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ABSTRACT

The dynamics of regeneration by vegetative regrowth and
seed germination were examined during the first two years after
the burning of three communities in dry sclerophy_l forest near
Canberra , A. C.T .
All species represented in the vegetation prior to
burning, by either living plants and/or seeds in the soil and litter,
were present in the regenerating conununities in the first year
after burning .

No new species invaded the burnt areas.

All species were found to exhibit one of three modes of
recovery :

23% regenerated by vegetative regrowth alone , 27% by

seed germination al one, and the remainder by a combination of
regrowth and germination .

Both the recovery of preburn populations

by vegetative growth and the net seedling input of species were
greatest during the first year after burning. ·
Surviving vegetative organs generally commenced shoot
growth within two to three months of burning.

Both the initiation

and subsequent development of regrowth were affected by
environmental conditions (especially water availability), preburn
plant age, origin of the regenerative buds, and fire-induced
effects on plant growth .

Negligible mortality of regrowth occurred.

Regeneration of the shrub and herbaceous species by seed
germination was effected from seed reserves in the soil and litter,
which escaped combustion and lethal heating during the fires .
For the Eucalyptus species, seed released from the trees afte r
burning provided the source for regenerative seedling populations .
Burning promoted the germination of most species through
heat effects on the seeds and/or by removing the influence of

factors which inhibited germination in the absence of fire.
Seedling mortality was highest during the first year
after germination, and many seedlings died while still in the
cotyledon stage.

The most commonly observed causes of mortality

were desiccation, fungal disease, and predation by insects.
Seedling survival was enhanced by fire-induced changes
in the environment which promoted seedling establishment and
growth.

Such changes were thought to include the removal of

inhibitory factors present in the unburnt condition, increased
soil friability, and improve~ soil fertility.
The process of regeneration after burning was examined
in relation to various theories of secondary succession.

From

the results of this study, and after a survey of the postburn
regeneration in a number of different vegetation types subject
to periodic burning, it was concluded that the recovery of such
communities after disturbance by fire closely resembles an Initial
Floristic Composition model.

When a community is disturbed by

agents other than fire, which impose different stress conditions
on the species present and different constraints on the early stages
of revegetation, the process of regeneration would not be expected
to conform to the same model as that described for fire.
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CHAPTER ONE

LITERATURE REVIEW:

FACTORS AFFECTING EARLY STAGES OF
REGENERATION AFTER DISTURBANCE, WITH SPECIAL
REFERENCE TO FIRE

1

INTRODUCTION

1.1

The process by which a plant corrununity becomes reestablished
after the vegetation is disturbed is generally known as secondary
succession.

The various components of this process can be represented

by the events shown in the flow diagram in Figure 1.1.
In a given successional sequence the floristic composition (c)
of the corrununity (A) will change with time (t) as the initial species
present (c

1

at time t ) give way to those in later stages (c ... cx_ ) and
2
1
1

some final climax (c).
X

'

At the time of the disturbance (D), when

secondary succession is initiated, the plant corrununity will be represented
by a vegetative component (V ) and a seed component (S ), the sizes and
2
1
composition of which will depend both on the successional stage of the
initial corrununity and on the various factors indicated in the diagram.
Although the components will be affected to varying degrees by
the stress conditions imposed during the disturbance, they will furnish
the precursors

(v 2

and

s3)

of the vegetation which redevelops afterwards.

An additional component (S'), representing species absent from the
original corrununity at the time of disturbance, may also contribute to the
regeneration as 'invaders' if their propagules are transported into the
disturbed area from external sources.
In the following review, the various factors which influence
the magnitude and composition of
more detail.

s 1 , s 2 , s 3 , v1

and

v2

are considered in

Fire, which is an extremely corrunon agent initiating

secondary succession, is specifically considered as a disturbance force,
and the extent to which it affects the potential contribution of v
s

2

1

and

to the regenerating vegetation is examined.
In view of the broad scope of the subject matter embraced, the

review is not aimed to be exhaustive but rather representative of the
mairi factors ~ontrolling the events indicated in the figure.
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1.2

BURIED SEED POPULATIONS

1.2.1

Soil seed populations and plant succession

The importance of the large numbers of viable seed found buried
in soil has long been recognised in agriculture in connection with weed
control (Duvel, 1902;
Milton, 1934).

Brenchley and Warrington, 1930;

Chippendale and

While these early workers invariably reported a lack of

correlation between species represented by buried seed and by living
plants in the vegetation above the soil, it was not until 1940 that
buried viable seed populations were linked with succession and their
possible importance studied in this context (Oosting and Humphreys , 1940).
Much of the initial data was collected from seed populations
buried in soils of old fields abandoned for varying lengths of time.
Oosting and Humphreys (1940), for example, examined soil from a number of
seral stages ranging from fields abandoned for 0-2 years to 112 year old
hardwood forests near Durham, N.C., U.S.A.

Their results indicated that

for a stand of any given age, seed of a range of species was present in
the soil even though plants were absent from the surface vegetation.
Seeds of herbaceous species characteristic of early old field successional
stages were consistently f ound in all sera l stages sampled from initial
abandonment to 85 year old stands of pine.

Seeds of more woody species

normally found growing in the mature hardwood forests were encountered
in young seral herbaceous stands, while two shrub species were
represented by buried seed in stands abandoned for 0-2 years.

In spite

of these anomalies,Oosting and Humphreys concluded from their results
that similar trends of succession could be observed in both the above
ground vegetation and in the buried soil seed populations.
Major and Pyott (1966) reviewed a number of studies on buried
viable seed populations representing a wide range of communities
including arable crops, pastures , grasslands, steppes and forests in

4

Northern

America and Europe.

The majority of authors cited found

marked differences between plant species represented in the vegetation
and in the soil as buried seed.

In Australia, recent work by Barbour

and Lange (1967), Carroll and Ashton (1965), and Howard and Ashton (1967)
has revealed similar discrepancies for a variety of vegetation types
including wet and dry sclerophyll forest, woodland, mallee, heath and
sand-dune communities.

Major and Pyatt (1966) concluded from their

review that 'the study of the living, above ground vegetation of a plant
conununity by no means gives us an even qualitative picture of its true
composition', and commented that the buried viable seed reflected
'either real or potential stages' in successional development in the
conununity.
The specific role of buried seed in succession has been
examined in detail in recent years by trying to relate soil seed
populations to the species composition of the surface vegetation of
different seral stages.
(1960;

A variety of relationships have emerged.

Karpov

quoted in Major and Pyatt, 1966) found that for 100 year old

spruce forests

(Picea abies - Vacciniwn myrtillus) in Russia, the buried

viable seed present represented species of preceding successional stages
or of forest clearings, rather than the species occurring in the stands.
In Japan, Numata and coworkers initiated studies of the seral stages
typified as

Ambrosia~ Erigenon

climax stages (Numata

~

Miscanthus

et dl.~ 1964 a, b).

~

Pinus

~

Machilus~ Shiia

Like Karpov, they found that

the soil of any given seral stage often contained seed of preceding stages
(Hayashi and Numata, 1971).
The presence of seed of early successional species in mature
'climax' stands has also been commonly reported,eg. by Hayashi and
Numata (1968) for

Shiia forests in Japan, Livingston and Allessio (1968)

for . mature pine forests in Massachusetts, U.S.A., and Howard (1974) for
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Nothofagus cunninghamii forests in Tasmania.

Occasionally good

correlation between species composition in existing vegetation and
buried seed has been recorded.

For example, in Scotland, Miles (1973b)

found the seed flora closely corresponded to the composition of the
existing Calluneturn vegetation.

However,the more general conclusion

that can be drawn from such studies is that for any given stand of
vegetation, viable seed of a wide range of successional species,
representing both preceding and subsequent seral stages, are likely to
exist in the soil .

1.2 . 2

Composition of buried seed populations

Compared with the occurrence and abu ndance of individuals in
the surface vegetation, species are generally either under-

or over-

represented by their viable seed populations in the soil below.

a)

Over-representation of buried viable seed

The presence of buried viable seed of species absent from the
vegetation has been commonly reported, and generally attributed to the
capacity of seeds to remain viable for long periods of time in the
soil.

For example,viable seed of weedy species characteristic of

pastures may remain in the soil for 300 years aftBr the cessation of
agricultural practices (Turrill, 1957).
viable seed of

Howard (1974) considered that

Carex and Juncus, found in the soil below Nothofagus

forest in which no living plants of the species were present, had been
stored in the soil for up to 400 years.

An examination of soil

representing a variety of seral stages, from abandoned fields to mature
pine and hardwood forests, revealed that 44.6% of all seedlings
developed from buried seed in soil samples taken from sites in which

G

parent plants were absent (Livingston and Allessio, 1968).

In some

cases buried viable seed occurred where living plants had been missing
from the ground cover for as long as 80 years.
On a broad scale,climax vegetation generally contains a
variety of seral stages (Whittaker, 1970) whose component species can
provide , within the limits of their dispersal mechanisms, a source of
seed for revegetation after a disturbance of any part of the community.
However within a specific area of the climax, seed of species from
successive seral stages may accumulate in the soil, and if sufficiently
long-lived, remain viable long after representatives of the species have
disappeared from the above-ground vegetation in the immediate locality
(Specht

I·

et al. .,

1958).

Thus the soil from a particular site in a climax

stand should potentially be able to contain seed of all species from
the early seral stages to the actual climax by this process of progressive
accumulation.

The numbers of viable seed could be expected to decrease

with time however, due to natural loss of viability and depending on
species seed longevity and the period of accumulation.

The results of

several workers have indicated such a decrease with incr e asing stand
age after abandonment or with succeeding seral stages (Chippendale and
Milton, 1934;

Numata

et al . .,

1964a;

Hayashi and Numata, 1968, 1971;

Howard , 1974).
Although the simultaneous presence of seed in soil and absence
of parent plants in the aerial vegetation may also be attributed to
migration of seeds from external sources if efficient dispersal
mechanisms are present (Howard and Ashton, 1967), such seed input is
probably of minor significance in mature forests, especially where seed
is found at considerable depths in the soil, and where litter cover is
thick and crown canopies dense (Livingston and Allessio, 1968).

It may

be relatively more important in situations where vegetation is disturbed
(eg. Jarrett and Petrie, 1929;
Christensen

et al . .,

1974).

Keever, 1950;

Bard, 1952;
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b)

Under-representation of buried viab le seed

The commonly reported absence of buried viable seed of species
present in the vegetation above the soil has been attributed to a
variety of factors.

Both Chippendale and Milton (1934) and Major and

Pyott (1966) noted that many species, especially grasses, rely on
vegetative means for propagation, and seed-set for such species may be
consequently low.

In a study of the reproductive strategy among

higher plants, Ogden (1974) concluded that although seral annual and
<

rhizomatous perennial species appeared to 'invest the same percentage
of their total net production in reproduction', the perennials expended
less of this energy on seed production than annuals.

While working

with weeds of cereal and root crop fields, Jensen (1969) found that
among the perennial plants, those with and without vegetative means of
reproduction accounted for 10.2% and 3.9% (respectively) of the total
species in the vegetation.

However , among the buried viable seed

populations, perennial species with vegetative reproduction accounted
for only 0.4% of species, while those lacking means of vegetative
reproduction comprised 4.8% of species.

Further evidence for reduced

seed production associated with plants multiplying vegetatively came
from Sarukhan (1974) 1 who found a similar relationship among three species
of

Ranunculus.

The two species with very high seed output (viz.

R. acris and R. bulbosus) showed almost no vegetative reproduction while
the third

(R. repens)~ which exhibited weak flowering and seed

production , re l ied almost entirely on vegetative propagation.
Poor and/or irregular seed-set, not necessarily related to
vegetative reproductive ability, has been among the factors us ed to
explain the lack of seed of some dominant species in

Eucalyptus pauciflora

woodland (Howard and Ashton, 1967) and heath ve getat ion (Barbour and
Lange, 1967), and the absence of seed of

Atherosperma moschatum in
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Nothofagus forest (Howard, 1974).

As stressed by Howard (1974) and

Hayashi and Numa ta (1971) in relation to species which show strongly
seasonal seed production and/or whose seed are short-lived, the
abundance of seed in the upper layers qf the soil will be greatly
influenced by the time of year at which the soil is sampled.

Numata

et al. (1964b) reported a high degree of variability from month to
month in both the composition and quantity of seed of species present
in their soil samples.

For this reason they found it necessary to

distinguish between the gross buried seed population (GSP

=

total

buried seed at a givent time) and the seral , seed production (SSP

=

total seed produced in a growing season) of a species in a given seral
stage when analysing their data.
Even where species flower regularly, the amount of seed
incorporated into the soil may be affected by the activity of seed
predators both while seeds are still maturing, and after maturation and
seed-shed.

Such pre- and post-dispersal predation (Janzen, 1971) may

greatly reduce seed numbers, and have been commonly considered to help
account for the under-representation of species in buried viable seed
populations (eg. Olmsted and Curtis, 1947;
Howard and Ashton, 1967;

Johnston

Carroll and Ashton, 1965;

et al.~ 1969;

Howard, 1974;

Sarukhan, 1974).
Predispersal seed losses may be caused indirectly through
grazing of inflorescences by herbivores (Howard, 1974;

Sarukhan, 197 4 ),

or by insects which cause girdling and subsequent shedding of small
branchlets bearing buds, affect flower development, or cause premature
abscission of fruits (Glendening and Paulsen, 1955;
1974).

Smith and Ueckert,

The extent of such indirect losses is often difficult to assess,

but may be extremely high.
determined that for

Ebel and Yates (1974), for example,

Pinus echinata~ 70% of conelets aborted during the

first two years of development because of insect activity.

Direct
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pre-dispersal seed losses are often caused by insect larvae eating
the young embryo and cotyledons, or by sucking bugs feeding on the
juices of irrunature seed (Myburgh et al. , 1974;

Smith and Ueckert, 1974).

Among leguminous species, seed attack by weevils or bruchid larvae is
particularly corrunon,and can cause up to 100% red uction of a seed crop
(eg. Janzen, 1969;

Prevett, 1961;

Lamprey et al.~ 1974;

Howard and

Ashton, 1967).
Viable seeds which have been released from the parent plant
may be destroyed before they can become incorporated into the soil by
<

a variety of predators including small marrunals, rodents and birds
(Gashwiler, 1970;

Janzen,

1971, 1972b;

Miles , 1974), and insects (Cremer, 1966;

Christensen et al. , l974;
Janzen,1971, 1972a).

Such

predation can greatly reduce seed populations; for example,Cremer
(1966) recorded up to 80% destruction of seed of Eucalyptus regnans
by ants and lygaeid bugs, while Gashwiler (1970) found that small
marrunals and birds removed 65% of the seed of Douglas Fir (Pseudotsuga

menziesii).

Marshall and Jain (1970) reported that predation of

Avena fatua and A. barbata seed varied from 1% to 65% on different
experimental plots.
Ants are particularly corrunon post-dispersal seed predators.
However they do not generally cause extreme depletion of the seed
populations even though seed may contribute a large amount to the
total forage collected, eg. 39%

for the harvester an t

Pogonomyrmex

occidentalis in a short grass plains ecosystem (Rogers, 1974).

In

the latter, Rogers calculated that only 2% of the available seed
biomass was removed, while Briese (1974) estimated a 20% loss of
the seed crop of Atriplex vesicaria by harvester ants in a semi-arid
ecosystem.
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Seed predators may be extremely important in changing the
composition of buried viable seed populations where the predatory
species show selective removal of seed.

Tevis (1958), for example,

found that 90% of the seed collected by harvester ants in a desert
system was from three ephemeral plant species whose seed contributed
less than 8% to the total available seed crop.
The absence or low numbers of seed in soil may also be
caused by short seed longevity and rapid loss of viability after
burial.

Both the potential longevity and rate of loss of viability

will to a large extent be determined by whether the seeds possess any
form of dormancy.

Although discussed in detail in the section 1.3.4 b ,

it can be briefly stated here that seed of many species have a 'natural'
dormancy (i e. present at seed-shed) which ensures their survival over
long periods of time.

However in other species, seed are forced into ·

a state of dormancy due to the absence of conditions necessary for
germination (Brenchley and Warrington, 1930).

In such species, the

various factors which affect seed preservation (and thus the rate
of loss of viability)Jand which inhibit germination (so causing
dormancy),will be of crucial importance in determining how long the
buried seeds remain in a viable state.
Within a given site, the depth to which seed are buried
often affects longevity, with seed buried more deeply retaining their
viability longer than those near the surface (see section 1.3.3).
the vertical distribution of seed in the soil will be important in
terms of the rate at which seed populations are depleted because of
loss of viability.

The actual depth of burial is influenced by a

number of factors , including seed size, soil type and texture, and
the activity of animals,both in trampling seed into the surface
(eg. stock) and in transporting them down the profile (eg. ants,

Thus
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earthworms)

(Major and Pyatt, 1966;

Howard and Ashton, 1967;

Carroll and Ashton, 1965;

Goeden and Ricker, 1973).

Although

Jensen (1969) concluded from a review of weed species in pastures
that seedswere relatively evenly distributed from the surface to depths
of 25 cm, for many types of vegetation seedsare more often concentrated
in the upper layers of the soil, and their numbers decrease rapidly with
depth.

Goeden and Ricker (1973) found that the incidence of buried

carpels and viable seed of

Tribulus terrestris 'varied inversely and

linearly with depth to 24 cm'.
recovered in

Of the total buried viable seed

Miscanthus stands and Zoysia meadows, respectively 51% and

86% occurred in the top 0-2 cm of soil (Hayashi and Numata, 1971).

In

snowgum woodland, Howard and Ashton (1967) recorded 83% of the total
buried viable seed in the O - 2.5 cm zone, although they noted that seed
of some species

(Oxalis corniculata, Asperula gunnii, and Gnapha liwn

purpurewn) were evenly distributed from 0-18 cm.

Maximum depths at

which viable seed have been found include 46 cm for

Acacia seeds

(Ewart, 1908), up to a metre or more for weed species (Jensen, 1969),
and to 150 cm for small seedsin sandy soil (Major and Pyott, 1966).
Seed populations in the upper layers of soil are likely to
be depleted more rapidly than seeds buried deeply.

Under the latter

conditions,when seeds commonly develop a state of dormancy, loss of
viability will be slow and viable seeds will tend to accumulate.

In

contrast, seeds in the upper layers are less likely to be forced into
a state of dormancy,and are more likely to either lose their viability
or germinate

in situ (Major and Pyatt, 1966;

Stoller and Wax, 1973).

Taylorson, 1972;

These losses, together with those from seed

germinating soon after release from the parent plant before they
become buried, will result in depletion of the seed populations, and
may help accoun~ for the lack of buried viable seed of species common
in the vegetation above the soil.
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1.2.3

Bias in soil seed population data

Much of the research concerning buried seed populations in
relation to the surface vegetation has involved sampling soil to
various depths, and returning the samples to glasshouses where they
are spread out in trays and left for a given time while the seed in
the soil germinates.

The actual sampling and germination techniques

employed may inherently provide an inaccurate assessment of the species
composition and numbers of seed present in the soil.
As previously noted, where species have short-lived seeds and
highly seasonal or irregular patterns of seed production, the time of
year at which sampling is carried out may determine whether seed is
present in or absent from soil samples.

Major and Pyott (1966) pointed

out that where seeds show high aggregation around parent plants, the
spatial sampling technique will be important;
true where parent plants have died out.

this will be especially

High aggregation will also

occur where seeds are dispersed by animals.

Storage in seed caches

below the soil (eg. Bitterbrush seed collected by rodents;
Christensen

et aZ.~ 1974), or deposition of seed in faeces (eg. Ranunculus

seed eaten by cattle (Sarukhan, 1974),
mammals (Lamprey

Acacia seed eaten by various

et al.~ 1974)),will both cause local concentration of

the seed.
In view of the vertical distribution of seed in the soil,
the depth to which samples are taken may also be critical in determining
whether seed is present or absent in samples, especially from stands of
vegetation where seed of plants which have long died out remain buried
relatively deeply in the soil.

Barbour and Lange (1967) considered

shallow sampling (to 13 cm) a possible cause for the absence of seed of
some dominant sp~cies in heath vegetation.
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The techniques used in germinating seed from soil samples
may be even more crucial in determining whether a species is recorded
or not.

Where buried seeds are in a state of enforced dormancy, the

act of disturbing the soil is generally sufficient to remove the
dormancy (Roberts, 1972), and repeated turning of soil in the trays
ensures maximum germination of such species (Brenchley and Warrington,
1930).

However where seeds have natural dormancy mechanisms, special

treatments such as scarification, heat treatment or stratification may
be necessary before germination will occur (eg. Sorensen and Holden,
1974).

Ewart (1908) noted that

Acacia seeds remained unimbibed in

moist soil samples for at least six months unless treatments were
applied to break the hard testas and thus allow germination.

Lack of

such treatment may explain the unexpected absence of seed in soil
samples (Gill, 1975;

the absence of

Acacia seeds noted by Carroll and

Ashton (1965) may possibly be attributed to this).
Seeds of many species have highly specific temperature, light,
photoperiod and other requirements for germination (see section 1.5.1),
and it is possible these conditions will not be satisfied in a glasshouse environment, particularly when a relatively short time is
allowed for germination.

Although most seed germinates quickly once

the soil is spread out in trays (eg. within one month (Jensen, 1969)
or one year (Champness and Morris, 1948)), seed with hard testas or
other forms of dormancy may remain viable but ungerminated for several
decades (Major and Pyott, 1966).
to continue for at least two years

Unless such experiments are allowed
(Champness and Morris, 1948;

Gill, pers. corrun.), or some effort is made to recover seeds from the
soil samples (eg. by methods similar to Barbour and Lange (1967)
or Hayashi and Numata (197l)), species may fail to be recorded.
Thus when considering viable seed populations in the soil in
relation to the surface vegetation present at different stages of

\
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succession, the above factors may influence greatly the degree of
correlation between the species composition represented by buried
seed and living plants.

1.3

THE LONGEVITY OF BURIED SEED

1.3.1

The importance of seed longevity

One of the main prerequisites for the survival of a plant
species is the ability of its seed to remain viable until conditions
are suitable for germination.

In 1908, Ewart recognised the

survival value of hard seed coats in that, by allowing seed to remain
viable for possibly 250 years, they permitted distribution of the
species in time.

This principle was well illustrated by Cambage (1926)

who recorded the occurrence of thousands of
after the ploughing of a paddock in which
for at least 86 years .

Acacia mollissima seedlings

Acacia trees had been absent

The survival value of dormancy mechanisms in

seeds has similarly been recognised over shorter periods.

Harper

et al.

(1970) noted that dormancy 'enables members of a population to remain
insulated from recurrent or sporadic environmental hazard and so
ensures the continuation of the population through seasons unfavourable
for growth or environmental catastrophies'.
Whatever the forms of regulatory mechanisms controlling the
maintenance of seed viability, they will only have survival value
if, as well as preventing germination,eg. when conditions are
unfavourable for survival, they do not impair the seed viability or
the capacity of the seed to germinate subsequently when environmental
conditions become favourable (Koller, 1969).

\

I
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1.3.2

Determination of seed longevity

The ability of some seeds to remain viable for long periods
was recognised by early workers from circumstantial evidence, such as
when buried seed or seedlings were found in areas where living plants
had not grown for a known time (eg. Cambage, 1926;

Gilbert, 1959), or

by germinating seed from herbarium specimens of known age (Crocker,
1938).

Some of the maximum values recorded for seed longevity come

from archaeological work where the age of seeds has been judged
by carbon-i'.lating fragments of plant or animal remains excavated with
them.

Ii

By such means the following longevities have been reported:

10,000 years for seed of
1300 years for seed of
for seed of

Lupinus arcticus (Porsild et al.~ 1967),

Trifoliwn repens (Odum, l965), l040 ± 2l0 years

Nalabiwn specioswn (Ogha, 1926, quoted in Barton, 1965b),

and 530 years for seed of

Canna sp. (Sivori et al.~ 1968).

Seeds stored away in jars and bottles and discovered some
time later have also allowed estimates of maximum longevity.

Ewart

(l908) tested the germination capacity of seed stored for up to 67
years in cupboards.

Of the 1400 species and varieties tested, 46 had

seed still viable after 50 or more years storage, although it was often
necessary to scarify the seed before germination took place.
of the remaining species, no seed germination occurred at all.

For many
Buchwald

and Jensen (1974) similarly examined the viability of seed lots which
had been stored in corked glass tubes kept in wooden boxes in a dry
hay loft for approximately 60 years.

Only five out of a total of 148

species still had viable seed, and of these, four s h owed less than
1% germination.

Tests of this nature were limited,in that the

longevity was determined for only a few species whose seed survived
for very long periods.
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To obtain estimates of the longevity of both s h ort-and longlived seeds, carefully planned experiments have been carried out in
which seed lots placed in containers have been stored either under
laboratory conditions or buried in the soil at known depths.

At

specific time intervals, varying from months to years, seed lots were
removed, subject to germination tests and their viability so calculated
with increasing storage time.

In one such experiment designed to

determine the longevity of seeds stored under laboratory conditions in
an equatorial climate, Garrard (1955) found that only 6 out of 28 species
had viable seed remaining after 10 months.

Experiments extending over

longer periods were initiated in 1879 by W.J. Beal and in 1902 by
J.W.T. Duvel, and subsequently concluded by Darlington and Steinbauer
(1961) after 80 years, and Toole and Brown (1946) after 39 years
(respectively).
In the Beal experiment, seed lots of 20 species were mixed
with sand and placed in uncorked bottles which were then buried mouth
downwards 51 cm below the soil.

After 80 years burial, only three

species still had viable seed,the germination of which ranged between
2% and 70% (Darlington and Steinbauer, 1961).

Duvel placed seed lots

of 107 wild and cultivated plant species in pots of soil which were
then buried in the ground at depths of 20, 56 and 106 cm.

After 20

years burial, 51 species had living seed whose germination capacities
ranged from 0.5% to 95% (Goss, 1924), while after 39 -· years burial,
seed of only 36 species remained viable (Toole and Brown, 1946).
The change in seed viability of species with time for the Duvel and
Beal experiments are summarized in Table 1.1.
As shown, approximately half the species no longer had

I,

viable seed after 10-l5 years in the Duvel experiment, and 25-30
years in the Beal experiment.

TABLE 1 . 1

Changes in seed viability with time

% of species with germinable seed

Years of
Burial

Duvel
1
expt
Beal
expt 2

1

3

5

lO

-6

66

57

15

20

25

30

35

-16

50

60

70

80

-40

63

63

47

47

50

45

65

55

Source of data: 1-

39

41

55

Toole & Brown, 1946;

107

34

40

25

2-

40

Total
Species

20

15

15

15

20

Darlington & Steinbauer, 1961.
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Madsen (1962) reported the results of an experiment similar
in design to the Duvel experiment.

Of the 19 weed species tested, seeds

of 7 species lost their viability within 11 years, a further 8 species
in the next 15 years, and only 4 species retained large numbers of
viable seed after 26 years.

Seed of all 10 of the crop species tested

lost their viability within l l years burial.

In an experiment to

determine the rate of loss of viability of the seed of several weed
and crop species, Rampton and Ching (1966, 1970) found marked species
differences.

'I

Seeds were buried in mesh bags at approximately 2.5 cm

intervals to a maximum dept h of about 18 cm.

Although the rates of

loss of viability varied with depth, seeds of perennial rye grass
lost their viability most rapidly, with negligible germination and
only 0.2% dormant seed left after 5 months burial (Rampton and Ching,

l966).

At the end of seven years, seed of red clover still showed

35.7% germination, while 6.2% remained dormant.

1.3.3

Common £eatures of seed longevity

From such experiments as those described, a number of
generalizations were drawn by early workers and subsequently confirmed
in later, more detailed trials.
For seed of a given species buried in the soil, it was
generally found that the longevity depended on the depth of burial,
with those stored closer to the surface losing their viability more
rapidly than those buried at greater depths.

(1904;

For example, Waldrow

quoted in Stoller and Wax, 1973) found that of the 7 weed

species examined after 3 years burial, no seed remained viable at
5.2 cm depth,but seed of three species remained viable at 25 cm.

19
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Toole and Brown (1946) reported that seed buried 20 cm below the soil
surface lost their viability more rapidly than those buried at 56 cm
and 106 cm, while Rampton and Ching (1966) found that for a number of
grass and legume species, persistence of viability was least at 2.5 cm
below the surface, but increased with depth to 18 cm.

In cases where

burial depth had no apparent effect on the rate of loss of seed
viability (eg. Goss, 1924), this was later attributed to the
exceptional depths used, which bore little relation to seed buried
under natural field conditions (Stoller and Wax, 1973).
It was recognised that maximum longevity depended on the
storage conditions, with seed buried in the soil often retaining their
viability longer than seed
(Barton, 1965b;

stored under laboratory conditions

Buchwald and Jensen, 1974).

Some evidence conflicted

with this, for example Rampton and Ching (1970) found that seed of

Loliwn

spp. still showed 96-100% germination after 7 years laboratory

storage, while those buried in the soil over the same period had
lost all viability.

Clover seed

stored in the laboratory similarly

had a higher proportion which germinated or which were dormant after
7 years than seed buried in the

soil over the same time.

Such

discrepancies could easily arise from the great variety of conditions
encountered under different storage situations in the laboratory and
with various depths in the soil.
In most experiments the longevity of seed varied between
species, with some having naturally short-lived

seed, and others

with seed able to remain viable for extended periods of time.

This

natural range of longevity prompted Ewart (1908) to design a system
by which species could be classified according to the measured life-

I

span of their seeds.

Three classes were designated,viz. Microbiotic

(seed.s short-1.i ved, remaining viable for less _than 3 years),
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Mesobiotic (seeds remaining viable for 3-lS years) and Macrobiotic
(seeds remaining viable for

is

to

ioo

or more years).

Since these

divisions were chosen arbitrarily, the classification of a single
species depended largely on how the seed longevity was determined.
Among the short-lived group, seeds of cultivated species
were found to predominate (Goss, l924;
and Steinbauer, l961;

Madsen, l962).

Crocker, 1938;

Darlington

As noted by Austin (1972),

this may partly reflect unconscious selection for short-lived seeds
in cultivated species which are usually propagated each year from
seeds.
The occurrence of long-lived seed was found to be common
for many families of plants.

Barton (1965b) reported seed remaining

viable for at least 50 years of species belonging to the following
families:

Cannaceae, Convolvulaceae, Euphorbiaceae, Iridaceae,

Labiatae, Leguminosae, Malvaceae, and Tiliaceae.

The predominance

of legumes among species with long-lived seed was most noticeable,
and generally attributed to the presence of hard impervious testas
(Becquerel, 1907;

Ewart, 1908;

Buchwald and Jensen, 1974).

Rees, 1911;

Toole and Brown, 1946;

However, it was recognised that testa

impermeability was not the only cause of high seed longevity.

Crocker

(1938), for example, noted that seeds were able to imbibe water in the
soil and remain viable for up to 50 years.

In such seed Darlington

and Steinbauer (1961) considered 'the presence of unfavourable
temperature and soil atmosphere conditions may retard metabolic activity
... and thus retard deterioration'.

1.3.4

Mechanisms governing seed longevity

j,

The various means by which seeds delay germination and so
increase their longevity, whether on a 'micro' or 'macro' scale,
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have been well studied.

The most common mechanisms are considered in

the following sections.

a)

Seed coat hardness

Although testa hardness was early recognised as preventing
gerrnination,eg. in many leguminous seeds (Ewart, 1908;

Rees, 1911;

Harnly, 1932), similar effects have been attributed to glumes, lemmas,
paleas, fruit walls and even endosperm tissue, all of which may loosely
be termed the 'seed coat'

(Ballard, 1973).

In all species whose seed

exhibit this 'hardness', piercing of the seed coat greatly enhances
germination.
The promotion of longevity due to testa hardness has been
related to a number of factors.

i)

Irrrpermeability to water.

In leguminous seeds 7 hard testas

were quickly associated with water impermeability when it was found
necessary to scarify seeds before irnbibition took place (eg. Ewart,
1908).

Most of the early theories put forward to explain the

impermeability were based on special arrangements of cells in the
outer layers of the testa, and/or the presence of such substances
as cutin, suberin, or pectic colloids in the cell walls (White, in
an appendix to Ewart, 1908;

Rees, 1911;

Harnly, 1932;

Cabral, 1954).

The probable roles of such structures on the testa as the strophiole
and hilum and the importance of seed moisture content in the
development and maintenance of impermeability were also recognised
(Harnly, 1932;

Hutton and Porter, 1937;

Aitken, 1939).

Current theories, chiefly developed from recent work
on seed from species in the tribe Trifoliae, have been summarized in
reviews by Quinlivan (1971a) and Ballard (1973).

In the species

;
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studied,water restriction is a property of the outer layer of the
testa, viz. the palisade and .malpighia.n cells,which have very thick
walls, and caps embedded in a suberin matrix external to which a
fine waxy cuticle occurs.

The suberin layer is considered to be

most important in excluding water, although other areas below it
may be involved.

Development of impermeability is related to the

moisture content of the seed during maturation.

The moisture

content decreases as water is lost via the hilum 7 and when the level
d

falls between 8.5 and 14.0%, a state of partial impermeability is
reached which can be readily reversed by absorption of water through

,,
I

the testa.

r

At moisture contents of 8.5% or less, a state of

'absolute impermeability' is reached (Ballard, 1973).

In this

condition, entry of water into the seed only occurs with the
splitting of cells at the strophiole, a special region on the testa.
Such splitting can be facilitated artificially,eg. by percussion,
but also occurs during the natural aging processes (Quinlivan, 1971a).
The development and extent of impermeability are thought
to be affected by a number of factors.

Aitken (1939) considered that

the timing of flowering, panicle development, seed development, drying
and death of plants influenced the percent hard seededness in
subterranean clover.

Environmental factors such as humidity, soil

moisture and photoperiod during these events were thought to
influence both the degree of impermeability and the number of
impermeable seed (Barton, 1965a).

Although Barton considered

environmental factors more important than the possible influence of
hereditary factors, Quinlivan (1971a) cited evidence for varietal
differences in impermeability among seed of a number of species in
1.

the tribe Trifoliae.

The effect

0£

other factors such as seed size

and plant nutrition have been suggested (Barton, 1965a), but

l
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Quinlivan (1971a) in his review noted there was either little, or
conflicting,evidence in support of them.
While most of the results above come from work on leguminous
species, there is much variability within the group, and impermeability
to water is certainly not restricted to them (Ballard, 1973).

ii)

Impermeability to gases.

The longevity associated with hard

seeds has recently been attributed to impermeability of the testa to
gases, especially oxygen (eg. Mayer and Poljakoff-Mayber, 1963;
Sorensen and Holden, 1974).

Evidence suggests that layers other than

the testa may be important in restricting gas entry to the seed.

For

example,Ballard (1973) cites examples where apparent lack of
germination due to restricted oxygen passage through the testa could
equally have been caused by impermeability of seed coverings (eg. in
grass seeds), the presence of water in layers surrounding the seed,
or the presence of mucilage, all of which restrict the transport of
oxygen to the seed.
Other factors,such as the presence of endogenous germination
inhibitors,have also been shown to cause poor germination rather than
testa impermeability to gases (Roberts, 1969).
found that in seeds of

Xanthiwn

Porter and Waring (1974)

the testa was in fact permeable to

oxygen but impermeable to inhibitors, located in the embryo, which
could be broken down by high oxygen concentrations.

iii )

Inhibitors in the testa.

Barton (1965a) cited a number of

instances where seed germination appeared to be prevented by inhibitors
found in the seed coat.

I.

However, such substances occurred pre-

dominantly in the tissues of fruit, pericarp, mucous coverings of
seeds ·and hulls of gra s s seed, rather than in the testa itself.

24

iv)

Mechanical resistance to the embryo.

The actual physical

resistance imposed on developing embryos by hard testas has often been
described as a mechanism preventing germination and so increasing
longevity.

For example, in seeds of several weed species, Biswas

et al.

(1970) ·considered the high amounts of lignin and cellulose found in
the endosperm, hull or seed coats were causing mechanical resistance
to the development of the embryos.

The inability of the growing

embryo or radicle to exert sufficient pressure to break the testa
was thought to prevent early germination in
(McDonough and Harniss, 1974) and in
and Leopold, 1968).

Artemisia tridentata

Xanthiwn pennsylvanicwn (Esashi

Ramdeo (1971) stated that the 'non-availability

of space for the growing or developing embryo' was a more likely
cause for failure of

Leucaena glauca seed to germinate than was

'impermeability of the seed coat to oxygen and/or water'.
(1967) came to a similar conclusion for seeds of
and

Bachelard

Eucalyptus pauciflora

E. delegatensis.
In reviewing the available data pertaining to the mechanical

resistance of testas to developing embryos, Ballard (1973) noted that
much of the evidence was inferential, and commented that it 'may not
always be apparent whether coat or embryo properties play the dominant
role in permitting the approach to the balance point at which the
covers are ruptured'.

v)

Light filtering effect.

Ballard (1973) reviewed the evidence

relating to the supposed effect of the testa of some seeds to act as
a filter and influence germination by changing the quality of the
light reaching the inner tissues.
1.

He concluded that seed coat

properties would be unlikely to totally inhibit germination because
of such ~ight-screening.
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Thus,of the various mechanisms propos e d to explain why hard
testas enhance seed longevity, it would appear that restriction to
water movement is the most tenable cause, although impermeability to
oxygen and mechanical restriction to the embryo cannot be discounted.
In most species exhibiting testa hardness, the property
is an innate one which causes seed to be impermeable when they are
released from the parent plant.

Stoller and Wax (1973) suggested

that in some instances, testa hardness developed in seed after
burial.

They found that a large proportion of

Ipomoea hederacea

seed developed hardness after one winter in the soil, while for

Ambrosia artemisiifolia and Abutilon theophrasti~ the proportion of
seed with impermeable testas gradually increased with time of burial.
Such a phenomenon may be related to the initial moisture content of
the seed

which could determine whether

they

are in a state of

reversible impermeability (Quinlivan, 1971a), and to soil conditions
which may cause changes in the seed moisture content after burial and
so affect the degree of impermeability.

b)

Embryo dormancy

While testa hardness is often associated with long-lived
seeds remaining viable for many decades, in short-lived ('microbiotic')
seeds, longevity has more often been attributed to mechanisms causing
embryo dormancy which prevent immediate germination of the seed after
release from the parent.

Such mechanisms may inhibit germination

while conditions are unfavourable,but allow prompt germination in
response to some stimulus when conditions become favourable, or

Ii

cause germination to extend over a period of time, thus reducing the
chance of all seeqlings being destroyed,eg. due to a false break in
the growing season or some catastrophic event (Koller, 1969;

Harper
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et al.~ 1970;

Austin, 1972).

Different types of embryo dormancy occur in seeds, and much
confusion has consequently arisen over terminology.

Three basic types

are generally recognised, and were first defined by Harper (1957)
as 'innate, induced, and enforced' dormancy.

i)

Innate dormancy.

Innate dormancy, variously called primary,

natural, inherent or endogenous dormancy (Roberts, 1972), is the type
j

d

operating in seed at the time of their release from the parent plant.
With such dormancy, germination is delayed until after some specific
seasonal stimulus,eg. thermo- or photo- period, or a length of
'treatment' such as stratification.

Development of innate dormancy

may depend to some extent on environmental conditions during seed
maturation, but for a given species, the mechanism ensures seed
longevity for a relatively constant time, even though some
variability occurs in individual seed lots (Roberts, 1972).
Innate dormancy is attributed to endogenous factors such
as embryo immaturity (Biswas

et al.~ 1970;

Chen and Varner, 1973)

and/or to the presence of inhibitors, for example in the embryo
(Porter and Waring, 1974) or endosperm (Biswas

et al.~ 1970).

Inhibitory substances causing innate dormancy are generally
'relatively simple organic molecules of low molecular weight' which
are often volatile (eg. HCN, NH , ethylene), and commonly occur in
3
the seeds of such families as the Rosaceae, Papilionaceae, Oleaceae,
Cruciferae, Compositae, and Umbelliferae (Ketring, 1973).
Various modes of inhibitory action have been reported.
Roberts (1969) considered endogenous inhibitors in dormant seed to
act by restricting the operation of the pentose phosphate pathway.
In contrast, ~ell and Amen (1970) found an inhibitor localized at
the micropyle which interacted with gibberellin to impose dormancy
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in the seed of two species of rush

(Luzula SP8).

It is generally

accepted that inhibitors causing dormancy have a physiological
mechanism acting on such processes as respiration, enzyme functioning,
nucleic acid and protein synthesis, and the action of growth hormones
or on membrane permeability (reviewed by Ketring, 1973).

ii)

Induced dormancy.

Dormancy which develops in a seed under

the action of some adverse factor preventing immediate germination,
and which persists after the causal factor has been removed, is
termed induced dormancy (Harper 1957).

rI

dormancy in the seeds of

(

the oxygen supply to the embryo.

Hay (1962) found that

Avena fatua could be promoted by restricting
When su_bsequently exposed to the

air, the caryopses were unable to germinate 1 ie.
of induced dormancy.

they were in a state

The site of the mechanism responsible for this

was thought to be the embryo or endosperm rather than the seed coat
or hulls.

Both lack of oxygen and high temperatures are thought

to induce this type of dormancy (Roberts, 1972), and it is commonly
found to develop in seeds which have lost their innate dormancy.

iii)

Enforced dor mancy.

Although enforced dormancy is similar

to induced dormancy in that it is imposed by exogenous factors, seed
with enforced dormancy will germinate as soon as the inhibitory
factor is removed, and thus can be distinguished from seed in the
induced state (Roberts, 1972).

One such example of enforced dormancy

under experimental conditions was cited by Barton (1965b) 1 where

Amaranthus retroflexus seed held in a germinator at 20°c for
8 years could be promoted to germinate at any time merely by raising

the temperature or partial pressure of the atmosphere.
Enforced dormancy is often found in weed seed buried in
soil, especially at deeper levels, and is associated with the flush
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of germination which occurs on soil disturbance,when the factors
enforcing the dormancy are removed.

A variety of such factors have

been commonly thought to produce this type of dormancy.
low temperatures, high

co 2

and low

They include

o concentrations, lack of light,
2

lack of fluctuating temperatures, and low levels of nitrate
(Roberts, 1972) 1 ie.

factors which are related to the soil environment

and which often become more pronounced with increasing depth.
Experiments designed to examine these factors more closely have
revealed that the failure of the buried seed to germinate is not
the result of high

co 2

or low

o2

concentrations.

Rather, due to

changes in their phytochrome system caused by gaseous inhibitors
produced by the seed and trapped in the soil atmosphere, the seed
are enforced into a state of dormancy and become dependent on light
for germination (Wesson and Waring, 1969 a, b).

Holm (1972) found

that after burial, seed of various weed species began to respire
anaerobically when the oxygen concentration in the soil fell to
about 5%.

The seed then produced volatile metabolites such as

acetaldehyde, ethanol and acetone which accumulated in the soil
atmosphere, and induced a dormancy related to the acquisition of light
for germination.
Phytochrome control is now considered to be a principal
mechanism involved in enforced dormancy (Taylorson, 1970;
1972).

The effects of raised

co 2

and lowered

o2

Roberts,

partial pressures in

the soil atmosphere, nitrate levels, and fluctuating temperature and
light regimes cannot be ignored,but these factors are probably of
lesser significance (Roberts, 1972).
Although clearcut examples of each type of dormancy have
been cited above, there are many instances where a combination of
dormancy mechanisms are involved in the one type of seed.

Both
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embryo dormancy and seed coat hardness have been found to act
simultaneously in some leguminous species (Quinlivan, 1971b;
1972;

Gardener, 1975).

Aveyard (1968) found that seeds of

Taylor,

Acacia

with hard testas developed a secondary (induced) physiological
dormancy after storage for 24 months.

In contrast, Nakamura (1962)

reported species of legumes which had both embryo dormancy and seed
coat dormancy not due to testa hardness.

The results of Taylorson

(1972) indicated cycles of dormancy where weed seeds passed from
'total dormancy' at maturity to a phytochrome controlled dormancy
after burial, and a subsequent return to total dormancy.

Courtney

(1968) found an interaction of all three types of physiological
dormancy in the seed of

1.4

Polygonwn aviculare.

DEPLETION OF BURIED SEED POPULATIONS

Regardless of whether seed have hard testas, and/or one
or more forms of physiological dormancy, the importance of the
mechanisms lies in their capacity to delay germination and so increase
the time span over which the seed can remain in a viable state while
buried in the soil.

In terms of species survival, whether during

adverse conditions or after catastrophes, the rate at which seed
lose their viability under natural conditions will determine the
potential seed pool present for subsequent germination.

This will

be particularly crucial for the initiation of secondary succession
after the disturbance of vegetation in which many species associated
with early seral stages have long been absent.

1.4.1

Rates of loss of viability in buried seed populations

Various rates of loss of viability have been reported,
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mostly for weed seed buried in pastures.

Roberts (1962) found that

populations of viable buried weed seeds decreased exponentially at
a rate which varied from 30-70% depending on such factors as the
type, timing and frequency of disturbance, and the relative abundance
of species in relation to their natural seed dormancy.

In undisturbed

plots, loss of viability varied from 21% to 26% per year for seed of

Chenopodium alba, CapseZZa bursapastoris, Poa annua
nigrum,

and up to 30% yearly for

SteZZa:t?ia media.

and

SoZanum

When cultivated

four times per year, seed of the latter species lost their viability
at a rate of up to 50% per year (Roberts, 1967).
When measuring viability changes in buried seed populations,
the greatest problem is to distinguish between the various components
contributing to 'loss of viability' which reduce the size of the
germinable seed pool.

Schafer and Chilcote (1969) proposed a model

by which buried seed populations could be described in terms of the
different components depleting them.

The model was expanded by

Roberts (1972) in order to identify the components more precisely.
Thus of the total seed population of a species at a given point in
time, Roberts distinguished between the% of seed with innate, induced
and enforced dormancy;

between the% of seed germinating

in situ

but failing to emerge, and those germinating closer to the surface
and emerging;

and between the% of seed losing viability due to the

action of predators or physiological aging, and the% which were
initially non-viable at seed-shed.
In order to determine the relative importance of each factor
in the depletion of buried seed populations, Roberts analysed the data
of Schafer and Chilcote (1970) relating to the buried seed populations
I.

of

LoZium perenne

and

L. rm-lltifZorum.

He found that even though the

components varied in importance between the species, for both, the
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maJor cause of seed depletion was 'loss of dormancy resulting in
germination which either leads to emergence or to death of seedlings'
(Roberts, 1972).

Taylorson (1970) came to a similar conclusion for

seed of various weed species buried in the soil.
Roberts (1972) later proposed that buried seed populations
decreased exponentially with time, the rate of decline being
proportional to the number of survivors at any one time, and the
exponent varying with factors which affected the extent of seed loss
through

in situ

germination.

Although from such a relationship

the theoretical 'half-life' of a buried population could be calculated,
in practice it is often difficult to determine.
of buried seed of three species of

Ranunculus~

When studying losses
Sarukhan (1974) found

the half-life could be determined only after an initial period of
rapid germination and high losses due to predation.
the half-life was found to be 8 months for
for

R. acris.

For

R. repens

Following this,

R. bulbosis

and 5 months

however, which showed a high% enforced

dormancy among seeds, the half-life could not be accurately determined,
at least over the duration of the experiment.
If the half-life could be measured for the seed populations
of each species occurring at various seral stages during a successional
sequence, it should be possible to predict the potential germination
response after disturbance of the vegetation at any given time .
However, when natural seed populations are considered over longer
periods of time (eg. over decades), and especially where the species
involved_ have seed with innate dormancy or hard testas, the half-life
may be almost impossible to determine.
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1.4.2

Factors affecting the size of germinable seed pools

The decrease in size of buried viable seed populations will
be determined by the numerous factors which influence the events
shown in Figure 1.2.

seedling
emergence

seedling
death

seed incorporated
into the soil

.,_~~~~~~~~~~

.
~n situ

<

germination

nondormant
seed

dormant
seed

non) viable
seed

t

I
FIGURE 1.2

Events affecting the size of buried seed populations
(after Schafer and Chilcote, 1970).

As previously noted,

in situ

germination (at least in pasture

situations) is thought to be responsible for most seed losses.

This

component will be determined largely by the factors influencing
germination, which are considered in detail in section 1.5.
actual size of the seed pool available for

in situ

The

germination

(equivalent to the non-dormant component) will depend on
1)

the rate at which non-dormant seed is converted to dormant
seed, which will be influenced by factors promoting the
development of induced and enforced dormancy;

2)

the rate at which dormancy is broken down, which will
include factors breaking both physiological dormancy of
all types as well as reducing seed hardness;

3)

and

the rate at which both dormant and non-dormant seed lose
their viability, either through destruction by predators,
or physiological aging and decay.
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a)

Changes in seed dormancy

The depth of burial is probably the most critical factor
affecting the extent to which seed are forced into dormancy (Wesson
and Waring, 1969b;

Schafer and Chilcote, 1970;

Holm, 1972).

Such

variables as soil moisture content and soil type,which can affect
the depth of burial and influence conditions promoting enforced and
induced dormancy (Major and Pyatt, 1966;

Roberts, 1972),will also

be important.
Where enforced dormancy is phytochrome controlled,

Jl

disturbance involving exposure to light is the greatest factor
removing the inhibition (Holm, 1972;

Taylorson, 1972;

Roberts,

1972), and so enabling germination if other conditions (eg. moisture,
temperature) are favourable.

In a pasture situation,frequent

cultivation will ensure a continual depletion of the seed through
germination (Roberts, 1962, 1967).

In other communities such as

shrublands and forests, the major cause of soil disturbance may be
t'

through the activity of animals and birds (eg. Howard, 1973) or
erosion through water-flow (eg. Specht

et al.~ 1958).

In sand-dune

systems, wind erosion is particularly crucial in this resp ect
(Koller, 1969).

Disturbance on a less frequent but more catastrophic

scale may occur with wind storms, fires, logging, landslides, a nd
similar events (Mueller-Dombois and Ellenberg, 1974).
The extent to which seeds with innate dormancy become part
of the germinable seed pool will be determined by changes in the
influence of those factors causing the dormant state.

Loss of

dormancy may involve the breakdown or inactivation of inhib i tors,
/.

eg. due to heat, as with high summer temperatures or events such as
wild fires (Jaynes, 1968;

Christensen and Muller, 1975b),

34

stratification (Chen and Varner, l973) or after ripening (Bell and
Amen, 1970), or continued growth of the embryo until it is in a state
ready for germination (McDonough and Harniss, 1974).
For seed with hard testas or impermeable coverings present
at the time of seed-fall, the rate of loss of impermeability and
factors affecting such 'softening' will determine the extent to which
these seed enter the readily germinable pool.

For many of the annual

Trifoliae species whose seed have absolute impermeability, the most
critical factor promoting softening appears to be the magnitude of
the diurnal temperature fluctuations during sununer, with the
maximum daily temperature to which the seed must be exposed for
effective softening being governed by the moisture content of the
seed (Quinlivan, 197la).

Fluctuating temperatures apparently cause

fracturing of the cells at the strophiole 1 which then allows water
irnbibition and germination (Hagon and Ballard, 1970).

The rate of

softening is affected by such factors as the position of seed in
the pod (McComb and Andrews, l973), and variables affecting the
magnitude of the fluctuation,eg. depth of burial (Rampton and Ching,
1970;

Koller, 1969), geographic location (Quinlivan, 1971a) and the

amount of top growth and grazing (McComb and Andrews, 1973).

Full

permeability can be restored to partially hard seed without the
necessity of extreme temperature fluctuations.

The softening is

effected by water penetration occurring randomly over the testa
(Quinlivan, 1968), the rate being proportional to the initial moisture
content of the seed.
Other factors considered to promote the softening of
impermeable seed include microbial attack, passage through the
digestive tract of animals, and mechanical abrasion by weathering or
freezing and thawing cycles (Aitken, 1939;
Poljakoff-Mayber, 1963;

Black, 1970;

Barton, 1965a;

Lamprey et al.~ 1974;

Mayer and
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McDonough and Harniss, 1974).

As will be discussed in section 1.6.2,

heat treatment associated with fires is also an important factor
reducing the impermeability of hard testas in seeds of many species.

b)

Loss of seed viability

Depletion of seed due to loss of viability is caused largely
by physiological aging or destruction by predators.

Most predatory

action occurs either while the seed are still attached to the parent
plant, or soon after seed-shed but before incorporation into the
soil (Janzen, 1971).

Of greater significance for buried seed are

factors promoting the actual loss of viability.

Such conditions as

moisture content, type, texture, pH and temperature of the soil are
probably important in this context (Major and Pyatt, 1966).

Although

seeds generally remain viable for long periods when stored in dry
conditions, and may be expected to behave similarly under like
conditions in the field, no such reports were found in the literature.
Much experimental data indicated that cold and wet, poorly drained
or acid soil conditions promoted the retention of seed viability
(Milton, 1943;
and Ching, 1966;

Champness and Morris, 1948;

Odum, 1965;

Schafer and Chilcote, 1970).

Rampton

Although these

conditons may be least favourable for bacterial attack (Champness and
Morris, 1948), they may also minimize the rate of destruction of
various compounds (eg. plant hormones, gibberellic acid, phytokinins,
ethylene) which are necessary for triggering germination.

As

Harrington (1973) notes, the loss of ability of seed to produce
these substances is a fundamental aging process, and must be
associated with the loss of viability.

1
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When considering buried seed popul~tions in relation to the
redevelopment of vegetation after some gross disturbance, the amount
of seed available for immediate germination at any one time will
depend on previous losses due to physiological aging, predation, and

i n situ

germination.

With increasing time after the incorporation

of seed in the soil, the probability of innately dormant seed losing
their dormancy (whether by changes in physiological conditions or
softening of testas) would increase.
seed

Unless able to germinate, these

would lose their viability and enter the non-viable seed pool.

Similarly, with increasing time in the absence of disturbance there
would be a greater chance of seed showing enforced or induced dormancy
to decay in the soil (Specht

et al.~ 1958).

Such phenomena would

result in the decreasing numbers of seed found in the soil in
supervening stages of a successional sequence (see section l.2.2a).
Seed located in the soil may tend to become buried more
deeply with increasing time.

Although the longevity of seed in an

enforced state of dormancy would increase, the chance of the seed
being disturbed at these greater depths may be so small as to
effectively exclude the seed from the germinable seed pool.

Similarly,

although seed with hard testas may have a slower rate of softening
in deeper layers of the soil, the depth may be too great for seedling
emergence once the seed lose their impermeability.

Hence, in

addition to the various environmental and biological factors which
affect seed longevity, the actual time over which seed accumulates
will also affect the absolute numbers of viable seed in the soil
able to germinate and contribute to the development of new vegetation
during the initial stages of secondary succession.
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SEED GERMINATION AND SEEDLING SURVIVAL

1.5

1.5.1

Factors governing seed germination

The initiation of seed germination is governed by a large
number of interacting environmental and biological factors acting
both on seed lying on the surface, and buried in the soil.

In a

recent review, Koller (1972) extensively discussed such factors.
He noted that when seen in its simplest form, germination is the
(

resumption of metabolic activity in a quiescent seed which results
in expansion and growth.

The basic requirements for germination are

thus adequate supplies of water and oxygen at a temperature which
allows the increased metabolic activity to occur.

However,seeds of

each species will have a highly specific range for these and other
requirements beyond which germination will not corrune~ce.
The major factors which interact to form the optimal set
of environmental conditions in which germination readily occurs
can be summarized as follows

(after Koller, 1972, with additional

references where appropriate):-

1)

Temperature regime - optimal temperature, diurnal
fluctuations, seasonal fluctuations;

2)

-

Radiation regime

intensity
duration

'

spectral quality

of light;

I

and

photoperiod

(reviewed by Toole, 1973);
3)

Moisture reglffie

-

minimal requirements for irnbibition,
wetting and drying cycles, relative humidity;

4)

Chemical reglffie

-

nutrients,eg. nitrate,to stimulate
germination (Steinbauer and Grigsby, 1957),
soil acidity (King, 1966), presence of
inhibitors in the liquid or gas phase
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(reviewed by Ketring, 1973), oxygen partial
pressures;
5)

Time - as it affects the above factors and the ability of
seed to respond to them.
In addition to these microenvironmental restraints, various

biological factors also affect germination (Koller, 1972).

For example,

a plant canopy may modify the light regime, or a root system modify
the chemical regime imposed on seed on, or in, the soil.

Animals, by

storing seed in caches, or eating seed and depositing them in faecal
pellets, will place seed in a particular microenvironment which may
or may not be favourable for germination.
Under field conditions it may be difficult to discern
whether lack of germination is the result of an unfavourable microenvironment, or due to other factors.

For example, in the absence of

conditions breaking enforced dormancy (eg. light),germination will not
occur even though other conditions (eg. temperature, moisture) are
favourable (Wesson and Waring, 1969a).

Apparent lack of germination

may also be due to failure of seedlings to emerge (Schafer and
Chilcote, 1970;

Hull, 1974), or to death and disappearance of seedlings

shortly after germination (Miles, 1973a).

Thus factors directly

affecting germination are closely linked with, and sometimes difficult
to distinguish from, factors affecting both seed dormancy and seedling
survival .

1.5.2

Effect of seed site on germination

The overall germination response of seed to various
environmental and biological factors will largely depend on whether
the seed are buried in the soil or lying on the surface, since the
relative importance of these factors will vary between the two positions.
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a)

Buried seed

For viable seed populations in the soil, the depth of burial
is possibly the most critical factor affecting the ability of seed to
germinate, since it determines the extent to which the seed experience
'optimal submicroenvironmental conditions' for germination (Koller,
1972).

Depth of burial will also affect seedling emergence through

the mechanical impedance of the soil to the elongating shoot, and
thus the ability of the seedling to reach the surface before the
seed reserves fail

(Koller, 1969, 1972).

Seed size is important in

both respects, with larger seed generally better able to emerge from
depths than smaller seed (Harper

b)

et al~, 1970).

Seed lying on the soil surface

For seed on the soil surface, ability to germinate will
depend on the seed lodging in 'safe sites', ie.

areas where the seed

are not only protected from predators and pathogens, but also in a
position where their particular environmental requirements for
germination are satisfied (Harper

et al., 1961).

Variations in the

microtopography of the soil surface are important in providing
particular microenvironments for seed of different species (Harper

et al., 1965; Miles, 1974), while polymorphism among the seed of a
given species may allow the exploitation of several different safe
sites (Harper, 1965).
The area of contact between seed and substrate is important
with regard to the moisture regime for germination, since it determines
both the area available for water absorption and the exposed area
from which water may evaporate (Harper and Benton, 1966).

Small seed

generally have a better soil-seed contact than larger seed, although
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the extent of contact may be improved by the presence of layers of
mucilage around the seed, or appendages which help bury the seed in
the soil surface (Harper and Benton, 1966;

Evans et al.~ 1974).

Sheldon (1974), working with the seeds of various composite species,
found that the position

of the achene in relation to the pappus

ensured the most efficient contact between the substrate and seed
for water absorption.
whose

This is particularly valuable for species

seed are wind-dispersed and may lodge on bare, disturbed ground.
<

Once germination has been initiated, the radicle must be
able to penetrate the soil if the seedling is to survive.

Such factors

as soil compaction (Sheldon, 1974), which increase the mechanical
resistance to penetration,may lower apparent seed germination.

1.5.3

Factors affecting seedling survival

Following the initiation of germination and successful shoot
emergence/radicle penetration, a seedling is then faced with the
problem of survival.

Conditions favouring survival of seedlings in

the first growing season after germination are often different from
those favouring survival in subsequent years (Miles, 1974).

The

'high risk' period in the life cycle of most plants is the seedling
phase (Harper and White, 1974), since the young seedling is extremely
vulnerable to environmental hazards and is often killed at, or
shortly after, the cotyledon stage (Cavers and Harper, 1967).
A wide range of factors may directly or indirectly cause seedling
mortality, and include frost (Hull, 1974), drought (Marshall and Jain,
1970), soil type (Lloyd and Pigott, 1967;

Rorison, 1967;

Miles,

1974), disease, trampling by animals (Schultz et al.~ 1955),
predation (Harper and McNaughton, 1962), and the influence of other
plants which may compete for resources (Harper and Ross, 1972) or
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produce toxic substances (Ketring, 1973).
High rates of mortality, especially in very young
seedlings, are often the direct result of death due to environmental
or biological factors.

Marshall and Jain (1970), for example,

recorded 93-94% mortality of

Avena barbata

germination due to drought stress.

seedlings 40 days after

Hull (1974) reported 74-87%

mortality of newly emerged, single-leaf grass seedlings due to
frosts, but only 11-13% mortality of slightly older seedlings with
2-4 leaves.
Seedling survival may be indirectly influenced by factors
affecting seedling growth rates,eg. soil type (Lloyd and Pigott,
1967;

Rorison, 1967), toxic substan~es (Abdull-Wahab and Rice, 1967)

or competition for resources (Harper and Ross, 1972) from other
seedlings or from mature plants.

Both seed size (Harper

et al.~ 1970)

and the time of seedling emergence in relation to other seedlings
(Harper and Ross; 1972) potentially affect survival in the face of
competition from other seedlings.

Schultz

et al. (1955) found that

seedling morphology was also important in this respect - grass
seedlings which developed shallow, fibrous root systems depleted soil
moisture at the expense of brush seedlings of the same age with tap
root systems.

High seedling mortality due to competition from mature

plants is common.

Miles (1973a), for example, recorded 27% higher

mortality during the first summer after germination for seedlings
growing in vegetation compared with those growing in bare areas.

The

higher mortality in the vegetation site was attributed to competition
for water from the mature plants.
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1.6

REGENERATION FROM SEED AFTER DISTURBANCE BY FIRE

The extent to which the various factors affecting the size
of viable seed populations, seed germination and seedling survival
exert their influence is likely to be considerably modified when
vegetation is grossly disturbed in some way.

Fire, which is one

of the more common forms of disturbance which initiate secondary
succession in vegetation, has three broad effects on a community
(Brown and Davis, 1973),viz. consumption of living and dead woody
(

material, creation of heat effects which cause death of plants and
animals and which alter soil properties, and production of residual
mineral products which result in chemical changes in the soil.

As

a result of the changes in the biotic and edaphic components of a
conununity, burning may alter the size of viable seed populations
and mogify the various environmental and biotic factors governing
both seed germination and seedling survival (Wright and Heinselman,
1973).

1.6.1

Changes in viable seed populations due to burning

Viable seed populations in the soil and litter are often
depleted after burning,due to destruction of seed when the litter is
combusted (Rice and Green, 1964;

Tothill, 1969;

Ashton, 1970), and

to loss of viability of seed in the upper layers of soil where
temperature rises are maximal (Boughton,1970) and lethal temperatures
encountered (Bently and Fenner, 1958).
the extent of such seed mortality.

The depth of burial affects

Mueggler (1956) recorded 20%

reduction due to burning in the numbers of viable sagebrush seed
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(Artemisia tridentata) puried 0-6 mm in the soil, but no significant
reduction at 12-25 mm depths.

Mechanisms increasing the burial depth,

eg. small seed size (Gratkowski, 1961) or torsion devices (Tothill,
1969;

Naveh, 1975), help reduce seed losses due to heat stress.
Soil seed populations may also be depleted by the loss of

seed during erosion of soil surfaces which become denuded with the
destruction of the vegetation and litter cover during a fire

et al, 1958;

(Specht

Mooney and Parsons, 1973).

Large increases in viable seed populations may occur where
'
fruit retained on plants during a fire release their seed after the
vegetation has been burnt.

Many plant species produce large woody

cones, capsules, follicles and other types of fruit which protect the
seed inside from heat damage during a fire
1925;

Pidgeon, 1938).

(Hoffman, 1924;

Petrie,

After burning, the fruits dry out on the

dead branches and release the still viable seed directly onto the
burnt soil surface.

Such seed-release in response to fire has been

recorded for several species of
Day, 1972;

Pinus (Riney and Batcheler, 1959;

Naveh, 1975), and members of the Proteaceae, Myrtaceae

and Casuarinaceae, particularly for species found in Australian heath
I

and sclerophyll vegetation (Jarrett and Petrie, 1929;
Beadle, 1940;

Gardner, 1955;

Specht

Pidgeon, 1938;

et al., 1958).

Postburn seed-shed may occur soon after q fire and
substantially increase the germinable seed populations.
estimated such input for

Beadle (1940)

Casuarina rigida, Leptospermum scopariwn and

Banksia serrata at potential rates of 54,000-, 49,000- and 2,500- seed
per plant respectively.

Cunningham (1960) recorded seed-shed at the

rate of 875,000 seed/ha 48 hours after the burning of 34 m high p ole
stands of

Eucalyptus obliqua-E. radiata.

The speed at which seed is

released after a . fire depends largely on the fire intensity and
extent of damage to the plants (Ashton, 1970).

- - -- - -- - -- - - - - -

Cremer (1965) found

- - -- - - - - - - - - - - -

- - - - - -- - - - - -- - -

---
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E. regnans could be delayed until 6-12 months after

that seed-fall in
burning.

Where a large seed input occurs over a short period of time,
high losses may occur due to predation by rodents, birds, harvesting
ants or other insects (Howard, 1950;
may be still high.

Ashton, 1970), but germination

Riney and Batcheler (1959), for example,recorded

an average development of 12 seedlings/sq. ft.

2
(130 seedlings/m ) in

Pinus radiata plantations from postburn seed-shed, in spite of heavy
seed predation by birds.

1.6.2

Influence of burning on factors affecting seed
germination

a)

Heat effects on seed

Although fire may destroy or reduce the viability of seed
of some species and so reduce the amount of germination, in other
species, seed germination is often greatly increased after burning
(Went

et al., 1952).
For many seeds with hard testas, germination is stimulated

directly by fire through the effect of heat increasing the testa
permeability to water.

This phenomenon is characteristic of

numerous shrub and tree species found in vegetation subject to
frequent burning,eg. in shrub ecosystems in the Mediterranean region
(Naveh, 1975), in chaparral vegetation in California (Wright, 1931;
Sampson, 1944;

Went

et al., 1952) and in many legwninous species

in Australian sclerophyll vegetation (Petrie, 1925;
Floyd, l966).

Beadle, 1940;

The seed of such species often will not germinate in

the absence of . fire, and are stored and concentrated in the litter
and soil (Stone and Juhren, 1953;

Gratkowski, 1961;

Cunningham
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and Cremer, 1965;

Hodgson and Heislers, 1972).

Species show variable fire-induced germination responses
depending on the extent of heat treatment required to soften the
testas.

Such factors as the depth of burial and duration and

intensity of the fire determine whether maximum germination occurs,
whether seeds are killed due to lethal heating, or whether they fail
to have their testa impermeability broken (Floyd, 1966;

Martin and

Cushwa, 1966).

b)

Changes in microenvironmental conditions

Seed germination may be inc~eased indirectly after burning
due to fire-induced changes in microenvironmental conditions.
Removal of vegetation and litter may cause changes in the quality
and quantity of light reaching the soil (Koller, 1972), and thus
create a more favourable light regime for germination (Gilbert,
1959;

Old, 1959; Sweeny, 1969).

Increased amounts of solar

radiation reaching burnt ground,which absorbs more heat due to the
blackened surface (To~hill, 1969;

Wink and Wright, 1973;

Brown

and Davis, 1973), often result in substantial increases in soil
temperatures after burning.

Scatter (1963), for example, found

differences of 5-6°c in the temperatures of burnt and unburnt soils
5 and 12 cm below the surface, while Phillips (1930) reported both
higher maximum and lower minimum temperatures in the top 15 cm of
soil after burning.

Such changes can influence the germination of

seed both on and in the soil by affecting temperature optima and
diurnal fluctuations.

Where the increased soil temperatures last

for several years after burning (Wein and Bliss, 1973) seedling
growth may alsq be affected.
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Changes in soil moisture content due to burning can also
influence seed germination.

The most immediate effect of a fire

is to dry out the upper layers of soil;

when all the moisture is

removed and soil temperatures can rise above 100°c (Vines, 1968),
seeds in the soil are more likely to be killed through heat stress.
The extent of mortality varies between species,since seed show
variable tolerance of high temperatures (Beadle, 1940;
1969;

Wright, 1931).

Sweeny,

The combustion of litter and surface

vegetation during a fire may increase soil friability and so
improve water penetration and retention (Floyd, 1960).

Greater

evaporation from burnt soil surfaces due to increased exposure
to wind and solar radiation (Hulbert, .1969;

Christensen and Muller,

1975b) may reduce the soil water content, although removal of
vegetation tends to decrease loss of soil moisture by transpiration
(Brown and Davis, 1973).

In some instances seed germination is

decreased after burning because of reduced moisture availability in
soils where fire intensifies hydrophobic properties (Adams

et al.,

1970) or burning of leaf mulch produces water repellency (Salih

et al., 1973;

Savage, 1974) in the soil.

Removal of litter during a fire sometimes promotes seed
germination through the destruction of toxic substances which
normally inhibit germination (Ashton, 1970;
1972;

Naveh, 1975).

Hanes, 1971;

Koller,

For example, in chaparral vegetation,seed

germination is prevented by water soluble or volatile toxins released
from the litter and the crowns of the dominant shrubs (Muller et
1968).

al .,

Fire destroys both the inhibitory substanc es and thei r sources,

permitting seed germination for at least 5-6 years until the toxin
concentrations build up again.
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c)

Changes in the soil nutrient status

Burning has a profound effect on the chemical properties
of soil 1 which is most pronounced immediately after the fire (Ahlgren
and Ahlgren, 1960), but which may last for decades under certain
conditions (Hatch, 1960;

Viro, 1974).

There is generally an increase

in soil nutrients such as Ca, K, Mg and Na, at least in the upper
layers of the soil (Ahlgren and Ahlgren, 1960;
Hodgson and Heislers, l972).

Floyd, 1966;

Soil acidity tends to decrease due to

the addition of bases from the ash (Humphreys, 1969;

Ashton, l970),

but data from a variety of sources suggest the change is often short
lived (Boughton, 1970).

The availability of phosphorous often

increases because of additional mineralisation of organic phosphorous
(Humphreys, 1969).

Instances of increased nitrogen availability are

usually attributed to stimulated activity of soil nitrogen-fixing
organisms in response to fire-induced changes in soil conditions
(Ahlgren and Ahlgren, l960;

Brown and Davis, 1973;

Lewis, 1974).

The changes in soil nutrients after burning vary greatly
with such factors as soil type (Vlarnis

et al.,

1955), maximum soil

temperatures reached, the duration of the temperature extremes,
soil moisture content, type and quantity of fuel combusted (Humphreys,
1966, 1969) and the degree of leaching after the fire (Smith, 1970).
Fire-induced changes in the nutrient status of soils often have less
effect on seed germination than on seedling growth rates, and thus
seedling survival (Christensen and Muller, 1975b).

1.6.3

Influence of burning on factors affecting seedling

survival

Seedling mortality is generally highest in the first year

- - - - - - - - -- - - - - -

- - -- - -- - -- - -- - -

- - - - - -- - -- - -- - -

- - -- - -- - -

48
r

after burning.

For exarnple,in heath vegetation, Specht

reported 60% mortality of

et al.

(1958)

Banksia ornata seedlings, and 80% mortality

of all other seedlings, during the first year after burning, but only
42% and 12% seedling mortality (respectively) during the second year.
High first year postburn mortality is partly a reflection of the
fact that most seed germination occurs during the first 12 months
after a fire (Cremer and Mount, 1965;

Hanes and Jones, 1967;

Sweeny, 1969), and there are thus large numbers of seedlings present
at their most vulnerable stage.

Various environmental and biotic

factors such as insolation, drought, frost, grazing

and fungal

disease may cause high mortality before roots penetrate the soil
(Jacobs, 1951;

Ahlgren, 1959), or while seedlings are still in the

cotyledon stage (Needham, 1959).

a)

Environmental factors

Seedling survival in the first year or two after burning may
be affected by a variety of fire-induced changes in the environment.
A reduction in the depth of the organic layer on the soil surface, or
increased soil friability due to burning,will allow better root
penetration of seed germinating on the ground and so enhance seedling
survival (Ahlgren 1959;

Floyd, 1960).

The combustion of litter

during a fire may destroy large amounts of seed and thus r e duce
potential competition from other seedlings (Rice and Green, 1964;
Tothill, 1969).

Destruction of surface vegetation may similarly

reduce competition, eg. for water (Zimmer, 1940), at least during
the initial stages of seedling development (Hatch 1960).
On burnt soils exposed to the drying influence of wind and
increased solar .radiation, seedling mortality may be increased due
to moisture and temperature extremes induced under thes e conditions
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(Isaac, 1930;

Wink and Wright, l973;

Christensen and Muller, 1975b).

The exposed surfaces may also be more susceptible to erosion and frost
action (Newman, 1955) and thus increase seedling mortality.
Soil nutrient changes due to burning may affect seedling
survival by influencing growth rates (Christensen and Muller, 1975b).

Eucalyptus diversicolor

Loneragan (1958) recorded l2% survival of

seedlings on a 'good ashbed', 5% survival on a 'medium ashbed' and
an average survival of 2.8% in the first year after burning.

In such

cases site differences in survival may be related not only to
increased nutrient availability on ashbeds, but also to site
differences in seedbed condition or competition from undergrowth
(Hatch, 1960).
Because fire causes such widespread effects on both edaphic
and environmental conditions, it is often difficult to determine its
primary influence on seedling survival.

For example,edaphic changes

may cause physiological weakening of seedlings which are then more
susceptible to death through environmental factors (Florence, 1964).

b)

Biotic factors

The heating effect of fire often causes soil sterilisation
(Ahlgren, 1974) which in some instances is thought to reduce fungal
attack on seedlings (Cremer, 1969).

Ginns (1974) however reported

increased incidence of a root rotting fungus in the first year after
burning which caused high seedling losses.
Seedling mortality due to grazing may be higher after a
fire because animals are attracted to burnt areas (Lemon, 1968).
Cremer (1969) reported that possums and wallabies, which caused 90%
mortality of

Euaalyptus regnans seedlings in the first 6 months
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after burning, visited the burnt areas within several days of the fire.
Christensen and Muller (1975b),however 7 found that reductions in the
size of small herbivorous mammal populations after burning of
chaparral vegetation enhanced seedling survival in the first few years.

1.7

VEGETATIVE RECOVERY OF PLANTS AFTER DISTURBANCE BY FIRE

1.7.l

Ability of plants to recover by vegetative means

The capacity of plants to recover after injury to their
vegetative parts, whether because of burning, uprooting, grazing or
other factors, depends on the presence or absence and position of
regenerative buds, and is thus closely related to their growth form.
Raunkier's (1934) life-form classification provides a basis for
describing potential recovery of plants by vegetative means (eg.
Jarrett and Petrie, 1929;

Naveh 1975).

Thus many herbs can develop

new shoots from dormant buds on subterranean bulbs, rhizom2s, tubers
and corms (Geophytic plants);

perennial grasses and herbs with

tap roots have perennating buds at or just below ground level among
the leaf bases (Hemicryptophytes);

shrubs and some trees can

produce regrowth from buds at the base of their vertical stems near
the ground (Chamephytes);

many trees rely on reserve buds located

in the stems and aerial shoots in the canopy for developing new
growth (Phanaerophytes).
The degree to which buds on various organs are able to
contribute to the redevelopment of vegetation will largely depend
on the type of disturbance, since the extent of injury to both aerial
and subterranean organs will be determined by the specific stress
conditions imposed.

Fire differs from most other forms of
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disturbance in that the aerial parts of plants are often completely
destroyed by combustion, and the remaining parts are exposed to
considerable heat stress which may cause tissue injury or death.
Thus the ability of vegetation to redevelop by vegetative means
after a fire will depend both on the resistance of individual plants
to heat stress,as well as the ability of the surviving organs to
recover (Gill, 1975).

1.7.2

a)

Resistance of plants to heat stress imposed by fire

Thermal tolerance of plant tissues

The thermal tolerance of tissues in most higher plants
is thought to vary little between species (Baker, 1950), with
temperatures generally becoming lethal to well hydrated cells
0

between 40 to 50 C (Ashton,1970).

Both the maximum temperature and

its duration determine when heat stress becomes lethal.

Nelson (1952)

found that pine needles could withstand a temperature of 54°c for
6 minutes before death occurred, but at 64°c they were killed almost
instantaneously.

Most plant tissues are considered able to tolerate

a temperature of 49°c for about an hour before death occurs (Brown
and Davis,1973).

b)

Factors influencing heat stress on plant organs

During a burn, the intensity and duration of the fire will
be the primary factors determining the extent of heat stress imposed
on plants.

Fire intensity basically depends on 'the quantity,

character, distribution and arrangement' of the fuel available for
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burning (McArthur, 1968).

Factors such as fuel flanunability

properties and moisture content, and initial ambient temperatures,
will affect the character of the fuel, while the branching and growth
habits of plants and the overall stand characteristics such as tree
density, relative proportion of shrubs etc. will affect the volume,
vertical and horizontal distribution of the fuel (McArthur, 1962;
McArthur and Cheney, 1972;

Brown and Davis,1973).

Seasonal effect~,

as they change the above properties, will also be important in
determining how quickl¥ the fire reaches lethal temperatures, and the
duration of these extremes at any particular point on a plant.
For a fire of a given intensity, the extent of heat injury
to the aerial parts of a plant will - vary with both the size of the
organs (Brown and Davis, 1973) and their position in relation to the
flames (Hodgson and Heisslers, 1972).

The resistance to heat stress

of the cambium and dormant bud strands in branches depends largely
on the capacity of the bark to act as an insulator.

Bark colour

can influence reflectivity (McArthur, 1968), while bark thickness
essentially determines the rate of heat penetration to the underlying
tissues (Gill and Ashton,1968).

The composition, structure and

moisture content of bark determine the extent to which it is
combusted and thus the degree of direct heating to the tissues below
(Vines, 1968) and the height to which this damage will occur along the
bole of a tree (McArthur, 1968).

The moisture content, density and

initial temperature of bark also affect the conductivity properties
(Vines, 1968;

Gill and Ashton, 1968).

Both bark thickness and

moisture content change over a year and with plant age (McArthur,
1968), and thus the insulating properties of bark will likewise show
seasonal and yearly variation.

Among trees which rely on aerial

organs for regrowth, the rooting habit may be more critical in
determining survival than bark characteristics, since the plant will
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die if the root system is killed by heat stress (as in a peat fire)
even though the aerial parts survive the burn (Brown and Davis, 1973).
The aerial parts of herbs and many shrubs are destroyed
during a fire, and such plants must rely on their subterranean organs
for survival.
1973;

The soil itself acts as an insulator (Wein and Bliss,

Gill, 1975) and thus the depth of burial will affect the

extent of heat stress on these organs.

Naveh (1975) found that

many plants in the Mediterranean region which depended on buried
parts for survival had deep, well branched root systems.

However,in

Australian heath vegetation,Specht and Rayson (1957) reported that
70% of species were able to survive from buried root systems, even
though the roots of most plants were _confined to the top 0.3m of
the deep sands.

Organs in the soil generally experience less heat

stress than aerial parts, since less heat from the fire (eg. of the
order of 5% of the total - Packham, 1970) is partitioned to the soil.
The properties discussed above vary widely between plants,
and species are often classified according to their ability to
resist heat stress.

Thus Thomas and Pratt (1967) considered plants

to be tolerant, semi-tolerant, sensitive or intolerant to fire if
the proportion of plants killed was respectively <(10%, 10-39%,
40-70%, or >70%.

1.7.3

a)

Recovery of organs surviving heat stress

Origin of regrowth

Tree species, whose branches are less likely to be totally
destroyed than those of shrub species, often produce regrowth from
adventitious and epicormic buds on the larger trunks and branches
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(Jarrett and Petrie, l929;

Mooney and Parsons, l973;

Gill, l975).

In many trees and most shrubs, regrowth develops from buds at the base
of the main vertical stems or from buried/partly buried woody organs
such as lignotubers and root crowns (Jarrett and Petrie, l929;
Mooney and Parsons, 1973;

Naveh, 1975;

Gill, 1975).

Of 13 common

tree and shrub species in dry sclerophyll vegetation, Beadle (1940)
recorded 92-100% recovery of the 8 species with lignotubers, but
only 0-12% for the remaining species lacking the organ.

In

Australian vegetation,recovery from lignotubers is particularly common
among species of

Eucalyptus (McArthur, 1968), although it is also

found among members of other genera in the Myrtaceae (eg.

Angophora~

Leptosperrrrwn)~ Proteaceae (Lomatia, ijakea, Banksia), Epacridaceae
(Leucopogon, Monotoca) and Compositae (Bedfordia, Olearia) (Beadle,
1940;

Ashton, 1970;

Gill, 1975;). Blaisdell and Mueggler (1956)

found that bitterbrush

(Purshia tridentata) plants produced regrowth

after fire either from a dormant bud mass at the base of the stems
or from a callus of meristernatic tissue which formed below the bark
after burning.

Although twice as many plants recovered by the

latter method, shoot development began earlier from the dormant bud
mass.
Development of regrowth from the various subterranean organs
of geophytes has been recorded for many species (Jarrett and Petrie,

1929;

Naveh, 1975;

Gill, 1975).

Jameson (1962) reported that grass

species with rhizomes 5 cm below the soil recovered after burning
while those with stolons near or at the surface were killed.

Regrowth

from rhizomatous plants generally occurs within days of burning, and
often results in such species (eg.
after fire

Pteridium) dominating areas soon

(Cremer and Mount, l965; Hooker and Tisdale, 1 9 7 4 ).
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b)

Factors affecting vegetative regrowth

Rates of growth in the first months after burning vary
between species, but can be quite high.

Hooker and Tisdale (1974),

for example,recorded rates of l3rnrn/day and 25mm/day for

Pteridium

in the first and second three weeks (respectively) after burning,
while for three shrub species, the rate varied from 2.5 mm 6.3 mm/day during the first 60 days.

Both the time taken for

regrowth to commence, and the vigour of the regrowth,will be
affected by the extent of injury sustained by the plant

and such

factors as environmental conditions after the fire, origin of
regrowth and the season of burn.
Available moisture is probably the most critical factor
determining when regrowth begins (Wink and Wright, 1973).

Plumb

(1961, 1963) found that although chaparral species could commence
sprouting 10 days after burning, under severe drought conditions
regrowth was delayed for up to 2 years.

In plants showing highly

seasonal changes in food reserves (Brown and Davis, 1973) or
seasonal activity of dormant buds (McArthur, 1968), the season of
burning may also determine when regrowth commences.

McArthur (1968)

noted that in eucalypts,epicormic regrowth could begin a few days
after burning, or be delayed for several months, depending on the
time of burn in relation to the activity of dormant bud strands.
The age of a plant at the time of burning will determine
the presence or absence and size of organs possessing regenerative
buds, and thus will affect its ability to recover.

Very young

plants are often able to survive a fire and develop regrowth.
Cable (1961),for example,found that 67% of 8 to 12 month old velvet
mesquite seedlings survived burning and subsequently produced
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vegetative resprouts.

The vigour of regrowth may also be affected by

Whittaker and Gimingham (l962) reported that

plant age.

Calluna

vulgaris plants would develop resprouts only if less than 15-20 years
old when burnt.

Blaisdell and Mueggler (1956) noted more vigorous

growth of bitterbrush plants growing on an area burnt 14 years
previously compared with plants growing in an unburnt area.

However

they commented that this difference could be the result of increased
tissue damage of plants growing on the previously unburnt area due to
higher fire intensity, or selection for rapid regrowth among plants on
the recently burnt site, as well as differences in plant age.
Once regrowth commences after a fire, there is often little
change in the numbers of plants due tp mortality in the first few
years (Hanes, 197l), and numbers may actually increase where species
recover from rhizomes or produce new plants by layering or suckering
(Gill, 1975;

Naveh, 1975).

Herbivores are often attracted to areas

after burning because of the increased palatability of regrowth
compared with vegetation in unburnt areas, eg. Lay (1967) recorded a
twofold increase in grazing pressure by deer on burnt areas for this
reason.

Rates of regrowth may be severely retarded by such grazing

in the first few months when shoots and suckers are soft and
succulent (Barney and Frischknecht, 1974;

Naveh, 1975).

Although

changes in the edaphic environment due to burning (eg. in soil
moisture and temperature, nutrient changes) will also influence rates
of shoot development from branches and underground organs, the
survival of the regrowth is more likely to be affected by factors,
such as widespread drought conditions (Heirman and Wright, 1973), which
are not related to burning.
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1.8

CONCLUSIONS

The extent of change in the composition and structure of
a plant community after gross disturbance will depend both on the
tolerance of individual plants to the particular stress conditions
experienced, and on the capacity of the surviving propagules to
produce growth.

From the discussion in the preceding sections, it

is evident that after disturbance by fire, regeneration can occur
from seed, either buried in the soil before burning or shed from
fruit after the fire, and from surviving vegetative organs.
At the time of burning fire greatly influences both the
size of the viable seed populations _and the extent of subsequent
germination through direct h~at effects which cause seed death,
promote seed-shed, and remove seed dormancy mechanisms.

The

amount of germination and the size of the seedling pop ulations are
also greatly affected by fire-induced changes in the edaphic,
environmental and biotic components of the community which modify
the factors governing seed germination and seedling survival.
In terms of the size of vegetative regrowth populations,
fire exerts its maximum effect at the time of burning, since the
extent to which organs survive and are able to regenerate is
largely determined by the heat stress experienced at this time.
Once regrowth has commenced, fire-induced changes in the environment
appear to have little effect on the survival of the populations.
Since much seed germination occurs in the first year or
so after burning when fire-induced changes in the community are
most pronounced, changes in the size of seedling populations are
likely to be maximal at this time.

Similarly, variations in the
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size of regrowth populations will probably be greatest in the
immediate period after shoot initiation when the regrowth is most
susceptible to environmental and biotic stresses.
Thus, fire appears to have a relatively greater effect
on regeneration from seed than from vegetative regrowth in the
first few years after burning when vegetation redevelopment is
proceeding.

However, because changes in the size of both seedling

and regrowth populations are greatest during this period, the
extent of this initial regeneration may exert a profound influence
on the vegetation which develops in later years.

Note: Each of the following chapters has been written in paper form
and thus treated as a discrete unit.
Some of the references cited
above are therefore of necessity repeated in subsequent sections.

CHAPTER TWO

INITIAL SUCCESSION AFTER BURNING:
REGENERATION OF THE UNDERSTOREY BY VEGETATIVE MEANS

I
I

~
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2.1

INTRODUCTION

The Black Mountain Reserve which covers approximately
350 ha near Canberra, A.C.T.

(see Figure 2.1) is an area of dry

sclerophyll forest dominated by

Eucalyptus rossii R.T. Baker et H.G. Smith,

E. mannifera Mudie subsp. maculosa (R.T. Baker) L. Johnson and
E. macrorhyncha F. Muell. ex Benth.

A portion of it forms a forest

reserve which has been the site of a long-term experimental burn
program, aimed at studying fire behaviour, and carried out by the
Forest Research Institute, now the C.S.I.R.O., Division of Forest
Research (Davis, 1975).
Between 1964 and 1970, 210 experimental fires were lit
under a range of meteorological conditions and over all months of
the year.

Individual fires covered areas of 0.004 to 1.0 ha and

varied in intensity

*

from 50 to 3150 kw/m.

The resultant mosaic of

sites burnt at different times and at different intensities
collectively cover 24.9 ha of forest.

Apart from 0.8 ha which was

burnt in a wildfire or for fuel reduction, the remaining land (16.7 ha)
has remained unburnt since at least 1940 (Davis, 1975).
Although the vegetation of the area subject to the burning
program was considered to be relatively uniform prior to burning
(Davis, 1975), marked changes are apparent in the understorey which
has developed subsequently.

The most pronounced feature is the

pattern of species dominance in the taller shrub stratum.

The

experimental burn mosaic established over the seven year period is
reflected by a vegetation mosaic in which each burnt unit is
dominated by one, or a mixture (in varying ratios), of the species

Acacia genistifolia Link, Daviesia mimosoide s R. Br., and DiZZwyni a
retorta (Wendl.) Druce.

All three species occur more or less

uniformly, although at a generally lower density, throughout the

* see Appendix 2 for definition.
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16.7 ha of long unburnt vegetation which is considered to be similar
to that of the experimental areas prior to burning (Davis, pers. comm.).
Thus in an area of initially unifonn vegetation, burning has promoted
differential regeneration of the dominant shrub species which is
reflected in the communities established after seven years.
This phenomenon immediately raises the problem of why such
floristic changes have occurred.

In view of the discussion in the

first chapter, answers to the following questions are probably
relevant:

1)

To what extent is the regeneration soon after burning
determined by vegetative regrowth, or by germination
of seed reserves in the soil and litter prior to burning
(and thus by time since the last burn, and by seed
longevity)?

2)

Does fire promote differential germination of species?

3)

Do insect or mammalian parasites and predators influence
the initial regeneration by selective seed removal (before
or after burning) or selective grazing of seedlings or
regrowth?

4)

What effect has the season of burn on regeneration,eg.
through influencing fire intensity, predator populations,
or the occurrence of conditions favourable for
germination and regrowth?

5)

Are the early stages of revegetation, and the floristic
composition, influenced by such factors as water and soil
nutrient availability?

An understanding of these factors, which revolve mostly around

events occur~ing in the first few years after burning, may lead to
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a better grasp of fundamental problems related to long-term secondary
succession after disturbance by fire.
1)

For example:

To what extent does the initial regeneration continue to
determine the floristic composition of the vegetation with
increasing time after burning?

2)

Are the understorey species able to establish themselves in
the absence of fire?

3)

Once the initial postburn populations reach senescence and
death occurs, will species dominance change?
The present situation on Black Mountain suggests that the

regeneration of the first few years after burning may be critical
in determining the later course of vegetation redevelopment.

The

probable importance of seed germination, seedling survival and
vegetative regrowth during this period, as was concluded in Chapter
one, is thus re-emphasized.

It also raises the question of the role

of preburn vegetation in the subsequent recovery of a community,
especially during the initial years after a fire.

2.2

RESEARCH OBJECTIVES

The changes in understorey vegetation due to the burning
program on the Black Mountain forest reserve were studied by Davis
(1975).

In 1972 the communities which had become reestablished on

burnt areas of different age were compared with adjacent long unburnt
sites, and the differences considered in relation to such factors as
the season of burn and fire intensity.

Lack of observation of the

vegetation prior to burning prevented Davis from determining the
direct influence of the preburn communities on the composition and
structure of the postburn vegetation.
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In the present study it was decided to carry out experiments,
in the same area of forest, designed to examine the following specific
issues related to the reestablishment of the dry sclerophyll
vegetation after fire, viz:
1)

The extent of regeneration by seed germination and
vegetative regrowth during the first two years after burning
(hereafter termed 'initial succession');

2)

The extent to which initial succession is governed by water
and nutrient availability, and by insect/mammalian
predators/parasites; ana

3)

The extent to which initial succession is determined by the
preburn vegetation floristics.

The first two objectives are considered in relation to regeneration
by vegetative regrowth in the present chapter and seed germination
in the next, while the third objective is examined in chapter four.

2.3

DESCRIPTION OF STUDY AREA

2.3.l

Vegetation

The vegetation of the reserve can be described as dry
sclerophyll forest falling within the

Eucalyptus macrorhyncha -

E. rossii alliance defined by Pryor (1954).

Typically it consists

of a tree stratum up to 21 min height with a closed canopy, and a
generally continuous small shrub stratum developed below.
In the study area, the dominant tree species are

Eucalyptus macrorhyncha~ E. rossii~ and E. mannifera subsp. maculosa.
Occasional individuals of
and

E. dives Schau., E. polyanthemos Schau.,

E. melliodora A. Cunn. ex Schau. occur on gentler slopes at the

lower elevations, while the root parasite

Exocarpos cupressiformis
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Labill. is present in low frequency throughout the area.

The

eucalypts reach a maximum height of 15 m,with their canopies forming
a more or less continuous cover.

The structure of the tree stratum

has been modified by human activities (discussed by Davis, 1975) and now
varies from relatively undisturbed, uneven aged stands (640 stems/ha)
to even-aged coppice stands approximately 30 years old (1500 stems/ha).
The understorey consists of a tall shrub stratum up to
2 m high with a small shrub - herb stratum beneath it.

The

floristic composition, and height and density of plants in both
strata vary with the fire history from place to place.

As noted

earlier, the tall shrub stratum is a mosaic of areas, each essentially
delineated by the extent of previous fires, which are dominated by
one, or a combination, of the species

mimosoides,
eg.

Dillwynia retorta.

and

Acacia mearnsii

infrequently.

De Wild. and

Individuals of other species,

Indigofera australis

Willd. occur

The small shrub stratum contains up to approximately

20 common species, some of which, eg.
(J.E. Smith) Benth.,

Dianella revoluta
Paa

Acacia genistifolia, Daviesia

Brachyloma daphnoides

Hibbertia calycina

R.Br.,

Lomandra

spp.,

(DC.) N.A. Wakefield,

Danthonia pallida

R.Br., and

sp., show high abundance in small localized sites.
In winter and spring a poorly developed, discontinuous

herb stratum may occur with the appearance of annual grasses and
geophytes (especially orchids).

A total list of species growing

at the three sites selected for study is given in Appendix 1.

2.3.2

Geology and Soils

The study sites are located in an area of Middle to Upper
Ordovician rocks classified as the Pittman Formation and Acton
Shale Member (Strusz and Henderson, 1971).

The rock types were
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described by Opik (1958), and basically consist of micaceous siltstone and shale, silty quartz sandstone, radiolarian chert and black
siliceous shale.
Davis (1975) described the soil as being of relatively
uniform composition with rough, grainy textured topsoil and a
skeletal surface horizon varying in depth from 25-50 cm according
to minor variations in landform.

The soil pH varies with the time-

lapse since the last burn, but generally falls within the range
4.4 - 5.3 (Davis, 1975).

The soil profile is stony

in nature, a

feature which Davis considered would enhance infiltration and
drainage of rain water.
Within the general study area slopes range from 1° - 9°
with a northerly aspect, while the elevation extends from 630 - 670 m.

2.3.3

The

Climate

Canberra monthly averages for rainfall, daily

temperature maxima and minima, and number of days frost are given in
Table 2.1.

The corresponding data for the period during which the

experimental work was carried out are also indicated.

The data is

from the records of the Commonwealth Meteorological Bureau (as at
January 1975) 1 except for the 1973-1975 rainfall values which are
from the Botanic Gardens, Black Mountain (3.5 km from the
experimental sites).

2.4

EXPERIMENTAL METHOD

The following broad experimental strategy was adopted as
being .the most suitable for pursuing the specific research aims.
It was decided

TABLE 2.l

Meteorological data

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

59

57

52

47

52

38

37

45

48

69

64

58

1973

74

145

57

13

81

47

70

72

72

127

128

50

1974

99

92

47

186

55

24

61

149

72

166

79

2

1975

64

RAINFALL (mm)
Canberra average

0

MAXIMUM TEMPERATURE ( C)
"

Canberra average

27.6

26.6

24.4

19.7

14.8

12.0

11.0

12.6

15.9

19.1

22.3

25.9

1973

31.2

26.2

24.1

20.8

15.8

12.0

12.5

13.1

16.9

18.7

21.6

25.9

1974

25.9

26.0

24.6

18.4

16.0

12.2

10.9

12.2

14.0

17.7

20.2

25.9

1975

27.0

12.9

12.6

10.4

6.4

2.7

0.8

-0.4

0.8

2.7

5.8

8.2

11.0

1973

15.6

15.3

10.6

7.1

3.1

1.9

2.2

1.6

4.5

9.1

9.2

11.8

1974

14 ,. 3

12.6

11.1

9.8

4.4

0.1

1.1

1.1

2.4

5.5

6.7

9.0

1975

12.1

0

0

0.1

4.6

14.6

17.9

21.2

18.7

13.8

6.2

1.9

0.4

1973

0

0

0

-0

1

l

1

0

0

0

0

1974

0

0

0

3

8

20

14

14

7

4

0

1975

0

0

MINIMUM TEMPERATURE ( C)
Canberra average

FROSTS (days)
Canberra average

0
15

O'\
O'\
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1)

To carry out experimental burns on selected areas of
vegetation since this would allow
sampling of pre·burn

vegetation;

sampling of preburn

soil and litter for seed reserves;

actual measurement of fire intensity;
2)

To simultaneously monitor the following events in adjacent
burnt and unburnt areas :
seed germination;
seedling mortality;
mortality of mature plants;
vegetative growth of mature plants or regrowth;

3)

To use permanent quadrats set out prior to burning as the
basis for sampling;

4)

To determine changes in the numbers of individuals (whether
mature plants, regrowth or seedlings) of each species;

5)

To monitor the populations as often as possible to determine
the total input of seedlings and regrowth for each species.

2.4.1

Site selection

Three sites 0.15 - 0.20 ha in size, and each dominated by
a different species in the tall shrub stratum, were selected for the
experimental burns on the basis of the following factors:
1)

homogeneity of the understorey vegetation;

2)

time since previous burn;

3)

suitability for carrying a fire;

4)

accessibility for controlling the burns and for imposing
subsequent treatments.
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The maJor characteristics of the vegetation at each site
are summarized in Table 2.2 and species listed in Appendix i.

Sites

A and B had been burnt in i964 and 1961 (respectively), and supported
relatively dense stands of understorey vegetation dominated by

DiZZwynia retorta

and

taller shrub stratum.

Daviesia mimosoides

(respectively) in the

At site C, which was located in the long

unburnt area, many of the larger shrubs were senescent or in
varying stages of decay, while the smaller shrubs were sparsely
represented.
At site A,

The tall shrub stratum was dominated by

E. rossii

and

E. mannifera

subsp.

in the tree stratum, while at sites Band
most common.

macuZosa

Acacia genistifoZia.
were dominant

c, E. macrorhyncha

was the

At all sites there was ~vidence of coppicing among the

eucalypts, probably the result of earlier logging operations
(Davis, 1975).

2.4.2

Preburn methods

Square quadrats with sides 1.2 m long were set out for
sampling the preburn vegetation and for studying vegetative regrowth
after burning.

Their exact position was determined by that of smaller

plots, used to examine seedling populations (see section 3.2), which
were nested in one corner of the larger quadrats.
Each quadrat was located where there was a uniform litter
cover sufficient to carry a fire, and its position marked with 15 cm
long angle aluminium pegs driven 13 cm into the soil at each corner.
At each of the three sites sixty quadrats were set out with a
minimum of disturbance to the vegetation and litter.

Thirty were

located in the area to be experimentally burnt and the remainder in
the adjacent con~rol, unburnt area.
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Description of experimental sites

TABLE 2. 2

1)

Previous fire history

2)

Tall shrub stratwn

SITE A

SITE B

SITE C

Controlburnt in
February
1964

Wildfire
November
1961

Unburnt
since
1940

0:1:5

2:3:1

6:2:1

3.2

2.5

2.4

20.7
6.5

9.2
7.5

3.6
2.0

30.4

19.2

8.0

a) Ratio of dominants

Acacia:Daviesia:Dillwynia
2

b) Density (plants/m )
3)

Small shrub

&

herb stratwn
2

a) Density (plants/m )
- dicots
- monocots
2

4)

Total density (plants/m)

5)

Tree stratum

1

a) Tree density (stems/0.l ha)

Eucalyptus rossii
E. mannifera subsp.
maculosa
' E. macrorhyncha
I E. dives
Total eucalypts
b) Canopy cover

108

73

74

34

135

117

142

208

190

Some open areas
where canopies
not touching

1 - mature trees only, gbh ~10 cm.

More or
less
continuous
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In November - December, l972, each quadrat was examined
and the total numbers of individuals (or shoots, for species with
underground rhizomes) of all species growing within the plot
recorded.

2.4.3

Experimental burn treatments

The experimental burns at sites A and C, and at site B,
were carried out on 2/2/73 and lS/1/73 (respectively) by staff of
the C.S.I.R.O., Division of Forest Research, according to their
standard procedures for control burning (described in detail by
Davis, 1975).

Because the areas to be burnt were relatively small

(0.05 - 0.1 ha), each burn was initiated from a line of ignition
points in order to obtain a more uniform treatment.

Fire

behaviour and weather data were recorded for as long as it took
the fires to burn the entire areas in which the quadrats were
located.

The relevant data for each site are given in Appendix 2.
Due to differences in the amount and distribution of

fuel, weather conditions and other factors influencing fire
behaviour, the fires at each site differed in intensity although
all were in the low to medium intensity range.

As experimental

treatments, the burns at sites A and C were more uniform than
that at site B,where changing wind conditions caused highly erratic
fire behaviour.

2.4.4

Postburn data collection

In burnt areas the quadrats were examined for regrowth at
monthly intervals for the first year after burning, and again at
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the end of the second year.

The total number of plants producing

regrowth (or shoots) per species was recorded for each plot, while
the times of first appearance of regrowth, flowering

and fruiting,

and grazing of foliage were noted.
In the adjacent unburnt areas all quadrats were examined
at the end of one and two years after the burn treatments, and the
total number of individuals/species/quadrat recorded.

2.5

RESULTS

2.5.1

Species recovery after burning

The method of recovery of perennial species in the shrub
strata by vegetative growth after burning was related to their
life-form.

Some charnephytes and hernicryptophytes were able both

to develop regrowth from the rootstock of the original plant,
and to produce suckers from undamaged lateral roots (eg. Daviesia

mimosoides, Goodenia hederaoea) or shoots from exposed or
partially damaged lateral roots (eg. Hibbertia oalyoina, Haloragis

tetragyna).

Geophytic plants with buried rhizomes (eg. Dianella

revoZuta, Lomandra spp.) were similarly able to continue shoot
development following renewed rhizome growth after burning.

This

method of vegetative growth results in an increase in the number
of plants as represented by clumps of shoots spatially separated
above the ground even though connected by the root system below.
Thus 1 after burning 1 the total number of plants (or shoots, for
rhizomatous species) is potentially able to exceed the preburn
number.

Such species are hereafter termed 'Increasers'.
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Other species of chamephytes and hemicryptophytes were
capable only of developing regrowth from the buried rootstock
or stem-base of the original plant.

During a fire, such

individuals are either killed, or able to replace themselves
on a 1:1 basis, and hence total numbers after burning are either
equal to, or less than, preburn totals.

Such species are

henceforth termed 'Decreasers'.
The total number of individuals of each species prior
to burning at each site, and one and two years later, are listed
in columns 1, 2 and 3 (respectively) of the tables in Appendix 3.
The size of species populations at the corresponding times in
the unburnt quadrats are similarly listed.

Since the total number

of individuals per species was often low, species have been
grouped as follows, and the combined data for each group used for
subsequent analysis.
Regrowth groups:
1)

Fire sensitive decreasers (Ds):

species for which

no individuals recovered after burning.
2)

Fire resistant decreasers (Dr):

chamephyte and

hemicryptophyte species for which some individuals
were able to recover and replace themselves by
vegetative regrowth after burning.
3)

Fire resistant increasers (Ich):

chamephyte and

hemicryptophyte species potentially able to increase
their numbers by vegetative regrowth after burning.
4)

Fire resistant increasers (Ig):

geophytic species

with rhizomes, potentially able to increase their
numbers after burning by vegetative growth.

I

I

I

~
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2.5.2

Rate of recovery during the first year after burning

In Figure 2.2 the monthly recovery of groups (2) above are shown for each site.

(4)

The% recovery is based on the

preburn total number of plants, and thus 100% recovery represents
a return to the preburn population size.

An additional group of plants - geophytic decreasers (Dg) is also indicated in the figure.
with bulbs

This group covers geophytic plants

(mostly orchid species) which had no aerial parts present

at the time of the preburn sampling.

Since the preburn sizes of

populations are unknown, the monthly% recovery values are based

*

on the maximum totals recorded during the year, and thus take
no account of the numbers of bulbs killed by heat stress during
the fires.

a)

Fire resistant decreasers

Approximately 50% of plants had commenced regrowth within
one month of the fires at sites A and B, and within 2 months at
site C.

At all three sites there was little change in the%

recovery of plants three months after burning (ie~ from May
onwards),although a slight decrease occurred in December and
January.

At sites A and B, there was a maximum of 85-90%

recovery of plants, but only 60% recovery at site C.

*

Maximum numbers for sites A, B

&

C

247, 314

&
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b)

Fire resistant increasers:

chamephytes and

hemicryptophytes

At all sites vegetative regrowth commenced in the first
month after burning.

Numbers increased rapidly in the first

3-4 months (ie. to the end of May),and then continued to increase
slowly until the end of the year when they dropped slightly.

At

sites A and C, preburn numbers were regained within 2 and 2~ months
of burning (respectively), and at the end of one year, total
numbers were respectively 50% and 100% greater than preburn
totals.

At site B, the population size did not return to the

preburn level during the first year after burning.

c)

Fire resistant increasers:

geophytes

The monthly pattern of recovery was similar to the
previous group.

The populations regained their preburn size

within 1-l~ months of burning at all sites, and at the end of
one year, the total numbers were l25%, 75% and 100% greater than
the preburn levels at sites A, Band C respectively.

d)

Fire resistant decreasers:

geophytes

At each site, shoot growth commenced in early March, and
nwnbers increased to a maximum in July.

After flowering, the shoots

died off, and numbers declined to zero by November-December.

Thus

both prior to burning, and one year later, the species were absent
from the surface vegetation.
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2.5.3

Net vegetative regrowth one and two years after
burning

The% change in total numbers for groups (1) to (4)
(section 2.5.1) at the end of one and two years after burning at
each site are shown in Figure 2.3a, and the corresponding changes
in the unburnt areas in Figure 2.3b.

The% change in numbers of

the more common species at each site in both burnt and unburnt
areas over these periods are given in Table 2.3.
For groups and species, the% changes in both years are
based on the total numbers of plants in the quadrats prior to
burning.

At sites Band C, the number of quadrats was reduced in

the second year due to partial site destruction when a watermains
pipeline was laid through the experimental areas.

a)

Fire sensitive decreasers

At each site, no plants recovered after the fires,
resulting in a 100% decrease in numbers in the first year after
burning.

In the absence of fire there was an overall decrease in

numbers by 16-22% in the first year,and a further 5-10% in the
second year, due to the natural mortality of
and
the

Dillwynia retorta plants (Table 2.3).

Acacia genistifolia
At site A, 96% of

Pimelea linifolia J.E. Sm. sens. lat. plants had died by the

end of the second year.

b)

Fire resistant decreasers

At sites A and Bin the first year, there was an overall
decrease in numbers of 5-l0% in both burnt and unburnt quadrats.
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Table 2.3

1

due to vegetative growth

SITE A
BURNT
Years after burning

1

SITE B
UNBURNT

2

1

2

BURNT
1

SITE C
BURNT

UNBURNT
2

1

2

1

-18
-17

-22
-21

UNBURNT
2

1

2

-100
-100

-21

-28

-12
-61

-5

+9

-80

-52

-5

+40

-44

-46

+388

14

Fire sensitive decreasers

Acacia genistifolia
Dillwynia retorta
Pimelea linifolia

-100
-100

-7
-75

-15
-96

-10
-16

-9
-25

-100
-100

Fire resistant decreasers

Brachyloma daphnoides
Danthonia pallida
Dichelachne sciu:rea
Grevillea alpina
Hovea heterophylla
Leptospermwn multicaule
Poa sp.
Pultenaea procwnbens
Stylidium graminifolium
Fire resistant increasers:

-23
-16

-62
-23
-15

-69
-35
-21

+5
+4

+3
+4

chamephytes

Daviesia mimosoides
Goodenia hederacea
Hibbertia calycina
H. obtusifolia
Fire resistant increasers:

-23
-16

+3
0
+48
+6

&

0
+86
+47
+6

-12
-20
-28
-18
-8
-7

-27
-24
-28
-18
-11
-9

-43
-12
-57

-40
-12
-68

-23
-14
-18

-19
+8
-21

-22
+4
-19

-23
+4
-19

-37
-15
-23

-37
-15
+20

-52

+56
+8

+67
+106

-8
+172

-15
+194

+32
+147

+319

-3
+211

-8
+129

+10
+139

+9
+83

-23
+105

30

25

30

30

30

14

30

hernicryptophytes

-10
+80
+7
+10

-32
+167
+3
+6

geophytes -

Dianella r evoluta
Lomandra filiformis
NUJ.Llber of quadrats

1 -

+100

+116

30

30

30

30

% change based on preburn totals in the number of quadrats indicated.

.....J
.....J
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The slight increase recorded for

Pultenaea procwnbens A. Cunn. and

Stylidiwn graminifoliwn Swartz ex. Willd. in the burnt plots
(Table 2.3) resulted when plants apparently dead prior to burning
were found to produce regrowth.

In the second year, there was a

5% increase in numbers in unburnt areas due to the recovery of
plants recorded dead at the end of the first year, while in burnt
quadrats a small decrease in numbers occurred due to death of
regrowth.
At site C the% decrease in numbers in the first year
after burning was approximately 25% greater than the% decrease
in the absence of burning, due to the high% mortality of the
perennial grasses

Poa and Dichelachn~ on burnt plots (Table 2.3).

Little or no further change in numbers occurred in the second year.

c)

Fire resistant increasers:

chamephytes

&

hemicryptophytes

Haloragis tetragyna (Labill.) J.D. Hook. was omitted from
the group totals in calculating the% changes since it was often
impossible to distinguish between regrowth and seedlings at the
end of the second year.

The omission does not alter the general

trends in the first year.
The group response in the two years varied between sites
and between burnt and unburnt areas.

At site A in the absence of

fire , numbers had increased by less than 10% at the end of two
years.

After burning however, numbers increased by 30% in the

first year (primarily due to shoot development on exposed roots
of

Hibbertia calycina) and by a further 10% in the second year

(mainly as a result of suckering by

Goodenia hederacea J.E. Sm.).

The net increase in numbers after two years was 30% greater in
burnt than unburnt quadrats .
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At site B numbers increased by 75% in the first year
and by a further 10% in the second year in the absence of fire,
largely due to suckering by Goodenia.

After burning there was

only a 10% increase in numbers in the first year (due to
suckering by Daviesia) but a 65% increase in the second year
(due to Goodenia).

In contrast to site A, the net change at

the end of two years was the same in both burnt and unburnt areas.
At site C in both burnt and unburnt areas numbers
increased by 170-175% in the first year.

However in the second

year there was a further increase of 120% in unburnt quadrats but
only 30% in burnt quadrats, and hence the net increase at the end
of two years was 90% greater in unbu~nt than burnt quadrats, a
reverse of the situation at site

A.

In all cases the changes

were caused primarily by suckering of Goodenia.

d)

Fire resistant increasers:

geophytes

At all sites in the absence of fire numbers increased
by 50-60% in the first year, and at sites A and B, decreased by
10% in the second year.

No calculation was possible for site C

in the second year due to quadrat destruction.

In the first year

after burning numbers increased by 70-160% at the sites.

In the

second year, there was a further increase of 20% at site A but
a 5% decrease at site B.

At the end of two years the net increase

at sites A and B after burning was respectively 100% and 30%
greater than in the absence of burning.

At site C, the net

change at the end of one year was 30% greater in burnt than
unburnt quadrats.
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2.6

DISCUSSION

The capacity of Australian shrubs to recover after burning
by vegetative regrowth has been widely recognised for species of
heath vegetation (Specht
(Petrie, 1925;
1975).

et al.,

Beadle, 1940;

1958) and sclerophyll forests

Baird, 1958;

Gilbert, 1959;

Gill,

Apart from the heath vegetation however, little is known

about the dynamics of such vegetative regeneration in either the
short or long term.
In the present study,short-term changes after summer
burning of dry sclerophyll vegetation were examined.

The experimental

burns carried out were of low to medium intensity, and the
calculated values for two of the fires indicated their intensities
were well above the upper limit imposed for control burning of
similar communities in commercial forests (McArthur, 1962).

Although

the amount of damage sustained by trees in the latter situation is
acceptable, it is considered the understorey vegetation can be
affected detrimentally by such fires despite their low intensity
(McArthur and Cheney, 1972).

2.6.l

Reaction of species to burning

The reestablishment of a plant community by vegetative
regrowth after burning depends primarily on the capacity of
individual plants to withstand the heat stress imposed during the
fire, and the ability of the survivors to produce and maintain new
shoots and roots (Gill, 1975).
shrub strata, only three,viz.
and

Pimelea Zinifolia

Among the 30 species sampled in the

Acacia genistifolia, Dillwynia retorta

were unable to tolerate heat stress and/or
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produce regrowth from surviving organs.

With these fire sensitive

species, burning caused 100% mortality of the preburn populations
at each site.

Of the remaining species, all were fire resistant,

ie. although the aerial parts of the plants were either combusted
during the fires or killed by lethal heating, regrowth was
developed from the buried rootstocks, lateral roots, rhizomes or
bulbs which survived after burning.

Depending on the origin of

the regrowth, the postburn populations were either smaller (decreaser
species) or larger (increaser species) than before burning.

2.6.2

Extent of recovery after burning

The extent to which populations of fire resistant species
recovered varied between the sites, with maximum overall recovery
at site A, and minimum overall recovery at site C.

Given the

innate capacity of the plants to produce new shoots and roots, the
absolute amount of regrowth would largely depend on the heat injury
sustained by their buried organs during the burns.

The degree of

recovery of species populations should thus tend to vary with the
intensity and duration of the fires at each site, which primarily
determine the lethality of the heating effect.
The duration of heat stress experienced by subterranean
organs at sites A and C would have been similar, since both
experimental areas took approximately six minutes to burn with the
fire front spreading at a constant rate of about 3.0 m/min.
(Appendix 2).

In contrast, the same amount of land at site B took

24 minutes to burn, the rate of spread of the fire averaging 0.4 m/min.
but not remaining constant.

Thus at site B,the duration of heat stress

on buried organs often would have been grea~er than at sites A or C.
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The magnitude of the potential heat stress is largely a
function of fire intensity, which in turn depends on the type,
quantity and distribution of fuel (McArthur, 1962, 1968).

Heat

generated by the combustion of litter is probably more critical
in creating stress on buried organs than heat generated by the
combustion of standing vegetation.

Although the litter at each

site was of similar composition,viz. predominantly twigs, branches,
leaves and bark of the eucalypts, the quantity and distribution
varied (Appendix 2).

At site C which was long unburnt, the greatest

amount of litter had accumulated and was distributed uniformly over
the site to a depth of about lO cm.

Site A, being the most

recently burnt prior to the experiments and with the lowest tree
density (Table 2.l), carried the smallest quantities of litter,
and many areas of soil were in fact bare.

In spite of differences

in litter moisture content at the time of burning, the% loss on
ignition and ash characteristics (Appendix 2) indicated a greater
degree of combustion of the litter at site C than at site B, with
even less at site A.

The above evidence thus suggests that the

potential heat stress imposed on buried organs due to the
combustion of litter could have been highest at site C, and lowest
at site A.
During a fire only a small proportion of the heat
generated is partitioned to the soil (Packham, 1970).

The actual

heat stress experienced by subterranean organs could thus be
expected to vary both with the soil moisture content, which affects
heat transfer (Vines, 1968), and with the position of the organs,
which determines the depth of soil acting as an insulating medium.
Although at the time of burning the soil moisture content at each
site was low (approximately 12% at sites A and C, and 4% at site B),
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the fire intensities were insufficient to completely dry out the
upper layers of soil (Appendix 2), and temperatures near the
0

.

surface would not have risen above 100 C (Vines, 1968).

At all

sites many roots and rhizomes were located in these upper layers
of soil but apparently sustained little heat injury, since in
areas where the burnt surfaces had been eroded by water, shoots
developed from many of the exposed roots.
The tolerance of buried organs to heat stress and
their ability to produce regrowth has also been shown to depend
on the age/size of the plants (see section 1.7.3).
A and B, the decrease in numbers of
and

At sites

Grevillea, Brachyloma, Hovea,

Leptospermwn in the first year in both burnt and unburnt

areas (Table 2.3) was due to the death of small plants which had
probably developed from seedlings after the fires 9 and 11 years
(respectively ) prior to the experimental burns in 1973.

The high

mortality of these young plants may have been related to the
lack of regenerative buds to produce regrowth and/or inability to
withstand stress, whether from heat during the fires, or from lack
of water during autumn.

In some species, old plants are unable to

produce regrowth (Whittaker and Girningharn, 1962;
and may also be less resistant to heat stress.
mortality of

Biswell, 1974),
The high%

Poa and Dichelachne at site C (Table 2.3) after

burning was possibly related to age,in addition to the effects
of the hotter fire at the site, since many of the tussocks were in
varying stages of senescence prior to burning.

2.6.3

Initiation and development of regrowth

The commencement and subsequent development of regrowth
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after burning depend largely on the e nvironmental conditions
experienced (Wink and Wright, 1973).

At all sites in the p resent

study available moisture appeared to be the most critical factor
determining when shoot development was initiated.

Both at

site B (burnt on January l8th) and at sites A and C (burnt on
Fe bruary 2nd), no regrowth occurred until the 12th of February,
two days after 51 mm of rain had fallen.

~revious falls in the

intervening period ( <(25 rnrn/24 hours) were apparently insufficient
to initiate shoot development.

Plants which grew in the areas

receiving the seedling water treatment in March and April (see
section 3.2 . 2) were also found to produce shoots earlier than
plants relying on natural rainfall over the same period.
At the study sites 50-75% of the preburn plants of fire
resistant species had commenced regrowth within two months of
burning (Figure 2.2).

As has been reported for other vegetation

types (eg. Hanes, 1971), after this period of initial recovery
there was little change in nwnbers due to mortality in the
following two years.

Although occasional plants (notably of

Hibbertia obtusifolia

DC. and

Leptospermwn rrrulticaule

A. Cunn.)

were defoliated by insect larvae, the regrowth was rarely killed.
There was negligible evidence of grazing by mammals in both
years, and water stress during the summer months ~ppeared to be
the major cause of the regrowth mortality which did occur.
Since shoot development was closely related to water
availability, the pattern of monthly regrowth observed in the
first year after burning (Figure 2.2) could be expected to change
with the season of burn, and the extent of recovery in the first
two years (Figure 2.3) to vary with differences in yearly rainfall.
Plumb - (1963) reported that the regrowth of chaparral vegetation
was delayed for two years in response to drought conditions.

In the
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present study, the annual rainfall was above average in both years
during which data was collected (see Table 2.1), and only two
instances were recorded of regrowth initiation being delayed until
the second year after burning (viz. one plant of
Lindl. at site B, and one plant of

Grevillea alpina

Hovea heterophylla A. Cunn.

ex J.D . Hook . at site C).
In addition to moisture availability, the rate of
regrowth initiation has been shown to vary with plant age and
with the type of organ surviving the burn.

Older plants often

take longer to develop shoots (Blaisdell and Mueggler, 1956), while
rhizomatous species corrunonly produce regrowth before other species
(Cremer and Mount, 1965;

Hooker and Tisdale, 1974).

In the study,

all fire resistant groups at site C exhibited a lower% recovery
in the first month after burning than the groups at sites A and B
(Figure 2.2).

This may reflect the preburn presence of older

plants at the previously long unburnt site C compared with the
other sites, in addition to greater heat injury of the plants at
site C where the fire was of a higher intensity.
plants developing regrowth from rhizomes

At all sites,

(Dianella revoluta,

Lomandra spp.) took longer to recover than many plants producing
shoots from other organs (Table 2.4).

The perennial grass

Danthonia

pallida was most frequently observed to be the first species
producing shoots.
Many plant species are able to increase their numbers
after burning by vegetative means (Biswell, 1974;
Naveh , 1975).

Gill, 1975;

Although vegetative reproduction is often

considered to be stimulated by fire

(Wright and Heinselman, 1973),

in order to determine the real effect of a treatment such as
burning .on speci~s, £.ire-induced responses need to be clearly
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TABLE 2.4

Site

A

Days
After
Burning

10
14

16
17
22-24

B

25

First record of regrowth after burning

1

Species and origin

of regrowth

BrachHloma daphnoides (RS)~ Danthonia
palliaa (RT), Hibbertia calycina (RS,
Hibbertia obtusifolia (RS)
Hal~ragis tetrag~na (RS! LR)
Dav~es~a m~moso~aes (RSJ
Dianella revoluta (Rh), Lomandra spp.

LR)

(Rh)

Danthonia pallida (RT), Daviesia
mimosoides (RS), Goodenia hederacea
(RS, LR)

26
27
29

C

Indigofera australis (RS), Hovea
heterophylla (RS)
Hibbertia obtusifolia (RS), Pultenaea
procumbens (RS)
Dianella revoluta (Rh}, Lomandra spp.

22-24

Danthonia pallida (RT)
Goodenia hederacea (RS, LR), Hibbertia
obtusifolia (RS), Pultenaea procumbens

30-33

Dianella revoluta

11

(Rh)

(RS)

1 : LR - lateral roots
Rh - rhizomes
RS - root stock
RT - root tussock

(Rh),

Lomandra

spp.

(Rh)
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distinguished from changes caused by natural environmental factors
(Heady, 1956).

This can only be done by simultaneously comparing

population fluctuations in burnt and unburnt areas, and is often
omitted in fire ecology studies when interpreting data.
In the present study, a comparison of the changes in the
population size of the increaser species in burnt and unburnt areas
suggests that their growth was stimulated by fire.
increase in numbers of

Hibbertia calycina

at site A,

For example, the

Lomandra

filiformis

(Thunb.) J. Britt. at site B, and Daviesia mimosoides
'
at sites Band C was greater in burnt than unburnt plots in the
first year.

Thus the suckering and shoot development of the species

during this period appears to have been promoted by burning.
contrast, the increase in population size of

In

Goodenia hederacea

in

the first year at all sites was greater in unburnt than burnt plots,
but the same or higher in burnt quadrats

in the second year.

This

suggests that suckering was suppressed after burning in the first
year, but had returned to normal or even been stimulated in the
second year.

The observed increase in population size in both

burnt and unburnt plots in the first year must have been due to broad
environmental factors whose effects,however,were modified on burnt
quadrats as a result of fire damage sustained by the plants.
When an area of vegetation is denuded by - fire it is often
considered that the conununity is detrimentally affected, even after
low intensity burns.

The results of this study showed that at the

intensities encountered, the majority of perennial species present
in the shrub strata were not adversely affected by burning.

Most

species were able to recover by vegetative means, and the growth of
some was actually stimulated by fire - particularly in the areas
which ·had been recently burnt prior to the study, where the p lants
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were relatively young and vigorous and the fires of lower intensity
than at the previously long unburnt area.

2.7

SUMMARY

A detailed examination of the dynamics of vegetative
regeneration of species in the shrub strata during the first two
years (the period of initial succession) after burning of dry
sclerophyll vegetation revealed the following:
<

1)

Of the 30 conunon species sampled in the quadrats, three
were fire sensitive, ie. unable to recover by vegetative
means, and the remainder were fire resistant, ie. able to
withstand heat stress and produce vegetative regrowth
from surviving rootstocks, lateral roots and rhizomes
buried in the soil.

2)

Depending on the form of regrowth, fire resistant species
could be classified as 'increasers'

(ie. postburn

populations were larger than preburn populations),or
'decreasers'

(ie. postburn populations were equal to or

smaller than preburn populations).
3)

Among both increaser and decreaser species, 50-75% of
preburn plants had conunenced regrowth within two months
of burning.

4)

The initiation and subsequent development of regrowth
appeared to be affected most by fire intensity,
environmental conditions after burning (especially water
availability), age of plants, and source of regrowth.

5)

Once shoot development had corrunenced, there was little
change in nwnbers in the first two years after burning
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due to regrowth mortality.

Observed instances of death

were the result of water stress rather than grazing by
insects or mammals.
6)

Changes in the population size of increaser species in
the first two years after burning depended both on
fire -induced effects (causing suppression or stimulation
of suckering and shoot development) and broad
environmental factors.

The fire-induced effects on

species were g~nerally most pronounced in the first
year after burning.

d

CHAPTER THREE

INITIAL SUCCESSION AFTER BURNING:
REGENERATION BY SEED GERMINATION
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3.1

INTRODUCTION

Following a series of experimental fires in an area of
dry sclerophyll forest in the Black Mountain Forest Reserve near
Canberra (Chapter 2), the vegetation which redeveloped was found
to reflect the general mosaic pattern of the previous burns.
Although the vegetation prior to burning was considered to be
uniform (Davis, 1975), the communities which had become established
on separately burnt areqs after two to seven years varied in both
structure and composition.

This suggested that the regeneration

which occurred in the initial period after burning determined the
nature of the communities which developed in later years.
In the present study, regeneration of the dry sclerophyll
vegetation was examined in the first two years (the period of
'initial succession') after experimentally burning three of the
communities, with the specific aims of determining
1)

the extent of regeneration by seed germination during
this period, and

2)

the extent to which such regeneration is governed by
water and nutrient availability, and by insect/mammalian
seed and seedling predators/parasites.

3.2

METHODS

A description of the study sites and the details of site
selection, quadrat placement and experimental burning are given in
sections 2.3 and 2.4.

Square quadrats with sides 0.61 min length

were used to sample seed and seedling populations.

Plots of this

size were considered adequate to sample the seed populations of

- - -- - -- - -- - - - -- - - - - - - - -- - - - - - -- - - - - - - - -
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the larger shrubs in the soil and litter, while enabling the
seedling populations to be accurately monitored in the large numbers
of quadrats needed for the experiments.

Each quadrat was

subjectively located, and where possible was placed beneath the
canopies of at least two of the dominant species of the tall shrub
stratum.

Most of the corrunon species in the small shrub and herb

stratum at each site occurred in at least some of the plots so
positioned.
At each site tn the area to be burnt, and in the adjacent
unburnt control, 30 quadrats were set out in order to examine
seed germination.

in situ

An additional 5 quadrats were located in the

burn-treatment areas to determine changes in the seed reserves of
the soil and litter caused by the fires at each site.

3.2.1

a)

Preburn sampling and measurements

Soil and litter seed reserves

All the litter from one half of each quadrat was removed
and stored in plastic bags.

In the same half, three soil cores were

removed with a 7.6 cm diameter corer to a depth of 7.6 cm and placed
together in a plastic bag.

The bare soil surface from which the

samples had been removed was covered with a similar amount of
coarse litter to ensure minimal disturbance to the spread of the
fire-front during the experimental burns.
The samples were returned to the laboratory and
irrunediately placed over fine terylene warp-knitted mesh in plastic
germinating trays (28 x 33 x 5 cm) which were then kept in a
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shaded glasshouse.

The trays were watered regularly to keep the

samples moist, and the soil/litter in each tray was mixed
periodically to promote germination.

b)

Potential seed source for

in situ

germination

Each of the thirty quadrats was mapped to show the position
of all plants, within or surrounding the margins, which were likely
to have contributed to the seed reserves in the quadrat.

3.2.2

a)

Postburn sampling and treatments

Soil and ash seed reserves

Ash and soil samples were collected from the remaining
half of the five quadrats at each site and treated in the same way
as the preburn litter and soil samples.

The ash was collected

within 1-2 hours, and the soil samples removed within 24 hours of
burning at each site.

b)

Treatments for

in situ

germination

The following treatments were imposed on quadrats in the
burnt and adjacent unburnt areas at each site.

i)

Water addition .

A pump-driven sprinkler fed from a

water tanker was used to simulate natural rainfall.

The water

was applied twice a week on windless days, unless natural rainfall
occurred.

Each application was equivalent to 10 mm of rain falling

over 2 hours .

The treatment was carried out only during March
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and April, after which a favourable water balance was considered
to be maintained naturally due to lowe r temperatures and winter
rainfall.

ii)

Protection from seed predators.

The surface of the

quadrats and a surrounding buffer zone 15-20 cm wide was sprayed
with 2% chlordane, twice a week.

Non-treatment quadrats had an

equivalent amount of water added.

iii)

Protection from seedling predators:

Arthropods:

the treatment quadrats and a surrounding

buffer zone were sprayed with 2% malathion, and nontreatment quadrats with water, twice a week.
Manunals:

15 cm high wire netting exclosures (me sh

diameter 13 nun) were erected over the treatment quadrats
and firmly anchored to the ground.

iv)

Nitrogen addition.

Within 24 hours after burning a single

dose of the nitrogenous base NH No was applied in solution to the
4 3
quadrats at the rate of 2.7 gm N per quadrat (approximately 250 kg N/ha).
An equal amount of water was added to untreated plots.

While treatments ii) to iv)were applied individually to
the quadrats in replicates of five, the water treatment embrac ed all
plots within the radius of the sprinkler.

The treatment applicat ions

are sununarized in Table 3.1 and the experime ntal layout in Figure 3.1.
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TABLE 3.1

Postburn treatment application

TREATMENT
Water

Treatment

design

Nutrients

1

+

+

2

+

+

3

+

4

+

No . of quadrats

+

5
5

+

5
5

5
6

Protection

+

5

'

5

Total
3 . 2.3

a)

30 quadrats

Data collection

Seed germination

Glasshouse samples

Seedlings which developed from the samples were recorded
weekly, and following identification, were removed from the trays.
Where necessary,representatives of some species were allowed to
grow to sexual maturity for positive identification.

The samples

were discarded after 9 months, when no germination had occurred
after 8 consecutive weeks.

b)

Seed germination ~n situ

At each site all quadrats were examined every second day
while seed germination continued (February-July),and thereafter
once a week until the end of one year after the burns were carried
out.

For every seedling in each quadrat the following data was
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recorded:

species identification, date of germination, date of

death, and cause of mortality (where possible, eg. fungal attack,

I

desiccation, insect predation).

At the end of the second year

after burning, all quadrats were re-examined and surviving
seedlings from the first-year populations plus surviving seedlings
which had germinated during the second year, were identified and
recorded.

3.3

RESULTS

Germination from samples in the glasshouse

3.3.1

The total numbers of seedlings/species which were recorded
for the soil (S) and litter (L) samples collected before and after
burning are listed in Appendix 4.

A summary of the data is shown

in Table 3.2 where species have been grouped as follows:
(1) Eucalypts (E),
(Dr) Decreasers,

(2) Fire sensitive (Ds) and fire resistant
(3) Fire resistant Increasers - chamephytes and

hemicryptophytes (Ich) and geophytes (Ig), and

(4) Therophytes (T).

The nomenclature for groups (2) and(3) follows that outlined in
section 2.5.1.
Because the number of replicates at each site was small
(n=S), in most groups seedling numbers were individually too low
for analysis.

When the seedlings of all groups are considered

together, at each site, the total number in unburnt samples (soil
and litter) was greater than in samples collected after burning.
At each site, a higher proportion of seedlings developed from the
litter than soil samples prior to burning.

While this was still

true 9f samples after burning at site A, the% of seedlings in the

Total seed germination

TABLE 3.2

1

from preburn and postburn soil and litter samples

SITE C

SITE B

SITE A
PREBURN

POSTBURN

PREBURN

POSTBURN

PREBURN

POSTBURN

GROUP

s

L

s

L

s

L

s

L

s

L

s

E

-

2

3

-

-

-

1

-

-

2

2

Ds

-

5

1

4

1

3

-

-

1

4

3

Dr

5

156

16

46

5

58

43

5

6

90

7

Ich

2

15

2

1

24

27

33

-

12

27

23

Ig

-

-

-

-

-

-

-

-

2

4

T

4

39

2

2

29

122

88

2

7

55

10

2

TOTAL

11

217

24

53

59

210

165

7

29

182

45

3

4

71

8

17

13

48

37

2

11

70

18

1

% of
SITE

"'

L

1

TOTAL

1 - Total from 5 quadrats;

S = soil samples, L = litter samples.

I...O

G'
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litter at sites Band C was less than that in the soil samples.
After burning, the% germination from litter samples decreased at
all sites (by 55%, 46% and 69% respectively at sites A, Band C),
while the% germination from the soil samples increased (by 4-6%
at sites A and

3.3.2

c,

and 24% at site B).

Field germination and mortality in the first year
after burning

Although many seedlings died within days of emergence,
it was felt that because the quadrats were checked every 2 days, few
seedlings died before being recorded. - Thus the figures given in
column 4 of the tables in Appendix 3 are considered to be accurate
assessments of the size of the seedling populations of each species
which developed in the first twelve months in burnt and unburnt areas
at each site.

The figures relate only to seedlings which reached

the cotyledon stage;

the numbers which died before emergence are

I

II
I
I
I

I

unknown.
It was possible to identify all but a few seedlings as soon
as germination occurred, from the distinctive shape, size or colour
of the cotyledons.

Seedlings of closely related species were often

difficult to distinguish while in the cotyledon st~ge (eg. Hypochoeris

glabr a L. and H. radicata L.,

Wahlenbergia spp., Gnaphaliwn s p p.).

Similarly, seedlings of the grasses Poa~ Vulpia and Aira were
indistinguishable when the plumule was only a few mm long.
The total numbers of first-year seedlings alive at the end
of the first and second years after germination are listed for
each species in columns 5 and 6 (respectively) of the tables in
Appendix 3.

a)

Monthly trends in germination and mortality

The total seedling populations have been grouped for the
Eucalypts, all perennial species in the shrub strata, and annual/
biennial species (Therophytes).

The trends in germination and

mortality for each group in burnt and unburnt areas at each site
are indicated in the upper and lower portions of the diagrams
(respectively) in Figure 3.2 a-c.

The% germination/month is

based on the total germination of species from 30 quadrats in the
first year after burning, and the% mortality on the monthly
proportion of the total number of dead seedlings.

i)

Eucalypts.

At all sites in burnt quadrats, less than

15% germination occurred from February to April, with an overall
minimum in March.

The monthly germination then increased to

maxima of 25%, 15%, and 40% in May and 40%, 42%, and 25% in
July at sites A, B, and C (respectively) with a drop in June.
In August,4-10% germination occurred at all sites, and thereafter
less than 3% per month until the end of January.

Over the same

time in unburnt plots, germination was 8-18% higher than in burnt
quadrats during February,but approximately the same or lower in
March and April.

At each site germination was high~st in July

(approximately 30%), with additional peaks (15-20%) in May at
sites A and

c,

and then less than 5% per month from September

to January.
From February to April, seedling mortality was less than
10% per month at all sites, but approximately equalled the %
germination over the same period.

In unburnt areas the mortality
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was less than 5% per month in May-June-July.

At sites Band Cit

then ranged from l0-20% until the end of January, while at site A
it remained below l0% per month until November,after which it
increased to a maximum of 27% in January.

In burnt quadrats,

mortality reached a maximum of 25% in July and September at sites
A and C (respectively),and then decreased to less than 10% per
month from October to January.

At site B however, the monthly

mortality fluctuated between s-i5% from July to January, with the
highest rate occurring in August.

ii)

Perennial species in the shrub strata.

The monthly trends

in germination at each site were similar in burnt and unburnt quadrats.
Germination was less than 5%/month from February to March, but
increased to maxima of 25-30% in unburnt areas in June-July, and
35-45% in burnt areas in July.

By September there was less than

10% germination at all sites, and none in December-January.
At all sites mortality was generally below 5%/month from
February to July, except during April when it rose to approximately
10% in burnt quadrats at sites Band C.

Maximum mortality of 30%,

20% and 25% was recorded in burnt quadrats at sites A, Band C
during October, November and January (respectively).

In contrast,

maximum mortality in unburnt quadrats was recorded at all sites in
November, with 25%, 30% and 35% of seedlings dying at sites A,
Band C (respectively).

iii)

Therophytes.

In burnt quadrats at all sites less than 5 %

of seedlings germinated in February-March.

Maximum germination

occurred from May to July at site A (20-25%/month), in April-May
at site B (30-'35%/month) and from April to July at site C

...

I
I

~
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(15-25%/month).

Less than 10% germination occurred at all sites

in August, and none in December-January.

At sites A and C

germination in unburnt quadrats in February was (respectively)
30% and 16% higher than in burnt quadrats.

Germination was less

than 2% at all sites in March in unburnt areas, increased to a
maximum of 30% and 47% at sites A and B (respectively) in May,
and approximately 23% in May-June at site C, decreased to below
10% in July, and then remained negligible until the end of
January.
The% mortality in burnt quadrats in February-March-April
was generally lower than that in unburnt quadrats, but both were
approximately the same as the% germination over this period at
each site.

In June, less than 5% seedling mortality occurred at

all sites.

In unburnt areas, maximum mortality was recorded in

November at all sites (15% at site A, 30% at site B, and 25% at
site C), while in burnt quadrats, the mortality was greatest at
site A from August to November (10-20%/month), at site Bin
November - December (20-25%/month) and in December-January at
site C (27%/month).

b)

i)

Effect of treatments on germination and mortality

Water treatment.

The water treatment was applied six

times from early March to mid-April to supplement natural rainfall.
The amount of water added (set by the capacity of the tanker)
proved to be insufficient to maintain a positive water balance
continuously (as was aimed), but more frequent applications of
the treatment were not possible.

Although the unburnt areas

remained moist longer than the greatly exposed burnt areas, at

----

- -

- -

- - -- - - -

--- -

- -

- -

- - -- - -
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all sites the soil dried out completely between watering treatments.
The total germination in treated and untreated quadrats
during the above period was a very small proportion of the total
germination for the year, and too low for analysis.
germination of a few species (viz.

tetragyna,

the grasses

extent the composites
spp. and

Eucalyptus

Danthonia, Vulpia

and

Senecio quadridentatus

Conyza floribunda

spp.,

Aira,

Although the

Haloragis
and to a lesser

Labill.,

Gnaphalium

H.B.K.) tended to be higher in treated

than untreated plots, for the majority of species no germination
occurred in any quadrats during the period of the water treatment
in either burnt or unburnt areas.
Most of the seedlings which developed in response to
the water addition died of desiccation as soon as the soil dried
out, or were eaten by grasshoppers which were abundant in the area
during this period.

ii)

"Protection treatments.

The application of both Malathion

and Chlordane was discontinued after 3-4 weeks.

The compounds

appeared to be causing selective mortality of seedlings with very
soft, thin cotyledons, and were causing inaccuracies in the
population data.

In addition,they had little repellent action

and were ineffective in preventing predation of both seed and
seedlings by insects.

Thus the treatment was reduced to

protection from mammals only.
Seed predation by ants was frequently observed, the
removal of fallen eucalypt seed from the bare ground surface in
burnt areas being most common.
carrying seed of

On rare occasions, ants were seen

Daviesia mimosoides

and

Dillwynia retorta.

I

\

~
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Cotyledon-stage seedlings were highly vulnerable to
grazing by insects (notably grasshoppers),since removal of the
cotyledons caused death, but once a few leaves had been developed
the grazing less often resulted in mortality.

Predation of

seedlings with large cotyledons (eg. the legumes and eucalypts) was
most often observed, but seedlings of all sizes were probably grazed
to some extent.

Although regrowth was occasionally found to be

grazed by mammals, there was little evidence of such grazing on
seedlings.

iii)

Nitrogen treatment.

The total germination and total

mortality in the first year were compared

*

in treated and untreated

plots for both burnt (B) and unburnt (UB) areas (Tables 3.3 and
3.4 respectively).

The germination data for the groups Ds, Dr and

Ich were first corrected for differences in the densities of parent
plants contributing seed to treated and untreated quadrats.
The nitrogen treatm~nt had no consistent effect on the
germination between or within groups in burnt and unburnt areas,
either between or within sites, and had no apparent effect on
species, whether leguminous or non-leguminous.

There was generally

no significant difference between the mortality of seedlings in
treated and untreated quadrats, and where differences were
significant, the treatment had no consistent effect.

*

2
In these and all other statistical analyses, a x t e st
has been used to determine the significance of differences.

I

~
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TABLE 3.3

Effect of nitrogen treatment on germination

DIFFERENCE IN GERMINATION:]
TREATED VS UNTREATED PLOTS
SITE A
GROUP
Eucalypts
Fire sensitive
decreasers
Fire resistant
decreasers
Increasers

B

UB

B

UB

<x

NS

NS

NS

NS

NS
NS

NS

<xxx >xxx

>xxx >xxx

NS

NS

<xx
>xx

NS

NS

UB

B

<xxx NS
<xxx <xxx

>xxx
>xxx <xxx
<xxx <xx
NS

Therophytes

SITE C

SITE B

NS

NS

1 - Germination in treated plots significantly higher (>)
or lower (<) than in untreated plots; NS (not significant),
X

(p

< 0.05),

(p

XX

< 0.01),

XXX

(p

< 0.001).

Effect of nitrogen treatment on mortality

TABLE 3.4

%

MORTALITY IN FIRST YEAR
BURNT

UNBURNT

-N
96
86
58

D1

B
C

+N
.100
90
79

Fire
sensitive
decreasers

A
B
C

24
11
22

31
39
17

NS

Fire
resistant
decreasers

A
B
C

68
75
28

61
58
46

NS
NS

Increasers

A
B
C

38
69
54

44
59
32

NS
NS

A
B
C

100
80
60

96
86
56

10

20

GROUP

SITE
A

Eucalypts

Therophytes
Number of
quadrats

+N
89
94
86

-N
95
81
100

D
NS
NS
NS

80
50
54

67
79
46

NS
X

77
83
81

82
81
92

NS
NS
NS

X

63
65
54

70
71
85

NS
NS
xx

NS
NS
NS

98
93
97

100
96
93

NS
NS
NS

10

20

NS
NS
XXX

XXX

NS

X

NS

1 - significance of difference in% mortality in treated and
untreated quadrats;
XXX (p
0. 001) .

<

NS (not significant), x (p

< 0. 05,

xx (p

< 0. 01) ,

~
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c)

Total germination and mortality

In burnt and unburnt areas the data were pooled for all
quadrats irrespective of treatment, and species grouped for analysis
as outlined in section 3.3.1.,page 95. Due to their low numbers,
geophytic increasers were not analysed.

For each group the total

numbers of seedlings, and the percentage which had died by the end
of the first year after burning, were compared with the total
germination and% mortality in unburnt quadrats over the same time
(Tables 3.5a and 3.6a respectively).

The relative germination of

the more common shrub species in burnt and unburnt areas,and their
annual seedling mortality,are indicated in Tables 3.5b and 3.6b
(respectively).

TABLE 3.5a

Total seed germination in the first year

TOTAL NUMBER OF SEEDLINGS RECORDED

B

SITE C

SITE B

SITE A
UB

B

UB

B

UB

Eucalypts

216

319

81

100

271

125

Fire sensitive
decreasers

638

60

149

22

550

39

Fire resistant
decreasers

1591

1239

3644

337

446

218

280

104

973

78

337

82

64

157

479

655

519

164

Increasers
Therophytes
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TABLE 3.5b

Germination of shrub species in the first year

NUMBER] OF SEEDLINGS
SITE A

SITE C

SITE B

B

UB

B

UB

330

27

342
492

35
17

561
1147

39
90

42
1022
785

3
329
161

244
300
1729

19
208
151

1540
785

67
727

40
63

481
103

UB

B

Fire sensitive
decreasers

Acacia genistifolia
Dillwynia retorta
Fire resistant
decreasers

Pultenaea procwnbens
Brachyloma daphnoides
Stylidiwn graminifoliwn
Poa sp.
Danthonia pallid.a

125

110

Fire resistant
increasers

l

Daviesia mimosoides
Haloragis tetragyna
Goodenia hederacea

433
6

94
80

654
279
10

50
162
19

921
950
34

1 - Values corrected for differences in the initial
densities of parent plants in burnt and unburnt
areas.

i)

Eucalypts.

At sites A and B, significantly more germination

was recorded in unburnt than burnt quadrats (p < 0.01), but at site
C,significantly more seedlings were recorded in burnt quadrats
(p <0.001).

In both burnt and unburnt areas at sites A and B,

approximately 95% and 87% (respectively) of seedlings died in the
first year.

At site C, the mortality was similarly high in unburnt

plots, but significantly lower (p < 0.05) in burnt quadrats.

J.._________

25
40
64
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TABLE 3.6a

Seedling mortality in the first year

SITE A

SITE C

SITE B

%M

%M

%M

D1
B

UB

Eucalypts

97

93

Fire sensitive
decreasers

28

Fire resistant
decreasers

63

Increasers
Therophytes

D

B

UB

NS

88

86

73

XXX

36

80

NS

36

62

98

100

(

D

B

UB

NS

62

92

X

64

xx

12

49

XXX

61

86

X

41

88

XXX

xx

44

69

X

36

76

XXX

NS

76

94

NS

58

94

xx

1 - significance of difference in% mortality in burnt and unburnt
quadrats; NS (not significant), x (p
XXX ( p
0 . 001) •

<

TABLE 3.6b

< 0.05),

xx (p

< 0.01),

% mortality of shrub species in the first year

SITE A
B

SITE C

SITE B

UB

B

UB

B

UB

27

61

21

40

45

76
65
73

90
81

49
53

95
74

Fire sensitive
decreasers

Acacia genistifolia
Dillwynia retorta

27

72

69
60
67

82
76
89

Fire resistant
decreasers

Brachyloma daphnoides
Stylidiwn graminifoliwn
Danthonia pallida
Fire resistant
increasers

Daviesia mimosoides
Haloragis tetragyna
Goodenia hederacea

55

72

66
57

67
79
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ii)

Perennial species in the shrub strata.

At each site for

all groups (Ds, Dr, and Ich) the total germination in burnt quadrats
during the first year after burning was significantly greater
(p

<

0.001) than that in unburnt plots over the same time.

The

germination of individual species varied (Table 3.Sb), although the
total germination in burnt quadrats was consistently greater than
that in unburnt quadrats for most of the common ones.
showed reduced germination in burnt quadrats, eg.
at all sites, and the grasses

Poa

and

Danthonia

Some species

Goodenia hederacea

at site C.

At all three sites, the% mortality of the groups was
significantly lower in burnt than unburnt quadrats except for the
fire resistant decreasers at site A (Table 3.6a).

Among the more

common species in each group the% mortality of seedlings was
generally 30-70% lower in burnt than unburnt areas (Table 3.6b).

iii)

Therophytes.

The total germination was significantly

greater (p< 0.001) in unburnt than burnt quadrats at sites A and
B, but less (p< 0.001) at site C.

The results at sites A and B

were largely due to greater germination of the composites

quadridentatus
although

and

Gnaphaliwn

Hypochoeris
spp. and

germination in burnt areas.

Senecio

spp. in the absence of fire,

Conyza floribunda

showed higher

At site C, the higher germination in

burnt quadrats was largely due to

Poranthera microphylla

Brong.n.

(see Appendix 3, column 4).
In both burnt and unburnt areas at sites A and B, and
unburnt areas at site C, seedling mortality was between 76-100%.
At site C, the mortality was significantly lower (p
burnt areas,where a higher proportion of

<

Hypochoeris

0.01) in

and

Poranthera

plants survived. into the second year (see Appendix 3, column 5).
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3.3.3

Mortality of first-year seedlings in the second year

The% mortality of first-year seedlings at the end of the
first and second years after burning, and during the corresponding
periods in the absence of fire, were compared (Table 3.7).

.

TABLE 3 • 7

1

.

% morta 1 ity

of first-year seedlings

BURNT PLOTS

lo

SITE C

SITE B

SITE A
20

D

2

lo

20

D

lo

20

D

\

I

62

49

NS

xx

12

14

NS

X

41

21

X

Eucalypts
Fire sensitive
decreasers

28

18

NS

36

14

I
I

I
\

Fire resistant
decreasers

63

Increasers

36

36

xx

61

40

\

I
I

20

X

Therophytes

44

23

X

36

17

xx

76

95

NS

58

97

xx

UNBURNT PLOTS
Eucalypts
Fire sensitive
decreasers
Fire resistant
decreasers

80

44

xx

86

59

X

Increasers

62

82

NS

69

75

NS

94

75

NS

Therophytes

1 - % mortality in
first year (1°)

=

Total seedlings which died in 1°
Total germinates in 1°
x 100

=

Total seedlings which died in 2° 0 x 100
Total seedlings alive at end of 1

% mortality in

second year (2°)

2 - significance of difference in% mortality during the first and
second years; NS (not significant), x (p < 0.05), xx (p
0.01).
Blank spaces indicate where seedling numbers were too low for
analysis.

<

110

In burnt quadrats the% mortality of seedlings in the
second year was significantly lower than in the first year for
fire resistant decreasers and increasers at all sites, and fire
sensitive decreasers at site B.

At site C, the% mortality of

therophytes was greater in the second year,when most plants
surviving as biennials finished their life cycle.

During the second

year the% mortality of fire sensitive decreasers and increasers was
similar at each site, and 6-26% lower than for the fire resistant
decreasers.
In unburnt quadrats where seedling numbers were high
enough in the second year to allow comparison, the% mortality
was similar in both years (Ich, T) or significantly lower in the
second year (Dr).

3.3.4

Net input of seedlings in the first and second years

Although the total numbers of seedlings germinating in the
second year were not measured, the numbers surviving at the end of
the year in burnt and unburnt quadrats were recorded, and are listed
for each species in column 7 of the tables in Appendix 3.

For many

species, no second-year seedlings were found in the quadrats in
either burnt or unburnt areas at each site.
The data for the species have been group ed a nd t he n e t
0

input of seedlings in the first year (1) compared with the net
0

input in the second year (2)

(Table 3.8).

In both burnt and unburnt areas at each site, the net
input of seedlings was extremely low in the second year, and
significantly lower than in the first year.

I

II

I

~
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TABLE 3.8

Net seedling Input

1

in the first and second years

NUMBER OF SEEDLINGS
SITE A
BURNT PLOTS

lo

20

Eucalypts

6

1

Fire sensitive
decreasers

460

17

Fire resistant
decreasers

550

Increasers

179

2

SITE B
3

20

69

0

XXX

XXX

279

2

XXX

157

XXX

128

2

XXX

149

2

XXX

106

1

XXX

0

90

15

XXX

148

1

XXX

30

30

28

28

17

17

Eucalypts

28

1

XXX

14

3

Fire sensitive
decreasers

16

2

XXX

8

1

Fire resistant
decreasers

249

31

XXX

52

8

XXX

Increasers

33

2

XXX

15

8

NS

Therophytes

0

0

36

15

3

Number of quadrats

20

8

1

XXX

95

6

68

XXX

1183

l

XXX

C

lo

Therophytes

lo

SITE

<

D

D

D

UNBURNT PLOTS

xx

xx

2

0

15

4

X

18

10

NS

4

4

9

1

14

14

•I
Number of quadrats

30

30

30

30

· 1° = Tota 1 germinates
·
· 1° -- Total deaths in 1°
1 - NSI in
in
. 2 0 = Tota 1 germinates
.
. 20 -- Total deaths in 2°
NSI in
in
2 - Total in number of quadrats shown.
3 - Significance of difference between NSI in first and
second years; NS (not significant), x (p
0.05),
XX (p
0.01) 1 XXX (p
0.001).

<

<

<

Among the groups of perennial species in the shrub strata,
the fire resistant decreasers was the only group in which any
appreciable net seedling input occurred in the second year , and
then only in burnt quadrats.

The species

Stylidiwn graminifoliwn~

Poa sp. and Dichelachne sciurea (R.Br.) J.D. Hook. were the main
contributors.

At site Bin both burnt and unburnt areas there was

11 2

a small input of therophytes, mainly due to the composite

Senecio

quadridentatus.

3.4

DISCUSSION

During the initial succession of the dry sclerophyll
vegetation after burning, the majority of species were found to be
potentially able to regenerate from seed.
tree species

They included the common

(Eucalyptud rossii, E. ma:nnifera

E. macrorhyncha),

subsp.

maculosa

and

and both fire sensitive and fire resistant perennial

chamephyte and hemicryptophyte species growing in the shrub strata.
Seedlings of a number of annual/biennial species absent in the
vegetation during preburn sampling also appeared in the quadrats
after burning.

The total seed germination for all these groups was

high in the first year after burning, and the net input of
seedlings greater during the first than second year.

3.4.1

Source of seed for regeneration after burning

For the eucalypts, the low% germination in February in
burnt compared with unburnt plots indicates that most of the seed
in the litter was destroyed during the fires.

Eucalypt seed is not

stored in the soil (Ashton, 1970), and regeneration was from seed
shed from capsules on the trees after burning.
All perennial species in the shrub strata had released
their seed before the experimental burns were carried out.

Since

none had wind/animal dispersed seed, regeneration during the first
year depended on residual seeds, present in the soil and litter at
the time of burning, which escaped combusti~n and were able to
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withstand the heat stress of the fires.

In the second year,

regeneration occurred either from the small number of residual seeds
remaining ungerminated in the first year, or from seed produced by
species whose seedlings or regrowth reached sexual maturity during
the first growing season after burning.
All annual plants had completed their life cycle and
died several months before the experimental burns, and hence no
annual species were recorded in the vegetation at the time of
preburn sampling.

Although many of the annuals which germinated

after burning were composites, they had not developed from seed blown
in from adjacent unburnt areas,since no such external sources were
present.

Thus for all therophyte species, regeneration in the

first year after burning was from residual seed in the soil and
ash.

Many of the plants produced large quantities of seed during

the first growing season, and hence abundant reserves were available
for germination in the second year.

3.4.2

Effect of burning on seed source

The release of eucalypt seed is often accelerated after a
fire due to the rapid drying out of the woody capsules as a result
of fire damage sustained by the trees (Cremer, 1965).

Such fire-

induced seed-shed occurred only at site C, where the hotter burn
caused extensive crown scorch, accelerated seed-fall and resulted
in maximum germination in May.

In contrast, for unburnt plots at the

site and all plots at sites A and B, maximum germination was delayed
until July as a result of slower natural seed-fall.
Predation of eucalypt seed by ants was observed during
the study.

Although such harvesting is conunon (Cremer, 1965;

114

Jacobs, 1955), especially when seed is shed in large amounts after
a fire (Ashton, 1970), the extent to which the seed populations
in the study were depleted remains unknown.
numbers of

The fact that substantial

Eucalyptus seedlings appeared suggests that it is not a

major factor in the pattern of species composition.
For species regenerating from residual seed, reserves in
the soil provided the major source of germj_nable propagules.

The

glasshouse data for germination from samples collected before and
after burning indicated that much of the seed in the litter was
destroyed during the burns.

This was most pronounced at sites

where the quantities of litter were sufficient to propagate fires
of high intensity.
Seed can be killed both by direct combustion of the
litter (Rice and Green, 1964) and from lethal heating in the soil
(Bentley and Fenner, 1958;

Boughton, 1970).

Seed which becomes

buried easily,eg. because of small size (Gratkowski, 1961) or the
presence of torsion devices such as a twisting awn (Tothill, 1969;
Naveh, 1975),has a better chance of survival during a fire.

In this

study,most species had viable seed left in the soil, and showed
high germination during the first year in burnt quadrats.
some species,eg.

However

Danthonia pallida~ Goodenia hederacea~ Hypochoeris

spp., and

Senecio quadridentatus,exhibited very low~ germination after

burning.

Such species generally had large seed which was possibly

unable to become buried in the soil, and thus most available reserves
would have been destroyed when the litter was combusted.

3.4.3

Factors affecting monthly germination

In unburnt areas during February-March-April only a few
species were able to germinate when sufficient moisture was
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available,eg. the eucalypts,

Hypocrioeris

spp.,

Danthonia paZZida~

Senecio quadridentatus~

and

and the composites

Gnaphaliwn

spp.

For

all species,most germination occurred in May-June-July, with very
little or none from September to January.
Seed germination is generally governed by a range of
environmental and biotic factors (Koller, 1972) and dormancy
mechanisms (Ketring, 1973), many of which vary over a year.

The

data suggest that such conditions were optimal for germination from
May until the end of July.

Germination prior to this period was

'

probably prevented by unfavourable light or temperature conditions
or seed dormancy, while lack of germination afterwards may
additionally have been due to the depletion of seed reserves.
Burning is considered to affect germination,since fireinduced changes in the environment may modify such factors as light
(Koller, 1972), temperature, moisture (Brown and Davis, 1973), and
soil chemical properties (Ahlgren and Ahlgren, 1960).

In this study

there was little evidence for such fire-induced effects.

When

allowance is made for loss of seed due to combustion of the litter,
and fire-accelerated seed fall, there is little difference between
the monthly germination patterns in burnt and unburnt quadrats, with
most germination in burnt areas again occurring from May to July.
The lower% germination in June for eucalypts and perennial shrub
species may reflect less favourable conditions for germination as
a result of burning.

Since rainfall was low in June, it is possible

that water availability was decreased,eg. due to more rapid drying
of the exposed, burnt surfaces (Hulbert, 1969).
Thus in both burnt and unburnt areas, it appears that
germination was . primarily governed by regimes of broad environmental
conditions which were unaffected by fire-induced changes at the
sites, with the possible exception of moisture.
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3.4.4

Effect of burning on seed germination

At each site the total germination from residual seed in
burnt areas was significantly higher than the germination in unburnt
areas in the first year.

This occurred in spite of seed loss from

combustion or lethal heating during the fires, and suggests that
the germination of most species was increased as a result of
burning.
Germination of residual seed is often stimulated by fire
when testa impermeability or physiological dormancy is removed due
to direct heat effects on the seed (Beadle, 1940;
Stone and Juhren, 1953;
Jaynes, 1968;

Gratkowski, 1961;

Went

et al.~

1952;

Martin and Cushwa, 1966;

Christensen and Muller, 1975b).

Germination may also

be enhanced when factors preventing its occurrence in the absence of
fire

(eg. the presence of pathogens, allelopathic substances) cease

to operate after burning due to the physical removal of the litter
and vegetation, or changes in the edaphic environment (Hanes, 1971;
Koller, 1972;

Ahlgren, 1974;

Naveh, 1975;

Christensen and Muller,

1975a, b).
In the present study the data indicates that both the above
effects occurred.

In the glasshouse, the total germination from

samples collected before burning was greater than that from samples
collected after burning, thus suggesting that factors which
prevented germination in the field were unable to exert their
influence under the glasshouse conditions.

Although it is not

possible to determine the cause of inhibition from the data collected,
the effects were similarly removed after burning.

Ashton (1970)

considered that in eucalypt forests the combustion of litter in a
fire promoted seed germination 7 due to the removal of toxic substances
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in the litter which for some species have been shown to normally
inhibit germination (eg. Moral and Muller, 1970).

Such fire-

stimulated germination is recognized for many shrub species in
chaparral vegetation (eg. Muller

et al.~ 1968;

Christensen and

Muller , 1975a, b).
The germination of leguminous species with hard testas is
directly stimulated on burning due to the removal of seed coat
impermeability , and has often been noted for Australian species
(eg. Beadle, 1940;

Floyd, 1966;

The high% germination of

Christensen and Kimber, 1975) .

Acacia genistifolia~ Dillwynia retorta~

Pultenaea procwnbens~ and Daviesia mimosoides in burnt areas * can be
attributed to this phenomenon .

In unburnt areas, naturally soft

or partially insect-damaged seed were able to germinate.

These

factors have been found to permit germination of normally hard seed
in the absence of heat effects for other leguminous species (eg.
Stone and Juhren, 1953;

Lamprey

et al.~ 1974).

For several non-leguminous plants (eg.

Brachyloma

daphnoides~ Haloragis tetragyna~ Stylidiwn graminifolium) the%
germination from soil samples in the glasshouse was increased
slightly after burning, suggesting a possible heat stimulus effect.
The seed of these plants did not appear to have hard testas, but
their germination may have been directly stimulated by hea~ eg.
through affects on seed physiology (Jaynes, 1968) .
The germination of eucalypt seed falling onto the soil
surface could be influenced by fire-induced factors affecting the
availability of 'safe sites'

(Harper

et al .~ 1965) , where seed are

protected from predators,and micro-environmental conditions are

*

respectively 88%, 93%, 97% and 95% of the total seedlings in
burnt and unburnt areas in the first year.

llU
(

suitable f or germination.

The t otal germination of eucalypts was

higher in burnt than unburnt plots only at the previously long
unburnt site C.

Here the thick layer of ash on the soil surface

after burning may have afforded seed more protection from predation
by ants, and/or better seed-substrate contact,which is critical for
water absorption and the initiation of germination (Harper and
Benton, 1966).

It is also possible that the greater amounts of

litter in unburnt quadrats at the site inhibited germination in the
absence of fire.
Although the germination of some species is stimulated by
nitrate (King, 1966;

Koller, 1972), in this study the nitrogen

treatment had no such discernible effect.

The germination of shrub

species common in chaparral vegetation after burning has also been
found to show no response to both experimentally added nitrogen (as
NH No ) and complete fertilizer treatments (Christensen and Muller,
4 3
1975b), although seedling growth was affected.

3.4.5

Causes of seedling mortality

The mortality of first-year seedlings was up to 30%
higher in the first than second year after germination, with many
seedlings dying while still in the cotyledon stage .

The seedling

phase has been described as the 'high risk' period in the life
cycle of plants (Harper and White, 1974), and death of seedlings particularly at their most vulnerable cotyledon stage (C avers and
Harper , 1967) - has often resulted in high rates o f mortality in
the first year after germination (eg. Specht
Florence, 1964;

Marshall and Jain, 1970;

et al.~ 1958;

Hull, 1974; Christensen
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and Muller, 1975b).
In the study,many seedlings disappeared without trace soon
after germination, and the cause of mortality could only be determined
for some species with large cotyledons (Appendix 5).

The most

commonly observed causes of death of very young seedlings were
desiccation, fungal disease, and insect grazing, and the extent to
which each factor reduced the seedling populations varied between
species , sites , and burnt and unburnt areas.

Other factors such as

competition (Harper and Ross, 1972) and toxic substances (Ketring ,
1972),whose effects are more difficult to discern,may also have
caused mortality .
stress :

Older seedlings appeared to die mostly from water

as Miles (1974) has noted, the chief factors causing mortality

probably change with seedling age.

Although in this study seedlings

were found less likely to die once they had developed some leaves,
species whose seedlings had large cotyledons and showed rapid leaf
production (eg . the legumes) generally exhibited lower rates of
mortality than species with small, slowly developing seedlings.

3 . 4.6

Effect of burning on seedling survival

Burning influences seedling survival mainly through fireinduced changes in the environment which make conditions more or less
favourable for establishment and growth .

Edaphic changes enhancing

radicle penetration have been found to promote the establishment of
seed germinating on the soil surface after burning (Ahlgren, 1959;
Floyd, 1960) .

Fire-induced effects which increase environmental

stresses such as moisture availability (Isaac, 1930;
Wright , 1973;

Wink and

Christensen and Muller, 1975b) may reduce seedling
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survival, while factors such as improved soil nutrient status,
elimination of pathogens, or reduced competition for resources
(Ahlgren and Ahlgren, l960;
1960;

Cromer, l967;

Zinuner, l940;

Hatch,

Christensen and Muller, l975b) may promote growth and increase

the chance of seedling survival .
At each site seedling mortality was lower in burnt than
unburnt quadrats in the £irst year (especially at site C), indicating
an overall improvement in the rate of survival after burning .

For

both shrub species regenerating from residual seed, and for eucalypts
regenerating from surface seed, differences in the monthly mortality
in burnt plots showed that seedlings at site A were dying within
3 months of germination, while at sites Band C death often did not
occur until 6 months after germination.

The data thus suggest that

at the previously long-unburnt site C, and to a lesser extent at
site B, c o nditio ns after burning were more favourable for
establishment and/ or growth and development of seedlings than at
site A.
The more successful establishment of eucalypt seedlings at
sites C and B can be attributed partly to increased friability of the
soil after burning .

This enabled easier radicle penetration of the

soil than at site A, where the burnt soil surface was extremely
exposed and hard .
The higher survival of seedlings of all species in burnt
plots is considered to be partly the result of better growth, due
to probable fire-induced improvements in the nutrient status of the
soils at each site .

Increased growth from this 'ash-bed' effect is

common after fires in many Australian forests
Loneragan , 1964;
1966;

Humphreys and Lambert, 1965;

Cromer , 1967;

Ashton, 1970).

(Loneragan and
Henry and Florence,

The magnitude of the effect

has been found to increase with the amount of litter combusted, and
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with the duration and intensity of the fire

(Loneragan, 1958).

When related to the differences between the experimental burns at
each site, such a

phenomenon could account for the observed

relatively greater seedling growth

and the higher seedling survival

at site C after burning, compared with sites A and B where seedling
growth was observed to be poorer and survival was lower, although
still better than in unburnt plots.

The lack of effect of the

nitrogen treatment in the study suggests that other nutrients,
eg. phosphorus (Loneragan and Loneragan, 1964;

Humphreys, 1969),

or factors other than nutrients,may be more important in the ashbed
growth effect.
Fire also appeared to enhance seedling survival by
effectively removing or decreasing the influence of factors which
reduced survival in areas remaining unburnt.

Site differences in the

monthly mortality of eucalypt and shrub seedlings in unburnt quadrats
indicated that conditions were most favourable for seedling
establishment/growth and development at site A, but least favourable
at site C,where the annual mortality was also highest for most species.
The lack of establishment of eucalypt seedlings in the
absence of fire has been related to growth restricting factors (such
as pathogenic microorganisms) that are apparently widespread in the
soil and possibly the litter of eucalypt forests
Crocker, 1962;

Florence, 1964).

(Florence and

In the present study the depth of

litter covering the soil was found to influence survival.

At the

long unburnt site C, where large quantities of dead leaves, twigs and
branches had accumulated, eucalypt seedlings were often found to die
before the radicles were able to reach and penetrate the soil surface .
This rarely occurred at site A, where only small amounts of litter
were present, and seeds were in direct contact with the soil at the
time of germination.
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Christensen and Muller (1975a) reported that fire removed
or reduced the effect of toxins, low light intensity and seedling
predators ,which exerted a negative influence on seedling survival
in unburnt chaparral vegetation.

It is likely that such factors

were similarly operating in the unburnt eucalypt vegetation at the
study sites and that their effects were reduced after burning .
The amount of litter in unburnt plots may have determined the extent
to which the factors retarded seedling growth and development, and
thus differentially affected the survival of seedlings at ·each site.

3.5

SUMMARY

In the dry sclerophyll vegetation in which initial
succession after burning was studied, the dominant trees

(Eucalyptus

spp.), most of the perennial dicotyledonous species growing in the
shrub strata, and a number of annual/biennial plants were found to
regenerate from seed.

The success of the regeneration depended on

the extent to which the potential size of the seedling populations was
realised after burning.

In general, this was determined by the

postburn size o f germinable seed reserves, the influence of factors
affecting germination, the vulnerability of seedl ing s to various
factors causing mortality, and on the ability of seedlings to become
successfully established.
1)

More specifically, it was found that:

Maximum regeneration from seedliI'-gs occurred in the first
year after burning.

2)

During the first year the source of regeneration for
eucalypts was seed shed after burning, and for all annual
and perennial species in the shrub strata, from residual
seed . in the soil and ash.
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3)

Much of the seed in the litter was destroyed during
burning, but for species with wind-dispersed seed (annual
composites) 1 no p ostburn seed input from external sources
occurred.

4)

Germination in the first year was primarily governed by
broad environmental factors which were largely unaffected
by fire-induced changes at the sites.

5)

At all sites germination from residual seed was much
greater in burnt than unburnt areas.

Burning was found to

promote germination directly by heat effects on seed and/or
indirectly by removing factors inhibiting germination in
the absence of fire.
6)

Mortality of seedlings was highest in the first year after
germination.

Seedlings were most often killed while in

the cotyledon stage, the main observed causes of mortality
being desiccation, fungal attack and predation by insects.
7)

Burning made conditions more favourable for the initial
establishment of eucalypt seedlings due to the removal
of litter,which prevented establishment in the absence
of fire , and to increased friability of the soil surface
after burning.

8)

At all sites, conditions were apparently more favourable
for the -survival of seedlings of all species because of
fire-induced changes in the environment (such as chemical
fertility) which enhanced seedling growth.

CHAPTER FOUR

INITIAL STAGES OF VEGETATION REDEVELOPMENT
AFTER BURNING

4.1

INTRODUCTION

Since the original formulation of the general theory of
primary and secondary succession by Cowles (1899) and Clements
(1916), the concepts have been continually challenged, and the
theory re-examined and modified.

In a review which traced many of

these changes, Drury and Nisbet (1973) noted that 'in its widest
sense the term "succession" refers to observed sequences of
vegetation associations or animal groups'.

Such vegetation changes

may occur in time (temporal sequences) or in space (zonational sequences),
and are termed primary succession if they take place on sites not
previously occupied by vegetation, or -secondary succession if the
changes result from the disturbance of some original community.
Drury and Nisbet considered in some detail the 'contemporary
concepts' of succession which have been developed in recent years.
These describe the phenomenon as 'an orderly process of community
development that is reasonably directional' which 'results from
modification of the physical environment by the community'

(Odum,

1969), and which ends in a 'climax community of relatively stable
species composition and steady state function'

(Whittaker, 1970).

After reviewing much of the available literature pertaining to
structural and functional properties normally assoeiated with
changes in species composition, Drury and Nisbet concluded that the
contemporary theory was inadequate to explain how and why many
observed sequences in species composition occurred.

Similar

conclusions have been drawn by subsequent workers, eg . Shafi and
Yarranton (1974a, b);
(1974);

Henry and Swan (1974);

Niering and Goodwin (1974).

Horn (1974);

Marks
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In trying to explain the process of secondary succession,
Drury and Nisbet (1973) and Niering and Goodwin (1974) drew
attention to the importance of the earliest successional stages in
terms of understanding later floristic changes.

Specifically, they

questioned the extent to which species occurring in the final climax
stages are present in, or absent from, the vegetation in earlier
stages, and the extent to which the early stages influence the
establishment of species in later stages.

Both factors are crucial

in determining whether sequential floristic changes are due to the
successive replacement of one species association by another, or
represent an 'overt expression of sequential conspicuousness reflecting
differing growth rates and sizes at maturity'

(Drury and Nisbet, 1973)

in conjunction with the successive elimination of species associations
(Ma-r ks , 19 7 4 ) .
In relation to secondary succession in abandoned fields,
Egler (1954) considered that the floristic changes could be described
by one, or a combination, of two models representing the extremes by
which the process could occur.
model),
species'

At one extreme (the

'Relay Floristics'

'the successive appearance and disappearance of groups of
occurs as each floristic group

'invades the sites at a

certain stage of development, soon making conditions unsuited for
themselves, but suited for invasion by the next group~.
extreme (the

At the other

'Initial Floristic Composition' model), all elements

necessary for the revegetation ('seeds and living roots') are
considered to be present at the time of abandonment, following which
'development unfolds from this initial flora, without additional
increments by further invasion'.

Changes in species dominance in

successive stages are due to differences in species longevity , and
hence 'as each successive group drops out, a new group of species,
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there from the start, assumes predomi nance'.
Secondary succession of vegetation may be initiated by a
variety of agents other than abandonment after cultivation, wh ich
include landslides (Langenheim, l956), clear-felling (Williams

et aZ.~

1969), windthrow (Henry and Swan, 1974), fungal attack (Weste, 1974),
and fire

(Wright, 1974).

Whatever the original agent of disturbance,

the plant community which becomes reestablished afterwards will be
derived from (1) surviving vegetative organs able to produce new
growth ,

(2) seed either in the soil and/or litter, or in fruits on

mature plants, present at the time of disturbance, and/or (3) seed
transported into the area at any time after disturbance from
external sources.

Species absent in the original community (living

plants or seeds) but introduced by the latter method, will
contribute to the incipient vegetation as invaders.
The accuracy with which the relay floristics or initial
floristic composition models could describe the process of vegetation
redevelopment after disturbance can be assessed by the extent to
which the initial regeneration following the event represents the
total range of species which occur in all later stages.

Alternatively,

if Horn's definition of secondary succession is accepted, viz.

'the

process of reestablishment of a reasonable facsimile of the original
community after a temporary disturbance'

(Horn, 1974), then the

suitability of the models can be assessed by the extent to which the
regeneration immediately after disturbance represents a
facsimile'

'reasonable

(in an immature state) of the community just prior to the

event .
If regeneration proceeded in a manner analagous to that
described by the initial floristic composition model, it would be
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predicted that:
1)

the regeneration of all species would conunence in the first
few years after disturbance, whether from residual se e d or
vegetative organs surviving the event, or from fresh seedinput during this period;

2)

all species present prior to the disturbance would be
represented in the regenerating vegetation in these first
few years;

3)

and

no new species (invaders) would be represented in the
(

initial regeneration.
Fire is one of the more conunon agents of disturbanc e by
which secondary succession is initiated.

Plant conununities in many

places (eg. in North and South America, Africa, Europe and the
Mediterranean region, Asia, Australia) have variable histories of
burning related to both management practices and wild-fires
(Batchelder, 1967;

McArthur, 1970;

Proceedings of the Annual Tall

Timbers Fire Ecology Conference, 1971, 1973;

Kozlowski and Ahlgren,

1974).
The successional changes in the vegetation developing after
burning are well documented for many of these conununities.

Such

temporal sequences are either inferred after assessing contemporary
conununities in spatially separate sites (eg. Specht et al .~ 1958;
Hanes , 1971;

Shafi and Yarranton, 1973 a, b;

Barney and Frischknecht,

1974), or by following temporal changes on a given s ite after a
wild-fire (eg. Swan, 1970) or deliberate experimental burns (eg.
Harniss and Murray, 1973).

Such studies are generally unsuitable for

testing hypotheses related to the floristic models previously outlined.
Knowledge of the preburn floristics

(both living plants and seed

reserves in the soil or litter) is usually absent, regeneration in

128

the first few years immediately after burning often ignored, and
the data collected inadequate £or the appropriate analyses.
While examining the dynamics of regeneration of dry
sclerophyll forest in the first two years after burning, the data
necessary to test the above hypotheses was collected, and thus the
extent to which the process of regeneration conformed to an initial
floristic composition model could be tested.

4.2

DESCRIPTION OF EXPERIMENTS

Three communities whose shrub strata differed in floristic
composition and structure (see Chapter 2) were selected for study in
an area of dry sclerophyll forest near Canberra dominated by

Eucalyptus rossii~ E. mannifera subsp. maculosa and E. macrorhyncha.
The region of the study receives an annual rainfall of
approximately 640 rrun, with monthly averages ranging from 60 - 70 mm
(October to January) to 37 - 38 mm (June and July).

Average monthly

0

maximum temperatures vary between 26 to 28 C from December to
February and 11 to 13°c in June and July, while minimum temperatures
range £ram 11 to 13°c and -0.4 to 1°c over the corresponding periods.
Frosts are frequent between May and October, with up to an average of
21 per month in July.

The monthly rainfall, temperature maxima and

minima, and frost data over the experimental period are given in
Chapter 2.
At all three sites 60 permanent quadrats 1.2m square were
set out, each with a smaller quadrat 0.61m square nested in one corner,
to examine changes in the mature vegetation and/or regrowth, and
seedling populations, (respectively).

The vegetation was sampled in

November-December, l972, prior to experimentally burning half of
each site in January-February, 1973.
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During the first two years after burning, community
regeneration both through vegetative regrowth and seed germination
was examined in detail, and simultaneous changes in the unburnt
control area at each site also recorded.

The changes in species

populations due to-vegetative regeneration and seed germination over
the two years are described in Chapters 2 and 3 respectively.

In the

following sections the data £ram the three sites are drawn together
to examine the overall process of community reestablislunent after
disturbance by fire.

RESULTS

4.3

4.3.1

Mode of regeneration after burning

All species in both the tree and shrub strata fell into
one of three classes depending on their method of recovery after
burning,viz.
1)

(terminology after Naveh, 1975):

'Obligate seed regenerators' - species relying on seed
germination;

2)

'Obligate root resprouters' - species relying on vegetative
regrowth;

3)

'Facultative root resprouters' - species regenerating from
seed and resprouts.
In Table 4.1 species have been listed according to their

regeneration class, and in addition, have been classified on the
basis of their capacity (or otherwise) to multiply by purely
vegetative means, and so potentially increase the size of their
regrowth populations after burning ('increaser' species), or
show no change or a decrease compared with the preburn population size
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after a fire ('decreaser' species).

The data have been summarized

in Table 4 . 2.

a)

Tree stratum

All species were facultative. root resprouters.

The

eucalypts regenerated both by vegetative regrowth from epicormic
and/or lignotuberous shoots, and by germination of seed shed from
capsules after burning .

The root parasite

Exocarpos cupressiformis~

a minor component in the stratum, recovered by profuse suckering
I

from undamaged roots , and occasionally by germination of seed left

I

I
I

I
I

in the ash/soil after the fires.

I

I
I
b)

Shrub strata

I

Of the 93 species occurring in the shrub strata, approximately
half were facultative root resprouters, and one quarter either obligate
root resprouters or obligate seed regenerators.

i)

Obligate seed regenerators .

Most of the species were

therophytes (T) which were absent from the vegetation at the time of
preburn sampling .

However, except for one species

*
(Solanum nigrum J~

regeneration occurred from residual seed in the soil and/or litter
after burning .

Although seven of the annual species were composites

and had wind-dispersed seed, no seed-source was present in adjacent
unburnt areas until almost a year after the fires.

Thus postburn

seed input from external sources played no part in the regeneration
of these species.

*

One ~mall group of seedlings was found at one site;
probably introduced in bird droppings.

the seeds were

TABLE 4.1

Mode of regeneration of species after burning

OBLIGATE SEED REGENERATORS
FIRE SENSITIVE DECREASERS
TALL
SHRUB
STRATUM

SMALL
SHRUB &
HERB
STRATUM

DICOTYLEDONS

Acacia genistifolia
Dillwynia retorta

THEROPHYTES

v1

Sl

+Cassytha pubescens
Pimelea linifolia

s

3
3

DICOTYLEDONS

2

V

DICOTYLEDONS

2

2 Cerastium semidecandrum
+-· Cirsium vulgare
*Conyza floribunda
Crassula sieberana
Daucus glochidiatus
*Gnaphalium involucratum
*Hypochoeris glabra
*Lactuca serriola
Linaria pelisserana
Parentucellia latifolia
Poranthera microphylla
*Senecio quadridentatus
+Solanum nigrum
*Sonchus asper

1
1
1
1
1
1
1
1
1
l
1
1
1
1

MONOCOTYLEDONS

Aira cupaniana
Briza minor
Bromus mollis
Cyperus sanguinolentus
Juncus capitatus
Lolium rigidum
Vulpia bromoides

1
1
1
l
1
1
1

f-,

w

f-,

--~::-- . ----~---TABLE 4 .1 (cont.)

FACULTATIVE ROOT RESPROUTERS
FIRE RESISTANT DECR.EASERS
DICOTYLEDONS
TREE
STRATUM

FIRE RESISTANT INCREASERS

s

V

3

(Eucalyptus dives )
E. macrorhyncha
E. mannifera subsp . maculosa
E. rossii

V

s

+Exoca:rpos cupressiformis

TALL
SHRUB
STRATUM

SMALL
SHRUB

DICOTYLEDONS

DICOTYLEDONS

(Acacia mearnsii)
Daviesia mimosoides
Indigofera australis
DICOTYLEDONS

2
2

DICOTYLEDONS

&

HERB

STRATUM

Acac-ia vomeriformis
(Astroloma humifusum)
Astrotricha ledifolia
Billardiera scandens
Brachyloma daphnoides
*Chondrilla juncea
*Epilobium cinereum
Grevillea alpina
Hardenbergia violacea
*Helichrysum collinum
Hovea heterophylla
(Hypericwn gramineum )
*Hypochoeris radicata
Leptospermwrz multicaule
Leucopogon aff. fletcheri
(L . virgatus)

2

-

2

-

2
2
1

-

Acacia buxifolia
2
Goodenia hederacea
1
Haloragis tetragyna
1
* (Helichryswn semipapposum)
Hibbertia calycina
1
1
H. obtusifolia
Oxalis corniculata
1
Wah lenbergia sp .

2

2

.l

2

2
2

1
l
2

l

-

I-'

w
N

~

TABLE 4.1 (cont . )
FACULTATIVE ROOT RESPROUTERS (cont . )
FIRE RESISTANT DECREASERS
SMALL
SHRUB &
HERB
STRATUM
cont.

FIRE RESISTANT INCREASERS

DICOTYLEDONS

(Melichrus urceolatus)
(Monotoca scoparia )
(Persoonia rigida )
Pultenaea procurnbens
Stylidium graminifoliwn

s

V

2

1
1

MONOCOTYLEDONS

(Aristida rwnosa )
(Danthonia eriantha )
D. pallida
D. pilosa
(Deyeuxia quadriseta )
Dich2lachne sciurea
Poa sp .

1
1
2

MONOCOTYLEDONS

V

(Microlaena stipoides)

2

s

1
1
1

2

I-'

w

w

"
--·--~

TABLE 4.1 (cont.)
OBLIGATE ROOT RESPROUTERS
FIRE RESISTANT DECREASERS
SMALL
SHRUB &
HERB
STRATUM

FIRE RES ISTANT INCREASERS

MONOCOTYLEDONS

V

Caladenia angustata
C. caerulea
C. co;pnea
C. cucullata
C. dilatata
C. praecox
Diurus maculata
Glossodia major
icrotis parviflora
Prasophyl lwn sp .
P. brevilcibre
P. rufum
Pterostylis parviflora
Thelymitra pauciflora
Thysanotus patersonii
T. tuberosus

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MODE OF REGENERATION UNKNOWN
DICOTS

Acacia implexa
Cassinia aculeata
C. longifolia
C. quinque f o_ria
HydYocotyle sp .
Onrphacomeria acerba
Opercularia hispida

s

MONOCOTYLEDONS

V

Dianella revoluta
(Juncus subsecundus)
Lomandra filiformi s
L. longifolia
L. multiflora

2
2
1
1
2

s

FOOTNOTES
1 - growing season in which flowering and seed-set
was first recorded for vegetative regrowth (V)
and seedlings (S) in the first three years
after burning .

2 - seed dispersed by wind (*) or birds (+).
3 - rare species for which no seedlings were found
are indicated by brackets ;
species have been
assigned to the most probable class on the basis
of their life-form.
1--'

w

~

..._

Mode of regeneration after burning:

TABLE 4.2
CLASS 2

OSR

FRS

Ds

T

Dr

Tree stratum

-

-

4

Tall shrub stratum

2

-

2

GROUP

Small shrub and
herb stratum
Dicotyledons
Monocotyledon s

-

14
7

Total shrubs

4

21

Unknown

SUi-nmary

ORS
Ich

Dg

Ig

1

-

-

5

-

3

-

-

5

21
7

8
1

-

-

16

5

45
36

28

12

16

5

86

1

TOTAL SPECIES

7

% - group

22.6

4.3

30.l

12.9

17.2

5.3
93

% - clas s

26.9

43.0

22.5

1 - species only found growing on unburnt areas prior to experimental burn s.
2 - OSR = obligate seed regenerators ;
ORS= obligate root resprouters .

FRS = facultative root resprouters;

f---'

w

u,
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The remaining species in the class were perennials whose
populations were totally destroyed on burning because the members were
either killed or unable to produce vegetative regrowth.
were termed fire sensitive decreasers (Ds).

Such species

All species were, however,

able to regenerate from residual seed in the soil and ash.
Of the Ds shrub species,

DiZZwynia retorta and Acacia

genistifoZia seedlings occurred at all sites where mature plants were
present in the vegetation before burning.

Seedlings of

PimeZea ZinifoZi~,

a component of the small shrub stratum, were found at sites regardless of
whether mature plants were present or absent prior to burning.

Although

individual plants are short-lived, and disappear from the vegetation
after 10-11 years, viable seed apparently remains stored in the soil
(for possibly 20 years) and is able to germinate after a fire.

ii)

FacuZtative root resprouters.

The class was composed of species

with a chamephyte or hemicryptophyte life-form, of which one third were
able to multiply vegetatively ('increasers' - Ich) by suckering from
buried roots (eg.

Daviesia mimosoides, Goodenia hederacea) and/or from

exposed, partly damaged roots (eg.

HaZoragis tetragyna,, Hibbertia caZycina,),

and so increase the size of the populations after burning by vegetative
means.

Of the remaining species in the class, a third of which were

grasses, some members of the original populations were killed on burning,
the extent of mortality depending on such factors as fire intensity and
plant age (see Figure 4.1).

Although survivors were able to produce

regrowth from buried root-stocks, the postburn populations were smaller
in size than before burning.

These species were thus terme d fire

resistant decreasers (Dr).
All except very rare species in the class, whether increasers
or dec~easers, were found to regenerate by germination of residual seed
which survived during the fires.
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LIVING PLANTS

destruction
of aerial

organs

fire intensity

~ FIRE

heat stress
on buried
organs

/

V

tolerance of heat stress

I
'V

preburn plant age

SURVIVING ROOTS , BULBS
RHIZOMES & ROOTSTOCKS

water availability

INITIATION
OF
REGROWTH

preburn plant age
origin of regenerative
buds

VEGETATIVE SHOOTS

type of regrowth
preburn plan t age
envirorunental factors
fire-induced effects
on growth

DEVELOPMENT
OF
REGROWTH

'
I

L_

increaser /
species

REGROWTH
POPULATIONS

--,
I
_J

de creaser
species

I,
FIGURE 4.1 Factors affecting regeneration by
vegetative means after burning. Note: box size
indicates population size.
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iii)

Obligate root resprouters.

All members of the class were

monocotyledons with a geophytic life-form.

Species with rhizomes

(approximately one quarter) were able to increase their population
size after burning by vegetative regrowth (geophytic increasers - Ig).
The postburn population sizes of the remaining species were considered
to be no greater than the preburn sizes,since the plants possessed
perennating bulbs which presumably could be killed by heat stress
during the fires

(geophytic decreasers - Dg).

Since no aerial

vegetative parts were present at the time of preburn sampling, the
possible extent of bulb mortality is unknown.
Perennial species in the shrub strata showed variable
regenerative responses to burning (Table 4.3).

The vegetative

regrowth of most increaser species (both monocots,eg.
spp., and dicots,eg.

Daviesia mimosoides , Hibbertia calycina) was

stimulated in the first year after burning.
of

Lomandra

However the suckering

Goodenia hederacea was retarded in the first year although

stimulated in the second year compared with growth in the absence
of fire.

Of the species whose regrowth reached sexual maturity

in the first growing season after burning (see Table 4.1),heavy
seed-set occurred only for three Dr species, viz.
and

Poa, Dichelachne

Stylidium .
All fire sensitive decreasers (Ds) and most fire

resistant decreasers (Dr) and increasers (Ich) showed much higher
seed germination in burnt than unburnt areas.
species, eg.

However for some

Danthonia pallida, Hypochoeris radicata and Goodenia

hederacea, germination decreased after burning.

The latter species

generally had large seed, most of which remained in the litter and
was thus destroyed or subject to heat damage during the fire (see
Figure 4.2).

For species in which germination increased after

TABLE 4.3

FORM OF
REGENERATION

Regeneration of perennial species in the shrub strata.
GROUP
Ds

Dr

Ich

Dg

Ig

VEGETATIVE REGROWTH

Absent

Present

Present

Present

Present

1. Change in nos
with burning

Decrease

Decrease

Increase

Decreas e

Increase

2. Effect of
burning

All plants
killed.

Some plants
killed.

Shoot development stimulated ~
in 1st year
only; or
retarded in 1st
year & stimulated
in 2nd year.

Some bulbs
presumed
killed.

Stimulus to
shoot dev
from rhizomes
in 1st year
only.

Some spp. with
heavy flrg &
seed set in
.lst yr; most
spp. no seea
set until 2na
or 3rd yr.

Some spp. light
flrg & seed set
in .lst yr;
roost spp. heavy
flrg & seea set
in 2na yr.

Heavy flr9
& seea set
in lst yr,
less in 2na
yr,

SoIDe spp. hea,vy
.flrg & seed set
in lst yr,

3. Maturation
of regrowth

. •.. continued over page
f--'

w

I..O

TABLE 4.3.

Regeneration of perennial species in the shrub strata (cont.)
Ds

SEEDLINGS

1. Net input
in first
year

Present

High
(12-15 X
increase in
total germination c.f.
unburnt)

Dr
Present

High
(3-8 x increase
in total germination of most
spp c.f. unburnt)

Ich

Dg

Present

Absent

Absent/
Negligible

High
(2-8 x increase
in total germination of most
spp. c.f. unburnt )

2. Net input
in second
year

Very low

Medium

Very low

3. Seedling
mortality
in 1st
year .

12-36%

41-63%

36-44%

4. Seedling
mortalitysecond
year.

J.4-J.8%

2J.-40%

J.7-23%

5. Maturation
of seedlings

None in
lst year;
one sp. in
2nd yr .

No spp. in
J.st yr, some
spp. in 2nd
yr.

Ig

One sp. in 1st
yr , two spp. in
2nd year .

~
~

0
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BURNT

UNBURNT

l
POTENTIAL
SEED
POPULATION

I
Natural loss of -------viability

----- Des truction in fir e
SEED MORTALITY

t

Seed predators ---------

Lethal heat stress

I

GERMINABLE SEED
POPULATION

I
~
ENVIRONMENTAL FACTORS ~

~

Heat effect on seeds

~

Inhibition removed

GERMINATION

No heat effects
Inhibitory factors
present

ENVIRONMENTAL FACTORS

~

Changed edaphic
conditions
--~~~~~rPOTENTIAL
SEEDLING POPULATION

I
~
Environmental factors ~

Environmental factors

? - - Biotic factors

Biotic factors

SURVIVAL

Inhibitory factors - - - - p resent

~

-Inhibition removed

Changed edaphic
condition s

r

NET
SEEDLING
POPULATION

FIGURE 4.2 Factors affecting regeneration from residual
seed in the first year after burning. Note : box size
indicates po p u lation size.
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burning, the stimulus was caused by either a direct heat effect
on the seed (eg. in removing testa impermeability in leguminous
species:

Acacia genistifolia~ Dillwynia r etorta~ Daviesia

mimosoides), and/or an indirect effect in which factors preventing
germination in the unburnt situation ceased to exert their influence
after burning.

c)

Regenerative strategies of shrub species

The group responses to burning outlined in Table 4.3
suggest the operation of different regenerative strategies.

Fire

sensitive species (Ds), which rely entirely on seed germination for
species survival and for which soil seed reserves cannot be
replenished until the seedlings reach sexual maturity, showed
greater stimulation of germination and higher -rates of seedling
survival (in the face of the various factors outlined in Figure 4.2
than fire resistant species.

The latter recover both by

vegetative regrowth and from seedlings, . and after burning are able
to replenish their soil seed reserves from either source more rapidly
than the former.
The strategies of the fire resistant decreasers (Dr) and
increasers (Ich) are similar in that all species are fa cultative
root resprouters.

I

However the former group is dependent on seed

germination for an increase in population size to occur.

The rapid

maturation of regrowth and high seed-set ~n the first growing season
after burning exhibited by some of these species is probably
advantageous.

This strategy is unnecessary for Ich species in

which an increase in population size can be effected by vegetative
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growth, which is generally enhanced by burning.
Species within the Ich group showed variable reliance on
one or other method of regeneration.

For example, for both

D. mimosoide s and H. calycina, seed germination and suckering were
stimulated by burning.

However while seed germination was the more

important component for

Daviesid regeneration, veg.e tative regrowth

was more critical for the recovery of

Hibbertia,whose seed input in

both burnt and unburnt areas was, by comparison, very low.
It is of inter~st to note that of the three species
dominant in the tall shrub stratum, two were obligate seed
regenerators

(A. genistifolia and D. retorta;

both Ds species)

while the third was a facultative root resprouter and an increaser

(Daviesia mimosoides~ Ich).

The differences in the regenerative

strategies may be important in determining the potential of each
species for achieving local dominance after a fire.

4.3.2

a)

The

Commencement of regeneration after burning

Tree stratum

Eucalyptus species began shoot development from epicormic

buds and/or lignotubers soon after burning.

Within two months of the

fires, 80-100% of all mature trees (g.b.h.~ 10cm) and 40-90% of
surviving juveniles (g.b.h.<(lOcm or no main stems present) had
commenced vegetative regrowth.

All surviving juveniles had produced

shoots within six months of burning.
Germination of seed shed from the eucalypts continued
from the first month after burning (February) until the end of
July.

Although· the total seedling input in the first year ranged
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from approximately 750 to 2500 seedlings/ 100 square me tres, annual rates
of seedling mortality of 62-97% greatly reduced the effective seedling
regeneration.

Net seedling input in the second year a fter burning

was similarly low, although total seed germination was not measured.
The root parasite

Exocarpos cupr ess i formis began to sucker

within a few months of burning, and the few seedlings which emerged
were also recorded in the first year.

b)

Shrub strata

The rates at which populations recovered by vegetative
regrowth and/or seed germination in the first two years after burning
are summarized for the different regenerative groups in Table 4.4.
The majority of surviving decreasers (Dr, Dg) recovered
in the first year, and commenced their regrowth during the first
two months after burning when adequate moisture was available
(Figure 4.1).

For most of the increasers (Ich, Ig), shoot

development and suckering were similarly initiated within one to
two months of the fires, and many of the populations had regained
or exceeded their preburn size during this period.

The regrowth

populations of increaser species continued to enlarge in both years,
the extent depending on the various factors indicated in Figure 4.1.
The rate of increase was generally greatest in the first year when
the fire-induced growth stimulus was maximal.
Of the combined successful seedling input in the first two
years after burning, 85-99% of the regeneration of fire sensitive
decreasers (Ds), fire resistant increasers (Ich) and therophytes

I,
(T), and 70-90% of the regeneration of fire resistant decr e as e rs
(Dr) occurred ·in the first year.

The extremely low regene ration of

TABLE 4.4

FACULTATIVE
ROOT RESPROUTERS

OBLIGATE
SEED REGENE RATORS

DS

Rate of recovery after burning: shrub strata

T

Dr

OBLIGATE
ROOT RE SPROUTERS
Ich

Dg

Ig

COMMENCEMENT OF VEGETATIVE REGROWTH AFTER BURNING

50-80% of
preburn
plants
started
regrowth
within 2
months of
burning,
99% of
survivors
within 6
months

70-105% recovery
of preburn
populations
within 2 months
of burning

5-30% of
survivors
started
regrowth
within 2
months,
100% within
5-6 months
after burning

55-100%
recovery of
preburn
populations
within 1 month
of burning

NET SEEDLI NG INPUT IN lst c.f. 2nd YEAR AFTER BURNING
(% of total in first year)
95-99

85-99

70-89

98-99

._.
.i:::.
V,
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Ds and Ich groups from seedlings in the second year was due to lack
of seed, while for the therophytes it reflected low survival of
plants as biennials.

The slightly higher second year seedling

input of the Dr group was the result of rapid maturation of regrowth
and replenishment of the seed reserves of some species.

4.3.3

Floristic composition of the postburn vegetation

The coefficient of community index (CC) of Sorensen
(1948), which compares the floristic similarity of two sites based
on species

presence or absence, was used to examine changes in

floristic composition as a result of burning.

The composition of

the preburn community was compared with that of the vegetation
0

0

established at the end of one (1) and two (2) years after
burning, from vegetative regeneration (V) and seedling regeneration
(S) alone and together (S+V)

(Table 4.5).

The comparable changes in

floristic composition in the absence of fire (UB) over the same
periods are also indicated.
The CC values based on vegetative regrowth ranged from
84 - 92% and 89 - 92% in the first and second years after burning,
and from 95 - 100% in both years in the absence of fire.
For the floristic composition represented by seedling
regeneration, CC values were lower, ranging from 75 - 83% and
77 - 85% in burnt areas, and 60 - 63% and 55 - 67% in unburnt areas,
in the first and second years (respectively).
When the floristic composition based on both regrowth

I,

and seedling regeneration is considered, the CC values after burning
ranged from 69 - 96% in the first year, and 86 - 96% in the
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second year.

In the absence of fire the comparable values were

95 - 98% and 90 - 98% respectively.

TABLE 4.5

1

Floristic similarity of pre- and postburn conununities

SITE A
REGENERATION

B

UB

SITE B

SITE C

B

UB

B

UB

V only - lo
20

92
92

98
98 '

84
89

97
95

87
92

100
100

Sonly - .10
- 20

83
85

61
63

75
80

60
55

82
77

63
67

96
96

98
98

69
88

95
90

92
86

98
98

V + S

lo
- 20

1 - based on the coefficient of community
C.C.

=

2c x lOO %
a+b

where a is the total number of species in the quadrats
before burning;
b is the total number of species in the quadrats
after burning;
the total number of species shared
-C is
(before and after burning).

Since a coefficient of corrununity value of 100 indicates
identical floristic composition of pre- and post-burn vegetation,
the degree of departure from 100 is a measure of the extent to which
the species composition changes after burning.

The regeneration

resulting from either vegetative regrowth or seed germination alone
gave rise to comrnunities whose floristic make-up was highly similar
to that of the vegetation before burning.

Thµs when both forms of

regeneration are considered together, the departure of the postburn
communities from floristic identity with the preburn communities

14 8

was very small, and in fact in the second year, was similar to the
magnitude of change in species

composition which occurred in the

vegetation remaining unburnt.
A decrease in the coefficient of community could be
caused by species present in the preburn vegetation being absent
from the postburn communities (species loss), and/or species not
I

represented in the vegetation before burning being present in the
regenerative populations (species gain).
Changes in the CC based on vegetative regrowth were caused
~

both by loss of fire sensitive species, and by apparent gain of
species, when increasers located outside quadrats before burning
produced shoots/suckers inside the quadrats after the fires
(eg.

Lomandra

spp.,

Acacia mearnsii).

Variations in

cc

values

calculated from seedling populations were caused by effective gain
of species after burning, when species represented only as seed
in the preburn vegetation developed seedlings after the fires
(eg. therophytes,

PimeZea ZinifoZia

at site C).

Changes were also

caused by apparent loss of species, when all the seedlings of a
particular species died in the first or second years.
Changes in the CC values of the unburnt vegetation were
the result of natural mortality of all mature plants (of rare
species), failure to produce seedlings or lack of seedling survival.

I

4.4

DISCUSSION

4.4.l

Rege neration after burning

From the preceding analysis of regeneration after burning
in the dry sclerophy l l vegetation described, it is apparent that:
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1)

virtually all species in both the tree and shrub strata whether annual or perennial, fire resistant or fire
sensitive, decreaser or increaser - recovered after
burning from propagules either present in the soil or
litter before the fires occurred,but which escaped
combustion and lethal heating,or from seed shed after
burning from plants growing in the burnt areas at the time
of the fires;

2)

for all speci~s in the shrub and tree strata regenerating
vegetatively, surviving plants commenced their regrowth
within a few months of burning, and maximum population
recovery took place in the first year;

3)

for all species regenerating from seed, germination
occurred in the first year after burning;

4)

for perennial species in the shrub strata which regenerated
from residual seed, seedling input was maximal in the
first year after the fires;

5)

with the exception of rare species, all the tree, shrub
and herb species represented in the quadrats prior to
burning (either as living plants or as seed in the soil
and litter) were present in the regenerating communities
in the first year after burning;

6)

except for one rare plant, no new species were introduced
into the areas after the fires as a result of seedtransport from external sources.

These results confirm the predictions outlined in the introduction,
and thus it must be concluded that the process of regeneration
closely followed an Initial Floristic Composition model.
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From the early, purely descriptive accounts to later
detailed studies of revegetation after fires in both wet and dry
sclerophyll eucalypt forests in Australia, it has been recognized
that most species present before burning become reestablished in
the first few months after the fire.

The source of such regeneration

typically includes surviving vegetative organs, residual seed (often
of species which have been absent from the vegetation for decades),
or seed released from woody fruits after the fire (Petrie, 1925;
Beadle , 1940;

Baird , i958;

Gilbert, 1959;

Christensen and Kimber, 1975;

Cremer and Mount , 1965;

Gill, 1975).

Changes in species composition with time have been
attributed to differences in the relative contributions of seedlings
and regrowth to the vegetation, and variable growth rates and
longevity of species established within the first few years of
burning (Gilbert, l959;

Cremer and Mount , 1965).

After fires

occurring when mature seed of potentially invading species is
available and transported into the denuded areas by wind or animals
soon after burning , short phases of dominance by such species have
been recorded before the residual plants have established dominance
(Jarrett and Petrie, i929;
In mixed

Cremer and Mount, 1965;

Floyd, 1966).

Eucalyptus - Nothofagus forests in Tasmania, the

dominant tree species are able to regenerate if seed is available
and shed soon after burning while site conditions are open.

Because

of their faster growth rates 7 the eucalypts dominate the slower
growing

Nothofagus and rainforest species which persist as a uniform

sub-stratum (Jackson, i968) .

With the exclusion of fire for

approximately 400 years however , the mixed forest is converted to
pure rainforest due to the inability of the eucalypts to regenerate
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in undisturbed conditions.

Burning of this pure forest results

in the reestablishment of the rainforest cornrnunit~ since precursors
for eucalypt regeneration are absent.
eucalypts and
a fire

In Victoria, both the

Nothofagus can recover from seed or resprouts after

(Howard, 1973).

The relative abundance of the regenerates

in a mixed forest depends both on the stage of maturity of the
preburn comrnunity,and on the time of burning in relation to available
seed sources of the tree species.
The recovery of Australian heath vegetation after fire
has been well documented by Specht

et al.~ (1958).

species regenerated predominantly from seedlings

Dominant shrub

(Banksia ornata~

Phyllota spp.), vegetative regrowth (B. marginata~ Xanthorrhoea
australis), or from both regrowth and seedlings (Casuarina pusilla~
Leptospermum myrsinoides).

The commencement of regrowth and seed

germination (of seed shed after the fires from woody fruits on the
mature plants ) occurred mostly in the first year after burning,
even though the species did not achieve dominance in the vegetation
until 10-25 years later.

Regeneration of undershrub species dominant

in the first decade after burning, and herb species dominant in the
first few years, similarly began soon after disturbance by vegetative
regrowth and/or from seed present in the soil at the time of burning.
Thus most plants became reestablished in the first year after
burning , and the majority of species dominant in the vegetation in
\

later years were present at this initial stage.

t
In the north American chaparral vegetation changes induced
by burning have been studied in detail (Biswell , 1974).

Approximately

equal numbers (44%) of the dominant herb and shrub s pecies are
classified as sprouters (ie.fire resistant) and non-sp routers
(ie. fire sensitive), although many of the former also recove r from

I
II
I

I

I
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seedlings (Hanes, i97i).

The major shrub species are found to

exhibit a variety of regenerative strategies.

Horton and Kraebel

(1955) described one species as an obligate seed regenerator, six
species as obligate root resprouters, and seven species as
facultative root resprouters.

Although seedling populations of

non-sprouting species are generally larger than those o f sprouters
(Horton and Kraebel, l955;

Hanes, 1971), in both groups, germination

occurs almost entirely during the first year after burning from
seed present in the soil at the time of the fire (Sampson, 1944;
Horton and Kraebel, 1955;

Sweeny, 1969;

Hanes, 1971;

Vogl and

Schorr, 1972).
The relative contributions of seedlings and regrowth to
the recovery of sprouting species varies, and is influenced by such
factors as exposure (coastal vs desert), elevation, slope and aspect
(Hanes, 1971).

In spite of very high postburn seed germination

(Hanes and Jones, 1967), seedlings often contribute little to the
mature vegetation (Vogl and Schorr, 1972).

In older stands, plants

derived from seedlings are generally less abundant than those
originating from resprouts, although the plant density may be
similar to the preburn value (Horton and Kraebel, 1955;

Hanes , 1971) .

Regardless of whether species recover predominantly from seedlings
or sprouts , regeneration begins in the first year after burning ,
and the shrubs composing the mature vegetation are present at
this stage, originating from propagules located in the soil at
the time of burning.
Apparent changes in floristic dominance occur as the
vegetation redevelopment proceeds .

Vogl and Schorr (1972) reported

the appearance of large numbers of annual species in the first year
after burning which were absent in the preburn community, but which

I

I

I

~
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they considered had developed £ram seed stored in the soil and
litter.

Horton and Kraebel (l955) similarly found that a number

of species achieved temporary dominance in the first five years
after burning.

Although some plants may have arisen from seed

transported into the area after the fire, most were thought to
have grown from seed stored in the soil for up to 50 years.

Seeming

changes in species dominance were often related to the relative
contribution of sprouts and seedlings to the bulk of the vegetation,
which varied with differ~nces in their growth rates, mortality in
response to postburn environmental conditions (Hanes, 1971) and
grazing pressure (Vogl and Schorr, 1972).

Thus the changes were not

due to a series of vegetation replacements caused by successive
invasion of species.

Hanes (1971) described the sequence of events

in the recovery of chaparral vegetation after burning as a 'gradual
ascendance of long-lived species present in the preburn stand' which
commenced in the first year after disturbance, and called the process

I
I
I
I

'auto-succession'.
In addition to the communities already described, the
regeneration of many different types of forests after burning have
also been investigated, and a number of the more detailed studies
warrant separate discussion.

Barney and Frischknecht (1974) followed

the redevelopment of Pinyan-Juniper woodland after burning.

Although

they described it in terms of a sequence of floristically distinct
stages, the majority of shrub and herb species occurring in the
different stages were established in the first few years after
burning,from seed present in the soil prior to the fire,or from root
sprouts.

Juniper seedlings similarly became established within a

year or two of burning from residual seed or seed carried into the
area by animals · and birds.

Thus all dominant species occurring in

I
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later stages of the community were present immediately after
burning, and the observed changes in floristic composition proceeded
in a manner similar to the 'auto-succession' described for chaparral
vegetation.
The effect of burning on herb and shrub species in Black
Spruce forest was examined by Ahlgren (1960).

Four species were

found to occur only on unburnt land (group A), 15 only on burnt
land (group B), and 29 on both burnt and unburnt land (group C).
In group B, approximately 50% of the species were obligate seed
regenerators, and the remainder either facultative or obligate root
resprouters, while in group C, 14% were obligate seed regenerators,
and 52% and 34% obligate and facultative root resprouters (respectively).
Although the rate of recovery of species varied with the method of
regeneration, and the relative contribution of seedlings and resprouts
to the postburn vegetation varied between groups, most species
appeared in the first year after burning from residual propagules.
Succession after fires in a variety of forest types have
been studied.

Day (1972) found that changes in dominance of tree

species for three centuries after burning of

Picea-Abies forest

were essentially due to differences in the species regeneration from
seed in the first few years after the fires.

Hoffman (1924) similarly

related the sequential development of mature conifer forests after
burning to differences in regeneration of the dominant tree species
from residual seed during the first year.
In mixed redwood forests in California, the Redwood

(Sequoia sempervirens) reestablishes its dominance imme diately after
burning due to the capacity of the trees to produce regrowth from
adventitious buds on the sterns and branches, and to the large numbers
of seedlings which become established on the burnt soil surface.
Fire sensitive species in the forest which rely on seed for
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regeneration after fire
Grand Fir

(eg. Douglas Fir

(Pseudotsuga menziesii)~

(Abies grandis)) may become dominant after many centuries

in the absence of burning , due to the inability of

Sequoia to

regenerate from seedlings in undisturbed forest conditions (Stone
and Vasey , 1968;

Weaver, l974) .

Dyrness (l973) studied the recovery of Douglas Fir

(Fseudotsuga menziesii) forests after various logging and burning
operations .

Although the pattern of recovery in the first few years

varied with the type of disturbance , only 13% of the species considered
characteristic of the undisturbed vegetation were absent from the
plots 5 years after burning .

Seedlings of the fir trees became

established during this time from seed released after burning and
logging of the vegetation.

The discernible changes in species dominance

with increasing time after disturbance were related to the disappearance
of shorter lived species and the ascendancy of longer lived ones .
Swan (1970) examined the regeneration of Northern American
Hardwood and Oak forests and two herb - field communities after
burning.

Tree species in the forest quickly regained their positions

of dominance due to the sprouting of trees surviving the fires.

In

both forest and field communities, most of the shrub and herb species
became reestablished soon after burning from residual seed or
vegetative organs .
Although the communities cited above vary widely in their
floristic composition and structural features, the process of
vegetation redevelopment after burning of each is similar, and
characterized by the following features:
l)

Of the species which gain dominance at various times
(whether years, decades or centuries) during the reestablishment of the mature vegetation, the majority are
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present during the first few years after burning;
2)

Most of the regeneration commences in the first twelve
months after burning, by vegetative regrowth from
surviving organs, from residual seed (ie. seed located
in the soil at the time of burning), or from seed released
after the fire from fruits of plants in the burnt area;

3)

The relative contributions of vegetative regrowth and
seedlings to the developing vegetation vary with species;

4)

In many instanyes there is little evidence of true
'invasion',ie. species considered to be invaders because
of their presence in large numbers after burning and the
absence of their living plants in the vegetation before
burning, often develop from residual seed which has been
stored in the soil for many years i

5)

Apparent changes in floristic composition with increasing
time after burning are generally due to differences in
species longevity and in growth rates of seedlings and
resprouts.
While the pattern of regeneration immediately after a fire

is largely dependent on the preburn composition of the vegetation and
on the fire intensity and duration, longer-term changes in species
composition in addition are affected by other variables in the fire
regime such as frequency and season of occurrence (Gill, 1975).
The fire frequency is particularly important for obligate seed
regenerators , which can be eliminated if the period between
successive fires is less than the time taken for such species to
reach sexual maturity (Specht
and Frischknecht , l974;
noted that

et al ., 1958;

Kirkpatrick

Hanes, 1971;

et al., 1974) .

Barne y

Gill (1975)

for the Australian flora, a high burning frequency

I
I

~
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often leads to dominance of monocotyledonous and fern species in
place of shrubs .

The season of burn may also be important in

effecting changes in floristic composition under conditions of high
fire frequency, espe cially of species regenerating by vegetative
means (Trapnell, l959;

Harrington, l974).

In the long-term, fire frequency may affect the type of
vegetation present in a particular area.

Jackson (1968), for example'·

related the occurrence of sedgeland/grassland, shrubland/moorland/
heath, wet sclerophyll eucalypt forest, mixed forest, and pure

Nothofagus rainforest to differences in fire periodicity, with
frequencies ranging from once every 12-25 years maintaining the
first vegetation type, and once every -400 years the lattermost type.
The process of regeneration after burning, as summarized
above, closely resembles the process of revegetation after
abandonment of old-fields as described by Egler (1954) under his
'Initial Floristic Composition' hypothesis.

This model is the

virtual antithesis of the one normally used to describe old-field
succession (equivalent to Egler's 'Relay Floristics' model), and
often vegetation regeneration after any form of disturbance
(Horn, l974).

The question of why this paradox has arisen needs

to be considered.

4.4.2

Regeneration after disturbance:

Fire vs Cultivation

Much of the theory of secondary succession is based on
floristic changes after the abandonment of old-fields (Drury and
Nisbet , 1973).

It is therefore possible that the relay floristics

model normally used to describe such changes will only apply to
I.
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the reestablishment of vegeta tion after disturbances which impose
stress conditions similar to those represented by cultivation and
abandonment.

As agents of disturbance,

'fire' and 'cultivation

and abandonment' can impose vastly different stresses on a plant
community.
During the years over which an area is cultivated, most
of the vegetative remains of plants will be destroyed.

Depending

on the length of the cultivation period (McCormick and Buell, 1957),
at the time of abandonment there will be very little (Bazzaz, 1968)
or no potential vegetative regrowth component in the regenerating
community,as is often present after a fire.

Thus, in direct

contrast to events after burning, regeneration following abandonment
must proceed almost entirely from seed sources.

For this reason

alone, one would not expect the same model to adequately describe
the process of revegetation in the two cases.
Although the 'time since last burn' and 'period of
cultivation' may be identical, the development of seed populations
over this time would differ.

Disappearance of species in the absence

of burning is related to natural plant longevity, but seed populations
accumulate in the soil and litter while plants are present in the
vegetation, and remain relatively undisturbed after species extinction
until fire occurs.

In an old-field situation, soil seed populations

are continually disturbed during cultivatio~ and, due to the absence
of living plants (at least for tree and shrub species), replenishment
of these populations occurs only as seed is reintroduced into the
area by wind, or animals utilizing both field and forest communities
(Bard, 1952).

Such recently introduced seed and surviving residual

seed in the soil provide the basis for regeneration during the first
year after abandonment (Raynal and Bazzas, 1973), together with seed
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introduced after cultivation has ceased (Bard, 1952;
1960).

Rice

et al.~

Despite these constraints, seedling populations which develop

in the first few years are often found to include most of the herb,
shrub and tree species which dominate the vegetation in later years
(Bard, 1952;

Quarterman, l957;

Niering and Goodwin, 1974;

Spring

et al . ~ 1974).
Fire and cultivation also differ as agents of disturbance
in that heat stress imposed by the former is absent during the latter.
In the initial stages of revegetation after burning, the thermal
stress imposed on seeds and vegetative organs during the burn, and
fire-induced changes in the environment, are the major determinants

r

of the course of regeneration (see Chapter 1).

When regeneration

patterns in the first few years after abandonment are examined,
distinct floristic changes due to species replacement often occur
(eg. Oosting, l942).

However these changes in dominance are usually

related to subtle changes induced in the microenvironment by the
plants.

Conditions are made less favourable for the germination

and/or establishment of their own offspring (Keever, 1950;

Shontz

and Oosting, 1970) or the offspring of other species,due to
differences in species nutritional requirements (Rice

et al.~ 1960;

Roux and Warren, 1963) or the production of inhibitory substances
(Abdull-Wahab and Rice, 1967;

Wilson and Rice, 1968).

Thus in the

early phases of revegetation after abandonment, the fl oristic changes
are essentially governed by the plants present at the time.

l.,
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CONCLUSIONS

4.5

It appears that the process of vegetation redevelopment
after a disturbance, ie. secondary succession, will be influenced
not only by the species composition at the time of disturbance
but also by the type of disturbance.

The stress conditions imposed

by a particular agent will determine:
1)

The extent to which precursors of the post-disturbance
community are present immediately after the event;

2)

the type of precursors present - whether seed and/or
vegetative organs;

3)

and

the extent to which the regenerative potential of the
precursors is realized during the first few years
after disturbance.
It thus seems unlikely that a single model would

describe the process of regeneration, at least in the early stages,
of communities disturbed by agents imposing different stress
conditions on the vegetation.

While old-field succession may

reasonably be described by a relay floristics model, in many
communities subject to periodic burning, the re-establishment
of the vegetation after a fire appears to follow more closely
an initial floristic composition model.
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APPENDIX l.

Species list

SITE

1
LONGEVITY

A

B

C

+

+

ARALIACEAE

Astrotricha ledifolia DC.

p

+

p

+

CAMPANULACEAE

Wahlenbergia sp.
CARYOPHYLLACEAE

2*Cerastiwn semidecandrwn L.

A

+

p

+

p

+
+

COMPOSITAE

Cassinia aculeata (Labill.)
R. Br .

C. longifolia R. Br .
C. quinCJ71efaria R. Br .
*Chondrilla juncea L.
*Cirsiwn vulgare (Savi) Ten.
*Conyza flor&bunda H. B . K.
Gnaphaliwn involucratwn

p
p
A

A/B
A/B

+
+

+
+
+

+

+
+
+
+

G.Forst .

Helichryswn collinwn DC.
H. semipapposwn (Labill.) DC.
*Hypochoeris glabra L.
*H . radicata L.
*Lactuca serriola L.
Senecio quadridentatus Labill.
*Sonchus asper (L.) Hill

p
p

+
+

+
+
+
+

A

+
+

+
+

+
+
+
+
+
+
+

A

+

+

+

A
p

A

A/B

CRASSULACEAE

Crassula sieberana (Schult.
ex Schult .f.) Druce
CYPERACEAE

Cyperus sanguinolentus Vahl

+

A

DILLENIACEAE

Hibbertia calycina (DC.)
H.

N. A. Wakefield
obtusifolia DC.

p

+

+

p

+

+

+

+

+

+

+

EPACRIDACEAE

Astroloma hwnifuswn (Cav.)

p

R. Br .

Brachyloma daphnoides (J.E. Smi th )

P

+

Benth .

Leucopogon aff. fletcheri Maiden
L. virgatus (Labill.) R. Br .
Melichrus urceolatus R.Br.
Monotoca scoparia (J.E. Smith)

+

p

P
P
P

+
+
+

+
+

+
+

A/B

+

+

+

R.Br.
EUPHORBIACEAE

Poranthera microphylla Brongn .

I
I

I

I
I

I

I

l G2
SITE
LONGEVITY

1

A

B

C

+

+

+

+

+

+
+
+
+
+

+

GOODENIACEAE

Goodenia hederacea J.E. Sm.

p

GRAMINEAE

*Aira cupaniana Guss.
Aristida ramosa R.Br .
*Briza minor L.
*Bromus mollis L.
Danthonia eriantha Lindl.
D. pallida R.Br.
D. pilosa R.Br.
Deyeuxia quadriseta (Labill.)

A

p

+

A

+

A

p
p

+

p
p

+
+

Benth.

Dichelachne sciurea (R.Br.)

p

+

+

+

+
+

+
+

A

+
+

+
+

p

+

J.D. Hook .

*Lolium rigidum Gaudin
Microlaena stipoides , (Labill.)

A

p

R.Br.

Poa sp .
*Vulpia bromoides (L.) S.F. Gray

p

+

GUTT I FE RAE

Hypericum gramineum G. Forst.
HALORAGACEAE

Haloragis tetragyna (Labill.)

p

J.D. Hook .

+

+

+

+

+
+

JUNCACEAE

*Juncus capitatus Weig.
J. subsecundus N.A. Wakefield

A

p

LAURACEAE

Cassytha pubescens R.Br.

Ps

+

+

+

p
p
p

+

+
+
+

+

+
+

+
+

+
+
+
+
+

+

+
+

+

p

+

+

+

P
P

+
+

+
+

+
+

LILIACEAE

Dianel la revoluta R . Br.
Thysanotus patersonii R.Br.
T. tuberosus R.Br.
MIMOSACEAE

Acacia buxifolia A.Cunn.
A. genistifolia Link
A. irrrplexa Benth.
A. mearnsii De Wild .
A. vomeriformis A. Cunn.

p
p
p
p
p

ex Benth .
MYRTACEAE

Eucalyptus dives Schau.
E. macrorhyncha F. Muell .

p
p

ex Benth .

E. mannifera Mudie subsp.
maculosa (R.T. Baker)
L. Johnson
E. rossii R.T. Baker et H.G. Smith
Leptospermwrz multicaule A. cunn.

1 63

SITE
LONGEVITY

1

A

B

C

p

+

+

+

p
p
p
p
p
p
p
p
p
p
p
p
p
p

+
+
+
+

+
+
+
+

+
+
+

ONAGRACEAE

Epilobiwn cinerewn

A. Rich .

ORCHIDACEAE

Caladenia angustata Lindl.
C. caerulea R.Br.
C. carnea R.Br.
C. cucuZZata R.D. FitzG.
C. dilatata R.Br.
C. praecox Nicholls
Diurus maculata complex
Glossodia major R.Br.
Microtis parviflora R.Br.
PrasophyZZwn sp.
P. brevilabre (Lindl.) J.D. Hook
P. rufwn R.Br.
Pterostylis parviflora R.Br.
Thelymitra pauciflora R.Br.

+
+

+
+
+
+

+
+
+
+

+

+
+
+

+
+

+

+

OXALIDACEAE

Oxalis corniculata

L.sens.lat.

p

PAPILIONACEAE

Daviesia mimosoides R.Br.
Dillwynia retorta (Wendl.) Druce
Hardenbergia violacea (Schneev.)

p
p
p

+
+
+

+
+
+

+
+
+

p

+

+

+

+

Stearn

Hovea heterophylla

A. Cunn.

ex J.D. Hook

Indigofera australis
Pultenaea procwnbens

Willd.
A. Cunn.

p
p

+

+
+

J.E.Sm.

p

+

+

+

Grevillea aff. alpina Lindl.
Persoonia rigida R.Br.

p
p

+

+
+

+
+

PITTOSPORACEAE

Billardiera scandens
PROTEACEAE

RUBIACEAE

Opercularia hispida

Spreng.

p

+

Ps
Ps

+
+

A

+

SANTALACEAE

Exocarpos cupressiformis Labill.
Orrrphacomeria acerba (R.Br.) A.DC.
SCROPHULARIACEAE

*Lina.ria pelisserana

Mill.

+
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SITE
LONGEVITY]

A

B

C

p

+

+

+

p

+

+

A

+

+

STYLIDIACEAE

Stylidium graminifoliwn
Swartz ex Willd.
I'I

THYMELAEACEAE

Pimelea Zinifolia

J.E. Sm.

sens. lat.
UMBELLIFERAE (APIACEAE)

Daucus glochidiatus
Fisch. et al.
Hydrocotyle sp.

(Labill.)

p

+

XANTHORRHOEACEAE

Lomandra filiformis

(Thunb.)

p

+

+

+

p
p

+
+

+
+

+
+

J. Britt.

L. Zongifolia
L. multi flora

1

Labill,
(R. Br.) J. Britt.

A= annual, B = biennial, P = perennial, Ps = parasite

2 - Naturalized species indicated with asterisk
3 - Only one plant present

Nomenclature after Burbidge, N.T. and M. Gray. 1970.
Flora of the Australian Capital Territory. ANU Press; 447pp.

PREBVRN DATA

SITE A
l.

LITTER

*2 (a)

*

average quantity (kg/rn 2 )
avg. moisture content ( %)
distribution

(b)
(c)

(d)
(e)

(f)

2.

SITE B

depth (cm)
soil/litter interfac e

Nature o f litter

1.5

SITE C

1

Not available.
Discontinuous;
areas of bare
soil present.

0-5
Very sharp.

Mostly whole
euca lypt
leaves, bark
& small twigs.

1.1
4.1
Continuous ,
variable
depth .
2-5
Sharp.

Mostly e uc.
leaves , bark ,
smal l twigs
& branchlets.

SOIL

1.6
15 . 5
Continuous ,
uniform cover.

~

'1J
'1J
tij

s

~
N

8-10
Indistinct due
to well developed
duff layer .
Leaves , bark &
branchlets ( to
10 cm diam ) of
eucalypts ,
decaying shrubs
( ste rn.diam. to
5 cm) .

z
(1)

f--<

~(1)

:::s

rt

~
to

C

~

:::s

b
rt

Pl

p,

(a )
(b)

ave rage moistur e c onte nt
( %)
pH

12 .2
4.4

4 .7
4.5

11 .9
4.3

I-'

a,

l.Jl

APPENDIX 2.
BURN DATA

SITE A

1.
*2.
*3.

Date of Burn
Time of ignition
Average wind speed
(m/sec)

*4.
*5.
*6.
*7.

Relative humidity (%)
0
Air temperature ( c)
Cloud cover
Flame characteristics
(a) average height (m)
(b) range in height (m)
(c) range in depth (m)
(d) max. length (m)
(e) angle
Duration of fire while
data recorded (mins)
Avg. rate of spread £mfmin)
Calculated Intensity (kw/m)

*8.
*9.
*10.

Experimental Burn Data (cont.)

Revised values (A.G. McArthur,

SITE B

SITE C

28
29
0/8

2.2.73
1306 hours
1.55
(constant
speed and
d~rection)
48
32
2/8

1.5
1.2- 2.4
0.9 - 3.1
3.7
50 - 90°

0.9
0.3 - 3.1
0.2 - 2.1
2.4
70 - 135°

3.7
2.1 - 6.2
3.1 - 3.6
8.5
45 - 90°

6
2.7
1114

24
0.4
111

2.2.73
1246 hours
1.70
(constant speed
and direction)
48
32
1/8

(1834)

18.1.73
1326 hours
1.15
(erratic, changing
speed & direction)

(827)

6
3.3
J.336
(4205)

pers. conun 6/1U75)

,__.
(j)
(j)

APPENDIX 2.
POSTBURN DATA

1.

2.

Experimental Burn Data (cont.)

SITE A

LITTER
(a) % loss on ignition
(b) Ash characteristics

50
Many large fragments
and whole leaves;
small twigs still
intact.

SOIL
(a) % loss in moisture
(b) change in pH

3.0
+0.2

1 - Value from an adjacent area;

SITE B

56
Fine to coarse
ash with some
larger leaf
fragments.

SITE C

61
All leaves and
branches
5 cm
diam . reduced
to a fine ash .

2.3

<

2.2

actual value for Site A probabl y lower but no record available .

2 - Data from records of C.S.I.R.O., Division of Forest Research, · Canberra.
3 - Fire Inteilsity I= Hwr

(kw/m )

where H = heat yield constant (16,278 kj/kg)
2
w = fuel consumed (kg/m)
r = rate of spread of fire front (m/sec)
Intensities encountered in forest fires range from 5 - 30,000 BTU/sec/ft (approximately
20 - 104 ,000 kw/m; McArthur and Cheney, 1972). The accepted upper l:unit for control
burning in commercial eucalypt forests in the A.C.T. for min:unal damage to the trees
is I= 100 BTU/sec/ft (approx:unately 350 kw/m), ie. a low intensity burn (McArthur, 1962).

I-'
~

....J
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APPENDIX 3.

3.1

Site data: regeneration populations in burnt
and unburnt areas

KEY TO COLUMN NUMBERS IN THE FOLLOWING TABLES
l - Number of individuals prior to burning.
2
Number of re sprouts (burnt) or plants (unburnt) alive at the
end of the first year.
3 - Number of resprouts (burnt) or plants (unburnt) alive at the
end of the second year.
4 - Total number of seedlings recorded in the first year.
5 - Number of first-year seedlings alive at the end of the
first year.
6 - Number of first-year seedlings alive at the end of the
second year.
7 - Number of second-year seedlings alive at the end of the
second year.
\.

I

The number of individuals represents the total in the number
of quadrats indicated at each site.

I

3.2

KEY TO REGROWTH GROUPS
Ds - fire sensitive decreasers
Dr - fire resistant decreasers
Ich - fire resistant increasers: chamephytes and hemicryptophytes
Ig - fire resistant increasers: geophytes
T - therophytes

3.3

NOTES
1.

2.

3.

4.

The+ symbol indicates that a species was present in the
quadrats but the number of individuals was not counted or
could not be accurately determined.
The seedling data for Eucalyptus mannifera subsp. maculosa
and E. rossii were combined, as cotyledon stage seedlings
often died before being positively identified.
The seedlings and resprouts of Haloragis tetragyna were
often indistinguishable at the end of the second year, and
thus for this species the figure shown in brackets in
column 3 represents the total number of plants irrespective
of their origin.
At site B during the first year, many of the very young
grass seedlings died before they could be identified, and
the total seedling input for these species (viz. Danthonia
pallida, Dichelachne sciurea, Poa sp., Aira cupaniana, and
Vulpia bromoides) could not be determined . In column 4 of
the tables the 'Total grasses' therefore represents the
combined seedling input for all ·five species.

l69
SITE A
BURNT
l973 - 1975

SPECIES

REG.
GROU'.P

NUMBER OF INDIVIDUALS
REGROWTH
2
3

J_

4

SEEDLINGS
5
6

7

TREE STRATUM

Eucalyptus macrorhyncha .
E. manni f era
E. rossii
Exocarpos cupressiformis

26

1

1

0

l90

5

1

l

0

3

3

2

0

+

0
0

11
561
77

2
412
48

1
350
29

0
17
0

6
2
58
204
10
13
49
0
40
54

6
2
58
203
8
11
46
0
. 39
54

2
0
767
304
16
8
70
0
16
408

1

1

241
101
16
5
54

96
66
16
4
53

14
161

13
132

0
0
2
9
0
0
0
0
0
57

19
1
31
51
36
238
116

13
2
32
61
120
352
123

14
2
31
94
(288)
349
123

2
0
10
3
156
18
88

1

1

7
1
70
15
72

6
1

0
0
1
0

+

+

11
66

0
0

25
7
7

50
24
13

Dr
Dr
Dr
Ich

+
+
+

Cassytha pubescens
Dillwynia retorta
Pimelea linifolia

Ds
Ds
Ds

170
15

0
0

Acacia vomeriformis
Astrotricha ledifolia
Brachyloma daphnoides
Danthonia pallida
Grevillea alpina
Hovea heterophylla
Leptospermum rrrulticaule
Monotoca scoparia
Pultenaea procumbens
Stylidium graminifolium

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

3
2
75
244
26
17
58
2
38
52

Acacia buxifolia
A. mearnsii
Daviesia mimosoides
Goodenia hederacea
Haloragis tetragyna
Hibbertia calycina
H. obtusifolia

Ich
Ich
Ich
Ich
Ich
Ich
Ich

Dianella revoluta
Lomandra filiformis
L. longifolia

Ig
Ig
Ig

Cirsium vulgare
Conyza floribunda
Crassula siebera:na
Hypochoeris spp.
Senecio quadridentatus
Sonchus asper

T
T
T
T
T
T

SHRUB

&

+
+

+

+
+
+

HERB STRATA

54
29
11

0
0
0
0
0
0

Unknown

Total no . quadrats

30

30

30

0
0
1

0
0
0
2
39
2
15
2
1

0
1
0
0
0
0

3

0

30

30

0

0
0
0
0
0
0
0

30

30
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SITE A: UNBURNT
1973 - 1975

REG .
GROUP
SPECIES

NUMBER OF INDIVIDUALS
SEEDLINGS
REGROWTH
l
2
6
3
4
5

7

TREE STRATUM

Eucalyptus macrorhyncha
E. mannifera
E. rossii

Dr
Dr
Dr

+
+
+

+
+
+

+
+
+

Cassytha pubescens
Dillwynia retorta
Pimelea linifolia

Ds
Ds
Ds

+
l68
24

+
156
6

Acacia vomeriformis
Astrotricha ledifolia
Billardiera scandens
Brachyloma daphnoides
Danthonia pallida
Grevillea alpina
Hovea heterophylla
Leptospermum multicaule
Leucopogon virgatus
Monotoca scoparia
Poa sp .
Pultenaea procwnbens
Stylidium graminifolium

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

1
1
1
ll6
240
34
25
25
l
l
27
37
362

Acacia buxifolia
Daviesia mimosoides
Goodenia hederacea
Haloragis tetragyna
Hibbertia calycina
H. obtusifolia
Wah lenbergia sp .

Ich
Ich
Ich
Ich
Ich
Ich
Ich

Dianella revoluta
Lomandra filiformis
L. longifolia
Cirsium vulgare
Conyza floribunda
Crassula sieberana
Daucus glochidiatus
Hypochoeris spp.
Poranthera microphylla
Senecio quadridentatus
Sonchus asper

Ig
Ig
Ig

SHRUB

&

106

8

1

1

285

20

0

0

+
142
1

1
46
14

0
13
3

11
1

0
2
0

1
1
1
104
202
30
20
18
1
0
22
34
335

1
1
1
106
181
25
19
18
1

0
0
0
382
265
3
1
5
0
0
0
1
582

14
19
15
86
266
87
0

12
17
27
87
284
96

12
13
40
(132)
273
92

8

9
13
27

HERB STRATA

T
T
T
T
T
T
T
T

9
15

22
33
330

8
16
21

0
0
0
0
0
0
0
0

Unknown
Total no . quadrats

30

30

30

0
1
12
81
1
6
3

69
30
1
0
2

0
142
0
6
23
1
3
1

84

0
0
0
3
1
0
0
0
0
0
0
0
27

3

0
2
0

+
1
2
0

+
0
0
0

35
17
0
0

0
2
1

0
0
0
11
44
1
1
76
5
12
4

0
0
0

0

0

0

0
0
0
0

0
0
0
0

3

0

0

30

30

0

0

30

30
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SITE B
BURNT
.1973 - 1974
REG.
GROUP

NUMBER OF INDIVIDUALS
REGROWTH
SEEDLINGS
l
2
4
5

TREE STRATUM
.

Eucalyptus macrorhyncha
E. mannifera
..
E. ross1.,1.,
Exocarpos cupressiformis
SHRUB

&

Dr
Dr
Dr
Ich

+
+
+

+
+
+

51

8

30

1

1

1

89
59
1

65
31

13
15
39

69

38
14
249

0

0

0

HERB STRATA

Acacia genistifolia
Dillwynia retorta
Pimelea linifolia
Brachyloma daphnoides
Danthonia pallida
Dichelachne sciurea
Grevillea alpina
Hardenbergia violacea
Helichrysum collinum
Hovea heterophylla
Leptospermwn multicaule
Poa sp.
Pultenaea procumbens
Stylidium graminifolium
Acacia mearnsii
Daviesia mimosoides
Goodenia hederacea
Haloragis tetragyna
Helichrysum semipapposum
Hibbertia obtusifolia
Indigofera australis
Microlaena stipoides
Oxalis corniculata
Wahlenbergia sp.
Dianella revoluta
Lomandra filiformis
L. longifolia
L. multiflora
Aira cupaniana
Cirsium vulgare
Conyza floribunda
Crassula sieberana
Daucus glochidiatus
Gnaphalium spp.
Hypochoeris spp.
Poranthera microphyZZa
Senecio quaclridentatus
Sonchus asper
Vulpia bromoides
Total grasses
Unknown
Total no. quadrats

Ds
Ds
Ds

26
l2

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

23
l7
9-1
5

Ich
Ich
Ich
Ich
Ich
Ich
Ich
Ich
Ich
Ich
Ig
Ig
Ig
Ig
T
T
T
T
T
T
T
T
T
T
T

0
0

0

0
0

5

3
2

1

0

95
9l
89

74
95
72

0
63
148
171
56
9

4
98
160
104
27
10
1
1

2

0
0

+
+

3
3

+
222
1539
0
412
15
477
0
9

39
55

36
126
1

1
0
1

2

0

0

+

0
0
0

5
114
85
10
158
27

0
0
0

4

0

271
5

0

+

Dr, T

1n

1n

217
95
819
139
5
209
7

0

7

0

0

0

2

0

3
1
3

2
0

1
56

0
0

0

4

1
1

1
13
36
1
27
5
1
32
0

1803
5

470

~()

"')("\

0
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SITE B
BURNT
1974 - 1975

SPECIES

NUMBER OF INDIVIDUALS

REG.
GROUP

l

REGROWTH
2
3

SEEDLINGS
5
6

7

7

4

l

.l

0

0

64
31

58
24

4
2

38
14
145

29
3
49

3
3
160
88
732

3
1
96
65
462

2
3
34
0
0
3
31
7
77

134
5
202

101
4

0
2
0

+

+

7

6

3

3

1

0

1

1

13
36
16
6
1
l7

0
0
0
0
0
0
6

0
0
0
6
0
0
9

l

0

0

28

28

28

TREE STRATUM

Eucalyptus macrorhyncha
E. mannifera
E. rossii

Dr
Dr
Dr

+
+
+

+
+
+

Acacia genistifolia
Dillwynia retorta

Ds
Ds

18
10

0
0

Brachyloma daphnoides
Danthonia pallid.a
Dichelachne sciu:riea
Grevillea alpina
Hardenbergia violacea
Hovea heterophylla
Poa sp .
Pultenaea procumbens
Stylidium graminifolium

Dr
Dr
Dr .
Dr
Dr
Dr
Dr
Dr
Dr

20
l7
69

12
15
25
0

Acacia mearnsii
Daviesia mimosoides
Goodenia hederacea
Haloragis tetragyna
Helichrysum semipapposum
Hibbertia obtusifolia
Indigofera australis
Wah lenbergia sp .

Ich
Ich
Ich
Ich
Ich
Ich
Ich
Ich

Dianella revoluta
Lomandra filiformis
L. longifolia
L. multiflora

Ig
Ig
Ig
Ig

Conyza floribunda
Crassula sieberana
Daucus glochidiatus
Gnaphalium spp .
Hypochoeris spp .
Poranthera microphylla
Senecio quadridentatus

T
T
T
T
T
T
T

SHRUB

&

+
+
+

HERB STRATA

4
0
5
84
84
74

12
15
22
1

1
65
89
63

2
65
87
60

4

0
49
12l
l47
49
7
2
2

82
l30
86
27
8
1
3

4
82
249
(558)
65
9
1
4

39
36
0
0

36
95
1
2

43
86
1
2

0
0
0
0
0
0
0

l

Unknown
Total no . quadrats

25

25

25

0
0
0
0
0
2
0
0
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SITE B
UNBURNT
1973 - 1975

SPECIES

NUMBER OF INDIVIDUALS

REG.
GROUP

REGROWTH
2
3

.l

SEEDLINGS
5
6

7

66

13

5

3

34

1

0

0

18
1
4

7
0
1

5
0

0
0
1

54

13
11
12
8

2
1
7
6

0
2
4

0
1
7
0
0
0
0
0
0
0

5
1

0
7
1

+

+

4

TREE STRATUM

Eucalyptus macrorhyncha
E . mannifera
E. rossii
SHRUB

&

Dr
Dr
Dr

+
+
+

Ds
Ds
Ds

51

42

40

+

+

24

+

20

19

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

26
36
108
11
1
·4
1
93
26
35

20
31
98
10
1
6
1
63
23
27

21
39
85
10
7
1
59
22
42

5
53

2
2
6

Ich
Ich
Ich
Ich
Ich
Ich
Ich
Ich
Ich
Ich

l

2
44 ·
182
26
6

2
41
197
( 49)
9

0
24
13
34
0

8
4
8

1

1

4
0

3

l
l

0
0

+
+
+

HERB STRATA

Acacia genistifolia
Cassytha pubescens
DiZZwynia retorta
Brachyloma daphnoides
Danthonia paZZida
DicheZachne sciurea
GreviZZea alpina
Hardenbergia violacea
Hovea heterophyZZa
Melichrus urceolatus
Poa sp .
Pultenaea procumbens
Stylidium graminifolium
Acacia mearnsii
Daviesia mimosoides
Goodenia hederacea
Haloragis tetragyna
HeZichrysum semipapposum
Hibbertia calycina
H. obtusifolia
Indigofera australis
Oxalis cornicuZata
Wahlenbergia sp .
Cassinia aculeata
C. Zongifolia
Omphacomeria acerba
DianeZZa revoluta
Lomandra fiZiformis
L. Zongifolia
L. multi flora
Aira cupaniana
Cirsium vuZgare
Conyza floribunda
Crassula sieberana
Daucus glochidiatus
Gnaphalium spp .
Hypochoeris spp.
Poranthera microphylla
Senecio quadridentatus
Sonchus asper
Total ·grasses
Unknown
Total no . quadra ts

48
67
21
10
0
14
1
0
3

16
0

+
+
+

10
0
0
0

l

+

15

0

UK
UK
UK

l
l
.l

l
l
l

1

Ig
Ig
Ig
Ig

47
75
6
10

51
137
7
15

T
T
T
T
T
T
T
T
T
T

+
+

1
0

0
0
0

0
0
0

36
154
3
10

0
0
0
0

0
0
0
0

0
0
0
0
0
0
0
0
0
0

+
8
.14
1
4

10
51
l

561
5

Ich, T

255
30

0
0
0
0
0
0

0
2

30

30

0
0
0
0
1

2
0
33
0

0
0
0
0
0
0

l
l

9

0
13
0

8

8

2

25
0

30

30

30

3.0

1 -; 4

SITE C
BURNT
1973 - 1974

SPECIES

REG,
GROUP

NUMBER OF INDIVIDUALS
SEEDLINGS
REGROWTH
5
4
1
2

TREE STRATUM

Eucalyptus macrorhyncha
E. mannifera
..
E. ross-i-i
Exocarpos cupressiformis
SHRUB

&

Dr
Dr
Dr
Ich

+
+
+
0

+
+
+

0

137

61

134

42

2

1

370
1
172
8

293
0
150
7

13
102
15
19
3
17
3
2
10
154
108

9
74
4
7
2
14
2
2
2
106
39

HERB STRATA

Acacia genistifolia
Cassytha pubescens
Dillwynia retorta
Pimelea linifolia

Ds
Ds
Ds
Ds

66
0
15
0

Billardiera scandens
Brachyloma daphnoides
Danthonia pallida
Dichelachne sciurea
Grevillea alpina
Hovea heterophylla
Leptospermum multicaule
Leucopogon aff. fletcheri
Poa sp.
Pultenaea procumbens
Stylidium graminifolium

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

0
·13
24
33
9
5
2
2
25
10
2

9
21
13
0
0
2
0
12
5
3

Daviesia mimosoides
Goodenia hederacea
Haloragis tetragyna
Hibbertia obtusifolia
Wah lenbergia sp.

Ich
Ich
Ich
Ich
Ich

19
44
10
11

25
109
17
21

175
15
95
41
9

124
8
48
35
0

Dianella revoluta
Lomandra filiformis
L. longifolia

Ig
Ig
Ig

10
15
2

23
29
2

1
0
0

1

Cirsium vulgare
Conyza floribunda
Gnaphalium spp.
Hypochoeris spp.
Poranthera microphylla
Senecio quadridentatus
Vulpia bromoides

T
T
T
T
T
T
T

3
164
6
33
306
2
1

0
24
0
8
186
1
0

1

0

30

30

0

· O

0
0
0
0
0
0
0

Unknown
Total no. quadrats

30

30
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SITE C
BURNT
1974 - 1975
SPECIES

REG.
GROUP
l

NUMBER OF INDIVIDUALS
REGROWTH
SEEDLINGS
2
3
5
6
7

TREE STRATUM

Eucalyptus macrorhyncha
E. mannifera
E. rossii
Exocarpos cupressiformis
SHRUB

&

Dr
Dr
Dr
Ich

+
+
+

+
+
+

+
+
+

52

22

0

l7

.13

0

l

0

0

0
0

187
92

161
79

1
1

5
11
10
0

5
11
5

1
42
2
3

1
25
2
1

0

1
2

8
2
2

7
2
2

0
3
6
8
0
0
2
0

0

HERB STRATA

Acacia genistifolia
Dillwynia retorta

Ds
Ds

16
12

Billardiera scandens
Brachyloma daphnoides
Danthonia pallida
Dichelachne sciu:rea
Grevillea alpina
Hovea heterophylla
Leptospermum multicaule
Leucopogon aff .
fletcheri
Poa sp .
Pultenaea procumbens
Stylidium graminifoliwn

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

0
7
11
25
5
5
2
1

Dr
Dr
Dr

12
6
0

10
4
1

10
4
1

1
54
14

1
52
9

12
2
7

Daviesia mimosoides
Goodenia hederacea
Haloragis tetragyna
Hibbertia obtusifolia

Ich
Ich
Ich
Ich

9
27

19
84
11
19

19
113
(192)
17

79
4
31
22

67
1

1
0

+

+

20

0

Dianella revoluta
Lomandra filiformis
L. Zongifolia

Ig
Ig
Ig

1

1

3
2

0
0
0

Cirsiwn vulgare
Conyza floribunda
Hypochoeris spp.
Poranthera microphylla
Senecio quadridentatus

T
T
T
T
T

0
0
0
0
0

Total no. quadrats

7
9
0

14

0
0

2
0

7
6
2

14

3
5
3

14

14
5
128
1

2
2
1
0

17

17

1
0
0
0

0

17
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SITE C
UNBURNT
1973 - 1974

SPECIES

REG.
GROUP

NUMBER OF INDIVIDUALS
SEEDLINGS
REGROWTH
4
5
1
2

TREE STRATUM

Eucalyptus macrorhyncha
E. mannifera
E. rossii

Dr
Dr
Dr

+
+
+

+
+
+

93

9

32

1

Acacia genistifolia
Dillwynia retorta

Ds
Ds

77
10

61
7

30
9

18
2

Brachyloma daphnoides
Danthonia pallida
Dichelachne sciurea
Grevillea alpina
Hovea heterophylla
Leptospermwn multicaule
Leucopogon aff. fletcheri
Poa sp.
Pultenaea procumbens
Stylidiwn graminifolium

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

11
30
4
9
5
2
1
21
15
36

10
29
5
9
4
2
1
20
15
20

14
31
0
10
1
0
0
101
10
61

2
6

Daviesia mimosoides
Goodenia hederacea
Haloragis tetragyna
Hibbertia obtusifolia
Wahlenbergia sp.

Ich
Ich
Ich
Ich
Ich

24
80
53
2
0

22
249
70
3

6
51
21
2
2

2
15
2
1
0

Cassinia longifolia

UK

1

1

0

Lomandra filiformis
L. multiflora

Ig
Ig

15
3

25
5

0
0

Cirsium vulgare
Conyza floribunda
Crassula sieberana
Hypochoeris spp.
Poranthera microphylla
Senecio quadridentatus
Sonchus asper

T
T
T
T
T
T
T

SHRUB

r
1:

&

HERB STRATA

0
0
0
0
0
0
0

Unknown
1,,,

Total no. quadrats

30

30

4
0

7
3
6

13
30
7
41
65
6
2

0
2
0
1
4
2
0

4

0

30

30
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SITE C : UNBURNT
1974 - 1975

SPECIES

REG.
GROUP
l

NUMBER OF INDIVIDUALS
REGROWTH
SEEDLINGS
2
3
5
6
7

TREE STRATUM

Eucalyptus macrorhyncha
E. manni f era
E. rossii

Dr
Dr
Dr

+
+
+

+
+
+

+
+
+

Acacia genistifolia
Dillwynia retorta

Ds
Ds

57

44
l

Brachyloma daphnoides
Danthonia pallida
Dichelachne sciurea
Grevillea alpina
Hovea heterophylla
Leucopogon aff.
fletcheri
Poa sp .
Pultenaea procumbens
Stylidium graminifolium

Dr
Dr
Dr
Dr
Dr
Dr

5
22
2

5

24
2

6

6

3

Dr
Dr
Dr

Daviesia mimosoides
Goodenia hederacea
Haloragis tetragyna
Hibbertia obtusifolia

Ich
Ich
Ich
Ich

Cassinia longifolia

UK

l

Lomandra filiformis
L. multiflora

Ig
Ig

Hypochoeris spp .
Poranthera microphylla

T
T

0
0

SHRUB

I'

r

&

l

l

0

l

1

0

41
l

15

9

4
0

l
6

0
4

2
l

3
24
2
4
2
1

0
1
2
0
0
0

15
10
35

15
10
19

21
9
19

7
l
3

5
1
3

0
0
7

12
58
17
l

10
174
38
l

10
283
(45)

2
2

2
0

l

3
1
+
0

l

l

0

6

6

6

3

4

5

0
0

HERB STRATA

Total no. quadrats

l

l

14

14

14

2

0

1
0

14

14

14

SITE A
Pre
burn

SPEC I ES

Eucalyptus macrorhyncha
E. mannifera
E. r ossii

Daviesia mimosoides
Goodenia hederacea
Gnaphalium japonicum
Haloragi s tetragyna
Hibbertia calycina
H. obtusifolia
Oxalis corniculata

-

2

3

-

-

,·

-

Ich
Ich
Ich
Ich
Ich
Ich
Ich

4

-

_]_

-

-

25
119

l

8

-

-

.4
39

-

-

12

6

-

3

-

-

-

-

l
l

l

-

-

-

-

-

l

-

-

2

1

-

-

-

l

7
5
2

-

-

-

3
1

-

2
2

-

34
1

18
5

Pre
burn

s

trj

s

L

H

.l

:><

-

_]_

.l

,J:::,.

_]_

r3
0

-

3

_]_

_]_

-

3

-

-

rt

Pl
f-l
(/)
(D
(D

OJ

-

-

-

3

-

2

15

-

-

3

l

l

-

-

.l

_18

-

_]_

54

.l

_]_

-

_]_

-

-

-

-

2

-

-

-

-

-

-

1

-

4

l

-

-

l

2

1

7
17

10
12

5
28

-

3
8

21
3

-

-

-

l

-

-

l

-

~

""d
""d

s

-

-

-

Post
burn
L

-

-

-

-

2

-

-

-

-

-

-

L

.l

-

-

s

.l

-

2

L

3
l

-

-

s

L

-

SITE C
Post
burn

-

.l
4

-

-

Pre
burn

-

-

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

s

L

-

!I
Ds
Ds
Ds

Post
burn

-

E

Acacia genisti fo l ia
Dillwynia retorta
Pime l ea Zinifolia
Billardiera scandens
Brachyloma daphnoide s
Danthonia pallida
Dichelachne sciurea
Epilobium cinereum
Grevillea alpina
Hovea heterophylla
Leptospermum multicaule
Paspalum dilatatum
Poa sp .
Pulteno.ea procumbens

s

GROUP

SITE B

-

-

LQ

-

g

(D

I-'·

::s

Pl

rt

I-'·

0

-

::s

-

I-'·

::s

rt

::r'

(D

LQ

f-l

Pl
(/)
(/)

-

-

l

-

::r'
0

~
(/)
(D

22

l
l
f-l
-..J

co

APPEND IX 4 (c ont.)

SITE A

SPECIES

GROUP

Juncus subsecundus
Aira cupaniana
Cirsium vulaare
v
Conyza floribunda
Crassula sieberana
Cyperus sanguinolentus
Hypochoeris spp .
Lactuca serriola
Poranthera microphylla
Senecio quadPidentatus
Sonchus asper
Vulpia bromoide s

Pre
burn
S
L

Post
burn
S
L

Ig
T
T
T
T

4

-

-

-

2
31
.1

J_

-

-

T
T
T
T
T
T
T

-

-

-

SITE B
Pre
burn
S
L

-

-

-

6

-

-

.1

-

l

.1

-

-

l

-

-

4
2

.1

4

5
46
4

2

4

-

.1
3
27

-

-

4
7

-

4

l
.1

J_

-

-

L

-

-

l

Pos t
burn

S

-

4
.12

-

Pre
burn

-

.15

-

-

Post
burn
S
L

24
4
22
12

-

4

SITE C

2

6.1

-

-

S

L

-

l

9

1

.1
4
J_

8
5
5

.1

l

Unknown
1

Date of sampling

15.12.72

S = soil samp l e s;

2 .2.73

8 . .12.72

18.1.73

.12.12.72

2. 2 .73

L = litte r sampl e s

I-'
-..J
1..0

1 80

APPENDIX 5.

Mortality of cotyledon stage seedlings

CAUSE
OF
DEATHj

SPECIES

Eucalyptus rossii
E. mannifera subsp .
maculosa

D

F
G

Total Killed

E. macrorhyncha

% o f Tota 1

SITE A
B
UB

8
29
5

22

185

265

.

Killed

SITE B
B
UB

2

92

D
F

9
5

16
7

13

1

4

24

G

10

2

2

3

9
6
2

98

43

53

76

86

D
F
35

G

Total Killed

DiZZwynia retorta

77
D

1

F

4

G

21

149

Total Killed

Daviesia mimosoides

D
F

6

4

32

G

9

16
18

273

51

Total Killed
D

Danthonia paZZida

4

5

26

5

207

236

F
G

Total Killed

1 - D = desiccation;
insects;

SITE C
B
UB

22
24

6
9

Total Killed

Acacia genistifolia

2

F = fungal disease;
G = grazing by
Cause unknown= ioo-% (D+F +G).

2 - Figures given only where total killed)>- 50.

1 81
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5.1

INTRODUCTION

For many plant communities in which recurrent fires havt been a
natural part of their ecological history, the floristic composition of
the vegetation developing immediately after a burn is often determined
by the makeup of the preburn community.

As discussed in Chapter 4,

although changes in the species composition often appear to occur, both
in the initial regeneration (compared with the vegetation before burning),
and with increasing time after the fire (so-called pyric succession), such
changes are commonly related to differences in the method of species'
regeneration, the growth rates of ~eedlings and sprouts, and the life-span
of the plants.
In a review entitled 'Fire and the Austr2lian Flora', G 11 (1975)
stressed that in the long term, the effect of burning on a plant c ommunity
should be assessed in terms of the fire type, intensity , fr equency and
season of occurrence which together form the fire regime affecting the
community.

Plant species may become adapted to a particular fir e regime

if the components of the latter promote the regeneration of the

pecies.

Hence for any such species, there will be a set of behavioural t r aits
defining its adaptation to the fire regime.
It is apparent that a number of the traits described for various
species by Gill are similar to the life cycle characteristics, d ~scussed
in Chapter 1 and summarized in fig 1.1, which are important in i r fluencing
the recovery of a community after a disturbance such as fire.

I i these

characteristics are known for the component species of a communit y , it
should be possible to predict the effects of varying fire regime ~ on the
community regeneration.

While such data is rarely available for all the

species in a community, limited predictions should still be feasable on
the basis of only a few species, for example those dominant in
vegetation.

1e preburn
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During the study of the dry sclerophyll vegetation on Black
Mountain, many of the behavioural traits of the three species dominant
in the tall shrub stratum became evident.

In the following sections

the life cycle characteristics of these species will be discussed in
more detail.

On the basis of their regenerative strategies, a general

model will be proposed which describes the probable changes in floristic
dominance and physiognomic structure during the pyric regeneration of a
community initially dominated by all three of the species.

The model

will then be used to predict the effect of varying fire regimes on species
dominance in the community.
'

I·
5.2

DESCRIPTION OF SPECIES

5.2.1

Daviesia mimosoides R.Br. (Family Papilionaceae)

Individual plants may grow to 2m in height and are often multi stemmed at the ground level.

The leaves are simple, oblong-ellipti c al

or lanceolate, 4 - 8cm long and 1cm wide.
raceme containing 5-10 flowers.

The inflorescence is a

The racemes occur in the axils of

leaves along the length of shoots.

Bud development commences in

September, and the flowers begin to open in October.

The fruits a r e

triangular in shape, 7-lOmm long, and shortly stipitate.

Each pod

contains 1-2 kidney-shaped seeds which possess a small persistent aril
(elaiosome).

The fruits ripen in mid to late December; as the pods d r y

out tension is set up in the valves causing an explosive dehiscenc e
mechanism when the sutures split apart, thus scattering the se e ds up
to lm from the parent plant.
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5.2.2

Dillwynia retorta (Wendl.) Druce var phyli aides (A. Cunn .)
J. Thompson (Family Papilionaceae)

The shrubs grow to lm in height, have a single stem at ground
level, and often become spindly and semi-prostrate when old.

The

leaves are simple, 3-8mm long, linear-terete, chanelled above and
spirally twisted.

Flowers develop in clusters at the end of shoots;

the buds appear during July and August, and flowering occurs from late
September through October.
contain
aril.

The fruits are ovoid, 5-6mm long, and

1-2 kidney-shaped seeds which each have a small, persistent
The fruits ripen in late December; after the valves dry out and

sep arate, the seeds are often retained in the pod for several weeks
before being shaken to the ground below the parent plant.

5.2.3

Acacia genistifolia Link (formerly A. diffusa Lindl.)
(Family Mimosaceae)

The shrubs are single-stemmed at ground level and grow to 2r •
in height.

The phyllodes are 1.5-3.5 cm long, l-2mm wide and end in a

short mucro.

Each inflorescence consists of 10-15 flowers in a globular

head which is supported by a slender peduncle slightly shorter than the
phyllodes.

The heads occur singly, paired or in threes in the axils of

the phyllodes.

Buds may appear as early as March and April, and the

flowering period extends from June to September.

At maturity the pods

are 8-12cm long, 5-7mm wide and contain up to 10 seeds.
a long , persistent aril folded at one end.

Each seed h as

The fruits ripen in earl, ·

January, with the valves splitting along both sutures and twisting a ~
they dry out.

The seeds often hang from the valves by the aril for some

time before being shaken loose and dropping to the ground below.
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REGENERATIVE STRATEGIES OF

5.3

DAVIESI A, DILLWYNIA

AND

ACACIA

The different life-cycle features and behavioural responses to
burning which characterise the regenerative strategies of

Dillwynia

and

Acacia

Davie sia,

are summarised in Table 5.1.

Although the species are all perennials, the life-span of their
shrubs differ.
for

Daviesia

Dillwynia

Gill (1975) estimated an approximate longevity of 15 years

plants, and observations on Black Mountain indicate that

is shorter-lived, and

longevity of

Dillwynia

and 20-30 years

and

Acacia

Acacia

longer-lived, than

Davie sia .

The

plants in the area is probably 10-15

(respectively).

In mature stands of each species, the plants are capable of
relatively high rates of annual seed production (Appendix A).
data suggest higher levels of seed-input for
for

Dillwynia.

Acacia

and

The

Daviesia

than

However, it is stressed that the data represent a single

flowering season only, and the parameters measured may show considerabl e
annual variation.

Most of the seeds of the three species posses s hard

testas and are unable to germinate until softened either through natural
aging or the influence of factors such as fire.

After release from the

parent plants, these seeds remain ungerminated in the litter, and with time,
become incorporated into the soil.

The activity of harvestor ant s

collecting and storing the seeds may be an important mechanism by which
the seeds become buried (Berg 1975), since they will remain in the
potentially germinable seed-pool provided the depth of burial does not
exceed the maximum limits for seedling emergence.
The seed longevity of each species is not known.
noted that

Daviesia

seeds probably persist in the s oil 'beyond the life -

span of the individual producing it'
(1908) reported that

Gill (1975)

Acacia diffusa

(approximatel y 15 years).

Ewart

seeds artificially stored fo r 57-5 9

years showed 9-10% germination, and postulated that the hard s e eds o f

- --~ =

Table 5.1

SHRUB LONGEVITY

Important features of the regenerative strategies of

Daviesia~ Dillwynia and Acacia 1

Daviesia mimosoides

Dillwynia retorta

Acacia genistifolia

15-20 years

10-15 years

20-30 years

(estimate)
ACCUMULATION OF SEED RESERVES (Sl)

2

.
3
See d input

. mature stand s 4
Pro l i.f.ic in

Seed longevity

Seeds of all species have hard testas and probably are able to remain viable while

High in mature stands

Prolific in mature stands

stored in the soil for several decades
Seed predation
predispersal

3

Inflorescences often

Some grazing of buds by

Negligible grazing of

hea~ily grazed by insects;

insects; high incidence

inflorescences; moderate

low incidence of seed

of seed parasites

incidence of seed parasites

parasites
postdispersa1

5

Seeds of all species are collected by harvestor ants;

maximum transport distances

are probably less than 6m
SIZE OF GERMINABLE SEED POOL (S2)
Seed accumulation

Seeds accumulate in the soil with time and are unable to germinate until the testa

N
0
~

hardness is broken

Table 5.1 contd

Daviesia mimosoides

Dillwynia retorta

Acacia genistifolia

' In situ' germ-

Small amount from seeds

Small amount from seeds

Small amount from seeds

ination in absence

naturally soft at seed-

naturally soft at seed-

naturally soft at seed-

fall

fall

fall or partially damaged

of fire

3

by seed parasites
SEED REGENERATION AFTER BURNING
Size of gerrninable

Seeds in litter destroyed unless fire of very low intensity;

seeds in soil remain

seed pool (S2)

viable depending on their tolerance of heat stress and depth of burial

Seed germination

Stimulated by fire

Stimulated by fire

Stimulated by fire

(13-37 fold)

(12-28 fold)

(10 - 14 fold)

INITIATION OF SEED PRODUCTION IN SEEDLINGS
Primary juvenile
. d4
perio

Seedlings of all species show limited seed-set in third growing season after germination

VEGETATIVE REGENERATION AFTER BURNING
Buried buds present;
plants able to produce

Buried buds absent;

plants unable to produce

vegetative regrowth

vegetative regrowth
INITIATION OF SEED PRODUCTION FROM REGROWTH
Secondary juvenile
4
period

Limited seed-set in firs t
season of growth; prolific
seed-set in second season
N
0
Vl

-----------

Table 5.1 contd

Notes:

1

Table based on data of the author unless shown otherwise

2

Letters indicated in brackets refer to the appropriate boxes
in fig. 1.1

3

See appendix A

4

Gill 1975

5

Berg 1975

[\.)

0
(j\
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many leguminous species may remain viable in the soil for 150-250 years.
It thus seems likely that the buried, hard seeds of

Acacia~ Daviesia and

Dillwynia may remain viable for at least several decades, and considerable
quantities of them could accumulate in the soil over this period.
In the absence of fire, some seed germination occurs.

On Black

Mountain, seeds in the litter which were either naturally soft at seedfall

(see Appendix A), or in which the testa had been pierced by insect

parasites, often germinated soon after their release from the parent
plant, although the seedling survival rate was usually low.

The extent

to which buried hard seeds became soft and germinated is not known.
I

l·

During a fire, most of the seeds in the litter are destroyed,
but those in the soil retain their viability depending on the depth of
burial and the fire intensity.

The heat of the fire effectively breaks

the testa hardness, and the seeds of each species germinate when
environmental conditions become favourable.

The monthly germination

patterns observed during the study (tig. 5.1) indicated that some

Daviesia and Acacia seeds were able to germinate after burning as soon
as adequate moisture was available.

However, the germination of

Dillwynia was restricted to winter; preliminary germination trials of
the author and P. Price (pers. corrun.) suggest the seed germination of
this species may be governed by some form of physiological dormancy.
Because of the germination stimulus of the fire, the postburn
seedling densities of each species may be considerably higher than the
preburn densities of the mature plants (table 5.2) despite seedling
mortality, which is generally highest in the first year after germination.
In the study, populations of seedlings were depleted differentially in
the first year after burning due to species' differences in the susceptability of their seedlings to the various factors found to cause
mortality (see lower portion of fig. 5.1).

Dil lwyni a seedlings were the
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r

least tolerant of grazing by insects, and

Davie s ia s e e dling s the mos t

susceptable to fungal disease.

TABLE 5.2

Average density of dominant sp ec i es
before and after burning

DENSITY

1

(Plants/rn 2 )

SITE A
Species

2

Orn

Dr

SITE C

SITE B
Ag

Orn

Dr

Ag

Orn

Dr

Ag

Preburn

0.7

3.9

1.1

0.3

0. 6

0 .4

0. 4

1. 5

One year
postburn

0.6

36.9

13.1

2.8

6. 1

11.8

14. 0

28 . 0

Two years
postburn

0.5

31.4

9.7

2.2

5. 7

10. 6

12 . 5

25 .5

1

Preburn:
Postburn:

2

Dm

average density of mature p l ants
average density of seedl ings

= Daviesia mimosoides

Dr=

Dillwynia r etor ta

Ag=

Acacia genistifolia

The replenishment of the soil seed reserves from seedlings
reaching sexual maturity commences 3-4 years after b u rn i ng .

Al though

the seedlings of each species were found to s e t only limi ted amounts
of seed in the third growing season after burn i ng , the seed production
of four-year-old plants was considerably higher.
Of the three species, only

I

Daviesia p o ss e sses b u ried buds which

enable the plants to produce vegetative regrowth from sur viving root stocks after a fire.
suckers, the size of

Because of the capacity of t he p la nts to deve l op

Daviesia populations may 1 n fact i ncrease after

burning by such vegetative rnul tiplication irre spective o f seedlir:g
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regeneration.

The rootsprouts are capable of rapid growth during the

first growing season, and their survival rate is high.

In the study,

the sprouts showed limited seed-set during the first growing sea s on,
and high seed-s~t in the second growing season after the fires.
soil seed reserves of

The

Daviesia may thus be replenished rapidly.

As was noted in chapter 4,

Daviesia may be termed a facultative

root regenerator, since it can recover after burning both by vegetative
regrowth and by seed germination.

Dillwynia and Acacia~ which rely

entirely on seed germination for their perpetuation, are obligate seed
regenerators.

5.4

A MODEL OF PYRIC REGENERATION

Following the burning of a plant community in which

Davie sia~

Dillwynia and Acacia are co-dominant in the tall shrub stratum, all
three could potentially re-establish themselves after a fire.

On the

basis of the regenerative strategies discussed in the previous section,
a general model has been constructed describing the various changes in
dominance which could be expected during the initial stages of pyric
regeneration, and with increasing time in the absence of further fires.
As schematically summarised in fig.5.2, this process of vegetation
redevelopment proceeds as a series of intergrading phases which can b e
described as follows:
PHASE 1. The community which develops immediately after burning will
contain all three of the species which were co-dominant in
the tall shrub stratum prior to burning.

Each species will

be represented by seedlings which have developed from seeds
present in the soil at the time of the fire.

Although some

seeds may be introduced after the fire from adjacent unburnt
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areas by ants, the transport distances are generally small
(table 5.1), and such seed input would probably be of minor
significance except around the margins of the burnt areas.

Daviesia

would additionally be represented in the initial

regeneration by vegetative resprouts which had developed from
buried buds on surviving rootstocks.

The regenerating

vegetation would appear to be dominated by

Daviesia~

whose

rapidly growing resprouts would be initially much larger than
the more slowly growing seedlings.

Thus, although the seedling

densities of each species may be much higher than the

Daviesia

sprout density, the seedltngs would tend to remain visually
insignificant.

During phase 1, seed reserves of

Daviesia

would begin to accumulate in the litter because of the ~hort
secondary juvenile period of the species.
PHASE 2: With increasing time, as the seedlings grow and become ~ore
comparable in size to the

Daviesia

resprouts, the rege11erating

vegetation will regain its preburn floristic appearance.

All

three species will be represented by high density, even-aged
populations and will appear to be co-dominant in the c o rrununity.
Although the soil seed populations of each species will build
up during phase 2, the reserves of
accumulate at a faster rate than

Acacia 3

Daviesia
those of

will probably

Dillwynia

and

since the latter species will only derive seed-input

from seedlings.
PHASE 3: As the postburn generation of

Dillwynia

plants reach the

limits of their life-span and begin to die

(after 10-15 years),

the community will appear to be dominated by

Acacia.

Daviesia

and

The total density of tall shrubs will be reduced due

to the loss of

Dillwynia

plants, but the stratum will still

retain its even-aged appearance.

Seed reserves of

Daviesia
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and

Acacia will continue to accumulate in the soil.

PHASE 4: After 15-20 years, as the Daviesia plants begin to die, the tall
shrub stratum will appear to consist predominantly of even-aged

Acacia populations, although the total density of plants in
'.

the stratum will again be reduced.

The soil seed reserves

of Acacia will continue to build up during this phase.
PHASE 5: Eventually the postburn populations of Acacia will die as the
plants reach the end of their life-cycle.

During this phase,

all three species will probably be present, although at greatly
reduced densities, due to the germination of naturally soft or
partially damaged seeds from ppase two onwards.

Although such

seedling input from naturally soft seed would be similar for
each species, Acacia seedljngs may be more abundant due to a
slightly higher germination rate from insect-damaged seeds.
In the phase 5 community, the three species would each have an
uneven-aged population structure which would be maintained in
the absence of fire.

The seedling input may increase with time

as hard seeds in the soil become soft through natural aging, and
germinate if environmental conditions are favourable.

It is

also possible that many such seeds would be buried too deeply
for the seedlings to emerge.

These seeds would be effectively

lost from the germinable seed-pool together with older buried
seeds losing their viability.
It is obvious from this model that the vegetation changes after
burning essentially follow an initial floristic composition pattern of
regeneration.

Species dominant in the various postburn regenerative phases

are present in the vegetation which develops immediately after burning, and
are the species which were dominant in the community at the time of the fire.
Apparent changes in floristic dominance in the postburn community are
the result of variable sprout and seedling growth rates, and of
differences in the shrub longevity of each species.
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5.5

THE EFFECT OF DIFFERENT FIRE REGIMES ON THE SPECIES REG ENERATION

In the following sections, the effect of variations in the maJor
components of the fire regime are discussed in
regeneration of

Daviesia, Dillwynia

and

Acacia.

relation to the
Although the components

are considered separately it should be noted that they are not independent
parameters.

For example, both the fire frequency and season of burn

affect the fire intensity. Fires tend to be hotter at low compared with
high burn frequencies due to the greater quantities of fuel which are
present under the former conditions.

On Black Mountain, summer burns

also tend to be of higher intensity than fires in winter, when temperatures
are lower and the fuel moisture content generally higher.

5.5.1

(a)

Fire intensity and duration

Size of the germinable seed reserves

Although most of the seeds in the litter will be combu ste d
or killed by heat stress during a fire, buried seeds are more likely
to survive because of the insulating properties of
section l.6.2b).

the soil (see

In fires of high intensity, seeds near the soil

surface may be killed, but those buried more deeply will probabl y remain
unharmed.

Thus, although the number of viable seeds in the soil will

decrease as the fire intensity increases, the seed reserves of the
three species will probably be depleted to a similar extent.

(b)

Seed germination

As outlined previously, fire stimulates the germinatio n of
the hard seeds of each species.

Gill (1975) not e d that while h o t
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fires may stimulate the germination of the buried, hard seeds of

Daviesia and so result in an increased plant density, light fires may
fail to have this effect.

The data of Davis

et al (1975), however,

showed increased seedling densities for fires in both their 'low'
kw/m) and 'high'

(730-2190 kw/m) intensity ranges.

(1-365

Similarly, in this

study, increased seedling densities were recorded for all three species
in burnt plots over the range of fire intensities encountered (50-4200
kw/m).

Thus the germination of the hard seeds of each species is

stimulated by relatively low as well as high intensity fires.
When working in wet sclerophyll forest with three weed
species, two of which were legumes with hard seeds, Floyd (1966) found
that the germination of each was stimulated by fire.
-

However the relative abundance of each species varied after fire s of
different intensity and duration due to differences in the thermal
tolerance of their buried seeds and the maximum depths from whicb their
seedlings could emerge.

It is possible that fires of different

intensities could differentially affect the germination of

Daviesia,

Dillwynia and Acacia in a similar way, and so lead to shifts in their
relative dominance after burning.
this study, nor of Davis

Although neither the field data of

et al (1975), showed any such clear trends

which could be related to fire intensity, such effects may have occurred,
but have been obscured by the influence of other factors affecting
seed germination and seedling survival.

(c)

Vegetative regeneration

In this study, the vegetative multiplication of

Daviesia after

burning was highest where the plants were initially 9-11 years old and
the fires of low to medium intensity (50-2100 kw/m), and lowest where
the fire intensity was higher (4200 kw/m) but the plants initially much
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older.

Thus, while the ability of

Daviesia plants to recover by

vegetative regrowth may be reduced as the fire intensity increases
and imposes more heat stress on the buried buds, for a fire of a given
intensity, the plants may also be less able to produce regrowth as they
age.

Old, degenerate individuals may be killed (Gill 1975), possibly

even by relatively low intensity fires.
Although in this study no

Acacia or

by vegetative growth after burning, Davis

Acacia

Dillwynia plants recovered

et al.

(1975) reported that

Acacia plants lack

plants were able to produce resprouts.

buried regenerative buds, but lateral buds on the sterns may develop
new growth after fires of extremely low intensity in which some of
the aerial parts of the plants remain alive.
for the observation of Davis

5.5.2

Such growth could account

et al.

Season of burn
a)

Seedling regeneration

Because of the differences in the germination pattern of each
species and the vulnerability of their seedlings to various factors
causing mortality, it seems likely that the season of burning could
differentially affect the seedling regeneration.
As noted earlier, the monthly germination data of the species
suggest that while
and

Dillwynia germination is restricted to winter, Daviesia

Acacia seeds can probably germinate at any time of the year after

a fire so long as adequate moisture is available.

It could thus be

predicted that a spring burn would favour the regeneration of
and

Acacia

Daviesia, since their seedling- populations would have a considerable

growth advantage over those of

Dillwynia, whose seed germination

may be delayed for possibly six months.

Summer and autumn burns
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would have less effect as the time difference between the germination
of each species would be less pronounced.
(1975), which shows reduced
but increased densities of

The data of Davis

et al.

Dillwynia densities after spring burns
Dillwynia and Daviesia after summer burns,

provide some support for this hypothesis.
It was indicated in fig. 5.1 that the factors most likely to
cause seedling mortality during the first year after germination show
seasonal variation.

The time of year at which a fire occurs will

influence the extent to which large numbers of vulnerable, young
seedlings of each species are present when the factors promoting
seedling death are likely to be the most severe.

Since the species

show varied susceptability to these factors, the season of burn
may cause selective depletion among their seedling populations.
It should be noted that for fires

in a particular season, the

species' regeneration will probably show annual variation related to
differences in the environmental conditions experienced after burning.
For example, it could be predicted that following a summer burn, if
drought conditions occurred periodically in autumn but winter remained
relatively free of frosts,

Dillwynia would suffer least from seedling

mortality because of its restricted germination period.

In contrast,

if the moisture regime during autumn were continually favourable
for germination and survival, but winter was characterised by severe
frosts,

Dillwynia seedling populations would probably be depleted to

a greater extent than those of

Acacia and Daviesia.

The combined effects of the fire intensity, season of burn, and
chance environmental conditions from year to year, may either favour or
suppress the seedling regeneration of each species.

Although it

could by hypothesized that shifts in species dominance are likely to
occur after burning, the exact nature of the shifts would depend on
the particular set of conditions applicable for the fire.

It may
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be difficult to predict these shifts accurately, for although the
fire intensity and season of burn can be controlled to a certain
extent, the postburn environmental conditions will always remain a
maJor unpredictable factor.

b)

Vegetative regeneration

It is known that for plants showing seasonal variation in
food reserves or in the activity of dormant buds, the season
of burn often affects the commencement of regrowth (see section l.7.3b).
The initial growth advantage of

Daviesia resprouts over Acacia and

Dillwynia seedlings may thus be influenced by the season of burn,
which would in turn affect the length of the regenerative phase 1 when

Daviesia appears to dominate the community.
Although environmental conditions after burning may cause
annual variation in sprout survival after fires in a given
season, it is likely that the sprouts will be less affected than the
more vulnerable seedlings.

In the study,

Daviesia sprouts showed

95-100% survival during the first year after burning compared with
seedling survival rates of 70-80% for all species.
of the season of burn,

Thus, irrespective

Daviesia will probably always tend to dominate

the initial stages of regeneration.

5.5.3

Fire frequency

Using the model outlined in fig. 5.2 and discussed in section
5.4, the effect of different fire frequencies on floristic dominance
in the regenerating communities may be predicted as follows.
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a)

High fire frequency (once every 3 years or less)

If a mixed community of

Acacia, Dillwynia and Daviesia was

burnt while at phase 1, the regenerating vegetation would consist
mostly of

Daviesia sprouts and suckers, with some Daviesia seedlings

developing from seeds released from the regrowth produced after the
previous burn.

Since the primary juvenile period of

Dillwynia and

Acacia is the same or longer than the inter-fire period, the soil seed
reserves of these species would not have been replenished.

I.

Although

a few seedlings may develop from seeds which had remained ungerminated
after the previous fire, the species would be sparesly represented.
Thus, several fires three years apart could lead to the elimination of

Dillwynia

and

Acacia, and the community would be dominated by Daviesia.

This state of monospecific dominance would tend to persist, even in the
absence of further fires, since there would probably be little
introduction of

Acacia

and

Dillwynia

particularly if the area dominated by

b)

seeds from external sources,

Daviesia was large.

Medium fire frequ~ncy (once every 5-10 years)

The burning of a phase 2 community would result in the
perpetuation of all three species at high densities since considerable
quantities of their seeds would be present in the soil at the time of
burning.

The

Daviesia plants would be able to produce vigorous vegetative

regrowth in addition to seedlings.

Shifts in the relative dominance of the

species would probably occur after each burn depending on its intensity,

I.

season of occurrence and the postburn environmental conditions.
Such shifts were observed after the fires in the phase 2 communities
studied on Black Mountain (table 5.3), with

Dillwynia increasing its
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I

Daviesia at Site A, and both Daviesia and

position relative to

Acacia becoming more predominant at site B.

TABLE 5.3

Ratio

1

of dominant species before
and after burning

SITE A

.
2
Species

Dm

Dr

Preburn

1.0

One year
postburn
Two years
postburn

1

Ag

SITE B

SITE C

Dm

Dr

Ag

Dm

Dr

Ag

5.6

5.0

1.0

2.0

1.0

1.0

3.8

1.0

28.4

5.5

1.0

2.2

1.0

1.1

2.2

1.0

26.2

5.5

1.0

3.0

1.0

1.1

2.2

Preburn:

ratio of mature plants

Postburn: ratio of seedlings (Dr, Ag) or seedlings
and regrowth (Dm)

2

c)

Dm

=

Daviesia mimosoides

Dr

=

Dillwynia retorta

Ag

=

Acacia genistifolia

Low fire frequence (once every 15-40 years)

The burning of phase 3, 4 or early phase 5 communities would
lead to the regeneration of all three species in high densities, even ,
though prior to burning, one or other species may appear to be absent
from the community due to the chronological age of . development of the
vegetation.

The data from the early phase 5 community studied on

Black Mountain (table 5.3, site C) provides field evidence for this
phenomenon.

Although the longer-lived

Acacia

was abundant in the

preburn vegetation, its position of relative dominance was diminuished
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after burning due to the high seed germination of all three species.
At low fire frequencies Daviesia plants may show less
vigorous vegetative regrowth since the individuals would be older
at the time of burning.

d)

Very low fire frequency (less than once every 40 years)

Following a fire in a late phase 5 corrununity, all species
would probably be present at increased densities provided the buried
seeds remained viable.

The regenerating corrununity would tend to become

dominated by the species whose seeds were the most abundant in the soil,
the longest-lived, which possessed the greatest tolerance of heat
stress or were able to emerge from the greatest depths.

Acacir ~ with

the largest seeds and thus possibly the greatest seedling emergence
depth, and with the longest time for seeds to accumulate in th ~ soil,
may be favoured by such a burn frequency.
Although dry sclerophyll vegetation under natural conditions
in Australia tends to be burnt at frequencies in the medium range
(McArthur 1970), it can be seen that if an artificial fire
frequency is imposed, the species composition or physiognomic structure
of the vegetation may be altered considerably.

5.6

GENERAL DISCUSSION AND CONCLUSIONS

Plants growing in corrununiti es subject to periodic di s turbance by fire may be grouped according to their manner of reestablishment afte r burning.

Naveh (1975) classified species as

obligate seed regenerators, obligate root resprouters or facultative
root resprouters depending on whether they regenerated from se e dlings
alone, vegetative resprouts alone, or a combination of resprou ts
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and seedlings.

As discussed in chapter 2, root resprouters

may further be classified as increasers or decreasers on the basis
of their ability or inability to increase their population size by
vegetative multiplication.
During the initial stages of regeneration after a fire,
the recovery of a community appears to be influenced most by the
fire intensity and season of occurrence.

In the short-term, species

with similar regenerative strategies may respond differently to these
two components of the fire regime because of differences in such factors
as the growth rates of their seedlings and sprouts, or the requirements
for seed germination and seedling survival.

Over a longer period of

time, community regeneration is probably affected more by the fire
frequency, but species with similar regenerative strategies should
respond in broadly similar ways.
In the dry sclerophyll vegetation on Black Mountain, it
could be predicted that at high fire frequencies, obligate seed
regenerators such as

Dillwynia retorta, Acacia genistifolia and

Pimelea linifolia will be eliminated from the community.
species of facultative root resprouters, such as

Decreaser

Pultenaea procwnbens,

Grevillea alpina and Leptospermum multicaule, may similarly be
eliminated if the interfire period is too short to allow the buried
organs of young plants to develop regenerative buds or become old
enough to withstand heat stress.

With a high burn frequency,

increaser species of facultative root resprouters (such as

Daviesia

mimosoides and Goodenia hederacea) and obligate root resprouters
(such as

Dianella revoluta and Lomandra spp.) would be favoured.

The presence of both obligate seed regenerators and decreaser species
in these communities indicates that under natural conditions the
fire frequency has rarely, if ever, been as high as once every three
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years.

Davis (pers comm.) considered that it would take four to

five years to accumulate sufficient fuel in this vegetation to
support another fire under normal conditions.
If subject to a low burn frequency, the obligate
seed regenerators would tend to disappear from the community,or be
present only at very low densities, since their seeds are mostly unable
to germinate under long-unburnt conditions
out the stimulus of fire

(P. linifolia) or with-

(A. genistifolia, D. retorta).

There would

also be an apparent loss of the decreaser species of root resprouters if, in the absence of burning, the plants failed to be replaced
at their original high densities as the first generation of postburn
plants died.

Longer-lived species, such as the tussock grasses

Danthonia pallida and Poa

sp., would be more likely to persist at

high densities in the community between successive burns.

The

increaser species of root resprouters which multiply vegetatively in the
absence of fire (such as

D. revoluta, Lomandra spp., and G. heder acea),

would tend to be predominant in the understorey.
On the basis of their strategies of regeneration after fire,
the following general predictions may be made about species present
in dry sclerophyll communities and other vegetation types subject
to periodic burning:

1)

High fire frequencies.

Obligate seed regenerators will be

eliminated if the interval between successive fires is less than the •
primary juvenile period of the species.

Similarly, decreaser

species of obligate or facultative root resprouters may be eliminated
if the inter-fire period is less than the time taken to develop
buried regenerative buds able to withstand heat stress.

Obviously,

r
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the latter period and the primary juvenile period will vary widely
between herb, shrub and tree species.

Increaser species of obligate

and facultative root resprouters could be expected to persist at
high burn frequencies.

2)

Intermediate fire frequencies.

So long as viable seeds and/or

living, buried vegetative organs remained after burning, all species
would be retained in the vegetation regardless of their regenerative
strategy.

The root resprouters with the fastest sprout growth

rates would probably achieve physiognomic dominance in the initial
regeneration.

With increasing time after burning, the gradual loss

of obligate seed regenerators and decreaser root resprouters could
be expected if, in the absence of fire, their seeds are unable to germinate and/or their plants are unable to maintain their presence through
vegetative regrowth.

The rate of loss of species would depend on

plant longevity, and would vary widely depending on the relative
contributions of herb, shrub and tree species to the community.

3)

Low fire frequencies.

Species retained in the vegetation

would be those with the longest life-span regardless of regenerative
strategy, increaser species of obligate and facultative root
resprouters, and any obligate seed regenerators or facultative
root resprouters whose seeds are able to germinate in the absence
of fire and under the conditions found in long-unburnt vegetation.
Changes in species composition with time (so-called pyric succession),
would occur with the gradual loss of species from the aerial vegetation.
While the influence of fire frequency on community structure
and composition has been recognised for various types of vegeta tion
in Australia (e.g. Jackson 1968, Hodgson and Heislers 1972, Howard 1 9 73,
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Christensen and Kimber 1975), and a decrease in the number
of species with increasing time often noted (e.g. Zimmer 1940,
Gilbert 1959, Specht

et al.

1958), information pertaining to the

regenerative strategies of individual species is scarce.
There is however some evidence for the loss of obligate seed
regenerators and the persistence of obligate root resprouters at
high fire frequencies (Jarrett and Petrie 1924, Jackson 1968,
Howard 1973), and for the loss of obligate seed regenerators and
decreaser facultative root resprouters, but the retention of
increaser facultative root resprouters, at low burn frequencies
(Specht

et al. 1958, Cremer and Mount 1965).
At extremely low fire frequencies, communities in which the

species are adapted to particular fire regimes may be replaced
by those in which many of the species are fire sensitive.

Such

changes have been recorded in Australia where environmental and
edaphic conditions favour the replacement of eucalypt forests
by rainforest communities (Jackson 1968, Webb 1968, Howard 1973).
In such situations, the accompanying changes in the floristic
composition of the vegetation are largely due to the introduction
of new species.
From the preceding discussion it appears that for a species
to persist in a plant community subject to regular burning under
natural conditions, the most favourable regenerative strategy would be
that of an increaser, facultative root resprouter.

An examination

of the 72 perennial tree, shrub and herb species studied on
Black Mountain showed that although 63% were facultative root
resprouters, only 29% of these were increaser species.

Thus,

the ability to regenerate both by seed germination and by vegetative
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regrowth appears to have been more

important f o r the per-

petuation of species under t he fire regime s incurre d in the
past than the capacity to multiply vegetatively.

Further data

about the pyric regenerative strategies of individual species
in dry sclerophyll communities in other areas, and in differe n t
vegetation types , will help clarify this.
The apparent predictability of species b e haviour to burning
holds important consequences for the use of fir e in manageme nt
practices.

Given adequate knowledge of the regenerative strateg-

ies of the component species in a plant community , it should be
possible to predict the changes in floristic compo s ition a n d
physiognomic structure under different fire regimes and at vary ing times after burning.

Thus fire may be used a s a manage me n t

tool to manipulate the vegetation.

Communities with a part i cular

species composition or physiognomic appearance may be perpe tua ted
or eliminated as is considered most appropriate under a given set
of management aims.

5.7

SUMMARY

Daviesia, mi mos oides, Dil lwynia retorta and Acacia genistifolia
are three shrub s pecies dominant in t he u nd erstorey of the dry sclerophyll
vegetation on Black Mountain.

Variou s f eat ures of t h e life cycle of each

are discussed in relation to their r e g e n e rat i o n after burning .
may be described as a facultative ro o t r espro uter , b u t

Acacia are obligate seed regenerator s .
I.

Dillwynia

Daviesia
and

Be c a u se of differences in their

regenerative strategies, temporal ch a ng es in dominance by the species
may be expected after fire.

These are d esc rib ed in a model of pyric

r e generation consisting of five regene r at i ve phases .
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The presence or absence of any species in a corrununity subject
to periodic burning will depend on the time elapsed since the previous
fire, the species regenerative strategy, the longevity of its seeds
and plants, and the ability of the seeds to germinate and/or the plants
to maintain their presence by vegetative reproduction in the absence
of fire.
Variations in the fire intensity, season of burn and postburn
environmental conditions, which influence factors controlling seed
germination and seedling and sprout survival, may cause minor shifts
in the relative dominance of species.

Variations in the fire frequency,

however, may result in gross changes in the floristic composition of
a corrununity and in species dominance, since species with different
regenerative strategies may be either favoured or eliminated by a
particular frequency.
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APPENDIX A

METHODS.

1973 flowering season.

Seed data

In each of seven stands of vegetation sampled, quadrats located

along a transect were used to determine the proportion of ·plants with
mature fruits on them.

For each species, 20-25 plants were selected,

two shoots per plant tagged and the total number of buds on each counted
(generally between 50-200).

Before the fruits fully ripened, the shoo t s

were each enclosed in a mesh bag, and after seed-shed, were then harvested
and returned to the laboratory where the fruits and seeds in the bags
were examined and counted.

RESULTS

Daviesia
mimosoides
1.

2.
3.

4.
5.

Dillwynia
retorta

Acacia
genistifolia

Average seed dry
weight (mg)

5.7

4.2

20.0

Moisture content
of seeds (%)

7.1

8.3

10.1

8

6

10

46

30

32

Proportion of buds developing
into fruit (%)
*
Proportion of plants with
mature fruit {%)
Avg no.of fruits/ plant
(estimate)

4
3
10 -10

10 -

10

2

10 - 10 2

6.

Avg no. of ovules/ovary

2

2

10

7.

% viable seed-set

7

42

19

8.

% seed insect-damaged

1

18

10

9.

% unfertilized or nonviable seed

92

40

71

% of viable seed soft
at seed-fall

3-4

to 6

to 6

500

150

10.
11.

Estimated annual seed
input from 100 plants

**

***

600
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*

Large numbers of Daviesia buds and flowers were eaten by
insects; little grazing was observed on Acacia and

Dillwynia .

**

Damage caused only by predispersal predators and parasites.
The fruits of all species were infested by the larvae of a
seed weevil; Acacia fruits were also infested by larvae of
a wasp.
Seeds of Dillwynia and Daviesia were usually
destroyed by the larvae; many of the larger Acacia seeds
were only partially damaged and were still capable of
germination.

***

Assuming an average of 1000, 100 and 100 fruits/plant for
Daviesia, Dillwynia and Acacia (respectively), and using
the data from Sections 3, 4, u & 7 of the table.

NOTES ON INDIVIDUAL QUADRAT DATA
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6.1

METHOD OF DATA ANALYSIS

The initial aim of the experiments was in part to determine
the effect of nitrogen, water and protection treatments on the
regeneration of species after burning.

Each treatment was replicated

five times to permit a comparison of the effects within burnt plots,
within unburnt plots, and between burnt and unburnt plots.

However, as

described in chapter 3, the treatments were either ineffective,
discontinued after a short time, or produced no consistent effects.
Thus it was possible only to determine the effect of burning vs no
burning on the vegetation.

It was considered that this could only be

done adequately by combining the data for all the plots in burnt or
unburnt areas at each site for the following reasons :
1)

Because of their small size, no single quadrat contained
all the species in the community, and generally no two
plots sampled exactly the same set of species.

Hence the

data in individual quadrats could not be directly compared.
By combining the quadrat data however, all except the very
rare species were represented, and the combined data could
be compared.
2)

The burn treatments at each site were not uniform due to
such factors as differences in the amount and distribution
of fuel, and environmental conditions at the time of
burning.

Although an average fire intensity was calculated

for each burn over its entire area, this gives no measure
of the intensity on individual quadrats.

Since it is thus

not possible to relate the behaviour of a species in a
/ I

given quadrat with the fire intensity there, the behaviour
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of species in different quadrats could not be meaningfully
compared.
3)

The total number of individuals of each species (seedlings,
resprouts or mature plants) in a single quadrat was often
extremely low (see section 6.2), and statistical analysis
was only possible by combining the quadrat data.
A x

2

test of significance, using the Null Hypothesis of

no significant difference between burnt (treated) and unburnt (control)
plots , was used to analyse the combined quadrat data as it provides
a simple, yet effective, means of determining the effect of a
treatment.
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6.2

TRANSCRIPT OF DATA SHEETS
6.2 . 1
a)

22/2
6/4
II

7/4
II
II
II
II

II
II

11/4
II
II

14/4
16/4
II

17/4
25/4
6/5
10/5
2/6
14/6
22/6
1/7
3/7
30/7

6/8
16/8

23/8

31/8

12/9

I,

I .

GERMINATION DATA ,

BURNT PLOT #11 :

SITE B.

Raw data from Feb. 1973 - Feb. 1974

GRID 2°
REF.

SPECIES

19 , 6
6 , 23
13 , 1
21 , 8
22 , 10
21 , 10
12 , 1
10 , 12
6 , 20
12 , 1 7
4 ,1
24 , 4
8 ,8
18 , 8
5,2
0 , 24
8 ,1 8
4 , 20
8,8
1,4
18 , 23
14 , 14
20 , 24
9 ,1 9
1 4 ,1 3

Acacia genistifolia
Goodenia
A. gem,s .
E. Y'OS s1, 1,

24 , 3

E. ross1,1,

#3*

E. Y'O s1,1,
Goodenia
#3
#3

3

16/4

M

30/4
30/4
17/4
17/4
25/4

D
M

NOTES

26/2-one cotyledon
chewed
8/4-chewed
17/4-diseased

M

M

D (dried) 17/4-chewed

11/4 M

A. genis .
E. ross1,1,
#3
#3

A.
A.
A.
A.
A.
A.

EVENT

gen1,s .
gen1,s .
gen1,s .
genis.
gen1,s.
gen1,s .

5/7-pinnae reddish
24/4 M
24/4 M
12/6 M

26/4 chewed
26/4 chewed, hypocotyl left onl y ,
==M

8/5 very desiccated

#3

Daviesia
Daviesia
E. ross{i
Gnaphaliwn
Acacia genistifolia 7
Daviesia
4
Eucalyptus
lr
Goodenia
2
5
#3 (Conyza)
Gnaphaliwn
1
E. macro
1
lr + lm
Eucalvptus
Acacia
7
Daviesia
4
1
Pultenaea
Eucalyptus
0
Acacia
7
Daviesia
4
Pultenaea
0
Acacia
7
Dav .
5
Goodenia
2
Conyza
6
Gnaphaliwn
1
Acacia
6
Daviesia
4

( +l)
( +2)

(+3 )
( +l)

( +l)
(-lr , -lm)

(-1)

( +l)
( +l)
(-1)

(-1)
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DATE

27/9

25/10
12/11

12,15

27/12

29/1/74

NOTES

EVENT

SPECIES

GRID
REF.

Acacia
Daviesia
Goodenia
Conyza
Gnaphaliwn
E. macro.
Acacia
Daviesia
Goodenia
Conyza
Gnaphaliwn
E. macro .
Acacia
Daviesia
Goodenia
Gnaphalium
Conyza
Acacia
Daviesia
Conyza
Goodenia
Gnaphaliwn

NOTES

6
4

1
5
1

(-1)
(-1)

( +l)
6
4

1
4
1
1
5
4
1
1
2
5
3

(-1)

(-1) desi c cation

(-2)
(-1)

2
1
1

1. From February until the end of July the quadrat was checked
every two days, and new seedlings recorded as they
appeared.
Thereafter the total number of seedlings per
species were determined each week, and changes in the
total recorded:
(+) if more seedlings had appeared,
(-) if seedlings had died.

2. At first each seedling was given a grid reference to allow
its identification; when seedling numbers became too high
this became impracticable and was discontinued.

3. M = seedling missing
D

*

= seedling still present but dead.

Unknown seedling #3 was later identified as Cony za

floribunda.

I,
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b)

BURNT PLOT #11:

Summary of germination from Feb.1973 - Feb .1975

(i) First-year seedlings (i.e. germinated between Feb.1973 and Feb.
1974)

SPECIES

TOTAL GERMINATES
Feb.1973 - Feb.1974

E. macrorhyncha
E. ros si, i,
Acacia genistifolia
Daviesia mimosoides
Pultenaea procwnbens
Goodenia hederacea
Conyza floribunda
Gnaphalium sp.

2

5
10
5

NET ALIVE
Feb. 1974

NET ALIVE
Feb . 1975

0
0
5

5

3

2

1
2

0
1

10

2

1

1

0
0
0

(ii) Second-year seedlings (i.e. germinated b etween Feb. 1974 and
Feb. 197 5)

SPECIES

Senecio quadridentatus

NET ALIVE
Feb. 197 5

2
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c)

UNBURNT PLOT #37:

DATE

GRID

Raw data from Feb.1973 - Feb.1974

SPECIES

EVENT

NOTES

REF.

25/2
2/4
6/5
II

8/5
II
II
II

II

14/5
23/6
II

26/6
29/6

1/7
30/7

16/8
28/9

6/11

26/11

28/12

6/2/74

Haloragis
E. ross-i-i
2x Goodenia
2x Goodenia
6,11 Goodenia
19,4
Goodenia
20,4
Goodenia
23,0
Goodenia
11,2
Goodenia
19,5
Goodenia
+3 Poa
+2 Goodenia
+2 Goodenia
Goodenia
Poa
Brachyloma
16,10 E. macro .
Goodenia
Poa
Daviesia
Haloragis
Brachyloma
E. macro.
24 ,5
E. macro.
Goodenia
Poa
Daviesia
Haloragis
Brachyloma
Eucalyptus
Goodenia
Poa
Daviesia
Haloragis
Eucalyptus
4,6
Conyza
Goodenia
Poa
Daviesia
Haloragis
Eucalyptus
Daviesia
Haloragis
Eucalyptus
Daviesia
Haloragis
12,0
0,6
4, l(}
8,16

27/2 M
16/4 M
14/5

X

2M

23/5 M

23/5 M
23/5 M

12

18/5 v. dry

( +3)

3

1
5

(+l)
( +l)
(-7)

3
3

(+2)
( +3)

2

(+l)

2

1
24/8 M
3

(-2)

3
2

1
0

lx chewed

(-1)
(-2)

lm

1
1

1

(-2)
(-2)
(-1)

1
lm
1

( +l)

0
0
1

(-1)

(-1)

1

lm
1

1
0
1
1

(-lm)

26/11 M
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d)

UNBURNT PLOT #37:

(i)

First-year seedlings (i.e. germinated between Feb.1973 and
Feb. 1974)

SPECIES

E. macrorhyncha
..
E. rossi.i.
Daviesia mimosoides
Goodenia hederacea
Haloragis tetragyna
Brachyloma daphnoides
Poa sp.
Conyza floribunda

(ii)

Summary of germination from Feb.1973 Feb. 1975

TOTAL GERMINATES
Feb.1973 - Feb.1974
2
1
2
17
4
2
3
1

NET ALIVE
Feb. 1974

NET ALIVE
Feb. 1975

0
0

1

1

0

1

0

0
0
0

Second-year seedlings (i.e. germinated between Feb. 1974 and
Feb. 1975)

SPECIES

Danthonia pallida
Hovea heterophylla
Goodenia hederacea

NET ALIVE
Feb. 1975
2

1
1
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6.2.2
a)

REG ROWTH DATA,

SITE B.

BURNT PLOT #11

NUMBER OF INDIVIDUALS
SAMPLING
DATE

1

Pre- 7/3 11/4 10/5 4/6 5/7 8/8 12/9 15 /10 21/ 1 1 3/1 2/4
burn
1973
1974

FEB
1975

Acacia
genisti f olia

Daviesia
1
mimosoides

1

1

1

1

1

1

1

1

l+ l su

3

Indigofera
austral is

lsu

Dichelachne
sc~urea
5
Lomandra
18
filiformi s
L. multiflora

3
31

2
53

2
56

2

Goodenia
18
hederacea

2 2
52 51

2
51

2
52

2
52

2f
25+
27f

1

1

2

2

2

17 22

22

22

22

1

1

1

1

11

Caladenia

18

18

1

1

1

2f
44+
8fr

2f
2fr
40+
23+
9fr 7f+7fr

2

2

2

11+
llfr

36+
16fr

22b 11+
llf

1

1

sp .

NOTES

1.

Total numb er of plants (or shoots e.g . for
Lomandra ) with i n the plot .

=
b =
f =
fr =
SU

sucker
plants in bud
plant s in flower
plants with fruits
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b)

UNBURNT PLOT #37

NUMBER OF INDIVIDUALS
SAMPLING DATE

Preburn

Feb.1974

Feb.1975

Acacia genistifo·tia

1

1

1

Dav ies'ia rrrimosoides

4

4

4

Hovea heter•ophylla

0

1

0

Poa sp .
Danthonia pallida
Dichelachne sciurea
Lomandra filiformis

5
3

4

4_
14

4
5
2

3
2

24

21

Coodenia hederacea
Haloragis tetragyna

2
1

7

6
0

0

