between the

shrubs. In some instances preference lras shown for certain species of

shrubs. In general, for this group of species, there lrere no large size

differences between the plants associated with the shrubs and those

growing in the open spaces between the shrubs.

The third group of annuals recognized by tlent ( 794Ð consisted of

those species that were almost always found near or under shrubs. If a

plant of this group germinated away from the bushes then its
deveLopment was poor and its size was much smaller than that of the

individuals growing near the bushes. These observations Led to the

suggestíon that there lras a complex interaction between the annual

plants and the shrubs, although the mechanism of this interaction was

not known.

Based on these observations by güent ( tgAD, further
investigations were conducted by MulLer (1953) and MuIl.er & MuIler
(1956). These studÍes indicated that the response of the annual plants
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of this third group was partially due to the effect of toxins released

from some of the perennial shrub species. These toxins could restrict
the growth of some species of annuals. The situation was complicated

when it was found that the toxins could be rendered inactive by

microbial activity in the lítter around the base of some of these

shrubs species.

7.2.4 Physiological aspects of annuals

Desert annuals appear to have physiological and habit

characteristics that may be correlated with the season in which they

germinate and grow. Mulroy & Rurdel (7977) examined 64 winter and 66

summer annuals from the Mojave and Sonoran Deserts. They found that the

ç¡inter annuals showed C3 metabolism with few exceptions. In contrast,

summer annuals predominantly possessed C4 metabolism.

There are four properties of C4 metabolism whÍch are associated

with providing specific ecological advantages to surnmer annuals. These

are: (1) Optimal rates of carbon fixation occur at higher temperatures.

(2) Optimal. rates of carbon fixation occur at high light intensities.
(3) Net productivity rates are high. (4) Relative water use efficency

is high (Laetsch , 7947; Brown & Smith, lgTZ; Black ,1973; Black et

aL.,1973; Guterrez et al ,,1974; pearcy et aI ,,1974;

christie ,1975,7987,7982; Johnson ,197s; christie & DetIing,19g2).

t'linter annuals generally possess C3 or the Calvin photosynthetic

pathway which is effective at moderate temperatures, the optima for
most plants falling in the range 1s-25" c and with net carbon

assimilation falLing off rapidly at temperatures above and below the
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species optima.

iluJ.roy & Runde1 1977 ) also found a number of habit

characteristics that were associated with summer and winter growth. The

majority of winter annuals commence growth as rosettes with the leaves

closely appressed to the ground surface. This prostrate growth habit is

interpreted as allowing the plant to occupy a micro-environment that is
signifÍcantly warmer diurnally than is the air a few centimetres above

the ground surface. As the temperatures increase during the spring

months the rosette leaves die or lift away from the surface. At the

sarne time the plant may use newly produced stem leaves or green stems

for photosynthesis. summer annuals, in contrast, tend to have a more

erect habit.

7 .2.5 Importance of annuals

Annual populations are of major importance in maintainÍng

popuJ.ations of native herbivores, as well as introduced herbivores in

commercíal enterprises (Davies,1968; Perry,1970b). Annual populations

also stabilise the soil surface by reducing wind and water erosion. A

number of studies have found that fluctuations in desert rodent

populations are related to the seasonal success of annual plants (Fitch

& Bent].ey,7949; Reyno]ds,1958; Beatley,7969a,7976). Beatley (1969a)

found a direct relationship between the seasonal success of winter

annuals and reproduction in desert rodents. l,Jhen winter annuals failed

to germinate in the autumn, rodent reproduction failed the foltowing

s¡rring.
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The main form of land use in the semi-arid and arid regions of

Àustralia is the depasturing of introduced sheep and cattle upon the

native vegetatÍon. In years of above average rainfall annual growth is

usually abundant and this may have the effect of increasing the

productivity of these animals (4.D. Nicolson, pers. comm.). In many

areas wÍth a history of overgrazing, and in very dry areas, annual

plants may be a major component of the vegetation, and animar

production is heavily dependent on seasonal herbaceous grrowth. Studies

on the diet of sheep have indicated there is a preference for annual

and herbaceous material when it is present (Leigh & Mulham,1966a,b,

7967; LeÍgh et aI .,7968,i Leigh,79z4; vJilson et aI .,lg6gi Robards et

ar.,7967i Griff ith & Barker,7966i storr,196Ð. À similar preference has

also been found in the diet of Kangaroos, (chippendale,L96z,196g.,

Griffith & Barker,1966i Storr ,1968; Bailey et al .,Igjl).

The abundance of undesirable herbivores such as the introduced

European rabbit (Q¡yctolqgus cunlculug L. ) also depend heaviì.y upon the

annual vegetation. In the years when there is abundant annuaJ. growbh

there is a rapíd population increase (B.cooke, pers. comm.). in this
instance the annual vegetation assists in maintaining the population of

an unwanted herbivore which has been implicated in causing marked

changes to the age structure of arid zone shrub species (crisp &

Lange,7976; Lange & Graham,1984).
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1 .3 Àims

Hy impression of the literature on annual plants from arid

regions is that it deals more r.¡ith temporal than spatial patterns of

annual plants. The principle concern has been the investigation of the

ability of annual plants to su¡rvive in an arid environment through

controls which allow germination to occur only when conditions are

favoura-ble for growbh. Àn aspect which has been considered in less

detail is the spatial patterns of annual plants.

Two different scales of spatial pattern can be considered. The

first is the broad scale relationships that exist i"t"""n the annual

and perennial communities. The second concerns spatial relationshíps

between annual species. It is not known if annual species have distinct
habitat requirements which may cause a patterned annual flora. Three

hypotheses concerrìing annual pattern may be proposed.

The first is based upon the opportunistic nature of annual plants.

If conditions are favourable, then germination occurs. The assumption

here is that the only factors controlling annual pattern are the

distribution of seed in the soil and that germination is J.arge1y

independent of habitat. The strategy of an annual plant is to
germinate, gro$t and then release seed back into the seed store, usually

within a short time span. This is supported by t{ent (1948) who observed

that most annuals which germinate survive to the reproductive stage.

This suggests that the density of annual plants rarely is great enough

for self thinning to occur.
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The second hlpothesis is that annual species do have specific

habitat requirements in relation to soils and topogrraphy. The

hypothesis predicts a stable distributional pattern of annual plants,

dependent upon the distribution of the various habitats. If this
hypothesis $tas true then the pattern of annuals would be expected to be

stable from one year to the next. Differences in the annual flora may

still occur if there are marked climatic differences from one year to
the next.

À third possible hypothesis is that there is temporal

heterogeneÍty in the habitats suitahle for the germination,

establishment and growth of annual pLants. The variation in climatic
conditions particularly rainfall from one year to the next may mean

that a habitat or area that was suitable for the germination and g,rowth

of a species in one year may be unsuitable for that species the next

year. The habitat may be suitable for the establishment of a different
species in the second year.

These three hypotheses are not necessarily mutuaJ.ly exclusive. To

some degree the hypotheses depend upon the scale at which the annuals

are investigated. À11 three hypotheses are considered in relation to
different investigations of annuals in this thesis.

1.4 Thesis plan

The plan of this thesis is shown in Figrure 1.1. Chapters 3 and 4

describe the initial studies on the spatial and temporal pattern of

annual plants in the study area at Hiddleback station. chapter 3

details a study of broad scale annual patterns, investigating the
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relationships between the annual vegetation and some of the common

perennial communities in the study region. chapter 4 considers the

seasonal pattern of annual plants in the field throughouL 7979. ÀIso

included in this chapter are the results from laboratory studies

designed to determine whether or not seasonal annual floras exist in
the study area.

Chapter 5 follows from the results of the two previous chapters.

It is an investigation of the pa.tterns of annuals within a 0.5 ha area

and how these patterns may change from one year to the next. This

investigation also considers changes in the floristic composition of

the annual vegetation over a 5 year period. Àn attempt is made to

relate the behaviour of the annual plants to changing environmental

conditions over the 5 year period. small scale patterns of annuaL

plants are also considered in chapter 6. In this chapter the

distribution of annual plants in the immediate vicinity of two species

of perennial bush is considered.

chapter 7 is not a study of pattern but a study of one of the

possible causes of spatíal pattern in annual plant distributions. This

chapter describes investigations into the dispersal mechanisms of a

variety of annual species and attempts to determine the distances seeds

move from the parent plant. If annual plants are opportunistic and

their distribution is not greatly influenced by habitat factors then

their distribution wilI be determined targely by seed dispersal.

The final chapter attempts to dras¡ conclusions on annual

behaviour from the studies of spatial and temporal patterns and relate

these conclusions to studies of annual plants from other arid regions



Page 18

of the world.
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2. STIIDY REGION

2.7 Introduction

The study was conducted in arid rangelands on Hiddleback Station
(32" 57'5, 137" 24'E) which is a pastoral lease 20 km north-west

of l,lhyalla, south Àustralia (Fig. 2,7). The main form of land use in

the tlhyalla region ís the depasturing of sheep on the native

vegetation. The history and management of the station by the current

Iessees is described by Lange et aI. (1984). As well as sheep other

herbivores in the area include the European rabbit and Kangaroos

(Mgqrepus spp). The numbers of these herbivores fluctuate from year to

year depending upon whether favourable or drought conditions prevail,

whereas the number of sheep on the station does not vary greatly from

one year to the next.

This chapter describes the climate, vegetation and soils in the

WhyaIIa region. Some of these are discussed in greater detail in later

chapters in relation to particular studies.

2.2 Climate

2,2.1 Introduction

Temperatures in the study region are warm to hot in summer and

cool in winter. The rainfall is low and unreliabLe and evaporation is

high throughout the year (Laut et aI , 1977). The dominant weather
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patterns are derived from pressure systems moving eastward over the

Àustralian continent, and from cyclic seasonat fluctuations. A series

of high pressure systems tend to be positioned over the region in

winter and south of the Great Àustralian Bight in summer (Jensen &

I{i Ison, 1980 )

The only long term weather records kept at Hiddleback SLation are

daily rainfall records. The information on temperature, humÍdity,

evaporation, wind speed and direction has been obtained from

surrounding centres for which these records were available. The

temperature and wind data is taken from tJhyalla where the Bureau of

Meteorology has kept detailed records since 1953 at the tlhyalla post

Office. The data on evaporation is taken from Jackson (1958) for
Yudnapinna Station which is 100 km norbh of Hiddleback Station. This

may seem a considerable distance açray, however, in the arid region

weather recording stations are usually much further away from a given

point than this.

The positíon of lthyatla on the coast, while Middleback station

lies inland (Fig. 2.1) does cause slight dÍfferences in temperature and

differences in wind speed and direction between the two centres. The

data presented in this section from centres other than Middleback

Station should be regarded as a regional description only.

2 ,2 ,2 Rainfal l

Rainfall records have been kept continuously at Middleback

Homestead since 1925 and aJ.though not an official Bureau of Meteorology

recording station, the records have been accurately maintained for the
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whoLe period (A.D.Nicolson, pers. comm.). The mean annual precipitation

is 209 mm but varies considerabJ.y from one year to the next with no

clear cycle (Fig. 2,2). sÍnce 1925 there have been four years of far
above average rainfall. It is known that 1921 was also an above average

year that caused flooding in the area, but no record of the actual

rainfaLl is available. There have also been a number of exceedingly J.ow

raÍnfall years. During the period of this study a wet year ( 1979, 450

mm) and a drought year (7982,100 mm) ç¡ere experienced. Three very wet

years in 1973,7974 and 7979 have had a marked effect upon the rainfall
mean. The mean from 1925 Lo 7977 was 192.6 mm and the mean from 1925 Lo

1982 was 209.6 mm.

The number of days on v¡hich rain was recorded varied considerabJ.y

from year to year. The lowest recorded number of wet days was rz ín
1939 (132 mm) and the highest was 60 in 1973 (511 mm). There is no

simple relationshÍp between the number of wet days and the total
rainfal.I although there is a trend for wet years to have more wet days

(Fig. 2.3). Neíther parameter is a good measure of the effectiveness of

rainfall (Jackson, 1958).

The periodicity of the rainfalr. through the year shows little
pa.ttern and monthly averages do not vary greatly (Table z.D, February

has the highest mean monthly rainfall while Harch has the lor.¡est.

lJínter months have almost twice as many wet days as the summer months.

July has an average of 4.1 wet days per month while February has only

1.7 wet days per month. summer raÍnfalls are usuaLly few but heavy,

while numerous liqht falls occur in winter. This aspect is considered

in greater detail in chapter 4. The number of days on which rainfall
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has been recorded at Middleback station is lower than it would be by

the strictest standards due to the fact that "trace" rainfall events

are not recorded (Noble,7975).

Comparison of the Middleback Station and lJhyalla rainfalt data

indicates that there are differences between the two centres. tlhyalla

has a higher rainfall in all months of the year. The distribution of

the rainfall for tthyalta is also different with the highest monthly

means recorded in May (27 mm) and october (27 mm). The number of wet

days is greater for tlhyalla although the distríbution throughout the

year is similar.

2,2.3 Temperature and evaporation

Seasonal variations in temperatures of the region are predictabLe

and cycric. The summers are hot with temperatures of up to 500 c.

l'linters are cooL with night temperatures falling to below zero (Tab]e

2.2) and frosts may occur. January has the highest monthly mean maximum

temperature and July the lowest. Temperatures in excess of 40o C have

been recorded in the six months from October to March, zero

temperatures have been recorded in June, July and Àugust. The mean

monthly humidity shows little variation throughout the year.

Hean monthly pan evaporation at Yudnapinna station (Jackson,1958)

indicates a maximum evaporation of 36.8 cm in January and a minimum of

6.6 cm in June (Ta.ble 2.1). The total yearly evaporation is 2.4 n which

is more than ten times the average rainfatl. The high evaporation rate

causes many of the rainfall events to be ineffective, especially light
falls in summer.
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2.2.4 tlind speed and direction

The Bureau of Meteorology provides ta-btes of percentage

occurrence for wind speed and direction over a 2l yeac period for

t{hyalla. The readings are for both 9.00 am and 3.00 pm. glind roses for
the 3.00 pm reading (Fig. 2.4) show that during the summer months the

winds are predominantly from the south and to a lesser degree the

south-east. Às the winter months approach, the percentage of wirds from

the north and north-west increases. Foltowing winter, the winds swing

back to the south and south-east.

2.3 Soils

The soils of the region are described as brown calcareous earths

(cc 1.12 & Gc 7,22, from Northcote,1960). The soils of the region are

the subject of a number of publications. They are described in the

Soils Data Handbook of the 9th Internatíonal Congress of Soil Science

(1968). The origin of the soils was described by Jessup & Wright (1968)

and the soil surface cryptogams by Rogers (1970).

2.4 Vegetation

The perennial vegetation in the region is predominantly chenopod

shrubland consisting of bushes up to 1.5 m high, belonging to the

family Chenopodiaceae. In some areas the vegetation is a low scattered

woodlard with the chenopod bushes as understory (llood et aI .,1947;

Jackson,1958). The main woodland species is Àcacia pqpyrecarpa (t{estern



Page 25

MyaII, formerly À.sowdenii). Other prominent species are Heterodendrum

oleaefolium (BuIIock Bush), Çesualina cristala (Black Oak), Myoporum

platvcarpum (False sandalç¡ood) and gentalum acuminatum (Quandong).

The shrubland is dominated by two chenopod species, Atriplex

vesicaria (Bladder saltbush) and Helreana ggdifQlia (Bluebush) which

often form a uniform-Iooking vegetation of evenly spaced bushes. The

vegetation consists of various proportions of the two species ranging

from only M,gcdifolia to only À-vesicaria. Other bushes that occur in

varying abundance are Rhaqodie ulfqina (formerly Çhengpqilum glicinum),

Haireana pvramideta (Blackbush), M-Lurbinata and lyqlum egg!¡sle
(Native Boxthorn). There are scattered individuals of shrubs up to 3 m

high the most common being Efenqphilg scopqglq, Exocerpgg gphÉlug and

Çess¡e ncqsBhilq.

À list of all the species, both ephemeral and perennial, that were

encountered in the course of this study is in Appendix I. This list
includes species which srere present but may not be refered to in the

text. Àlso in Appendix I there are brief descriptions of some of the

ephemeral species which are frequently referred to throughout this

thesis. Further details of the vegetation and soils can be found in

wood (7937), crocker & skewes (1947), crocker (1,946) and specht 197Ð,
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RÀINFÀLL STATISTICS

Ìlean Hean Mean

RF(mm) t{et Days Evap(mm)

JÀN

FEB

HÀR

APR

MAY

JtJN

JUL

AUG

SEP

0cr

NOV

DEC

16.15 7.75 368

23.32 7.77 297

12.25 1 .60 267

1s.39 2.17 76i

79.77 3. 46 108

17.32 3. 81 66

17.29 4.10 74

17.63 3.68 103

19.31 3.32 163

20.27 2.96 226

15.32 2.03 283

14.13 7.67 336

Table 2.1 The mean monthly rainfall (RF) and wet days per month at
HÍddleback Homestead, 7926-t983. The monthly evaporation data is from
Jackson (1958) for Yudnapinna Station.



Page 27

TEMPERÀTURE STATISTICS

Mean ilean Extreme

nax mÍn max min

JAN 28.6 18.1 23.3 49.5 8.0

FEB 28. 3 18.9 23.6 44 .4 7 .8

MAR 25.7 77 .2 27.5 44.3 6.7

ÀPR 23.0 13.6 18.3 37.7 3.3

MÀY 20.0 70.7 15.5 31.3 0.6

JUN 77.6 8.5 13.1 27.2 -2.2

JUL 76 .4 7 .4 77 .9 29 .5 -2 .8

AUc 77 .7 8.1 72,9 33.0 -0.6

sEP 20,2 9.9 15. 1 38.0 0.0

ocr 22.4 72.6 77 .5 40. 3 0.9

Nov 25.5 74.7 20.7 45.6 5.5

DEC 26.7 16.6 2t .7 44.9 6.7

Table-2.2 Temperature (o c) statÍstics for whya1J.a, from tables
provided by the Bureau of Meteorology, Àdelaide, showing the mean
maximum, mean minimum and daÍIy mean temperature. The 

""t.eme maximum
and minimum temperatures give an indication of the potentiat variationin temperature.
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3. BROAD SCÀLE ÀNNUÀL PATTERN

3.1 Introduction

very little was known concerníng the annual species of the

9lhyalla region before the commencement of this study. previous

botanícal research undertaken in the region had been predominantly

concerned with the perennial vegetation and the effects of sheep

grazing (Barker,79721 Noble,lgTs; Andrew,lgTB). AII these studies

mentioned annual plants only briefly, so that details of the

distribution and abundance of the annual-q in the region were unknown.

This chapter descríbes a study which was designed to examine the

abundance of different annuaLs in the study area and their distribution

in relation to the perennial communities. An experimental approach was

adopted, which consísted of removing soil sampJ.es from the field and

inducing germination of seeds in the soil under controlled conditions.

3.1.1 Vegetation cLassification

Classification of vegetation samples, as with ordinary

cLassification in lhe general sense, attempts to group similar samples

(þJhittaker,7978). The similarity of the samples can be measured in

terms of the floristic or structural characteristics of the vegetation.

classifications of this type are arbitrary to the extent that they

depend largely upon the interpretation of the observer (specht,rgTz)

and the technique used (Lange et aI. 1965). There is an undertying
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assumption to such classifications that the grouping of símilar samples

of plants reflects similarities in edaphic, topographic and climatic
conditions. Plants are often considered to índicate particular habitat

types. The relations of the plant or community to process and practice

are direct corollaries of the basic principle that each is the best

possible measure of the conditions under which it grows (clements,

7928),

Hany vegetation classifications are based upon the distribution
of the perennial specíes and little consideration is given to annual

species. In terms of vegetation classification, the emphasis upon the

perennial component may be justified, but a consequence is that little
is known about the distributional patterns of annual pLants.

The perennial species of the study region show considerable

spatial pa.tterning in their occurrence. The differences in distrÍbution
are suffíciently pronounced that different vegetation types can be

recognised. If the distribution of perennial plants indicates different
habitats, then it may be suggested that the annual plants should show a

pattern of distribution that is related to that of the perennial

component. ThÍs can be stated as an hypothesis that: Ànnua1 species

should show a pattern in their distribution which would be related to
the different available habitats as indicated by the different
perennial vegetation types of the study region.
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3.2 Methods

3.2.7 Introduction

In the slhyalla region a considerable proportion of the annual

precipitatÍon can be attributed to thunderstorm activity. Às annuals

depend upon sufficÍent moisture for the initiation of a growth event,

Iocalised rainfall patterns can lead to marked differences in the

annual flora over short distances (Went,1949). Fie1d surveys of annual

distribution over large areas may therefore not reflect the potential

distribution and abundance of the species. The probLem of heterogeneous

rainfall dístribution can be overcome by removing soil samples from the

field and then initiating an annual growth event by controlled

watering. The irrigation of areas in the field was not logísticalty
practicable.

controlled climatic conditions allow the temperature to be

manipulated to initiate the germination of different annual species. It
is not possible to predict in which years an annual flora will be

present,so by removing soils from the field to the laboratory it was

possible to determine the annual fl.ora, despite the fact that annuals

were not present in the field at the commencement of the stucly.

Ten repJ.icate sites for each of six perennial vegetation types

were selected in the southern part of Hiddleback Station. The area in

which the sites were selected was approximately 10 km x 15 km.
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3,2.2 VegetatÍon groups

Three main vegetation types based upon the dominant perennial

chenopod species of the study area çrere recogrrised:

(1) Maireang pvramidata shrubland

(2) Àtriplex vesica¡ia shrubland

(3) À.vesisefia : U-sedlfolie

The mÍxed x.sedifoliq - À.vesicafia vegetation type is the most

common in the study region and is highly variable in the relative
proportions of the tr.ro species. Due to the variability in the

proportions of the two species, this vegetation type was divided into

four groups based on the relative proportions of the two species,

determined by counting the plants within a quadrat 100 m x 1.5 m.

The proportions $rere:

(1)

(2)

(3)

(4)

l-yesicaliq

à-vgsicaria

À. vesicarie

M.sedifqlis

g-sed!f ol.ia

M. sedi tol ia

M-gsdi fol ia

80:20 - 60:40

60:40 - 40:60

40:60 - 20:80

The last group (4) was considered a part of the !.sedifq!!q -

!-vesicagia vegetation type because it occupies a símilar habitat and

is possibly the result of grazing which has removed all the

À-vCsicarlg.
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3.2.3 SoiI collection

Soil samples were collectedlat each site. Seeds in the soil are

usually located near the soíl surface unless the soil has been severely

disturbed as in aginiculture (Harper,7977). The soil samples were taken

from the surface to a depth of 2.5 cm. It was assumed that the majority

of the seed would be in this sample and there would be no differences

between sites due to depth of seed in the soil.

At each of the 60 sites, 10 subsamples of soil were taken from

beneath the bushes and 10 subsamples were taken from between the

bushes. The 20 subsamples srere thoroughly mixed and two 500 g samples

were taken and placed ín alumÍnium trays. The two samples çJere

considered as one replicate.

The trays of soil were placed in growth cabinets at the University

of Àdelaide. The 120 trays were placed in three growth cabinets in a

random arrangement. It was thought that the majority of species would

germinate in the cooler months and so a winter temperature regime of

14o C for a 14 hour day and 70 C for a 10 hour night was used

(lJhyalla temperatures, see section 2,2,Ð, Light was provided during

the day period from a bank of fluorescent and incandescent lights.2
Humidity was set Lo 7o% to reduce moisture 1oss from the trays.

The field capacity of the soil was determined by watering a 500 q

sample of soil until saturated. The sample was allowed to drain for 1

hour and then re-weighed. The weight of water retained was used to

approximate the field capacity of the soil. The moisture loss from the

trays was quite rapid and so they were watered to 90% of field capacity

1. February 1.979

2. 250-300¡einsteins/m2lsec in the 400 - 750 nm range
/
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every third day. This ensured that trays were never waterlogged and

that soil moisture was not a factor limiting germination and growthl

The experiment was initially designed with replicated sites so

that Ànalysis of Variance (ANovÀ) could be used to test for significant
differences between the vegetation groups either on the basis of
density or biomass. The ÀNOVÀ test relies upon a number of assumptions,

one of which is that the variances of the groups being tested are

similar. ÀNOVA is relatively insensitive to mínor deviations from this
requirement but if the differences between group variances become too

Iarge, the test is invalid (sokal & Rohlf ,1969).

Homogeneity of variances may be tested by comparing the F-max

ratio (the ratio of maximum to minimum variances) with critical values

for the particular degTrees of freedom. There are other, more accurate

methods for testing for the homogeneity of variances but unlike the

F-max test, many of these tests are sensitíve to non-normality of the

data (Sokal & Roh1f.,1969).

3.3 Results

3.3.1 Species incidence and associations

Thirty four annual species germinated in the trays. The list of
species and their freguencies is presented in Table 3.1. Five species

were common, occuring in more than half the trays. These were schismus

þrbatus, Lophochloa zuBiIa, crassula colorate, Tetragonia eremaea and

Daugus qlochidÍgtus. A nunber of species were present only at very J.ow

7. The experiment was terminated and the plants harvested after 13weeks.
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frequencies. These were stgllaria sp., Hvpochoeris glabra,

Ompþelolappula concava, chenopodium crigtatum and Bulbine semibarbata.

The five species ç¡ith the highest frequency listed above, were

recorded for all vegetation types although not at aII sites.

Çhe¡gpodium cristgtum and [eglicagc mÍnimq were found only in soils from

Maireana p¡qamlQgta dominated sites, and ste[qqlq sp, Hypochoeris

qfeþrg and 0mphalolanBule qengqva were only fourd in soils taken from

Àt¡lplex vesicaria dominated sites. The remaining species occurred in

more than one vegetation type.

À1I the species were tested for association using X 2 to

determine v¡hether there were patterns in species occurrence. It was

found that 11 species showed significant association at p ( 0.001

(Table 3.2). The associatíons could be divided into groups, or nod.es of

associated species (Lange,1968). Three nodes r.¡ere recognized (Fig.

3.1). The first node (À) was an interaction between seven species. The

remaining two nodes (B & C) were simple two-species interactions. 0n1y

one of these associations was related to the vegetation types. The

association of Emex eustralis and [edicaqo minima was restricted to the

Ì,lsireana pvramldata vegetation type.

3.3.2 Density and biomass of annuaLs

The significance of the F-max val.ues for the density and biomass

results are presented in Tab1e 3.3. of the 34 species recorded in the

samples, 21 had hÍghly sigrnif icant dÍfferences in the variances

associated with the density recorded across the vegetation groups.
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Ànother seven species could not have an F-max calculated due to their
1ow frequency of occurrence. The remaining six species had

non-sigmificant F-max values but were present only at very low density

and were non sígnificant (p>.05) across the vegetation types when

tested with ANOVA.

The results of the F-max test on the biomass data showed a

similar trend. The majority of species had highly significant

differences in variances across the vegetation types. The species which

did not show sigmifícant differences in their variances $,ere generally

of low frequency and were not distributed with sigrnificant differences

between the vegetation types when tested with ÀN0vA. The ÀNoVÀ test in
the study did not demonstrate any significant difference in either

density or biomass of the annual species across the vegetation groups.

In situations where the assumption of homogeneity of variances is
found to be untrue, it is common practice to apply a transformation to

the data so that the transformed values conform to the assumptions of

the analysis. The tç¡o transformatÍons used here r^rere a logarithmic and

a square root transformation. lJhen zero scores are present it is common

to use log(y+l) or square root(Y+0.5) (Sokal & Rohlf,7969), The result

of these transformations was that in most instances the differences in

variances was reduced, however, analysis of the transformed data by

ÀNOvÀ did not demonstrate significant differences between the

vegetation types. The ÀNOvÀ tables, although non significant, åre

presented in Àppendíx 2.
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The small grass Sqhismus barbatus showed the highest density of

all species with 331 individuals found in one sample from the

À.vesicaria vegetation type (Table 3.4). This species also showed large

maximum densities in samples from other vegetation types. Other species

t¡hich shor.¡ed high maximum densities were crassula coLorata,

C.sieberana, Lophochloe pumile, Medlcaqo minlma, !mg5 auslptig,
Tripqqon loliiformis and Daucus qlochid[gtug.

The mean density (Table 3.5) and the standard deviations (Table

3.6) are also presented to demonstrate the high degree of variability
in the occurrence of species across the vegetation groups. The species

with the highest mean density was gchigmus barÞetus (48 per sample) for
the À.vesicer:Ls vegetation type. The standard deviation associated r.¡ith

this mean wag 104. À similar result was observed for most species in

that the standard deviation usually exceeded the mean value for a

vegetation type. The variation in the numbers of plants was usuaLly as

gireat within a vegetation type as between the vegetation types.

Ànalysis of the biomass data showed the same result as the density

data (Table 3.3). There $¡ere no significant differences in the bÍomass

between the vegetation types for both the unt.ransformed or transformed

data. The total biomass for each species for the vegetation groups

(Table 3.7) indicates the small statr:re of the annuals.

3.4 Discussion

The species that germinated in the soil samples represented a

wide range of plant families. The occurrence and abundance of species

was variable.
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The association analysis indicated that a number of the species

were positively associated. In some instances there were small groups

of associated species (Fig. 3.1). The technique of using species

association in vegetation classification has been used in numerous

studies (GoodalI,1953; slitliams & Lambert,rgsg,196l; Lange,196g).

l'lhenever species associations are found it is assumed that there is a

cause, usually relating to environmental factors. The associations

found in this study are important because they demonstrate pattern in
the distrÍbution of annual plants, although unrelated to the

distribution proposed in the original hypothesis.

The conclusion drawn from these results was that the factors which

control the distribution of perennials do not influence the annual

population to the same degree. The hypothesis that the pattern of

annual distribution would be related to the perennial vegetation types
(Section 3.1) would therefore be rejected.

Two associated species, Emex ggstlalis and Medlcaqo minima, did

show a pattern and were restricted to the ueireenc py¡amidata

vegetation type although they did not occur in all samples of this
vegetation type. These species are a speciaJ. case in that both are

introduced species which have been eble to survive in watercourses

where M.pvramideta dominates. other factors may also influence the

distribution of E.gUsLraIis and Medigeqg ¡inÍme. The dÍspersal unit_s

of both species are large and may be readiLy moved along the wash areas

by the movement of water. The soil surface is often disturbed in these

areas by the increased grazing pressure and this may provide a surface

suitable for colonisation by !-australis and M_mi¡lma.
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There was considerable variatíon in the numbers of a single

species between sites in the one vegetation type. There are two

possÍble explanations for this: (1) The annual flora differs between

sites vegetated with the same perennial species, due to subtle

environmental differences which do not influence the bush component.

(2) The composition of the annual flora is locarry very patchy.

sites in the one vegetation type differed as much as between

vegetation types. The annuals may be responding to subtle differences

in the mÍcrohabitatd and microclimatic variation to produce a highly

patterned seed store in the soil. In an experiment of this type where

small samples of soil were used the result could be markedly influenced

by within-site variability.

3.5 Conclusions

The use of controlled conditions removed the problem of

non-homogeneous raÍnfall that occurs in the field situatíon. The

resuLts did not support the hypothesis that the distribution of annual

plants would be related to the perennial communities. patterns of

annual distribution were detected by association anaJ.ysis but most of

the pattern did not coincide with perennial distribution. The

experiment also demonstrated varia-bility in the occurrence and density

of annuals, so great as to preclude statistical analysis accordÍng to

models requiring homogeneity of sampJ.e variances.

The distribution of annual plants may be influenced by different

factors to perennials. The survival of annual plants may ).argety be

Índependant of habitat at the scale studied in this experiment. The

-a
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scale that may be important for the germination and estabtishment of
annuals could be that of microsites which would be independant of the

factors influencing the perennial vegetation.

If annual species are opportunistic and depend upon the

interaction of temperature and rainfall to determine which species

germinate, then there is no guarantee that the same species

associations will be observed from one year to the next. In fact it has

been reported that there may be marked changes in the annual flora from

one year to the next (Loria & Noy-Meir,19g0). This is persued further
in Chapter 5.

The suggestion of Heady (1958) that annual populations may be

largely the consequence of previous annuar popuì.ations, also bears

consideration. If the seed released from one popuJ.ation can markedly

influence subsequent annual populations then the species composition,

the quantity of seed released and the fate of the seed wilt be

important. In respect of the experiment described in this chapter the

distribution and density of annuals observed may be the consequence of

what seed were released from previous annual populations, how much seed

was procluced and where the seeds were transported to.

The results presented in this chapter do not explain the patterns

of the annual pl,ants, but rather raise a number of interesting
questions which wÍIl be addressed in later chapters.
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VEGETÀTION GROTIPS

F 7?34s6
Àctinobole uliginosum
Atriplex spongiosa
Brachycome lineariloba
Bulbine semibarbata
Calandrinia eremaea
Calotis hispidula
Chenopodium cristatum
Crassula colorata
Crassula sieberana
Danthonia caespitosa
Daucus glochidiatus
Emex australÍs
Erodium cygrìorum
Gnephosis burkittii
Goodenia pusilliflora
Helipterum pygmaeum
Hernaria hirsuta
Hordeum leporinum
Hypochoeris glabra
Isoetopsis graminifol ia
Lophochloa pumila
Medicago minima
0mphalolappula concava
Oxalis corniculata
Plantago drummondii
Schismus barbatus
Sclerolaena sp.
SenecÍo guadridentatus
Sonchus oleraceus
SteIlaria sp.
Stipa nitida
Tetragonia eremaea
Tripogon loliiformis
Vittadinia cuneata

3
77

5
2
3
9
7

43
9
4

32
5

77

t
2
1

0
7

2
0
6
4
0
6
0
2
7

3

7

t
0
7

0
7
0
2
2
2

7
2
3
2
t
2
5

0
7

0
1

0
0
0
0
0
9
0
0
4
0
0
0
0
0
0
0
0
0
9
0
0
0
2
9

3

7

0
0
0
6
0
2

0
0
2
0
0
7

0
5
7

3
3
0
3
0
A

0
0
0
0
0
6
0
0
0
0
5

6
0
0
0
1

6

0
t

1

2
0
7

7

7

0
9
7

0
I
1

4
2
7

3
2
2
0
7

I
0
0
t
I
9
2

4
0
0
0
8
0
1

0
2
2
0
7

3
1

7
3
1

5
4

2
0
2
0
3
0
0
0
9
5
0
0
0
0
0
0
0
0
1

4

2
0

t
4

0
I
0
2

0
7
0
0
6
0
0
0
0
0
t
I
0
2

5
0
0
0
2

9

2

3

1

0
0

4

2
3

3
10

4
7
3
1

3
44

5

2
3
7

49
15
11

7

3
7

4
33

4
I

Tablg--l-! The number of trays (max 60) in which the annual species
occurred. The total number (F) and the number for each vegetation group
(max 10 per vegetation type). 1; À.vesica¡ia 2; H.pvramidata 3;
A. vesicaria = I'l^gedif ol ia 4 ; !. vesicglia ( M. sedifolia 5; H-sedif ol ia
6 ;À-vesiqsria ) M.Sg{Ífoliq
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SPECIES

234567891011

1

2

3

5

6

4

*** nS nS *** ** * xnsnsns

ns nS t(l(* **16 *** * ns ng, x**

*** ns ns ns ns ns ns ns

ns ns ns ns ns ns ns

*** *t( *** ns nS *

* tê** nS nS l(

ng ns ns **

ns ng ns

*** nS

10

7

I

9

NS

ICþ]C_3J The significance of X2. xxx p<0.001 ; *x 0.01> p >0.001 ix 0.05> p >0.01 ;ns non signÍficant. The species are 1D_eucUEqloghidlgtUs, 2 CTCSEUIq golorglg, 3 þrachvcome lineeriþÞe, 4 crassule
sieÞerene, 5 getcqlo zuedridentalus, 6 ]etieqeniã-éiãneee, Z S"higrus--
þerþelus, I yillgdi¡ie çq¡eata, 9 Mçdiqqsg ui!i$e,-T0-Engx auË!æIis;
11 ealotis þispidula
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DENSITY
F-max

BIO},ÍÀSS
F-max

Àctinobole uIíginosum
Atriplex spongiosa
Brachycome I ineari loba
Bulbine semibarbata
Calandrinia eremaea
Calotis híspidula
Chenopodium cristatum
Crassula colorata
Crassula sieberana
Danthonia caespitosa
Daucus glochidiatus
Erodium cygnorum
Emex australis
Gnephosis burkittii
Goodenia pusilliflora
Helipterum pygmaeum
Hernaria hirsuta
Hordeum leporinum
Hypochoeris glabra
Isoetopsis graminifol ia
Lophochloa pumila
Medicago minima
Omphal olappula concava
Oxalis corniculata
Plantago drummondii
Schismus barbatus
ScleroLaena sp
Senec io guadridentatus
Sonchus oleraceus
SteIlaria sp
Stifn nitida
Tetragonia eremaea
Tripogon loliiformis
Vittadinia cuneata

9
4

10

7

71

27.
178.
470.

757.
150 .

72.

74.
73.

4.
77.

5.

200.
1075,

**

0
5
6
0
0
6
0
9
t
6
7
3
3
8

7
2
5
7

0
0
3
0
0
I
6
5
0
5

7

0
3
9

3
6

*l(
**
**

t(*
n:

**
lÉ.t(

NS
**
l+*
*

**
tÊ*

NS
**
ns

.**

6t
7

66

41

*
NS

1

ns
*

**
**
**
*t(
ns
**
NS
**
NS
*ì(
**

341.
3.

222.
797.

9.

tr

26.
1106 .

42.
27.

210.

7
1

5
0
1

7

0
5
t
t
9
6
4

3
I
t
9
8
0
0
6
0
0
1

6
5
1

3
3
0

4

0
5
I

1

20.
21.
82.

210.
5.

089.
7.

79.
7.

100.
74.

77

7.
435.
810 .

20.

NS
++*

**
**
*

**

**
**
**
**

NS
**
**
**
**
tÊ*

ns
*t(
**
**

I
t6

20 3.
31.

IoþIe 3.S F-max ratio and its significance for both density and biomassvalues, testing for_homogeneity of variances between the six vegetatióngroups. x 0.05> p >0,01 ' xx p(0.01 ; ns non significant. - inãicatesinsufficent values for a valid calculation.
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VEGETATION GROUPS

2345
Actinoble uligínosum
AtrÍplex spongiosa
Brachycome I ineari loba
Bulbine semibarbata
Calandrinia eremaea
Calotis hispidula
Chenopodium cristatum
Crassula colorata
Crassula sieberana
Danthonia caespitosa
Daucus glochidiatus
Erodium cygnorum
Emex australis
Gnephosis burkittii
Goodenia pusilliflora
Helipterum pygmaeum
Hernaria hirsuta
Hordeum leporinum
Hypochoeris glabra
I soetopsis gramini f oI ia
Lophochloa pumiJ-a
Medicago minima
0mphalolappula concava
OxalÍs corniculata
Plantago drummondii
Senec io quadridentatus
Schismus barbatus
Sclerolaena sp
Sonchus oleraceus
StellarÍa sp.
Stipa nitida
Tetragonia eremaea
Tripogon loliiformis
Vittadínia cuneata 27

ICþI9_3-4 The maximum densities (no,,/tray) recorded for the annual
species in each vegetation type. vegetation groups are 1;À-vesicane 2;
M-py¡amidalq 3; A-vqsisqria = t{-sedffelfq 4; À,vggicafla < U-Sedifofie5; M-sedlfolia 6; À-yegiqqgÀg > [-ge{!fqlia

6t

I
2
6
0
7

3
0

22
86

3
7

0
0
7

t
0
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79

0
2
2
0
7

3
t

18
64

1

4

7

33

7

t
0
7

0
t
0

54
0
0

13
0
0
0
0
0
1

I
0
0

0
32

2

t
1

2
2
2
2
0
4

0
0
0
6
5

48
2
1

0
0
6

45

0
0
7
0
0
T

0
60
27

9
22

2
0
0
5
0
0
0
0
0

37
0
0
0
0
0

10
6
0
0
6
9
0
2

7

0
t
0
0
0
0
0

24
0
0
2
0
0
0
0
0
0
0
0
0

58
0
0
0
a

2

88
5

0
0
0
7
0
I

0
25

7

0
7

5
t
2
0

17
0

0
0
0
0

109
0
0
0
2
4

0
0

25
0
4

7

2t
4

331
3
4

2
7

t2
3
t

0
t
0

10
0
0
0

t4
68

2t77
0
0
t
1

2
33

7

0
0
0

23
0
I
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VEGETÀTION GROIJPS

234 5 6

Actinoble uliginosum
Àtriplex spongiosa
Brachycome I ineari loba
Bulbine semibarbata
Calandrinia eremaea
Calotis hispidula
Chenopodium cristatum
Crassula colorata
Crassula sieberana
Danthonia caespitosa
Daucus glochidiatus
Erodium cygnorum
Emex australis
Gnephosís burkittii
Goodenia pusilliflora
Helipterum pygmaeum
Hernaria hirsuta
Hordeum leporinum
Hypochoeris glabra
I soetopsis giramini f oI ia
Lophochloa pumila
Medicago minima
Omphalolappula concava
0xalis cornículata
Plantago drummondii
Schismus barbatus
Sclerolaena sp.
Senecio quadridentatus
Sonchus oleraceus
SteIlaria sp.
Stipa nitida
Tetragonia eremaea
Tripogon loliiformis
Vittadinia cuneata

0.3
0

0.8 0

!qblq-3é The mean density (no./tray) of the species germinated in the
trays for the 6 vegetation groups. The vegetation groups are 1;
þ.veslqqlia 2; M-pyfenidqle 3; À-yqsiqattg = M.sedlfoiig 4; À,=veslcq¡ig
< U-sedifo[e 5; U-sedifolte 6; A-yesigeria ) U*sedifolie

4

0
0.3
0.3

0
0.1
0.5
0.1
3.1
9.4
0.1
7.7
0.2
4.5

0
0.2

0
1.5

0
0
0

6.6
7.7

0
0

0.1
38.9

0
0
0
0

0.2
1.0

0
0

0.1
0.3
0.6

0
0.1
0.5

0
7.7

74.6
0

10.6
0.2

0
0.1
0.9
0.1
0.2

0
1.7

0
6.7

0
0.5
0.2
2.3

48.6
0.5
0.9
0.5
0.2
0.2
2.t
0.5
0.1

2
0
0
t
7

0
7
9
0
9
5

1

2
2
5

4

3
0
4
7
0
0
7

5
6
2
6
0
0
0
5

0

t7.

4

0
0

0.8
0
0

0.1
0

16.4
2.7
7.4
2.8
0.6

0
0

7.2
0
0
0
0
0

20.0
0
0
0

0.7
2.2
7.4

0
0
0

0.6
1.8

0
0.2

0
.7
0
0
0
0
0

,2
0
0

.5
0
0
0
0
0

0
0
0
0

.5
0
0
0
0

.7
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,2
0
0

0
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0
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0

7

0
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0.
0.

0.

^
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0
7

0

7.
5.
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0.
0.

0.
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2
0
7
0
0
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0
0
0
0
0
7

I
0
3

4

0
0
0
0
I
3
7

t
0
0
2
9
2

0
0

79
7

7
0
0
0
0
0
0
0

0
74.

0
0
7
0
0
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VEGETATION GROUPS
123 4 5 6

Actinobole uliginosum
Àtriplex spongiosa
Brachycome I ineariloba
Bulbine semibarbata
Calandrinia eremaea
Calotis hispidula
Chenopodium cristatum
Crassula colorata
Crassula sieberana
Danthonia caespitosa
Daucus glochidiatus
Erodium cygnorum
Emex australis
Gnephosis burkittii
Goodenia pusilliflora
Helipterum pygmaeum
Hernaria hirsuta
Hordeum leporinum
Hypochoeris glabra
Isoetopsis graminifol ia
Lophochloa pumila
Medicago miníma
Omphal o1appuJ.a concava
Oxalis corniculata
Plantago drummondii
Schismus barbatus
Sclerolaena sp.
Senecio quadridentatus
Sonchus oleraceus
Stellaria sp.
Stipa nitida
TetragonÍa eremaea
Tripogon loliiformis
Vittadinia cuneata

0
0.5

0
0.3

0
0.4

0
18.4

0
0

4.7
0
0
0
0
0

0.3
2.5

0
0.7
6.9

0
0
0
0

74.7
0.6
1.8
0.3

0
0

2.0
14 .4
6.8

0
0

2.0
0
0

0.3
0

24.9
8.5
2.9
6.8
0.9

0
0

1.9
0
0
0
0
0

41.9
0
0
0

1.8
3.6
1.8

0
0
0

1.9
2.7

0

0.6

0
0.3

0
0
0
0
0

8.3
0
0

0.7
0
0
0
0
0
0
0
0
0

t9 .4
0
0
0
0

26.0
1.9
0.6

0
0
0

2.6
0

0.4

0.9
0.4

0
0

0.3
0.3

0
14.5
6.0

0
10.0
0.7
0.3
0.4
0.6
0.8
0.8
0.7

0
0.9

22.9
0
0

0.3
7.t
9.6
0.4
0.8

0
0
0

7.0
0

2.5

0
0.7
0.7

0
0.3
1.0
0.3
5.4

20. 3
0.3
7.4
0.4

10. 5
0

0.4
0

3.2
0
0
0

4.9
27.4

0
0

0.3
42.3

0
0
0
0

0.6
1.5

0
0

0.3
0.7
7.9

0
0.3
7.7

0
8.2
7.6

0
10.2
0.4

0
0.3
0.7
0.3
0.6

0
5.4

0
7.7

0
1.3
0.4
6.6

104.6
t.t
1.5
1.3
0.6
0.4
3.7
1.1
0.3

IeÞle 3-6 The standard deviations associated with the mean densities
presented in table 3.5 for the vegetation groups. The vegetation grroups
are 1; À-vesicaria 2i M-pyrcmidele 3; À-Vesiqatia = M_sedifoiie a;
À-vesicariq ( M-sedrfqUe 5; M-gedifsfia S; À,yélicedã-tU,sedifotie
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Àctinoble uliginosum
Àtriplex spongiosa
Brachycome I ineari loba
Bulbine semibarbata
CalandrÍnia eremaea
Calotis hispidula
Chenopodium cristatum
Crassula colorata
Crassula sieberana
Danthonia caespitosa
Daucus glochidiatus
Emex australis
Erodium cygnorum
Gnephosis burkittii
Goodenie pusilliflora
Helipterum pygmaeum
Hernaria hirsuta
Hordeum leporinum
Hypochoeris glabra
Isoetopsis gramini fol ia
Lophochloa pumila
Medicago minima
Omphalolappula concava
Oxa1is corniculata
PJ.antago drummondii
Schismus barbatus
Sclerolaena sp.
Sonchus oleraceus
SteIJ.aria sp.
Stipa nitida
Tetragonia eremaea
Tripogon loLiiformis
Vittadinia cuneata

0. 005
7.026 0
0.387 0

0
0.772 0
0.201 0

00
7.622 0
2.030 0

00
71.780 0

07
0.926 0
0.163
0. 158 0
0.077
0. 014 0

0
0.191

0
8.943 9

0

.728

.036

.135

.713

.466

.109

. 185

.891

.998

. 103

.068

7

0.628
0.115 0

0
0

0.054
0.072

0
3.374 0
0.511

0
0

0

0
0.169

0

0. 043
0.144

0
o.776

0
0.056

0
1 .301

2

0
212
266

0
022
77t
005
409
806
792
7s4
494
540

0
078

0
816

0
0
0

293
677

0
0
0

0
.110

0
0

0
0
0

.381
0
0

310.6

032

010.5

54
79
63

I
3
2

7.
0.
0.
2.

0
0

357
0
0
0
0
0

087
755

0
0

6.045
0
0
0

7514. 5

0
7.573
2.076
7.747
0.043
0.110
0.451
0.172
3 .471

0
0.24s

17.376
0

0

. 015

.068

0
1.134

0
0
0
0
0
0
0
0
0

240
0
0
0

364

4

0
1 .045

0
0
0
0,0

0.
4.

0
0
0

24
0
4
0
0
I
4
0

0

0
4
0

975

0.227 2.258

0. 351
70.647

0. 113
0.279

0
0.775 0
0.792 0.693

0 19.479
0.223 0.290

0

2

0

0
0
0
0
7
5
0
0

23.240

7

0
0
0

444
089

0
0

0.63
0.76289

0
0
0

644
0

0

736
137

0
0
0

332
0

t 2

IabIe-LZ Total biomass (g dry wt) for each species for the vegetationgroups. TÞ" vegetation_groups are 1; À,veslcaria 2; M.pv¡amidata 3;
À. yesiqaria = H. sedliqliC 4 ; à_vesicariá<-lr. sedifsf¡e ] U=gæfo.Lie6;À-VCgfqetre > U,Sedifo[e
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NODE (À)

1

11

NODE (B)

NODE (C)

Fiqure 3.1 Nodes of associated species. only associations of p < 0.001
(3)

!1!!edima cuneata (9) lgdiqegc minima (10) Emex austratig (11)
QelqLre hisprdule



4. SEÀSONÀLITY OF ANNUÀLS

4.1 introduction

In this chapter a number of aspects concerning the seasonal

occurrence of annuals in the Middleback region are investigated. The

first part of the chapter contains an analysis of the Hiddleback

rainfall patterns to determine when annuals are most likeiy to occur.

This is then followed by field data on the seasonal occurrence of

annuals and Iaboratory germination of seeds in topsoils. The final
section discusses the physiological and morphological differences of

summer and winter annuals and how this relates to the Middleback annual

flora.

4.2 Rainfall patterns

4.2.7 Introduction

The germination of annuaL ptants is controlied by available

moisture for imbibÍtion. It shoutd be possíble therefore to speculate

upon the seasons of the year when annual ptants are most j.ikely to
germinate in any given area by an inspection of the long term rainfall
records. If rain consistently fell in a single season, then it might be

expected that germÍnation and growth of annuals would be restricted to
lhat time of the year. If there were two wet seasons at different times

of the year, two separate annual floras might be expected. AIso the

greater the temperature contrast between the seasons in which rainfall
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events occur, the more tikely it would be that ennual floras of

different floristic composition would occur. This is probably the

situation which gave rise to the summer and winter annuals observed by

tJent (7957) and also by Hott 1972ù. If the temperature conditions are

similar then the annual floras may also be similar.

In a region where the rainfalt is ematic and unpredictabLe the

chance of obtaining distinct annual floras would decrease. The annual

species in this situation are more likely to have a broad range of

temperatures at which they can germinate which would allow them to

utilise the significant rainfall events regardless of the time of year

at which the rainfall occurred.

Ànalysis of the rainfall data available for Middleback Station,

based upon the probabitity of rainfalls of different magnitude

occurring throughout the year, may allow the prediction of which

seasons annual planLs are most likely to germinate and gnow. The

rainfall characteristics of the study region were described in general

terms (chapter 2), however in this section it is proposed to specuJ.ate

upon the potential for seasonal floras to germinate in the Middleback

area based on an analysis of the long term rainfall record.s.

4.2.2 RainfaLl anal.ysis

The brief description of the Middleback rainfall (section Z.Z,Z)

does not indicate the effectiveness of the rainfall or the conseguences

for the popuJ.ation dynamics of annual plants. The suruner months, on

average, have falls of greater magnÍtude than the winter months. The

mearr rainfall event (Fig. 4.7) for each month indicates that the
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average faII is greatest in February (13 mm) ç¡hile the average fall in

July is only 4.2 mm.

Figure 4.2 shows the frequency distribution for falls of

different magmitudes. The figures show that there is a low freguency of

light falls (( 1 mm) during the summer months, the majority of the

falls are in the range 1 mm to 5 mm and 5 mm to 10 mm. In February

there were five falLs in the range 50 mm to 75 mm and one fall of

betç¡een 150 nun and 200 mm (not shown). The winter months have a much

larger number of fa]Is but the distribution of the falls is in the

range of (1 mm, 1-5 mm and 5-10 mm with the greatest number of falls
occurring in the range 1-5 mm. There has never been a fall greater than

35 mm recorded in June or July. Às annual growth events are initiated

by heavy rainfall events it would appear that initiating rains are more

likely to occur in the summer months.

4.2,3 Discussion

There is pattern in the seasonal distribution of rainfall at

Hiddleback StatÍon. The records indicate a slight dominance of summer

rainfall but the summer events are not predictable. The summer peak is

caused by infrequent, heavy rainfall events whereas the winter rainfall
is composed of frequent and predictabLe light rains. The high

evaporative loss over the year with exceptionalty high rates found

dr-ring the summer months (Table 2.1) will markedly reduce the

effectivenss of the summer rains.

The effectiveness of rainfall also depends on the intensity and

duration of falls. The summer falls are often of hiqh intensity and
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short duration which can result in considerable runoff. In contrast,

the light winter rains are usually of Low intensity and so do not

produce runoff to the same degree. These rains are effective for
annuaLs because the frequent low intensity falts keep the soil surface

moist. The lower evaporation rates during the wínter months increase

the effectiveness of the these falIs.

The most important single requirement for annual germination is
the presence of sufficient moisture in the soil for imbibition to

occur. Heavy summer rains saturate the surface for only a short period

of time due to rapid evaporation and the long interval between falls.
The winter rainfall of lower intensity but higher frequency may be as

effective as the heavy summer rainfall events. The a-bsence of

predictable trends in the rainfall pattern from one year to the next

(Fig. 2.2 e Table 4.1) suggests that the germination and growth of

annual plants may not be restricted to a specific season.

The temperature immediately following a rainfall event will also

be important in determining which annual species germinate. This aspect

is considered in chapter 5 in relation to changes in the annual

vegetation from one year to the next.

In conclusion, due to the unpredictability of the rainfall events

required to inÍtiate the germination of the annuat plants, it is

unlikely that distinct surnmer and winter floras woul.d be found in the

study region.
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4.3 Field studies

4.3.1 Introduction

The opportunity arose in early r9i9 Lo study the changes Ín a

population of annuals r^¡hich germinated in late summer. In late February

1979,71.4 mm of rain feLl on one day followed by a further 13.6 mm the

next day. It was expected that following a rainfall event of this
magnitude there would be germination of annuals. It was proposed to

determine the species of annuals which germinated following this
rainfall event and to monitor the annual flora to determine if any

seasonal changes occurred throughout the year. Although the rainfall of

the region is unpredictable (sect. 4.2) it was hoped that subsequent

rainfall events would occur in the year, and that these events would

also cause germination of annuals. I was fortunate in that following

February, there were four heavy falls of rain which occurred. in May,

september, November and December. The calender year of. 1979 ended as

the third ç¡ettest year on record (Figs. Z,Z e 5.Zg).

4,3.2 Methods

Three sites dominated by different perennial species representing

a range of potential habitats were chosen in February 7979. AtI sites

were chosen away from trees as there is evidence to suggest that trees

influence the abundance of annuals (Johnson , !9TB),

Site 1 ÀtripLe¡ vesicarie - I{aireana sedifotia

The first site was located in the north-east of Railway paddock

(Fig. 2.1), The vegetation in this area consisted of Àtriple¡ vegicaeia
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- Hairgana sedífoLia with some Bhaqodie ulicina and lvqophvllum

agranliaqum and occasional lycium austrqle. The soil $ras covered by a

well developed lichen crust whích indicated that the area had not been

heavily grazed by sheep.

Site 2 ÀlrfpleX vesicegie

The second site was located in the north-east corr¡er of overland

Paddock (Fig. 2.1) Ín a shallow drainage line dominated by Àler¡Icx
vesicg¡ia. The site was a considerable distance from the nearest water
(approx. 3 km) and although sheep were observed in the area on

occasions, the site was not heavily grazed.

Site 3 Maireana py¡qqidqta

The third site wes located east of coco Dam, hal.fway along the

western boundary of Depot paddock (Fig. z.D. The vegetation in this
area wa.s predominantly laireena pyranidêta. unlike the previous tr.ro

sites this site was heavily grazed due to the proximity of the dam. The

soÍI surface had been badly broken by the movement of sheep to and from

the dam.

Àt each site, 10 quadrats were rocated at 2 m intevals along a

transect. In some arid regions the perennial bushes influence the

distribution of annuaL plants (chapter 5). To avoid the possible

effects of bushes a quadrat size was chosen which could be placed

between the bushes. The quadrat size used was 50 cm x 50 cm. The

corners of each quadrat were marked with small pins and a wire frame

was used to accurately define the quadrat. The numbers of individuals

of each species l,Jere recorded on 12 occasions durj.ng the period March
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1979 Lo November 1979,

4. 3. 3 Results

Site 1 Alrlplel yesicatig-Ueireenq sedifolia

At the Atriple¡ ycgtqeriq - ggirea¡e sedifqlie site, a total of 13

species germinated as a result of the February 1979 rainfall event. The

mean density of selected species is shown in Figure 4.3. The means and

standard deviations for AqLr¡qþq]e U]fqÀnqsum, DeucUS gfAchldlqlgS,

Plenleqq dqUuuqndll, Seneqrq qued[dqntêtus and gwainsgnq cliyet! were

omitted due to the low occurrence of these species. Deucus qlochrdictug

and Aqli¡gþqle UI¡q¡¡9SU[ were present on one occasion only, and only

one individual of each çras present. planlega d¡ummo¡Q!! was recorded on

two occasions at J.ow density. Þeneqrq quadrldellatus was present at low

density from July to september. Eugr¡sana qliveri $ras present at low

densÍty from April to JuIy.

The majority of the remaining species germinated following the

February rains and then persisted until the onset of the drier months.

The exception was Tetragcnia eremaeq which was only recorded from late

April to September.

Not all the specíes could be regarded as true annuaLs. Danthonia

caespitosa, Uerreene SgferqleelAidCg and gqfqqelegte qþftzurqUSpfg

responded to the December rainfall (Fig. 5.29). Their response was not

new germination but revitalization of the existing individuals, many of

which appeared dead.
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species exibited a wide range of densities. The most common

species was Ersdlu[ cvqnozum which was present at high density for much

of the year. Extensive germination of E-cysnorum followed the February

rains and the population was maintained until June. Thereafter,

E.cvqnomm declined in density and no individuals lrere recorded in

November. The species germinated foll.owing heavy rain in December

(chapter 5), but rapid loss of soil moisture due to hígh surnmer

temperatures killed the individuals before they reached matr-:rity.

The other species showed a similar trend to !.cyqnorum although

they occurred in lower densities. Dcnlhg¡le caespitosq was the only

species to show a steady increase in the population throughout the year

with the hÍghest density recorded in September.

The standard deviations for most species were gireater than the

means (coefficient of variation > 1) indicating a high degree of

variability in the density of the species on individual quadrats.

Erodiu[ cygDonm was the only species where the standard deviations

were considerably }ess than the mean densities throughout the study.

Site 2 Àttiplex yegicaria

The trends in density of annuals at the Àtriplex vesicaria site
(Fig. 4.4 & 4.5) were similar to those for the À.vesicag.¡ie-Ueifeeæ

ggdifotiq site although some species exhibited different patterns. The

species present in highest density were Dq¡thonia caespitosa,

HelfplefUm Jl:..rb_"¡dce, Deucgs qlSqhtdfqlus and lonchus qleraceus.

ÞfaqhySqUe lfneqfflcba and DeUqUS qfqqhÍdiatus srere recorded

from June to september. Neither species germinated following the
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February rains. The interpretation of this behavíour is that these two

species represent winter annuaLs and can only germinate in the cooler

months. Ànother species v¡hich was recorded in the cooler months was

!¡ex eggtralis.

Tetraqonia eremaea did not appear in the quadrats until late Àpri1

but then persisted throughout the year to september as it did at the

previous site. Plgntaqo drUAAondii showed differences in abundance

between the two sites. It was uncommon at the À-vesiç.glia-u-sedifelia

site but at the À.vegicaria site it was more abundant and persisted for
a greater lenqth of time. Two populations were observed. The first
germÍnated following the February rains but had died by late June. This

species again germinated in July and a small proporbion of this
population persisted unti I September.

Individuals of lgodium cygDgzu[, Eunhorþia drummondli and

Hypgqhqerig qlcþra had aII died by August whereas the first two species

persisted to september at the previous site. The numbers of Erodium

cygnoru[ were lower than at the previous site.

Site 3 [aireana pvramidale

A total of. 23 herbaceous species were recorded, of which 15 were

uncommon. The remaining 8 species are referred to in Figure 4.6. A

number of the species recorded at the Ucircqna py¡amidata site were not

recorded at the previous two sites. Às with the previous sites a number

of species germinated following the February rains and a second group

germinated in the winter months. This second group comprised lgLreqonlg

eremaea, Helipterum pysmaeum, Àctinqþglg Ulfgfnosum, ÞfacþyqqUg

Itæefr]qþq, Leqelqpgts qtrauurfolfe, He¡¡efiq þirsuta, Lophocloa
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pg¡rLe, $qhiSnUS þefbatus and Goodgnfe pusfl_lifþra. Three species of

low abundance, namely Medicaqo minime, Herdeum lepqlinum and

Hypochqefis glgþre were also present.

The species present in highest density at this site, Gnephosis

Þurhiltii, Ç¿feLis hrsprdufe, Ac!!¡obgle uflgrtosum, Ompþslolappgla

concgve and sclgralgene eþ[zurquspis, were different to the dominant

species at the other sites.

The changes in the annual vegetation on one of the guadrats at
this site are shown in plate 1.

4.3.4 Discussion

The majority of species germinated following the February rains
and were recorded throughout the year. Àlthough distinct seasonal

floras could not be identified, a few species did not germinate untiL

later in the year (Fig. 4.Ð. retraqonie ercBaea did not germinate at

any site following the February rains, but germinated in April when

temperatures were considerably cooler. Two other species, Dqucus

qlochrdretus and Þreqhvcome linearilqþ only germinated in the winter

months.

Once germinated, the majority of species persisted throughout the

year, although some species showed marked fluctuations in abundance.

The changes in density were the resurt of mortaLity, grazing and

germination of new individuals. Increases in the density of species

between readings indicated that many of the annual species have the

abitity to respond to rainfall at different times of the year and were
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not restricted to germination at one time of the year only. Differences

in the species abundance between sites may be the result of the

quantity of rainfall at each site, site characteristics and ir¡dividual

species characteristics.

Hany studies of annuals from different regions of the world (t{ent

7948,7949; Beatley 7974i Tevis 1958; I(oLL 1972a) have classified annual

communities into summer and winter floras. À classification of this
nature is not appropriate for the annual communities described here.

Middleback annuals are ephemeral or opportunistic in the sense that

they may utilise rainfall events for germination at different times of

the year r.¡hen the temperature conditions are dÍfferent.

The weather conditíons during 7979 were not necessarily typÍcal

for the Hidclleback area. The year of. 7979 was the third wettest on

record with a number of heavy rainfatl events occurring during the

year. The temporal patterns in lhe distribution of annual plants

observed in this study may be the conseguence of the unusually wet

conditions. Frequent falls of rain may have allowed the populations of

many species to survive for a longer period than normal. In drÍer years

there may be a greater separation of species into seasonal floras.

The temperature at the time of the initiating rain would determine

which species germinated. Às well as seasonal fluctuations in

temperature (section 2,2.3) marked differences may occur within a

period of days. The rainfall event in February 1979 which initiated
germination l¡as followed by average temperatures for that month. If the

period immediately fo].lowing had been hotter or colder a quite

different result may have been obtained. A 20" c difference in daily
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maximum temperatures can occur in February and temperature differences

of this magnitude would markedly influence the germination of the

annual plants. The seasonal abundance of annual plants may be different

from one year to the next depending upon the month in which the

rainfalls occur and the daily temperature following rainfall.

4. 4 Laboratory germination

4.4,7 Introduction

A constraint on the interpretation of the field study was that

it relied upon the particular 1979 sequence of rainfall events to

trigger the germination of annuals described in the previous section.

The results may have been different with an alternative rainfall
pattern. To investigate this possibitity the annual flora was studied

under simulated summer and winter conditions in the 1aboratory.

4 .4.2 Methods

In order to maximise the number of species of seed in the soil
samples for this study, samples were collected from a number of sitesl

and were thoroughly mixed. samples were taken from the top 2.5 cm of

the soil surface, both from beneath bushes and between bushes. Thirty

samples of 500 g q¡ere placed in small aluminium trays. Fifteen samples

were placed in the growth cabinet and watered under a summer

temperature regime (280 c2, 1Bo c night) and the remainder under a

winter temperature regime (150 c, Bo c nÍght). The field capacity

of the soil was determined as in section J.2.3 and the soils were

1. Collected in January 1981

2, Liqht i.ntensity of 250-300/einsteins/mz/sec in the 400 - 750 nmrange /
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watered Lo 90% field capacity every third day for the winter regime and

every second day for the summer regime. $Jhen the plants had grown

sufficiently to enable them to be identifiedlthe experiment was

terminated and the nunber of individuals of the different species were

counted.

4.4.3 Results

Sixteen species germinated under the summer temperatr-:re regime and

23 under the winter regime (Ta-ble 4.3). Seven were unique to the winter

temperature regime, incLuding Bracþyceme linearirqþg and Dgucug

qfgqhidrglus. No species germinated only in response to summer

temperature conditions.

The abundance of the species across the two temperature regimes

differed markedly. Qrcgsule coloËata, Tetraqonis eremaga, lqphgqþr.oa

zunila and gqhisnus þqtrþelus were more abundant in respose to the

winter temperature regime. lrodiun cyqnglum, Euphorbia d¡ggmondii and

Da¡!þqnia qgespltoËg çrere more abundant in response to summer

temperatures than winter temperatures.

4,4.4 DiscussÍon

The annual flora appears to be opportunistic with many species

germinating over a wide range of temperatures. À number of species

germinated under cool conditions, however these represented only a

small subset of the total annual flora of the area. Harked differences

were found in the abundance of some species depending upon the

7, Seven weeks
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temperature regime used.

Studies of the germination requirements of annuals (Hott t97}a)

have shown that many annuals can germinate within a range of

temperatures. Maximum germination for a species usually occurs within a

narrow band of temperatures. The situation described here may represent

a group of species which have a wide range of temperatures r¡ithin which

they can germinate as opposed to a narrow band. The species which were

restricted to winter germination possibly represent a group with a

narrow range of temperatures within which they can germinate. It is
interesting to note that a number of these species which were found to
germÍnate in the cooler months r¡ere not native species.

4.5 Physiological and habit characteristics

4.5.1 Introduction

The previous sections indicated that few species of annuals in
the study area germÍnated and grew in only one season of the year. No

species were identified as summer annuals. The annual species found at
Middleback are unlikely to possess the characteristics of summer

annuals that r,¡ere found for the Sonoran and Mojave Desert annuals by

Mulroy & Rundel 1977). In thÍs section the annuals are categorised on

the basis of the physiological and habit characteristics recorded by

Mulroy & Rundel 1977).
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4,5,2 Methods

The photosynthetic pathway in plants can be identified from leaf
anatomy with whích it correlates (Esau ,1977). In c3 plants the

chloroplasts are scattered throughout the pallisade and spongy

mesophyll celIs. In C4 plants a dense concentration of chloroplasts in
the cells surrounding the vascular bundles can usually be seen and is
referred to as Krantz anatomy. It can be seen following hand sectioning

of leaves.

The study was not intended as a detailed study of the J.eaf anatomy

of herbaceous specÍes but simply to determine if Krantz anatomy was

present. For this reason hand sectioning of J.ive materiat with

immedÍate inspection under a compound microscope was the method used:

The habit of the species was also recorded. The plants were classified
as erect, prostrate, radial and cauline.

To ensure that there was no confusion in the recoqmition of l$antz

anatomy a section of Àtriplex ves!çetia, a known c4 plant, was used as

a reference species. For the standard reference species l(rantz anatomy

was obvious with inspection at low magnifications. some of the

herbaceous species were difficult to hand section due to the small size
of leaves and the soft nature of the leaf tissue. The species which

were difficult to section have been excluded from the results.
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4.5.3 Results

The results of the dissection and inspection of the leaves for
Krantz anatomy and classification of the different herbaceous species

are presented in Table 4.4. Krantz anatomy was not observed in any of

the annual species sectioned indicating that aII possessed c3

photosynthesis.

The species showed a range of habíts r¡ith the majority of the

species being erect. Ietfegq¡le g¡emaea, EUphefþia d¡gmmonQii,

Àqflngþqle Ul¡ginqgg¡ and Gnephqsig þgrkittii were prostrate.

4.5.4 Discussion

Mulroy & Rundel (7977 ) found physiological and habit differences

between summer and winter annuals. The differences lrere explained in
terms of the conditions to which summer and winter annuals are subject

during their growing period. The one period of the year in which annual

plants do not commonly appear is in mid-summer. Ànnuals may germinate

foJ.lowing heavy rains ín late summer but there are no species for which

the growing season coincides with the summer season.

Groups of annuals could not be recognised on the basis of theÍr
physiology. rf. c4 photosynthsis is an adaptation to growth during the

summer season then it would not provide any advantage to the species

described in tl'ris chapter.
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4,6 Conclusions

The three studÍes described in this chapter indicate that mutua1J.y

exclusive surnmer and winter annual floras do not occur at Middleback

station. The study area shows an irregular and unpredictable rainfall
pattern which would be unlikely to lead to the development of seasonal

floras. Às raÍnfalI is unpredictable the most successful strategy for
annual species is to germinate over a wide range of temperatures. Thís

ensures that at least some germination occurs after rain imespective

of season, which may Iead to reproduction. There would be little
advantage for annual species to have a na-rrow set of conditions under

which they could germinate in such an unpredictable environment unless

they were able to persist as dormant seed in the seed bank for some

years. The annual flora may be best described as ephemeral or

opportunistic in that it utilises favourable conditions whenever they

occur
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t2

3

4

4

t

7

2

3

8

3

5

t7

t9

10

10

7

I
5

4

7

7t

10

7t

27

32

26

25

31

27

27

27

2A

34

27

27

!qble-4,1-The frequency with which falls of rain greater than the
indicated amount have fallen at Middleback homestead (1925-1993).
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Àtriplex vesicaria -
Haireana sedifolia site

Reading no

t 2 3 4 5 6 7 I 9101112

Àctinobole uliginosum
Calotis hispidula
Danthonia caespitosa
Daucus glochidiatus
Erodiun cygnorum
Euphorbia drummondii
Haireana sclerolaenoides
Plantago drummondii
Sclerolaena obl iquicuspis
Senecio quadridentatus
Swainsona oliveri
Tetragonia eremaeê
Zygophyllum crenatum

À.vesÍcaria site 7 2 3 4 5 6 7 I 9701172

Àctinobol.e ul iginosum
Brachycome Iineariloba
Calotis hispidula
Chenopodium cristatum
Danthonia caespitosa
Daucus glochidÍatus
Emex australis
Erodium cicutarium
Erodiun cygnorum
Euphorbia drummondii
Hel ipterun f loribundum
Hypochoeris glabra
Ì'tedicago minima
Plantago drummondii
ScleroLaena obl iguicuspis
Sonchus oleraceus
Tdtragonia eremaea
Vittadinia cuneata

Maireanapyramidatasite 7 2 3 4 5 6 7 I 9tO1772

+
++++++++++

++++++++++

+++++++++++
+

++++++++++

+++++++++++
++
++++++++++

+++
+++++++

+++++++++
+++

+++++++++++
++++++

+++
++++++++++
++++++++

++++++++++
++++++++

+++++++++

++++++++
++++++++++

++++++
++++++

++++++ +

++++++++
++++++++++
++++++++++

++++++++
++++++++

Brachycome Iineariloba
Calotis hispidula
Chenopodium cristatum
Crassula colorata
Emex australis
Erodium cicutarium
Erodium cygrorum
Eragrostis dielsii
Euphorbia drummondii
Goodenia pusilliflora
Gnephosis burkitii
Helipterum pygmaeì.tm
Hernaria hirsuta
Hordeum leporinum
Hypochoeris glabra
Isoetopsis graminifolia
Lophochloa pumila
Medicago minima
Schismus barbatus
Sc lerolaena obI iquicuspis
Tripogon loLiiformis
Tetragonia eremaea

+++++++++
+++++++++

+++++++++
+++++++++

++++++++++
++++++++++

++++++
++++++++++
++++++++++

+++++++

++++++
++++

+

+++++
++++++++

+++++++

++++

+++++
+++

++
++++

++++++
+

IgÞlg 4.2. Summary of occurrance (indicated by + ) of annual species at
the three sites. Dates of the readings are 1. 25/Feb.2.25/Ilar.3.
7/Apr, 4. Zt/Apr. 5. 7/Itay 6. 7/Jun. 7. 27/Jun. 8, 7/JuL. 9. Zt/JuL.
10,7/Ara, 11. 15/Sep.72. 15/Nov.
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Temperature regime

Summer lJinter

Brachycome lineariloba
Calotis hispidula
Cra-ssula colorata
Danthonia caespitosa
Daucus glochidiatus
Erodium cicutarium
Erodium cygnorum
Euphorbia drummondii
Helipterum pygmaeum
Hernaria hirsuta
Isoetopsis graminifolia
Lophochloa pumila
Omphalolappula concava
Plantago drummondii
Schismus barbatus
Senecio quadridentatus
Sonchus oleraceus
Spergularia rubra
Stipa nitida
Swainsona oliveri
Tetragonia eremaea
liahlenbergia graci Ientia
Zygophyllum crenatum

0
3

t4
2t

0
2

51
10

15
3

69
5

t2
7

6
t
4

6
6

702
5
3

7

0
0
7
7

5
5
0
2
0
5
2

23
0
3

177
6
t

18
I
t

17t
4

6

Iabfe_A.L The number of annual species gerrninated under summer and
winter temperature regimes in the Iaboratory. The numbers are the
totals germínated in 15 replicate trays for each temperature regíme.
The temperatures used were for summer 280 / t9o C and for winter
150 ,/ 80 C.



Page 72

c3/c4 Habit

Àctinobole uliginosum
Alyssum Linifolium
Brachycome lineari loba
Calotis hispidula
Crassula colorata
Danthonia caespitosa
Daucus glochidiatus
Erodium cicutarium
Erodium cygnorum
Euphorbia drummondii
Gnephosis burkittii
Goodenia pusilliflora
HeI ipterum f loribundum
Helipterum pygmaeum
Hypochoeris glabra
Isoetopsis graminifol ia
Lopochloa pumila
Medicago minima
Oxa1is corniculata
Plantago drummondii
Podocoma nana
Schismus barbatus
Sonchus oleraceus
Spergularia rubra
Stipa nitida
Tetragonia eremaea
Tripogon loliiformis
Zygophyllum crenatum
Zygophyllum sp

c3
C3
c3
C3

c3
c3
C3

C3
c3
c3
c3
c3
c3
c3

c3
C3
c3
c3

c3
c3

c3

C3

C3

P

E

R

E

E

E

E

R

R

P
P

R

E

E
R

R

E

P
E

R

R

E

c
E

E

P

E

E

E

Iqble 4J- Inferred photosynthetic pathway and habit for selected
annual. species. The species for which no photosynthetÍc type is stated
are those which could not be confidently determined from hand sections.
P= prostrate, R= radial, E= erect, C= cauline.
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Fiqure 4-l Mean density of annual pJ.ants at the Atriplex vesicgrÍa -
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PLATE 1

Annual growth in one quadrat at the [4aireana pyramidata site in 1979.

(1) February 1979 (2) Apriì Ie79

(3) June 1979 (4) September 1979





5. STABILITY OF ÀNNUÀL PÀTTERN

5.1 Introduction

The results of the preliminary study (Chapter 3) Índicated that

the spatial distribution of annuals vras largely independent of the

perennial vegetation communities in the Middleback region. This was the

conseguençe of a high degree of variabiiity in both the incidence and

the density of annuals.

It is evident that a conceptual approach to the description and

summary of the environmental relationships of patterns in annuals will
need to be different to that used for perennials. In the case of

perennials, observed spatial pa.tterns are conventionally accounted for

irr terms of plant "habitat.", meaning a corresponding patterned 1ayout

of sedentary features of the physical environment. Under this approach

boundaries to plant distributions are correlated with those of soil

types. Because soil-type distributions, as sedentary habitat factors,

are stable, there is a Like stabÍlity in distributional patterns of the

perennials that react to them. In the case of annuals, it seems

intuitively rnuch more likety that the correlated determining factors

are themselves of unstable pattern from year to year.

Populations of annuaLs are discrete, separated temporaLly by

periods of unfavourable conditions. It can hardly be

disputed,therefore, that variation in climatic pattern from year to

year stands as the most tikely unstabLe habitat factor that might
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correlate with pattern in annuals. In this chapter changes in the

fl,oristic compositÍon and the spatial patterns of annual plants from

7979 Lo 1983 are described. The aim of the study was to determine

whether changes in composítion and pattern could be attributed to

yearly climatic variation.

5.2 Methods

5.2.1 Site

The site selected for this study was located in the south-eastern

corner of Overland Paddock (Fig,2.1) and was positioned to avoid

drainage lines, both natural and man-made, as these are often dominated

by dense stands of introduced weeds, namely ÇgflheUus leneluS, Emex

gUElfeIiE and MarruþfU4 yUlqare. Àn exclosure 100 m x 50 m designed to

exclude sheep was erected. Both rabbits and kangaroos were allowed

access, the former through the sheep-proof netting of the fence and the

Iatter by keeping the fence low enough for them to jump easily.

5.2,2 Topography

The surface relief of the site was measured using a Dumpy level

and staff. The differences in elevation across the exclosure were

measured between the bushes, avoiding the mounds that are common

beneath the bushes. The resultant contour map (Fig. 5.1) shows the

relief of the site. It sloped gently downwards from the northern to the

southern end of the exclosure. Throuqhout the period of the study,

there u¡as no evidence of stream flow through the site and after heavy
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rainfall events sheet flow would occur across most of the site and

drain off through man-made drainage lines south of it. There srere no

areas where water could pond for any period of time.

In the south-west corner of the site there Íras an unusual

topographic feature. A small mound of earth of different soil

appearance rose slightly above the sumounding area (Fig. 5.1). These

mounds can be found scattered throughout the region and althoWh their
exact origin is not known, it has been suggested by long term residents

of the area that they may be the remains of old warrens of rabbits or

wombats.

5.2.3 Vegetation

The vegetation of the study site was typical of much of the

surrounding region (Section 2,4). The predominant bushes were Maireana

eedrfqlrq and Àltipfex vesl with less common individuals of

Maireane pyramidata, Rhaqqdie uliclna and !yc:þ¡ augLEafe. The site was

selected to avoid any of the larger shrubs such as f,caqia pgpy[qcggpe,

Uyqperuu plelyqcryum and Helerqde¡drun qleeefqtiun.

5 ,2,4 Sampl Íng

The quadrat size used in this study e¡as 0.5 m X 0.S m. This

quadrat size has been used in other studÍes of annuals (Loria &

Noy-meir, 1980; Inouye, 1980) and has a number of advantages. The

quadrat is small enough to fit in the spaces between the bushes, which

carries a growth of annuals that are not "bush-protected". without ever
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overlapping the "bush-protected" part of the system. Thus the two

situations of annuals in the exclosure were not confounded. This

quadrat size also alloç¡s for high densities of plants to be counted

when conditions are favourable for germination. VerticaÌ photographs

can also be taken as a permanent record.

Five transects each 100 m long and 10 m apart were marked out and

quadrats were positioned at 5 m intervals along the transects (Fig.

5.2). Where the quadrat position coincided with a perennial bush the

quadrat was offset to the left or right of the transect the minimum

distance required to avoid the bush. Quadrat positÍons ç¡ere marked with

metal pins in the north-west and south-west comers; the guadrat was

then defined by a metal frame pJ.aced over the pins.

The densíty of all plants in all quadrats was recorded on 11

occasions. The times at which the density was recorded was dictated by

the times at which annuals were present. species densities were

recorded in October 7979, January 1980, JuIy 1980, October 1990,

January 1987, October 7987, January 7982, June 1982, Àugust 7992,

Februrary 1983 and April 1983. The quadrats were checked on numerous

other occasions to monitor the progress of the annual plants.

The soil moisture levels were not measured during the study,

however, a model of the soil moisture for the region, described by

Noble (1975) and Nob1e and crisp (1980), was appliecl to this study.

The model considers the soÍl moisture to be the result of the balance

between rainfaIl (RF), run-off or rurr-on (RO), actual

evapotranspiration (ÀE) and deep drainage (DD). The reLationship can be

descriLred by the equation:

-a
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SMs=SM,+RF+Pg-AE-DD

$there sMua and sHt are the soil moistr¡re at time t+1 and t.
The run-off was calculated from the equation of Branson el at. 197Ð:

R0 = (RF - 0.2 x d)2 / (RF + 0.9 * d)

where d is the moisture deficiency.

Noble( 1975) used an empirical equation to describe the

evapotranspirat ion:

EV = -6.62 + 0.125 ì( TE + 0.654 * DL mm day{

where EV ç¡as the daily evaporation rate, TE the maximum daily

temperature (t), and DL was mean day 1ength in hours. The actual

evopotranspiration was then calculated from EV using two empirical

functions, Z a function describing the relationship between AE and pE

(potential evapotranspiration) and a function K to account for root

density. The modeL was used by Nob1e Q975) to estirnate soil moisture

in the zones of different depth. in this study the model was used only

to model the top 10 cm of the soil surface.

The model of Noble (1975) is an empirical model designed for the

Middleback situation and it was verified by him against known soil
moisture sequences at MiddLeback station. The model however may not

hold in other areas.
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5.3 Grazing

Throughout the period of the study no sheep entered the exclosure

although they grazed up to the fence. It was mentioned in Section 5.2.1

that both rabbits and kangaroos had access to the exclosure. The

effects of these herbivores were not measured qlthough they did not

appear to have a major influence upon ttre annual vegetation. There was

evidence of minor rabbit activity in the exclosure throughout the whole

period of the study although there were no warrens in the exclosure.

The main evidence of rabbit activity was the presence of buck heaps and

occasional distinctive digging. The activity of kangaroos e¡as episodic

and kangaroo egesta v,as found in large quantities in the exclosure only

during the drought of 1983, when there $rere no live annuals present.

The herbivores which did appear to effect the annual plants were

the large variety of insects, especiaJ.ly grasshoppers. At times when

the insects were abundant they appeared to have a marked effect upon

the population by the selective grazing of certain species, especially

lrodium cyg¡erum. The possible effect of this herbivory is discussed

later in this thesis.

5.4 Quadrat data

5.4.1 Introduction

The resuLts are divided into three main sections. The first
considers the florÍstics of the site, the second details the changes in

the frequency and densit.y of selected species and the third considers

changes in species distributions over the period of the study.
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it is not possible to discuss the behaviour of aII species

recorded in the quadrats. To condense the large amount of information

obtained for the purpose of presentation, it has been necessary to

present much of the information in summary tables and figures. The

discussion concentrates primarily upon selected species which

demonstrate different behavioural patterns.

5 .4 ,2 Results

Floristics

Thirty-four herbaceous species were recorded in the quadrats from

October 7979 Lo August 1983. The species represented a wide range of

families (Table 5.1). The most common family was the Asteraceae with 11

species represented and the second most common family was the Poaceae

with 5 species. There were also a number of specie-s present in the

exclosure which, due to their low density or restricted distribution,

were not recorded in the quadrats. These were Alyssum l!¡ifolium,

HqtrdCum lepqrinum, Heliplgrum fLeribundum, IhyggnslUs sp., SlgymþrlUn

iriq,Çalandginia eremaea and Çonyqlvuius czuþescenÊ. This Iist applies

only to the site and is not a fuII regional tist.

The number of species recorded in the quadrats at the different

readings (Table 5.2) showed marked fluctuations over the period of the

study. Àt the time the study was commenced irr October 7979,23 species

were recorded. During the summer months the number fell to 4, but by

July 1980 the number had increased to 34. The number then decreased to

77 by October and then to I by January 1981.. There was an increase in

the Latter part of 1981 when 23 species were recor¡lerl in October. In
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the drought year of. 7982 the conditions were reflected in the number of

species recorded; only 2 in January and 10 in June. No annuals were

then recorded untÍl April 1983 when 20 species $,ere present.

Frequency and density

The number of quadrats in which the species were recorded at the

various sampling times is presented ín Figure 5.3 and Table 5.3. Not

all the species recorded in the quadrats can be regarded as true annual-

plants. De¡lhq¡le caeÊpitosa, Stipg nilidq, Maireana gcte¡glagnqÀdeg

and $clgrolsena gþHzurqugpis are all species that can behave as short

lived perennials when conditions are suitable, These species a1l showed

high frequency of occurrence especially in the early part of the study.

Dellhonrc qagspitosa and Þt:Lpa nitrde r.¡ere the dqminant species

of this group. Both showed an increase in frequency between october

1979 and October 1980 (PlaLe 2) but then decreased in frequency until
neither species was recorded in October t9gz. There ç¡as a marked

L

INSERT

t. In Àpril 1983 both Danthonia caespitosa ancl Stipa niticla were

present as newly germinated seedLings. At that time it was not possible

to j.ndividuaLly identify alL the seedlings on all tl¡e quadrats and so

the frequency anci density of these two species is not shown in Figures

5.3 ancl 5.4.

present only at low frequency or was absent. The other species,

Eupbqfþfe drqmmondii, Qaucge qlqqþidialus and Þe¡chUÊ glCtqSegq showed

a different pattern in their frequency. These species showed
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intermediate frequencies in october 1979 and June 1980. There was a

marked reduction in frequency folJ.owing these readings. EUphqtrþie

drunnqndrí and p-qlqchidiatus showed an increase in frequency in April

1983.

The frequencies of the remaining species recorded in the study

are presented in Table 5.3. Most of these species showed marked

fLuctuations in frequency during the period of the study. species such

as geleqig zugdridenlalus, Emex eugtralis, ÞU!þinC seruþgtþelg,

eerthenUS fe¡glug, Podqcoma nana and Vella annua were recorded on few

occasions and at very low frequency.

There qrere a number of species which showed unusual frequency

patterns. Sqhtenue þerbqlug sras recorded on only three occasions. It
ç¡as present in 50 of the quadrats at the initial reading but then

declined in frequency and was not recorded in the quadrats subsequent

to October 1980. lspþqchloc zunrle showed a similar behaviour but was

recorded initially at a lower frequency than S.þrbatUg. ZyqAphyllUn

ctrenetum was recorded at low frequency for the first 2 readings (Tabte

5.3). There was a large increase in thre frequency of this species in

ApriL 1983 when it was a dominant annual. Ietfeqqniq eremaga was

present at high frequency on two occasions, JuIy 1980 and ApriI 1983.

The only other occasion this species was recorded was at low frequency

in October 1981.

The remaining species were generally present in the early stages

of the study but then declined through 1981 and 7982. Many were again

present in Àpri1 1983.
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Changes in annuaL density

The information provided by this study is considered here in two

$¡ays. The first concerns the changes in the mean densÍty of the species

from one reading to the next. The -second type of information provided

concerns the changes in the spatial arrangement of the density patterns

t¡Íth time.

The mean density and the associated standard deviations for each

selected species are shown in Figures 5.4 & 5.5. The mean densities of

thre less common species are shown in Tabte 5.4. The dominant species

which showed the highest mean densities were Dalthqnfe qeegpilage,

glipq nilida, ErqdtUu cysnorum, Qelqlls brsptdUlq and lqlqsqatfg

ererneea. The changes Ín the mean density of these species showed a

similar trend to the species frequencies. Increases or decreases in the

species frequencies r^rere usually accompanied by a similar change in

their mean density.

Àn interesting aspect of the density results is the magnitude of

the standard deviations. For most species at most readings the standard

deviation exceeded the mean and in some instances was much greater than

the mean. This indicates that the annual vegetation was highly variable

in density across the quadrats.

The best example of this was !!an!ago drqmmo¡di! (Fiq. 5.5)

which was present at a mean density of.7,9 per quadrat (31.6 m-r) in

June 1980 but at tl'ris reading the maximum density in a quadrat çtas 287

(1148 m.'?). Other species which were recorded at high maximum
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densities were Erodium qyg¡aru¡ (516 m-2 ; April 1983), Da¡!þqnia

qeggpttosa (304 m¿ ; October 7979), and Te!¡aqonÍa_eremaeg_(352

m-2 ; Àpril 1983). These density values appear low when compared to

3000 m-2 observed by lJent (794Ð.

The density patterns of selected annual species are shown in

Figures 5.6 - 5.28 The quadrats with a high density of Danlhqnfe

caespitosa (Figs. 5.6 & 5.7) were located in the southern half of the

exclosure. The northern half of the exclosure had a lower density and

in a number of the quadrats the species was never recorded. There was

little change in the density pattern to October 1980 although there was

a slight increase in the frequency, irdicating an expansion of the

population into quadrats it had not previously occupied. There $¡as a

marked reduction in the density of D.ceespllqsa in many of the quadrats

following January 1981 aithough the overall distribution of this

species was similar to that in 0ctober 1979. The major change over the

total period was a decrease in the density on quadrats that had high

density at the initial reading in October 7979. There were only small

changes in the distribution of this species within the excLosure

throughout the study.

The behaviour of $!¡pq nflfde (Frg. 5.8 & 5.9) was simil.ar to that

of D-caespl-lqgg although some of the changes were more pronounced.

There was a marked reduction in the density in 3 quadrats on the

eastern side of the exclosure between October 7979 and July 1980. A

decrease in density and the reduction of the range of this species

within the exclosure was very pronounced by January 1981. The

popuì.ation appeåred to be declining with time.
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The changes in density distríbution of Meireana sclerotaeDqides

(Fiq. 5.10 & 5.11) were similar. There were few changes in the density

distribution between October 1979 and October 1980, but following that
reading there $¡as a steady decline in the number of quadrats in which

the species çras recorded and also in the density on those quadrats.

There qtas a marked Íncrease in the population of this species in April

1 983.

Erqdiu[ qyqrqzu[ differs from the previous species in that it is a

true annual and each reading represents a ner.J population. This species

showed little change in the distribution when 0ctober 7979 ís compared

to Àpril 1983. There were few individuals present at october 1980 and

January 1981 and these were scattered across the site (Fig. s.rz -
5.14).

lgtragc¡ia elemeeg showed a band of occurrance across the centre

of the exclosure in october 7979 (Fig. s.15). There $rús a marked

decrease in the population the following year. This species was not

recorded again in signifícant numbers until April 1983. The pattern of

distribution in ApriI 1983 was similar to October 7979 but there had

been an increase in frequence and density.

The population of SenChUg g]CtqqCus showed considerable

fluctuations over the period of the study (Fig. 5.16). There were

increases in density in some quadrats and changes in the distribution

between readings. There appeared to be an increase in the population

between October 1979 and July 1980. The population had declined by

October 1980 and was further reduced by October 1981.
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Pla¡tagq dfUmBondii (Fig. 5,77) was present at low density in

October 7979. The pattern for JuIy 1980 showed a similar distribution

but there $¡as a marked increase in the density in some quadrats. The

second population (July 1980) appears to be a direct result of seed

falI from the previous (797Ð population. The similarity in
distribution suggests that the seed was dispersed close to the parent

plant and then, in 1980, the correct conditions for germination Lrere

present which caused germination of the seed released in 1979.

À similar behaviour was shown by Deugug qloqþidlatus (Fig. 5.1g).

The density distribution for JuIy 1980 was similar to that of october

1979 but the density had increased in many quadrats. The next recorded

population, in Àpril 1983, was of lower frequency and density but the

quadrats which possessed this species at this reading were

predominantly those in which the species was recorded in July 1980. The

density distribution of other species are presented in Figures 5.19 -
5.28.

The soiL moisture prediction for !979 (Fíg. 5.29) showed there

were five occasions when the surface 10 cm would have reached field
capacity (approx. 22%). The first heavy rainfall event in February was

folLowed by considerable germination of annual plants. There ç¡as a

rapid decline in soil. moisture folLowing this rainfalL event due to

high, Iate summer temperatures. subsequent falls in April and May

maintained the soil moisture at a high level. The next occasion that

soil moisture reached field capacity was 1ate Àugust to October. For

the October 7979 quadrat reading it is not possible to identify which

rainfall events initiated germination for the different annual species.
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In 1980 no rainfall was recorded in the first three months of the

year, however, there were significant rainfall events in the cooler

months and a relatively hiqh soil moisture was maintained through this
period. The rainfall in 1981 and 1982 was considerably less than in the

two previous years and this was reflected in the soil moisture levels

(Fiq. 5.29) and ultimately in the annual vegetation for that year. The

model predicted that field capacity would have been reached once in

1981 during JuIy and u¡ou1d never have been reached in 1982.

5.4.3 Discussion

Many of the ephemeral species recorded in this study have been

reported for other semi-arid regions of Australia, (tJiIIiams,1955,

1956,7967,7968,1969,1970i I,lilliarns & Rowe,7975; Biddiscombe et

aI.,1954;I¡lilson & Leigh,7964; Osborn et aI.,1935; Crisp,7975; Noble &

crisp,1980). Those studies document a range of species responses to

environmental conditions, some of which are at variance to the results

obtained in thís study. À major difference occurs in the reported

behaviour of the ephemeral species, Denlhonia qeespltoga, Malrea¡e

sqlerqlcenaideÊ and gtips DÀLrde.

tlJilIiams (1.970) monitored the age distribution of Dqnlhqnte

SeeÞplLqga in one particular locality in New South Wales and found it
had a half life of 15 - 30 months. williams & Roe (1975) found that

Dgnlhqnia caespílqsa recruited annually and coul.d survive for up to 18

year*s. These resuLts corrtrast with my study where it r"ras found that the

maximum survivorship of Dqnlhqnfq qaespllosa was about 3 years (Fig.

5.3). During this period the density steadily decreased from the
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population that germinated in early 7979 and aIl individuals of

D-cagspilosa had died by October 1980. The density recorded was

generaJ.Iy much lower than that found in the Riverine plain of N.s.lt,
(t¡iIIiams,1955, 7970). Substantial mortality of D._çgespltose can be

attributed to dry summers and the fairure of early autumn rains,

however in the Riverine region recruitment is sufficient to offset the

Iosses (9JiIliams ,7968). This observation may explain the difference Ín

the behaviour of this species in the Riverine region as opposed to the

Middleback region, where summer and early autumn rains are infrequent

(Tab1e 4.1) and recruitment is not on an annual basis.

F.nother species for which there appear to be conflicting reports

is $!im ni!!da. Osborn et al. (1935) reported that this species

germinated in late summer, grew through autumn and winter, flowered in

spring and set seed the following summer. llood (1936), however,

suggested that this species germinated best after earLy winter rains

and crisp 1975) reported germination fron January to Àpril. Detailed

analysis of the Koonamore photo point records (Noble & crisp,19B0)

indicated germination for thÍs species from autumn to winter with

individuals dying from spring to summer. They found that the life span

of this species rarely exceeded 9 months, only 9 % survived to a second

year. Williams & Roe (1975) found in one area that the life span rareì-y

exceeded 5 years and only 1 year in another.

Observations made in my study indicate that Stlpg nitlda can

germinate throughout much of the year. Initial germination folLor^red the

late February rain in 7979 (Fig, 5,29), subsequent germination occurred

in early October 1979 and ApriJ. 1980. The resultant population was of

mixed aqe structure and as fates of individuals was not recorded it was



Page 94

not feasible to determine the Iife span of this species in this study.

variation in floristic composition and density of the annual

vegetation from one reading to the next can be attributed to

dÍfferences in prevailing environmental conditions. There were

significant differences in the amount of rain and its distribution from

one year to the next.

The behaviour of the annual plants can be related to the rainfall
(tlent & Westergaard, Tg4gl l,Jent,79491 Tevis,1958a; t.liIliams, 196Ð .

However, the amount of rainfall in a year or even the magnitude of

individual faLls may not give a good indication of their effectiveness

for annual germination and growth (Nob1e & crisp,1980). À heavy

rainfall event may have the same effect upon soil moisture as a

rainfall event of considerably smaller magnitude. once sufficient

moisture has been absorbed by the soil to reach fietd capacity then any

subsequent rainfall causes run off and does not increase soil moisture

Ievels (Branson et aI. , t972). À number of light falls within a period

of a few days may appear to be ineffective, but in fact may be additive

to the soil moisture and maintain or even raise the soil moisture

level. The soil moisture model (Noble ,r97s) takes into account the

evaporation rates at different times of the year, so that light falls
in winter may have a significant effect upon the 1evel of soil

moisture. Falls of the same magnitude in the hotter months may be less

effective.

The behaviour of the annual plants can be related to soil moisture

Ievels predicted by the modeL for the period of the study. The annual

vegetation appears related to the time of year that the rainfall events
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occurred. The 1979 annual vegetation was the result of germination

foJ-lowing a number of significant fail.s throughout the year. In 19g0 a

guite different dÍstribution of rainfall was recorded and it ç¡as found

that in JuLy of that year there was an extensive annual vegetation of
grreater diversity than the previous October. The annual vegetation in

October 1980 however $tas less diverse than that found in July of that
year. it would appear from these results that the most extensive flora
of annuals is obtained following winter rainfalts. A similar situation
has been found in numerous other arid areas (llent & i,lestergaard, t949;

9lent, 1949', Tevis,1958a; Beat1ey,I97A; lüiIiiams,1956).

A rainfall event in summer does not necessaríty impty that it wiII
be accompanied by high temperatures. Potentiatly there could be up to a

20" c difference in daily temperatures following a rainfall event.

Temperature differences are not restricted to seasonal trends. Annual

plants will be infLuenced by daily temperatures at germination (lJent &

9iestergaard,1949; Tevis,1958a,b; Mott,r972a). A similar rainfaLl event

in subsequent years at the same time of year may produce a quite

different annual vegetation depending upon the temperature conditions

immediately following the rainfall event.

During 1987, 1982 and 1983 there v¡as considerably less effective
rainfall and this was reflected in the annual vegetation. There were

fewer species recorded and those that were present $rere usually at a

Iower density than during 7979 and 1980. There were two species which

showed the opposite trend, nameJ.y TelrqqanrÊ eremaea and ZvqoBhyrrun

gtenatum, which showed highest frequency and density in Àpri1 19g3. À

possible explanation is that the temperature conditions at the time of

the raÍnfall events in the previous years were unfavourable for
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germination of these species.

The soÍl moisture model was used to predict the moisture in the

top 10 cm of the soil profile, as it was thought that this zone would

exert the greatest influence upon the behavior-¡r of annual plants. tn

terms of the growbh of annual plants this is probably an acceptable

assumption, however in relation to the germination of annual plants a

much shallower surface zone is probably important. GerminatÍon usuaì.ly

occurs on the soil surface or within a few centimetres of it. The

germínation zone may include only the top 2-3 cms of the soil surface

(Harper, 1977). The rate of moisture loss from this zone would be

expected to be more rapid than from the top 10 cm. In the field it has

been observed that following summer rains the soil surface can appear

dry within 24 hours of the event.

The seed of some species can escape from desiccation at the soit

surface. The three dominant species at the study site ,Danlhonie

qgespitosa, Stipe ¡itida and lrqdium cygnozu$ , all possess a common

feature in their seed morphology. Their seeds are enclosed by a sharp

pointed dispersal unit with a long hygroscopic awn. À function of the

hygroscopic awn is to facilitate the burying of the seed (peart, 7979),

changes in humidíty or alternate periods of wetting and drying cause

the awn to rotate. If the awn catches on an obstruction the seed

rotates and this forces it into the ground. Following rainfall, when

these species have seed on the ground, the awns can be seen protruding

from cracks in the soil surface. llhen these species germinate the small

seedlings appear from the cracks in the ground.
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The ability of species to escape desiccation at the surface could

be one explanatÍon for the dominance of these species. Species which do

not possess a mechanism for burying their seed would have to rely on

the seed falling down cracks (9litliams,1955), locating micro-habitats

where moisture loss is less rapid or germinating during the times when

the rate of moisture loss from the surface is reduced.

5.5 Vegetation analysis

5.5.1 Introduction

vegetation studies are often designed to classify vegetation

samples into dífferent groups or communities. it was demonstrated that

this couLd not be satisfactorily done for annuals at a broad scale in

the study region (chapter 3), in the sense that no sample groupings

could be logically demonstrated to correlate with the physical habitat

factors that correlated with the distributions of the perennial plants.

The analysis presented in this section uses association analysis to

determine whether there are spatial interactÍons between species, even

if these are unaccountable by generalized "habitat featr:res. Thís type

of analysis has been used by Goodall (1953) and l¡lilliams and Lambert

(1959) to classify vegetation types. The main aim of this section is

not to classify the vegetatÍon but to determine if interspecific

associations exist and if these associations reoccur in subsequent

annual populations.
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5.5.2 Methods

species association was determined by calculating F from 2 x

2 tables for the species present at each reading. Each reading of the

quadrats resulted in a species x quadrat-s matrix for that date. From

this a species x species matrix was compíIed, in which entries were

X' , signed positive or negative, for each species pair in turn,

calculated from 2 x 2 contigency tables based on aII quadrats.

5.5.3 Results

The results are presented for each reading in Tables 5.5 to 5.8.

There were no significant associations between species for the readings

in the period January 1981 to Àugust 7982. The nodes of associated

species are presented in Figures 5.30 to 5.33, À "node" of associated

species deals soley with the information about a group of species which

are mutually linked through significant associations, leaving aside

from immedÍate consideration those other species which are not

demonstrably linked to them by association. Each node is considered

(Lange,7968) to depict a sepa.rate outcome of many different

environmental factors and sets of factors that inftuence the growth of

plants. À summary table of species pairs ç¡hich were associated or

dissociated is presented in Table 5.9.

The main feature of this table is the very large number of

assocÍations which were found over the whole period, however, very few

of these associatiorrs were recorded at more than one reading. OnJ.y nine

interactions were found on two occasions. The associations must be

considered in relation to the occurrence of the species. Three
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different possibilities are represented in Table 5.9. Both species were

present and associated or both species were present but were not

associated or one or both species did not occur at that reading. The

Table indicates that there $¡ere a large number of instances where one

or both species was absent. There were fewer occasions where both

species l.rere present but not associated. It is important to note that

the Table (5.9) does not include aII possible combinations of species

pairs. The total number of possibl,e combinations is 561, the tabJ.e only

represents associations found where the significance was p(0.01.

To demonstrate the spatial pattern of association, influence

analysis (Lange,1968) was used on the Danlho¡la caegprlose - EUphqfþfe

drunngndli association. The resulting patterns of influence ratings are

shown in Figure 5,34.

5.5.4 Discussion

The results show that the association between a pair of species

was not necessarily consÍstent from one reading to the next. The lack

of association between e pair of species from one occasion to the next

may be due to one of two reasons, only one of which is capa.ble of

ecological interpretation. This is where both species occur in quadrats

at frequencies sufficient to avoid the constraints on the

interpretation of 2 x 2 tables (such as expected frequencies in any

ceII of the 2 x 2 table less than 5), then the association demonstrated

can be taken to imply ecologicaL "cause" of some sort. But where

frequencies are too ]ow or one or both specÍes are absent, then the

inconsistancy of association from one grrowth flush to the next involves



Page 100

an element that includes the Ínappticability of the statistical test.

Àssociations can also be tost if the spatial arrangement as

opposed to the freguencies of species, changes. If the species

distributions change markedly from one reading to the next, such that
the species do not occur together in quadrats, then the association is
lost. The question that these results raises is the meaning of the

associations between species in the context of this study.

Interspecific association measures whether two species are found

to occur together more often than would be expected due to chance

a]one. $ithin the field of vegetation ecology the presence of

association is considered to have real meaning as a description of

interactions between species. rJhen an association is found it is
considered that there is a cause and the cause is usually found in the

characteristics of the habitat. The distribution of the species is
often explained in terms of soil type (Lange,lgTl) or external

influences such as grazing (Barker ,!972; Reid ,lg7g). In the situation

described in this study the cause is more obscure.

Annuals by nature are opportunistic plants, their mein function is
to germinate, grow, flower and produce seed. An annual is successful if
it produces seeds as this is the stage of the life cycle which ensures

there will be subsequent populations. This absolute dependance upon the

seed as the only link between successive popuJ.atÍons means that the

spatial arrangement of the species may be largeJ.y determined by the

distribution of seed in the soil as a result of seed dispersal from a

population.
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The variation in climatic conditions , specifically rainfall and

temperature, may elicit different responses from different species. Two

species associated on one occasion may demonstrate different responses

to a different set of climatic conditions, so that the two species may

no longer be associated. An hypothetical example could be two species

with simiJ.ar growth requirements and the same optimaJ. germination

temperature. The two species however, have quite different ranges of

temperature within which they can germinate, one a broad range, the

other narrow. If a raÍnfall event occurs at a temperature close to the

optimum both species wil.I germinate. rf., however, the temperature at

the time of the rainfall event is further from the optimum then the

germination of one species only may occur.

The same can be hypothesised concerning the microhabitat where

germination takes place. Às soil moisture increases there is likely to
be a reduction in the number of unsuitable microsites for germination.

For examp).e species r.¡hich can bury their seeds may be advantaged under

moderate conditions over those species r^¡hich must germinate on the

surface. If a very heavy rainfall event occurs the difference in soit

moÍsture between the soíI surface and the microhabitat of a crack in

the soil may be reduced.

The variabLe climatic conditions may cause major changes in the

available habitats. VJiIliams (1955) observed patterns in the annual

flora associated with gilgai micro-re1ief. Species could be identified

as being restricted to certain micro-features associated with the

gil-gai. However, when unusually wet conditions occurred the pattern in

species distribution was less obvious. The conditions had changed the

habítats and the species could grow in areas previously unsuitable.
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In some instances species can be influenced by minute relief
differences. vJilson & Leigh (1964) found that microtopographical

changes as small as 2 cm could affect the distribution of annual

species. By the creation of artificial mounds and depressions, it was

found that the species responses were due to run-off run-on effects and

not due to differences in soil type between microtopographical

features.

5.6 Conclusions

The main conclusion that can be drawn from the results presented

in this chapter is that the patterns of annual plants change to a very

large degree from one yeer to the next. The occurrence of a species,

its abundance and spatial pattern may change from one growth event to

the next.

The most important influence upon the abundance and pa.ttern of

annuals are the environmental conditÍons at the time of germinatíon.

Changes in rainfall and the temperature at the time of that rainfalL

event cause germination of different species and in different

quantities. The composition of the annual vegetation appears to be

determined at germination, as was suggested by llent (1948).

From this study the initial reaction is to state that annual

patterns are unstable. In the short term this appears to be the case.

Over much longer periods it may be found that there is stability in
annuaL pattern. This could be determined by comparing the vegetation

that germinated under similar conditions at different times. It may be

that many years pass before similar conditions are encountered.
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Rainfall events similar to that which occumed in February 1979 have

occurred six times in that month since l9ZS.

The changes in species associations from one year to the next do

not imply that populations of plants are "moving" spatially relative to

each other. Rather it is probably the consequence of an individual

species response to rainfall and temperature causing differential
germination. If distribution of seed in the soil was similar from one

year to the next then potentially the same associations would re-occur

given the correct conditions.

'a
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ÀSTERÀCEAE
Àctinobole uliginosum
Brachycome lineari loba
Calotis hispiula
Carthamus lanatus
Gnephosis burkittii
HeI ipterum f loribundum
Helipterum pygmaeum
Hypochoeris glabra
I soetopsis grramini fol ia
Ixiochlamys nana
Senec io quadridentatus
Sonchus oleraceus
Vittadinia cuneata

BORAGiNACEÀE
Omphalolappula concava

BRASSICACEÀE
Àllyssum linifolium
Carrictera annua
Sisymbrium erysimoides
Sisymbrium irío

CARYOPHYLLACEÀE
Hernaria hirsuta
Spergularia rubra
Stellaria multiflora

GERANIACEAE
Erodium cicutarium
Erodium cygrnor-um

GOODENIÀCEAE
Goodenia pusilliflora

GRA}'IINEÀE
Danthonia caespitosa
Hordeum leporinum
LophochJ.oa pumila
Schismus barbatus
Stipa nitida

LEGUMINOSEÀE
Medicago minima
Swainsona oliverii

LILIACEÀE
Bul.bine semibarbata
Thysanotus baueri
Oxalis corniculata

PLANTÀGINACEAE
Plantago drummondiiCAMPANULACEAE

Whalenbergia gracilis
UMBELLIFEREAE
Daucus glochidiatus

ZYGOPHYLLÀCEÀE
Zygophyllum crenatum
Zygophyllum ovatum

CHENOPODIÀCEÀE
Maireana sc lerolaenoides
Sc i. erolaena obl iquicuspis
Sclerolaena patenticuspis

CRASSULÀCEAE
Crassula coLorata
Crassula sieberana

EUPHORBIÀCEÀE
Euphorbia drummondii

lqble-S.1 List of aLL the ephemeral species observed within the
exclosure at the Overland Paddock study site from October 1979 Lo Àpri1
1983. Not all the species in the above list were recorded in the 100quadrats.
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DATE NO OF SPECIES

OCTOBER

JÀNUÀRY

JULY

OCTOBER

JANUARY

OCTOBER

JÀNUARY

JUNE

ÀUGUST

FEBRUARY

ÀPRIL

7979

1 980

1 980

1 980

7981

1 981

7982

7982

7982

1 983

1983

23

4

34

t7

I
23

4

10

0

0

20

IeþIe 5.2 The number of species present in the 100 quadrats at the
Overland paddock study sÍte on 11 sampling occasions.
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0cT
79

JUL
80

0cT
80

JAN
81

0cT
81

JUN
82

APR
83

Àctinobole uliginosum

Atriplex spongiosa

Brachycome I ineariloba

Bulbine semibarbata

Calotis hispidula

Carthamus lanatus

Crassula colorata

Emex australis

Goodenia pusi I J.i f lora

Heliperum pygimaeum

Hernaria hirsuta

Hypochoeris glabra

I soetopsis g,ramini f oI ia

Lophochloa pumÍIa

Medicago minima

Plantago drummondii

Podocoma nana

SchÍsmus barbatus

Senecio quadridentatus

Swainsona oliveri

Tetragonia eremaea

Vittadinia cuneata

Vella annua

Zyqophyllum crenatum

6

27

5

56

T6

18

2t

36

4

20

50

76

77

5

45

7

70

3

39

7

24

28

38

9

29

2

9

29

6

1

17

t2

49

65

2

7

2

7

3

2

3

7

9

3

2

1

3

22

2

40

4

3

7

7

6

72

t4

3

7

2

7

t

7

7

72

3

7

13

I

64

74

21

49

7072

26 1

2

1

Iabl-e_S-f. The frequency of annuaL species not shown in
figure 5.3. The numbers represent the number of quadrats of a
possible 100 quadrats in which the species occurred.
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OCT JUL OCT JÀN OCT JUN APR

79 80 80 81 81 82 83

Actinobole uliginosum

Atriplex spongiosa

Bulbine semibarbata

Carthamus lanatus

Emex australis

Hypochoeris glabra

Lophochloa pumila

Medicago minima

Podocoma nana

SchÍsmus barbatus

Senecio quadridentatus

Swainsona oliveri

Vella annua

Vittadinia cuneata

0. 31

2.60

0.04

1.s6

1 .30

0.01

0.01

0.05

0. 01

o.'27

0.02

0.10

0.13

0.04

0. 14

0.16

0.03

3.13

0.04

0.16

0.01

0.38

0.01

1 .96

0.04

0.09

0.01 0.02

0.02

02

0.03 0.04

0.010. 01

0.03 - 0.09

0.02

0.01 0.05 0.14

0

0 .42

IaþIe 5-4 Mean density per quadrat (0.5 m X 0.5 m)for the
less eommon species not presented in Fig. 5.4 & 5.5. None of the
above specÍes u¡ere present in January 1982 or rA.3"-at lgBZ.
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Species number

23456789101712

t 0.3 1.0 6.9 0.3 1.0 3.3 0 0.6 0 0.66.9
-l(***

2 6.9
**

0.1 9 .2 10.8
** **

13.0
***

5 .2 0 !5.7 0 9.5
* *** **

3 1.2 0 0 18.0 0.5 0 1.7 0 0.1***

4 0 0 0.1 1.5 2.3 0.6 1.7 0

5 9.0 1.3 0 0.4 8.0 0 5.4** ** *

6 2.9 0 0 7.0 0.2 0.9
**

7 2.0 3.1 4.9 0.7 3.6
*

I 17.2 4
**

.5 15.1
* *t(*

3.8
*

9 0.1 18.0
***

4tr

10 2.8 8.6
**

11 3.4

table-5-5 Àssociation Ànalysis :October !979. The values in the tableare X2; *, 0.05 > p > 0.01; **, 0.01 > p > 0.001; xx*, p(0.001.
Species are 1. Dantho¡iq gqggpitesq Z. DeUqUS qlqchrdrelUg 3. gq¡chug
clerqqeus 4. Euphoeþie drumnqnd4 5. He[plezuE pyflecq 6. fSõãtgpu¡qte[r¡Àfelte 7. Gqqdemq pusÀ]liflqre 8. Þsacþycom" Iinecdlõþs 9.
Àqlr¡qbo]e uliqrnesu¡ 10. Lqphqqhfqe pun¡Ie 11. Þulþine J"*l¡ei¡.gs t2,
Ssh¿qnus þcrþqlus
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Species number

3456789101112137415

17 .2 7.2 11.9 78.2 1
*** **l(

7 3.8 0.4 1.3 3.3 1.1 0 0.5 6.4
-*

2 7 .3 4.0 3.5
***

3.6 1.5 1.9 1.0 3.3 4.8 1.7 4.5 5.5 7.4
* *l(

3 4.3 3.9 3.4 4.0 2.9 13.4 71.s 11 .5 14.7 0.4 5.3 0.2
* * * *** *x* l$(* *** *

4 8.0 7 .6 0.1 3.3 5.8
***

4.8 7 .9 22.2
* t(* **x

7.7
I$f

6.8
tf*

0

5 4.6 3.4 6.1
ìê *

9 .7 13.7 0.? 4.3 0. 4** *** *
0 9.1

**

6 0.3 6.8
**

0 1.6 3.7 1 .5 0 2.4 72.0
-***

7 t2.5 0
***

2 7 .3 1.3 1.8 0.2 7.1 0
**

I 0 8.6 2.6 0.9 2.2 77.6 2.3
** ***

9 9.6
**

9.0 12.5 5.3 3.5 0
** **x l(

10 t9 .4 t7 .s 4.9 3.2 0
lË** *** *

1t 13.1
*x*

7 .4 5.5
** t(

0

72 5.8 11.4
* **lÉ

0

Teþle 5¡[ Àssociation Ànarysis :JuIy 1980. The va].ues in the table areX2. *, 0.05 > p > 0.01; **, 0.01 > p > 0.001; xxx, p(0.001.
species are 7. Qanthonia caespiÈqga 2. planleqq drun¡q¡dii 3. Dagcusq.Lgchidialus 4. So¡ç.þus qleraqsss 5. Eupbqrbie drus&q;ãii 6. Calqtil
hispidula 7. Crassulq çqlorata 8. Eernaria hffgq!è 9. Uelipt"r..rn
pygmeeu¡ 10. Goodenie pgsiltiflqra 11. Lgqgtopsis greminifqlfe 12.
Brcchvqeme linecr!þþê 13. ledlcagq minrma t¿. ¡tripiex spoñãiqgg 1s.
lqdqcoma ¡a¡a
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2 3

Species number

456 7 I 9 10

1 0.5 10.4
t(*

0.6 10.8 4.3
tÊ* *

0 0.8 0.8 0

2 0.7 0 6.0
-**

0 0 0.3 3.1 0

3 4.8 7.6 0.7
* *

0 9.6 2,3 0
**

A 3.5 0 0.1 3.s 0.4 0.1

5 2.0 0 6.3 0.2 0
*

6 0 0 7,6 0
*

7 0 0 24.4
*l(*

I 0 0

9 0

fable 5.7 Association Ànalysis : October 1980. The values in the
tab]eareX2. *,0.05>p>0.01; **,0.01 >p>0.001; r(**, p(
0. 001 .

species are 1. Plantaqo Qrummondii 2. Malreana scLerolaenoides 3.
gonqþus qleraceus 4. EUBhorbie deummondii 5. Hernaria hiisugg 6.
$vraingona oliver! 7. Goodenia pusii[flore 8. carthamus lanatus 9.
Uypgqhoefis glabrq 10. Pqdqqoma Dana.
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234
Species number

s67 89101712
1 0.1 0.3 0 4.5 0.1 0.1 0.1 0.3 2.3 0.1 0.4

tÊ

2 0.1 0.8 7.4 0.1 2.0 3.3 0.3 4.2 1.3 0.1
*

3 7.2 0 0.1 0.1 0.8 3.6 1.3 0 1.6

4 9.7
*t(

1.6 0.8 9.4 0.1 5.1 2.6 5.1
** * *

5 2.4 7.4 9.5
**

0.4 18.9
***

9.0
**

7.2
**

6 0.1 0.8 0.1 0.5 0.3 3.9
l(

7 10.7
*x*

22.2
***

4.2 1 .3 0.1
*

I 6 .4 36.5
* ***

t7 .4
***

3.5

9 3.1 4.9
*

0

10 21.3
***

2.6

7t 0

labfe !.8: Association Analysis i Àpril 1983 The val.ues in the table
areX2. *,0.05>p>0.01; **,0.01 >p>0.001; **x, p<0.001.
Species are t, lrodium cygnorum 2. Plantaqq druE[qldli 3. Dagcus
si.qchidialus 4, EwbqrþÍa drsmmsndii 5. ealqlrg hispidule 6.
Eqferqfqenq qþ!ÀqUIqUÞpIE 7. Helipterum pyg¡aeum 8. fgqglqpsigqreUi¡ifolÀq 9. 9wa!¡gona olÍveri 10. Goode¡fe pggÀllfflqre 11.
Uedtcagg nÀnrme 12. Ietfegqnta eremaea
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Danthonia-Euphorbia
Danthonia-Brachycome
Daucus-Sonchus
Daucus-HeI interum
Daucus- I soetopslg
þgçge-Goodelia
Daucus-Lophochloa
Daucus-Schismus
Sonchus-Goodenia
I soetopsí s-HeI interum
Eel¿ptc¡¡s-tspheshlss
Lophochloa- I soetopsi s
Brachycome-Àct i ngbo.þ
Brachycome-BuIbine
Àctinobole-Bulbine
Schismus-lqpþsghloa
0sÉhs¡re-Calotis
Plantaqo-Daucgg
Daucus-Brachycome
Sonchus-Euphorbia
Sonchus-Brachvcome
Sonchus-iledicaqo
Sonchus-Àtriplex
Euphorbia-Isoetopsis
luphorbia-Goo{enia
Euphorbia-Brachycome
Hernaria-CaIotis
Herneria:Podocoma
Crassula-Hernqçþ
Cragsula-Calotis
Hernaria-Àtriplex
HeI ipterum-qqedelfe
He L ipterum-Brachycome
Goodenia-Isoetopsis
Goodenia-Breçþycome
Goodenia-Hedicaqq
Goodenia-Swainsona
Brachycome-Àtriplex
ì{edícaqo-Swainsona
Plantaqo-Sonchus
Plantgge-H$netie
Hernari a-l,l . sclero I qeno i des
Sonchus-Carthamus
Goodenia-Podocoma
Euphorbia-Calotig
Calotis- isoetopsis
Calotis-Goodenia
Calotis-Hedi caqo
Calotig-Tetraqonia
Hel ipterum-$gg4ÞS¡g
Hedi caqo- I soelopsis

lable 5.9 Species pairs which shos¡ed significant associations ( p <
0.01 ) at the Overland paddock site 1979 - 1983. * indicates a
sigmificant association. + irdi.cates both species present but no
significant association. - indicates either one or bolh species absent.
Sampling times ! 1. Oclober 1979 2. JuIy 1980 3. October 1980 4.
January 1981 5. 0ctober 1981 6. January 1982 7. June 1982 8. Àugust
1982 9. Àpril 1983.
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Eicrure !*1 Contour map of Overland Paddock study site.
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Fiqure 5.2 Layout of the overland paddock site with guadrat positions
shown.
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Figure-S.6 Density distribution of Danthonia caesnitosa at the Overlardpaddock study site.
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Figure-S.7 Density distribution of Danthonia caespitosa at the overlard
paddock study site.
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Ficrure 5-8 Density distribution of Stipa nitidq at the Overlar¡d paddock
study site.
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flqure 5.9 Density distribution of Stioa nitida at the OverLard paddock
study site.
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Fiqufe !.11 Density distribution of Haireane sclerolaenoides at theOverlard paddock study site.
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Fiqure 5.12 Density distribution of Erodiun cvcrnorum at the Overlard
paddock study site.
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Figure 5.13 Density distribution of Erodium cyqnorum at the overlard
paddock study site.
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ÀPRIL 1983

Density 50 25

Fiqure 5.14 Density distribution of Erodium cycrnorum at the Overland
paddock study site.
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Erqu[e 5-15 Density distribution of TetrageDiq eremaea at the Overland pa.ddock
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Fiqure 5.16 Density distribution of Sonchw oleraceus at the overlard
paddock study site.
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FigYrel.lT Density distribution of Pl.antqp drummondii at the overlandpaddock study site.
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Fiqure 5.18 Density distribution of Daucus qlochidiatus at the overlard
paddock study site.
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Fiqule Þ.19 Density distribution of Selerolaena oblicruicuspis at the
Overl.and paddock study site.
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Ficrure 5.20 Density distribution of Euphorbia dnmmor¡dii at the
Overland paddock study site.
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Fiqure 5.21 Density distribution of Euphorbia drummondii at the
Overlard paddock study site.
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Ficrure 5.22 Density distribution of Euohorbia drummondíi at the
Overland paddock study site.

o



Density

Page 135

10 5

oCToBER 1979

JULY 1980

OCTOBER 1981

co

oQo o o

ooo

oo
o

Fiqure 5.23 Density distribution of Goodenia pusil.liflora at the
Overland paddock study site.
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Fíqure 5.24 DensÍty distribution of GoodenÍa pusilliflora at the
Overland paddock study site.



Page 1 37

?

Density 5
ocroBER 1979

o o oo oo o

o ô o

o o o o o o

o oô ooo

o oo

JULY 1980

ocroBER 1980

o o o Oo

10 o

Qo o o

Oo

oÒ

oo

oooo

Oo

o

o

^
o o o

o

o o

oo oQ OOo

ooo (:o

oo oQoo
oQ"O Oo

o

o

o

o o o

Fiq=ure-S.?5 Density distribution of vittadinia ctrneata at the overlardpaddock study site.
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Figure 5,26 Density distribution of vittadinia cuneata at the overlard
paddock study site.



Page 139

Density 10 5

oCToBER 1979

o Ooo

o o

o o o

JULY 1980

ÀPRIL 1983

Fiqwe 5.27 Density distribution of Isoetoqsis crraminifolia at the
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Figlre 5.28 Density distribution of calotis hispida at the overlard
paddock study site.



(mm)

L323

t38ø

198 I

L982

I 983

20

20

20

20

t323

t98ø

t 98l

1382

I 983

25

5ø

25

20

JFIIAIJJASONO
'FNAIJJASONO

25

5ø

7

2

JFNANJJASONO
o
tttd
+)
Êo
(J
t¡
oÈ

JFNAíJJASONO

J Fr1AIlJJASONO JFIIANJJASONO

JFNAñJJASOND JFNANJJASONO

3ø

2tr
'u0(q
o
¡A
.È
laJFNANJJASOND .tFllAllJ -J A S O N D

Fiqure 5.29 Rainfall (lefthand) and soil moisture (righthand) for
Middleback station 7979 - 1983. The soil moisture seguence was
calculated from the model of Nob1e q975),

\ NJ"v --t\i



Paqe 142

NODE A

NODE B

cies, October 1979 0.001 < p < 0.01
ines), dashed lines indicatã

(2) Daucus glochidiatus (3)
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lfSUfeJ=f! Node of associated species, JuIy 1980 p < 0.001, dashed
lines indicate dissociation. (1) lqnthonie cgespitoia (3) lqggusqlqsbidielus (4) Solchus oteraceus (5) Eupþgr¡iã diunqnOii--i-6:
Çal.otis hispidula (7) erasssla sqtqrale <Aj-Uerneiiã-niisüte (9)
Hefiptczun pyqreeu! (10) Goodelrc puËfl[!]qre aitj-fseélqpsrs
s¡q¡lnifoliq (12) !¡sçhycqne U¡eerrleÞs crli ¡Lripfêx-yèsjqãiic(15) Pqdqco[a lana
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Node À

Node B

Efqge_5,32 Nodes of associated species 0ctober 1980 0.01 > p > 0.001
(double Lines); p < 0.001 (Triple lines), dashed lines indicate
dissociation. (1) plgntaqq drUUUq¡dii (2) Maireanq gqletqleengrdes
(3) goncþgs oleraceug (5) Hernarie hirgUts (7) Çoo{gnÀg pUgÀ_LIiflqra
(8) Ca*hanqs lanetug (10) Podqcome na¡q
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EfgUEC_5-33 Node of associated species, Àpril 1983 0.01 > p > 0.001
(double lines); p < 0.001 (TripLe lines). (4) Euphorbia dzunngndfr (5)
Çalglis hispidule (7) flelipterum pygttaeum (8) lsqetapsig greminifqfia
(9) 9wainsqne oliveri (10) Gqqdenie pusil[f]qre (11) Ucdicasq [inirc
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oCT0BER 7979

JIJNE 1980

0CToBER 1980

NS

ElgUle_S,34 Influence analysis for the association betr.¡een Danthonia
sqeEpilasa and EuphsrÞ-re druunsndr-r

2



PLATE 2

Changes in the annual flora with time:

(t) Annual growth in October 1980 at the Overland

Paddock study site, dominated by the tvuo grass

species Stipa nitìda and Danthonia caespitosa.

(2) Annual grorvth in Apri I 1983, dottti nated by Erodi um

c.ygn0rum.





THE INFLUENCE OF BUSHES UPON PATTERN

IN ÀNNUAL VEGETATION

6.7 Introduction

In this chapter the influence of perennial bushes upon the

occurrence and distribution of annual species in the area immediately

around them is considered. 0bservations of the distribution of annuals

in the field indicate that there is a high density of plants grrowing

beneath the canopies of perennial bushes.

The studies $¡ere designed to test: (1) whether certaÍn annuals

occurred beneath perennial. shrubs more often than wouLd be expected due

to chance and (2) íf. annual plants were distributed evenly around the

bushes.

6.2 Species incidence

6,2,7 Introduction

Three sites, two dominated by !!¡!pIeX vegigarlq - UelregDq

eedif.qlfe and the other by Ueffee¡C pyge[idele, were selected to

determÍne whether the pattern of annual plants differed beneath

perennÍa1 bushes as opposed to the interbush region. The study was also

repeated at one of the À-vesiceqia - M*ggdffqlfg sites over three

readings to determine whether the pattern changed from one year to the

next. The il-pyueqdelq site was located at Cocoa dam in Depot paddock.

6
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One A.veslsqrig-M.sedifqHe site was in the north-east of Railway

paddock and the other at the site described in chapter 5 in the

south-east of Overland paddock (Fíg 2,7),

6 .2.2 Methods

A circular quadrat with a radius of 0.6 m centered on the middle

of the bush was used to sample beneath the bushes. In the À_veslcarig -
U-sedrfqlia vegetation type the two species are usually found growing

in very close association. In this case it was not possible to record

the annuars separately for the two perennial species, cosequently they

were considered as the equivalent of one bush unÍt.

A bush was arbitrarÍJ.y chosen and the annual species growing

beneath it were recorded. A second bush at least 3 m away was selected

and the annual species were recorded in a quadrat placed at the mid

point between the two bushes. This procedure was repeated until 25 bush

and 25 interbush regions had been sampled. If a different perennial

species occupied the interbush region then an alternative interspace

was selected.

Initially all three sites were sampled in June 1980. The site in
Overland pa.ddock was sampled again in Octoher 1980 and October 1981. On

the-se occassÍons the same area was sampled but not necessarily al1 the

same indivÍduaI perennial plants,

The patterns of occurrence vrere tested to determine if the

species were occurring in either of the quadrats more often than wouLd

be expected due to chance alone. This wa-s done by compa.ring the

recorded values with the expected values using the x2 test. The Z x 2
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table in this case differs to that used for the usual )G calculation

because equal numbers of bush and interbush quadrats were sampled and

this resulted in two of the marginal totals being fixed and equal. A

table of this form is often called an homogeneity table.

6 .2.3 Results

Site 1. À.veslcsria - U-eedifqlia

Twenty seven annual species !¡ere recorded at the À.vgglcagia -
U*gedrf.ollq site in Railway Paddock. Ten of these species were found to

be significantly associated with the perennial bushes. These were

Zyqqphyllu[ sp., gotcþUs g]eUeqCUg, paucus glqqbidiatus, QmphalcfeBpUlq

concavq, Tetfeqq¡fa eremaea, Hairqana tufþfnele, Àlffplgg veslce¡ls

(seedling), ÞUeehyqqne Ir¡eeEIIeþE, Dissqgqfpus þifLorus arrcl

$qleeefeeng qþUzurqugpig (Table 6.1). ErqdfUU gygnorum was the only

species significantly dissociated from the bushes indicating that it
mainJ.y occurred between the bushes.

A number of the species found in the study ü¡ere present at very

low frequencies, some represented by onj.y a single occurrence. The ]ow

frequency does not provide information upon the distribution of the

species other than the fact that it is uncommon in the area sampJ.ed. It
is more useful to define a separate group in which such species of

"unknown" behaviour can be pLaced and to discuss the groups separately.
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Site 2. !*vesiqaria - M.sedifqlie

Àt the À-yegiqeEie - [.sedifolia site in Overland paddock, Zz

annual species urere recorded of which 5 were associated with the

perennial bushes. These were sonchug aleæseus, þgcus g.lochidÍatus,

Tetraqc¡ls eremaea, Qrnphalolappulê conqe e and ilaireana gxcavate (TabIe

6.1). As for síte 1 there $tere several species of annuals that occurred

both beneath the bushes and in the interbush region. There were also a

number of species of low frequency.

VJhen a similar study was conducted at a later date (oct 1980) at

the same sÍte, a slightty different result was obtained (Table 6.1). A

total of. 26 annual species r¡ere recorded of which 13 showed significant

associations. Positive assocÍations were shown by 10 species: Sqnqhus

qlCfaqeue. Bcachycame ltnegEl]gþq, DeUqUg glpchidfetus, IsqelqpSie

qlqnf¡ffqlia, Ompþe]efqppUla colcava, Maireana exqevata, Goode¡ia

pUÐIIIÉIgte, HefiplezuU Bygmaeum, podcqome nana and Uaifeeng

lUfþfnqle, Negative associations were recorded r^rith Zyggphyllu[ sp.

and Eupþqrble dqummondff. EfgdfUn cygorum, Qantþq¡lq qeespllosa and

$qfefqle¡ea obliqUiqUgpis were aII present at hiqh freguency but

occupied both between bush and beneath bush habitats.

In June 1981 the annuaL flora was not as extensive and only 12

species were recorded. The only annual species associated with the

bushes was Tetrasonie elemaee. The species Dan!þsnig qaegpilqgq,

Erqdium cygnorum and Ueiegg¡e gqfeEqleenqfdes again showed no

preference. À number of the species such as þraqþygqqg ]i¡gqrilqþ,

Deugug qrqqhidiatus and Lsqelspcrs grqmrnrfolie were only found beneath

the bushes but their frequency of occurrence was too low to demonstrate
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this conclusively.

Site 3. Maireanq pvramidqte

Àt the U-Byfgnfdata site a total of. 29 annual species were

recorded (Table 6.1) of which 6 showed significant interactions with

the perennial bushes. lgtrgqonla ere[aea and lqþIenþergrc g¡acilis were

associated with the bushes. Tripqgg¡ lqlfffo!¡¡is, Àclineþqle

ufisl¡esum, Gqqde¡is zusil[flqre and Çqlotrs hrsprdulq were

dissociated from the shrubs. The majority of annual species at this
site appeared to show no preference for either the bush or the

interbush region but occured in either habitat.

6.2,4 Discussion

In some respects the results show a pattern of annual plant

occurrence similar to that observed by lJent (794Ð, Three main groups

of plants can be recognised on the basis of their interactions with the

bushes. The first group consists of those specíes which are found

associated with the perennial shrubs. The second group of specíes

predominantly occurs in the region between the shrubs. The third group

consists of those species which could be found both beneath the bushes

and in the interbush region, showing no preference for either habitat

A fourth group contains those species which were found at such low

frequency that they couLd not be classified into any of the first three

groups. Table 6.2 presents a summary of the species found for the

three main groups.
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The study described here was different to that of llent (t94D ín

that the patterns of the annual ptants were considered at a number of

sites and at one of these sites the changes r.¡ith time were also

studied. The upper half of Tab1e 6.2 records species that were

consistent in their association with the bushes; that is they were

found on].y to exhibit one association pattern on all occassions and in

alL studied places. The lower half of the table record.s species that

exhÍbited more than one type of pattern. 0n some occasions the species

were either associated with or dissociated from the bushes while at

other sites or at other times the same species could be found to show

no preference for either the bush or the interbush region. The small

annual Goodenia pusiftiflofa showed alt three pattern types. This

raises interesting questÍons concerning the stability of these annual

patterns and the possible causes of the species patterns.

In a study on mosses in the Middleback region (Howarth, 1983) a

similar pa.ttern to that observed for the annual plants was found.

Howarth (1983) argued that the bushes offered a shaded habitat where

moisture loss was reduced. A similar explanation may apply to the

annual species. The work described in previous chapters indicated that

annual plants are sensitive to environmental conditions and that there

may be differences in annual vegetation from one year to the next due

to variation in the prevailing conditions of moisture and temperature.

The region beneath a bush may provide a habitat in which there is a

slightly higher soil moÍsture due to reduced evaporation from the soiL

as a conseguence of the shading effect and this may facil.itate the

germination and survival of annuals.
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The two bush species often deverop a mound of soil and 1itter
around their base, possibly the result of the accumulation of wind

blown material (Ànderson, 7969), These mounds have been shown to have a

higher nutrient status than the interbush regions (Correll, !966) and

thÍs may also influence the behaviour of the annual plants.

The study by Went 1942) was expanded by Huller (1953) and Muller

& MuIler (1956) who found that an inhibitor released from certain

species of perennials influenced the behaviour of annual plants. A

major difference between that study and the one described here was that

different perennial species often demonstrated different infLuences

upon the annual plants. From this study it is not possible to draw

conclusion-q on the differences in the annual plants found beneath

Àtffplq¡ yegiqarlq - Malfegng gedf[Afia clumps and beneath Maireang

py[e[IdqLc. For cornparisorrs of this type the perennial species would

have to be investigated at the same site. Unfortunately no areas could

be found where aII these three perennial species occurred together,

The differences in annual pattern from one year to the next may be

the consequence of different environmentaL conditions. when soÍL

moisture conditions in the interbush region are marginal for the

survival of annuals, the bushes may provide a more mesic habitat. In
years of above average rainfall many of these annuals couLd survive in

the region between the bushes due to the higher soil moisture. This

hypothesis is supported by the results presented in chapter 5. In
October 1979 and July 1980 the frequency and density of a number of

species (which were recorded as bush-associated in this chapter) were

hÍqh although the quadrats in that study were placed away from the

bushes. This provides more evidence on the instabiiity in annual
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distribution and occurrence over time.

6.3 Pattern beneath individual bushes

6.3.1 Introduction

The distribution of annual plants does not appear to be uniform

beneath perennÍal bushes. Bushes of A-yegicaria and U-gedlfgllq were

sampled to test whether there were differences in the distribution of

annual, plants around the base of these species.

6.3.2 Methods

The study was conducted in the exclosure in the south-east corïer

of Overland Paddock (described in Chapter 5). Ten indíviduals each of

Atriplex vcslcalre and Malrgq¡q sedlfolia were arbitrarily selected.

Individuals with a dense foJ.iage were chosen, clumps of bushes or

partially defoliated índividuals were not sampled.

Individuals of U,gedlfqfia are often larger than those of

A-vgsiqaria and so different sized quadrats were used depending upon

the species which was being sampled. For À-ygsicalig the quadrat uras a

circle of 0.4 m radius centered on the individual. For M-sed folia a

circle of 0.6 m radÍus was used. The circuLar quadrat was divided into

eight sub-quadrats representing 450 arcs clockwise from north

(FÍs.6.1).

The number of pLants within each sub-quadrat was counted. The

dominant herbaceous species Dqnlhqnfq qeespiLosa, Malreana
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gqleroieercldes and Scle¡qlee¡e oblfzulqUgpis were harvested and theÍr

dry weight determined.

6.3. 3 Resul.ts

Density

Twenty-six annual species were found beneath bushes of À-vgslqel¡e

and 29 beneath U-gedffqlie. The mean number of plants in each

sub-quadrat for the more e-bundant species are presented in Figures 6.2

e 6.3. The means and standard deviations of all species are presented

in Àppendix 3.

The total number of índividuals recorded around the two species

of bush is shown in Figure 6.5. For both bush species there was a trend

for more annuaL species to be present around the southern side of the

bushes, although thÍs was more pronounced for M-sedifolia than for

À-vegiqgliq. The same applies to the number of individuals present

around the plants. For M-sedrÉqlig there were approximately 3 times as

many individuals beneath the southern parts of the bushes as beneath

the northern parts. Àgain the trend was not as clear for annual plants

under À.vgsica¡ia. For this species the lowest numbers of individuals

were found in the range north-east to west and the highest number were

found in the range south to north-east.

The clistribution of annual species which are not presented in the

figures was patchy with no clear trends, although some showed a slight

tendency to occur around the southern sides of the bushes. Examples of

this were from data for QCIqlic hrSpfdule, Goodenra pgsÀlllf]orq and
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Senecie quadridq¡latug beneath Uefeee¡e eCdffolfe and Uedfqege miniqq,

$eneg¡q sgadtrdenlelUe and ZygophyllUn sp. beneath èlrtple5 vegiqatre.

Biomass

The biomass results for the three dominant herbaceous species,

DenLhsnrc qeegpflsse, Sq]crqfeerc aþUsuiquspis and Maireene

EqfefAlOetAfdeg, are presented in Figure 6.4. The results are presented

in two different ways. FirstLy the total biomass of the harvested

species in the sub-quadrats is plotted and secondly the mean individual

plant biomass (the total biomass per species per suþuadrat / the total

number of individuals per suþuadrat of that species) is shor^?n.

The biomarss of Dq!!Þqnie qeggpitqsa beneath Maiqeane sedi olia was

greater, on average, in the southern than in the northern suþuadrats.

For A-vesÀcqlla there was a high biomass in the range west to south

with a secondary peak between east and north-east. The mean plant

biomass shows a quite different pattern. Beneath [.vesicaria the

individuals of Dgllhq¡re qaeÞpilega were larger on the northern side

whereas beneath U*sed¡fglie the largest mean individual biomass was

obtained in the region north-west to south-west.

The greatest biomass of Ueffgene gqlg4gleeUqides occured on the

northern side of X-eedrfglia individuals with the lowest biomass

occurring crn the southern side. The biomass of U.sclgrqlaenoides was

low beneath À,vesicq¡lq with only a slight increase on the northern

side. The mean plant weights showed a simÍlar trend with the greatest

plant size on the northern side for M-sedrfq!¡c and a very pronounced

peak obtaj.ned between east to north-east for À*vesÀqaltg.



Page 157

SqlerqleCtg abliqglgggplg, showed a similar result to
M-scle¡qlecrcrdeg with a high biomass on the northern side of the

M.sgdifolia individuals. The mean individual weight was also greatest

in this region. The trend beneath e.vesiqqfia was not as clear due to

the very low biomass beneath this species.

6. 3.4 Discussion

The results presented for the total flora indicate that there was

pattern in the number of individuals that occurred around the bushes.

The differences around the bushes were far more pronounced for Maireane

sedrforre than for ALriplcI veElger¡e. The results are more difficult
to interpret at the level of individual annual species. Species such as

DqUqus qlochidietus and [aþle¡þgr_qia qteqillg show clear trends,

occurring in greater numbers on the southern sÍdes of the bushes. In

contrast other species showed no clear pattern of occumence around the

bushes.

A simÍIar phenomenon to that described for annuals has also been

observed for moss species in the same area (Howarth, 1983). Her

explanation in the case of the mosses was that the southern side of the

bush was shaded for much of the day. The Lemperature was lower in this

area as a conÈequence and there was a reduction in the loss of moisture

by the moss. This may also apply to annual plants. Lower temperatures

at the soil surface would reduce the rate of moisture loss and this may

enhance the germination of annual species whose seeds germinate on or

near the surface. In contrast, the northern side of the bush which has

direct radiation for most of the day would have a much higher rate of
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moisture loss from the soil. The northern side of the bush may not

differ significantly from the interbush region in terms of

microcl imatic characteristics.

The leaf cover of the two species varies. Haireana sedifolÍa often

has a very dense canopy whereas À,yCgiqeftq is open. Ueireene Sedifqlfe
may more effectively shade the region beneath the bush than À-yesicaric

and this may J.ead to the more pronounced zonation of annuals around

this species as observed in this study.

Once pattern in the distribution of annuals beneath the bushes has

developed it may be self maintaining. The bushes act as a wind break

and the wind velocity in the lee of the bushes may be reduced

considerably. The seed of species growing between the bushes may be

dispersed beneath the bushes but the seed of plants beneath the bushes

may not move away from the parent plant. (Chapter 7)

6.4 Conclusions

The distribution of annual plants is patterned with respect to

individual perennÍal bushes at Hiddleback station. A group of species

was identified which occurs predominantJ.y beneath the bushes. Ànother

group avoids the bushes. A third group consists of those species with

no preference for either area. This corresponds closely with the

findings of tlent (7942), except that at Middreback station a grroup of

plants was found which could occur in different habitats dependÍng upon

the prevailing seasonal conditions. under good growing conditions

plants in this group were a-ble to expand their distribution from the

mounds beneath the bushes to include the interbush region.
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Às weII as the patterns between the bush and the interbush region,

patterns were found in the distribution of annuals around the base of

the bushes. There etas a grreater species diversity on the southern side

of both À.vesica¡lg and !-ggQ[fo1ia and a greater number of individua]s

in this region. The information at the species leveL $,as more difficult
to interpret. Some specì"= 

"hor"d 
distinctive patterns around the base

of the plants whereas others showed little pattern.

The pattern of annual plants around the bushes is probably a

consequence of the variation in microha-bitats around the base of the

bushes. The shading effect of the bush causes lower temperatures and

reduced moisture loss on the southern side which may provide a suitable

habitat for a number of annual species, The species which were

restricted to the region under the bushes were often found in greater

numbers on the southern síde of the bushes.
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Plantago drummondii
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Schismus barbatus
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Stipa nitida
Swainsona oliveri
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Iebie 6J Associations betçleen annual plants and perennial bushes.*, 0.05>p>0.01 : xx, 0.01>p>0.001 ;***, p<0.001. Negative sign to the
association indicates signif icant dissociation,
ns = non significant. - indicates species absent

À = Overland site (A-vesicqeíe / U-eedrfqlia). B = RaiLway paddock site
(A,vesicaçLg / M-Sed¡fqIfC). C = U-pyramidala site
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ASSOCIÀTIONS NO PREFERENCE DISSOCIATIONS

______9:::t_i___ Group B Group c
--------I ---I-----

Daucus glochidiatus Gnephosis burkitii Àctinobole uIÍginosum
Dissocarpos biflorus crassula colorata Tripogon lolÍiformis
Helipterum pygmaeum Danthonia caespitosa
Isoetopsis graminifolia Emex australis
Omphalolappula concava Hernaria hirsuta
Tetragoniâ eremaea Hordeum leporinum
tJahlenbergia gracilis ì'f . sclerolaenoides
Zygopyyllum sp Hedicago minima

Plantago drummondii
Schismus barbatus
Stipa nitida
Lophochloa pumila
Vittadinia cuneata

------I-- -I-------
À:B Brachycome lineariloba

Podocoma nana
Sclerolaena obl iquicuspis

_____::Tï:_:1;::::::_____ _r_______
B:C Calotis hispidula

Erodíum cygrorum
Euphorbia drummondii
Zygophyllum sp

------i-- -I-------
A:B:C Goodenia pusilliflora

ICþle 6.2. Summary of the behaviour of the annual species recorded in
the study. Group À plants ç,ere associated with the perenniaL bushes.
Group B plants showed no preference for either habitat and Group C were
dissociated. (A:B) were plants found in groups A and B. (B:C) were
found in groups B and C, and (A:B:C) were in all three groups. The
combination A and C did not occur.
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Efquqe-ÉJ Circular quadrat divided into eight sub-quadrats used for
sampling the density and biomass of annual plants beneath the perenniaJ.
bushes. When sampling f,trlplex vesicaria a radius of 0.4 m was used and
for Maireana sedifiolia a radius of 0.6 m.
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7. Seed Dispersal 0f Ànnuals

7,7 Introduction

Seed dispersal has been the subject of numerous investigations

(e.9. SmaII ,t9\8; Praeger ,7923; FieldÍng,7964; Gutterman et a!. ,1967;

Bullock,7977; Friedman & Stein,1980; Bansal & Sen,t987; Howe &

SmaIlwood,7982), The maín function of seed dispersal is often

considered to be the movement of seeds long distances from the parent

plant (Ridley,1930; Pijl,t969). In terms of the biology of a population

of plants, two main functions of dispersal can be identified. The first
is expanding the range or population size of a species and the second

is the maintenance of an already existing population of plants

(Harper,1977).

The dispersal of seeds from parent plants is achieved through

three main agents, wind, water and animal. There are a number of

species in the study area that are animal dispersed but these are

predomÍnantly perennial species. The main agent which disperses the

seeds of annual plarrts in the study region appears to be wind and for

this reason only this method of dispersal has been considered in detail

in thÍs study. The influence of ants on the dispersaJ, of annuals is

briefly mentioned Ín later sections.
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7.2 TheoreticaL considerations

The dispersal of seeds by wind can be divided into a number of

distinct phases. These were termed trajectories by Burrows (1973), The

primary trajectory is the movement of seed through the air from the

parent plant to the ground. If the seeds are subseguentty blown from

the ground into flight again these were termed secondary, tertiary,....
trajectories depending upon the number of times this occurrs. If the

seed rolls across the surface then this is termed the degenerate

trajectory. The division of seed movements into trajectories provides a

framework for the detailed description of seed behaviour. However in

the field it is difficult to obtain the necessary accuracy to describe

seed movement in these terms.

vJatkinson o978) used a simplified terminorogy dividing the

movement of seeds into two phases. Phase i dispersal described the

flight of the seed through the air and Phase II dispersal referred to

all subsequent movements after the seed landed on the ground. This

terminology is more suitable for describing seed movement in the field
and is adopted in this study.

7.2,1 Phase I Dispersal

The number of seeds that falì. upon a unit area of ground is a

function of the following variables: (1) The height and distance from

the seed source, (2) The concentration of the seeds at the source, (3)

The dispersabÍJ.ity of the seed and (4) The activity of the dispersing

agent (Harper,7977),
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In the case of the flight of seeds a simple relationship may be

expected between the density of dispersed seed and the distance from

the seed source. Burrows Q973,!975a,t97sÐ refíned these assumptíons

and produced predictive equations to describe the Phase I dispersal of

plumed seeds through the air. The ftight of the seeds was described by

three variables: (1) The height of seed release, (2) the terminal

velocity of the seed, and (3) the wind velocity. The terminal velocity

refLects the size and shape of the seed. The pappus on plumed seeds

acts as a drag parachute which slows the rate of faII of the seed. The

more effective the pappus, the lower the terminal veLocity. The slower

the seed falls through the air the greater the influence of the wind in

causing lateral movement.

The equations used by Burrows (1973) to describe the flight of

seeds were:

for horizontal movement

Uw = dx,/dt

where uw is the velocity of the wind, x is distance and t is time;

and for the vertícal direction

V = C-Vc

where v is the vertical velocity, c the terminal veJ,ocity and vc the

convection velocity.

The distance (D) moved by a seed released at a height (H) can be

described by the equation

D = UwliH/V

These equations were also expanded by Burrows (1973) into

non-dimensional forms and also included boundary layer effects. This

added comp].exity increased the difficulty of applyinq the equations to
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field studies of seed dispersal. To simplify the equation even further

in this study, the convection velocity (vc) was always assumed to be

zero.

The above equation indicates that if the wind velocity and the

height of seed release are kept constant for different species then any

differences in dÍspersa). distance can be explained in terms of the

terminal velocitíes. The terminal velocity can be used as an index of

the dispersability of different species.

The same factors will to some extent influence species which do

not have plumed seeds. The exceptions are dust seeds which åre so liqht
that convection velocities play a major role in their dispersaJ. and

aJ.so winged seeds r+hich can glide laterally through still air.

In this study ít was proposed to measure the relative

dispersability of serected annual species. using measurements of

terminal velocity and height of seed release it was proposed to predict

Phase I dispersal for these species for a ranqe of wind speeds. The

hypothesis proposed was that Phase I dispersal is only a minor

component of the overal,l dispersal distance for these annual species.

7 .2.2 Melhods

The method r-lsed by Sheldon and Bumows (1973) to determine the

terminal velocities of seeds involved sophisticated equipment r.¡hich

accurateLy measured the time taken for seeds to fall knov¡n distances in

stÍ11 air (She]don & Lawrence,!973), In this study the terminal

veJ.ocity of seeds of selected species was determined by releasinq seeds
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from a known height and timing their falt with a stopwatch. It r.¡as not

possible to measure the terminal velocities of species with large

velocites by this method. A rank ordering of the species terminal

velocities was obtained by simuJ.taneously releasing seeds of two

species and recording which fell faster. AII dispersal units were

checked to ensure that they possessed a mature seed.

The heíght of seed release was obtained by measuring the heights

of inflorescences on plants in the fieid. In many species seeds are

released from a range of heights on a single plant. In this study the

maximum height was measured, since the main objective was to determine

the maximum horizontal distance a seed could move through the air. T'he

numbers of seeds produced by EfpdfUU qyqpq[Um, Heliptetru$ pygmaeum and

Goodenia pusillifterq were counted on individuals in the field. The

numbers of seeds produced by the remaining specíes were estimated,

determiníng the averge number of seeds per inflorescence and the

åverage number of inflorescences per pj.ant.

7 .2.3 Results

Thre terminal velocities of the species are shown in Table 7.1 and

the average height and numbers of seeds are shown in Table 7.2. The

values give an indication of the relative disersabiLity of the species.

The terminal velocity was combined with the height data using the

equations of Burrows (1973 ; see section 7.2.1) to predict the flight
distance of the different species under different wind conditions

(Table 7 .3) .
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7.2,4 Discussion

The predicted distances that seeds may move under different wind

velocities demonstrates the limited influence of Phase I dispersal on

the movement of seeds of annual plants in this study. The two

composites VrlledrDrq quneeta and flelþþrum pyg[aeum have low terminal

velocities which suggests that the seed is adapted for flight through

the air. Both species have a pappus which would be expected to act as a

drag parachute (sheldon & Bumows, 7973). The 1ow height at which the

seeds are released from these species reduces the potential advantage

of their Iow terminal velocities. Species which have greater terminal

velocities but which are released from a greater height may be

dispersed further. Horizontal distance moved is proportional- to the

height of seed release but inversely proportional to the terminal

velocity. Therefore a species with double the termÍnal velocity but

with seeds released from twice the heiqht wouLd be dispersed the same

distance.

The predicted distances that seeds move may vary from one year to

the next depending upon the quality of the growing season. In good

yeqrs the pÌants may grow taller and so release their seed from a

greater heiqht and therefore have greater phase I dispersal. The

reLease height may also vary considerably on one plant. The height used

in this study was the mean maximum height of release. This would tend

to overestimate the overall, infLuence of phase I dispersal. for a

species.

!
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One of the assumptions made by Burrows (973) was that the seeds

were falling at their terminal velocities. For seeds released at very

low heights it is unlikely that they would have reached their terminal

vel.ocities.They would be falling at a slower rate and so may be

dispersed further.

The distance that seeds are predicted to move under influence of

the wind increases linearì.y with wind velocity. The predicted values

for seed movement are based upon a constant wind velo"lat. In the field

constant wind conditions are highly improbable. The usual situation is

for the wind velocity to fluctuate markedly. The magnitude of the gusts

of wind may be more important for Phase I dispersal than the mean wind

velocity.

Phase I clispersal is limited in the annual pJ.ants found in the

study region. There are however numerous difficul.ties in direct

extrapolation to a field situation of the predicted distances seeds

move. It was proposed therefore to measure the field dispersal patterns

(Phase I Phase Ii) of selected species and to compare these results to

the predicted distances for Phase I (Table 7.3).

7.3 Fie1d dispersal patterns

7 .3.7 Introduction

The previous section gave some indication of the potential

dispersability of selected species, The sÍtuation in the field may

produce different results regarding the distances seeds move. In the

rnovement of seed through air the shape and síze characteristics of the
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seed were accounted for in the terminal velocity (Burrows,1973),

however in field dispersal studies it ís not possible to differentiate

between Phase I and Phase II dispersal. The factors that influence the

movement of seeds on the ground would be quite different to those

through air. The shape and size of seeds would be important factors

influencing the distance seeds move along the ground. This section

describes the patterns of seed dispersal observed around annual plants

in the field.

Maireana pvreqidatg is one of the dominant perennial bushes of the

region. An individual was seeding while the other dispersal studies

were being conducted and so it was decÍded to compare its behaviour

with the annual species.

7 ,3.2 Methods

À number of different techniques have been used to monitor the

dispersal of seeds and spores. Possibty the most common method is the

use of seed traps. Traps are pJ.aced at varying distances from the

target plants and the number of seeds in each trap are scored

(vlerner ,7975), This technique has been most useful when studying the

dispersal of seeds or spores from the margin of a stand of trees or

weeds but has disadvantages. The seeds or spores found in the traps

cannot be identified as having being released from any ÍndivÍdual

plants unless isolated individuals are being studied. seed traps only

measure the extent of Phase I dispersal and do not allow the

measuremerrt of Phase I I dispersaJ. .
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Other techniques that have been used are radioactive tracers

(colwell ,1957 ) or paints and dyes (ltatkinson, t97s). using these

techniques it is possible to positively identify which individual plant

the seeds were released from. These techniques can also be used in

conjunction with seed traps.

The method used in this study to determÍne the movements of seeds

ç)as a rnodification upon the paints or dye technique. Fluorescent dyes

were applied to seeds or dispersal units while still attached to the

parent plant (P1ate 3). The technique used to apply the dye depended

upon the morphology of the species. À commonly used method was to place

a single drop of dilute dye on the seed or dispersal unit using a small

capiJ,lary tube. The dye is dissolved in organic solvent which rapidly

dries and leaves a fine film of fluorescent material adhering to any

irregularities or hairs on the surface of the dispersal unit.

Alternatively, a fine paint brush was used to apply the dye. care was

used to apply onry a mirrimum amount of dye. A large quantity of dye

r¡ould increase the weight of the dispersal unit and change its
dispersal characteristics.

The results are calculated as percentages of the recovered seed.

In tagging the seeds on the pJ-ants the aim was to tag as many seeds as

possible per plant. It was not feasible to count the number of tagged

dispersal units. It was found from studies where known numbers of seeds

were r'eleased on the ground, that the recapture rate for seed exceeded

95% (sect.7,5), The exception to this was yillcdr¡tq culeala which was

highly mobile under strong wind conditions. To ensure the hiqhest

possible recapture rate was achieved the area beyond the farthest

located seed was systematically searched,
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The dye was applied only to plants with mature seeds. Àfter the

seeds were released from the pl.ants they were reLocated at night using

a uV lamp run from a portable 72 Y battery pack. The plants were

inspected every second nÍght and any seed on the ground was recorded.

The seeds with dye showed brightty against the dark soil. The distance

and direction of the seeds were measured from the parent plant.

Dyes of different colours were used which allowed the dispersal of

a number of individuals of the same species in cLose proximity to be

studied at the same time. The species studied by this method $rere,

Danthonie cgespltosa, Stipg ¡ltidg, Erqdium cvsno[um, HClfBLCfum

pygmaem, Víltsdinia qgneata, !ç.lere1aena obliquicuspig, Ifairgs¡a

Sqferoleengides and U-pyrq[fdatg.

The study of the fiel.d seed dispersal patterns for lg¡!þq¡fg
qaegpitosa consisted of two separate groups of tagged plants. The first
group (A) consisted of 10 individuals in a dense stand of Danlhq¡¡e

qaespitosa in Overland Paddock. These individuals were outside the

eastern fence of the study site described in chapter 4. This group was

considered to represent a usual fieLd situation. The second group of

pLants (B) corrsisted of 5 individuals alongside the Middleback

homestead. This second qroup of plants were at a lower density and were

much larger than the individuals of the first group. Both groups of

pi.ants were monitored concurrently.

Sclerolaena obliggicuÊp-tg is not a true annual but an

in that it may live for more than one year when conditions

suitable. It does behave as an annual when the seasons are

sepraratecl. The structure of this plant is such that it has

ephemeraj.,

are

distinctly

a woody
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skeleton and when the plant dies the skeleton remains standing with the

fruiting perianth stilt attached. Over a period of time the fruiting
perianths are released from the skeleton. Because of the slow release

of the fruits, two separate readings three months apart were taken from

10 replicate plants.

7. 3. 3 Results

Da¡tþonls qeespllqge

The dispersal pattern (Fig , 7.1) was simirar for both grroups.

Peak seed faII was in thê range 0.2 m to 0.4 m from the parent plant.

The percentage of seed found in this range \tas z7"t for grroup À plants

and 20% f or group B plants. There r¡ras a steady decrease in the

percentage of seed found in successive distance intervals. The

cumulative percentages (Table 7.4) possibly give a better indication of

the díspersal distance for this species. For the group À individuals,

52% of. the seed was found within 0.4 m of the parent plant and for
group B individuals only 34% was found within the same distance. Within

1.0 m of the plant these percentages had risen Lo 92% and g0% for
groups A and B respectively. Virtually all the seed was found within

2.0 m of the parent plant, for grroup À, 99% and group B, 9g%.

The seed from group A plants was dispersed slightly closer to the

parent plant than for group B plants. The seed from group B was

distributed slightly more evenly throughout the range of dispersal

although the maximum distance moved by the seed was simil.ar for each of

the groups.
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Sclerolaeng qþIlqglcuspig

The dispersal pattern is shown in Figure 7.1. The peak seed fall
was found in the range 0.1 m to 0.2 m from the parent plant. From this
peak there $¡as a very rapid decrease in the distance dispersed and few

fruÍts were found greater than 1.0 m from the plant. For the cumulative

percentages (Table 7.4) 67% of the seeds felì within 0.2 m of the

plants for the first reading and 40% for the second reading. However,

99% of. the seed was relocated within 1.0 m of the plants for the first
reading and 94% for the second reading.

The seeds did not move far from the parent p1ant. The seed from

the second reading was dispersed slightly further than seed from the

first reading. In comparison with the results for lentheuê cacgpllqsa

the distrÍbution of dispersal distances was less for Þ-gÞflquicuÞprg

and the peak was more marked.

Ueffeeng sclelolaetqfdes

The di'spersal pattern for this -species (Fig 7.2) indicates that
peak seed faII occurred in the range 0.1 m to 0.2 m from the parent

plant. There was a rapid decline in the numbers of seeds found in

subsequent intervals. The cumulatÍve pecentages (Table 7.4) show that
70% of. the seed was found within 0.4 m of the plant and 9g% within 2.0

m. The maximum distance a seed was recorded from the parent plants was

2.07 n.



Efqdiuq cygtorum

The peak seed fall was in the range 0 -
there was a steady decrease in the amount of

cumulative percentages (Table 7.4) show that

within 1 m and 80% within 2 m of the plants.

seed moved was 4,2 n,
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1 m (Fig 7.2) and then

seed that was found. The

53% of the seed was found

The maximum distance a

HefrplefUm pygmaeum

This species is a small composite with relatively large achenes.

The pattern of dispersal of Hc[ptcrum pyqmaeum was different to the

previous species. The peak seed fall r.ras found within 0.05 m of the

pLants and this rapidly decreased such that few seed were found greater

than 0.2 m from the plants (Fig 7.3), This is reflected in the

cumulative percentages (Table 7.4) where 90% of the seed was found

within 0.2 m and 100% wÍthin 1m of the parent plant. The maximum

distance moved by a seed of this species was 0.9 m.

The restricted dispersal of this species was influenced by a

rainfall event at the time of seed release. The pappus and achene

release a sticky substance when wet and this causes the achene to

adhere to the qround surface.
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Maireana pyte¡ldalq

The peak seed fall was in the range 0.2 m to 0.4 m from the plant

(Fig 7.3). The cumulative percentages (Ta-ble 7.4) show that 50% of the

seed was found within 0.4 m and79% within 1.0 m and 90% within 2.0 m.

The maximum distance a fruit was recorded from the parent plant was 5.4

m

7.3.4 Discussion

The dispersal. patterns observed for the species in this study are

similar to those obtained for Eucalyplgs leglans (Cremer, 1965),

Yerbascum lhapsus (Salisbury, 1967), Selecio jqqqÞgee (poole & Cairns,

1940), IUSsiLeqq leqfete (Bakker, 1960), Picea gnqelms¡¡!! (Roe, 1967)

and pi¡gs CghIDqlC (Yocom, 1968). They are also simitar in form to the

pattern of dispersal poIlen from PfnUS qAUIleq¡ (Colwe1l,1951). The

greatest numbers of dispersed seeds are generally found near the plants

and there is a rapíd decrease in the number found with distance from

the source. The distance which seeds are dispersed depends upon the

species and can vary considerably. For some species it may be only

metres (Poole & Cairns,1940) arrd for others it may be as far as

Itilometres (Bakker, 1960),

The species studied at Middleback aLI demonstrated restricted

dispersal patterns with the seed not moving more than a few metres from

the parent plants. There were, however, differences in the dispersal

patterns of the species even ç.rithin this restricted dispersal. In

general, the results were símiLar to that obtained by Poo1e & Cairns

(1940) f-or 9eneqlq jeSSþqec where it was found that 60% of the seed
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fell around the base of the plants and only 0.39% of. the seed was found

greater than 4.6 m from the plants.

The studies of Poole & Cairns (1940), Roe (1967) and Yocom (1968)

were aII from the edge of dense stands. Cremer (1965) demonstrated a

difference in the behaviour of seed from the margin of dense stands of

EUcalyplUg leqlg¡g and individuals of the same species. The densest

seed fall was at the margins of dense stands but up to 30 m from

isolated individuals. AII species described in this study r^,ere isolated

individuals and showed dense seed fall near the parent plant.

The slight peak in the numbers of seeds found just away from the

parent plant probably indicates that thís was the range where the

majority of the seeds fell (Phase I) and then subsequent movement of

Phase II dispersal occurred, which would account for the larger

distances moved by a few seeds. The three nost clominant species over

the study region are Da¡Lhonie qasgpiLosa, gli_pq nfLtde and !¡cqium

crgnorum, obviously these species are not disadvantaged in terms of

their continued survival by their apparent restricted dispersal..

As well as the distance moved there is also the aspect of the

direction that the di-spersal unÍts are dispersed. The percentage of

dispersal units found in eight, 45 o arcs around the plants (Fig.

7.5) indicates that the dispersaJ. units of different species may move

different directÍons, The species alI release their seeds at different

times arrd the patterns are the result of different wind conditions at

the time of seed release.
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7.4 Density of seed faII

7.4.7 Introduction

The results presented in the previous section have been concerned

with measuring the distances that seeds move from the parent plant. The

results describe the movement of the seeds but do not provide

information upon the conseguence of dispersal in lerms of the numbers

of seeds that land per unit area of ground surface. The density of

seeds on the ground surface is important in determíning the consequence

of seed dispersal upon the seed store and the density of germinated

individuals.

7 .4.2 ilethods

In the previous sections, ciistance intervals were used to describe

the movement of seeds from the parent plant. This information can be

converted to a density measure by calculating the area of successive

dÍstance intervals around the plant and by knowÍng how many seeds felt
in each interval. The expected resuLt is that the clensity of seeds on

the ground would decrease with distance from the plant.

7.4.3 Results

The density of seeds per unit area was found to decrease rapidly

wíth distance frorn the plant in an exponentÍal manner. The data was

converted to J.ogarithmic form and it was found t.hat a linear

relationship exi.sted between the logarithm of seed density and the

distance from the plant (Fig.7.4),
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The relationship was of the form:

Log seed density = - À x distance + C

The variable A is the slope of the linear relationship with the

negative sign indicating that there was a decrease of seed density withr

distance.

Equations of this form were caLculated for aJ.I species studied in

the previous section. The values for the variables A a¡d c and the

significance of the regressions u." O."r"nted in TabLe 7.5.

7.4.4 Discussion

The seed falling on a unit area of grourrd has heen suggested to be

a function of three variables (Harper,lgTZ ) and that some simple

relationship probably exists between the density of ciispersed seed and

the distance from the source. The study of Roe (967) on licee
eDqCIneDDii showed a regular relationship between the logarithm of the

density of seed deposited and the distance from the margin of the

forest. The same relationshÍp was found for the species studied here.

The highest density of seed was found directly l¡eneath the plant and

then there was a decrease in density away from it.

The relationship between seed density and distance from the source

was considered by Harper (1977), The model used was that of van der

PIank (1963) who related the logarithm of distance to the logarithm of

infection density for crop disease epidemics. The slope of the Iine

relating disease intensity and distance gives jnfcrrmation crn the way-s

in which an invasion could spread. Generally, if the slope is that of
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the inverse square law or steeper a population will spread into

colonisable territory as an advancing front. The steeper the slope the

more sharply defined the front. DÍspersal curves with slopes less than

that of the inverse square Law will lead to a spread-out pattern of

isoLated colonists which may act as foci for new infections.

Hhen this was applied to seed dispersal it wa-s found that there

$ras a wide range of slopes. The species which showed the steepest

slopes were those r+ith no special adaptations for wind dispersaL. The

species with specialised mechanisms for wind dispersal generally would

tend to colonise not as an advancing front or a hori zort of. colonisation

but as isolated individuals over a great distance. In this study

lrodium cysnoruB, lq¡thq¡ia qeeËpitosa and Maiqea¡q pylq[lqela all had

slopes less than the inverse square Iaw, and the remaining species had

steeper slopes.

The analogy of advancing fronts is probably more applicabJ.e in

studies on succession. In the case of self-perpetuating vegetation it
means that seeds for those species with steep slopes are dropped near

the parent plant while those with slopes Iess than the Ínverse square

Law have a tendency to disperse and attempt to find new suitable

habitats for colonisation.

7.5 The movement of seeds al,ong the ground

7 .5.1 Introduction

Once the seed has reached the grouncl it does not rrecessarily mean

that the dÍspersal of that seed is completed. There are three possible
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fates for seeds following Phase I dispersal: l. The seed may remain in

the positÍon in which it lands and be incorporated into the soil seed

store, 2. The seed may be removed by predators such as birds, ants or

smalL mammals. 3. The seed may move across the ground in response to

the dispersal agents and then be incorporated into the seed store or

removed hy predators.

In the first instance dispersal is completed after phase I

dispersal. The effect of seed removal by a predator is considered in a

later section (7.6). The final possibiJ.ity, that of the seed moving

åcross the ground surface, is probabJ-y the most common fate for seeds

following Phase I dispersal.

The movement of seeds acro-ss the soil surface will be influencecl

by three main factors, wind velocity, characteristics of the seeds i.e.
shape and size, and characteristics of the soil. surface. When vieç¡ed

from a distance the soil surface may appear uniform u¡ith Iittle relief
but if it is considered at a scal.e important to the seed, then the

surface is highly heterogeneous. The surface can be reqarded as a

mosaic of different features. For the purpose of this stuciy three broad

categories were recognised: surface texture, surface topograþhy and

obstructions on the surface.

In the context of this str-rcly, surface texture is considered to he

the size of the soil particles on the surface. Throughout much of the

study region the soil has an extensive cover of cryptogams (Rogers,

1970). In areas where there has been heavy grazing the lichen crust has

heen broken up by the trampJ.ing of sheep and is repLaced Lry a fine

Iayer of gravel or sand. The size of the gravel or sancl partlcles will
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influence the movement of seeds across the surface. The larger the

grains the grreater the chance of seeds becoming caught between the

grains. The ability of the surface to trap seed will also depend upon

the morphologry and size of the dispersal unit. very smalL seeds may be

trapped by fine surfaces whereas larger seeds may move across the game

surface unimpeded.

Surface topography refers to the irregularities or microrelief of

the ground surface and this would be expected to be one of the major

factors influencing the movement of seeds acro-ss the ground surface.

The effect on seed movement would be much the same as the effect of

surface textures. The surface of the ground is not even or regular but

is a mosaic of small depressions and rÍses. The frequency and size of

the irreguLarities may determine how far a seed will rnove on the

surface.

In a study by Harper et al. (1965) a device was used to measure

the irregularity of soil surfaces. The device consisted of a number of

pins which were lowered to touch the soil surface. The heights of the

pins were measured and the irregularity of the surface r^tas measured as

the variance of the heights of the pins and was refered to as the soiL

microtopographical varÍance (SMTV). In the study by Mortimer (1974) the

device was used to measure the sMTV of prepared surfaces of greatly

differing SMTV. Seeds were then released upon these surfaces and their
movement followed. In the study described in the following section an

attempt was made to measure the sMTV of the ground surface under

natural conditions and then to determine if a relationship existed

between the soil microtopography and the Phase Ii dispersal of selected

spec ies .
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Another aspect that may influence the movement of seeds across the

soil surface is the presence of objects which may trap seeds and

prevent their movement. Surface obstructions in this instance refer

prÍmarily to litter on the ground and other pJ.ants that may stop seed

movement.

in this study the rnovement of seeds across the ground surface was

investigated to determine the importance of this dispersal phase

relative to the dispersal process overall.

7 .5.2 Methods

To determine the influence of surface texture upon seed movement a

range of different textured surfaces was prepared and the movement of

seed across these surfaces was morritored. The surfaces were ohtained by

passing sand through a nest of sieves to obtain three fractions of

different particle size. The range of each fraction was:

Fine((0.5mm)

Medium ( 0.5 mm - 1.5 mm)

Coarse ( > 1.5 mm )

7

2

3

These

three flat

remove a1l

infLuenced

surfaces.

fractions were then spread carefully on the ground to form

surfaces each 1 m X 1 m. The surfaces were smoothed to

irregularities other than pa.rticle size that may have

the movement of seeds. Care was taken not to cornpact the

The seeds of the species to be studied were tagged with

t-luorescent dye as described in section 7.3.2. For species where the
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seed was enclosed in a dispersal unit care was taken to ensure that

each dispersal unit contained a mature seed. The seeds were then placed

on the surfaces in a líne perpendicular to the direction of the wind on

the day of the study. A number of different species were used for each

observation. The seeds of the different species were placed alternateJ.y

along the line. Fifty seeds of each species were used. The distance the

seeds had moved after 6 hours uras measured perpendicular to the line at

whÍch they were released.

The surface topography of an area was determined using a device

similar to that used by Harper et al. (1965). Seeds of selected species

ç.rere reLeased on the area where the where the SMTV had been determined.

VJÍth this type of study it must be ensured that the seeds are released

under similar conditions. The seeds were released onto a circular

perspex plate of 40 cm diameter which was placed flat on to the

surface. The perspex provided a very smooth minimum friction surface

which did not significantly restrict seed movement. The seeds were free

to move across the surface of the disc until they reached the edge, at

which stage movement was influenced by the soiL surface. The distance

moved was measured from the ecige of the disc.

The seeds were fluorescently tagged as described in Section 7.3.2,

The distance the seeds moved was measured and expressed as a mean

distance moved for each species. The SMTV was also determined around

the disc as described above. The study uras repeated on two different

occasions under different wind conditions.

The influence of surface obstructions ç¡as determined by seJ.ecting

two adjacent areas, 3 m x 1.5 m, and removing al-I surface obstructions
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from one area. All twigs and litter were carefully removed and any

annual plants were harvested with as little disturbance as possibJ.e to

the soil surface. Batches of 50 fluorescent painted seeds for selected

species were placed on perspex plates as described above. Àfter 24

hours the seeds were relocated using the W lamp and the microhabitat

where the seeds were found was recorded and the mean distance from the

margin of the plate measured.

Not all the species were studied on the same day and so

dÍfferences in direction and speed may be responsible for some inter
species differences. For any species the movement of seed across the

two areas was studied on the same day under similar wind conditions.

For this reason the discussion is primarily concerned with the

difference in the behaviour across the two areas. Only minor

consideration is given to inter species comparisons and only for gross

differences in behaviour.

The morphology of the species discussed in detail in the

following sections is shor¡n in figure 7.6. The weights of the dispersal

units (Table 7.6) also give an indication as to the size differences

between the species.

lJind speed was recorded from a fixed anemometers above bush

height. The wind information has not been presented in this thesis. A

problem encountered in the study was an accurate determination of the

influence of wind speed upon the seed movements. The recorded wind

speeds were the average over the period of each study. This does not

necessarily give an indication of the conditions which are influencing

the seed. The wind velocity at the ground surface wiLl be lower than
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that measured above bush height. Also, the average wind veLocity may

not give a true indication of the conditions. The wind does not have a

constant velocity but fluctuates. It was felt that it would be

misleading to present the actual wind data and so trends in seed

movement are discussed relative to trends in wind conditions.

7.5.3 Results

In this section figures are presented to show the behaviour of

selected species. vJhere species showed very similar pa.tterns of

movement, the results for only one species are presented in the

figures.

The species can be divided into three groups depending upon their

response to wind speed and surface texture. The first group consisted

of two species, Plentaqg drUnUqndfi (Fig, 7.7 ) and Calqtig hrepidUlq

whÍch showed very little movement on any surface and at most wind

speeds. Both these species have small seeds. The only wind conditions

which caused movement were winds which were strong enough to cause

considerable movement of the surface particles.

The second group consisted of four species whÍch were highl_y

mobile on all surfaces. 0n aII surfaces and at all wind speeds most of

the seeds moved off the prepared surfaces. Three of these species,

Danlhonia geegpflagq (Fig.7,8), lrodlgm cygnoru4 (Fiq.7.9) and glilq

nllrdg aII possess a large hygroscopic awn which holds the seed at an

angle to the ground (Peart,7979) or off the ground. This position

allows the dispersal unit to move across the surface in response to low

wind velocities. !¡lladinia quneata has a small dÍspersal unit with a
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fine pappus which moved across the surface in response to light winds,

producing a similar pattern to that presented in Figure 7.8.

The remaining three species were Íntermediate between these two

groups, showÍng varying degrees of movement in response to both surface

texture and wind conditions. The response of Sclg¡glqg¡e qþUqgtqqsprg

to these two variables is shown in Figure 7,70. The stronger wind

speeds moved more seeds across the surface and.the movement of seeds

was grreater on the finely textured surface than the coarse surface. The

second species in this group, Goode¡ia pqsiltiflgla, has a small saucer

shaped dispersal unit (Fi1.7.6) and the response of this species was

much the same as that of SqfgfqleCne qþIizuIqUEpÀS with stronger wind

speeds moving more seeds across the surface. The movement was more

pronounced on surfaces of smaLler grain size.

ÇCfthenUg IenalUS (saffron thistle) differs from the other species

considered in this study in that each flower head produces two seeds of

different morphology. The inner florets produce an achene with a eturdy

pappus whereas the outer fLorets produce a naked achene. The two

morphologies were studied and this allowed an estimation of the

effectiveness of the pappus for this species. The achenes which

possessed a pappus were more mobile than the naked achenes (Fig. 7,71 î'

7.12). The naked achenes did not move far except under strong wind

conditions and even under these conditions none of the achenes moved

all the way across the surfaces. In contrast, the plumed achenes moved

much greater distances and this movement was greater on the fine and

medium textured surfaces than on the rough surfaces. The pappus

appeared to become trapped between the surface particles on the rough

surfaces whereas this drd rrot occur on the fine sr-lrfaces and occurrecl
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to a lesser extent on the medium surfaces.

The study of the movement of seeds across an area of soil where

the SMTV had been measured did not produce the expected result. 0f the

species studied only three species of seed appeared to be influenced by

the surface irregularities. These species were Plantago drummondii,

Calollg bfSptdUle and the non plumed seeds of Qar!þqmug langlug. The

seeds of the other species studied moved freely across the surface and

beyond the measured area.

The seeds of PfilÉqqq drummqldli were never found further than 2

cm from the edge of the perspex pJ.ate. These seeds are very small with

no appendages and are therefore effectively trapped by irregularities

in the soil surface, as these irreguJ.arities are of a scale greater

than the size of the seeds themselves. The behaviour of Calotis

hfEp¡dUle was similar to that of P.drummon{ii with the seeds not moving

further than 6 cm from the edge of the perspex pJ.ate and 90 % of the

seed found within 2 cm of the plate. Again the small size of the seeds

of this species is the reason for the lack of movement. This species.

also has small spines on the dispersal unit r¡hich would restrict

movement on the ground surface.

The third species which showed little movement was the non plumed

form of seed from Cartha¡us !ana!ue. Seeds of this species were not

found further than 14 cm from the edge of the plate and 92 % were

within 8 cm of the p1ate. The reason for the lack of movement by this

species is probabJ.y quite different to those for the previous two

species. The seed in this case is much J.arger and of a near spherical

shape. The large size tends to restrict its movement as greater wind
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velocities are required to move the seed. The plumed form of the same

species $tas more mobile under similar wind velocities. 0f the remaining

species of seed used in this study, only occasional seeds were found on

the measured area and this was usually the result of the seed becoming

trapped by a crack in the soil surface.

The results on the influence of obstructions upon the movement of

seeds (Table 7,7) sho$r a marked difference between the species. Three

species, Plantqge dru[rnendll, HeLlpteeUU pyqmaegm and Goodenia

pusiilÍflo[q, showed very little movement of their seeds. In general

the seeds of these species were trapped by irregularities in the soil

surface soon after they had blown off the perspex pIate. They did not

move far enough from the plate to be influenced by the presence of

annual plants or litter.

The movement of more mobile species such as Danlholl_q qeespitosa,

Villadinie cu¡eele, EfodiUm cygnorum, Maiceana gqlerqlqe¡qlQes and

Stipq nfltde appeared to be influenced by the presence of annual plants

or Litter on the ground. À large number of the seeds of these species

Iodged against obstructions. The mean distance moved by the seeds also

shows the effect of obstructions. In the area where obstructions were

present the mean dispersal distance ç¡as less than for the bare area.

7,5.4 Discussion

The results indicate that for some of the species studied, seed

movement was restricted due to the texture of the surface. other

species were not greatly influenced by the surface texture. The degree

to t^thich a species moved across the surfaces also depencled upon the
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wind strength. The species could be divided into three groups based

upon their dispersability. There were two extreme groups of non-mobile

and highly mobile species. The third group was intermediate between

these two groups. À similar study on the movement of seed along the

ground was conducted by Mortimer 1974) who also found that the

movement of seeds was infLuenced by the soil texture and the seed

morphology. in that study the differences in the textures were much

greater than those used here. The textures used here were similar to
the field conditíons that may be experienced by a seed in the study

region.

The study emphasises the importance of the seed morphology in

influencing the movement of seeds across the ground. Naked seeds do not

move greatly across the qrround surface, as was shown by plgllCqq

dru¡mondii and Ca¡lhamgg la¡atus even though there u,as a considerable

difference in the seed size between these two species (Table 7.O.It
is difficult to predict the behaviour of some species on the basis of

theír morphology. vittadinia cuneqlg has a highly mobile dispersal unit

due to the pappus on the achene but the three other mobile species

Denlhonia caespllgsa, EredlUm cygnozum and Slim l¡tldq do not have

morphologies that would usually be equated with effective dispersal but

rather with burying the seed. The awn faciLitated the movement of

these species across the ground by an erratic rolling motion.

The presence of a pappus does not necessariJ.y ensure that the

species wilL be dispersed long distances, as can be seen by the

difference in behaviour between vilLedinia quDeeta and Çarthamue

Isnatug. The pa.ppus of c.Ianatus must be regarded as being important

for this species as shown by the difference between the pappus and
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non-pappus forms of the seed.

The study did not demonstrate a range of differences in species

response to surface irregularities. Rather it shor¡ed that two groups of

species could be identified. Those whose seeds were trapped by the

surface irregularities and so showed Iittle movement comprised one

group, and those which were not affected by the surface topography the

other.

These'results cannot be considered conclusive but rather

demonstrate a trend in species response. A different result may have

been obtained under stronger or lighter wird conditions. The degree of

soil surface topography would also influence seed behaviour. If the

study had been conducted in an area of highly disturbed soil then the

movement of many more species may have been restricted. The stgdy does,

however, show that seed movement was influenced by and seed size and

the possession of appendages. The seeds which did not move were either

smaLl seeds or large seeds and none possessed large appendages. The

species which possessed wings, plumes or açrns al1 moved more freely

across the soil surface.

The movement of seeds along the ground surface (phasg II
dispersal) can be greatly influenced by the presence of obstructions.

For species with relatively immobile seeds the effect is negliqible.

These species tend to have smaller seeds which are trapped by

irregularities in the surface that are of a scale ]arger than the

seeds. For those species which can move more freely across the surface,

the presence of obstn-rctions reduces their ability to move. The lack of

influence of the surface topography was unexpected. Limited phase II
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dispersal was initially thought to be the result of surface topography.

It could be however, that other factors such as the presence of twigs,

Iitter ard other plants may be more important than irregularities in

the surface in restricting the dispersal of seeds.

In a dense population of annuals it could be suggested that as

more seed would be produced there would be a greater chance of seeds

being dispersed further from the parent plants. The results presented

suggest that in a dense population of annuals there would be very

Iimited movement of seeds. Escape may only occur from those plants near

the margin of the population. The discussion is not restricted to the

single species population. In a dense population of annual plants made

up of numerous different species the dispersal of al.I species would be

restricted. In years of above average rainfall there may be dense

swards of annuals which effectively restrict their own dispersal. In

contrast, in years when annual plants are less common, dispersal may

occur to a greater extent. In terms of the success of annual plants in

an arid environment restriction of dispersal may not be a disadvantage.

Dispersal may be acting to maintain the population rather than expand

its range or population size.

7.6 Ànts

It has been reported that ants may be an important dispersal agent

(Berg,7975; Ridiey,1930; PijL,7969; Davidson & Morton,1981) by

collecting seed and transporting it to their nests. The ants remove

elaiosomes or other structures and then discard the seed. Some species

of ants collect the seed as a foocl source (Tevis, 1958c). In this case
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the ants remove the seed from the dispersal structure and discard the

dispersal structure as debrÍs around the entrance to the nest.

in the study area it L¡as observed that there was considera-ble ant

activity with some species collecting large numbers of seeds of

different species and the entrances to the nests of some ant species

are surrounded by the debris of dispersal units. 0n one occasion a

study of seed dispersal from Danthenfe saespitqse had to be abandoned

because of seed removal by the ants. The ants had climbed the plants

and were removing the seed from the inflorescences, including

fluorescently tagged seed. þJith the UV Lamp the ants could be easily

followed camying the fluorescent seed back to their nest.

There were three genera of ants that were recorded collecting

seed. The ant genera and the species of seed that were col.lected are

presented in Table 7.8. The ants removed a range of species of seed and

there was little difference in species of seed collected by the

different genera of ants. The species most commonly collected were

Dantba¡fg cgespitosa, Sclerolaena qþl:Lguicusnis and l'lairea¡q

sclerolaenoÍdes. The proportions of the different species of seed

around the nest varied considerably between rrests and appeared to be

related to the composition of the annual flora in the area around the

nest. There were also changes in the seed collected with time depending

upon which annual species had reached maturity.

The list of species of seed collected by the ants is incomplete.

There are annual species with a dehiscent seed that has no dispersal

structure. These species would not be recorded in the debris around the

nests. There were also a number of species of low occurrance j.n the
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study area which were not recorded as ant-predated. In other areas

where these species occur in greater numbers they may be predated by

ants

The observations on ant behaviour were designed to determine

whether the ants were acting as agents of seed dispersal. The

observations indicate that the ants are primarily seed predators since

no evidence of seed dispersal was found. This result is in contrast to

that recorded by other workers (Berg,t975; Davidson & Horton,1981) who

found that ants may play an important role in dispersal of some plants.

The ants probably play an important role in the dynamics of the seed

store of annuals through the predation of seed. Investigation of this

aspect of annual dynamics was beyond the scope of this study.

7.7 Discussion and conclusions

One view of díspersal is that of Gadgil 1977) who stated:

" In a very general way, the factor favouring evolution of

dispersal would be the chance of colonising a site more

favoura.bLe than the one that is presently inhabited ...
Àn organism should disperse if the chance of reaching a

better site exceeds the expected loss from the risk of

death during dispersal or the chance of reaching a poorer

habitat. "

This vier¡ of dispersal is supported by Harper (1977). From this it
wouLd appear that there are a number of possible explanations for the

behaviour of the annuals observed in this study. The first possibility
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is that the habitat is reratively uniform and the species obtain no

advantage by the expenditure of energTy upon dispersal. À second

explanation could be that the habítat is highly patterned but the scale

of pa.ttern is such that the probability of a seed reaching a new

habitable site is very low and the tendency to disperse is restricted.

Ànother possible explanation could be that due to the extreme

variability in the habitat, especially over time, the plants have

developed other specialisations at the expense of dispersal

morphologies. This view is best summarised by tJent n979) who suggested

that the seed of annuals should be regarded as a survival. unit rather

than a dispersal unit.

In the case of Dan!þg¡lg cqespitosa, Stipq lllidq and lrodlg¡
cvsnqËuo it was shown previously (chapter 5) that these species were

dominant at the study site. These three species all possess a

hydroscopic awn which arlows the seed to be buried in response to

rnoisture or humidity changes which cåuse the awn to unwind and then

re-wind (Peart , 1979). In most instances the seed from these species

penetrates the fine network of cracks on the surface. It may be that

for these species it is more advantageous to be able to place the seed

below the soil surface rather than disperse. It was also noted that

lrodiu¡ gyq¡oEgm and DantþA¡iê qqespttogq were dispersed greater

distances than some species which might be expected to be effectively

wind dispersed. This is a consequence of Phase II dispersal being more

important than Phase I in the dispersal of annual plants.

Helipterum pygmaeuB is another species to which this argument may

be applied. This species is a member of the Compositae and has a

relatÍvely large achene and pappus for the size of the p]ant. The study
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of this species showed very limited díspersal. This was due to a light
rainfall event at the time of seed release. The achene is covered with

a dense tomentum of hairs and when these are wet they release a

mucilagínous substance which binds the seeds to the surface. The same

applies to Planlaqo d¡gmmondii another species of very restricted

dispersal. In the case of these species, rather than reLy on dispersal

to locate suitable microhabitats for germination they effectively

create their own microhabitat for germination (Harper & Bent.on ,!966),

Àn aspect about which little is known are the rare events of long

distance dispersal. Exampl.es which may cause this are unusually strong

wind conditions at the time of seed release or when the seed is on the

ground, or smal1, atmospheric vortexes locally termed "wiJ.Ly willys"

which may move across the area Iifting soil and plant material from the

ground surface. ExceptionaJ.Iy wet conditions which cause flooding and

sheet flow across the ground surface may also cause long distance

dispersal. These rare and unpredictable events may disperse seed for

considera.ble distances (Ridley, 1930; PijI, 7969) although it is not

feasible to actually measure the effect. They may be important for the

seed and to some extent reduce the necessity of the seed to have

specific adaptations for dispersal. The unpredictabiLity of the

environmental conditions may favour limÍted dispersal so that the seed

falls near the parent popu].ation where the conditions are known to be

favourable for growth and survival.

This difference in dispersal was taken into account in a model of

germination and dispersal by Venabj.e & Lawlor(1980). They suggested

that there may be different germination strategies associat.ed with the

different dispersal strategies. Species that release their seed near
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the plant should have a hiqh degree of innate dormancy whereas those

which were dispersed to new habitats should be less rigidly controlled

so that they could better utilíse any suitable habitats that were

located. They applied this to seed released from single species and not

to the differences between species. It is however an interesting

concept that there may be links between dispersal and the germination

strategy.

The concept can be tied to the two different functions of

dispersal described by Harper 1977). The first was the maintenance of

existing populations and the second was expanding the range or

populatÍon sÍze of a species. For desert annuals the maintenance of an

existing population would be represented by the release of seed near

the parent plant with a high degree of Ínnate dormancy, so that there

çras a sizeable seed store of dormant seed to insulate the population

from unfavourable conditions. Expanding the range or populatíon sÍze

(Harper,t977 ) refers to the dispersal of seed in search of new habitats

suita-ble for colonisation. This is a much more chance related

phenomenon, where the plant relies upon the chance that some seed,

usually a small number, will land in a suitable habitat. These seeds

will then be able to immediately utilise the habitat and produce seed.
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Species Terminal Velocity (m/sec)

llttgdi¡ia cu¡gate

He1fplerum pyflseu¡

Stipe nilida

þ¡thoniq qeCspitage

Qalotis hispidule

lroQium qyqnpEUm

UairCArc gqleqglaenelQqg

Çqodcnie pueilliíIora

Qelthemug lqnetus (plumed)

Pla¡tasq dzunuqndg

ÇArlhenUg lanelUg (non-plumed)

1.11

1.77

7.25

7.42

1 .53

1 .53

7.66

1.66

2.50

>2.50

>2.50

Tebie-Z-l Terminal Velocities for selected species. Terminal. velocity
was calculated by dropping seeds from a height of 2 m and timing their
fall with a stop watch. The terminal velocities are the mean for 10
dispersal units for each species and repeated drops of individual
seeds.
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mean

HeÍght(cm) Seed no

sd (n) mean sd (n)

DC¡Lhqnie qqespitegg

Eredigtr syg¡qrum

HeIIBlerun pyqmaeus

$qlerqlee¡e qbL iqu¡gugplg

Mailgane sclerolae¡Aideg

VftLedt¡ia guneata

PfenLeqq druuuendir

Gsadsnia pusiliiflq¡q

stim nitids

18.6

3.5

7.7

11.5

7.7

8.2

6.4

3.9

21.7

6.3

1.0

7.6

2.6

1.8

2.4

3.2

1.3

7.7

(100)

(200)

(25)

(75)

(75 )

(25)

(25)

(25)

(s0)

510

5.2

4.9

58.2

68.9

51 .9

494

10.8

173

ts9
! 3.2

! 2.7

!12.6

!20.4

!77.2

! 723

+ 4.5

+69

(25) e

( 200 )c

(25) c

(25) e

(25) e

(25) e

(25) e

(25) c

(25) e

+

+

+

+

+

+

+

+

+

IeþIe-7.2 Mean maximum height of seed release and the associated
standard deviation obtained by measuring the heights of inflorãs""nc"=in the field.n= the number of inftorescences measured. The numbers of
seeds per individuaL ç¡as counted for some species c and estimated for
the remainder e.
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G

5

10

15

20

25

30

35

40

45

50

55

60

65

70

0.17

0.35

0.52

0.70

0. 88

1 .05

1.23

7.40

1 .58

7.70

1 .90

2.17

2.28

2 .46

0. 09

0.19

0.29

0.38

0.48

0.57

0.67

0.77

0. 86

0.96

1 .05

1.15

1.25

1 .34

0.06

0.72

0. 19

0.25

0.32

0. 38

0.45

0.51

0. 57

0.64

0.70

0.77

0. 83

0.90

0.10

0.20

0. 30

0. 41

0. s1

0.61

0.77

0.82

0.92

7.02

t.72

1.23

1 .33

1 .43

0. 03

0.06

0.09

0.12

0.15

0. 19

0.22

0. 25

0.28

0. 31

0. 35

0.38

0. 41

0 .44

0.03

0.06

0.09

0.13

0. 16

0.19

0.22

0.22

0.29

0.32

0.35

0.39

0. 42

0. 45

t.24

0. 48

0.72

0.96

1.20

1.44

1 .68

1.92

2.77

2.41

2.65

2.89

3. 13

3.37

lable 7-! The predicted distances (m) seeds of 7 species would move
through the air (Phase I dispersaL) for different wind speeds. The
species are À. Denthqge qeegpitq-sq B. lrodium qyqnorum C. Helipte¡gm
pygmaeum D. Meifeana sclerqlae¡oideg E. Villedinle qunea!:a F. Qoo{enlgpgsiliflorq c. SLrm ¡¡lrdq.
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1 .0 2.0 Hax

EËcd:Lum cyqnorum

Danthonia caespitosa

D.cqegpltqsa B

Scle¡elaena_qÞI :lzulcuspi g

S.cþI:Lquicugpis B

Uetreena scl eroleenqldes

HeI¡ptCzun_pyqtseq!

U,pyfamidatq

10.0

24.5

13.1

67.1

40. 6

34.8

90.3

6.1

26.6

51 .9

34.0

86.9

66.6

70.7

94,9

49.5

36.6

73.7

52.7

95.0

79.9

85. 5

94.9

67.8

40.0

87.2

68.4

99.1

84.7

97.1

99.5

72.2

53.3

92.9

80.6

99. 5

94.2

94.0

100.0

79.1

79.9

99.8

98.6

100.0

100. 0

98.6

100.0

90. 4

4.2

2.2

2.6

1.1

1.8

2.7

0.9

5.4

Taþlg 7={ The percentage of the seed found within areas of increasing
radius and the maximum distance at which a seed was relocated for 6
different species.

Species A c r'?

lrodium cyqnomm

Danthqn:Le g.aesgltosa( A )

Dentho¡ia caegpllggg( B )

$qþrqlsena eþILsulcusÞLs( À )

Scleqqlaena obliggicuspis( B )

Maifeana sc I egsl,aeno¡.deg

Helfplerun pygmaeum

Ma:irgana pvraglQqla

-0. s3

-1.77

-1 .36

-2.87

-2.27

-2.60

-6 .46

-1 .51

7.tt

3.90

3. 40

3.00

3. 20

3. 40

3. 30

3.90

0. 99

0.99

0. 98

0.96

0. 93

0.97

0.87

0.75

IebIe-Z-5 The values of the constants À (sIope) and C (intercept) and
the significance of the regression equations for log density versus
distance from the seed source for species discussed in Section 7,4,
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Species

I.IEÏGHT OF I.¡HOLE DiSPERSÀL IJNITS

tJeight (gm)

calqtlg hispidulq

Plantege druU4etdfi

Danthqnia caespltosa

9!:.pe nitida

YitÞedinle su¡eqta

HclipLeeun pvsmaeum

Sclgrol.aena obl iquicuspi s

lEodium cvqnorum

Efedign cyq¡erum (de-awned)

Mairesna sclerolaenoides

Çgr-Lherug Lanatus (plumed)

Carthamus lanatus (non-plumed)

1 .002

1.087

1.298

1 .396

1 .438

2.490

4.428

76.250

5.648

8. 330

26.290

21 .880

10-r

10-3

10-3

10-3

10-3

10-3

10-3

10-3

10-3

10-r

10-3

10-3

x

x

x

x

x

x

X

x

X

X

X

x

Table 7¡[ The weights (gm) of whole dispersal units for 10 species.
Weights were calculated by weighing 5 batches of 25 dispersal units for
each of the specÍes. The batches s,ere weíghed on a MetLer analytical
balance.
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Plants
Twigs/
litter

Bare
soi I

Hean
distance( cm )

p*caespitoga
Dense
Bare

S. obl iquiç.ugpis
Dense
Bare

H. sclerglaenoideg
Dense
Bare

V. cuneata
Dense
Bare

P-druunqtdi!
Dense
Bare

E. cvg¡qru[
Dense
Bare

H.pygmeeUU
Dense
Bare

G.pugilliflqra
Dense
Bare

9-¡i!ide
Dense
Bare

75
57

27.6
41 .3

49
94

59. 3
140

64

77

77

32
74

4

26

1.5
1.5

0
0

36.5
78.1

I
43

9
6

6

42

77
85 15

62.5
560

100
100

0

6
0

62

:

:

66

76
83

t4
7

22
77

160
290

14.9
14.7

78
93

18.2
79.7

89
100

27
76

13
24

97.2
160

Ieblg-Z-Z The effects of obstructions upon seed movement. The numbers
in the table are the percentage of the released fluorescently tagged
seed which were identified as trapped by plants, twigs,/Iitter or
remained on bare soil. The two categories "Dense" and "Bare" refer to
two different areas where the experiment was conducted. The "Dense"
area had a dense covering of annuaL pJ.ants. The "Bare" area had no
annual plants.
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Meloporus sp Pheidole spp CheLaner spp

Danthonia qsespitigg *

Àtriplex vesicaria t(

À. stipitata l(

Daucug qlochicliqlge *

Stipa nitida *

Haireana exceya'Eg *

l,l.pvramidata *

M.sedifolia *

H.sclerolaenoides *

Tetraqonia eremaea *

Calotis hispidula *

Isoetopsis gremlnifolia *

Vella annua *

Sclerolaena obliquicuspis *

S.patenticuspig *

Erodium cyqnorum *

Sc 1 erochlanys brachyptera

Omphalolappula concava

Plantaqo Qn¡¡¡ondii

Vittadinia qgneata

Sida intricata

Iab1e 7.8 Species of seed whÍch were recorded being harvested by three
genera of ants in the period 1979 - 1983. This table was compiled by
observation of ants in the field and recordÍng the seeds the ants were
collecting. Àdditional information was obtained by collecting the
debris from around the entrance to nests and inspecting it under a
binocular microscope to identify the species of seed that had been
col lected.

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

l(

t(

*

*

*
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(b) Dispersal pattern from Sclerolaena obliquicuspis (O)

first reading; (o) second reading.
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Fiqr.lre 7-{ The relationshíp between the log of density seed faII and
distance from the plant: The qraph is drawn using the same intercept
value for all species, this allows comparison in the rate of decrease
of relative seed density between the species. All regressions were
significant (Table 7.5) (a) Dqnthqnia qeespilose 1 (b) D.ceesp-llqsa 2

(c) gglefolaena qblizuicuspis 1 (d) S,pbliqUicugpis 2 (e) Ueifeem
sclerolagnoideg (f) Efq{Íum cygnotu[ (g) Helfplerum pygmaeum (h)
Maireane pvrami{sls.
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FlgUfC /-þ Drawíngs of the dispersal units of some of the species considered in
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texture increases from fine to coarse down the page and wind speed
increases from left to right across the page.
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movement of seeds of Erodium cvrlîorum across three
fferent texture at five differer¡t' wind speeds. Surface

Ficrure 7.9 The
surfaces of di
texture increases from fine to coarse down the page and wind speed
íncreases from left to riqht across the page.



a¡¡(,
¡-z
ft:(J
É
Ir¡
o-

tøø

5g

tgø

3ø

tøø

5B

-ú
I
i.o
rD

NJ

@
{¡4241{124al

DISTÀNCE INTERVÀLS (C}I)

Fiqure 7.10 The movement of seeds of Sclerolaena cþIiquicuspis across
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Surface texture increases from fine to coarse dourn the page and wind
speed increases from left to right across the page.
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PLATE 3

( 1) Inf I orescen ces of Danthon'i a caespì tos a

vrith fIuorescent dye appfied, under

natural f i ght.

(3) An individual of Danthonia caespi tosa

tagged with orange fluorescent dye in

the fiel d"

(2) The same inflorescence illum'inated

wi th UV f i ght.

(4) A fl uorescently tagged di spersa'l uni t

of Danthonia caespitosa on the ground.

a
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8. DISCUSSION AND CONCLUSIONS

8.1 Introduction

The aim of this study, described in detaiL in Chapter 1 of this

thesis, was to investigate pattern in populations of annual plants in

the Middleback area. The behaviour of annual plants in the Middleback

area was in some aspects similar to those reported from other arid

regions (l,lent,1948 ,7949; Beatley ,7967 ,7974; Tevis,1958a,b; Mott,t972ai

LorÍa & Noy-Meir,1980). There were however some aspects which had not

previously been reported.

The studies described in thi-s thesis can be broadly separated into

two types; (1) investigations of the temporal patterns of species

occurrence and abundance, (2) investigations of the spatíal patterns

exibited by the annual species during the periods of germination and

growth. InitiaLly it was proposed to investigate predomÍnantly spatial

patterns, however, as the study progressed it became evident that the

factors that were influencing the temporal patterns were also

influencing the spatial patterns. The results of studies on the spatial

pattern of annual pLants indicated that there \.¡ere changes, in spatial

pattern through time. To some extent these changes and hence the

çntterns themselves, were the result of the temporaL influence on

annual populations. For this re,sson the initial discussion centres

around the factors that influence the appearance of annual. pl-ants and

following on from this, Ís a consideration of how they may also
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influence spatial pattern.

8.2 Temporal patterns

The factors that lead to the spatial and temporal patterns of

annual plants observed in this study can perhaps be best considered

through the factors which affect annuals throughout their life cycle.

The life cycle of an annual is essentially the same as that of a

perennial plant that reproduces fnom seed- The main difference between

the annual and perennial life cycle is the time taken for completion of

the life cycle. In the case of annuals seed set usually preceeds the

immediate death of the individual. The changes in temporal and spatial

patterns of annual plants can be explained in terms of the relative

importance of the dÍfferent stages of the life cycle. There are stages

in the life cycle of both annual and perennial pl.ants which can be

identified as being important to the development of spatial patterns.

A generalized Life cycle of an annual plant is shoçm in Figwe

8.1. The factors which influence the seasonal occurrence of annuals are

those earJ.y in the life cycle, speciÈically those that affect

germination. There åre a number of studies çrhich suggest that the

floristic composition of the annual vegetation is determined at

germination ([,]ent,1948,7949). The subsequent factors such as

competition and mortality during the growth phase appear to be less

important. This is in direct contrast to perennial plants ç¡here

competition, both interspecific and intraspecific, is a major factor

influencing the floristic composition of the vegetation over J.ong

períods of time. In the case of annual plants, if the floristic
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compositÍon is determined at germination then to a Iarge extent the

spatial pattern wiII also be determined at germination. If the pattern

of annuals is largely determined at germination then the distribution

of seed in the soil wil] also play an important role in the

determination of spatial pattern.

The factors that influence germination can be divided into two

gTroups. The first are environmental factors and the second are inherent

seed characteristics, for example seed dormancy. This discussion is

centered on the environmental influences as these are the factors that

change from season to season and from one germination event to the

next. The three environmental influences considered here as being of

rnajor importance are rainfall, temperature and microsite. These three

factors can be consídered as a set of filters. A seed must have its
requirements satisfied at each filter before it has the potential to

germinate. The fiLters themselves can be considered as differential

filters, excluding some species but allowing other species to pass

through for any gíven set of conditions.

Studies of the autecology of species have often concentrated upon

the specific requirements of the species for germination, growth and

fi.owering. The assumption is that by understanding the species

requirements and responses then it aIlows a better understanding of the

species behaviour in the fieLd situation. This is undoubtably true but

an aspect often not considered, especially in arid areas, is that the

environmental conditions are highly variable. It is nol often that

"optimum" conditions for germination, growth and flowering occur. This

is of particular importance when considering a compLete annual flora

rather than just individual species. The resr-rltant annual vegetation
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may be the sum of the species responses to conditions that are not

"optimal" for any individual species in the annual vegetation.

The primary requirement for the germination of annuals is

available moisture, however, available moisture does not exert an "all."

or "none" response for germination. Available moisture is the amount of

moisture in the soil and it cannot exceed the field capacity of the

soíI. There is a great deal of evidence that the amount of avaíLable

moisture influences the success of germination. l{any species are highly

susceptible to changes in the available moisture at germination. Moore

(1946,1958) found that allowing soil moisture levels to drop to less

than 60 % of. f.íeld capacity before re-watering reduced the level of

germination in Danthonia. HcvJilLiams and Phillips (971) also found

that the germination of Dantho¡ig and ÀstreþIa, both arid zone species,

was greatly reduced at osmotic potentials less than - 10.0 bars.

Mott(1972) also found similar results for three arid zone species in

l,lestern Australia. Mott compared hís results to two pasture species and

concluded that desert ephemerals are poorly adapted to germinatÍon

under moisture stress.

The consequence of a differential germination response of species

to moisture stress is that if aII other factors were unchanged, the

available moisture alone has the potential to cause changes in the

floristic composition of the annual vegetation. This may not play an

important role in a climatic system which has predictable heavy

raínfall events which raise the soil moisture to field capacity

regularly from year to year. In a system where rainfall is erratic and

there are numerous rainfall.s which do not saturate the soil, floristic
compostion may be determined partialÌy by the intensity and duration of
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rainfal I .

Throughout this thesis there has been a tendency to compare the

Iater annual vegetation to that obtained in 1979 and 1980. There was

considerable disappointment when the annual vegetation in subsequent

years r.ras less diverse and at much lower density. In reality the annual

vegetation in those first two years of this study was exceptional. Àn

annual vegetation of such diversity and density is an unusual event,

caused by a progression of heavy rainfall events that saturated the

soil and maintained high soil moisture levels for extended periods of

time. In those two years it is unlikely that the differential. effect of

moisture stress elas a major determinant of the floristic composition

whereas it may have had a major effect on the later populations of

annuals studíed.

Another major factor, besides rainfall, that wilI influence the

appearance and abundance of annual plants in a population, is the

temperature both at the time of the initiating rainfalL event and in

the days immediately fol.Iowing the rainfall. The temperature can have a

selective effect upon the species that germinate and the quantity of

germination that occurs for each species. It ís weII recognised that

different species have different temperature requirements for
germination (Mayer & Poljakoff-Mayber, 7978). in his studies in Western

Àustralia Mott 1972a) showed that summer and ç¡inter annuals possessed

different temperature optima for germination, (the optimum germination

temperature being that at which the hÍghest percentage of seed of the

specíes germinated). The percentage of seeds that germinate then

declines either side of the optimum temperature. Hott(7972a) also

showed that the shapes of the germination curves differed for summer
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ard winter annuals. The winter germinating annual Helípte¡um had an

optimum germination temperature of 150 C but still showed some

germination at temperatures as high as 300 c. In contrast the summer

annual Aristidg showed optimum germinatíon at 300 c but germination

was still recorded at temperatures as low as 100 C. Obviously a

summer rainfall event accompanied by high temperatures will cause

considera-ble germination of Àristida and little of Hebplerum. À winter

rainfall would cause a reverse trend in the relative dominance of the

two species.

In the Hiddleback region although distinct seasonal floras were

not found there $rere species which showed trends in seasonal

occurrance. species such as Dauq.ug g.lochidiatus and Brachycome

fi¡gariloba were mainJ.y recorded during the cooler months and species

such as Erodj.Un qygnorum, lgnthonia caesnitcsa and Stipa nitida showed

a tendency towards grreater germination in the warmer months. In general

however, most species were recorded to some degiree from late summer to

winter.

l'lhen considering seasonal germination of annuals it is usually

assumed that rainfalL events in summer are followed by high

temperatures and that rainfall events in winter are followed by low

temperatures. This may not always be the case. The temperature data

presented in Chapter 2 for VJhyalta shows that the summer temperatures

may vary considerable. À lower daily temperature at the time of the

initiating rainfa].l event might be expected to produce a different

germination pattern to a higher temperature. This would partially

explain the differences in the floristic composition of the annuaL

vegetation from year to year. RainfalL events may occur in the same
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month of different years but differences in daily temperature may cause

germination of different species or different quantities of germination

of the species.

The situation is further complicated by the natr:re of the rainfall
itself. If a very heavy rainfall event occurs and is then folloçred a

few days later by subsequent falls, different species may germinate

depending upon the daily temperature. Under these condítions a highly

diverse and extensive annual flora may develop. It is suggested that

this is what occurred ín 1979 ard 1980 and gave rise to the very

extensive annual vegetation in those two years.

The daily temperature at the time of the rainfall event can have a

secondary influence through soil moisture. If a rainfall event occurs

in summer when the temperatures are high then the soil surface may dry

very rapidly. It r.¡as observed on a number of occasions after summer

rainfall events that on the following day, if high temperatures

occurred, the soil surface dried viithin a period of a few hours. The

effect was to restrict the germination of many species which germinate

on the soil surface.

It is possibLe to model the soil moisture (Noble, 7975) from

temperature and rainfall data. The application of such models is

appropriate to the prediction of the growth of plants but it is not

possible to predict germination responses of individual species. The

problem arises due to the scale of the modeLs. In the case of the soil

moisture model used in this study (Noble,7975) the smallest zone

discriminated was the top 10 cm of the soil surface. For germination,

the scale that wiII affect the seed will be much smaller, for seed
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buried in the soil it may be the top 1 - 2 cm of the soil surface and

for seeds on the surface it may be only the top few millimetres. To

date there appear to be no models that can accurately predict what

occurs in such germination zones under field conditions.

8.3 Spatial Patterns

The results of the investigations of the spatial pattern of annual

plants were more difficult to interpret. The initial study on the broad

scale patterns of annuals indicated that the majority of annual species

did not show any preference for particular perennial communÍties. The

study indicated that the habitat factors which influence the

distribution of the dominant perennial chenopods did not influence the

distribution of the majority of the annual species.

The factors which influence the distribution of annual plants

appear to be different to those that influence or control the

distributÍon of the perennial vegetation communities in the study

region. In many ecosystems the distribution of perennial species can be

related to ha-bitat features such as soil type and other edaphic

factors. It has been suggested however, that in rangelands, the soil

texture and low availability of moisture tends to influence the growth

of plants more than does soil, nutrients variation (Noy-Heir, 1974). The

difference in behaviour of annuals and perennials is largely a

consequence of their different Iife histories. Most pJ.ants can grow in

a wide range of habitats (Kooper, 1927). The reason why many plants are

not found over a wider range of habitats is usually clue to the

cumulative outcome of competitive interactions between species over
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many gro$ring periods rather than the species inability to grrow in that

habitat. In the case of annuals there appears to be litt]e mortality

due to competitive stress. Às previously mentioned the floristic
composition and pattern in annual vegetation may be determined at the

time of germination and competition may only have an indirect influence

through seed production (Inouye et aI.,1980). Ànnual distribution is

more likely to be influenced by factors such as seed dispersal and lhe

sltitability of microhabitats for germination.

This is supported by a number of the results from this study. The

dominant annual species all possess a common feature; the presence of a

hygroscopÍc awn. The function of this morphologÍcal feature is assumed

to be to bury the seed so that it germinates below the ground surface.

In this manner the seed is actively locating a suitable microhabitat

for germinatíon. It is not relying upon the chance event of locating a

suitable microhabitat for germination through dispersal. Those species

which do not possess this feature in many cases dominate the -southern

sides oË bushes (Chapter 6). This is a habitat where they can germinate

on the surface or beneath litter where the rate of soil moisture loss

is lower. The factor that influences the distribution of the species

appears to be the occurrence of suitable sítes for germinatÍon.

The comments on the relationship between annuals and perennials

appli.es only in the context of the perennial communities considered in

the study. There are numerous areas within the region which represent

qr-rite different habitats and which also may support annual species not

recorded in this study. The two most obvious habitats to which this

a¡rpl ies are the sl.Jamps that occur around many of the dams and the range

of rocky hills in the northern part of Middleback Station. In these
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areas annual species can be found which are not found in any other

habitats. These habitats were not investigated in this study. The

habitats selected were those most commonly represented in the study

areå.

8.4 Change in spatial patterns of annuaLs

The discussion so far presented has concentrated upon the aspects

which can cause changes in species abundance in time but has not

considered how these factors may influence the changes in spatial

pattern. The changes in spatial pattern require that another factor be

considered, that is, the heterogeneity of the environment or soil

surface. There is a tendency to think of the soil environment as being

stable in the short term. Over a period of a year the soil environment

may change considerably, especially if there are herbivores such as

sheep present. The soil may also develop in response to the presence of

different pJ.ant species. À fact not considered is that there may be

fluctuations in the soil environment due to environmental factors.

The soil surface is highly heterogeneous when considered at the

scale of a seed. The soil surface consists of a mosaic of

microhabitats, small rises and depressions, cracks in the surface,

Iitter on the surface, areas that are shaded and different surface

textures. There is a great range of surface characteristics that are

important to the germination of seeds. The important question is

however whether these microhabitats are stable over time, and how

important they are under different conditions. For example, a very

heavy rainfall event followed by smaLler subsequent rainfall events may
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keep the soil surface saturated for a period of time that allows the

germination of many different species. l{oistl¡re is not a factor

Iimiting germination under these conditions. If, however, the rainfall
event was of a smaller magnitude then only some of the microha-bitats

are suitable for seeds to germinate. In areas where there is

insufficient soil moisture germination does not occur.

The situation can be considered as a progression. Light falls of

rain may present only a few microhabitats.for germination. A heavier

rainfall may open up further microhabitats for germination until the

extreme condition is reached where virtually all microhabitats were

available for germination. The spatiat arrangement of these

microhabitats will then determine the species spatíal patterns under

any set of rainfall conditions.

ilany species actively create or locate suitable microhabitats.

Examples of this are Danlhqniq caespilqsa , Slipa !À!lda , Erediu¡

cygnorU[, Plenleqq dfU¡nondi!, Helipterum pygmaeum and GoodCnfg

pUEÀIIffIqfe. These species possess two guite different attributes both

of which assist in their success. The first three species all possess a

hyqroscopic awn. tJhen Lhe awn becomes wet, either through direct

moisture contact or from increased relative humidity, the awn begins to

uncurl. Às it dries Ít then re-curls and this has two effects. The

first is to move the seed across the ground until it becomes ]odged

against an obstruction and the second is that if the sharp callus

becomes wedged in a crack the winding and uncurling motion of the awn

bores the seed into the soil surface. Following rainfall events when

seeds of these species are on the ground the awns can be seen

projectirrg from cracks in the surface with the seed buried up to 1 cm
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below the surface. In this way these species place their seed below the

soil surface where they are probably better protected from predation,

and r.¡hen rainfall events occur they are less likely to suffer

desiccation than species which are restricted to germinating on the

soil surface. It is interestÍng to note also that these three species

are the most dominant ephemerals in the study region, suggesting that

they do have some feature which gives them an advantage over other

species.

The other three species mentioned above Plantaqo drummondi!,

HelipLerUm pygmaeum and Goqdgnie pusiMflgre aII possess a different

mechanism for locating a suitable habitat for germination. These

species when wet release a mucilaginous substance which binds the seed

closely to the soil surface, It has been weII demonstrated that Íf the

seed can increase its surface area contact with the soiL surface then

this increases Íts chance of germination.

The discussion so far has considered the availability of "safe

sites" for germination and establishment and the appropriate

conditions. Ànother situation which can also exist is if "safe sites"

are available but there ís no seed to utilise the sites. Àn assumption

which is often made in ecological studies (often without being

mentioned) is that there is an even distrÍbution of seed in the soil.

This assumptÍon is sometimes made because of the difficulties involved

in determining the distribution of seed in the soil. Studies of the

seed bank are often conducted to determine its floristic composition

but not to measure any spatial heterogeneity in seed distribution. In

this study rather than determine the distribr-rtion of seed in the soil

the dispersal patterns of some species were determined.
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8.5 Dispersal of annuals

The dispersal patterns from the selected annual species were

different to those expected. It was found that dispersal was very

restrícted for all the species investigated. The restriction in the

movement of the dispersal units could largely be attributed to the

height of release of the dispersal units from the parent plants.

Species like Hefiptetum pygmaeum and littqdinlq cuneela possess a

pappus on the achene, a morphology which is usually assummed to

indicate wind dispersal (Ridley,1930; PijI,1969). The annual plants in

the study region are generally small and the wind does not carry the

dispersal units far before they reach the ground and so the flight
phase of dispersal is small-. The restricted dispersal of the species

suggests that their survival is not dependent upon their ability to

escape to new habitats.

The most efficient dispersal method of the annuals studied was for

those species whose dispersal units exhibited a rolling motion across

the ground surface. ExampJ.es of this were Danthonia caespitcgq and

lrodium cysnorum. The morphology of these two species does not appear

to be adapted for dispersal. it would appear that there may be too

great an emphasis placed upon describing the mode of dispersal

(Ridley,1930; Pij1,7969) simply on the basis of the morphology of the

dispersal unit. In the case of the annual pLants investigated in this

study it was not possible to predict lhe efficiency of dispersal basecl

upon morphology.
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Not only does the dispersal distance vary from species to species

but aLso the directions the seeds move may differ. In a mixed

population of annual plants the different species flower and fruit at

different times of the year. The species release their seed under

different wind conditions and so the dispersal units may move dÍfferent

distances and directions. DispersaJ. patterns from a single species may

also vary from one year to the next.

If there is a non-homogeneous distribution of seed on the soil

surface as the result of dispersal then it may be expected that the

distribution of seed in the soil may also be far from uniform. The

distribution of seed in the soil Ís the result of more than one factor.

The effects of dispersal events from previous populations and the

effect of seed predators wiIl also influence the distribution of seed

in the seed store. It would be expected that the seed store in the soÍL

would be patterned and this to some degree will influence the

distribution of pJ,ants in the annual vegetation, although to exactly

what degree is difficult to determine.

One aspect of dispersal which had not previously been considered

was the influence of the population of plants upon dispersal distance.

In the case of the annual plants in this study, where dispersal

occurred predominantly on the ground surface, the density of the

population influenced the distance seeds moved. In a dense population

the individual plants and lítter on the ground act as a bamier to seed

movement. In a population of lower density the seeds can move greater

distances before being trapped by an obstruction. The same could be

applied to the annual. vegetation in different years. In years when

there is a dense annual popuj.ation dispersaJ. may be restricted when
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compared to those years when a less dense annual population is present.

8.6 Effect of grazing on annuals

The discussion in the prevÍous sections has concentrated on the

effects of variable climatic conditions upon the distríbution and

abundance of annual plants in both space and tÍme. Another aspect which

should be mentioned in relatíon to some of the sudies is the effect of

herbivores. In the studies described in this thesis herbivores such as

sheep r.¡ere excluded from areas where they previously had grazed. The

exclusion from grrazing may have influenced the pattern of annual

plants. Wiiliams (1969) reported a range of responses of annual plants

to grazing. In that study he found that the following species were

encouraged by grazing: Tripqgen IoIilformls, Crgssula colorata, EeIqtlE

hispidula, Carthamgg la¡atus, Actlnoble ul-LqÀnesum, Spe¡ggþr:þ rubra,

Goo{enie pusi i]ifloEa, Igoelqpsig g¡eminifglie, HeI iplerum pyqmaeum,

Dagcus qleqhfdfetus and ÐfeqbyqqUe lfngeglqþq. Species which were

favoured by protection from grazing were Bulb!¡g bulbosg, Vittadinie
qqneata, Convolvulgg e¡ebesqens, gqnqhuE olg¡aceus, lrlhqlelþg¡glq

g¡acilenlia, Hypoghoelrg glabra and !¡sdi$ qlquteErum. Species with a

response intermediate between these two groups were QxaIlS qg4¡¡qqlale

and HedicqqA nilimg.

ALI of the above ephemeral species occur in the Hiddleback area

and many r^tere recorded at the Overland paddock study site (Chapter 5).

Some of the changes in the spatiaÌ pa.ttern and abundance of the species

described in that chapter coul,d be the result of protection from

grazing; superimposed on the fluctuations caused by climatic
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variability there may be changes due to a differential response to an

absence of grazing. The influence of this factor is difficuLt to judge

due to the magmitude of natural variation from year to year. À

comprehensive study over an extended period of time would be required

to determine the extent of the grrazing effect upon annual vegetation.

It is well recognised that sheep and kangaroos graze annuals but there

have been fer.¡ studies on the effect upon opportunistic populations of

plants Like annuaLs.

8.7 Implications for the pastoral industry

Studies on the Riverine Plain of New South t'lales on Àtrþlex

vgsi.caqia - Danlhonia caggpitogg communities have shown that if the

community is extensivley grazed then the À-yesicara component of the

community Ís removed. Once this has occurred then a D-gagspilaEg

disclimax community may be obtained. The disclimax community is

considered more productive for sheep grazing and so the elimination of

A.vesicara from the pasture has become an accepted management practice

in that area. The results presented in this thesis suggest that this

would be an unacceptable management practíce in the Middleback region.

The herbaceous species described in this study, including

Denthqnia qeggpilosa, rely upon rainfall for their survival and when

heavy rainfaLl events do not occur the herbaceous community decLines

very rapídly. Through the years of 1981 , 1982 and 1983 there would have

been insufficient herbaceous growth to sustain a grazing flock. In the

Hiddl.eback region if the perennial bush component of the vegetation is

removed a disclimax grassland is not achieved. Past experience (À.D. &
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D.À. Nicolson, pers comm. ) in the region has shown that if overgrazing

sufficient to remove the perennial component occurs then there may be

severe degradation of the soil through wind erosion. l{hen the area is

then released from grazing it takes a long period for the area to

become sufficíently vegetated to be productive for grazing. Often the

result is that the area may become dominated by numerous weedy species

r^¡hich are less palatable. There are qood examples of this in the north

of Middleback Station. The area around an old well, llizzo lJell, was

severely overgrazed but now has not been grazed for over 50 years, In

good years this area has an extensive ephemeral vegetation but in

averaqe and below average years there is very little available forage.

8.8 Conclusions

The spatial patterns or more specificalLy the changes in spatial

pattern over time which were observed in this study may be closely

related to the temporal variability in the climatic factors, especially

raínfall and temperature. Harper et aI. (1965) used the term "safe

site" to describe the specific conditions of the soil surface which

permit seeds to escape aII the hazards of the pre-germination phase and

to overcome dormancy.

l,Jhen considering germination the scale of heterogeneity in the

envíronment that will influence germination will be at the scale of the

size of the seed. Differences in the size, shape and dormancy

requirements of seeds when considered relative to the heterogeneÍty of

the surface environment would be sufficient to cause differences in

germination of seeds. The different species of seeds wiIl aII require a
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different "safe site".

The availabitity of "safe sites" for germination and establishment

must be considered in relation to variation in the climatic conditions.

À very heavy rainfall event that saturates the soil surface may cause

the germination of many species because there a.re a large number of

"safe sites" available for germination of those species. À smal.Ier

rainfall event may only make availa-ble "safe sítes" for certain

species. There may be an interaction between the amount of rainfall and

the surface characteristics to determine the floristic composition of

the germinating flora.

It is suggested that this is a possible cause of the changes that

occur in spatial patterns of annual plants. In Chapter 5 it was

suggested that changes in association from one reading to the next may

be the resuLt of transient factors. It can be seen from the preceding

discussion that there may be a very complex interaction between, (a)

the conditions required for germination of a species, (b) the amount of

rainfall, (c) the ternperattre at the time of the rainfall event and (d)

the availabiiity of "safe sites" for germination.

The changes in pattern in this study are probably the result of

different conditions at the time of germination, opening different

microsites suitabLe for the germination of different species. If the

study was extended for a period of decades then it would probably be

found that the spatiaÌ patterns are stable and are repeated at iarious

Íntervals when similar climatic condÍtions occur.

Throughout this thesis there has been a deliberate avoidance of

trying to associate patterns in the annual vegetation with "stable"
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habitat factors such as soil nutrients, soil texture and

microtopographical features, because of the instability of pattern.

This instability of pattern has been observed in previous studies

(Fatchen,7975) but has received little attention. In the case of short

Iived plants like desert annuals in an unpredictable environment, the

pattern of the vegetation and the floristic compostion is the result of

a set of conditions which may not be repeated for many generations.

It would appear from the resuLts obtained that great care should

be taken when surveying arid annual plant distribution. Unlike

perennial plants the pattern observed may be only a short term patLern,

the consequence of one years climatic conditions. It may reguire

surveys over extended periods of time, much longer than this study, to

determine if there are identifiable communities of annual plants which

are related to habitat factors in the same manner as many perennial

communities. It is even difficult to compare annual vegetation in

different regions in the short term.

There are major implications for vegetation analysÍs as a result

of the studies on annual pattern described in this thesis. The changes

in patterns of annual plants over time have not been considered in

studies of community pattern. Stuclies of pattern usually represent a

one-off, that is they represent a picture of what is present and the

spatiat pattern at a single point in time. Often on the basis of these

studies conclusions are made on the factors that are controlling the

distribution of the plants. The mo-qt frequent factors implicated are

edaphic factors, such as differences in soil- type, soil nutrients or

topographic factors such as slope and aspect. In the case of perenniaL

plants these assumptions may be correct. The situation for annuals
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however may be quite different.

It would âppear that anyconclusions on the distribution of

annuals, based on one observation only, could be questioned. It is

possible that a different pattern of annual plants is obtained each

year. Às was discussed in the previous sections the distribution of

annuals may be dependant upon tran-sient factors ç¡hich are difficuLt to

identify in the mature population. This interpretation should not under

any circumstances be construed to suggest that annuaLs do not have

habitat preferences and are not influenced by edaphic and topographic

factors. The suggestion is that iÊ generalisations concerning an annual

pattern are made on the basis of one observation only then they may be

incorrect. Under dÍfferent conditions the population may show a quite

different pattern. A similar observation was made by Fatchen (1975) on

the distribution of ephemerals in arid South Àustralia in response to

grazing. He found that pattern changed over time. Other studies however

(Barl<er,1972) make no reference to the po-ssibility of non stable

patterns.

The problem of attempting to identify the causes of pattern in a

population is complex. The problem was well stated by Harper 1977 ) who

suggested that:

"The causal events that determine whether a seed forms a seedling

or not are usually intraceable when the plant has developed and the

real causes of ciistributÍon and abundance will often be missed when

mature vegetation is studÍed."
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Seed in the soil

Seed dormancy
Rainfall
Tem¡rerature
l,licrosite

Germination

(Conpetition)
LOSS

Establishment

(Competition)
LOSS

Growth
Grazing
Competition

LOSS

FLowering

Seed set

Seed predation

Seed release

Seed predation

Seed iñ the soil

Ficrure 8.1 Schematic representation of the generalized tife cycle of an
annual p1ant. Influences enclosed in parentheses ere considered less
important.



APPENDIX I

MIDDLEBACK EPHEMERAL FLORA

Introduction

This section is designed as an introduction to selected annual

and ephemeral species of the Middleback regÍon for the reader not

familiar with the flora. À list of all species of the study area

(annual and perennial) refered to in this thesis is also provided. À

brief description of some of the species most often refered to in thÍs

thesis is also given.

lanthq¡ia qaeqpitosa

This species is highly variable and extends over a considerable

range in south-eastern Australia, (Hodgkinson & Quinn,7976,7978). In

most irrstances it is considered as a perennial species, (l,liI1iams,1970:

Williams & Roe ,7975). In the Middleback region it may behave as an

annual or an ephemeral depending upon the prevailing conditions. It is

described by Black (1947 ) as 20 - 90 cm high, usually with 10 - 30

spiklets per panicle. Àt Middleback station the annual form may be as

small as 5 cm hiqh çrith only 5 - 10 spiklets. Under more favourable

conditions the plants may grow much larger and flower profusely (see

plate 1). There is considerable literature on D-caegpllgge particularJ.y

from the Riverine plain of New South Wales where it is a valuable

fodder p1ant, (VJi11iams,1955,1956 ,1961 ,7968,7970; tlitliams & Roe ,1975;

Hodgkinson & Quinn ,7976,7978) .
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SËps nrlrde

Stipq ntt$e is an erect perennial with stiff glabrous leaf

blades. The pe.nicle is dense and 12 - 30 cm long, (Black,7947 ). Às with

Dqnlhqnie gaegpllosa this species may behave as an annual with small

individuals up to 10 cm high with a single panicle. Osborn et aI (1931)

found that this species usual-Iy germinated after late summer rains,

grew through autumn and winter, flowered in spring and set seed in

summer. llood (1936) concluded that it germinated best after early

winter rains. Crisp 1975) found that g=Ullida germinated from January

to April and Noble and Crisp 1979) concluded from the long term

Koonamore records that germination usualì-y occured in autumn to winter

and the plants had a life span of nine months. 0nly 9% survived to a

second year.

ErodfUm cysnorum

ElodtUm cygnorum is one of the common annual species in the

Middleback region. It can germinate throughout much of the year but the

most prolific germination occurs after late summer and autumn

rains,(Biddiscome et ai,1954). In the MiddleLnck region it most often

occurs as a small rosette of leaves, and produces 2 - 3 flowers. In

favoured sites it may spread across the ground and flower profusely.

Biddiscome et aI (1954) report that it can produce an almost

exponential increase in green forage between the monthsr of May and

September. In some areas it Ís regarded as a valuable fodder p1ant,

(Beaclle,1948). This species is variable in its flowering tj.me. On-set of

drought conditions appears to initiate flowering even though
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individuals may be very small with only two or three leaves.

Sclerolaena ob1 iquicuspis

This species is a short lived perennial which may behave as an

annual under certain climatic conditions. The size of the specÍes is

variable depending upon the prevailing conditions. It usually grows 10

- 20 cm high but in favoured habitats such as beneath penennial bushes

it may produce long straggly branches that cliinb through the

perennials. This species is a member of the Chenopodiaceae, has smalL

succulent leaves and produces a spiny fruiting perianth in the axis of

the Leaves. Although the leaves are succulent the spines tend to

discourage grazing. The fruiting perianth remains attached to the dead

skeleton of the plant and is not easily dislodged.

Soodenls pus!!i[!era

À small prostrate annual species with a rosette of leaves. The

flower stalks are procumbent up to 10 cm long terminating in a small

yeì.low flower. The dispersaL unit of tl'ris species consi-sts of the seed

surrounded by a small stiff wing. llhen the wing becomes wet it releases

a mucilagenous substance which causes tl're cìispersal unit to adhere to

the ground surface.

Helf-ptezun pygmaeum

Heliplefum pygmgeum is a small arrnual. species usualJ.y less than 10

cm high. It is a member of the Aster.aceae and procluces a considerahle



ADDITIONS TO SPECIES LIST

ÀIZOACEAE

Tetragonia eremaea Ostenf .

CHENOPODIÀCEÀE

Cfrenopodium cristatum (F.MuelI.) F. Muel1.
Maireana turbinata PauL G. l,lilson
Sclerochlamys brachyptera F. Muel.1.

CONVOLVULACEÀE

Convolvulus erubescens Sims

GRÀMINEAE

Tripogon 1o1iÍformis (F.MueLl.) C.E. Hubb.

LEGUMINOSEAE

Acacia papyrocarpa Benth.
Cassia nemophila Cunn. ex J. Vogel

HYOPORACEAE

Erernophila scoparia (R.Br. ) F. Muell.
Myoporum platycarpum R.Br.

POLYGONACEAE

Emex australis Steinh.

SANTALACEÀE

Exocarpos aphyllus R,Br.
Santalum acuminatum (R.Br. ) À.DC.

SAPINDÀCEAE

Heterodendrum oleaefolium Desf .

SOLANACEÀE

Lycium australe F. MuelI.
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number of large achenes with a large pappus. The achene is covered by

Iong hairs which when wet reLease a mucilaginous substance which causes

the achene to adhere strongly to the ground.



Page 246

LIST OF SPECIES OF THE MIDDLEBACK FLORA

REFERRED TO IN THIS THESIS

ASTERACEÀE

ActinoboLe uliginosum (A.Gray) H.Eichler

Brachycome lineariloba (DC) Druce

Calotís hispídula (F.Muell ) F.HuelL.

f,Carthamus lanatus L.

Gnephosis burkittii Benth. = Angianthus burkittii (Benth.) Black

Helipterum floribundum DC.

Helipterum pygmaeum (DC) Benth.

*Hypochoeris glabra L.

Isoetopsis graminifolia Turcz.

Ixiochlamys nana (Ewart & Jean l,Jhite) Grau. = Podocoma nana Ewart g

Jean tJhite

Senecio quadridentatus LabiIl.
*sonchus oleraceus L.

Vittadinia cuneata DC.

ÀIZOACEÀE

Galena pubescens (Ecklon & Zeyher) Dnrce

Mesembryanthemem crystallinum L. = Gasoul crystallinum (L. ) Rothm.

ilesembryanthemem nodiflorum L. = Gasoul nodiflorum (L. ) Rothm.

AI'{ÀRÀNTHACEAE

Ptilotus obovatu-s (Gaudich. ) F.Muel.l.

BORAGiNACEAE

Echium plantagirreum L. = Echiurn ì.ycop-sis L.
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OmphalolappuLa concava (F.MueI1. ) Brand

BRÀSSICACEÀE

AJ.Iyssum Iinifolium Stephan ex I,¡iltd.
*Carrictera annua (L. ) DC. :V<.lla a.nnr.a L

Geococcus pusillus J.L.Drumm. ex Harvey

'sisymbrium erysimoides Desf .

f,sisymbrium irio L.

CAMPANULACEAE

i,lhalenbergia gracilis (Forster f .) Schrrad.

CARYOPHYLLACEAE

tHerniaric. hirsuta L.

*spergularia rubra (L.) J.S. & C.PresI.

Stellaria multif lora Hook

CÀSUÀRINACEAE

Casuarina crÍstata Miq.

CHENOPODiACEAE

Àtriplex spongiosa F.MueIl.

Atriplex stipitata Benth.

Atriplex vesicaria Heward ex Benth.

Dissocarpus bif Lorus F.MueII.

Dissocarpus paracloxus (R.Br. ) F.Muell. ex UlLrr.

Enchylaena tomentosa R.Br.

l1q\re,c^no. sclerol,aenoides ( F. MueI I ) ?o.r.t û. Wikq,

Maireana excavata (J,Black) PauL G. tlilson

Marreana pyramidata (Benth. ) Paul G. VJils:on
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Maireana sedifolia (F.MueII.)Paul G. [Jilson

Malacocera tricornis (Benth. ) R.Anderson

Rhagodia spinescens R.Br.

Rhagodia uLicina (Gand. ) Paul G. lJilson

Salsola kali L.

ScLerolaena obliquicuspis (R.Ànderson) Ulbr.

Sclerolaena patenticuspis (R.Ànderson) Ulbr.

CRASSULACEAE

Crassula colorata (Nees) Ostenf.

Crassula sieberana (Schultes & Schultes f. ) Druce

EUPHORBIÀCEÀE

Euphorbia drummondii Boiss.

Euphorbia tannensis Sprengel ssp. eremophila (Cunn

eremophila = Euphorbia eremophila Cunn. ex Hook.

GERANIÀCEÀE

xErodium cicutarium (L. )L Her. ex Aiton

Erodium cygnorum Nees ssp. glandulosum Carolin

GOODENIACEÀE

Goodenia pusillif lora F.Muell.

GRAMINEÀE

Aristida contorta F.MueIl.

*Avena barbata Pott. ex Link

Danthonia caespitosa Gaudich.

Eragrostis dieLsii Pilger.

xHordeum leporinum Link

) Hassall var.
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*Lamarckia aurea L.

Lophochloa pumila (L. ) N. Hylander

#schismus barbatus (L.) ThelL.

Stipa nitida Summerh. & C.E. Hubb.

Triraphis mollis R.Br.

LEGUHINOSEAE

*Medicago minima (L.) Bartal. var. minima

tMedicago polymorpha L. var. polymorpha

Swainsona oLiveri F.Muel1.

Lotus cruentus Court

LILiACEÀE

Bulbine semibarbata (R.Br. ) Haw.

Thysanotus baueri R.Br.

MALVACEAE

Sida intricata F.iluel1.

ONAGRACEAE

xoenothera stricta Ledeb. ex Link

OXALIDACEAE

Oxalis corniculata L. ssp. corniculata

PLANTAGiNACEAE

Plantago drummondii Decne.

PORTULACACEAE

Calandrinia eremaea Ewart
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UMBELLIFERAE

Daucus glochidiatus (Labill.) Kischer, C.Meyer & Àve Lall.

ZYGOPHYLLACEÀE

Zygophyllum aurantiacum (LindLey) F.Muell.

Zyqophyllum crenatum F.MuelI.

Zygophyllum ovatum Ewart. &.Jean White



APPENDIX 2

This appendix contains the Analysis of Variance tabLes for the density
data for the study of broad scale pattern (Chapter3). The appendix is divided
into 3 three sections. 1. Untransformed data 2. Logarithmic transformation 3.
Square root transformation

1. Untransformed data

Daucug qlqqh¡drelUS

ÇEagsula qgLqtqta

Between grp
lJithin grp
Total

Between grp
Hithin grp
Total

Sum Sq
796.95
2577.9
3308.85

Sum Sq
1934.88
10767 .7
12702.6

Sum Sq
7.68333
81.3
88 . 9833

Sum Sq
1760.93
11559.8
13320.7

Sum Sq
3800 .55
27049.7
24849.7

Sum 5q
1938.55
25194.3
27132.9

HS

1s9.39
46.5167

MS

386.977
199.4t2

MS

1 .53667
1 .50556

MS

352.1,87
214.07

MS

760.77
389 .798

HS

387 .71
466.561

F

3 .42651

F

1.94069

F

1 .02066

df
5

54
59

df
5

54
59

df
5

54
59

df
5

54
59

Þraqhyqerle [æerilqþq

CrassuLa sieberana

Between grp
Within qrp
Totai.

Between grp
tlithin grp
TotaI

Between grp
tlithin grp
Total

LqpaqÞIqe pu[lla

Between grp
l{ithin grp
Total

F

Pfentcqs deunnqndu

1.64519

F

1 .95001

df
5

54
59

Fdf
5

54
59

8 30995
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Se¡eciq quadridentstus

Between grp
Within grp
TotaI

Between grrp
Within grp
TotaI

Sum Sq
8.08333
58.5
66.5833

Sum Sq
.15

Sum Sq
80.6
748.8
829.4

Sum Sq
733333

Sum Sq
t6526.7
126076
142542

Sum Sq
5 .73333
73
78.7333

Sum Sq
2 .73333
76
18.7333

MS

1.67667
1 .08333

Ì,fs

.03

.05

HS
16.12
73.8667

MS

.746667

.166667

MS

3305.34
2333.62

MS

7.74667
1 .35185

MS

.546667

.296296

F

t.4i23t

F

6

F

7.1625

F

88

F

7.4764

F

.848219

df
5

54
59

Cala¡drinia gtreneea

df
5

54
59

df
5

54
59

2.7
2.85

Tetrsgqn:Le eremaea

Àctinoþo1e uliqinosum

Between grp
lJithin grp
TotaI

Between grp
tlithin grp
TotaI

Between grp
Within grp
Total

Between grp
Within grp
TotaI

Erodlw cvcrnefgl!

Between grp
Within grp
TotaI

df
5

54
59

df
5

54
59

9
9 .73333

Schismus barbatUs

Sonchus ol.eraceus

df
5

54
59

Fdf
5

54
59

1 .845
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gclerolaena obl iggrcuspig

Vittedinig cuneatg

Between grp
Ì{ithin grp
TotaI

Between grrp
I,lithin grp
TotaI

Between grrp
$Jithin grp
TotaI

lmex austtqlis

Between grrp
Within grp
Total

Between grrp
Within grp
TotaI

Between grp
I,lithin grp
TotaI

Between grrp
Within grp
TotaI

df
5

54
59

Sum Sq
14.1333
78.6
92.7333

Sum Sq
77.1333
484.6
561 .733

Sum Sq
1 .08333
9.9
10.9833

Sum Sq
167.333
989 .4
1756.73

Sum Sq
2,15
25.1
27.25

Sum Sq
15.95
75. 3
97.25

Sum Sq
12.8833
63.7
76.5833

MS

2,82667
1 .45556

MS

t5.4267
8 .97 407

HS

.276667

. 1 83333

MS

33 .4667
18.3222

MS

.43

. 46481 5

MS

3.19
t.39444

MS

2.57667
7.17963

F

7.94799

df
5

54
59

df
5

54
59

df
5

54
59

df
5

54
59

df
5

54
59

F

ÀLriplex gponqiose

7.7t903

F

1.78782

F

7.82656

F

.9251

2.2876s

Çalqtig hispidula

Da¡thonía caespitosa

F

Goqdenia pusi I I i f i.q¡s

Fdf
5

54
59

2.7843
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Gnepþosis burkitii

Hernaria hirsuta

Between grp
lJithin grp
TotaI

Stim nitida

Between grp
Within grp
TotaI

Between grp
fJÍthin grp
TotaI

Between grp
llithín grp
TotaI

Between grp
ÍJithÍn grp
Total

Sum Sq
16.0833
104.1
120. 183

Sum Sq
2.73333
37.6
40.3333

Sum Sq
.35
2.5
2.85

Sum Sq
.35
2.5
2.8s

Sum Sq

l,fs
3.27667
1.92778

MS

.546667

.696296

MS

.07

.0462963

MS

.07

.0462963

MS

.4

.737037

df
5

54
59

df
5

54
59

df
5

54
59

df
5

54
59

F

1 .66859

F

.785107

F

1.512

F

1.572

F

2.91892

Oxalis corniculata

EelfplgrUn pygmaeum

df
5

54
59

2
7.4
9.4
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Daucug g.LochiQiatus

2. LOG TRANSFORM

df
5

54
59

F

3

Crassula colorata

Between grp
Within grp
TotaI

Sum Sq
17.8796
59.126
77.0057

Sum Sq
16 . 1139
98.4762
774.59

Sum Sq
1.05176
9.46877
10.5205

Sum Sq
74 .4433
69.9477
84. 3844

Sum Sq
36. 4525
58.383
94.8355

Sum Sq
7 .06645
97.2247
98 . 2905

Ì,fs
3.57592
1 .09493

ì,fs
3.22279
1 .82363

MS

.2to352

.175348

MS

2.88865
1.29521

HS
7.2905
1.08117

MS

7 ,41329
1 .68933

2659

F

1.76723

F

1.19963

F

2.23027

F

6.7 4318

F

Crassula sieberana

Eeechycome I ineari loba

Between grp
Within grp
TotaI

Between grp
tJithin grp
TotaI

Between grp
Within grp
TotaI

Between grp
tJithin grp
TotaI

LopoqþLoq pgmila

Between grp
WÍthin grp
TotaI

df
5

54
59

df
5

54
59

df
5

54
59

llantaqo drummondi!

df
5

54
59

df
5

54
59

. 836596
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Senec iq quqdliden'Lelus

Between girp
tlithin grp
TotaI

Between grp
tlithin grp
TotaI

Sum Sq
1 .70938
11.3418
13.0512

Sum Sq
.072068
7.29722
7.36929

Sum Sq
3.73377
36.5155
40.2492

Sum Sq
.168159
2.76204
2.3302

Sum Sq
28,6294
96. 8735
125.503

Sum Sq
.611568
7 .37798
7.92955

Sum Sq
.868768
5.62242
6 .49779

MS

.341876

. 21 0033

MS

. 01 441 36

.0240227

HS
.7 467 42
.676213

MS

.0336317

.0400378

HS
5.72588
1 .79395

MS

.722374

.135518

MS

.173754

.104119

F

7.62772

F

df
5

54
59

Calandrinia eremeg

df
5

54
59

6

Tetraqonia eremaea

Àctinobole uLiqinosum

Between grp
Within grp
TotaI

Between grp
Within grp'
TotaI

Between grp
tlithin grp
TotaI

Between grp
tiithin grp
TotaI

Erodium cyq-norum

Between grp
llithin grp
Total

df
5

54
59

T

1 .1043

F

.84

F

3.19t76

F

.902563

F

df
5

54
59

Schismug þq$elgg

$onchus oleraceus

df
5

54
59

df
5

54
59

df
5

54
59

1 .6688
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Sc Ierolaene ebl iquicgspis

Between grp
Within grp
TotaI

Between grp
lJithin grp
TotaI

Between grrp
tlithin qrp
TotaI

Emex australis

Between grp
Within grp
Total

Between grp
VJithin grp
Total

Between grp
!ùithin grp
TotaI

Between grrp
[.lithin grp
Total

Sum Sq
2.7255
13.2264
15.9519

Sum Sq
2.79632
17.827
20.6234

Sum Sq
.480859
4.75299
4.63385

Sum Sq
4.32481
14.234
18.5588

Sum Sq
.561147
6.97267
7.47381

Sum Sq
1.83943
6.57106
8.41049

Sum Sq
2.2851,6
10.7604
13.0456

I'ts
.545099
.244933

MS

.559265

. 3301 3

ì,ls
.0967719
.0769072

ì,ts

.864961

.263593

MS

.112229

.1280t2

MS

.367886

.721686

MS

.457032

.199267

2.2255

F

1.69407

F

1.25Q49

F

3. 281 43

df
5

54
59

F

Vittadinig cuneatg

AErpIex spansriasê

df
5

54
59

df
5

54
59

eafqLrs hisplduls

df
5

54
59

df
5

54
59

df
5

54
59

.876708

F

F

lqntþonlq qgegprlege

Goodenia pgsilliflora

3. 02323

Fdf
5

54
59

2.29356
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Gnepbosis burkittii

HernarÍa hirsuta

Between grp
llithin grp
Total

Stipa nitida

Between grp
Within grp
TotaI

Between grrp
tlithin grp
TotaI

Between grp
Within grp
TotaI

Betr+een grp
Within grp
TotaI

Sum Sq
1,67389
10.5981
7?.272

Sum Sq
.36433
5.26289
5.62722

Sum Sq
.168159
1.20113
7.36929

Sum Sq
.168159
1.20713
1.36929

Sum Sq
.669443
2.49133
3.16078

us
.334778
.796261

ilS
.0728667
.0974609

MS

.0336317

.0222432

HS

.0336317

.0222432

MS

. 1 33889

.0461 358

df
5

54
59

df
5

54
59

df
5

54
59

F

1.70577

F

.7 47644

F

7.512

F

1.572

2.90206

QXallg cornigqþþ

df
5

54
59

Helipterum pvcrmagg[

df
5

54
59

F
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3. SQUÀRE ROOT TRÀNSFORM

Dauçus glochidiatUg

Between grrp
lJithin grp
TotaI

Sum Sq
28.282
85.585
173.867

Sum Sq
35.6465
208.7 47
244.394

Sum Sq
.842735
8.00384
8.84658

Sum Sq
37.6577
167 .076
198.728

Sum Sq
68.8446
173.797
242.635

Sum Sq
18.4002
249.292
267.692

Ì,fs
5.65641
1 .58491

MS

7.7293
3. 86569

HS

.t68547

.148219

MS

6.33033
3. 094

MS

73.7689
3.21835

HS

3.68004
4.61651

F

3.56892

1.84425

F

1.137t5

2.046

F

4.27826

F

.797148

df
5

54
59

Çgassule qolglele

df
5

54
59

df
5

54
59

df
5

54
s9

df
5

54
59

F

Crassula sieberana

Þreqhycqne linearileþe

Between grp
ÍJithin qrp
Total

Between grrp
Within grp
TotaI

Between grp
lüithin grp
Total

Between grp
Within grp
TotaI

lopochloa pumila

Between grp
Within grp
TotaI

F

llq¡taqq drummondii

df
5

54
59
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Senecic ggadridenlatgs

Between grp
Tlithin srp
TotaI

Between grp
füithin qrp
TotaI

Sum Sq
1.19053
8.15578
9.34631

Sum Sq
.940t9t7
.723469
.76366

Sum Sq

39.2397
43.4647

Sum Sq
.115101
1 . 45998
1 .57508

Sum Sq
98.5463
528.268
626.815

Sum Sq
.526093
6.52511
7.05t2

Sum Sq
. 54001 2

3. 39698
3.937

HS

. 2381 06

.151033

HS
8.03833E-03
. 01 33976

HS

.844881

.72666

US

.0230202

.0270367

HS

19.7093
9.78275

HS

.105219

. 1 20835

HS

.108002

.0629077

F

1.57657

F

.599984

F

1.16269

F

.851 44

F

2.0747

.870759

F

df
5

54
59

Calandrinia erenaea

df
5

54
59

Tetlaqonia eremaea

ÀclinoþoLe 91iqinosum

Between grp
tJithin qrp
TotaI

Between grp
Hithin grp
TotaI

Between grp
tlithin grp
TotaI

Between grp
Within grp
TotaI

ErodiuD cycrnerum

Between grp
Within grp
TotaI

df
5

54
59

444.22

Schismus barbatus

df
5

54
59

df
5

54
59

df
5

54
59

Sonchus oleraceus

F

df
5

54
59

7.77686
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Sclerolaene obl iquicgspig

Vittadinia cuneata

Between grp
ïlÍthin grp
Total

Between grp
Within grp
Total

Between grrp
Within qrp
TotaI

Emex australis

Between grp
Within grp
TotaI

Between grp
Within grp
Total

Between grp
Within grp
TotaI

Between grp
9lithin grp
Total

Sum Sq
1.96229
9.84412
11 .8064

Sum Sq
3.67402
27.9943
25.6083

Sum Sq
.272972
2.39231
2.66529

Sum Sq
6.70736
25.528
31 .6354

Sum Sq
.369083
4 .46694
4. 83602

Sum Sq
1 .56896
6.05312
7.62207

Sum Sq
1 .70098
8. 06031
9.76729

Ì,f5

.392458

.182299

HS

.722803

.407301

MS

.0545944

.0443021

Ì,fs
t.22t47
.4727 47

MS

.0738167

.0827271

MS

.313792

.172095

MS

. 3401 9s

.149265

F

2.15283

F

7 .77 462

F

1.23232

F

2.58381

df
5

54
59

df
5

54
59

Àtriplex sponqiqse

df
5

54
59

df
5

54
59

Calotis higlidg1a

df
5

54
59

F

Danthonia caespitosa

. 892356

2.79934

F

df
5

54
59

F

Qoodenia pusi I!!!J.ora

df
5

54
59

2.2791A
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t

Hernaria hirggta

Between grp
llithin grp
TotaI

Stim nítide

Between grp
tJithin grp
TotaI

Between grp
lJithin grp
TotaI

Between grp
t'üithin grp
Total

Between grp
Within grp
TotaI

Sum Sq
1.46313
9. 04356
10.5067

Sum Sq
.288425
4.77127
4 .45969

Sum Sq
.0937805
.66988
.76366

Sum Sq
.0937767
.66988
.763657

Sum Sq
.411018
1 .52363
1 .93465

MS

.292626

.767473

l,fs
.0576851
.0772457

MS

. 01 87561

.0724052

MS

. 01 87553

.0124052

l'ts
.0822037
.0282754

df
5

54
59

F

t .7 473

F

.746774

F

1.51196

F

1 . 5119

F

2.91343

df
5

54
59

Gnepþosis þurkittii

OXaIiS corniculata

df
5

54
59

df
5

54
59

Helipterum pygnaeum

df
5

54
59
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Table 1

ì,fean number of plants per suþuadrat beneath l,faireanq sedifolíc

S-SE SE-S E_NE NE-N N-NI.¡ I{II-Id W-ST{ SVJ-S

11 .0
8.2
4,7

24.7
24,7
o.2
4.5
0.0
7.2
2.0
6.0
4.2
1.0
7.0
0.0
7.2
0.2
2.2
0.2
0.0
1.7
1.2
0.2
0.2
1.0
0.2
0.2
0.0

6.0
8.2
4.2
4.5
7.0
0.2
6.2
0.0
1.s
1.2
5.7
1.2
0.2
1.5
0.0
1.0
0.2
7.7
0.0
0.0
0.7
0.0
0.0
0.2
0.0
0.0
0.0
0.2

t

1.5
2.0
6.5
1.7
1.5
0.2
6.2
0.0
1.0
7.2
4.5
7.2
0.7
9.2
0.2
7.2
0.2
3.0
2.5
0.5
0.0
0.2
0.0
0.0
0.0
0.0
0.0
0.0

7

2.0
5.5
4.2
4.0
1.0
0.0
5.5
0.2
0.2
0.0
7.2
3.5
0.2
3.5
0.0
0.5
0.2
2.0
0.7
0.5
0.0
0.0
0.0
o.2
0.0
0.0
0.0
0.0

2.5
4.5
7.0
0.7
0.5
0.0
4.0
0.0
0.0
0.0
1.5
7.7
0.5
9.7
0.0
1.0
0.2
1.0
0.2
0.0
0.0
0.2
0.0
0.0
0.0
0.0
0.0
0.0

8.7
3.5
4.5
7.7
7,2
0.0
7,7
0.0
0.0
0.0
2.2
7.7
0.7
6.0
0.2
0.2
0.2
3.7
1.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

t

7

18.5
7.7
7.7
5.5

10.5
0.0
2.5
0.0
0.0
1.0
4.2
2.5
0.7
8.0
0.2
0.5
0.0
2.2
0.2
0.0
0.0
0.0
0.2
0.0
0.0
0.0
0.0
0.0

15.5
7.0
2.0

27.7
26.5
1.5
3.0
0.2
2.7
0.2
7.5
3.2
0.0
6.7
0.0
o.2
0.2
0.5
0.0
0.0
0.0
0.0
3.2
0.0
0.5
0.0
0.0
0.0

Danthonia
S. obl iquícuspis
Eriochiton
Daucus
Brachyscome
Helipterum
Erodium
Swainsona
Isoetopsis
Plantago
llhalenbergia
Sonchus
Carthamus
Tetragonia
Hypochoeris
Atriplex
Chenopod sp.
Omphalolappula
Zygophyllum
Euphorbia
Goodenia
Stipa
Calotis
Vittadinia
Senecio
Medicago
Hernaria
Alyssum

108 .7 72.5 64.2 35.5 35.5 s5.7 62.2 108. 5Means
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Table 2

Standard deviations for the mean number of plants per suþuadrat
beneath Meireqna sedifolia (Table 1)

S_SE SE_S E-NE NE_N N-NVJ NVJ-W VJ-SW SI.I-S

DanthonÍa
S. obl iquícuspis
Eriochíton
Daucus
Brachyscome
HeI ipterum
Erodium
Swainsona
Isoetopsis
Plantago
Vlfralenbergia
Sonchus
Carthamus
Tetragonia
Hypochoeris
Atriplex
Chenopod sp.
Omphalolappula
Zygophyllum
Euphorbia
Goodenia
Stipa
Calotis
Víttadinia
Senecio
Medicago
Hernaria
Alyssum

5.2
10.4
7.2

23.5
20.0
0.4
4.7
0.0
7.2
3.4
1.7
1.4
1.2
7.8
0.0
0.4
0.4
1.4
0.4
0.0
2.0
1.0
0.4
0.4
1.7
0.4
0.4
0.0

3.6
7.1
2.8
3.2
4.3
0.4
6.4
0.0
1.5
1.6
7.7
7.2
0.4
1.9
0.0
7.2
0.4
2.0
0.0
0.0
0.8
0.0
0.0
0.4
0.0
0.0
0.0
0.4

7

7.1.
3.9
3.9
1.2
7.7
0.4
3.7
0.0
7.2
7.2
4.0
1.2
0.8
6.4
0.4
7.6
0.4
4.6
4.3
0.8
0.0
0.4
0.0
0.0
0.0
0.0
0.0
0.0

7

7

7,6
6.5
1.5

34.8
23.2
7.6
3.3
0.4
2.7
0.4
8.2
2.4
0.0
5.8
0.0
0.4
0.4
0.8
0.0
0.0
0.0
0.0
5.6
0.0
0.8
0.0
0.0
0.0

8.4
4.5
6.6
4.7
t.4
0.0
7.6
0.0
0.0
7.2
3.2
0.5
1.2
5.7
0.4
0.5
0.0
2.4
0.4
0.0
0.0
0.0
0.4
0.0
0.0
0.0
0.0
0.0

10. 6
75.7
2.5
9.5
1.2
0.0
2.4
0.0
0.0
0.0
2.8
1.4
1.2

12.9
0.4
0.4
0.4
3.5
2.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

3.7
4.3
4.1
0.8
0.8
0.0
1.7
0.0
0.0
0.0
2.0
1.7
0.8
8.5
0.0
7.7
0.4
1.7
0.4
0.0
0.0
0.4
0.0
0.0
0.0
0.0
0.0
0.0

2.4
3.5
3.4
6.9
7.7
0.0
3.6
0.4
0.4
0.0
t.2
4.0
0.4
1.8
0.0
0.5
0.4
2.9
0.8
0.8
0.0
0.0
0.0
0.4
0.0
0.0
0.0
0.0
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Table 3

Mean number of plants per suþuadrat beneath Àtriple5 vesicaria

S-SE SE-S E-NE NE-N N-NÍ¡ Ntl-W Vl-SVl SI.I-S

7,0
7.2
2,9
2.0
3.2
0.0
1.5
0.2
1.0
3.5
2.0
1.5
0.5
7.7
0.5
0.5
0.0
2.0
0.2
0.0
0.2
1.0
0.0
0.0
0.0
0.5
0.0
0.0

t

4.5
0.2
1,0
3.0
7.7
0.0
3.2
0.0
3.0
6.2
4.5
2.7
0.2
7.2
0.2
0.2
0.0
0.5
0.2
0.2
7.2
0.7
0.0
0.2
0.2
0.2
0.0
1.0

77

4.5
0.0
0.7
5.0
7.7
0.0
4.2
0.0
4.7
4.5
1.2
2.0
0.2
0.5
0.0
0.0
0.0
0.2
0.0
7.2
2.0
0.5
0.0
o.2
0.0
0.0
0.0
0.0

3.5
0.0
9.7
6.7
0.7
0.0
6.0
0.2
4.2
2.0
1.2
1.7
0.7
0.7
0.2
0.0
0.0
t.2
0.0
7.2
0.7
0.7
0.0
0.0
0.0
0.0
0.0
0.5

2.7
1.0
2.2
6.0
2.0
0.0
1.5
0.2
3.2
3.0
0.7
2.2
1.7
1.2
0.0
0.0
0.0
1.7
0.0
1.5
0.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0

8.2
7.2
0.5
8,7
2.5
0.0
7.7
0.2
5.0
2.5
4.5
3.5
7.2
4.7
0.0
0.7
0.2
5.0
0.0
0.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

6.7
0.5
1.0

22.5
2.5
0.0
2.2
0.2
3.5
3.5
3.0
4.0
0.0
3.0
0.0
0.7
0.0
2.2
0.2
o.2
0.7
1.0
0.0
0.2
0.5
0.0
0.0
0.0

6.5
2.5
0.7

24.0
2.2
0.2
0.7
0.0
3.5
2.0
0.2
2.7
0.0
1.5
0.2
1.0
0.0
3.7
0.0
0.0
2.2
0.5
0.0
0.5
0.2
0.2
0.0
0.0

Danthonia
S. obl iquicuspis
Eriochiton
Daucus
Brachyscome
Helipterum
Erodium
Sç¡ainsona
I soetopsis
Plantago
l,/halenbergia
Sonchus
Carthamus
Tetragonia
Hypochoeris
Atriplex
Chenopod sp.
Omphalolappula
Zygophyllum
Euphorbia
Goodenia
Stipa
Calotis
Vittadinia
Senecio
Medicago
Hernaria
Alyssum

Means 55.7 58.7 67 .7 32.2 33.5 33.7 47 .O 42.s
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Table 4

Standard deviations for the mean number
beneath ÀlqipleX vesicaria (Table

of
3)

plants per subquadrat

S-SE SE-S E-NE NE-N N-Nt{ Ntl-V0 s¡-Stl SId-S

Danthonia
S. obl iquicuspis
Eriochiton
Daucus
Brachyscome
HeI ipterum
Erodium
Swainsona
Isoetopsis
Plantago
Vlhalenbergia
Sonchus
Carthamus
Tetragonia
Hypochoeris
Atriplex
Chenopod sp.
Omphalolappula
Zygophyl Ium
Euphorbia
Goodenia
Stipa
Calotis
Vittadinia
Senecio
Medicago
Hernaria
ÀIyssum

3.0
0.4
7.2
4.4
7.7
0.0
t.t
0.4
1.7
1.5
2.9
1.7
0.8
7,9
0.5
0.5
0.0
1.2
0.4
0.0
0.4
1.2
0.0
0.0
0.0
0.5
0.0
0.0

tt

1.6
0.0
0.4
9.9
0.8
0.0
3.5
0.4
5.7
7.2
t.6
0.4
1.2
0.8
0.4
0.0
0.0
7.2
0.0
1.0
0.8
0.8
0.0
0.0
0.0
0.0
0.0
0.8

7.4
1.0
2:2
4.6
2.4
0.0
2.0
0.4
3.2
2.7
0.8
1.0
2.4
7.6
0.0
0.0
0.0
1.0
0.0
1.5
0.0
0.7
0.0
0.0
0.0
0.0
0.0
0.0

5.7
0.4
0.5
6.3
3.2
0.0
2.4
0.4
8.0
3.7
2.8
2.6
2.1
2.9
0.0
0.8
0.4
4.7
0.0
0.0
0.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0

7

4.2
0.8
7.2
9.0
2.2
0.0
2.8
0.4
5.5
2.0
3.0
5.2
0.0
2.5
0.0
0.8
0.0
t.9
0.4
0.4
0.8
t.2
0.0
0.4
0.8
0.0
0.0
0.0

1

3.7
3.2
1.2

23.8
7.7
0.4
7.2
0.0
3.7
1.5
0.4
t.2
0.0
1.5
0.4
1.0
0.0
3.7
0.0
0.0
1.7
0.5
0.0
0.5
0.4
0.4
0.0
0.0

2.6
0.0
0.8
7.5
2.0
0.0
5.1
0.0
6.6
2.0
0.8
0.7
0.4
0.8
0.0
0.0
0.0
0.4
0.0
7.6
o.7
0.8
0.0
0.4
0.0
0.0
0.0
0.0

2.6
0.4
0.7
3.1
2.O
0.0
3.2
0.0
3.6
9.1
5.1
3.2
0.4
1.0
0.4
0.4
0.0
0.5
0.4
0.4
0.8
0.4
0.0
0.4
0.4
0.4
0.0
7.7
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