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ABSTRACT

In the sandy, nutrient-poor heathlands of south-east Australia, fire and its related effects
act as the trigger promoting mass regeneration of many species. In a sense, fire resets
the successional clock., However, the manner in which succession procecds is
dependent on the various components of the fire regime (frcquency, season, intensity
and {ype of fire). This study investigated vegetation succession in the heathlands of the
Gippsland Lakes Coastal Park in south-east Australia and specifically examined three
issues: (a) the pattern of change in the heath with time since fite, {(b) the effect of
sampling grain on these patterns, and {c) whether species present at different times since

fire differed in their regeneration biology.

Species richness (total and mean), evenness (J) and diversity (H) were all found to
decrease significantly with time since fire {13 different ages up to 27 years post-fire). In
addition, species composition differed significantly according to site age. Ilowever,
relationships between these parameters and site age were often found to be scale-
deend#fnt, i.c. a trend was evident at one sampling grain but absent at another.

Furthermore, community heterogeneity was unrclated to time since fire.

The species richness and seedling density of the germinable soil seed bank were both
unrelated to site age. However, species composition of the soil seed bank differed
significantly among age classes, with the greatest difference existing between young (0-
6 years since fire) and old (23-27 years since fire) sites. There was no trend in the
similarity between the extant vegetation and composilion of the germinable soil seed

bank wilh increasing time since fire.

Species occurring only in the vegetation of young sites were characterised by their
intolerance to estdbhqhmg in the presence of adultscompetition, and #he unassisted mode
of dnsperml:'(eapé?:‘:eq occumring solely in old sites were characterised by their Iongewty
{olerance to establishing in the presence of adults eempetiters, wind-dispersal and
obligate resprouting. Species that occurred across young, intermediate and old-aged
sites were characlerised by their longevity, intermediate propagule size, tolerance to

establishing in the presence of adultseompetition and their shmb life-form.




1

Succession in Lhe heath appeared to correspond well with Egler’s ‘Initial {loristic
composition’ model. However, even though the heath appears 1o fit this model of
succession, the effect of different fire regimes is largely unknown and c¢an only be
inferred.  This siudy has highlighted the importance and eflect that spatial scaie

(sampling grain) may have on the interpretation of ecologicai daty in heathlands.
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CHAPTER 1

INTRODUCTION

WORLD PERSPECTIVE ON IIEATHLANDS

Ieathlands are found across a broad climatic spectrum, ranging from the tropics to the
subarctic and from lowland to alpine regions (Specht 1979a). Throughout the world,
heathlands are characterised by (a) their evergreen, sclerophyllous ‘;Eéffuf;:j (b) the
presence of one or more of the heath families, Diapensiacecae, Empetraceac,
Epacridaceae, Ericaceae, Grubbiaceae, Prionotaceae and Vacciniaceae, and (c) their
restriction to highly infertile soils (Specht 1979a; Groves 1981). True heathlands are
deveid of emergent trees and tall shrubs, and are characterised by a dense to mid-dense
assemblaée of evergreen, sclerophyllous shrubs and subshrubs less than 2 m in height,
with seasonal geophytes, grasses and herbs also present, although usually in smaller
numbers (Specht 1979a; Specht 19791).

The Australian heathland flora is considered to be very similar in physiognomy,
morphology and physiclogy to the vegetation of other Mediterranean-type climates of
the world, namely, the maquis (macchia) and garigue around the Mediterranean Sea, the
chaparral of California, and the matorral of Chile (Schimper 1903 in Specht 1979b).
However, Australian heathlands are most closely allied with the South African fmbos

{Specht 1994},

SOUTHERN AUSTRALIAN LOWILAND HEATHLANDS

Climate and soils

Australian heathlands exist across a broad climatic spectrum, ranging from the
monsoonal tropics in the north, to the more temperate climate of southern Australia,
with the arid expanse of ceniral Australia appearing to be the only climatic zone where
heath is largely absent (Specht 1979b; Specht 1994). Heathlands are also found
extensively along an elevational gradient from coastal areas to the alpine regions of the

eastern seaboard (Specht 1979b).
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Within this broad climatic and distributional range, heathlands in the lowland areas of
south-east Australia are restricted to environments characterised by soils of extremely
low nutrient availability (Specht & Moll 1983; Adams ef af, 1994; Cheal 1996). In fact,
the levels of available soil nutrients, particnlarly phosphorus, are thought to be the major
determinants influencing heathland distribution (Beadle 1954; Beadle 1962; Specht
1979b). South-eastern Australian lowland heathlands develop on a wide range of soils,
including (a) windblown sands, (b) soils derived from sandstone, quartzite or gramite
parent material, (¢) highly leached soils such as podzols and lateritic podzols, and (d)
peat (Specht 1994). Furthermore, these heathlands are often broadly subdivided into
wel heathlands (poorly drained or seasonally waterlogged) and dry heathlands
(seasonally droughty) depending on substrate permeability (Groves & Specht 1965;
Specht 197%b}.

Species richness, structure and composition

Fite is the usunal form of landscape-scale disturbance in south-eastern Australian
heathlands, with species richness commonly peaking in the first few vears following fire
(Specht ef al. 1958; McMahon 1984b; Wark 1996). This trend is exhibited in both dry
and wet heathlands, however, dry heathlands are usually more species-rich (Specht
1979b), Species richness is also generally greater in heathlands where emergent trees or
dominant overstorcy shrubs are absent, as their cover tends to exclude species in the
lower strata (Specht & Morgan 1981; Specht & Specht 1989). Similar patterns have
also been recorded in South African fynbos (Cowling & Gxaba 1990).

Generally, heathlands may be structurally divided into three broad strata (Specht 1979b;
Specht 1994), The upper ctratuin comprises deep-rooted nanophanerophytes (up to 2 m
tall) with rclatively broad, sclerophyllous leaves. The mid-stratum is characterised by
relatively shallow=rooted nanophanerophytes (0.5-1.5 m tall) with narrow semi-
sclerophyllous lcaves.  Finally, the ground stratum comprises a mixture of
sclerophyflous hemicryptophytes and shallow-rooted chamaephytes with stall, densely
packed leaves (Specht 1994).

True heathlands (in the structural sense of the word) are found in most areas of
Australia, but are generally testricted to relatively small patches in the midst of taller

scrubs, woodlands and fovests that occwr on soils with slighily greater nutrient
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availabilities (Specht 1979b). As environmental conditions become increasingly
favourable, and/or time since disturbance (usually fire)} increases, the heath elements
often become overtopped by talier shrubs and trees, mainly of the genera Banksia,

Allocasnaring and Euealyprus (Specht 1994).

Temperate heathlands of south-east Australia are dominated by the dicotyledonous
families, Fabaceae (13 genera), Myrtaceae (11 genera), Epacridaceae (eight genera) and
Proteaceae (eight genera). the monocotyledonous families, Orchidaceac (13 genera),
Cyperaceae (seven genera) and Poaceae (seven genera), and Pteridophyles (nine genera)
(Specht 1994). Generally, these heathlands are characterised by an abundance of shrubs,
with sedges and similar sclerophyllous monocots common, while grasses and ephemcral
herbs are noticeably rare (Specht 1994; Cheal 1996).

THE IMPORTANCE, INFLUENCE AND EFFECT OF FIRE IN HEATHIL.ANDS

Fire as a form of disturbance

o
Fire is undoubtedly the principle form of landscape-scale disturbance in south-eastern

Australian lowland heathlands, predominantly owing to the characteristically dense
vegetation, the tendency for dead foliage to remain on some species, the relatively slow
rates of litter decomposition and the large proportion of sclerophyllous species
possessing high concentrations of volatile oils and resins in their leaves (Specht 1979a;
Specht 1981b; Keith e al. 2002). These factors, together with the hot and dry weather
conditions experienced  each summer, render south-eastern Australian lowland

heathlands highly susceptible to fire (Gill & CGroves 1981).

Althgugh fire is often seen as a catastrophic disturbance in these heathlands, many
species are dependent on fire for their continued regeneration and persistence, whether
by seed or resprouting (Whelan 1995). In fact, fire is literally the event (hat acts to
‘restart® the successional process. Following fire, resource competition is thought to
dramatically decrease as a result of reduced overstorey cover and an associated increase
in light availability (Specht & Specht 1989; Keith & Bradstock 1994; Keith 1995). In
addition, soil nutrient availability has been shown to increase in the immediate post-fire
environment, owing to the mincralisation of organically-bound nutrients during fire (the
‘ash-bed’ cffect) (Specht 1979b; Warcup 1980; Humphreys & Craig 1981). Changes in
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suil temperaiure regimes (Auld & Bradstock 1996), a reduction in seed predation
(O'Dowd & Gill 1983; Bond ef al. 1984; Bradstock 1991) and lower levels of root
pathogens (Specht 1979b) and allelopathic chemicals in foliar and litter leachates (del
Moral ef al. 1978; Gill & Groves 1981; Keeley ¢f al. 1985) may also be associated with
the immediate post-fire environment, In combination, these factors facilitate an
environmenl conducive to plant regeneration, compared with unburnt heath, where

regeneration is uncommon (Specht ef al. 1958; Meney ef al. 1994; Benwell 1998).
Fire regime

The continued persistence and success of plant species at any given site is dependent
upon the local firc regime, which consists of four components: the type, intensity,
season and frequency of fire (Gill 1975; Gill 1981a). Because every species responds
differently to a given fire regime, variation in each of these components may result in
significant differences in vegetation species composition, richness and diversity at a

given site (Bond & van Wilgen 1996).

Fire type is the component of the fire regime that distinguishes between above- and
below-ground fire (Gill & Groves 1981). Most fires occur above-ground, however, in
areas where a peat or humus layer is present in the substrate, fires may bum below-
ground for substantial amounts of time (Gill & Groves 1981 Gill 1993). Fire intensity
may be measured in terms of fire temperature, the rate of spread of a fire, soil healing
during the passage of fire, and levels of plant scorch (Byram 1959; Gill & Groves 1981;
Bradstock & Auld 1995; Auld & Tozer 1999). Fire intensity is influenced by a number
of factors, including fuel load, fuel moisture, slope, temperature, humidity and wind
speed (Gill & Groves 1981), and it may have significant impacts on species composition
and abundance (Moreno & Oechel 1991; Rice 1993; Segura e ai. 1998). The season of
fire is another component of the fire regime influencing speeies survival and persistence,
and is often related to fire intensity (Bond 1980; Le Maitre 1987, Enright & Lamont
1989},  Finally, fire [requencies have the potential to substantially affect the
composition and relative abundance of species within heathlands. Th.i,s is mainly due to
their influence on whether specics have the opportunity to reach reproductive maturity
and produce sufficient seed to re-establish themselves (Cary & Momrison 1995;

Morrison ef al. 1995; Bradstock et al. 1997).
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Post-fire species regeneration

The response of plants to fire is an important facet of community dynamics in
heathlands, influencing the speed at which species regenerate and gain biomass after fire
(Specht 1981b; Bellingham & Sparrow 2000; Bond & Midgley 2001), the time to reach
repreductive maturity (Benson 1985) and the capacity for species to tolerate different
disturbance (fire) regimes (Gill & Groves 1981; Bell ef al. 1984; Keith 1996; Gill &
McCarthy 1998), In a seminal paper by Naveh (1975), three modes of fire-response
were recognised: obligate seed regeneration (OS) (recovery only from seed), facultative
resprouting (FR) (recovery from seeds and vegetative resprouts) and obligate
resprouting (OR) {recovery only from resprouls). However, despite the prevalence of
resprouting in many mediterranean-type systems, the importance of persistence (via
sprouting) has often been overlooked in favour of seed-bascd recruitment models of

succession and diversity (Bond & Midgley 2001).

Recruitment from seed

For species killed by fire, regeneration from seed is the only means of persistence, and
occurs via three sources (Gill 1981a; Gill 1981b). First, some species store seed on the
plant in protective woody fruits (serotiny/bradyspory} that are predominantly triggered
Lo open and release sced at the time of fire, immediately after fire, or upon death of the
branch bearing the woody fruits (Specht 1979b; Gill 1981z, Bell er ol 1984, Lamont e/
al. 1991; Whelan ef al 1998). Second, many species store seed in the soil that is
triggered to germinate by soil heating, the leaching of smoke by-products, or other
mechanisms associated with fire (Gill 1981a; Bell 1999). Finally, some fire-sensitive
fire-killed) species have no seed store in the burnt area; instead, they rely on post-fire
seed dispersal into the system (e.g. bird-dispersed, parasitic misiletoc species such as

Amyema spp.) (Gill 19813).

Although fire-cued seed germination allows species 1o take advantage of the benefits
provided by the immediate post-fire environment (e.g. high light and nutrient
availability, and low competition levels), there are a number of risks involved for
obligate sced regenerators. These risks are predominantly rclated to species
characleristics such as the juvenile peried, seed longevity, plant longevity, and the

ability of plants to regenerale in the presence of adult competition during the inter-fire
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period (Noble & Slatyer 1980). Depending on the traits of individual specics, variation
in components of the fire regime may facilitate local species extinctions (Keith 1996;
Midgley 1996; Bond 1997). For example, high frequency fire regimes may lead to the
local elimination of obligate seed regenerating species with juvenile periods greater than
the time elapsed between fires, as they may have insufficient time lo reach repreductive
maturily, and arc therefore unable to set enough viable seed to germinate successfully in
the interval between fires (Noble & Slatyer 1980; van Wilgen 1981; Zedler ef al. 1983;
McMahon 1984a; Cary & Morrison 19935; Morrison ef al. 1995; Bradstock ef al. 1996;
Keith 1996; Gill & McCarthy 1998). Conversely, low fire frequencies (long intervals
between fires) may lead to the extinction of relatively short-lived species with transient
or weakly persistent soil seed banks that depend on fire and its associated effects for
regeneration (Keith 1996). ‘Therefore, obligate seed regeneration may be a high-risk
strategy for certain species if fire does not occur within a particular window of time.
However, for most othcr specics, it is a highly effective mode of regeneration that

maintains genetic variability within populations and allows dispersal.

Vegetative regeneration

Obligate resprouters are defined as those plants that survive fire when reproductively
mature individuals are subject to 100% leaf scorch (Gill 1981a; Gill 1981b). Although
the abave-ground parts of these plants may be destroyed by fire, they readily resprout
from rhizomes, lignotubers, corms or bulbs protected in the soil (Specht 1979b; Gill
1981a). In addition, some tree species resprout from epicormic buds along the stem
(e.g. Eucalyptus spp.) (Specht 1979b), while other species resprout from undamaged
active aerial pre-fire buds (e.g. Xanthorrhoea australis) (Gill 1981b). Resprouting is
generally the dominant mode of post-fire recovery in Austra.lian' heathlands and
shrublands, with 65% to 80% of species possessing the ability to resprout, either
obligately or facultatively (Specht ef al. 1958; Siddiqi es al. 1976; Russell & Parsons
1978; Bell ef al. 1984; McMahon 1984b; van der Moeze! er al. 1987; Wark ef al. 1987,
Molnar e/ al. 1989; Benwell 1998). |

The main advantage of obligate resprouters compared with obligate seed regenerators
lies in their relatively shorter time interval to reproductive maturity (McMabon 1984b;
Keeley 1986), their generally lower susceptibility to high fire frequencies (Specht ef al,
1958; Siddigi e al 1976; McMahon 1984a; Bradstock 1990; Maoirison ¢f al. 1995;
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Bradstock ef al. 1997) and their ability to establish immedialely after fire and add
biomass to the system more quickly than seeders (Specht 1979b; Bellingham & Sparrow
2000). Furthermore, even though obligate resprouters by definition regenerate solely by
resprouting, most still germinate from seed at some stage (albeit a lot less efficiently
than obligate seeders), depending on the disturbance intensity and post-disturbance
environmental conditions (Midgley 1996). This tendency effectively acts as a form of
“bet-hedging®, allowing obligate resprouters to germinate by seed occasionally, thus

conserving genetic diversity in the population (Bond & Midgley 2001).

Unfortunately for researchers, categorising species into obligate seed regenerators and
obligate resprouters is a difficult task, because many species exhibit both modes of
regeneration, depending on the disturbance intensity and the genetic variant at a
particular site (Bellingham & Sparrow 2000; Bond & Midgley 2001). In actuality,
levels of resprouting and sccdhlgj\?}aa%y continuously along gradients of disturbance
intensity, both within and between species (Midgley 1996; Bellingham & Sparrow
2000). Becauss of the tendeney for species lo display both traits, Naveh (1975)
introduced the term ‘facultative resprouters’, to describe those species that recover from
both seed and vegetative resprouts. Facultative resprouters ES,SSGSS an advantage over

obligate secders and resprouters in that they may act as either seeders or resprouters

depending on site conditions, and disturbance severity and frequency.
Fire management and optimal fire regimes

One of the major challenges currently facing heathland management is the establishment
of ecologically sound fire regimes (State of Victoria 1997). This is & complex task,
owing to a range of factors including the [following: (a) the need to protect life and
property (from catastrophic fire), through fuel reduction burning and fire suppression
activities (State of Victoria 1993; Benwcll 1998; Gill 1999); (b) the desire to enhance
population viability of rare or threatened plant populations (Benwell 1998); (c) the
desire-to maintain species diversity (van Wilgen et al. 1994; Bradstock e al. 1995; Gill
1999); and (d) the nced to manipulate habitat [or particular animal species (Meredith &
Isles 1980; Day er al. 1999). In addition, management agencics must have a ¢lear vision
of the fire regimes they propose to implement for a given area. For example, do they

propose to reintroduce pre-European fire regimes and restore ecosystems to pre-
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settlement conditions, or do they apply fire regimes in relation to current circumstances
and management priorities (Gill & McCarthy 1998)?

Many researchers have made recommendations regarding optimal fire regimes in
heathlands, with most suggesting that fire frequencies every 8-15 years are required to
maintain species diversity, based on species reproductive and life-history traits (Russell
& Parsons 1978; Gill & Groves 1981; van der Moezel ef al. 1987; McFarland 1988). In
heathlands dominated by Banksia ornata, fire frequencies need to be even longer (ie. 16.
years or preater) {or the obligate seeder, B, ornata, to successfully re-establish and
replace itself (Gill & McMabon 1986). Research is also beginning to reveal that fires in
the ‘naturally-occurring’ fire season {summer/autumn) of Mediterraneun-type systemns
promote more effective seed germination than fires lit for fuel reduction purpoeses during
spring, when fuel moisture levels are usually greater (Bond 1980; Le Maitre 1987;
Enright & Lamont 1989). In addition, other studies recommend bﬁmi.ng heathlands in a
mosaic pattern (van der Moezel ef al. 1987; McFarland 1988), in order to create habitat

heterogeneity and maintain variability in population structures.

THE IMPORTANCE OF SPATIAL SCALE

The concepts of spatial and temporal scaling are integral to any discussion focussing on
pattern and process in vepetation, as pattern and process are likely to be scale-
dependent, i.e. they are likely to vary at different spatial and temporal scales (Allen &
Starr 1982; Reed er al. 1993; MacNally & Quinn 1998). For instance, a range of factors
may drive vegetation parameters such as species richness, composition, community
heterogeneity and structure. At the landscape/regional scale, environmental factors such
as biogeography, geology, climatc and topography probably drive these parameters more
so than biotic factors. Conversely, at the local level, soils, microtopography, drainage,
fire - egime, light availability, competition, mutualistic interactions, herbivory, plant
regeneration strategies, dispersal characteristics and seed bank composition all combine

to determine the make-up of the community and how it functions (Armesto el al. 1991;
Huston 1994),

Although scale-dependence is likely in natural systems, choosing an appropriate spatial
scale 10 study is often difficult, owing to the fact that the scale al which we interpret

pattern and process may be totally different from the way in which organisms such as
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plants respond to their enviromnent (Levin 1992). Therefore, in some cases, a multi-
scale approach may be the most appropriate way in which to study natural systems
(Walker ef al. 1972; Levin 1988; Thorhallsdottir 1990; Gardner 1998). Despite the
intuitive benefits of the multi-scale approach, very little work hac been undertaken
examining the effeci of observational spatial scale in Australian heathland systems,
although studies by Brown & Hopkins (1983) and Keith & Myerscough (1993) are

exceptions.

HEATHLAND VEGETATION SUCCESSION

Ecological succession describes the process of change in plant species composition and
abundance over time at a given site, in response to disturbance. Various models and
mechanisms of succession have been proposed, tested and debated over the past century,
however, three main thcories appear to dominate the ecological literature (Clements
1916; Gleason 1926; Clements 1936; Egler 1954; Drury & Nisbet 1973; Connell &
Slatyer 1977; Noble & Slatyer 1980; Pickett ef al 1987; McCook 1694).

The first theory, proposed by Clements (1916), assumes that different groups of species
sequentially invade a site following disturbance, with each group of species modifying
the cnvironment to a degree, making it less favourable to themselves and more
favourable to their potential successors. This concept of succession has since become
known as either relay flovisiics (Egler 19548) or facilitation (Connell & Slatyer 1977). In
contrast, Egler (1954) proposed the initial floristic composition model of succession,
where vegetation development (succession) proceeds from the initial ﬂofa present
following disturbance. Changes In species dominance are primarily due to the
differential growth rates of the species present on site at the time of disturbance (Egler
1954), and the loss of species through natural mortality, rather than the result of species
invasicns, However, although initial floristic composition theoretically accounts for the
majority of specics on site, Egler (1954) considered that rclay floristics may still account
for the presence of some species through later invasion. Initial floristic composition is
analogous to the inhibifion model of Connell & Slatyer (1977), where ‘later” species
cannot grow to maturity becausé¢ they are inhibited by the presence of species that
established quickly after disturbance, A key feature of this medel is that species are
‘lost’ from the system as a function of lifespan, rather than competition. Finally, the

tolerance model described by Connell & Slatyer (1977), outlines a successional
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sequence where species colonising outside of the immediate post-disturbance period are
successiul, irrespective of whether oiher species have preceded them. A key feature of

this model is that species are eliminated via competition.

Australian heathlands are generally thought to adhere to the initial floristic composition
model of succession (Russell & Parsons 1978; Groves & Specht 1981; Bell er al 1984;
Wark 1996), which is equivalent {o the term aurosuccession, described by Hanes (1971).
Owing 10 the general lack of invading species, Groves & Specht (1981) and Specht
(1994) regard most Ausiralian heathlands as cdaphic climaxes, with any structural
changes probably due to human modifications to the environment. However, Gill &
Groves (1981) suggest that this may not always be the case, with heathland being seral
1o woodlands or tall shrub thickets in some instances. Numerous studics confirm this
viewpoint (e.g. Burrell 1881; Brown & Podger 1982; McMahon 1984b; Bennett 1994,
Cheal 1996; McMahon ei dl. 1996; Cheal 2000). In addition, relatively high fire
frequencies may cause a change in dominance (and possibly composition) in sedgeland-
heath communities (the ecological drift hypothesis of Jackson 1968), with heath
elements eliminated or substantially reduced, while sedges increase in abundance
(Jackson 1968; Bowman & Jackson 1981; Bradstock et al. 1997). The opposite may

occur with long inter-fire periods (Jackson 1968).

THE CIIRONOSEQUENCE APPROACH

There are two main approaches for assessing successional dynamics in vegetation,
permanent plot studies and chronosequences. Owing to practical limitations, long-term
(greater than 15-20 years) permanent plot studies are rare (Foster & Tilman 2000),
especially in Austraiia, although the study examining vegetation dynamics in relation to
grazing at Koonamore, South Australia, is an exception (Crisp 19578). Instead, the
common practice for examining vegetation dynamics over large temporal scales (often
over 100 years) is to adopt the chronosequence approach (space-for-time substitution)
(Pickett 1989), where a series of samples of varying time since disturbance are used in

an attempt to identify or infer temporal trends in the vegetation.

Many studies have been conducted in a range of ecosystems throughout the world using
the chronosequence approach, Some of these studies have concentrated on examining

primary successional sequences (Reiners ef o, 1971; de Kovel er af. 2000), while others
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have concentraied on secondary succession following disturbance such as fire (Specht ef
al. 1958; Shaft & Yarranfon 1973a; Shafi & Yarranton 1973b; Russcll & Parsons 1978;
Brown & Podger 1982; van Wilgen 1982; McMahon 1984b: Hoffman ez al. 1987:
McT'arland 1988; Zammit & Zedler 1988; Ough & Ross 1992; Ne'‘cman & Izhaki 1999),
clearfell logging (Ough & Ross 1992), or agricultural abandonment (Christensen & Peet
1984; Inouye ef al. 1987; Baidker ef al, 1996; Dalling & Denslow 1998; Bekker e/ af.
2000; Foster & Tilman 2000). These studies have been underlaken for a varicty of
purposes, nanely, to study vegetation succession (Reiners ef af. 1971; Brown & Podger
1982; Chustensen & Peet 1984; Hoffiman er ¢l 1987; Inouye ¢¢ al. 1987; de Kovel et al.
2000; Foster & Tilman 2000), changes in species composition, richness and diversity
(Specht e¢ ol 1958; Reiners ef al 1971, Shafi & Yamanton 1973a; Russell & Parsons
1978; McMahon 1984b; Hoffman ef 4l 1987; Inouye ef ol 1987; McFarland 1988), soil
seed banks (Zammit & Zedler 1988; Bakker ¢f al 1996; Dalling & Denslow 1998;
Ne'eman & Izhaki 1999; Bekker er al. 2000), soil nutrients (Specht ef 4. 1958; Inouye
et al. 1987; Enright et al. 1994, de Kovel et al. 2000}, vegetation heterogeneity (Shan &
Yarranton 1973b), biomass (Specht er al. 1958; van Wilgen 1982) and stand stricture
(Specht et af. 1958; McMahon 1984b; McFarland 1988; Denslow & Guzman 2000)

with increasing timc since disturbance.

In a study examining the advaniages and disadvantages of chronosequences, Picketl
(1989) concluded that space-for-time substitution was limiting because it had an
averaging effect, somewhat disguising the short-term dynamics of the system in
question, In contrast, Foster & Tilman (2000) saw this averaging effect as an advantage,
as chronosequences “could reveal broad successional frends by averaging across site-to-
site differences in species composition that occur because of differences in
environmental conditions and sitc history.” Milberg (1995) had other concemns
regarding the usc of chronosequences, namely, the fact that sife selection for many
successional studies is made on the basis of the researcher’s preconceived idea of what
the vegetation should Iook like at a given successional stage. Often, this preconceived
idea assumes the species-replacement (relay floristics) view of succession (Clements
1936), which is frequently not the case in nature, particularly in Anstralian heathlands
(Purdie & Slatyer 1976). Therefore, according to Milberg (1995), this approach may

lead to potentially erroneous hndings.
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Chronosequence studies are potentially useful because they may indicate change in
various community parameters with increasing time since disturbance, which for the
purpose of this study, is fire. They may also be used to generale hypotheses about
patterns and mechanisms (Pickett 1989). However, the mechanisms underlying the
observed patterns can only be understood through experimentation, and/or long-term
monitoring studies. In addition, there are some very important assumptions that must be
recognised and addressed for a chronosequence study to be useful and worthwhile.
First, environmenial factors such as climate, geomorphology and soils are assumed to be
similar or relatively unvarying among sites (Pickett 1989; Denslow & Guzman 2000).
Second, all sites sre assumed to have had the same initial pre-fire conditions. This
involves the assumption that past fire history is the same, or at least randomised across
sites (Morrison ef al. 1995). If both of the above assumptions are mel, any trends
among sites are assumed to be due to the fime elapsed since fire, rather than
environmental differences. One of the inherent dangers in using the chronoseguence
approach is that unknown historical and/or site factors may explain a portion of the
variation among sites (Pickeit 1989). However, if the above criteria are met, and trends
are evident along the chronosequence, then the chance that inherent site differences are
causing the trends is minimised, and the likelihood that time since fire may be a

determining factor is enhanced.

AIMS, SIGNIFICANCE AND OVERVIEW OF TITE STUDY

This study uses the chronosequence approach to investigate vegetation succession in the
sand heathlands of the Gippsland Lakes Coastal Park, near the township of Loch Sport,
in eastern Victoria, Australia. The study area has a relatively detailed fire history and
consists of an extensive heathland (¢. 3,500 ha) with multiple post-fire age classes.
Environmental factors such as climate, geomorphology and topography are remarkably
similar throughout the study area, implying that the study area seemingly meets the

fimdamental assumption of the chronosequence design (Pickett 1989).

The general aims of this study are to:

(1)  determine the pattern of vegetation change in the Loch Sport sand heathland in

relation to time since fire, in terms of
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(a)  above-ground (extant vegetation) species richness, evenness, diversity,
composition, community heterogeneity, community structure and life-

form richness, and

(b)  below-ground (s0il seed bank) species richness, seed density and

composition;

(2)  determine the effect of spatial scale (sampling grain) on vegetation species
richness, evenness, diversity, composition and community heterogeneity, with

changing time since fire; and

(3)  determine whether species present at different successional stages differ in their

regeneration biology.

Numerous studies have examined the successional résponse of heath-type vegetation
comrmunitics to fire, with most of these studies including basic commﬁnity deseriptors
such as species richness and composition (e.g. Russell & Parsons 1978; Cheal 2000).
Some studies have also determined species diversity, community structure and life-form
diversity (e.g. Specht er al. 1958; Hanes 1971; McMahon 1984b; Hofftman er al. 1987,
McFarland 1988; Enright er al. 1994; Wark 1996). However, none appear to have
examined community heterogeneity through a successional sequence. This study
attempts to examine all of the aforcmentioned vegetation parameters and determine the
effect of multiple sampling grains upon each of these {a first for any successional study
in Australian heathlands). In addition, soil seetl banks and the biological traits of each
species will be assessed in relation to time since fire, to gain a more complete
understanding of regeneration dynamics and successional processes in south-eastern

Australian heathlands.

Soil secd bank studies are an effective means by which absolute species richness at a
site can be estimated (Valbuena & Trabaud 2001), rather than simply above-ground
richness, which is the parameter most often used to determine species richness of
hcathlands. Soil seed bank studies can also indicate whether short-fived or post-fire
ephemeral species are present in the heathland soil, wailing for fire to break sced
dormancy and induce germination. Despite the value of these studies, little work has
been undertaken to document the soil seed banks of south-eastern Australian heathlands,

although studies by Carroll & Ashton (1965) and Molnar e/ al. (1989) are cxceptions.
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In Chapter 2, the study area is described, with a pariicular focus on environmental
variables, conservation and fire history, and the methods used in selecting study sites.
Chapter 3 focuses on soils and encompasses two main themes: (a) a description of the
study site soils, and (b) validation of the chronosequence design. The vegetation of the
study area is described in Chapter 4, with the effect of time since [ire on species
richness, evenness, diversity, composition, life-form diversity, community heterogencity
and structure determined. Chapter 5 examines the effect of spatial scale, in particular,
sampling grain, on the vegetation parameters measured in Chapter 4. The effect of
sampling grain on trends in vegetation parameters wilh time since fire is also asscssed.
Chapters 6 and 7 focus on the soil seed bank. Chapter 6 is a pilot study determining
optimal experimental procedures and treatments to promote seed germination, while
Chapter 7 examines the effect of time since fire on the species richness, density and
composition of the soil seed bank, and the similarity between the soil seed bank and the
extant vegetation. In Chapter 8, the biological and ecological characteristics of each
species, which influence how a specics regenerates and subsequently survives after
disturbance (fire) are examined, to determine whether species that occur only in early
successional stages possess ditferent traits to those occwrring in late successional stages.
Finally, Chapter 9 aitempts to synthesise all of the previous chapters and discusses the

findings in terms of vegetation succession theory.
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CHAPTER 2

STUDY AREA AND SITE DESCRIPTIONS

The study area is situated approximaiely 230 km east-south-east of Meiboume, in
Victoria, south-cast Australia (Figme 2.1), and comprises approximately 3500 ha of
sand heathland, localed predominaptly within the 17600 ha Gippsland Lakes Coastal
Park. The study area is located batween the townships of Golden Beach and Loch
Sport, and is surrounded by Lake Victoria in the north, Lake Wellington to the north-
west and Lake Reeve in the sonth, forming part of what is collectively known as the
Gippsland Lakes. These waterbadies cncompass a broad range of conditions ranging
from the brackish to hypersaline swamps and lagoons of Lake Reéeve, to the fresh to
saline waters of Lake Wellington and Lake Victoria (Harris 1976). Tmmediately
adjacent to Lake Reeve is the 2oastal barrier system and the 90 Mile Beach (Harris
1975).

CLIMATE

The closest weather station to the study area is the East Sale Airporl, which is 22 km
west-north-west from the south-west extremity of the study area. The climate here is

typically mediterrancan, with warm summers {mean maximum and minimum

tcmperaturas of the warmest month are 25.2°C and 12.7°C respectively) and cool to
mild winters (13.7°C and 3.2°C respectively). The mean annual raiufall of 616 mm is

spread evenly throughout the year with a small peak in late spring (63 mm per month in

Movember). Climate averages are based on 57 years of data {Bureau of Meteorology

2000) and are considered to be representative of the study area.

GEOMORPHOLOGY

The study area is largely composed of a level sandplain, with a small area of stabilised
dunefields toward the eastern end. The sandplain and associanted dunes are thought to
have originated from siliceous beach and dune ridge bartier deposits, laid down when
sea leve]l was higher than present (Geological Survey of Victoria 1967; Jenkin 1968,

Harris 1976). Flevation is constant at approximately 5-10 m above sea level (a.s.l.),
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apart from the dunes, which reach heights up to 20 m a.s.l. There is no stream channc]

development within the study area.

SOILS

Soils of the study area consist of deep, uniform, well-drained, siliceous sands that are
highly acidic. Profile development is poor, with grey-brown sands found at the surface,
whitish-grey to white sands below, and orange sands deeper down the profile. Owing to
the well-drained and highly leached nature of the soil profile, nuirient levels and organic
malter conient in the soil are extremely low. A detailed analysis of soils is given in

Chapter 3. -

VEGETATION

Across most of the broad study area, there is a clear iransition between vegetation types
along a gradient of soil moisture, fertility and salinity. The predominant vegetation type
of the study area is heath found on sandy substrates. Within this ‘sand heath’, the shrub,
Lepiospermum myrsinoides is the dominant species, with Monotoca scoparia, Benksiu
marginata, Allocasuarina misera, Epacris impressa and Caustis pentandra also
abundant in the mid-stratum. Hypoluena fustigiota dominates the ground stratum, while
the tree, Banksia serrata, and the ‘mallee-form’ eucalypts, Eucalyprus aff. willisii
(Gippsland Lakes) and E. viminalis ssp. prvoriana, arc emergent and scattered
throughout. On soils of relatively greater moisture availability and higher fertility. the
sand heath gives way to a herb-rich woodland. This community is characterised by an
abundance of forbs, grasses and orchids, with E. viminalis ssp. pryoriana, E. radiaia, B.
serratg and Acacia mearnsii dominant in the overstorey, and Preridium esculentum and
A. longifolia var. sophorae common in the midstorey (Davies & Oates 2001). Moving
closer to the lakes, the woodland community is frequently bounded by a dense
Melaleuca ericifolia scrub, with a halophylic ground laver of graminoids and herbs
(Davies & Oates 2001). Finally, coastal saltmarsh is abundant on the more saline
margins of Lake Reeve (Davies & Qates 2001).
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CONSERVATION MANAGEMENT

The Gippsland Lakes Coasial Park was proclaimed in 1979 and js reserved under
Schedule 3 of the National Parks Act (Parks Victoria 1998). Parks Victoria manages the
majority of the Park for both conservation and recreation purposes, however, the section
between Beacon Swamp Track and Tip Track is managed solely for conservation (Parks
Victoria 1998). Wellington Shire Council alse manages a small portion of the eastern

and weslern extremities of the study area.

The relevant conservation management aims for the Park are to;

e Protect and conscrve the nataral environment

«  Allow naturs! environmental processes ta continue with a mindmum of interference

« Maintain biodiversity

» Conserve native plant communities

» Improve knowledge of the Parks® nalive vegetation and its management
requirements

» Actively manage significant flora specics where required

e Provide special protection and undertake specific management for threatened fauna

and communities where appropriate (Parks Victoria 1998)

FIRE [IISTORY AND MANAGEMENT

Prior to Buropean settlement in Australia, Aborigines burned much of the landscape
regularly for a variety or reasons, such as optimising the local abundance of food plants,
providing favourable habitats for animals thcy hunted, signalling, and clearing
vegetation to facilitate travel (Bowman 1998). Fire regimes are predominantly thought
to have altered from a relatively high frequency, low intensity regime maintained by the
Aborigines, to a low frequency, high intensity regime caused by the accumulation of
fuel associated with active fire suppression following Furopean settlement (Burrows ef
al. 1995: Bowman 1998; Ward et al. 2001). Conversely, Gell et al. (1993) found
evidence for a marked increase in fire frequency in East Gippsland, Victoria, following
European settflement. ‘This was then followed by a much lower fire frequency associated
with fire suppression policies implemented after the massive fires of 1939 that burmt
large arcas of Victoria. Despite the contradictory nature of these studies, one certainty is

that cvidence regarding the pre- and post-European fire history of the study area is
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largely unknown, and any attempt to infer fire history without the proper technigues is
fraught with danger.

Wildfire is a significant and constant threat in the study area, with government policy
directing that all fires on, or threatening public Jand, be brought under conirol (State of
Victoria 1995). In order to minimise the risk of wildfire, preseribed burning for fue]
reduction purposes has been undertaken by the Depariment of Natural Resources and
Environment (DNRE) and the Country Fire Authority (CFA) within the study area since
at least 198]. Fire history mapping of wildfires and prescribed fires was commenced in
1981 by DNRE, however, prior o this, there are no detailed fire records for the study

arca.

Due to wildfire and prescribed burning over the past few decades, a mosaic of post-fire
age classes exist across the study area. In 1980, a wildfire burnt approximately 290 ha,
while in 1983, another large wildfire burnt approximately half of the study area (c¢. 1830
ha). ‘I'hc ensuing 14 years saw a lack of large wildfires, however, in 1999, a preseribed
burn ‘escaped’ from confrol lines and burnt approximatcly 100 ha. Two large
prescribed burns were conducted in 1997 and 2000, burning approximately 560 and 330
ha of heathland respectively. Apart from the fires listed above, all other fires within the

heathland over the past 20 years have been approximately 32 ha, or smaller.

Fire is pivotal io the success of conservation efforts in the study area. Currently, there
are two main foci of burning in the study arca. Firstly, there is the asset protection
advantage provided by fuel reduction burning near the township of Loch Sport (between
Tip Track and the Loch Sport golf course). Secondly, there is an ecological focus across
most of the study area aimed at maintaining suitable habitat for the New Holland Mouse
(Pseudomys novaehollandiae) (G. Hollis pers. comm.}, which is eritically endangered in
Victoria (Parks Victoria 1998). This buming program also has the joint management
benefit of reducing fuel loads and consequently, the potential intensity of wildfires
(State of Victoria 1995). Despite the conservation focus across much of the study area,
the burning program is heavily biased toward conservation of the New Holland Mouse,
whilst the fire-related requirements for the survival of individual plant species have yet

to be addressed and incorporated into prescribed buming programs.
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Presently, approximately half of the sand heathland within the study area is over 20
vears of agc. Owing to the New Holland Mouse’s preference for early successional or
regenerating heath two to nine years old (Hollis 1996), Park management aims to
mmplement 2 buming program that -will reduce the amount of vegetation contained
within older age classes, thercforc enlarging the area of suitable Mouse habitat (L.
Jeremiah pers. comm.). Park management is currently in the process of implementing
an ccological burning program. where the aim is to burn three discrete blocks spread
between the Gippsland Lakcs Coastal Park and the ncarby Lakes National Park each
year {B. Houghton pers. comm.).

STUDY SITE SELECTION AND ESTABLISHMENT

Fifteen study sites were chosen according to three selection criteria. Firsi, sites had to
be on sandy soils and comprise ‘heath’® vegetation, or a potentially related successional
stage. Specht (1970) defined heath as vegetalion less than 2 m in height, with a
projective foliage cover of the fallest stratum greater than 30%. Scattered, cmergent
trees are allowable under this definition of heath (Specht 1970). All Isiics were
classificd as heath, according to Specht’'s definition, except SS-26 and T2-27, which
possessed an average vegetation height (excluding emergent trees) of 2.3 m and 3.4 m
respectively, placing them in the ‘scrub® classification of Specht (1970). Seccond, sites
were required 1o be at least 4 ha in size, in order to gain a compreliensive overview of
community composition, richness and heterogeneity for a particular post-fire age.
However, five of the study sites were smaller than 4 ha, owing to (a) inaccuracies in
establishing site boundaries due to navigational difficulties in extremely dense
vegetation (WT-16 and T2-27), (b) the approximately linear shape of firc patches that
were narrower than originally thought (8S-6 and TT-9), and (¢) the presence of a more
mesic, non-heathland vegetation type at the base of a dune (WT-2.5). Finally, each site
had to be of a different posi-fire age (time since fire) to allow comparisons to be madc

‘among ages. The major characteristics of the study sites are given in Table 2.1.

It is clear from Figure 2.2 that most of the recently burnt (relatively young) sites are
situated at the north-east end of the study area, largely due to the greater incidence of
prescribed burning near the township of Loch Sport. A range of young and old sites

randomly dispersed throughout the study area would have been optimal from a design
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perspective, so as not to confound site location with time since fire, however, such a
distribution of ages was unavailable. In addition, a broader range of ages would have
added depth to the study. However, within the study area, there was no evidence of
heath older than 27 years, or a related latc successional stage comnprising scrub or heathy
woodland vegetation. The only woodland in the study area was confined to the lake-
side margins of the heath, and occasional depressions, which appear to be slightly more
nufrient-rich and mesic than the adjoining heath — factors that do not suit the

assumptions of the chronosequence approach.

Apart from the 15 study sites there is only one other patch (e. 350 ba at Track 3), burnt
between ¢. 1974 and March 1976, that 1 am aware of that imeets the sile seclection
criteria. Other fire patches were located, such as those along Lakeside Track, however,
these were thin strips less than 70 m wide, and were often not heath vegetation. In
addition, fires occurred in 1986, 1989 and 1992, between Tip Track and the Loch Sport
golf course, however, these fire patches were not sampicd, owing to inadequate patch
size, inappropriate vegetation type, and/or fire boundaries being overridden by more
recent fires (which were subsequently sampled). Furthermore, a number of patches pre-
dating DNRE fire history mapping were located, with four of these chosen as study sites
(GP-23, T4-25, $8-26 and T2-27). Apart from the patch mentioned earlier, the
likelihood of finding any further ‘old® sites is very low, as the vegetation adjacent to

every track within the study area was checked for this purpose.

Once a fire patch was deemed suitable to study, a 4 ha study site was randomly chosen
within the patch, with the only condition being that one of its boundaries was within 30
m of a track, for ease of access. For this study, each 4 ha site is considered to be
representative of & particular post-fire age. Obviously, study sites situated in small fire
patches will depict the effects of that particular burn on the vegetation morc accurately
than a single site located in a large fire patch, owing to the similarity between fire patch
size and the size of the study site. However, in this study, I am examining variation in

parameters within and between 4 ha sites only, so as not o confound age with patch

area.

Tt should be noted here that WT-16 and SS-16 were bumt by the same fire in 1983,
Although DNRE mapping indicated that these sites were the same post-fire age, visual
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inspection suggested that this may not be the case, with $5-16 appearing to be notahly
stunted in stature, compared to WT-16. However, after dating the sile using the Bawksia
marginata node count method and aerial photographs (Appendix 1), it was found to
correspond with the mapped age. Therefore, to avoid the problem of pseudoreplication,

data from these sites were merged and the mean values used in all analyses.

DETERMINING SITE AGE

The ages of the fifteen sand heathland patches were identified using a range of methods.
First, DNRL fire history maps were used to date sites bumt from 1981 onwards.
Second, an ex-ranger at the Gippsland Lakes Coastal Purk gave the year of the last fire
at one site pre-dating DNRE mapping (R. Cumow pers. comm.). Finally, the Banksig
node count method, which has previously been used to determine Banksia and/or
heathland age (Specht ef al. 1958; Lamont 1983; Cowling e al. 1987; Witkowski &f al.
1991; Wikowski et al. 1992; Marsden-Smedley ef af. 1999), was used to eslimate the
age of the four other sites burnt before 1981, in conjunction with aerial photograph
interpretation and consultation with old newspapers. Field checks at each site
confirmed the accuracy of DNRE fire history mapping and the legitimacy of the Banksia
dating method (refer to Appendix 1 for a detailed description of the verification

procedure).

SITE ENVIRONMENTAL VARIABLES

Thirteen of the 15 study sites occur on a flat sandplain, lying approximately 10 m a.s.|
(Table 2.1), whilst SS-5 and WT-2.5 occur on a stabilised dunefield (hatl reaches heights
up 10 20 m. SS-5 comprises land covering a dune crest, dune slopes and a depression,
with gently inclined slopes up to 5°, and an aspect ranging predominantly from 140° to
360°. WT-2.5 incorporates a dune crest and slopes, with gently inclined slopes up to 5°,
and an aspect ranging predominantly from 0° to 50°. Tt should also be noted that SS-6 is
at the immediate base of the dunefield where SS-5 and WT-2.5 are located.




Table 2.1 Site location, fire history and environmental information. Prescribed fire is defined as any firc ignited by management authorities for fuel
reduction or ecological purposcs. Wildfire is defined as any fire outside the realms of prescribed fire, including prescribed fires that escape control
lines. Landforms follow McDonald et ol. (1990).

Site Lacation Sile Sitearea  Previows  Typeoffire Sizeof Tirecoverage Vogetation sampling  Sitcoge  Loodfornt  Elevation  Slope Aspect
code dimensions {ha) fires fire (ha) (%) (estimatc) date (yeats) (nasl) (dusrecs) (degrees)
BS-0.5  Beacon 200 x 200 m 4 1999 (Mar}  WildGire® 100 99 1310/99~15/10/%% 0.5  Sandplain 10 0 -
Swamp Track <1970
BS-1.5  Beacon 200 = 200 m 4 1997 (Aps}  Prescribed® 560 59 08/12/98 ~ 112098 1.5 Sandplain 10 0 "
Swamp Track 1983 (Mar)
WT-2.5 Waverley 200 % 145 m 2.9 1997 (Mar)  Prescribed® 9 08 25/10/99 —23/10/429 25 Dugeficld  10-20 0-5 .50
Track 1989
85-5 Seacombe—  200% 200m 4 1994 (Mar)  Prescribed 13 99 10/05/99 — 12/05/%9 5 Dunefield i0-20 0-5 140-363
Sperm Whale 1986 ' -
Head Road
886 Seacombe—  270x 130m 35 1993 {Apr)  Prescribed 15 99 15/02/99 - 17/02/93 6 Sandplain i0 0 -
Sperm Whale <1981
Head Road
T1-7 Track ! 2006 < 200 m 4 1992 (Apr)  Wildfire 5 98 18/02/99 - $7/03/39 7 Sandplain 1¢ 0 -
<1976
T8 Trig Track 200x 130m 2.6 1990 gMﬁr) Prescribed 32 49 02/02/99 — 0470249 9 Sundplnin 10 0 -
1980
T4-14  Track4 0% 200 m 4 1984 {Oct)  Wildfie® 16 - 2170199 - 02/02/99 14 Sandplain 10 ] -
<1976
WT-1§ Waverlcy 200 < 200 m 3.3 1983 (Mar}  Wildfire 1330 - 18/01/99 - 21/01/99 16 Sandplain 10 0 -
Track <1970
88-16  Seacombe-—-  200x 200m 4 1983 (Mar)  WildGire 1830 99 17/09/99 - 13/10/99 16 Sandplain in 0 -
Sperm Whale = 1976
Head Road '
UT-t9  Unnamed 200 x 200 m 4 1980 % Wildfire 290 > 06" 14/09/99 — 16/09/99 19 Sandplain 10 0 -
trock < 1978
GP-23  Gaspipeline  200% 200m 4 1976’ Wildfirc 350° . 18/03/99-20/03/99 23" Sandplain 10 D -
easement (23-26}
425  Track 4 200 % 200 m 4 1974 Wildfiee - - 13/05/99 - 15/05/99 25 Sandplain 10 i -
{23-28)
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Table 2.1 (continned) Siie location, fire history and environmertal information. Prescribed fire is defined as any fire ignited by management
authorilies for fuel reduction or ccological purposes. Wildfire is defined as any fire outside the realms of prescribed fire, including prescribed fires

that escape contro] lines. Landforms follow McDonald et af. (1990).

suondirsap 9318 pue eaae Apnig - Z 1deyd

Site Location Site Stiearca  Previous  Typeoffise  Sizeof Firecoverage  Vegetation sampling  Siteage Landform  Elevation  Slope Aspeet
code dimensions (ha) fires fire (ha)  (%8) (estimate) dats {years) (Mmasl) (domees) (dogees)
8526 Seacombe-  200x 200m 3.8 1978 WiliMire - - 22/11/99 - 2411199 26 Sandplnin 10 0 -
Sperm Whale {26-35)
Head Road
T2-27  Teek2 200 % 200 m 4 1973’ Wildfire - - Q2/£0/00 ~ 04710/ 27 Sandplain 1G 0 -
(26-28)
* “Previons fires’ and ‘Site age’ based on Banksia marginata node counts and aerial photograph interpretation (refer to Appendix 1 for

methodology). Potential age range (margin of error) indicated within brackets.

Site was possibly burnt previously in 1986, however mapping resolution makes this difficult to determine.
Ross Cumow (former Gippsland Lakes Coastal Park ranger) (pers. comm.)

Wildfire that commenced after escaping from prescribed bun control lines (T. Wills pers. obs.).

Prescribed burn conducted by the Department of Natural Resources and Environment (DNRE). Very intense (ire, with flame height up to
30 m (B. Houghton pers. comm.).

Prescribed burn, Hot fire, with flame height up to 3-10 m. Approximately 98% burn coverage {(B. Houghton pers. comm.).

Wildfire that commenced after escaping from a private property burn off. Low intensity flre, spotting up to 50 m ahead, with a slow raie
of spread. Fire is likely to have been patchy, with some areas unburnt (B. Houghton pers, comm.).

7 Size of fire based on aerial photograph interpretation.

8 Fire coverage greater than 96% based on Banksia marginata node counts, which indicate that less than 4% of individuals are older than
approximately 25 vears.
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Figure 2.1 Map of Victoria showing the study area location.
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Figure 2.2 Locations of the 14 study sites.
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CHAPTER 3

SOILS AND VALIDATION OF THE CHRONOSEQUENCE
APPROACH

INTRODUCTION

Soil is vital for plant growth and survival, with properties such as water-holding
capacity, acidity, nutrient availability, exchangeable cations and organic content
combining to influence species distributions and local spceies composition and structure
(Beadlc 1954; Gill 1994). On a global scale, Australian soils are generally recognised as
possessing very low nuirient levels, with heathland soils regarded as some of the most
nutrient-poor in relation to other vegetation communities (Beadle 1962; Specht 1979a;
Groves 1983; Specht 1994).

Soils arc very complex and variable in time (Stock & Lewis 1986 Gross et al. 1993
Farley & Fitter 1999; de Kovel ef al. 2000) and space (both horizowtally and vertically)
(Stock & Lewis 1986; Stark 1994; Gross ef al. 1995, Farley & Fitter 1999). For

aﬂmiu ik
M ay v-%y temporally, with the time of year (Stock & Lewis 1986;

example, soil nutrient
Farley & Fitter 1999), the successional stage (age) of the vegetation (Enright ef al. 1994;
de Kovel e al. 2000), or the age of the parent material (Spain ef @l 1983). One well-
known fire-related effect of successional age on soil fertility is the ‘ash-bed effect’
(Specht er @l 1958; Specht 1979b; Humphreys & Craig 1981), where nutrient
availability increases immediately after fire, owing to the mineralisation of organicalty-
bound nutrients (Adams ef al. 1994). However, nutrient levels quickly return to near
pre-fire levels, usually within one year (Stock & Lewis 1986; Adams e/ al. 1994 Marafa

& Chau 1999).

Despite the evidence for surface soil properties changing with time since fire, there are
limited data on the effect of successional age on soils at greater depths, however, the
study by Specht ef al. (1938) is an exception. Specht and his co-workers found that
levels of total C, N and P, and a range of trace elements decreased in concentration with
depth (0-75 cm} in the A horizon of the soil protile, although there was evidence at one

site for an increase in nuirienls in the B horizon. Although no statistical tests were
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undertaken, nutrient concentrations of surface samples appeared to vary substantially
with time since fire, while samples taken from 30-75 ¢m were consistently very similar

across a range of four post-fire ages to 25 years (Specht ef ¢l 1958).

As this present study 1s based on the chronosequence approach, it is very important that
each sile be as similar as possible in terms of substrate. Owing to the geological and
topographical uniformity of the siudy area, soils at depth were expected to be similar,
regardless of time since fire, Conversely, properties of surface soils were expected to
change more readily with time since fire because of the influence of the extant
vegetation. Therefore, in an atiempt to validate the chronosequence design, this study
used deep soil samples to delermine the degree of sitoilarity among sites. The soil
properties examined in this study are saturation capacity, loss-on-ignition, total N,
available P and pH., and are chosen (o reflcct a range of soil properties important for
plant growth and survival, including nutrient availability, organic matter content, water-

holding capacity and acidity.

The study aims to:
1. describe the soils of the study area; and
2. justify the chrenosequence design of the project in terms of soil properties from

deep samples across the study sites.
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METHODS

Soil field sampling

Soil was sampled from three randemly located points at all 15 study sites. At each
random point, a combined surface sample (0-10 cm) and & deep sample (50-60 em}) were
extracted using a 75 mm diameter sand auger, and the soil profile was described.
Surface samples were combined from iwo surface cores (0-10 cm) extracted from the
north and south points of a circle with a 1 m radius surrounding the random point.
Surface litter was removed from the sample. Deep samiples were taken beside the
‘north’ surface sample. Owing to the sandiness of the soil, the auger failed to extract
approximately half of the deep samples (S0-60 cin), therefore, these samples were taken
by hand from the auger hole and may have been slightly contaminated by scil closer to
the surface during the extraction process. Soi} profiles were described to a deplh of at
least 55 cm at each point using the deep core, with horizon depths, soil colour, field
texture and primary profile form noted (Northcote 1974).  Profile descriptions below
this dopth e S8 here possible (BS-0.5 and T2-27), and soil samples taken, to

gain a breader understanding of soil profile composition.

Soil sampling was undertaken for all sites between late November and mid-December
1999, except T2-27, which was sampled in eacly October 2000. Following collection,
soils were air-dried and stored in scaled plastic bags at room temperature until physical

and chemical analyses were undertaken.

Soil laboratery analyses

Prior to conducting soil analyses, samples were reduced to a 2 mm fraction by sieving,
and divided into the required weights using a Rotary Samplc Divider, fed by a Vibratory
Feeder. A Planetary Micro Mitl (Pulverisetie-7) was used to grind samples to 0.2 mm

for use in determining total nitrogen.

Saturation capacity was calculated as the maximum amount of water a given amount of
oven-dry soil could hold, following the procedure of Dewis & Freitas (1970) cited in
Grimshaw (1989). pH was measurcd in a 1:5 (w:v) mixture of air-dry soil and distilied
water (Grimshaw 1989). Percentage organic matter was estimated by loss-on-ignition at

550°C for two hours, using ¢. 5 g samples of air-dry soil (Grimshaw 1989). Available
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phosphorus was measured on air-dry soil using the Bray and Kurtz No. 2 method (Bray
& Kurtz 1345; Rayment & Higginson 199%), Total nitrogen content was determined on

a 0.2 mm air-dry soil fraction using a Leco CHN-2000 analyser.
Data analyses

For the purposes of ail analyses, values for WT-16 and SS-16 were combined and
averaged, as thesc sites were both burnt by the same fire in 1983, This reduced the
nuinber of data points in all analyses to 14, Linear regression was used to examine the
relationship between the mean of each soil parameter and time since (ire. Pearson
correlations were used to determine the degree of correlation between cach soil
parameter. No adjustments were made for multiple pairwise comparisons, following the
reasoning of Stewart-Oaten {1995). Paired s~tests were used to delermine whether there
were differences between surface (0-10 cm) and deep (50-60 cm) samples for ~ach soil
parameter. Data were logyg or loge (X + 1) wansformed to improve homo jeneity of
variances when required. Data were also analysed after removing T1-7, as this site did
not meet the assumptions of the chronosequence design. The rationale for this is
outlined in the Discussion. A critical value of oo = 0.05 was usea in all hypothesis

testing.
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RESULTS
Soeil proefiles

Soil profiles displayed considerable similarity across the study area, and are described in
Table 3.1. In terms of soil texture, all profiles were highly uniform, sensu Northeote
(1974), with the greatest difference being the transition from sand/loamy sand to sand at
BS-0.5, WT-2.5, T1-7, TT-9 and T4-25 (Table 3.1). There is evidence for texture
uniformity occurring as deep as 1.85 m below the surface (T2-27) (Table 3.1).

In terms of horizonal dilfersatiation, a number of zones were commonly noted. First,
most sites (except two burnt recently) had a thin Ol horizon, usually less than 0.5 cm
deep, comprising undecomposed organic matter such as leaves and twigs (Table 3.13.
As expected, the greatest accumulatiorn of maiter in this horizon occurred in the two

oldest siudy sites, SS-26 and T2-27.

Beneath the O1 horizon was the At mineral horizon, characterised by grey-brown to
brown sands and loamy sands to a depth of ¢, 30 cm (Table 3.1). There was also some
accumulation of humified organic matter, giving this hornzon a darker colour than
underlying horizons. In addition, the upper 2 cm of the A1 horizon contained a layer of
dense mycorrhizal roots, particularly at the older sites. In contrast, the A2 horizon was
characterised by white-grey ta—white sands from ¢ 30 em to ¢. 70 em below the soil
surface. However, the depth of this horizon varied considerably, terminating at 45 cm at
$8-5 and 155 cm at T2-27 (Table 3.1). The A2 horizon at T1-7 was noticeably different

from all other sites in that sand colour was grey-brown.

The B2 horizon commenced at a depth of ¢ 70 ecm (alihough closer to the surface at
some sites), where the sand changed from a white to an orange hue (Table 3.1). Sands
within the BI horizon commonly formed aggregations up to 1 cm across, with a thin
hardpan evident at two sites (BS-1.5 and 88-5). Tt should be noted that the B horizon is
considerably closer to the surface at the duncfield sites (WT-2.5 and S8-5) compared

with the 13 sandplain sites (Table 3.1).

Soil analyses

All surface (0-10 cm deep) samples werce taken from the Al horizon. Deep {50-60 cm

depth) samples were all taken from white-grey to-white sand in the A2 horizon, except
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H—F(all-eores-in-prey-brewn-sand), SS-5 (all cores in erange-brown sand, B1 horizon),
and WT-2.5 (one core in efapge-brown sand, B1 horizon). One core from $S-5 and

WT-2.5 was taken from a depth of 43-50 cm owing to auger failure in the sandy soil.

Saturation capacity dilfered markedly between surface and deep cores, with most
surface soils ranging from 40-70%, while decp soils were miainly between 25-30%
{Figure 3.1a). Cores from the B2 horizon (BS-0.5: 70-80cm deep, T2-27: 150-180 em
deep) had a saturation capacity of 28-32%. Saturation capacity at 0-10 cm was
sigmficantly greater with increasing time since fire (logip transformed data, =109, p
= 0.006), however, the oldest site (12-27) was an outlier (Figure 3.1a). When T2-27
was removed from the analysis results were unchanged (F = 7.04, p = 0.022). When
analysed without T1-7, similar results were obtained (Jog, transformed data, = 13.1, p
= (.004). Saturation capacity at 50-60 cm did not differ significantly with time since
fire (F =068, p= 0.425), however, T2-27 was an outlier (Figure 3,1a). Conclusions
were unchanged after removing T2-27 from the analysis and after removing T1-7. Tt

should be noted that surface soils were extremely water-repellent.

Loss-on-ignition ranged between 4% and 11% for surface soils, 0.3-3% for deep
samples, and 1-3% for sand from the B2 horizon at B3S-0.5 and T2-27 (Figure 3.1b).
Loss-on-ignition for surface samples was signiticanfly greater as site age increased
(log;p transformed data, F = 6.92, p = 0.022), although T2-27 was an outlier (Figure
3.1b). After removing T2-27, loss-on-ignition was no longer significantly different
(logyy transformed data, #' = 3.36, p = 0.094). However, when analysed without T1-7,
there was again a significant positive relationship (log;o transformed data, F = 10.8, p =
0.007). Loss-on-ignition at 50-60 cm was not significantly different with time since fire
(logy transformed data, ¥ = 0.08, p = 0.779) (Figure 3.1b). Conclusions were

unchanged after removing T1-7 from the analysis.

Total nitrogen differed substantially between surface soils (0.08-0.25%), deep samples
(0-0.04%), and the B horizon at B8-0.3 and T2-27 (0.02-0.04%) (Figure 3.1¢). Total N
in surface soils did not differ significantly with time since fire (logie transformed data, F
= 3.00, p = 0.109), however, T2-27 was an outlier (Figure 3.1¢). Results were
unchanged after the outlier was removed (F = 0.62, p = 0.448), and when the data were

analysed without T1-7 (log)y transformed data, ¥ = 4.69, p = 0.053). Total nitrogen for
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deep samples, was also not significantly different (F = 0.03, p = 0.865). Conclusions

did not differ after removing T1-7 from the analysis.

Awailable phosphorus was greater at the surface, with most samples ranging from 1.4 pg
gl to 4.2 pg g, except T1-7, which was substantially higher at 7.7 pg g’ (Figure 3.1d).
Deep samples were lower in available P and ranged from 04 pg g’ 0 1.2 g g,
although T1-7 was again an exception at 1.8 pg g (Figure 3.1d). Avaiiable P inthe B2
horizon ranged from 0.7-1.1 pg g™ at BS-0.5 and T2-27. For surface samples, available
P did not differ significantly with time since fire (log)y transformed data, ¥ = 0.02. p =
0.906), however, T1-7 was an outlier (Figure 3.1d). Results did not alter after removing
the outlier (logyo transformed data, & = 0.95, p = 0.350). Dccp samples werc aiso not
significantly related to site age (logp transformed data, F' = 1.48, p = 0.247) (Figure

3.1d). Conclusions were the same when T1-7 was removed from the analysis.

Soil pH was lower at the surface, ranging from 3.7 to 4.4, compared to deep samplcs,
which ranged from 4.2 to 4.7, and samples in the B2 horizon at BS-0.5 and T2-27 (4.7
to 5.0) (Figure 3.1e). pH decreased significanily for both swrface and deep samples as
sife age increased (0-10 cm: F=35.7, p < 0.001; 50-60 cm: £ =9.69, p = 0.009) (Figure
3.1e). When analysed without T1-7, conclusions for swiface and deep samples were

unchanged.

Pearson correlation coefficients indicated that more soi) parameters were correlated for
surface soils than in deep samples, when analysed with and without T1-7 (Table 3.2).
For surface soils (# = 14), six of the 10 pairwise comparisons were significantly
correlated, with total N, loss-on-ignition and saturation capacity showing the strongest
correlation (Table 3.2a). Deep samples (» = 14) showed lower levels of correlation,
with only two péirwisc comparisons significantly correlated (loss-on-ignition with both
available P and N) (Table 3.2b). When T1-7 was excluded from the analysis for surface
samples, all pairwise comparisons were significantly correlated except available P and

pH (Table 3.2¢). The exclusion of T1-7 did not affect the results for deep samples.

vaired i-tests indicate that there are significant diffcrences between surface and deep
samples for each of the five soil parameters, with and without T1-7 in the analysis

(Table 3.3).
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DISCUSSION

Generally speaking, the soils of the study area are deep, uniform, strongly-leached,
nutrient-poor, acidic sands, However, before any argument is presented to justify the
chronosequence design, it is important to examine individual sites to determine whether
they mect the chronosequence assumptions, outlined in Chapter 1. Afier examining the
data for outlicrs and unusvally high or low readings, two sites appeared distinctive,
namely T1-7 and T2-27.

T1-7 is an anomaly in the data set for a number of reasons. Fivst, sand in the A2 horizon
o darker grey

was grey-brows-in-celenr, compared with the-white~-grey-colourof all other sites, which

suggests that T1-7 contained more organic maftter. This was confirmed by loss-on-
ignition results, indicating that T1-7 had the third highest organic matter content.’
Second, available P in deep samples at T1-7 was 47% greater than the next highest site,
and 137% greater than the mean of all sites, excluding T1-7. Furthermore, available P
at T1-7 was an outlicr in the surface soil, being 83% higher than the next site, and 241%
greater than the mean of all sites. excluding T1-7. Considering that soil P is largely
recognised us the most crucial nutrient affecting plant growth in Australian heathlands
(Groves 1983), plant growth and species composition at 1'1-7 may be substantially
different, compared to other sites, Finally, deep samples at every site had a gher pH
than surface samples, however, the opposite occurred at TI-7. Owing to these
anoraalics, T1-7 does not meet all assumptions of the chronosequence design, and

consequently, is excluded from the study and all further analyses.

In addition, T2-27 was an outlier in saturation capacity (surface and deep samples) and
loss-on-ignition (surface sample). The greater saturation capacity and loss-on-ignition
in surface soil at 1'2-27 is predominantly due 1o the greater density of mycorxhizal roots
present, which markedly increases the amount of organic matter (loss-on-ignition) and
the amount of water absorbed, thus increasing saturation capacity. Saturation capacity

at depth was lower at T2-27, indicating that the soil was slightly sandier, having less

! Soils from the two sites possessing greater organic matter were taken from the B
horizon. Deep samples from 70-80 cm at BS-0.5 and 150-180 cin at T2-27 suggest that
the B horizon contains more organic matter than the overlying A2 horizon. Therefore,
results from the two sites yielding greaier loss-on-ignition are possibly inflated when
compared with other sites where samples have been taken from the A2 horizon,
implying that T1-7 may have the highest loss-on-ignition for soils in the A2 horizon.
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fine particles than the other sites. However, these soil characteristics do not warrant

exclusion of T2-27 from the study.

The 1wo sites situated on theF dunefield (WT-2.5 and 5S-5) also differed from other sites
. [resen . . . .

in that they were not foeund on the sandplain, however, no outliers in soil parameters
were found at these sites, indicating that soil properties are similar to those of sandplain

sites.

After careful examination of the data and the elimination of T1-7 {rom the data set, it
appears that the assumptions of the chronosequence are met on two fronts, with respect
to soil properties. First, the chronosequence appears to be validated by the uniformity
and consistency of the soil profiles among siles. Second, the results of laboratory
analyscs indicate that soils at depth (50-60 cm) ave remarkably similar across the entire
study area. Becaunse deep soil samples are likely to be less affected by time since fire
and vegetation growth, the consistency among sitcs again suggests that the
chronosequence is validated. In fact, it is extremely difficult to find a chronosequence
study of at least 13 different-aged sites anywhere in the literature (hat are so vniform in
terms of lopography, elevation, geomorphology and soils. Therefore, I am confident
that the chronosequence used in this study represents an effective substitution of space
for time (Pickett 1989). However, it should be noted that fire history has not been

conirolled for in this study.

The soils of the study siles are similar to other heathlands on sand in south-east
Australia, where soils are nutrient-poor and acidic (Specht ez al. 1958; Parsons 1966;
Groves 1981; Wark ¢f al. 1987; Adams ¢f ol 1994). In this study, soil properties aiso
differ significantly between the surface 10 cm and 50-60 cm, with nutrient and organic
matter levels decreasing with depth; a finding supported by other studies (Specht ef al.
1958; Parsons 1966; Stock & Lewis 1986; Adams er al. 1989; Read 2001). However,
despite the common finding that nutrient levels decrease with depth, Specht et ol. (1958)
reporled an increase in C, N, P and other trace elements in the B horizon. In their
review of organic matter in Australian soils, Spain ef al. (1983) also reported that small
increases in organic matier in subsoils bclow the bleached A horizon were not
wncommon. The limited evidence from the B horizon of two sites in this study also

suggests that the B horizon may be a zone of slightly highcr nutrient accumulation.
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In this study, levels of available P for surface soils are 1.4-4.2 pg P g, a figure
comparable to other south-eastern Australian heathlands, which range between 0.3 and
24 ug P g’ (Wark et al. 1987; Adams et i 1994; Bennett 1994; Hahs ef ol 1999).
However, higher levels have been recorded, with Siddigi ef al. (1972) and Enright ef ai.
(1994) reporting mean levels of c. 7.5 and 18 pg P g™ respectively. Total N in surface
soils (0.08-0.25%) was also similar to other sand heathlands, which contained 0.06-
0.19% N (Siddiqi e al. 1972; Wark e/ al. 1987, Adams et al. 1994) but Specht ef af.
(1958) reported lower levels (0.02-0.04%). At depth (50-60 em). total N was very low,
ranging from 0-0.04%, which 1s similar to deep samples taken by Specht ef al. (1958)
(0-0.01%) in south-eastern Australian heath and Stock & Lewis (1986) (0.01%) in South
African fynbos. Therefore, N and I* appear to be similar to many other heathlands,
particularly those within soutb-cast Australia. However, caution should be exercised
when making comparisons between studies because of the different methods used in

extracting and measuring soil nutrients.

Surface soils were very acidic and ranged between a pH of 3.7 and 4.4. This appeats to
be more acidic than other south-eastern Australian heathlands, which range from 4.5-6.4
(Raupach 1951 in Specht & Rayson 1957, Parsons 1966; Siddiqi er al. 1972; Wark er al.
1987; Adams ef al. 1994; Enright er ol 1994; Hahs er al. 1999). As depth increased,
sands also became less acidic, a trend also reporied by Raupach (1951) in Specht et @/,

(1958) for the Makin sand in south-east Australia.

Generally, the properties of surface soils were highly correlated (ninc out of 10
combinations), however, those of deep sampies were not, with only loss-on-ignition
correlated with available P and N. The reason that many surface soil properties were
strongly correlated is probably due to the major influence of organic matter in the A

horizon, which is usually strongly associated with loss-on-ignition and N.

Some soil properties were distinetly corrclated with lime since fire, particularly in the
surface soils, where saturation capacity and loss-on-ignition increased significantly, and
pH decreased significantly with increasing site age. At 50-60 cm depth, only pH varied
significantly with increasing time since fire, with all other soil properties showing no
difference. The lack of a consistent trend in deep soils suggests that the effects of fire
are generally confined to surface soils. Specht ef al. (1958) found a similar result in a

south-castern Australian heathiand, where the time since fire markedly affected a range
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of soil nutrierits and exchangeable cations in the surface soil (0-15 cm), with the general
trend being for nutrients to increase in concentration with increasing time since fire.
However, soil properties at depth (30-75 cm) did not differ with changing site ags
(Specht ef al. 1958). Adams ef al. (1994) also reported similar results (but over a much
finer scale) for heathlands at Wilson’s Promontory, where the cffcets of fire (including
repeated fires), on C, N and P were confined to the surface 2 cm, while soils from a
depth of 2-7 ecm showed no significant variation with time since fire. Furthermore; the
time clapsed since fire has aleo been shown to contribute to increased acidity and total N
for surface soils during primary succession on inland sand drifts in the Netherlands (de
Kovel et al. 2000). However, Enright (1994} reported no trend in soil exchangeable

cations and pH with site age for surface soils 0-3 cm deep.

Although some surface soil properiies were shown to change with increasing time since
fire, this study provided no evidence for an ‘ash-bed® effect, created through the
mineralisation of nutrients during firc. However, the youngest site studicd was sampled
eight months after fire, and any posi-fire flush of nutrients may have already been

leached through the soil profile, or taken up by plants, by this stage in time.




Table 3.1 Soil profile horizons, depth, Munsell ficld colour and field texture for each study site. All cores were taken to a depth of 55-90 cm, as 0
soil texture prevented deeper cores being taken. T2-27 was the only site where cores were taken deeper than 90 cm. ‘?‘;
. L]
Site Site age Primary  Horizon: depth {cin), ficld colour, field rextre ‘,"‘
(y=urs Profilc g’
Farm E‘
01 02 Al A2 A3 B B2 %
BS-05 05 U - ; 0-35, grey, SIS 15.60, grey, S - . 60-00+, light brow, § * el
BSi5 15 U 002 - 0-20, prey, $ 20-75, prey, § - 75-85+, brown, § ¢ g'
WT-25 15 u - 0-25, grey, 8/LS 25-40(-60), hvowm, S - {40604, brown, 2-;
8- U 002 - 0-30, grey, $ 3043, brovm, . 45-65, brown, 8! 65-75+, light brown, S £
55-6 u 0-0.5 - 0-30, grev, § 30-60+, grey, 5 g
Ti-7 U 003 - 020, greyish brown, S/.8 20-554, prey, 8 g
TTe o U 005 - 0-30, grey, 1S 30-90, grey, § §
TH14 14 U 004 - 0-25, grey, 8 25-55%, grey, $ é
W6 16 u 003 - 0-30, grey, S 30604, grey, § %
$S-16 16 U 002 - 0-30, grey, § 30-65+, grey, S G
U1 19 % 003 . 0-30, grey, 8 30-65+, grey, S IE
GP-23  23(23-26) U 004 - 0-30, grcy, § 30701, gy, S g,
T425  25(2528) U 004 - 0-25(-45), groy, S5 (25-)45-35+, prey, § =
§526  26(26:35) U 013 - 0-30(-35), dark greyish brown, 8 (30-)55%, grey, $
22! 27 (2628) U 0-1.0 113 0-45, ey, § 43155, grey, 155-165, reddish grey, S - 165-185+, brawn / light brown, §




-

Table 3.1 (continued) Soil profile horizons, depth, field colour and field texture for each study site. All cores were taken to a depth of 55-90 ¢m,

as soil texture prevented decper cores being taken. T2-27 was the only sitc where cores were taken deeper thun 90 cm.

Horizon descriptions (McDonald et al. 1990):

01  Undecomposed organic debris (leaves, twigs, etc).

02  Decomposing organic debris.

Al Mineral horizon near the surface with seme accumulation of humified organic matter. Usually darker in colour than underlying horizons and
containing the greatest levels of biological activity.

A2  Mineral horizon having less organic mafter, sesquioxides and/or silicate clay than adjacent horizons, and usually paler in colour than Al.

A3 Transitional between A and B, and dominated by properties of Al or A2.

Bl  Transitional between A and B, and dominated by propesties of B2,

B2  Horizon characterised by an ifluvial, residual or other concentration of silicate clay, iron, aluminium, or humus; and/or different structure,
consistency, or stranger colour development than A horizons.

U Uniform soil profile: dominated by the mineral fraction with small, if any texture differences throughout the profile (Northcote 1974),

3 Sand

govosdde 35uanbasouosga a JO woizepljeA pue sjiog - ¢ axleyD

LS Loamy sand

Haurdpan (sand aggregations appearing richer in iron)

Gravel (coarse, stony fragments up to 20 mm diameter) at 85 cm
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Table 3.2 Pearson correlation (r) matrix of soil parameters. An asterisk indicates a

significant pairwise correlation: * p <0.05; ** p < 0.01; *** p < 0.001.

(a) 0-10 cm depth, n= 14

Saturation Lass-on- Total N Available P
capacity ignition
Loss-on-ignition 0.08 *#**
Total N 0.92 *#* 0.97 *x*
Available P 0.39 0.53 0.55 *
pH -0.68 ** -0.55* -0.43 0.22

{(b) 50-60 cm depth, n = 14

Saturation Loss-on- Total N Available P
capacity ignition
I oss-on-ignition 0.51 T
Total N 0.23 0.88 ¥+
Available P 0.28 0.62* 0.43

pH 0.33 0.22 0.11 -0.11
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Table 3.2 (continued) Pearson correlation () matrix of soil parameters. An asterisk

indicates a significant pairwise comelation: * p < 0,05; ** p < 0.01; *** p < 0.001.

(¢) 0-10 cm depth. » =13 (T1-7 excluded from analysis)

Saturation Loss-on- Total N Available P
capacity ignilion
Loss-on-ignition 0.99 **=*
Total N (.93 # (.97 #+¥
Availablc P 0.70 ** 0.76 ¥* 0.82 *+
pH -0.80 ** 0,72 #* 0.62 * .37

(d) 50-60 cm depth, n =13 (T1-7 excluded from analysis)

Saturation Loss-on- Total N Available P
capacity ignition
Loss-on-ignition 0.54
Total N 0.24 (.88 ***
Available P (.45 0.63 * 045

pH 0.35 0.36 0.18 0.22
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Table 3.3 Paired /-test results for differences between surface (0-10 cm) and deep (50-

60 cm) soil samples for each 50i] parameter.

Soil paramcter All sites (2= 14) T1-7 excluded {n = 13)
- f p t P
Saturation capacity 6.08 <0.001 5.56 <0.001
Loss-on-ignition 6.13 <0.001 5.60 <0.001
Total N 7.77 <0.001 7.18 <0.001
Available P 4.75 <(0.001 6.59 <(.001

pH -7.23 <0.001 -12.50 <0.001
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Figure 3.1 Mean values of soil parameters with increasing site age: (a) Saluration
capacity; (b) Loss-on-ignition; (¢) Total nitrogen; (d) Available phosphorus; (¢) pH. Linear
regression lines of best fit are displayed where soil parameters differ significantly with time
since fire. Dashed lines indicate line of best fit after an outlier from linear regression has
been removed; dotted line indicates line of best fitafter removing Tt @, 0-10cm; ©, 30-60

cm; €, 70+cm,
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CHAPTER 4

VEGETATION

INTRGDUCTION

Australian heathlands are generally thought to adhere to the ‘ipitial floristic
composition’ model of succession (Egler 1954), where any given species assemblage is
basically a subset of the initial composition following post-disturbance recroitment
{Russell & Parsons 1978; Groves & Specht 1981; McFarland 1988). This initial post-
fire composition may be markedly affected by the fire regime, which is composed of the
season, intensity, frequency and type of fire (Gill 1975). Furthermore, the time elapsed
since the last fire may substantially affect the species composition, richness, diversity,
evenness, hetcrogeneity and struclure of heathlands, depending on post-fire conditions
(Lamont et al. 1993} and the reproductive and life-history characteristics of individuwal

species.

As time since fire increases, heathlands can be said to experience four phases of
development: the pioneer, building, mature and degenerate phases (Barclay-Estrup &
Gimingham 1969). The pionecr stage encompasses lhe first few years after fire, and is
often characterised by the presence of short-lived, post-fire ephemeral spccies
{(McMahon 1984b; Enright er af. 1994; Wark 1996). Following the pioneer phase, the
heath undergoes a building phase, where most species increase their projected cover,
until the total cover plateaus upon reaching the mature phase (Specht ¢ al. 1958;
Russell & Parsons 1978; Wark 1996). Finally, the heath may enter a degenerate phasc
where many specics begin to sencsce, and the heath elements become overtopped by
taller shrubs and scattered trees, mainly of the genera Bunmksia, Allocasuaring and
Fucalyprus (Gill & Groves 1981; Specht 1994).

Relatively few studies have used statistical technigques to examine the effect of time
since fire on community composition in south-eastern Australian heathlands. Some
exceptions are Posamentier et al. (1981) and Enright et al. (1994), who have shown
specics composilion to change wilh increasing time since fire. However, Russell &

Parsons (1978) found that sites geographically closer together were more similar than
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sites of similar age, suggesting that the environment, rather than time since fire, was
playing a more influcntial role in determining species composition. Species richness is
also commonly associated with changes in species composition, and usually peaks in the
first few years after fire. After this *pioneer’ phase, richness progressively declines,
however, various studies have indicaled different levels of decline, and shifts in species
dominance, with increasing timne since fire (Specht ef al. 1958; Russell & Parsons 1978;

Posamentier ¢f al. 1981; McMahon 1984b; Earight et al. 1994; Wark 1596).

In addition to the composition, richness and physical structure of the vegetation, an
importaut facet of ecology is the spatial structuring, or heterogeneity, of the vegetation.
Christensen (1997) states that heterogeneity, complexity and diversity are critical
elements to sustained ecosysiem function.  Environmental patchiness creates
heterogeneity in resource availability, which provides an array of opportunities for
colonisation and survival, thereby accomplishing one of the major objectives of
conservation biology - fostering species diversity (Ewel 1997). Armesto er al. (1991)
reviewed pattems of heterogeneity during oldfield succession and consistently found
that community heterogeneity changed over time. Despite the growing interest in
heterogeneity over the past 15-25 years (Wiens 1997), there have been no studies in
Australia to my knowledge that address the issue of spatial heterogeneity in heathlands,

let alone, the effects of time since fire on this parameter, This study aitns to help fill this

gap.

The central aim of this study is lo determine the effects of time since fire on species
composition, richness, diversity, evenness, life-form richness, communiiy heterogeneity

and structure in the hexsthlands of the Gippsland Lakes Coastal Park.
Associated with these aims are a2 number of predictjons:

(1) Vegetation will follow the ‘Initial Floristic Composition’ model of succession
(Egler 1954), with no new species recruited after the initial post-fire recruitment
pulse lasting 1-2 years, and composition in older heaths consisting of a subset of
the inilial composition following fire. Species that are Jong-lived, and/or can
regenerate in the absence of fire, are also predicted lo become dominant in older

heaths.
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2

(3)

{(4)

(5)

Species richness, evenness (J) and diversity () are all predicted 1o peak ¢. 1-2

years after [ire, then gradually decrease with increasing time since fire.

Life-form richness will peak as species richness peaks, then gradually decline as

post-fire colonisers and relatively short-lived species die out,

Community heterogeneity will be greatest in the period of species establishment
in the immediate [-2 years following fire, and lowest as the heath ages and

species die out or become competitively excluded.

Vegetation structure is predicted to change with increasing time since fire, with
projected foliage cover greatest in the lower height classes of young heath and

the upper height classes of older heath.
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METHODS
Field sampling

Within each fire patch, a random point was generated which delineated the south-west
point of the study site, the only constraint being that site boundaries were within 50 m of
an access road or track. Site boundaries were then defined by taking a compass bearing
cast for 200 m, then north, west and south for the same distance. Random coordinates

(south-west poini) for quadrat locations were then generated.

In order to meet the airns of the study, an appropriate spatial scale (grain), sensu Allen &
Starr (1982) needed to be determined prior to conducting the major component of the
sludy. Therefore, five spatial grains were sampled, with each increasing by an order of
magnitude {cxcepl for the 900 m? grain, which was close to an order of magnitude
greater than the 100 m? grain). The spatial grains examined were 1 m?, 10 m?, 100 m?,
900 m” and | ha. The number of random quadrats required to effectively sample the
species richness at a site for each grain was then determined by examining specics
accumulation curves at BS-1.5, which was the first site sampled. Becausc the shape of
the species accumulation curve is seositive to the order in which quadrats are samplgd
(Palmer 1990a; Colwell & Coddington 1994; Inouye 1998), mean values of 1000
random quadrat sequences were used to plot curves for each sampling grain. Using this
method, site species richness appeared to plateau substantially after ten 10 m? quadrats,
seven 100 m quadrats; or three 900 m?® quadrats. At the 1 m? arain, species richness
began to plateau after 20 quadrats, however, the curve was not as flat as the other three

sampling grains (Figurc 4.1).

In order 1o estimate sampling efficicncy at each spatial scale, three estimates of total site
species richness were made. First, total observed richness for the entire site, Soby7o7:
was derived from quadrat sampling over three days and at least one return visit in
spring, to search for annuals and/or geophytes that may not have been found in the
original survey. Second, specics accumulation curves were extrapolated to 4 ba using

the asymptotic, two-parameter hyperbola, known as the Michaelis-Mentcn equation:
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Suan = (Smax ¥ 50 £ (B + 1gm)

where Sma, the asymptote, is a fitted conslant, estimating true richness for the site, B isa
fitted constant, and #; is the number of quadrats required to saturate the site for a given
sampling scale (Colwell & Coddington 1994; Tnouye 1998). An asymploiic curve was
used, because (a) site richness was expected to be finite, owing to the finite sample area,
and (b) the curves fitted th.: data extremely well. Third, the first-order jackknife

estimate was used:
Sjm.'kf =Sops + L (n'.f /‘Pi:)

where Saes 18 the observed number of species in the sampled quadrats (ar a given scale),
L is the number of species present in only one quadrat, and » is the pumber of quadrats
sampled. The first-order jackknife estimate takes into account the mumber of
‘singletons® (species occurring in only onc guadrat), with higher proportions of
singletons yielding higher estimates of species richness (Heltshe & Forrester 1983;
Palmer 1990a).

The total observed species richness proved o be the most appropriatc of the three
estimalors of actual site richness at BS-1.5, as it consistently yielded the greatest namber
of species for cach grain sampled. Extrapolation using the Michaelis-Menten equation,
and estimation using the first-order jackknife both yielded consistently lower estimates
than S,pyro7) for each sampling grain, except 900 2, where all three estimators gave the
same value (Table 4.1). The lower estimates of the first-order jackknife are probably
duc to the low proportion of singletons, which suggests that the vegetation is quite
homogeneous. The estimates of both equations imply that lhey were inadequate
estimators of species richness, since they were lower than Sassrom (Pil‘;lﬂ' 1990a).
Sepscropy may in fact bave been very close to the actual nchness" Although the
Michaelis-Menten equation and the first-order jackknife are commonly used estimators
- f species richness, the appropriatencss of cach model may vary according to the spatial
heterogeneity of the vegetation (Colwell & Coddington 1994) and the samphng scale
employed (Palmer 1990a). Therefore, owing to the results given in Table 4.1, Sppsron
will be used to determine sampling efficiency, since it was the most effective estimator

of site species richness at BS-1.5, the first site sampled in this study.
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Using Satsror as the estimator of site richness, twenty 1 m? quadrats estimated 81% of
total site richness, ten 10 m® quadrats estimated $3% of site richness, seven 100 m’
quadrats estimated 86% of site richness and three 900 m* quadrats estimated 93% of site
richness (Table 4.2).

Choosing an appropriate scale to study is often a difficult task, as dere is rarely, if ever,
a ‘correct’ scale to study a given pattern or process {Levin 1988, Gardner 1998).
However, for the purpose of this chapter, vegetation description and analyses will focus
on a single spatial scale (grain), 100 m?, while the effects of scale on vegstation
parameters will be cxamined in Chapter 5. The 100 m” grain was chosen because the
inflection point on the plot of mcan specics richness per quadrat for each grain
(averaged across all Sités') was between 10 m” and 100 m” (Figure 4.2), a similar resuit
to that obtained by Cheal (2000) for a south-eastern Australian semi-arid heathland. At
qﬁadrat sizes below 100 m?, the relationship between species richness and area |
increased rapidly, while the rate of increase of species added per unit arca over 100 m’
was very low. Specht (1979b), Specht & Specht (1989) and Keith & Myerscough
(1993} provide a summary of species-area relationships in Australian heath-type

vegetation.

Al each quadrat, every species with living material projecting vertically over the quadrat
was recorded and given a cover-abundance value, even if it was rooted outside the
guadrat. Cover values were assigned from one of 12 classes: <1%, 1-5%, 6-10%, and
thereafter in 10% intervals up to 100%. Total species cover abundance within five
height classes (0-0.1 m, 0.2-0.3 m, 0.4-1.0 m, 1.1-2.3 m and 2,6-8.0 m) was estimated to
provide a measure of community structure. The cover of bare ground, litter, bryophytes

and lichens was also estimated at each quadrat.

Sites that were surveyed in summer and autumn were rechecked at least once in spring
to determine whether any annmuals or cphemerals were present that may have becen
overlooked in the original survey. In addition, GP-23 was re-surveyed with a further
seven random 100 m? quadrats in December 2000, following a large (330 ha) prescribed

fire in May 2000.

Nomenclature follows Ross (2000), apart from the updated treatment of Boronia

cnemonifolia by Neish & Duretto (2000), Lomandra longifolia and Drosera peltata




Chapter 4 - Vegetation 49

were not segregated to subspecies level because switable material was not always

present.
Data analysis

The mid-point (¥ cover) of each cover class was used for all analyses. Nen-metric
Multidimensional Scaling (NMDS) using the Bray-Curtis similarity index was
employed to ordinate quadrat data using the PRIMER statistical package (Clarke &
Gorley 2001). NMDS, using Bray-Curtig dissimilarities has been well-argued as being
one of the most robust and appropriate ordination methods available for vegetation data
(Iaith et gl 1987; Minchin 1987; Clarke & Warwick 1994). Quadrat data for each site
were ordinated using cover-sbundance data, standardised cover data and
presence/absence data, as these different measures are vseful to gain a comprehensive
overview of species patterns (Allen & Wyleto 1983). Standardisation was achieved by
dividing each entry by the total abundance 1o that sample and muitiplying by 100. In
addition to the three forms of data just mentioned, ordination plots were derived for the
means of the seven quadrats at each site, grouping sitcs into young (0-6 years old, n =
3), intermediate (9-19 years, # = 3) and old (23-27 years, n = 4) age classes, enabling
casier interpretation of I-e::;gﬁfscale palterns. The young age class was designed to
incorporate any post-firc ephemcrals that may be preseat, while the old age class was
designed (within the confines of the age range a....cble) to be representative of sites
where species senescence had already begun. All ordinations were plotted in two

dimensions, with the plane of maximum variation represented on the x-axis, as

recommended by Clarke & Warwick (1994).

The difference in specics composition for the three abundance measures, first, among
sites, and second, among age classes, was tested by Analysis of Similarity (ANOSIM),
using PRIMER. ANOSIM works by testing for global differences between groups of
samples, specified a priori, and then by analysing all pairwise comparisons {Clarke &
Gorley .001). Pairwise comparisons between every site (91 possible comparisons) were
of no great interest, therefore, they are not reported here. However., pairwise
comparisons between young, intermediate and old sites are reported, with no
adjustments made for multiple comparisons, following the reasoning of Stewart-Oaten
(1995). The contribution of each species to the similarity within groups was also

calculated using the Similarity Percentages (SIMPER) routine in PRIMER.
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Spatial autccorrelation between sites was assessed to determine whether sites were truly
independent replicates that were unaffected by the species assemblage in surrounding
sites (Legendre 1993). Autocorrelation was assessed using a one-iziled Mantel test
(Mantel 1967; Legendre & Legendre 1998), which is designed to determine whether
sites that are physically close to one another are more similar in terms of species
composition than sites that are further apart. The test works by comparing the ranks of
two independent distance matrices, in this case, ecological distances measured using
Bray-Curtis dissimilarities, and geographic distances measured in kilometres, to

defermine whether a significant relationship exists between the two.

Species richness (S} was defined as the total number of species at a given quadrat, group
of quadrats, or sitc. A measure of the evenness (J) of species cover-abundances was

calculated using Pielow’s evenness index:
J = H"’(observed) / log+(S)

where § = fotal number of species (Pielou 1966). Jranges from zero (all species possess
different cover-abundances) to one (communilies or sampling units where all species
possess the same cover). Species diversity (H) takes into account both the total number
of species (5) and their relative frequency or abundance {/), and was measured in terms

of species cover-abundance using the Shannon-Wiener index:

’=- 2 pi(logz pit

where p; is the proportion of the total count arising from the ith species (Peet 1974).
Life-form richness was determined by dividing each species into seven morphological
classes: trees, shrubs, subshrubs, graminoids (sedges/rushes/grasses), forbs/geophytes,
twiners and parasitic mistletoes, according to calegorisations given by Walsh &
Entwisle (1994), Walsh & Entwisle (1996) and Walsh & Entwisle (1999).

Community hcterogeneity (CH) was measured using the Similarity Percentages
(SIMPER) procedure in PRIMER, which determines the Bray-Curtis similarity in
composition between each sampling unit and then averages pairwise similarities to give
an inverse measure of dissimilarity (Clarke & Gorley 2001), or heterogeneity. This
method has previously been used in oldficlds and tallgrass prairie vegetation by

Muraoka et «l. (1984), Inouye &f ai. (1987) and Collins (1992). The average similarity
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between pairs of plots should be lower as communilies become more internally
heterogeneous (Armesio ¢f ol 1991). Community heterogeneity was analysed using

cover data, standardised cover data and presence/absence data.

The cffect of time since fire on species richness (lotal and mean), diversity (&),
evenness (J), life-form richness, community heterogeneity (mean Bray-Curtis
dissimilanty within a site), structure and bryophyte and lichen cover was assessed using
linear regression. In addition, structural data displaying non-linear trends, litter cover,
and bare ground cover were fitled with the LOWESS smoothing function for descriptive
purposes. The LOWESS function estimates y based on the weighted average of nearby
y values, with >+ - -2al amount of flex (tension) adjusted on a scale of 0-1 (Anon. 2000).
Pearson correlations were used to determine the degree of correlation between sclected
vegetation paramcters. All data were square-toot, logyg, or logie (x + 1) transformed to
improve normality and homogeneity of variances when required. A critical value of o =
0.05 was used in all hypothesis testing. Pairwise comparisons in correlation matrices
were not adjusted for multiple comparisons, following the reasoning of Stewart-QOaten
{1995). All regression and correlation analyses were carried out using the SYSTAT

statistical software package (Anon. 2000),
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RESULTS
Species composition

During the study, 94 species from 31 families and 66 genera were recorded across all
sampling grains (Appendix 2). Interms of species richness, the dominant families were
Orchidaceae (11 species). Myrtaceae (8), Fabaceae (7), Poaceae (7), Epacridaceae (6),
Casuannaceae (3), Xanthorrhoeaceae (5), Cyperaceae (4), Dilleniaceae (4) and
Proteaceae (4). Twenty species were recorded at every study site (Table 4.3), with five
of these belonging 1o Epacridaceac and four to Fabaceae. Of these 20 ubiquitous
species, 14 were shrubs, iwo were trees, two were subshrubs and two were sedges.
Twenty-four species were only recorded at one study site (Table 4.3), with cleven of
these belonging to either Orchidaceae (6) or Poaceae (5). Of these 24 species, 16 were
- herbs (forb/geophyte and sedge/rush/grass) and six were shrubs, with 12 of these species
found in young sites (-6 years since fire) (seven herbs) and 12 found in old sites (23-27
years since firc) (nine herbs) (Table 4.3). All species recorded were native, except for
four very localised and uncommon herbaceous weeds, each occurring at only one or two

sites,

Focussing on the 100 m® grain, the heath was dominated by the shrub Leptospermum
myr.s:z'noide.s, which had a mean cover of 29 &+ 2% in all sites nine years and older (Table
4.4}, Sub-dominants of the shrub {ayer were Mornofaca scoparia, with 2 mean cover of
6 ='1% in sites nine years and older, Banksia marginata (5 = 1%), Epacris impressa (2
+ 1%) and Aflocasuagrina misera (3 & 1%). Other shrubs common to at Jeast 13 of the
14 sites were Acacia oxycedrus, Bossiaea cinerea, B. heterophylla, Brachyloma
daphnoides, Dillwynia glaberrima, D. sericea, Hibbertia fasciculata var, prostrata, H.
virgata, Feucopogon ericoides and L. virgatus var. virgatus (Table 4.4). dsiroloma
pinifolium, Calvirix tetragona, Thryptomene micrantha and Xanthorrhoea australis
were locally common and abundant {up t0 5% cover), however they were only found at
certain sites. The heathland was overtopped Lo varying degrecs by scattered Banksia
serrata (6.6 = 2,2%) trees up 10 8 m, and the ‘mallee-form’ eucalypt, Encalyptus aff.
willisii (Gippsland Lakes) (3.7 & 0.4%), to 5 m. The rush, Hypolaena fastigiata (7.0 +
2.0%) and the scdge, Caustis pentandra (4.5 + 0.9%) dominated the ground layer, while
other herbaceous species were ver_\; uncommon and/or had extremely low cover-

abundances.
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NMDS suggests a number of interesting relationships among the study sites. Cover data
indicate that the youngest sile, BS-0.5, was substaniially different in species
composition from al! other sites, while the next three youngest sites, BS-1.5, WT-2.5
and SS-5 were also separate fiom the main group, which comprised the remaining 10
sites (Figure 4.3a). Following standardisation of the dats, BS-0.5 remains distinctly
separate, with 88-5 and WT-2.5 on the fringes of the main group (Figure 4.3b).
Analysis of presence/absence data suggests that BS-0.5 and T2-27, the youngesti and
oldest sites respectively, are substantially different from the main group, with each at
opposite ends of the axis of maximum variation (Figure 4.3¢). The second oldest site,
S8-26, is closest to T2-27, and forms a group on the edge of the main group, while WT-
2.5 and S8-5 also form a distinct group (Figure 4.3¢). Species composition differed
significantly among sites, using cover (ANOSIM: R = 0.83, p < 0.001), standardised
cover (ANOSIM: R = 0.80, p < 0.001) and presence/absence (ANOSIM: & =.0.80, p <
(0.001) data. The effect of low frequency species was assessed for presence/absence data
by removing any species restricted to a single quadrat (seven species in total). This
produced no discernible change in th¢ NMDS plot, and ANOSIM conclusions were
unchanged.
posilively o

Sites were highlynegatively autocorrelated, with the standardised Mantel test statistic
(rv = 0.495) lying well b;igiieme 5% confidence level of 0.192, implying that sites

geagraphically closer together were more similar in terms of species compaosition.

When sites were grouped into young (0-6 years old), intermediate (9-19 years) and cld
(23-27 years) age classes, NMDS of untransformed cover data suggests that old and
intermediate-aged sites were grouped together, while young sites were grouped
separatcly but covered a much broader area in multidimensional space (Figure 4.4a).
The oldest of the young sites ($S-6) was grouped with the cluster of intermediate sites.
A similar result was obtained using standardised data, with the intermediate and old
sites largely inseparable (Figure 4.4b). Presence/absence data differed from the previous
two NMDS plots in that there was no clear separation of young, from intermediate and
old sites. However, there was a gencral trend from young, to intermediate, to old sites
along the axis of maximum variation, with the oldest site (T2-27) substantially different
from all other sites (Figure 4.4¢c). Using axis scores from the NMDS ordination of the

mean of the seven 100 m® quadrats at each site, time since fire was found to be
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significantly comrelaled with the axis of maximum variation {(axis 1) for cover data (R = -
0.71, p = 0.004), standardised cover data (R = -0.72, p = 0.003) and presencefabsence
data (R = 0.6}, p = 0.020). Species composition differed significantly among age
classes using untransformed (ANOSIM: R = 031, p = 0.004) and standardised
(ANOSIM: R = 0.23, p = 0.022) data, while prescnce/abscnce data was not significantly
different (ANOSIM: R = (.14, p = 0.074). Pairwise comparisons indicated that young
and intermediate-aged sites were significantly different in composition for cover and
standardised cover data (cover: R = (.50, p = 0,008; standardiscd cover: R = 045, p =
0.008), whilc young and old sites were significantly different for cover data (R =0.33, p

= (0.024). All other pairwise comparisons were non-significant.

The percentage contribution of dominant species to the average similarity within a site
was calculated using the SIMPER routine in PRIMER, and is given in Table 4.5.
Leptosperm'um myrsinoides is clearly the dominant species, contributing the most
toward overall within-site similarity at every site, except BS-0.5. Other species that
contiibuled substantially (at least 5%) 1o overall similarity within sites were Monotoca
scoparia (10 sites), Hypolaena fastigiata (8 sites), Banksia serrafa (6 sites), B.

marginata (5 sites) and Xanthorrhoea ausiralis (4 sites).
Species richness

Both total and mean species richness decreased significantly as site age increased. Total
richness for the seven 100 m? quadrats at each site ranged between 26 at the oldest site
(T2-27) and 43 at the youngest site (BS-0.5), indicating a gross decline of 40% for total
richness, or a decrease of 19% derived by linear regression (y = -0.276x + 39.508)
(Figure 4.5a). Mean richness ranged between 15.1 al T2-27 and 28.4 at BS-1.3,
indicating a gross decline of 47%, or a decreasc of 22% using linear regression (¥ = -
0.227x + 28.092) (Figure 4.5b). T2-27 was an outlier for mean richness, however, when
removed from the analysis, the result was siill significantly different. Total and mean
richness were both significantly negatively correlated with mean tree cover (tolal: r = -

0.60, p = 0.032; mean: r = -0.71, p = 0.007).
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Species diversity and evenness

Mean species diversity (H) decreased significantly with increasing time since fire,
ranging from a high of 4.7 at the youngest site (BS-0.5) 10 a low of 2.4 at the oldest site
(T2-27) (Figure 4.6a). Evenness (J) displayed a similar trend, decreasing significantly
with time since fire, and ranging from a peak of 0.98 at the youngest site (BS-0.5) to a
low of 0.62 at the oldest site (T2-27) (Figure 4.6b). The youngest site was a strong

outlier but when removed from the data set, the result was still significant.
Life-form richness

Total life-form richness across all sites was dominated by shrubs (44% of species),
followed by forbs/geophytes (24%) and graminoids (sedges/rushes/grasses) (17%).
Subshrubs (6% of species), trees (4%), twiners (3%) and parasites (1%) made up a
minor component of the vegetation in terms of the richness of life-forms. Total richness
of life-forms at the 100 m? scale did not differ significantly with time since fire, with all
sites possessing between five and seven of the scven defined life-forms (Table 4.6).
Shrubs were by far the dominant life-forrn, with each quadrat possessing 15.6-19.4
shrub species on average. however, T2-27 was substantially lower 1n richness than all
other sites, with a mean of 9.6 shrubs. The next most dominant life-forms were
graminoids, with a mean of 1.9-3.9 species, and subshrubs (1.5-3.9 species), which was
the only life-form to ditfer with time since fire, decreasing significantly; all other life-
forms exhibited no significant differcnce in richness with time since fire. Trees ranged
from 1.6-2.4 species per quadrat, while all other life-forims were predominantly less than

one species per quadrat, with the exception of forbs/geophytes at one site, BS-0.5.
Community beterogencity

Community hetcrogeneity appeared to show no trend and did not differ significanily
wilh increasing time since fire, regardless of whether data were transtormed or
standardised, using linear or non-linear regression (Table 4.7). Values ranged from 24-
37% for cover data, 26-38% for slandardised cover data, and 11-27% for
presence/absence data (Figure 4.7). Following removal of low frequency species (those
restricted to one guadrat), mean dissimilarity differed by less than 1% in comparison to

the full data sct.
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Correlations hetween selected vegetation parameters

Pearson correlation coefiicienis indicated that species richness (mean and total), Jand H
were all positively correlated (Table 4.8). Community heterogeneity {presence/ubsence
data} was not correlated with uny of the parameters fested, except mean species richness,

with which it was negatively correlated (Table 4.8).
Community structure

Mean total vegetation cover increased rapidly until reaching ¢. 70% cover 6-9 years after
fire (Figure 4.8). Following the initial increase, cover plateavcd at 75-85% until ¢. 25
vears, after which, it appeared to sharply decline. Mean cover in cach height class also
displayed distinct trends, with two patterns emerging. In the 0-0.1 m, 0.2-0.3 m1 and 0.4-
1.0 m hcight classes, caver increased quickly until reaching a peak 9-16 years post-fire
(Figure 4.9a.,b,c). The maximum cover recorded at the ground layer (0-0.1 m) was 44%;
this increased to 58% in the 0.2-0.3 m height class, and 72% in the 0.4-1.0 tn height
class. Following the peak at ‘intermediate’ ages, cover declined at a similar rate to
which it imtially increased. In the 1.1-2.5 m and 2.6-8.0 m height classes, there was a
significant positive linear relationship between cover and time since fire, with young
siles virtually devoid of cover in these height classes, and older siles reaching covers of
26-38% (1.1-2.5 m) and 4-28% (2.6-8.0 m) (Figure 4.9d.¢). Mean height of (he upper
stratum of the heath (excluding emergent Banksia serrate and Bucalyptus spp.) was
below 2.0 m at all siles, except $8-26 and F2-27, where it was 2.3+ 0.1 m and 3.4 + 0.1
m respectively. Mean tree cover (square-root transformed) did not increase significantly
with time since fire (F =2.63, p = 0.133).

Litter, bare ground, bryophyte and lichen cover

Mean cover of bare ground was greatest in the first 2.5 years following fire, with values
ranging from 60-66% (Figure 4.10). Following this time, bare ground cover decreased

iR until it reached a constant level of 1-3% from 14 to 27 years after fire.
Mean litter cover (incorporating charred material, leaves and twigs smaller than 5 mm
diameter) increased steadily following fire, until it began to plateau at a cover of 90-

95% 19 years after fire (Figure 4.10),
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Mean cover of bryophytes and lichens increased significantly with time since fire, from
zero cover at the youngest three sifes, to a maximum of 3 + 1% cover at the oldest site

(linear regression, square-toot transformed data: 7 =7.68, p = 0.018).
Vegetation change following fire at GP-23

Species composition was significantly different between pre- (23 year old) and post-fire
(0,5 vear old) quadrats at GP-23, using species presencefabsence data (ANOSIM: R =
0.49, p = 0.001).  NMDS confirmed this resuvlt, indicating that the two groups had
minimal overlap (Figure 4.11), with the seven pre-fire (23 year old) quadrats grouped
tightly together (mean similarity: 82%), while the post-fire (0.5 year old) quadrats were
grouped further apart, and were more dissimilar (mean similarity: 76%) in terms of
composition. Interestingly, the mean dissimilarity between pre- and post-{ire vegetation
was 2G%, a level of dissimilarity that was greater than that between GP-23 and five of
the six sites located within 5 km of GP-23. Eight extra species were recorded post-fire,
after 33 species were found in the original survey of seven 100 m® quadrats. This
represents an increase of 24% following fire, however, four species recorded in the
original survey were not found after fire. Of the new species found, a number were
herbaceous species, including Cassytha glabella, Drosera peltata, Gonocarpus

tefragynus and Thelionenia sp.
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DISCUSSION

Spectes composition changed notably as time since fire increased. However, sites that
were situated closer together were found to be significantiy % autacorrelated in
lerms of species composition, i.e. sites closer together were compositionally more
similar. Nevertheless, this does not preclude fire from being the detenmining factor.
Since the youngest sites were all grouped geographically close together at the castern
end of the study area, it is difficult (o separate the effects of time since fire from the
effects of site proximity. A random distribution of site ages throughout the study area
would have polentially alleviated this design problem but such a distribution was not
present. Although sites that were closer together were more similar, there is evidence
that time since fire is the more important factor, because the mean dissimilarity between
pre-fire (23 years old) and post-fire (0.5 years) composition at GP-23 was greater than
that between GP-23 and five of the six sites located within 5 km of GP-23. Therctore,

there is no basis for excluding sitcs duc to spatial autocorrelation. However, the results

do need to be interpreted with this in mind,

The wvegetation comprised many genera common to other south-eastern Australian
heathlands, with Coaldrake (1951), Specht et al. (1958), Russell & Parsons (1978),
McMahon (1984b), Enright ¢f af. (1994), Myerscough et al. (1995) and Wark (1996} all
repotting similar dominants {(e.g. Alfocasuarina spp., Banksia spp., Leptospernuam spp.
and Xanthorrhoea spp.). Shrubs were clearly the dominant life-form in terms of
richness, total cover and percentage contribution to the average similarity within sites,
with Leprospermum myrsinocides consisiently dominating the shrub layer, and Monotoca
seoparia and Banksia marginaia sub-dominant. Although forbs/geophytes accounted
for 24% of all species in the heathland, their coniribution to tolal cover was very low,
with no species contributing more than 5% to the average similarity within a site. The
frequency of forbs/geophytes was also very low, with 70% restricted to only one or two
sites. Conversely, shrubs were very [requent, with 56% of recorded specics present on
at least 10 of the 14 sites. These findings are similar to those of Russell & Parsons
(1978). The other relatively dominant life-form in ferms of species richness were (he
graminoids, dominated by Hypolaena fastigiata and Caustis pentandra, however, as
with the forbs/geophytes, frequency was low, with only 19% of species in this category

present in more than half of the study sites. In terms of overall species richness, trees
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coniributed Ittle, however, the tree Javer was nonetheless important, with Banksia
serratu dominating, in association with Eucalyptus aff. willisii (Gippsland Lakes).
Cover of non-vascular plants increased significantly with time since fire, however, it
was never a significant component of the vegetation in terms of cover, compared with
other studies which bave found bryophytes and lichens to be considerably more
abundant following fire (Wark 1996; Esposito ef al. 1999).

The composition of the heath changed significantly with increasing lime since fire,
however, the degree of variation was dependeat on whether data were standardised,
transformed, or split into age classes of young, inlermediate and old. NMDS indicates
that BS-0.5 was substantially different from all other sites, even when data were
standardised and iransformed. This suggests that differences in BS-0.5 compared o
other sites were due to species composition rather than any influence of the iow plant
cover in the regenerating heath. The next three youngest sites, BS-1.5, WT-2.5 and SS-
5, were grouped separately (to a degree) from the main group, while the main group
comprised the remaining 10 sites. The main group appears to be reasonably similar in
composition and cover, despite the fact thal most pairwise comparisons are at least “well
separated’ (Clarke & Gorley 2001). The presence/absence transformation scparates sites
even further, particularly at the older end of the age spectrum, and suggests ihat the axis
of maximum variation is representing time since fire, since the two oldest sites are at
one end and the two youngest sites al the opposite end of the axis, with the remaining

sites grouped in between,

Coarse-scale trends were similar when sites were grouped into age classes, with
intermediate and old-aged sites grouped together and young sites largely separate for
wntratsformed, standardised and presence/absence data. However, the oldest of the
young sites, SS-6, was closer to the intermediate and old sites, suggesting that after six
years composition was more similar Lo older sites, owing largely to the general absence
of post-fire ephemerals (Table 4.3). This response appears to be similar to other studies,
where vegetation cover was levelling off, and/or post-fire ephemerals had disappeared

after ¢. 6 years (Specht er al. 1958; McMahon 1984b).

The results of ANOSIM were notable in that species composition differed among age
classes using cover and standardised cover data but not with presence/absence data, i.¢.

they differed only in abundance and relative abundance. However, the age class into
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which each sitc was placed may have affected the findings of this study. For example,
the young age class may have been too broad, encompassing a six year old site (S5-6),
where any post-fire ephemerals characteristic of young sites may have alrcady

disappeared.

Despite the lack of a significant difference among age class2s with presence/absence
data, there was a significant correlation between the mean position of the seven quadrats
at each site (along the axis of maximum variation on the NMDS) with time since fire.
This suggests that species composition is changing with time since fire. Many studies in
Australian heathlands (Specht e¢f al. 1958; Posamentier ef al. 1981; McMahon 1984b;
McFarland 1988; Enright ef «l. 1994; Wark 1996), South African fynbos (Iloffman et
al. 1987) and Californian chaparral (FHanes 1971) suggest that vegetation composition
changes with time since fire, with the findings of Russeli & Parsons (1978) an exception
to the general rule. However, where compositional change is evident, the exact ‘level’
of difference among sites is difficult to determine for two reasons. First, many of the
aforementioned studies use the chronosequence approach, which considerably increases
the likelihood of additional ‘noise’ in the data scf, owing to inhcrent site fo site
variation. Consequently, this makes the determination of change more difficult and less
precise, compared to a permanent plot study. Second, many studies (including all of the
above studies) do not undertake statistical tests to determine whether significant
differences exist in composition amonyg siles. Instead, compositional changes are
reported in a descriptive manner, in part because some tests were unavailable when
these studies were carried out. However, if changes in vegetation composition with
time since fire had been statistically analysed in these studies, the conclusions reached

may have been different.

It is interesting to notc that of the 26% of specics that were restricled to a single site,
half were found in sites al least 23 years old. This is an intriguing finding, in that the
majority of species restricted (o a particular sitc were predicted to be post-fire
ephemerals, occurring predominantly in recently bumt sites (e.g. younger than five years
old), as found by Bell et @l. (1984), McMahon (1984b), Enright ez al. {1994) and Wark
(1996) in different Australian heathlands. Furthermore, the fact that herbaceous species
comprised a greater proportion of the “restricted’ species in old sites compared to young

sites was also unexpected. These unexpected results may be due to a number of factors.
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First, the similar proportion of species restricted to young versus old sites may be due o
the lack of genuine post-fire ephemeral species, defined here as species that appear soon
after (he occurrence of fire, have short life cycles and depend on fire for their occurrence
(Gill 1981b). Second, some post-fite ephemerals may be present but at more than one
site. Third, some species may be inherently rare in the study area, and therefore be site-
specific. Spceies hikely Lo be site-specific rather than ephemeral are woody species such
as Baeckea ramosissima ssp. prostrata, Bossivea ohcorduta, Hibbertia riparia and
Eucalyptus viminalis ssp. pryoriana X Eucalyptus cephalocarpa in the young sites, and
Allocasuarina littoralis, Persoonia funipering and Boronia anemorifolia ssp.
anemonifolia in the old sites. Finally, the relatively high number of restricted
herbaceous species in old sites may be due to recruitment from soil-stored seed, or
bulbs, corms and tubers as the understorey begins to ‘open up’® with increasing age
(Specht e ol. 1958; Patric & Hanes 1964; Keeley 1992b).

It is difficult to ascribe the status of ‘post-fire ephemeral’ to a species, particularly when
it is recorded at only cne or two sites, as there is no way of determining, apart from
establishing permanent monitoring plots, whether the species is simply site-specilfic.
Even so, 17 of the 94 species recorded in this study were restricted to the youngest four
sitcs, all burnt 0.5-5 years prior 1o sampling. Of these 17 species, eight were
forbs/geophytes, four were graminoids, four were shrubs and one was a subshrub.
Owing to the potential lifc-span of the shrubs, they are not considered here as post-fire
ephemerals; instead, they are most likely site-specific species that are rarc within the
study area. In addition, two of the species were exotic weeds that were probably
opportunistic colonisers of disturbed ground, rather than true post-fire ephemerals, while
one species was a seasonal gcophyte that avoided fire. Therefore, 10 species, nine of
which are herbaceous, are considered to be potential post-fire ephemerals in the context
of this study. They are Anisopogon avenaceus (graminoid), Cuesia parviilora
(forb/geophyte),  Carpobrotus rossii  (forb/geophyte), Crassula  sieberiana
(forb/geophyte), Euchiton sphaericus (forb/geophyte), Iselepis marginata (graminoid),
Laxmannia  orientalis  (forb/geophyte), Rhytidosporum  procumbens (subshrub),
Schoenus imberbis (graminoid) and Thelionema sp. (forb/geophyte). Without having
detailed information regarding the biology of =ach of these species, it is difficult o
categorically silate that all are true post-fire ephemerals as defined in the preirious

paragraph. However, most of these species appear to be fire-sensitive and regenerate by
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seed rather than resprouting, which is a characleristic of fire ephemerals (Bell er al.

1984). This will be discussed in more detail in Chapters 7 and 8.

Species richness in heathlands is usnally reported (and generally accepted) to reach a
peak in the first few years following fire (Campbell & van der Meulen 1980), and then
decrease as time since five increases. For example, Spechl ¢f al, (1958) found that total
species richness in dry heathland declined by 44% in the 25 years after fire, McMahon
(1984b) found a 36% decrease in total richness in a semi-arid heathland up to 20 years
post-fire, and Wark (1996) reported a 33% decrease from one to ten years after fire in
coastal heathland, while Russell & Parsons (1978) found no obvious decline in wet
heathland total richncss for at least 10 years after fire, followed by a 22% decrease up to
21 years post-fire. Conversely, Cheal (2000} found that mean richness increased by
13% over a 14 year period in plots that were burnt 33 years earlier, and 33% over the
same 14 yvear period in plots burmnt eight years earlier in semi-arid heathland. The results
of this study arc most similar to the first two of the aforementioned studies. However,
the degree of dectine in richness varies, depending on (a) whether total or mean richness
is used, and (b) whether the regression slope is used, or the difference between the . ost
species-rich and most specics-poor site is used to calenlate the degree of change. Using
the difference between the most species-rich and poor sites, total richness declined by
40% over 27 years, after reaching a peak 0.5 years after fire. This is highly comparable
with the studies of Specht er /. (1958) and McMahon (1984b) in Banksia ornata
dominated heathlands, in terms of both the decline in species richness and the time scale
over which this decline occurred. However, when the regression equation is used, the
magnitude of the decrease in richness is approximately halved. This may actually be a
more suitable method of estimating change in richness for chronosequence siudies,

owing to the inherent variability in richness between siies, irrespective of time since fire.

In addition to time since fire, tree cover was also a significant correlate of species
richness, with mcan and total richness both significantly negatively comelated with
mean tree cover, even though tree cover was not correlated with time since fire. This
suggests that tree cover has an independent effect from time since fire that accelerates
the decline in species richness. Potential sources of this “tree cover effect’ are chemical
inhibition (allelopathy) via foliar and/or litter Jeachates (del Moral ef al. 1978; Gill &
Groves 1981; Hobbs 1984; Keeley et al. 1985; May & Ash 1990; Vila & Sardans 1999)
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and increased competition for light as a result of canopy shading (Specht & Specht
1989; Vila & Sardans 1929).

Species evenness (/1 in terms of projected cover was greatest at the voungest site as
expected, owing to the low cover of sll species following the recent fire. Evenness
decreased significantly, albeit gradually, until reaching its lowest point 27 years after
fire, where the cover of each species was the most variable (‘uneven’). Morrison ef al.
(1995) also reported a decline in evenness (modified Hill’s ralio) for fire-tolerant
species in drv sclerophyll communities near Sydney with increasing time since firc,
however, 1 am unaware of any studics that have calculated evenness in Australian
heathlands. Species diversity (H) is a product of the species richness (number of
species) at a site and the evenness (J) of the cover of each species. Therefore, the
significant decrease in diversity with increasing time since fire is not surprising, given
that species richness and evenness were both found to decrease significantly with time
since fire. A similar result was found in North American boreal forest bumt up to 44
years prior 1o sampling, where richness, evenness (¥, Hurlbert 1971) and diversity (H)
all decreased along a chronosequence of increasing time since fire, although there was
variability between sites during the succession (Shafi & Yarranton 1973a). Campbell
(1980) also found that young (four year old) fynbos was more diverse () than older (36
year old) fynbos, however, Kruger (1983) indicates that fynbos diversity may increase
again later in succession as older shrubs senesce, creating gaps and opporfunities for
understorcy species to regeneratc, Unfortunately, the temporal scale of this study is
limited 1o 27 years post-fire, owing to a lack of older sites in the study area; therefore, it
is difficult to predict future trends in diversity with increasing fire-free periods.
However, because diversity is strongly correlated with both total and mean Spcceics
richness, it should mirror any change in richness turther than 27 years, which is Iikety to

be a decrease with increasing time since fire.

According to models of community structure, species richness and/or diversity are
predicted to bc greater where environmental heterogeneity is greater, owing to the
increased availability of resource niches and the subsequent opportunity for more
species to colonise these niches (Tilman 1982; Shmida & Wilson 1985; Burnctt ef al.
1998; Nichols ¢f al. 1998; Huston 1999). If this relationship holds true, the vanability

(heterogeneity) expressed as the mean Bray-Curtis dissimilarity in composilion among
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sampling points (quadrats) is also predicted to be greater where environmental
helerogeneity is large between any two points. Therefore, one would expect species
richness, diversity and community heterogeneity to be positively correlated, if all were
related in 4 similar manner to environmental heterogeneity. However, owing o the
relatively uniform: nature of the soil at the 100 m® grain across the study area,'
differences in community heterogeneity between sites are likely to be also influeneed by
variance in fire regimes, interspecific competition, species dispersal characteristics and

reproductive strategies,

.In a review of spatial hcterogencity during oldfield succession, Armesto ef al. {1991)
consistently found that community heterogeneity changed over time, with many studies
suggesting that there are cycles of community heterogeneity that tend to be more
pronounced during early rather than lale succession. As a consequence of this, Anmesto
el al. (1991) proposed a theoretical model of communitly hetemgencify based on
disturbance characteristics, life history and auvtecology of species through succession.
The structural essence of the model is that high and Jow periods of spatial heterogencity
in community composition alternale through succession. The functional essence of the
model is that periods of high community heterogeneity represent periods of species
invasion and establishiment, whereas periods of low heterogeneity repsesent periods of
species exclusion. Thercfore, in accordance with the model of Armesto et al. (1991),
sand heath community heterogencity was predicted to be greatest in the period of
species establishment in the immediate years following disturbance (fire), and lowest as
the heath aged and species died out or became competitively excluded. Although there
was a peak in species richness and diversity in the first 2.5 years following fire, no such
peak was observed for community hcterogeneity.  Furthermore, even though a
significant decrease in species richness (lotal and mean) and diversity with time since
fire was found in this study, no comparable trend was observed for community
heterogeneity, which concurs with results obtained by Facelli et o/, (1987) for a Sauth
Ametican prassland succession. However, community heterogeneity (presence/absence
data) was significantly negativelv correlated with mean species richness. This finding is
highly contrary to most other studies that have examined the relationship between
richness, diversity and community heterogeneity. For example, Whittaker & Levin
(1977), Inouye er al, (1987) and Collins (1992) all found that species richness and/or
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diversity were significantly positively correlated with community heterogeneity,

although Collins {(1992) did note that heterogeneiry is likely to be scale dependent.

The absence of a trend in community heterogeneity, and the negative correlation wilh
mean species richness in this study, have two possible explanations. First, although
quadrats at younger sites conlained more species on average than older sites, it does not
imply that their mean dissimilarity should automatically be greater than that of older
sites containing fewer species. For instance, young sites may exhibit high mean
richness but low community heterogeneity if each sampling unit contains a similar suite
qf épccics (and environmmental heterogencity is similar between sampling units).
Conversely, an old site may exhibit low mean richness butl greater heterogeneity, as
species become competitively excluded and potentially more patchily distributed across
the site. An alternative explanation is that species colonisation and invasion may be
influencing community heterogeneity al older sites. However, the extent of this is
considerably lower than in the North American oldfields in which the model was
derived, where waves of invasion and cxtinction are comomon during secondary
succession (Shafi & Yarranton 1973b; Armesto & Pickett 1985). [n terms of the model
detived by Armesto ef al. (1991), there is no evidence of cycles of heterogeneity in the
Toch Sport sand heathlands, as any site to site variation in heterogeneity is most likely
attributable to inhercat site variability, rather than specific waves of invasion or
colonisation. Invasion may potentially occur, given a long enough fire-free period,
however, extended fire-free periods are rave in this system. Tf an effect of colonisation
or invasion does exist, it would only occur in sites 23 years or older, as species
cstablishment from seed was uncommon in younger siles apart from the immediate post-
fire environient, and ‘invasion’ was restricted to the bird-dispersed mistletoe, Amyema
pendula ssp. pendulu, and a small number of highly uncommon herbaceous weeds, often

confined to abandoned fire control lines.

As expected from other studies, the structure of the beath chanped markedly with
increasing time since fire. Initially, in the first six years aller fire, total cover increased
dramatically to ¢. 70%, and was largely influenced by a dense cover of shiubs and
graminoids in the 0-0.1, 0.2-0.3 and 0.4-1.0 m height classes. This is consistent with the
findings of Specht et al, (1958), Bell et al. (1984) and Wark (1996) for South Australian

heath, Western Australian kwongan (sctub-heath vegetation) and Victorian coastal heath
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respectively, where it took 3-10 years to reach ¢. maximum cover of 70-92%. During
this time, the cover of bare ground decreased é:a?-nﬁ*:geal-]y, while lifter cover increased
in a similar manner, although litter cover was initially relatively high, owing to charred
plant remains in young sites. As the time since fire increased to 14 vears, cover in the
five height classes continued to inerease, in what could be described as the building
phase. Following the building phase, (he heath experienced a mature phase, where total
cover remained constant at ¢. 75-85% until 25 years after fire, and decreased to ¢, 50%
27 years after fire. During this time, many shrubs continued to grow in stature and trees
regained pre-fire cover levels, while the cover in height classes below 1.0 m declined
substantially, a similar trend to that reported by Meredith & Isles (1980), This decline
in understorey cover is predominantly due to the increased cover of shrubs and emergent
trees in the 1.1-2.5 and 2.6-8.0 m layer (Specht & Specht 1989), which reduces light
availability to the strata below. As a consequence of this, many shrubs shed foliage
from the lower strata and allocate a greater proportion of photosynthetic tissue to the
upper shrub stratum, where light availability is greater. Although tofal cover decreased
by ¢. 25% from 25-27 years after fire, this is not evidence of a degenerate phase sensu
Barclay-Estrup & Gimingham (1969), as there is no clear evidence for mass senescence
of different species. Groves & Specht (1981) actually suggest that the degencrate phase
is unconmmon in Australian heathlands, most likely as a result of inter-fire intervals

being too short (o allow the vegetation to reach this stage.

In a chronosequence spanning 60 years, McMabon (1984b) found that heath structure
began to change markedly ¢. 20 years following fire, with two of the four dominant
shrub species (Allocasuaring spp.) beginning to senesce and decline in cover. Tn
response to the resultant canopy openings and increased light availability, the cover of
rhizomatous monocotyledons then increased substantially. In this study, no such trend
was observed, with no widespread sencscence of dominant shrab species, and no

noticeable increase in the total cover of ground layer species.

In addition to the time elapsed since fire, conununity structure may be influenced by
water and nutrient availability (Specht 1979b). The most pertinent example of this
oceurs in the two 16 year old sites that were sampled from within the same fire paich,
although they were 5.3 km apart. The shrub layer at 8$-16 (mean height: 1.1 m) was
noticeably shorter than WT-16 (mean height: ¢. 1.5 m), while the eucalypts at 55-16
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were the most stunted of any of the sites in the entire study arca, posscssing a mean
height of ¢. 3.5 m. In addition, total cover was verv similar at both sites. however, the
cover in each height class was d;r:&rnkahq{%aﬂy different, with the heath at WT-16 much
more dense than 8S8-16. The structural discrepancy between the two sites may be due to
the lower available P, total N, organic matter and reduced saturation capacity at SS-16
comparcd with WT-16. However, due to the general uniformity of the study area in
ierms of soil characteristics, this is seen as a secondary influence to that of time since

fire.
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Table 4.1 Species richness estimators for BS-1.5. # = number of quadrats sampled;
Soss = number of species observed in the sampled quadrats; S,707 = total observed
species richness at the site; L = number of species present in only one quadrat; Sie =
first-order jackknife estimate of sile species richness; Sy = estimate of site species
richness based on extrapolation of Michaelis-Menten equation; R’ = goodness of fit for

the Michaelis-Menten equation.

Scale (m*) # Sobs Soastror; L Sack! St R

900 3 39 42 4 42 42 1.00
100 7 36 42 3 39 37 1.00
10 10 15 42 4 39 37 1.00

1 20 34 42 5 39 - -
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Table 4.2 Levels of saturation (Sus5 / Sonsgon ) observed for cach sampling grain at
every site. 1 m®: 20 quadrats per site; 10 m> 10 quadrate per site; 100 m?: 7 quadrats

per site; 900 m?: 3 quadrats per site; 1 ha: | guadrat per site.

Site Sampling grain

1 m? 10 m? 100 m’ 900 m? 1ha
BS-0.5 0.62 0.75 081 083 0.79
BS-1.5 0.81 0.83 0.86 0.93 0.90
WT-2.5 0.53 0.70 0.79 0.89 0.77
8S-5 0.75 0.82 0.75 0.78 0.75
S5-6 0.64 0.68 0.84 0.82 0.86
TT-9 0.80 0.78 0.85 0.90 0.88
T4-14 063 0.65 0.85 0.83 0.85
WT-16/88-16 0.74 0.86 0.84 0.87 0.87
UT-19 0.63 0.83 0.83 0.83 0.83
GP-23 0.65 0.78 0.83 0.83 0.88
T4-25 0.67 0.71 0.88 0.88 0.86
SS-26 0.65 0.75 0.80 0.90 0.83

T2-27 0.58 0.58 0.60 0.79 0.67
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Table 4.3 Species presence/absence table based on all spatial scales studied. FG:

forb/geophyte; Gr: graminoid; P: parasite; S: shrub; Ss: subshrub; Tr: tree; Tw: twiner.
GP-0.5 dcnotes GP-23 six months after fire.

An asterisk indicates an iniroduced

speciles.

Specias Life- 0§ GP- BS WT- 55 85- TT- T4 WT- S5 UT- GP- T4- 85 T
fom 035 045 15 25 5 & 9 W16 16 0 23 28 2

Caeyla parvifiera FG 4+

* Cony= Sp FG -

Luchitons Sphacricus FG &

Thelisieni sp. [t - *

Isolepis morginea Gr 3

Carpabromis rossii FG ¥

Crassula sicheriung [EH +

* Fudpta bromoldes Gr +

Anisopragion grenaues Gr o+ + I’

Schaemues insberbis gr  + + %

Creviffed clirysarhaea g '

Laxvnwmniat prismiohs FG + +

Baeckee ramosissine ssp. proserita 5 +

Aossiaea ehoardaie 8 +

Hibbrrika riparia s I

Provosyiis porviflora FG 1

Rhviidosporum prooumhens 43 "

Drosera pltaia FG «+ + -

Acacia tangifolia var, fosgifoliu 8 + o+

Encalipius viminahs ssp, pooriene X Tr +

Fucalypius cephalocarpa

Comespuriby culymego Ss * + .

Acugin suavcolens s - I n

Leniddasp.orne coneaviens Gr + + - "

T Hpochiiceis radicaia FG + *

Altocasunaring paveding s -+ + 1

Auvtus eriveidey S - s +

Ricinoeerfios pinifolies s 5 + +

Namhererlioee otsiralls 5 - + 4 I o+ q4 + +

Siylidivuen s, 2 FG  + + + + o+ < + + - -

Tetratheca pilose ssp., latifolia 8 = 1+ + + + o+ o+

Poa sichertai vor, siekenana Gr + + + " * + o+

Xonhorriicea minor ssp, fetea Gr . 4 4 1 + -+

Allagasnaring Nttaralis [ 1

Aviraedwithonia gemodolg Gr )

Ponczox sp. Gr +

Allovasuvariva 5p. [ + + + + - + +

Thrypicnmene wicruntha 5 + + + + + + + I i

Lewnanadra flifornis ssp, filifermis Gr ' 4

Caladavie sp. EG +

Pervoonia unipermg [ +

Catorhilys rohertsonis FG + - n

Cossythe melantha Tw + + + %

Horania anewmanifoiia ssp. onemaniiolia 5 +

Lxampiere stricis S = + i - + + o+ + - i - + + E

Hypolowna fostiptate G = 4 + = + 4+ 4 & = i o+ o+ o+ =

Tucalyptes vipiingfis 4sp. prooriopn Tr = ¥ - - + + + = + - + +

Clompholohivm Mieegelit s - + 3 - + + - + E * j -+

Carpen reflexo Nor, speeiog s - 4 -+ + + - * + + 'l 3 +

Pimelea tinfolta ssp. finffofia 5 “ 4 + + + 4 4 + +

Alocasuarma paindave s » = 4 K + + - " - + + +

Aflocoswarinn misera 8 + + 1 + + 4+ + - + + + +

Acncitd o Veedms 5 + + '+ + + “ & i ,|. + + + I I +

Amperea xiphocladu var, riphocleda S8+ + + + + + + + + + + - + IS +

Banjisie morginita g8 + 4 o+ o+ F O+ o+ o+ o+ o+ F o+ =

Bantsia yereala Tr + * + 4 Y + - + + + + = + + 4

fnxxioro cinered g { + - + + + - 4 + M + - - + +

Bossigea heterardiylia S + + * + * + - + +* I ] = + + IS

Castiy peirondra G + + + o+ o+ 3 - ' P

Diftwymin glnherrime 8 + + + + + - 4 2 + n PR + + *

Lpacrls impressea 8 + o+ + o« + 3 * + + ¥ v . 4+ = +

Fuealypies all, witlfeli (Gippslany Lakes) T * + - 4 + i - - + + + + 4 3 4

Hibpereia virgaer 5 ) -+ + + + + + + * + - + + i 1

Lupiospermuny myrsinordes § + - 4+ 4+ L + o+ 4+ 4 P * *

Lencopogon ericoidus s + + + = + I . + + + + 1 t *

Leneapogon viFgatus var, virparis 5 + I + + = + 4 4 i * + + + + =

Fommidra loogifolis Gi o+ + " 4 " + + N + & + - w ) .

Nfanatara scoparia s 4+ + - 4+ I3 + + + + 1 + + + 4 £
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Table 4.3 {(continued) Species prescnce/absence table based on «ll spatial scales
studied. FG: forb/geophyte; Gr: graminoid; P: parasite; S: shrub; Ss: subshrub; 1T: tree;
Tw: twiner. GP-0.5 denotes GP-23 six months afier fire. An asterisk indicates an

introduced species.

Species Life- BS- GP- BS- WT- 8§ 55 TI- T4- WT- S5 UT- GP- Té- 55 T2
fopm 05 65 15 35 5 o 9 4 16 16 9 233 2§ 26 N3
Pletywore ericaldes 55 + “+ + + + + 3 * + + + - - +
Brachylone daphioides s 4 + + + -+ + - - \ + + T+ = +
Hibhertia acicilaris s IS + + + + + + + + + + + - - +
Cassytha glakella Tw + + + + + i + = o+ 4
Lepivspernisn; continesicle 8 + + + + * + + + ¥ } +
Gatocorpus leiraginus GO+ o+ 4+ + + o= 4
Previdinpr uscoletivn 5 - + 1 * + + = +
Diltwyriin sericea s “ + + + 4 + v 1 + 4 ' - +
Zivria veronicen 5 B 1 + oA + + + = +
Astrolotna pingfalinm 5 = i ok F o+ o+ 3+ o+ 4 - 3
Pyrvrchis nigricans FG + - + + 4 t T + 4 + +
Hibhurtia fasciciloio var, prostrats 5 1 1 + + + + + = + + + + EX
Calviris fetragoma ] + T - + + + + + + o+ “+ +
Lomancira glevice Gr + + + +
Prerasiyliv sp. FG - 4 +* + + + +
Crlessadies mafar "G + + +
Apnemo pendnia ssp. pendils P + + +
Wahlenhergio yrocfenia FG + +
eneploxinmg 3p. afl. ryflon G + +
Crsyytho pubocens Tw + - + + + + = - .
Nanthosia pitosa Ss - - “
* Afree caryophiviicn Gr =
Calodewio alata FG =
Caladenia carmea vas, camea FG +
Culeann mifor FG +
Calochilus &p, FG +
Poaceae sp. 2 Gr +




Table 4.4 Frequency (F) (maximum = 7) and mean cover (C) (£ 1 SE) of each species found at the 100 m”® sampling grain.

Species BS-0.5 BS-1.5 WT-25 8585 55-6 T4 T4-14 WT-16 55-16 UT-19 GP-23 T4-25 85.26 Tait
F C e F C F ¢ F C FEC FC.._FC F C FC __EC F ¢ F C i
Acacia longifofia var. fangifola o 4a Do G 0 1 o0r+013 D6=04 0 Q o0 [ 0o 00 [T} 90 (LB ¢ 0
Acocia oeyeedris 7 45 7 050 3 02=003 02:00 5 112035 7 28204 7 12405 7T 186405 7 19=05 7 12205 3 0204 7 1.2z085 7 050 O D
Allocosuaring miserg 6 q 1 01=D) & (4£016 292095 07204 7 43=08 3 19+11 7 16203 & 35=11 6§ 22=D05 7 64222 & 19x05 o 16205 0 @
Allocosynring pofudosa 00 4 D326 2 0103 0200 1 9404 t OA=G4 O O 2 05£94 6 23=10 6 15%0F 2 0504 1 0120% | 04204 G 0
Aflocarearing paradoxa g0 a o Do [FE) (L ¢ 0 i 91201 0 & 90 1 Gix0) 0 0 oo [ b0
Ailucasuaring sp. 6 04010 0 00 0 ¢ 1 042404 0 0 0 0 o0 g o [ Do [ [ 00
Amperea riphoeciodo var. xiphecladi 6 042017 03z 3 045016 042016 0401 6 04401 § 04x8) 5 04%D1 3 V2201 4 03+0) 6 0A£01 4 0320Y 7 05=0 5 04204
Amyema pendwla ssp. pendila [ ] a b D0 i 0lebin a a b n o o 60 0D 09 ¢ o 00 Do
Anisopngon avonacens 1 a5z0010p 0 (LI} 1 gi=01l ¢ O (O oon 0 0 b o0 [ D o t o 00
Aotux ercoides 09 $ 0 09 0 0 200 1 0101 0 O 06 ¢ 0 1 0100 @ O an o n oo
Astroloma pinifoihm LI ({1} 5 044004 032012 01=01 3 D2=00 2 05209 7 26231 0 0 g 6 00 3 06404 6 41213 7 55300
Honkxia muirgmnata 6 0AxT7 09204 5 112057 23057 30=f 7 3562357 29x0% 7 T10x457 a49x09 7 13£08 7 49208 7 4619 7 (9105 2 05104
Bonksia serrota 5 042017 1905 7 332087 359=107 1002184 14£06 7 169=567 26£09 ¢ 15305 5 4%2L26 & 29309 5 AI£10 ¢ 98434 7 6235
Baysiven cinerea T 0520 7 Q9L64 5 044012 032017 246204 5 1005 7 19205 7 09404 7 22200 7 43220 T 09£0d4 7 23205 1 09204 3 Od %01
Bosxigen heterophyvila 7 8540 7 030 7 05%£04 7 300 5 32=08 2 O1&nl 7 050 7 0520 7 12x05 7 05x0 7 19205 7 122085 9 D L 410
Brichiloma dophnoider 1 01+01 1 01201 & J12D5 5 074044 06=04 & 0F204 4 10LL5 2 0101 5 07204 5 G7+04 7 2020 5 [72]0 7 10205 )} A1+,
Caladenia carmea var, carmea 0 o 0 0 0 00 0 ¢ 00 g o & o 20 a9 08 o9 0 0 2 A=l
Caivana majcr [C] 00 c D 3 a D9 a0 a 0 o0 o a ot (LI} [} [ 2 05x00
Calochitus robertyoniy a0 a n 0o (L3N] [ ] 9 0 g0 0 0 LI i 0izxDl O ¢ na 1 o¥=01 0 0
Cafocitilay sp. o0 a i pn 00 g 0 00 Qo p o [ ] [ (LI} o4d [ T Dbl
CalyiMx setragone 00 ¢ 0 6 0B&L04 7 £o216 (1 Ad=0i T B88=12 2 0101 0 O ¢ 0 1 0lx0i ¢ 0 00 T 25213 5 04004
Cassytha globalln 7 050 0 D 2 014012 012000 0 f 01=01 & O oo a0 01 a6 1 02z0l1 0 0 1 01200
Cossythe mudantha 00 3 0 0 @ [ [} 2 01201 00 0 0 1 8101 0 A a0 D0 00 00
Cussythia gubescens g ¢ a o VI L] g q 4 0T=00 P 0120 & 04481 5 C4+00 1 02a0) 2 01 ) 01201 4 Q3O D 0
Coustis peaicndra 7 050 7 0540 7 U524 7 05+0 1 Q1400 7 36206 & 45211 7 56509 7 56409 & 40r21 6 Lishs & 22205 7 INI£)8 7 26209
Comesperma calymega I G 04200 4 032010 o 0o 1 61201 0 0 00 g U G0 00 oo 00 ¢ 0
* {imyva sp. 4 9320190 b o ¢ 00N 0o 6 0 b0 (| 00 b o b0 L G 20
Correa refluve var. speciose 4 N3z01 1 01200 D ¢ o u it 0 00 [ 4 432001 7 O65=0 2 O)=04 2 0,)=z0) 2 DI20Y O 03400 @ 0
Crassuli slebortana 04 20 I Qi=010 0 a0 6 0 oo | LN} ¢ a 2 0 LI |} b0 i a
Pumpicre siricia T 0520 7 0540 1 01=013 02x016 04=01 4 O3=00 2 0101 ¢ 04%03 7 050 5 dsxun 4 031010 7T B2LO4 6 04200 O O
Ditlwynia gluberrivta 6 4201 7T 6520 2 01=012 DA%015 07=04 7 09:04 4 DI01 7 122035 7 12208 7 AS5:0 7 05x0 5 U401 1 D2x01 5 D4z01
Duftwynia serscen i 61017 D540 7 G529 & nd420t 6 04203 7 05=0 7 05£0 2 01x@3 5 04200 F O0ALQ] 3 02408 T U520 4 03201 4 O

- 1deyD

=
<

uoe1e8

gL



Table 4.4 (continued} Frequency (F) (maximum = 7) and mean cover (C) (+ 1 SE) of each species found at the 100 m? sampling grain.

Species BS0.5 BS-1.5 WI-2.5 585 356 T1-9 Td-14 WT-16 $8-16 UT-192 ar-23 T4-15 $8-26 T2.27
FC F C F C ¥ C F C F C F C F C FC F C F G F C F C £ C
Prosera priigia j 01=810 9 I 011 4 0IERID O e 0 u e L)) ¢t n oo a o ¢ 0 no [ H
EpacHs inpressa 3022017 09:04 5 042016 042017 12305 7 36206 7 12£035 7 23205 7T 49=09 7 345406 7 3060 7 43208 7 (6205 7 09304
Mucabeptus aff, wiilish (Gippstand Lakesd 7 0520 6 49=19 5 344127 442185 4842 3 20110 7 53220 7 dJ6x19 7 32=L2 7 32Li2 6 29%09 6 49219 6 32208 7 42412
Evculyptux viminolis ssp. prvociana 1 0+0E2 21214 0 0 (O I G4+04 3 02200 Q D ()] 2 Q0201 5 3112 § 14=06 ¢ 0 1 014Gt & &t
Goniplulobiunt huepels 2 01=033 02+91 2 01=010 O an 7 05s¢ 2 0Jx0] 7 O05x0 T 05=0 3 0220) 5 O04x0) ? 0520 4 D3x0} 0 O
{innecarpus fetragymus 7 0540 3 0604 O 0 i 0 a0 00 i B 0 n 80 1 61001 0 0 g0 a o ¢
Hibbertia acicularis 7 050 7 0350 & 042015 04077 050 7 05=¢ 5 04=00 @ 0 T 030 7 05«0 7 0320 7 050 4 G300 U
Hibbertia fascioulota var, prostrota I T D50 7 0520 7 09047 0520 T 050 4 03201 7 030 7 03D 7 0320 4 0344 5 04400 4 0310 2 01=01
Hibbertia virgaia 7 080 7 00£04 7 85=0 7 0520 § 0400 7 0524 v 03%5z4 7 0520 T 030 7 05£0 7 Q510 7 03D 5 04200 0 @
~ Hypoohoeris radicare 2 01+£4)0 ¢ 0 ¢ ¢ 0 00 6 N 0 0 [+ I 1] B q q 0 g 0 00 0 0 40
Hypolaena fastigiain 7 0510 7 30&0 7 0520 7 964147 33215 T R212237 19210 7 0510 T 8611 7 1182157 1362317 133172 Lixld 0 O
Isolepis morginato 1 0%010 0§ DB 00 [ ¢ 0 ¢ 0 6 0 LU 0o 00 00 09 D0
Laxmannia orientells a (] a o 1 0100 0 L1 0 ¢ n o 90 00 0 Q o [ 00
Leprdosprermn concuyum 1 61=0149 9 LIV} 2 05:647 0104 0 @ ¢ 0 g 0 o qQ g 0 a o D0 6 9 (1
Leprosperiint cominemaly ] 0)=0135 pAz01 1 QI%B)0 O 7 12z16 9 C 1 01201 3 30=05 5 04+01 3 03203 2 0100 0 0 ¢ a 3 01201
Lepmspermess myrsinoides 7 A58 7 W07x157 262117 96147 21187 293£207 407=207 293:207 221187 72207 50£227 2642147 WA:517 204+l
Lewcopagon erizoides 4 03x01 6 04=01 7 05£0 7 23=057 19<05 ? 122035 & 08=z04 7 0520 T 19=D3 7 05+0 4 93£0] § 04241 6 04200 5 04%8)
Leucnpagin virgGtes var, virgatas T 05£0 7 05x0 7 050 Y 0540 7 05&D P 095+04 T 0520 7 05x0 7 0520 7 0520 7 BS5£0 7 0520 5 04400 4 pAx0N
Lomeandrs jiliformis ssp, filtformis n o 6 0 00 Do (U1 o 00 00 1 Dt 0 0 [T 1] 3 0ix01 0 6 n
Luumandru gloriva o ¢ 0o o o0 o0 6 0 o0 0N 00 ¢ 08404 5§ 0204 0 O LI 00 2 D1£03
Lomenidra lingifolia 5 04010 0O 0 0 ¢ 0 7 2305 7 09:04 6 04400 1 Q1=00 3 02E08 F 0520 7 05x0 5 W4=01 5 OGarel 4 0D3:z01
AMunoioce scoparia 7 0540 7 00 7 26=04 7 3020 7 56214 7 TA+21 7 b=l 7 O12+035 7 AJxDE 7 T3I&)S Y 9614 7T NEXIFT A4x1E T 1905
Pielen Imifoha ssp, iinifelio 6 04+013 02406t 0 0 T a1zxn00 0 [ Y LI 4 ¢ 2 0101 ¢ @ no 2 0190 0 O o0
Fiatyxace ericnides S 04=017 0520 6 04=017 0544 7 192245 1 V=01 2 01=x080 0 ¢ [ 2 0100 T Q1401 ¢ 03=01 3 €¢2+01 0 O
Poaceae 5p. 4 a 4 0 09 o 0 a o [E ] (LI 09 oo qa G {f 01x01 ¢ O 1 @ a o
Pog wieberiona var, sicherione g 0 D0 HE HY] 2 01=zx01 0 O o0 00 ogrzon 1 ekxdl 2 Glx0d 4 O LI} 0nn
Preeidivm esculentum 90 ¢ 0 [V ] 0 4q 6 59125 0 O 4 27221 0 90 [/ a0 oo 4 0604 4 06=Dd 6 1.5+05
Prerawtylis porvifiorns g 9 ¢ 0 (I P 01=010 0 VA a0 0 ¢ 9 0 o0 ¢ 0 00 0 @ o 9
Prerosiylis sp. nh a0 0 a L 01=000 0 na a ¢ 04 I A2z00 0 0 o0 9 9 a0 00
Pyrorwkis nigricans $ 044010 0 0 0 00 ¢ q 00 Do ] T 052D 2 Dlx0l D O 2 001 0 0 IIRAE T
Ricingcarpos pimfalivs o 0 o 0 00 00 00 gt o 0 o n 4 034D1 0 O Do 00 9 0 a0
Schoenus imberdis [ 0o 6 04=015 Dd=D10Q O (OB ¢ ¢ oo 00 g 0 o0 g0 Do n o
Siplidtum sp. 7 3 022004 03401 3 02+010 O d 0301 00 ¢ 0 D0 4 G3Iz01 4 034001 2 0101 @ D nao 0D

uonelaBsp - ¢ 101deyn

€L
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Table 4.4 (continued) Frequency (F) (maximum = 7) and mean cover (C) (+ 1 SE) of each species found at the 100 m” sampling prain. ®
| !
G
Species B540S5 B5-1.5 WT23 58-5 556 T8 T4-14 W-ld 5516 VI1% Gp-23 Td-25 55-26 227 ;‘
F C F C F C F C F C F C F C F < E C F C F C F C F_C F C b
Teiratheea pilasa ssp. latiiolia 5 pA£0] 2 00201 O O 0 0 1 0201 0 @ H 0 0o 2 nI=01 ) 0tx0) © O o0 e o 00 <
Thelionemo sp. I 01010 @ 0 q 00 o0 9 9 o Q L e n 0 & 00 00 tqQ o0 qu
Tiryplomene micraniha 09 T B3£{ 7 09x047% 94=2311 Q1201 O ¢ 4 45235 1 02£0) 0 0 U 0 53 116=4310 ¢ g0 g
Xonthorshovw mustralls 3 142067 3029 7 362097 S56+180 0O an 0o 3 1406 3 1306 0 O Do oo ¢ 0 00 g
Xenthorrhoea minor sip. hutca S5 042015 04x01 7 U3+D 2 07:0) 0D O [ a4 !} a0l 0 0 a0 00 0 b n @ 0 0 =
Kanthasio pilosa 9 0 0o ¢ 0 a0 [ 06 3 B2x01 0 9 ¢ 0 00 o0 i 0l=01 0 O [U]
Ziera veroniceq 3 022010 ¢ 0 Q 2 412000 0 B0 20000 0 0 G 00 9 0 1 Di=0) 0 0 1 ¢

FL




Table 4.5 Percentage contribution of species to average similarity within a site at the 100 m* scale, using untransformed cover data, Species were

only included if they contributed greater than 5% to 23 +age similarity within a site, S: shrub; Gr: graminoid; 11 tree,

uoneana A« + 121dey)

Species Life-fcom BS-0.3 BS-{53 WT-Z3 8858 836 TT-9 Td-14 WT-i6 8S8-1¢ UT-19 GP-23 T4-25 S8-26 T2-27
Allncasuarina misera 5 | h 6

Astroloma pinifoliun S 9
Bunksia marginaia 5 5 12 9 7 6

Banksia serraia Tr 8 5 12 13 9 25
Bassiaea heterophylia

Calytrix tetragona S 9 &

Caustis pentandro Gr 8 8 13
Epucris impressa 8 6

Eucalypius off. willisii (Gippsiand Lakes) Tr 8 6

Hypolaena fastigiaa Gr 10 16 9 12 13 15 15 17

Leptospermum myrsinoidey s 27 28 6 32 33 58 54 34 44 36 36 42 52
Monotoca scoparia S 10 8 6 135 6 6 6 8 13 14

Thryptomene micrantha S 12 6

Nanthorrhoea ausiralis S 50 10 16 6

SL
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Table 4.6 Mean quadrat species richness in each life-form class at the 100 m? spatial

scale. $ Square-root transformation; * Log)¢ transformation,

Site Stleape  Total life-form Tres Shrub  Subshiud  Graminoid Forb f Geophyle Twiner Parasite

(vears) richness (K00 rn?%)

BS-0.5 0.5 6.0 19 156 26 39 33 L0 0.0
BS-1.5 1.3 5.0 21 18.7 3.9 27 1.0 0.0 0.0
WT-2.5 24 6.0 1.7 17.7 23 39 0.7 03 0.0
58-5 5 7.0 2.0 17.7 2.3 34 i3 03 0.1
556 é 5.0 L9 17.6 2.2 2.6 0.6 {to 0.0
TT9 9 5.0 1.7 1.6 1.7 3.0 0.0 ) 0.0
T4-14 14 5.0 2.0 16.3 1.7 2.7 0.0 el 0.0
WT-16/55416 16 55 2.1 15.4 15 29 1O 09 0.0
1119 19 6.0 2.4 8.0 1.6 3.7 1.} 0.4 0.0
GpP-23 23 6.0 24 15.6 16 33 03 03 0.0
T4e25 25 6.0 1.6 18.3 2.3 29 03 0.6 0.0
$5-26 26 6.0 19 15.9 23 2.0 0.1 06 0.0
T2.27 27 6.0 2.0 9.6 0.7 1.9 0.9 0.1 0.0
I's 0.04% 0.3 018 0413 030t 015 % 000 0.07
F 048 0.38 2.4 7.68 4.76 1.92 0.00 077

0.504 (1.351 0.147 D013 0.052 0.1%4 0989 0400
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Table 4.7 Lifect of time since fire on community heterogeneity, using linear and
quadratic regression. S Square-root transformation; L Logo transformation. Quadratic

equation; y = @ + bx + cx”.

Abundance measure Linear regression Quadratic regression
Vo F r R’ F r
Cover ® 0.06 0.70 0.421 0.27 1.85  0.207

Standardised cover - 0.02 0.26 0.618 0.14 0.80 0.475
Presence/absence 0.21 2.91 0.116 0.38 3.12 0.08%
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‘Table 4.8 Pearson correlation () matrix of vegetation parameters. S: Species richness;
J: Pielow’s evenness; H: Shannon-Weiner diversity; CH: Community heterogeneity. 3
Square-root transformation. Asterisks indicate significant pairwise correlations: * p <
0.05; ** p < 0.01; *** p < 0.001,

Vegetation parameter S (mean) S (total) J3 HS
S (total) .87 **=*

JS 0.64 * 0.74 *+

HS 0.80 ** 0.84 t++* 0.97 ***

CH (presence/absence data) -0.72 ** -0.32 -0.22 -039
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Figure 4,1 Species accumulation curves tor the four spatial grains sampled at BS-1.5.
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(a) Untransformed cover data; stress = 0.08

(b) Standardised cover data; stress = 0.10

{c) Presence/absence data; stress = 0.11

Figure 4.4 Ordination by NMDS of mean quadrat data points at the 100 m’ scale. Sites are
grouped into young (0-6 years), intermediate (9-19 years) and old (23-27 ycars) age
classcs.
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Figure 4.5 Relationship

(a) Total species richness:

Time since fire (years)

betwecn species richness and time since fire at the 100 m’ grain,
(b) Mean species richness ¢ 1 3E).




Chapter 4 - Vegetation B4

(a) Mean species diversity
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Figure 4.6 Relationship between: (a) mean species diversity () (= ] SE), and (b) mean
species evenness (J) (+ 1 SE), with time since fire at the 100 m® graip. Data points withna
SE bars indicate that SE is zero, or less than the size ofthe symbol. Data have been square-
rool transformed for statistical analysis.
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Figure 4.7 Relationship between community heterogeneity (mean Bray-Curtis
dissimilarity) and time since fire at the 100 m” grain, O cover data; A standardised cover
data; M presence/absence data.
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Figure 4.8 Mean total vegetation cover (=1 SE) at the 100 m2 scale, with LOWESS
smoothing function fitted to the data (tension: 0.6).
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Figure 4.9 Mean vegetation cover (= 1 SE) for each height class at the 100 m” scale, with
LOWLESS smoothing funtion fitted to the data (tension: 0.6) on (a) - (¢c), and Tlinear
regression Jine of best [it on (d) and {e). Dala points with no SE bars indicate that SE 13
zero, orless than the size ofthe symbol. Data for (d) and (e) were square-root transformed
forthe statistical test. :
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Figure 4.10 Mean litter ( 4 ) and bare ground (@) cover (= 1 SE) at the 100 m’ scale, with
LLOWESS smoothing funtion filled (o the data (tension: 0.6). Data points with no SE bars
indicate thal SE s zcro, or less than the size of the symbol.
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pre- (23 yearold) and post-fire (8.5 year old) at the 100 m’ scale.
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CHAPTER §

INFLUENCE OF SAMPLING GRAIN ON VEGETATION
PARAMETERS

INTRODUCTION

In recent decades, the issue of scale in natural communities has been recognised as a
major issue in ecology (Allen & Starr 1982; Levin 1992; Gardner 1998; MacNally &
Quinn 1998; Scheiner ef of. 2000). Many ecological patterns and processes have been
shown to be spatially and/or temporally scale-dependent (Allen & Starr 1982; Reed e/
al. 1993; MacNally & Quinm 1998). For example, Tandscape-scale processes such as
climate, geomorphology (Nichols et of. 1998) and fire (Williams ef al. 1994) all
combine to influence species distributions. However, at a smaller scale, features such as
environmental microheterogeneity (Weir & Wilson 1987; Vivian-Smith 1997; Kleb &
Wilson 1999), fire intensity (Rice 1993; Williams ef gl. 1994), intcrspeciﬁc cornpetition
(Keith & Bradstock 1994; Vila & Sardans 1999) and specics dispersal mechanisms
(Reed ef al. 2000) also interact to substantially affect local species composition and
abundance. Despite the growing literature, we stitl have much to learn regarding the
scale(s) at which different biological processes operate, the scale(s) at which different
organisms live and interact, and the scaling of different communities. Often, we
perceive patterns and processes at particular spatial and temporal scales based on our
world-view, however, the manner in which other organisms perceive the weorld may be
totally different (Levin 1992). Furthermore, “as one moves 1o finer and finer scales of
observation, systems become more and more variable over time and space, and the
degree of variability changes as a function of the spatial and femporal scales of

observation” (Levin 1988).

Central to an understanding of spatial scale arc the concepts of sampling grain, extent
and infensity. The grain of a study is the size of the sampling or experimental units (e.£.
quadrat size) (Alien & Starr 1982), or the lower limit of resolution (Reed ef al. 1993).
Extent refers to the size of the area over which the individual sumples are distributed

(Reed &/ al. 1993) (e.g. 4 ha sites in this study). Tinally, intensity refers (o the total area
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sampled (Reed ef af. 1993) {e.g. ¢. 3500 ha in this study). Furthermore, ihe number of
sampling units used and the shape of these sampling units are also important factors to

consider when designing and comparing studies (Palmer & White 1994).

Prior to any ecological study, a sampling grain (or multiple grains) should be chosen
that is appropriate to the question being asked (Dutillenl 1993; MacNally & Quinn
1998), otherwise, difficulties can arise in making ecologically meaningful
interpretatioas of the data. Despite the importance of sampling grain, it is frequently
chosen on the basis of current practice or precedent, without carefully considering the
ecological processes or organisms being studied (MacNally & Quinn 1998). For
instance, heathland studies in Australia usually employ sampling grains ranging from 1-
100 m? (Specht & Rayson 1957; McMahon 1984b; Wark ef ol 1987; Ensight et al.
1994; Myerscough ef al. 1995; Bradstock ef a/. 1997; Cheal 2000), and sometimes up to
800 m? (Posamentier ef al. 1981). However, the majority of these studies do not sxplain
the reason for choosing a particular sampling grain. As there appears to be no single
‘correct” scale in which to investigate a given community {Palmer 1990b; Levin 1992), 2
multi-scale approach may often yield more information and be more appropriate
(Walker et al. 1972; Levin 1988; Thorhallsdéttir 1990; Gardner 1998).

This study aims to determine the effect of sampling grain on:

(1) heathland species composition, richness, diversity. evenness and community

heterogeneity; and
) trends in these vegetation parameters with increasing time since fire.

The study is significant in that it is the only study that I know of that examines trends in
vegetation parameters with time since fire across multiple spatial scales in Australian

heathlands.
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METEODS

The field sampling methods follow those outlined in Chapter 4. In addition (o the five
spatial grains sampled (1 m2, 10 m?, 100 m®, 900 m” and 1 ha), a sixth scale, that of the
entire site (4 ha), is included in analyses where possible. All data analyses follow those

outlined in Chapter 4, except those outlined below.

Species composition is only analysed using the mean values averaged across a site,
rather than individual data points {quadrats). Results from Chapter 4 suggest that the
mean values are a reasonable approximation of the actual data points in
multidimensional space (see Figure 4.3 and Figure 4.4). FPurthermore, they allow for a
simpler set of pairwise comparisons, grouping sites into young, intermediate and old age
classes, rather than attempting to deal with the 91 pairwise comparisons among

individual sites.
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RESULTS
Species composition

For all six sampling grains studied, NMDS of cover data generally grouped old (23-27
years old) and intermediate (9-19 years old)-aged sites closely together, while young
sites were grouped separalely but covered a much broader area in multidimensional
space (Figure 5.1a-f). BS-0.5 was distinctly different from all other sites for each grain,
but most notably at the 1 m? and 10 m? grains, where all other sites were grouped tightly
together. The next three youngest sites, BS-1.5, WT-2.5 and SS-5, were also grouped
separately, while the remaining 10 sites that were six years or older at the time of
sampling were grouped together. The oldest site, T2-27, appeared to become more
distant from the main group as grain increased, particularly at the 1 ha and 4 ha grains.
Following standardisation of the cover data, general patterns were similar, However,
the patiern at the 1 m? and 10 m? grains changed markedly, representing each site in
two-dimensional space in a similar manner to the other grains (Figure 5.2a-f). As with
the unstandardised cover data, young sites were generally grouped separately from the
rest. However, there were small variations in the degree of overlap betwecn young and
intermediate/old sites, particularly with 8S-6. Finally, transformation of the data to
presence/absence caused the most noticeable difference in how siles were grouped in
two-dimensional space (Figure 5.3a-f). The oldest sife, T2-27, was separated much
more dislinctly from all other sites, across all grains, than it was for either the cover or
standardised cover data. This was particularly evident at the 1 ha grain (Figurc 5.3¢).
Young sites (0-6 years old) were also grouped separately, with the exception of 8S-6,
which was sometimes associated with the 1..ain group. All other sites were grouped

rclatively close together.

ANOSIM indicated that species composition differed significantly among age classes
for cover, standardised cover and presence/absence data at all sampling grains, except
100 m? (presencefabsence) and 1 m> (all three abundance measures) (Table 5.1).
Pairwise comparisons indicated that young and intermediate sites were significantly
different for cover, standardised cover and presence/absence data at all sampling grains,
cxeept 100 m? (presencefabsence) and 1 m? (atl three abundance measures) (Table 5.1).

In addilion, coniposition differed significanily between young and old sites for the 4 ha,
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1 ha and 900 m? grains, for cover and presencefabscnce dala, and 100 m? for cover data

(Table 5.1). Composition did not differ between intermediaie and old sites.
Species richness

Species richness was markedly influenced by sampling grain in two ways. First, as
sampling grain increased, species richness generally increased, as expecled (Figure 5.4).
This was true at every site for mean richness. However, total richness was nol always
greater as sampling grain increased. because of the different nomber of quadrats
sarﬁpled at each grain, and the different levels of saturation associated with this
sampling regime (Figure 4.1, Table 4.2). Second, specics richness (total and mean)
decreased significantly with increasing time since fire for some sampling grains but not

for others (Figure 5.4, Table 5.2).

Total site specics richness decreased significantly with increasing time since fire for the
100 m?, 900 m? and 1 ha grains (Table 5.2a). However, there was no significant change
for the two smallest grains sampled, 1 m? and 10 m? and the largest grain, which was
the entire site (4 ha). Mean species richness displayed a simitar trend, with the 10 m’,
100 m* and 900 m” grains indicating a significant decrease in richness with time since

fire, while at the 1 m? grain there was no such differcnce (Table 5.2b).
Species evenness and diversity

Unlike species richness, evenness () displayed no consistent pattern (e.g. a clear trend
toward higher or lower evenness with increasing grain) among sampling grains (Figure
5.5a). In terms of the line of best fit derived via linear rcgression, there was a greater
discrepancy among grains at young sites compared 10 older sites, where cvenness
appears to be converging, irtespective of grain (Figure 5.5a). J decreased significantly

with Increasing time since {ire for all grains except 1 m? (Table 5.3).

Species diversity (&) responded to sampling grain in a similar manner to richness. First,
H increased from thc smallest to the largest grain in an épproximaiely parallel fashion,
although mean diversity at the 900 m” grain was usually slightly morc than the 1 ha
grain (Figure 5.5b). Sccond, I decrcased significantly with increasing time since fire

for all six grains (Table 5.4).
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Commuaity heterogeneity

Commuinity heterogencity (mean Bray-Curtis dissimilarity) decreased markedly with
increasing grain, for both cover and presence/absence data, althongh WT-2.5 and BS-0.3
were exceptions to this general pattern (Figure 5.6). Using cover data, community
heterogeneity averaged across all sites decreased from a peak of 61 & 3% at the 1| m®
grain, to 45 £ 2% (10 m?), 29 + 1% (100 m>) and 18 + 2% at the 900 m? sampling grain.
Similarly, nsing presencc/absence data, heterogeneity decreased from a peak of 44 + 2%
at the 1 m* grain, to 31 £ 2% (10 m®), 18 = 1% (100 m?) and 14 £ 1% at the 900 m?
grain. Heterogeneity for both cover and presence/absence data did not display a lincar
trend with time since fire for any of the fonr graing sampled (Table 5.5). However, the
quadratic equation appeared to fit the data much better (han linear regression, with cover
data at the 10 m? grain significantly related to time since five in the form of a positive
quadratic equation (y = 5213 - 2.12x + 0.08x7). In addition, R’ values wore
substantially higher for the quadratic regression compared with linear regression.
Generally speaking, at the 1 m? and 10 m? grains for cover and presence/absence data,
heterogeneity appeared to be relatively high initially following fire, after which it
decreased until ¢. 15 years after fire, and subsequently increased to reach immediate
post-fire levels 26-27 vyears after fire (Figure 5.6). For prescnce/absence data, the
pattern at the 100 m” and 900 m? grains is similar to that mentioned above, while cover
data suggest no trend at the 900 m? grain, and a slightly inverse trend at the 100 m? grain
(Figure 5.6). However, the results should be interpreted with caution, owing to the

variability of the dala set.
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DISCUSSION

Spatial scale, in the form of sampling grain, was found to infiuence various vegetation
parameters and in some instances, significantly affect their relationship with time since
fire. There was a distincl trend loward higher mean species richness as sampling grain
increased, which 18 an almost universal finding in studies worldwide (Colwell &
Coddinglon 1994; Palmer & White 1994), which Lomolino (2000) describes as the
closest thing to a rule in ccology. However, total richness did not always display this
trend, predominantly owing to the fact that as grain increased, sample number

prtentially
decreased, subsecmem]yx affecting total richness values at each scale.

‘Species richness was found to decrease significantly with increasing time since fire. In
the context of Australian heathlands, this is not surprising, given the number of studies
that have reported this trend (e.g. Specht ef al. 1958; McMahon 1984b; Wark 1996).
However, this study is unique in that mean richness was shown to clecrease;‘g{u}c};)'gc of
the four sampling grains, while total richness decreased ;;}t);f;three of the six grains,
i.e. the decline in richness with time since fire is dependent upon sampling grain. In a
dry European leathland, Chytry ef al. (2001} found that richness changed with time
since experimental disturbance in a similar manner across three different spatial scales,
0.1 m2, 1 m? and % m?, however, the timing of the peak in richness was scale dependent.
These findings have major implications for studies investigating the effect of time since
disturbance (e.g. fire} on species richness, as they provide evidence that the cffect of
time since disinrbance is scale dependent (Palmer & White 1994). This also suggests-
that studies reporting a change in richness over time should only be interprefed at the
grain sampled, and not extrapolaled to larger spatial scales (Walker ef al, 1972; Palmer

1990b; Carpenter 1996), as is commonly the case (MaeNally & Quinn 1998).

The lack of a decrease in tota) and mean richness with time since fire at the I m? grain is
intriguing, given the trends observed at larger grains. For instance, greater numbers of
species are expected to be packed into an area of 1 m* in the immediate vears following
fire, owing to the promotive =ffect of fire on germination (Gill & Groves 1981; Tyler
1995), the relatively small size of each individual (Rice & Wesloby 1983; Crawley &
Harral 2001) and the reduced levels of resource competition in the initial years after fire
(Grime 1977; Clarke et al. 1996; Vila & Sardans 1999). As time since fire increases,

individuals grow in size to the point where trees (Banksia serrata and Euculyptus spp.)
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and large shrubs {(e.g. Allocasuarina spp., Banksia marginata and Leptospernum spp.)
may cover an area grealer than the grain size (1 m?), competition for resources increases
{Vila & Sardans 1999), and weaker plants or shotter-lived species are expected to die
out, resulting in reduced species richness (Specht & Specht 1989; Keith 1995). Despite
this prediction, such a trend in species richness was not evident at (he 1 m® grain in this
study. There are two possible reasons for this. First, there was a dearth of post-fire
ephemeral species present at the 1 m’ grain (only four of the 10 species that were
recognised as potential post-fire ephemerals in Chapter 4), therefore, reducing any
potential decrease in richness due to these species from the outset. Second, in the
immediate post-fire environment, higher seedling densities do not necessarily equate
with higher species richness; instead, there may simply have been a greater number of

individuals of only a few species.

In addition to the absence of a decrease in total and mean richness at the 1 m* grain, and
total richness at the 10 m? grain, there was also no significant decrease in total richncss
with time since fire at the scale of the entire site (4 ha). This is surprising in the context
of other heathland studics, however, il may be explained by the degree of patchiness in
species disiributions. For example, species frequencics are hypothesised to reach their
respective maxima for a given grain approximately 1-2 years following fire, when all
seed promoted to germinate by fire has emerged (Keith & Bradstock 1994}, Thereafter,
as populations increase in age and become increasingly subject to competition from
surrounding plants (Grime 1977), many specics begin in ‘lhin out’ via density-
dependent mortality (Begon et al. 1990) and/or old age, to the point where richness
displays a decrease with time since fire at the intermediate grains assessed in this study.
Despite this ‘thinning’ effect, after 27 years of post-fire vegetation development, many
species may still be present at a site, but at a much lower frequency, thus maintaining
species richness and preventing a decrcase in richness with time since fire.
Turthermore, different determinants of species richness may operate at different spattal
scales (Palmer 1990b; Crawley & Harral 2001). This is a phenomenon that may be
occurring in the heathlands of this stody, with the potential scale-dependent
determinants of species richness being past [ire regimes, patchiness in fire intensity,

environmental heterogeneity and variability in distance to propaguie sources.
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According to Kwiatkowska & Symouides (1986) and Kvaiseth (1991), species evenness
(J) is predicted to alter with sampling grain, with the most basic model predicting this
change 1o be an increase in./ as spatial grain increases (Wilson et ¢l. 1999). Despite this
prediction, Wilson er ¢/, (1999} found the opposite, Kwiatkowska & Symonides (1986)
fornd no pattern in plots ranging from 1-64 m?, while this study also found no clear
patiern, although there was a general trend for J to increase with increasing grain
(although the 1 ha grain was an anomaly). This suggests that at larger grains, species
cover-abundernces were generally more even, pointing 1o the relatively uniform nature of
the heathland. In addition, J/ decreased with increasing time since fire for all grains
except 1 m?, indicating that species cover-abundances were becoming more variable as
time since fire increased. This pattern is probably attributable to a combination of
variability in individual plant size, species frequencies, and growth and mortality rates.
In terms of the total variability among grains, J appears fo be more variable at young
sites compared with older sites, where J values are very similar among grains. For
example, the toral spread of J values from the 1 m? to the 1 ha grain at T2-27 was only
0.€¢ 2-0.67. This suggests that J is beginning to converge across spatial grains as time

since fire increases.

In a similar manner to mean species richness, diversity (ff) increased as sampling grain
increased, although the 1 ha grain was slightly less diverse than the 900 m? grain. The
overall trend of increased diversity with area was expected, as H is a direct by-product

of species richness and J, The decline in H with time since fire appeared to be

independent of scale, as all six grains decreased significantly with increasing time since
fire, indicating that this was a universal trend wlen sampling at any grain between 1 m?
and 4 ha,

As with richness, changes in species composition among young, intermediate and old
sites were dependent on sampling grain, with all grains exhibiting significant differences
in composition, apart from the 1 m’ grain (cover, slandardised cover and
presence/absence data) and the 100 m? grain (presence/absence data). This again
indicates the importance of sampling at multiple spatial scales, as the gpain chosen to
stady (100 m?) based on a specics-area curve in Chapter 4, yielded a non-significant
difference, while four of the other five grains were significantly different. Prior to the

study, young and old sites were postulated to be the most dissimilar in terms of species
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composition, owing ~les senescence over time, however, pairwise comparisons
indicated that young an. intermediate sites were more ofien significantly different

across a range of grains and abundance measures (Table 5.1).

The importance of scale in determining the level of heterogeneity within a given site
remains when the focus shifts from composition to changes in community heterogeneity
with time since fire. For instance, at one scale, landscapes may appear quite
beterogeneous, however, at another scale, they may seem homogeneous, thus making
spatial scale essential in definitions of landscape heterogeneity and diversily
(Meentemeyer & Box 1987). Despite the recogniscd importance of scale, studies
determining its effects on plant community heterogeneity are uncommon (Steinberg &
Kareiva 1997). In this study, the level of community heterogencity decreased markedly
as spatial grain increased, to the point where helerogencity among quadrats at the 900
m? grain was quite low. This patiern is predominantly due to the fact that larger samples
are more likely to include a greater subset of species from a given community, thus,
mcreasing the level of similarity among quadrats, compared with smaller quadrats
(Collins 1992). Comparisons with other Australian communities are unable to be made,
owing to the paucity of data on community heterogeneity in Australia, however, the
heathland in this study appears to be relatively homogencous in composition within

sites, especially at the 900 m? grain.

In two of the few exceptions examiming heterogeneity in terms of compositional
dissimilarity, Collins (1989) and Collins (1992) found that community heterogeneity on
annually burned grasslands was significantly lower than on unburned or once-burned
grasslands, sugpesting that higher fire frequency reduced heterogeneity. However,
Collins (1992) found this effect to be scale-dependant, with community heterogeneity on
an annually burned grassland significantly lower than unbumed (control) grassland at a
small scale (10 m?), but not at a larger scale (200 m?). Fvidence for scaling cffects on
the relationship between heterogeneity and fire (in this case, time since fire) were also
found in this study, with a positive quadratic relationship appearing to exist between
community heterogeneity and time since fire for some scales. Although these
relationships were rarely statistically significant, some observations may be made.
Generally, heterogeneity was high (relatively speaking in the context of this study) in the

early post-fire years, owing to a combination of relatively high species diversity and the
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potential presence of post-fire ephemerals, This can be seen as the period of high
heterogeneity associated with species establishment, as proposed in the cyclic
heterogeneity model of Armesto ef al. (1991). As time progresses to an intermediate
heath age, post-fire ephemerals and short-lived species die out, while most other species
remain alive, resulting in decreased heterogeneity. In this study, it is unclear to what
degree species loss is due to the shoriening of plant lifespans caused by compelition,
where species can no longer compete under chauging site conditions, compared with
inherent plant lifespan constraints. Finally, as time since fire increases further to the
oldest age sampled in thiz study (27 years), heterogeneity appears to in.icuie, even
though species richness is decreasing. This phase is hypothesised hy Armesto e/ al.
(1991) to signify species invasions, however, the incidence of invasion, or even
recruitment for that matter, is very low in the older sites of this study. Therefore, a
possible explanation for this pattern is that as some species begin to die out at a given
sampling grain, whether through old age or corpetitive exclusion, their distribution
becomes patehier, thus increasing the mean dissimilarity between any two quadrats.
Given the relatively shorl age-span of this study, it would be pre-emptive to suggest that
cycles of heterogeneity exist within the heathland, versu Armesto er al. (1991),
however, there is evidence to suggest that this may be the case. Further monitoring and

sampling of sites as they increase in age may shed more lighi on this situation.
Overall, sampling grain was shown to have 4 major cffcct on

(a) species composition, and levels of species richness, evenness, diversity and
comununity heterogeneity, and
(b) the significance of trends in some of these vegetation paramcters with increasing

time since fire.

IT this study had simply presented the results of Chapter 4 without analysing for the
cffect of different sampling grains, conclusions would have been markedly different and
would have led to a distorted image of the system (Levin 1988). In particular, this study
gives further weight to the view that multiple sampling grains are essential to

comprehensively understand pattern and process in communpities.
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Table 5.1

ANOSIM results (R values) for cover (¢), standardised cover (sc) and

presence/absence (pa) dat:  for mean data points at each site for the six sampling grains.

Y: young sites (0-6 years since fire); I: intermediate sites (9-19 years since fire); O: old

sites (23-27 vears since fire). An asterisk indicates statistical significance: * p < 0.05;

** p<0.01. No p-values were < (.001.

Sampling Abundance Global test Pairwise comparisons
grain measurc
Y-1 Y-0 I-O
4ha c 0.31 ** 0.48 *+ 0.46 * 0.18
4ha se 0.22 * 0.37 ** 0.23 0.13
4 ha pa 0.29 **+ 0.53 *# 0.37 * 0.08
1ha ¢ D31 ** (.49 ** 0.43 * 0.15
1 ha sc 0.21 * 0.36 ** 0.21 0.09
1 ha pa 0.24 ** 0.47 ** 0.23 % 0.00
900 m? c 0.25 **¥ 0.44 * 0.45 * -0.07
o900 m? S 0.19 * (.35 ** 0.26 .06
900 m? pa 0.25 ** 0.42 * 0.33 * 0.02
100 m® c 03] ¥* 0.50 ** 0.33 * 0.08
100 m? S¢ 0.23 * 0.45 ** 0.19 0.00
100 m” pa 0.11 0.26 0.27 0,14
10 m® ¢ 0.29 ** 0.39 * 0.24 0.24
10 m? sc 0.29 ** 0.40 ** 0.28 0.23
10 m? pa 0.20 * 0.40 * 0.13 0.08
I ny? ¢ 0.16 0.34 0.01 0.03
I m? sc 0.03 0.08 0.06 -0.08
[ m’ pa 0.13 0.27 0.14 0.02
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Table 5.2 Results of linear regression of species richness in relation 10 incrcasing time

. - S .- . .
since fire. ° Squarc-root transformation; = Log, o transformation.

(a) Total richress

Sampling grain (m?) R? F p

1 0.29 4.42 0.059
10" 0.26 3.33 0.076
100 0.40 7.26 0.021
900 0.43 8.26 0.015
10000 0.43 8.38 0.015
40000 027 4.07 0.069

(b) Mean richness

Samipling grain (in?) R’ F r

1 0.23 3.37 0.094
105 0.42 7.83 0.017
100 0.40 7.38 0.020

900 0.33 5.32 0.041
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Table 5.3 Results of lincar regression of species evenness (J) in relation to increasing

time since fire. ° Square-roct transformation; L Log)¢ transformation.

Sampling grain (m?) R

F p
1 i 0.12 1.53 0.243
10" 0.37 6.40 0.028
100 ® 0.53 13.5 0.004
900 - 0.65 20.4 0.001
10000 * 0.49 10,6 0.008
40000 * 0.57 14.6 0.003
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Table 5.4 Results of Jinear regression of species diversity (&) in relation to increasing

time since fire. ¥ Square-root transformation; - Logy transformation.

Sampling grain (m?) R F P

1" 0.32 5.11 0.045
105 0.51 11.4 0.006
100 ° 0.59 15.5 0.002
900 S 0.62 18.1 0.001
100p0 b 0.53 12.4 0.005
40000 ™ 0.57 14.4 0.003
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Table 5.5 Results of lincar and quadratic regression of community heterogeneity in

s

relation to increasing time since fire. ¢ cover data; pa: presencefabsence data.

Square-root transformation; - Log;e transformation. Quadratic equation: 3 = a + bx +

-

cxX™.
Sampling  Abundance Linear regression Non-linear regression
grain (m?) measure

R F » R F p
1 ¢ 0.07 079 0393 0.4 1.61  0.249
1 pa 0.07 085 0376 039 325  0.082
10 ¢ 0.01 007 0791 .52 539 0026
10" pa 0.07 078 0397 041 351 0.070
1005 c 0.06 070 0421 0.27 1.85  0.207
100 pa 0.21 2,51 0.116 038 312 0.089
900 " c 0.01 010 0.759  0.03 013  0.881
900 - pa 0.04 0.41 0.534 023 1.50 0269
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{a) 1 m"; stress = 0.01 (b) 10 m®; stress = 0.01

(c) 100 m? stress = 0.08 (d) 900 m’; stress = 0.06

(e) 1 ha; stress = 0.05 (f) 4 ha; stress = 0.05

Figure 5.1 Ordination by NMDS (cover dala) of mean data points at each site, for the six
sampling grains. Sites are srouped into young (0-6 years). intermediaic (9-19 years) and
old (23-27 years) age classes.
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(a) 1 m*;stress = 0.10 (b) 10 m?, stress = 0.12

(d) 900 m?; stress = 0.08

{e) 1 ha; stress = 0.08 : {f} 4 ha, stress = 0.05

Figure 5.2 Ordination by NMDS (standardised cover data) of mean c!ata points at each
site, for the six sampling grains. Sites are grouped into young (0-6 years), intermediate (9-
19 years) and old (23-27 ycars) age classes.




Chapter 5 - Influence of Sampling Grain on Vegetation Parameters 108

(a) 1 m"; stress = 0,14 (b} 10 nm?; stress = 0.13

(e} 1 ha; stress = 0.01 (f} 4 ha; stress = 0.11

Figure 5.3 Ordination by NMDS (presence/absence data) of mean data points ateach site,
for the six sampling grains. Sites are grouped inlo young (0-6 years), intermediate (3-19
years) and old (23-27 years) age classes.
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Species richness

Figure5.4 Total and mean species richnessinrelationtotime since fire and sampling grain.
01 m*® (0% A 100 m*; A 900 m* €3 | ha; 84 ha. Data have been square-root or log,,
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(2) Species evenness
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Figure 5.5 Relationzhip between; (a) mean species cvenness (J), and (b) mean spceies
diversity (/) with time since firs across all sampling grains, © 1 m*; @ 10m’; A (00 m” A
900 m*;£3 1 ha; M 4 ha. Data have been square-root or log,, transformed where appropriate
to derive the line ofbest fitby linear regression.
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Figure 5.6 Rclationship between community heterogeneity and time since fire among
sampling grains: (a) cover data, (b) presence/absence data. O L m’; @ 10m ;A 100m7 A
900 m’. Data have been squarc-root or log,, transtormed where appropriate to derive the

rity) (%)

Community heterogeneity (mean Bray-Curtis dist. 7.
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CHAPTER 6

SOIL SEED BANK PILOT STUDY

INTRODUCTION

Fire plays an integral role in maimtaining species diversity in mediterranean-type
systems, with many speciesmciigfﬂfant on it for regeneration. Following fire, resource
competition is thought to draratically decrease as a result of reduced overstorey cover
and increased availability of light and soil nutrients (Specht 1979b; Warcup 1980).
Changes in soil temperature regimes (Auld & Bradstock 1996), a reduction in seed
predation (Bond ez ¢l 1984; Bradstack 1991) and lower levels of allelopathic chemicals
(Keeley et al. 1985) may also be associated with the post-fire environment. This
environment promotes mass regeneration, with species regencrating from soil or
cancpy-stored seed (obligate seed regenerators), by resprouting from lignatubers,

rootstocks, rhizomes, bulbs, tubers and epicormic buds (obligate resprouters), or from a

combination of both (facultative resprouters) (Purdie & Slatyer 1976).

Many seed regenerators ouly germinate after fire, or else in very ow numbers during the
inter-fire period (Spechi et al. 1958; Russcll & Parsons 1978, Wark 1996; Benweil
1998). 'This phenomenon is commonly regulated by seed dormancy, which may oceur
by physiological, morphological, physical or chemical means (Baskin & Baskin 1998).
The prevalence of seed dormancy in wediterranean-type systems, means that knowledge
of the mechanisms that break dormancy and induce gcrmihation is esscntial to

understand vegetation regeneration dynamics.

Various fire-related agents have been shown to promote germination of soil-stared secd
in a range of species in mediterranean-type systems. These include heat (Warcup 1980;
Viahos & Bell 1986; Enright ef al. 1997; Read of al. 2000), smoke (Dixon er al. 1995;
Enright et al. 1997; Marsden-Smedley ef al. 1997; Roche ef al. 1998), charred wood
{(Keeley et al. 1985) and different combinations of these (Marsden-Smedley et al. 1997).
Ash (Boright et ol. 1997; Marsden-Smedley ef al. 1997) and stratification (Carroll &
Ashton 1965, Marsden-Smedley ef al 1997} have also been used Lo promote

germination; however, their promotive value is generally low in comparison to heat and
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smoke treatments. Most studies indicate that smoke and heat are consistently the most
successful agents for breaking seed dosmancy and promotling germination in

mediterranean-type sysiems.

Knowledge of the composition of soil seed banks is important from a conservation
management perspective, particularly with regard to the firc-prone heathfands of south-
east Australia, where burning for management purposes is commen practice (Avis 1993;
Friend et al. 1999). In these dense, sclerophyllous and highly flammable heathlands,
fire is essential to promote recruitment of many species, particularly obligate seed
regenerators (Specht 197%a; Benwell 1998). Despite the growing soil seed bank
literature, little work has been undertaken in south-eastein Australian heathlands,
particularly with regard to the effects of fire-related products such as heat (see Molnar er
al. 1989) and smoke on germination of soil-stored seed. If future studies are to be
accurate in determining the species composition, richness and density of the soil seed
bank, then the optimal methods for breaking secd dermancy and inducing germination

need to be known.
This pilot study aims to determine:

(1) the effects of smoked water and heat on species richness, composition and

densily of scedlings emerging from the soil seed bank;

(2)  the number of soil cores needed to adequately estimate species richness and

composition of the soil seed bank at a 4 ha site;

(3)  species emergence rates, to indicate appropriate experimental time-spans for

future soil seed bank studies; and

@) the compositional similarity between the soil seed bank and the extant vegetation
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METHODS

Experimental procedure

A relatively large number of small samples is generally more svitable than a small
number of large samples in soil seed bank studies (Benoit er o/ 1989; Thompson ef /.
1997). Therefore, 36 randomly located soil cores (8 em diameter, 5 cm depth) were
extracted at each of four random 100 m? quadrats in a mature heath (GP-23), giving 144
cores over the 4 ha site (total surface area of cores sampled: 0.724 m?; total volume:
0.036 m”). This is comparable to other studies, which sampled 0.557 m* (0.056 m®) of
soil in heath (Carroll & Ashton 1965), 0.018 m? (0.002 m®) in heath (Molnar e al.
1989), 1.060 m? (0.050 m3) in heathy woodland (Enright ef al. 1997), and 0456 m?
(0.046 m*) in heathy forest (Marsden-Smedley ef al. 1997). Surface litter was included
as it 15 a potentially important seed source, especially in relatively old heath, with almost

100% litter cover.

Sampling was undertaken on 21 March 1999, afier most species had finished fruiting
and released their seed. This allowed comparison with other studies of south-eastemn
Australian soil seed bank where soil was collected during March (Carroll & Ashton
1965; Enright et al. 1997; Marsden-Smedley ef al. 1997).

The seedling emergence technique was used to estimate species composition, nchness
and density of the soil seed bank (Simpson et gl 1989). In order to maximise
germination and obtain the best estitnatc of composition, richness and density, cores
were exposed to three contrasting treatments. Of the 36 cores from each quadrat, 12
random cores were treated with heat, 12 with smoked water and 12 were left untreated

(control), giving 48 corcs in each treatment.

Various Australian studies across a range of vegetation types have promoted secd
germination by treating s50il with dry heat at temperatures ranging from 80°C to 120°C
for 20-30 min (Vlahos & Bell 1986; Enright ¢f ol. 1997; Marsden-Smedley ez al. 1997;
Smith er al. 2000). Studies on south-eastern Australian legume species and South
African fynbos species have also found schitantial variation in emergent seedling
densities in response to different combinations of healing (40-120°C) and exposure
period (0-120 mip), indicating that individual species may possess markedly different

temperature optima for breaking seed dormancy (Auld & O'Connell 1991; iusil 1991).
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As a result of these findings, a temperature of ¢. 10G°C was considered appropriate 1o
break dormancy in most species without killing the seed. Therefore, heat was applied
prior to potting, with 12 random cores from each quadrat spread on trays to a thickness
of 1.0-1.5 em ard heated in ovens set at 100°C for 15 min. Cores were randomised
across three ovens. The actual temperatures inside the ovens varied between 80°C and

100°C, owing to temperature losscs when oven doors were opened.

The smoke treatment was applied with Regen 2000 SMOKEMASTER smoked water,
derived by burning predominantly Eucalyprus spp. (including some Pinus sp.) sawdust
waste and percolating the smoke through water. Four ¢. 5 ml applications of undiluted
smoked water were lightly sprayed over each potted soil core at 1 week intervals,
commencing 1 week after potting, providing a total of 22 ml of smoked water per core.
Watering was minimised in the days following treatment to avoid leaching the active
agents from the noil. Although the application of smoked water to each core was
independent in time, the smoked water used originated from the same batch; therefore,
the cxperimental trcatment is not truly replicated (Morrison & Morris 2000). The

remaining 12 cores from each quadrat were lefl untreated to act as controls.

Before cores were potted, coarse litter was remaved from each sample. Each core was
then spread to a depth of ! cm, over 2.5 cm of sterilised Tiver sand in two punnets. All
cores were potted within two days of collection and randomly placed on benches within
a large, fine-mesh enclosure, open to sunlight, rain and wind, while excluding external
wind-borne sced and rninimising seedling herbivores. To determine whether extraneous
seed was present in the sand, or dispersed into the punneis once the experiment had
conmenced, 20 punnels containing sterilised river sand with no soil were cstablished.

Monitoring indicated that no cxtraneouns seeds were likely to have becen present.

Punnets were watered as required.  Mean monthly maximum and minimum
temperatures in the enclosure ranged from a low of 14.9°C and 6.1°C, respectively, in
June 1999 to a high of 32.9°C and 15.6°C, respectively, in February 2000. Seedlings
were recorded on a weekly basis for the first 3 months and then on a formightly basis.
The experiment concluded when no germination occurred over a 3 week period, which

was after 11 months.
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Species composition of the standing vegetation at the study site was sampled several
days before collection of soil cores, as part of the study examining vegetation pattern at
different spatial grains (Chapter 5). The samples comprised 41 quadrats from five
spatial grains (1 m* sampling grain: 20 quadrats; 10 m® 10 quadrats; 100 m?: seven
quadrats; 909 m? three quadrats; 1 ha: one quadrat), together with general
reconnaissance across the site. The four 100 m? quadrats used for sampling the soil seed
bank were not the same quadrats as those sampled during the vegetlation survey.

Nomenclature follows Ross (2000).
Data analysis

Species-area curves for each of the three treatments, grouping quadrats together, were
generated from a random accumulation curve with 100 random starts. A two-parameter
power function by the least squares Gauss-Newton method was then applied to estimate

species richness, according 1o the equation
y=ab*
where y is species richness, b is area and g and x arc estimated parameters.

Species richness and density data were analysed with a randomised block ANOV A, with
quadral acting as the blocking variable and the three germination treatments blocked
within each of the four quadrats. The 12 cores in each treatment-quadrat combination
were combined to give one value, as individual cores were too variable to act as
effective replicates. Tukey’s post-hoc tests were used to examine unplanned pairwise
comparisons of treatments. The assumptions of ANOVA were checked, with logyg, or
square-root transformations used when required. A critical value of oo = 0.05 was used

in all hypothesis testing.

Non-metric Multidimensional Scaling (NMDS) was used to ordinate quadrat data, using
the Bray-Curtis similarity index. Differences in species composition among freatments
werc tested by two-way unreplicated Analysis of Similarity (ANOSIM2), and mean
similarity between treatments was calculated by the Similarity Percentage (SIMPER)
pracedure in PRIMER (Plymouth Marine Laboratory 1994). Compositional similarity

between the soil seed bank and the standing vegetation of the entire site was calculated




Chagpter 6 ~ Soil seed bank pilot study 117

by using both Bray-Curtis and Jaccard similarity indices (Kent & Coker 1992), to enable

comparison with other studies.
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RESULTS
Species richness, composition and density

Species-area curves for each treatment indicate that species richness increased with core
number (sample arca), although it did not reach saturation (Figure 6.1). The power
function fitled the species-area curves extremely well (Figure 6.1), with R > 0.99 for

each treatment,

‘The germinable soil seed bank comprised 20 ideniifiable taxa, from 17 genera and 12
families, all of which were native (Table 6.1). A small percentage of seedlings could
not be identified (1%), or were only identified to genus or family level because of
premature death (2%). Dillwynia glaberrima and D. sericea were grouped together,
because of the death of most seedlings before identification to species level was

possible,

Sixteen of the 20 species were recorded in the heat-treated soil, 11 in the smoke
treatment and nine in the contro]l (Table 6.1). Mean richness per quadrat of the
germinable soil sced bank differed significantly among treatments (F = 15.05, p =
0.005), with richness of heat-treated soil significantly greater than both smoked and
control soils, while no significant difference occurred between smoked and control soils
(Figure 6.2). There was no significant quadrat (blocking) effect (F = 3.77, p = 0.078).
Ten species were restricted to a specific treatment (six in the heat treatment, three in the
control and one in the smoke treatment) (Table 6.1), with each of these recorded only
once or twice., When species present in only one treatment-quadral comhbinalion were
excluded from the analysis, there was still a significant treatment effect on the mean
number of species germinating from the soil seed bank (' = 34.26, p = 0.001) and no
significant block effect (F = 4.63, p = 0.053). A total of 30% of species present within

the soil seed bank was recorded in all treatments (Table 6.1).

Species composition based on density data differed significantly among treatments
(ANOSIM2: & = 1.00, p = 0.006), while prescncc/absence data yielded non-significant
results (R = 0.08, p = 0.317). Conclusions were unchanged when species present in only
one {reatment-quadrat combination were excluded from the analysis. Although there
was to test for pairwisc comparisons, two-dimensional NMDS of density data suggests

that control and heat-treated quadrats were most dissimilar, with smoke quadrats
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intermediate (Figure 6.3). Mean similarity between treatments was lowest between
control and heat-freated soils, with density data consistently more dissimilar than

presence/absence data (Table 6.2).

In total, 1769 scedlings were recorded, with hear, smoke and control freatments yielding
276 = 54, 137 = 26 and 29 = 5 seedlings per quadrat (0.060 m?), respectively. Mean
seedling density per quadrat was significantly different between all treatments (F =
93.34, p < 0.001) (Figure 6.4). Highest seedling density was recorded in the heat
ireatment, 10 times higher than the control, with seedling density in the smoke treatment
five times higher than controls. Therc was a significant quadrat (block) effect (F = 7.33,
p = 0.019), indicating patchiness in seed density across the site. Epacris impressa was
by far the most common species (71% of all seedlings), followed by Leptospermum
myrsinoidey (15%). Six of the 20 (axa {E. impressu, Leplosperimum myrsinocides,
Leucopogon ericoides, F{ypolaenafa.srigfata, Bossiaea heterophylla and Dilbwynia spp.)
comprised 98% of the seedlings. The total densily for heat-treated soil was 4575
seedlings m'z, with 2271 and 485 seedlings m™ recorded in the smoke and conirol

ireatments, respectively.

Mean seedling densities of five taxa, Dilbwynia spp., E. impressa, H. fastigiaia,
Leptospermum myrsinoides and Leucopogon ericoides, were significantly different
among treatments (Table 6.3). Smoked water yielded significantly greater seedling
densities than the counirol in three species (E. inpressa, H. fastigiata and Leptospermum
myrsinoides), while seedling densities of heated soil were significantly greater than the

conirol in all of the five species (Table 6.3).
Rate of emergence

All 20 species present within the germinable soil sced bank germinaled within 164 days
(Figurc 6.5a). A steady number of new species emerged for approximately the first 90
days, after which the rate of emergence declined natil 164 days, with no new species
emerging over the final 173 days of the trial (Figure 6.5a). The rate of species
emorgence was very similar between the heat and smoke teeatments, while the control
soils had a slightly defayed emergence (Figure 6.5b). Shrubs (nine spectes} and

sedges/rushes (three species) dominated the early stages of emergence.

Cumulative seedling density for each trcatment followed a sigmoidal distribution, where
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the rate of increase peaked after 66 days for the smoke and heat freatments and after 80
days for controls, after which it quickly plateaued (Figure 6.6&). In the heat-treated soil,
90% of seedlings germinated after 94 days; in the smoked soil, 90% of seedlings
germinated after 122 days; while 90% germination occurred after 150 days in control
soils (Figure 6.6b). Of the six species present in cvery treatment, seedlings within

control trays never emerged before seedlings in heat- or smoke-treated soil.
Similarity between soil sced bank and vegetation

Fifteen of the 20 species (75%) present in the germinable soil seed bank werce present on
site in the vegetation, while five (25%) were only found in the soil seed bank (Table
6.1). Of the five, all were hcrbaceous, including two forbs (Drosera peltata and
Euchiton sp.), two geophyics (Pyrorchis nigricans and Orchidaceae sp.) and one
herbaceous twiner {Cassytha glabeﬁa). The Bray—Curtis similarity between the soil seed

bank and the vegetation was 50%, while the Jaccard similarity was 20%.
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DISCUSSION

More than half of the species found in the germinable soil seed bank required a heat or
smoke stimulus to promole germination. In terms of both total and mean species
richness and seedling density of the germinable soil sced bank, heat was the most
successful treatment for promoting seed germination, followed by smoked water, then
controls. However, variability in the intensity, concentration and duration of treatments
may resuit in differences in relative germination (Warcup 1980; Auld & O'Cornell
1991; Musil 1991; Baldwin e al. 1994; Roche er al. 1997b). Therefore, the results of
this study are applicable only to the particular heat and smoke treatmenis used, not to

heat and smoke per se.

Five species differed significantly in seedling density between ireatments, with all
greater in either smoke- and/or heat-treated soil than in controls. Heat-treated soil also
had more unique species than smoked and control soils, a result also found by Enright es
al. (1997) 1. s Victorian heathy woodland. Even though certain species only germinated
in one treatment, this does not imply that they are constrained to that treatment, as the
specics may be inherenily rare in the soil seed bank. However, the greater number of
species unique to heat-treated soil, compared to smoked and control soils, and the lack
of any effect on mean germinable specics Tichness or composition created by the
removal of species restricled to a single frealment-quadrat combination, suggests a
treatment effect rather than a sampling artefact. There was little evidence of heat or
smoke treatments inhibiting germination in any species, consistent with the studies of
Enright ef @l (1997) and Marsden-Smedley ¢t ol. (1997). Howecver, in olher
communities (e.g. grassy woodland and forest), heat and smoke may actually inhibit

germination (Clarke er al. 2000).

Species that required a heat or smoke stimulus for germination are highly likely to
germinate from seed following fire. However, they may die out during the sustained
absence of fire if their requirements for seedling establishment are not met and if
dormancy does not change over time (Auld & a. 2000). In contrast, species that did not
require a heat or smoke stimulus may be more likely to increase in abundance during the
prolonged absence of fire. However, unknown mechanisms (e.g. soil disturbance,
exposure to light) associated with the control treatment may have broken seed dormancy

and triggered germination. Furthermore, survival of inter-fire seedlings under field
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conditions might be low because of factors such as canopy shading, dense leaf litter and
associated allelopathic chemicals (Keeley ef al 1985), soil pathogens and herbivores.
Following the initial post-fire flush of germinalion, seedlings in the study area are very

uncommon, potentially becauvse of either of the above explanations.

Use of heat and smoke treatments gave a more reliable estimate of the species richness
and density of the soil seed bank in this community than unireated soil. The density of
seedlings in untteated soil (485 m?) is comparable with that found by Carroll and
Ashton (1965) in the top 5 cm of soil in heath (388 m™), and Enright ef al. (1997) in
heathy woodland (605 m™?). Tlowever, the heat-treated soil gave the highest, and
therefore most reliable estimate of viable seed densities (4575 m™). This compares with
Enright er al. (1997), who found wet heat to be the optimal treatment (1080 m?), and
Marsden-Smedley et al. (1997), who found total native seed density in heathy forest o
be 4212 seeds m™ {average of all treaﬁnents for the top 5 em of the soil}, The actual
richness and density of the soil seed bank may be even greater than that found in this
study, given that dormancy may not have been broken in some seeds. The accuracy of
results may have increased if soil sieving and tests for sced viability were undertaken

(Baskin & Baskin 1998).

Studies in Australian heath and forest suggest similarity between the germinable soil
seed bank and the existing vepetation is of the order of 11-38% (Vlabos & Bell 1586;
Molnar et ol 1989; Marsden-Smedlcy ef ol 1997). However, comparisons with this
study (Jaccard index, 20%, and Bray-Curtis index, 50% similarity) are difficult because
the similarity index used is ofien not stated. The discrepancy between composition of
the soil sced bank and the extant vegetation in this and other siudies may be due to a
number of factors. First, certain species may have been absent from the soil at the time
of sampling, for either of the following two reasons: (4) species possessed transient seed
banks, i.e. they were persistent for Tess than one year, due to seed senescence or
germination prior to sampling; or (b) species were serotinous and stored seed in the
canopy, releasing little seed between fires (c.g. Allocasuarina spp., Eucalyptus spp.,
Barnksia spp. and Lepfospermum continentale). Second, dormancy in some species {(e.g.
hard-seeded specics in the Fabaceae and Mimosaceas) may not have been broken by the
trcatments applied. Third, sarapling intensity may have been insufficient to record

species with patchy distributions.  Fourth, predators, particularly ants, may have
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depleted the seed bank of some species (Andersen & Ashton 1985). Fifth, seed
prodaction and/or viability may be inherently low in some species, particularly
resprouters (Bell ef al. 1987), as they are predicted to allocate more resources to root
biomass at the expense of seed production (Bond & Midgley 2001). Finally, some
species may be short-lived relative 1o the time elapsed since the last fire, yet have

strongly persistent soil seed banks or highly effective dispersal capabilities.

Species-area curves reached 90% of the sampled species numbers by using 69-73% of
cores, in comparison to Gross (1990), who found 80% of samples were required to
assess 90% of species in the germinable seed bank. Although sampling of the extant
vegelation reached saturation, the number of species recorded in the soil seed bank was
still increasing, most likely because of differences in the extent and intensity of
sampling. Extrapolation of the species-area curves by using the power function
eslimated that species richness of the genninable soil seed bank would increase by 28-
36% if sampling intensity was doubled. Although the power function fitted the data
well, it is a curve displaying continuous increase and is therefore likely to yield an
overestimate of richness. A curve reaching an asymptote would be more useful for
extrapolation, but none was found to fit the data satisfactorily, Despite inaccuracies in
extrapolating from the data, Figure 6.1 does suggest that not all species present in the
soil seed bank were sampled. Assuming that the soil-stored seed of most species
follows a Poisson distribution, the minimum detectable density of seeds with a 95%
confidence level is 12 m™ (for each treatment), according to the formula of Thompson et
al. {1997). Species with sced abundances below this level and/or with very clumped
distributions, were likely to be overlooked by this sampling regime. Six months appears
to be an adequate time period to conduct soil seed bank studies in this vegetation; a
shorter period means there is a risk of not recording species with delayed germination

responses.

The study further reinforces the importance of (reating soil with heat, and to a lesser
extent smoke, prior to conducting soil seed bank germination trials in fire-prone systems
to obtain an accurate estimate of the soil seed bagk. Although simoke appears to be
secondary in importance to heat in breaking seed dormancy, this may be a result of (a)
the type of smoke used in this study, i.e. a commercial product, rather than smoke, or

smoked water, derived frora combustion of species found on site (Dixon e/ @l 1995;
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Roche er al. 1997b) or (b) the concentration of the smoke product used (Lloyd ef al.
2000). However, after testing germination responscs 10 smoke derived from 27
grassland species, Baxter et al. {(1995) found that smoke from 26 of the 27 species
promoted various levels of germination in Themeda triandra, but no species produced
smoke detrimental to Themedu genmination. These findings, together with those of
Baldwin ef al. (1994), suggest lhe active ingredient in smoke is present across a range of
species. In addition, germination of sclected heath species has been shown to increase
when treatments such as heat and smoke are combined (Keith 1997; Gilmour et al

2000; ¥enny 2000; Morris 2000), but this was not examined in the current study.

This study indicates that when the above-ground (vegetation) and below-ground (soil
seed bank) components of the flora are taken into account, the total specics richness at a
given site is higher than that apparent solely in the extant vegetation. This is important
from a conservation management perspective, as seed bank studies can indicale the
potential success of fire in promoting germination of soil-stored seed and thus species

diversity, and in rehabilitating systcms degraded by human impact or weed invasions.

In this study, one site of a single age was used to determine similarity in species
composition between the vegetation and the soil seed bank. It is inappropriate at this
stage 1o extrapolate these results to other sand heaths. In particular, the posi-fire age of
a site may influence the composition of the soil seed bank in two main wuys. First, time
since fire will influence the presence of species above-ground, and consequently, the
input of seed into the soil seed bank, as well as influencing the build-up of seed
dispersed into the system. Second, time since fire may affect the seed bank indirectly by
influencing trends in reproductive characteristics of the vegetation. For cxample, in
some systems, eatly successional plants tend to produce dormant seeds, whereas the
seeds of late successional plants tend lo lose viability quickly (Bazzaz 1979). The
effects of post-fire age upon the composition, richness and density of the soil sced bank

wilf be examined in Chapter 7.
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Table 6.1 Species present in the vegetation and/or the soil seed bank.

smoke; H, heat. An asterisk indicates presence in the vegetation.

C. contral; S,

Family and species Life-form Soil seed bank  Vegetation
FERNS AND ALLIED PLANTS
DENNSTAEDTIACEAE
Praridinm esculentum Fern *
MONQCOTYLEDONS
CYPERACEAEL
Caustis pentandra Sedge/Rush SH
Lepidosperma concavum Sedge/Rush H
ORCHIDACEAE
Orchidaceac sp. Geophyte C
Pyrorchis nigricans Geophyte H
POACEAE
Austrodanihonia geniculiata Grass
Poaceae sp. Grasy
Poa sieheriana var. sieberiana Grass
RESTIONACEAE
Hypolaena fastigiata Sedge/Rush CSF
XANTHORRHOEACEAE
Lomanidra longifolia Sedge/Rush
Xanthorrhoea qusiralis Grass tree
Xanthorrhoea minor ssp. luteq Grass iree
DICOTYLEDONS
APIACEAE
Platysace ericoides Subshrub SH
ASTERACEAE
Euchiton sp. Forb H
CASUARINACEAE
Allocasuaring misera Shrub
Allacasuaring paludosa Shrub
DILLENACEAE
Hibbertia ucicistaris Shrub C
Hibbertia fasciculata var. prosirota Shrub
Hibbertia virgato Shrub H
DROSERACEALE '
Drosera peltaia Forb CSH
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Table 6.1 (continued) Species present in the vegetation and/or the scil seed bank. C,

control; 8, smoke; H, heat. An asterisk indicates presence in the vegetation.

Family and species Life-form Soil sced bank  Vegetation
EPACRIDACEAE
Astrolomna pinifolium Shrub
Brachyloma daphnoides Shrub
Epacris impressa Shrub CSH
Leucopogaon ericoides Shrub CSH
Leucopogon virgatus var. virgafus Shrub S
Monoloca seoparin Shrub
EUPHORBIACEAE
Amperea xiphoclada var. xiphociada Subshrub
FABACLAL
Bossiaga cinereqg Shrub SH
Bossiaea heterophylla Shrub CSH
Dithvynia spp. (glaberrima / sericeq) Shrub SH
Gompholobium huegelii Shrub
GOODENIACEAE
Dampiera stricta Subshrub H
LAURACEAE
Cassytha glabella Twiner H
Cuassytha pubescens Twiner
MIMOSACEAE
Acaeia oxpeedrus Shrub
MYRTACEAE
Calytriy tefragona Shrub C
Eucalypius aff. willisii (Gippsland Lakes) Tree (mallee)
Eucalyptus viminalis ssp. pryoriang Tree {maliee)
Leptaspermum contineniale Shrub
Leptospermum nryrsinoides Shrub CSH
PROTEACEAE
Banksia marginaia Shrub
Bun.k.':fa serraia ‘Tree
RUTACEAE
Correa reflexa var, speciosa Shrub
STYLIDIACEAE
Snilidinm sp. 2 Forb
TREMANDRACEAE
Teiratheca pilosa ssp. latifolia Shrub
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Table 6.2 Mcan Bray-Curtis similarity between treatments, from presence/absence and
density data

Form of quadrat data Mean similarity between treatments (%6)

Contro! and Smoke Control and Heat Smoke and Heat

Species presence/absence 66 54 71

Species density 33 20 58
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Table 6.3 Mean density of seedlings recorded in the serminable soil seed bank for each
treatment.

The results of randomised block ANOVA of mean seedling density among treatments
are presented. Species are only included if more than five seedlings in lotal were
recorded. Mean density values represent the number of seedlings per surface area of the
12 cores (0.060 m?) sampled in each quadrat. Shared lower-case alphabet letters
indicate no significant difference by Tukey’s post-hoc comparisons. § Square-root
transformation; * Logg transformation; "' Logs (x + 1) transformation. ", not
significant; * p < 0.05, ** p <0.01, ¥¥* p < 0.001.

Specics Frrear Control Smoke Heat Total
Bossiueu heterophylla 0.57™ 2512 28%£03 38+1.1 36
Diltwynia spp. ** 14.4%+ Q° 03+03" 85+33 35
Epacris impressa b 263*¥**  11+3 94 + 26 209 + 52 1257
Hypolaena fustigiata " 263% 0303 3.8+13 90£19 52
Leptospermum myrsinoides’ 35.7%%% 1113 296" 2852 273
Leucopogon ericoides ® 5.49*% 23+1.1" 43+1.7% 120£29° 74

Unidentified seedlings 1,00™  1.0+x04 18£05 13+03 16
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Figure 6.1 Species-area relationships {or each treatment (O, control; A, smoke; M, heat)
determined by the power function y = ab’.  Individual points represent the mean value
derived from 100 random acewmmulation curves.
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Figure 6.2 Mean species richness of the germinable soil secd bank Tor quadrats (= SE) in
cach irealment. The results of one-way ANOVA of squate-root transformed data are given,
Sharcd alphabet letters indicate no significant difference among teeatments according to
Tukey’s post-hoc comparisons.
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Figure 6.3 Qrdination by NMDS of quadrats in each treatment (density data)
(O, control; A, smoke; B, heat). Minimum two-dimensional stress = 0.03.
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Fig 6.4. Mecan scedling density of quadrals (s.e.) for each treatment. The results ofone-
way ANOVA of log transformed data arc given, Post-hoc Tukey’s tests indicate

significant differences among all treatments.




Chapter 6 - Soil seed bank pilot study i3

(a)
18 1
4]
a2 12-
=
o
g
2
(%]
g o
-0 T ¥ T T T T 1
0 50 100 160 200 250 300 350
(b)
1.0
v
7]
2 08
=
8
®
G 06 -
i
(=
s
S 04
e
=
2
o 0.2 1
(80
D ¥ T ) < T T ¥ )
0 50 100 150 200 250 300 350

Time since potting (days)
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Figure 6.6 Cumulative seedling density of the soil seed bank for each treatment (O,
control; A, smoke; I, heat). (2) Number of seedlings for each treatment; (b) propartion of

seedling density for each treaiment.




CHAPTER 7

SOIL SEED BANK: CHANGES WITH TIME SINCE FIRE

INTRODUCTION

Pattem and change in the composition of soil seed banks over successional time has
been well documented, with Milberg (1995) citing 25 papers over the 100 year period
from 1893 to 1993 that specifically address this topic using the chronosequence
approach. Since Milberg’s study, the theme has been continued by Bakker (1996),
Dalling {(1998), Ne'eman (1299) and Bekker (2000). Although a wealth of information
has been gathered regarding changes in soil seed bank composition, richness and density
over spccassional time, only a small number of studies have been conducted in heath or
shrupraominated vegetation (Zammit & Zedler 1988; Zammit & Zedler 1994; Mitchell
et al. 1998), with none of these being in Australian systems.

A general finding of soil seed bank sfudies is that species richness and density usually
decrease or remain relatively unchanged as time since disturbance (or abandonment)
increases {Granstrém 1988; Roberts & Vankat 1991; Milberg 1995; Bakker ef al. 1926;
Dalling & Denslow 1998; Ne'eman & Izhaki 1999), however, this pattern may not be
universal (Bekker er al. 1999). Because the great majority of studies examining soil
suzd bank successions are from the Northern Hemisphere, the general trends reported
may not be widely applicable to the fire-prone, nuirient-poor, mediterrancan-type
heathlands of Australia, South Africa and Califomia, which usually adhere to the initial
floristic composition model of succession (Hancs 1971; Groves & Specht 1981; Kruger
1983).

In this study, soil seed banks were investigated at seven sites of varying time since fire,

The aims of the study were to determine:
(1) the role of the soil seed bank in vegetation succession, and

()  whether differences occurred among young, intermediate and old-aged sites in

compositional similarity between the soil seed bank and the extant vegetation




Chapter 7 - Soil seed bank: changes with time since fire 136

A number of predictions were made relating to the cffecis of time since fire on the soil
seed bank:

(1)

2)

(3)

Overal] species richness of the soil sced bank was predicted to increase and then
decrease with time since fire. This prediction is based on the assumption that
richness will be relatively low in the first faw years after fire, as most soil-stored
sced should be either killed. or stimulaied to germinate by the fire event, and
seed production will be low as mwost specics will still be reproductively
immature, As speeies begin to reach reproductive maturity, seed input to the
soil increases, and consequently, richness is predicted {o increase. As species
with transient (short-lived) seed banks cither die out, or become competitively
excluded, seed bank richness is then predicted to gradually decline with time

since fire.

Total density of soil-stored seed was predicted te increase and then decrease
with time since fire, as suggested by Whelan (2002). An initial increase was
predicted, as the number of reproductively mature species and the number of
years they have been reproductively mature increases. The increasing number of
years a species has been reproductively mature is particularly important as this
hypothetically facilitates increased soil sced densities, especially in species with
long-lived (persistent) soil seed banks, which appear to be relatively common in
heathlands (Keeley 1995). As total vegetative cover begins to decrease ¢. 25
years after fire (refer to Chapter 4), total soil seed bank density is also predicted
to decline (although the delay may lag somewhat), given the potentially reduced

seed source.

Species composition of the soil seed bank is predicted to differ between young
(0-6 years), intermediate (9-19 years) and old (23-27 years) sites. However,
therc may be less variation in the below-ground (soil seed bank) component of
the vegetation, as viable seeds may remain in the soil well past the lifespan of

the parent plants.
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METHODS
Experimental procedure

Seven of the 14 sites used in the vegetation study (Chapters 4 and 5) were used to
sample the soil seed bank across a range of ages since the last fire. Milberg (1995)
raised a number of concemns reparding the wvalidity and approtriateness of using
chronosequences to study soil seed banks. The validity of the chronosequence in this
study has already becn assessed as far as possible in Chapter 3, with the uniformity of
climate, topography, soil profiles, and soil saturation capacity and nutrients at depth,
suggesting that the basic assumptions of the chronosequence have been met. For the
purposes of this study. site fire histories are unknown and assumed to be random. To
obtain a representative range of site ages, two siles were randomly chosen from within
each of the three age classes (young, 0-6 ycars since fire; intenmediate, $-19 years since
fire; old, 23-27 years sincc fire) determined in Chapter 4, with an extra site randomly
selected from the ‘0ld’ age class. The sites/ages choscn were as follows: youny, BS-1.5
(three vears since fire) and SS-5 (six years since fire); intermediate, TT-9 (10 years since
fire} and $S-16 (17 years since fire); old, GP-23 (24 years since fire), T4-25 (26 years
since fire} and S8-26 (26 years since fire). Site ages were older than the coded age for
each site because soil seed bank sampling was conducted up to 18 months after the
vegetation had been sampled at ail sites. Site ages given throughout the remainder of
this chapter arc the actual ages of the site at the timne of soil seed bunk sampling, rather

than the age at the time of vegetation sampling.

At each of the seven sites, 88 random soil corcs were taken to a depth of 5 ¢m using an
8 om diameter section of plastic tubing (total surface area of cores sampled per site:
0.442 m?; total volume per site: 0.022 m°). Surface litter was included, as it is a
potentially important source of seed. The numbcer of cores per site was set at 88
(compared with 144 in the pilot study) for a number of reasons. First, the pilot study
(Chapter 6) indicated that the smoked water treatment added no information in terms of

species richness, apart from one species that only had one seedling present. This

indicates that 96 cores (comprised of the control and heat treatments), instead of 144,
would have yiclded a species richness of ouly one less. Therefore, the smoke treatment
was not used in this study. Secondly, the 88 cores sampled at each site in this study

were fully randomised, whereas the cores sampled in the pilot study were blocked

Y
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within four 100 m? quadrats. By fully randomising samplling in this manner, a more
complete coverage of each study site is obtained, thus increasing the likelihood of
sampling species with highly clustered distributions (Bigwood & Inouye 1988), and
subsequently obtaining the most accurate estimate possible of soil seed bank richness.
Therefore, 88 fully randomised cores per site were likely to vield as much information,

and possibly more, compared with the 144 cores used in the pilot study (Chapter 6).

Sampling was undertaken on March 20-22, 2000 (early autumn) afier most species had
finished fruiting and had set seed. This also allowed for comparison of results with the
pilot study, and other south-eastern Australian soil seed bank studies where soil was
collected during March (Carroll & Ashton 1963; Enright er al. 1997; Marsden-Smedley
ef al. 1997).

For this study, heat and control treatments were used. The smoked water freatment used
in Chapter 6 was not used, given that only one of the 21 species identified in the pilot
study occurred solely in the smoked water reatment, while six occurred solely in the
heat-treated soil and three were restricted to controls. Therefore, to promote maximum
germination of individual species, efforts were concentraled on the heat and controf
treatments. Heat treatment was undertaken only a few days after soil collection and
prior to potting, with 44 randomly sclected cores from each site spread on oven trays to
a thickness of approximately I cm and heated in ovens set at 80°C for 15 minutes.
Cores were randomised across three ovens. The remaining 44 cores from each site were
left untreated to act as controls and also determine which species possessed non-

dormant (iransient) seed.

Following soil collection and the heat treatment, coarse litter (twigs and large leaves)
was removed from each sampie. Four cores from each site-treatment combination were
then combined and spread to a depth of | em, over 2.5 cm of sterilised river sand in
germination trays, This gave 11 trays per site for each treatment. All cores were
‘potted’ on March 25, 2000 and randomly positioned on benehes within a large, fine-
mesh enclosure, open io sunlight, precipitation and wind, while excluding external
wind-borme seed and minimising scedling herbivores. To dctermine whether any
extraneous seed was initially present, or being dispersed into the punmets once the
experiment had commenced, (wenty punnets containing sterilised river sand with no

study sitc soil were established and monitored regularly. Monitoring indicated that
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extraneous seed did germinate during the course of the experiment, however, these

species were easy to identify and were subsequently removed.

The experiment ran for 409 days. Mean monthly maximum and minimum temperatures
in the germination enclosure were 23.9°C and 12.1°C respectively al the commencement
of the experiment in March/April 2000, Temperatures dropped to a low of 8.8-15.9°C
in May 2000, and subsequently peaked in Febrary 2001 (16.8-30.5°C). The absolute
maximum and minimun temperatures recorded during the study were 41.9°C and 3.1°C
respectively. Watering was controlled using an electronically timed mist-sprayer
watering system. Scedlings were recorded on a weekly basis for the first three months
of the germination trial and thereafier on a fortnightly basis. Secdlings that were
difficult to identify were removed from the germination trays, and subsequently ‘grown
on’ in more fertile soil until they became idemtifiable. Nomenclature follows Ross
(2000).

Data analysis

Non-metric Multidimensional Scaling (NMDS) was used to ordinate site data for
density, standardised density and presence/absence data, using the Bray-Curtis similarity
index. The methods used follow those outlined in Chapter 4, however, all cores from a
given site were combined for the analysis, to enable differences in composition among
the three age classes to be assessed. Differences in species composition among age
classes were fested by one-way Analysis of Similarity {ANOSIM), and mean similarity
between treatments was calculated using the Similarity Percentage (SIMPER) procedure
in PRIMER (Clarke & Gorlcy 2001).

Total species richness and seedling density data were analysed using lincar and
quadratic regression, with square-root and log; transformations used to improve
normality and homogeneity of variances where appropriate. Two-sample (-tests were
used to determine the effect of treatment (control vs heat) on secdling density and
species richness of the soil seed bank at each site. Paired #-tests were used to determine
the effect of treatment (control vs heat) on scedling density for each species, using sites
as replicates. No data transformaltions were necessary. A critical value of o = 0.05 was

used for all hypothesis testing.
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Compositional similarity between the soil secd bank and the vegetation was calculated
using both Bray-Curtis and Jaceard similarity indices (Kent & Coker 1992}, tc enable
comparison with other studies. Pearson correlation was then used to determine whether

there was a significant relationship between these similerity indices and time since fire.

All analyses were conducted using the site age at the time of sampling the soil seed

bank.
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RESULTS
Species richness, density and composition

The germinable soil seed bank comprised 34 identifiable taxa, from 31 genera and 20
families, all of which were native (Table 7.1). A small percentage of seedlings were
unable 1o be identified (<1%), or were only identified to genus, owing to premature
death (2%). Dillwynia glaberrima and D, sericea were grouped togetber, owing to the
death of most seedlings before identification to species level was possible. Most
(>99%) of the recorded seedlings germinated within the first 200 days of the
germinatjon trial, which lasted for 409 days in total. A very small nunber (<0.19%) of

freshly emerged seedlings were recorded on the final sarmpling date.

Tolal species richness of the germinable soil seed bank at each site ranged from 13-22
speciés, however, it did not differ significantly with increasing time since fire, using
cither linear {{ogio transformed data: F = 1.33, p = 0.301) or quadratic regression {logjo
transformed data: F= 1.67, p = 0.297) (Figure 7.1). Similarly, mcan species richness of
the germinable soil seed bank for each tray did not differ significantly with time since
fire, using cither linear (log)o transformed data: F = 2.11, p = 0.206) or quadratic
regression (log)p transformed data: F = 1.05, p = 0.431) (Figure 7.2). Mean species
richness appeared to be slightly higher in heat-treated soils compared with controls at
each site, however, this difference was only significant at §S-26 (r = -2.28, p = 0.046)
(Figure 7.2).

Overall, Epacris impressa accounted for 79% of all seedlings, with Leucopogon
ericoides (4%), Leptospermum myrsinoides (4%) and Calytric tetragona (3%)
accounting for a further 11% of secdlings in the germinable soil seed bank (Table 7.1).
The remaining 30 taxa in the germinable soil seed bank comprised 10% of all seedlings.
Total seedling density did not differ sigmilicantly with time since fire, using both linear
(logio transformed data: I = 0.75, p = 0.426) and quadralic regression equations (logip
transformed data: F = 0.51, p = 0.637) (Figure 7.3). The data were re-analysed after
removing the dominant specics (. impressa) from the analysis. Subsequent re-analysis
indicated that the high densities of E. impressa seedlings did not affect the regression

conclusions. Using linear regression, Lepfospermum myrsinoides was the only specics
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that increased significantly in seedling density with increasing time since fire (square-

root transformed data: '=11.9, p = 0.018).

Seedling densities of heat-treated soil yielded 2005 + 932 scedlings m™? for young sites
(1 =2), 5213 = 1154 scedlings m™ for ‘inlennediate-aged sites (n = 2) and 3713 4: 419
seedlings m™ for old sites (2 = 3). Control soil yielded 1109 % 330 seedlings m for
young sites (n = 2), 1538 + 77 seedlings m™ for intermediate-aped sites (» = 2) and 1379
+ 151 seedlings m™ for old sites (» = 3). Mean seedling density was significantly
grealer in heat-treated soils compared with controls for all sites except S58-5 (Figure
7.4),

Ordination by NMDS using density data suggests that six of the seven sites were very
similar, with SS8-5 markedly different from all other sites (Figure 7.5). Following
standardisation, young and intermediate sites remained in relatively the same positions
on the ordination plot, while old sites were grouped separately from the rest (Figure
7.5). When presencefabsence data were used, young, intermediate and old sites were all
grouped separately from each other (Figure 7.5). Species composition among age
classes differed significantly using species presence/absence data (R = .55, p = 0.029),
however, density data (R = 0.13, p =0.267) and standardised density data (R =0.15,p =
0.200) vielded no significant differences among age classes. Conclusions were
unchanged when the seven species found at only one site were excluded from the
analysis. Furthermore, the removal of Epacris impressa from the analyses had no cffect
on conclusions. Pairwise comparisons were unable to bc assessed at the 0.05
significance Jevel, as there were only 10 possible pcrmutaticsns. However, Clarke
(1994) and Clarke (2001) suggest that pajrwise R values are mote usefol than p values,
since they give an absolute measure of the degree of separation between two age classes,
on a scale of zero (indistinguishable) to one (all similarities within age classes are less
than any similarity between apge classes). Using this scale, R > 0.75 suggests that age
classes are well separated, R = 0.5-0.75 suggests that groups are overlapping but clearly
different, while R < 0.25 implies that groups are barely separable (Clarke & Gorley
2001). Based on these guidelines, young and old sites are well separated (R = 0.83),
intermediate and old sites are overlapping but clearly different (R = 0.50), while young

and intermediatc sites are not separable (R < 0.01) using presencefabsence data.
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Similarity between soil seed bank and vegetation

The Jaccard similarity between the composition of the soil seed bank and the extant
vegetation ranged from a low of 16% at the youngest site to a high of 22% at the oldest
site studied (Figure 7.6). Bray-Curtis similarities exhibited a similar trend and ranged
from 37-58% (Figurc 7.6). There was no significant relationship between either of the
similarity indices and time since fire, although visually there appears to be a trend
toward greater similarity between the soil seed bank and the extant vegetation as time

since fire increases (Figurs 7.6).

All taxa found in the soil seed bank over the seven sites studied were present as extant
vegetation in at [east one of the 14 study sites. FHowever, 11 of the 34 taxa were found
in the 50il seed bank at a particular site but noi in the extant vegetation at that sitc (Table
7.2). Of these 11 species, eight (73%) were herbaceous, two were shrubs and one was a
subshrub (Table 7.2). These species effectively increased the estimate of total species
richness (above and below-ground) at these sites by between 2% and 13%, depending on
the site (young sites, 6% increase; intermediate sites, 9% increase; old sites, 8%
increase). However, they had no effect on the significance of the relationship between
species richness and time since firc. In other words, for the seven sites examined in this
study, total species richness of the vegetation did not differ significantly with lime since
fire (logy transformed data: = 1.61, p = 0,261). Similarly, when the additional spccies
found in the soil seed bank were added to the total species richuess of the vegetation,
there was no significant difference in richness in relation to time since fire (logio

transformed data: I =2.10, p = 0.207).
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DISCUSSION

Species richness and seedling density of the germinable soil seed bank were not
significantly correlated with time since disturbance (fire), which concurs with other
studies undertaken in a range of systems and disturbance types (Zammit & Zedler 1994
Milberg 1995; Dalling & Denslow 1998). However, {his finding is contrary to
predictions made in the fniroduction. Although the youngest site (BS-1.5) followed
predictions by having the lowesl recorded number of species in the germinable soil seed
bank, a significant trend of increasing richness initially after {ire, followed by a decrease
some years later was not recorded. In the context of other studies that have examined
soil seed bank chronosequences, the seven sites sampled here constitute a comparatively
large sample size (Gransttdm 1988; Zammil & Zedler 1988; Roberts & Vankat 1991;
Zammit & Zedler 1994; Milberg 1995; Dalling & Denslow 1998; Bekker et al. 1999;
Neleman & Izhaki 1999; Bekker e al. 2000; Izhaki er of. 2000). However, it is still a
relatively low number of points for a regression analysis. Thercfore, any trend in
species richness may not have been detected, owing to the low sample sizc and the
presence of ‘noisy’ data points that have the potential to markedly affect resuits.
Another possible reason for the Jack of a trend with time since fire is that the time scale
studied (26 years) was not large enough fo detecl any potential decline in richness and
seedling density (Milberg 1995). Given that there are no comparable studies in
Australian heath, it is uncertain when species richness and density of the germinable soil
secd bank would begin to decline (if at all). In comparison to forest chronosequences,
the time span used in this study s short, however, in south-eastern Australian heathlands
it is very difficult to obtain sites older than 25 years (Specht ef al. 1958; Siddiqi ef al.
1976; Russell & Parsons 1978; Wark ef al. 1987; Enright er «d. 1994}, simply because
current fire frequencies inhibit the vegetation from reaching ages much older than this

(Cheal 2000).

Heat-trcated soil consistently yielded higher germination levels than controls at six of
the seven study sites. The seedling density of heat-trcated soil from the pilot study at
GP-23 was comparable with that obtained from GP-23 in this stndy and values from
other heat-treated soil in Australian heathlands (Enright ef al. 1997; Marsden-Smedley
el al. 1997) mentioned in Chapter 6. However, in this study seedling densities in control

soils were substantiaily higher at GP-23 (1148 m™) compared to the pilot study
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(485 m™). In the pilot study, seedling densities in heat-treated soil were almost 10 times
greater than those in the controls (see Chapter 6), however, in this study they were only
¢. three times greater, even though densities in heat-treated soil were relatively
comparable. Therefore, the reduced effect of the heat-treatment in this study appears to
have arisen not from a deficiency in the heat {reatment, but from a relative increase in
the germination of seed from control soils. This phenomencn may have been caused by
a number of factors, including increased seed density and viability in the season’s secd
crop (particulatly in E. iimpressa), betier climatic conditions during the germination trial
for breaking dormancy and inducing germination, and a more regular and consistent
watering regime. The reduced enect of the heat treatment relative to cc..trols was also
apparent for mean richness estimates of the germinable soil seed bank, with only one
site, S5-26, reporting a significant increase in richness for heat-treated soils relative to
controls. However, it should be noted that all other sites did show a non-significant

irend toward greater mean richness in heat-ireated soils.

Overall, the heat treatment did improve estimates of species richness and seedling
density of the germinable soil seed bank, but not as much as at GP-23 in the pilot study.
As mentioned in Chapter 6, and shown in numerous studies (Warcup 1980; Auld &
O'Connell 1991; Musil 1991; Baldwin e/ al. 1994; Roche ef /. 1997b), estimates of
seed densities and richness are dependernt on the intensity and duration of the ireatments
used to break dormancy and indvze germination.  Fucthermore, Bradstock (1995)
indicate that seil temperatures during the passage of fire may have a substantial effect on
species permination. Therefore, the results of this study are only applicable to the
particular heat treatrment nsed, not t- heat per se. Estimates of soil seed bank species
richness, density and composition arc also dependent on a range of other factors,
including seed longevity (Auld ef al, 2000), dormancy (Baskin & Baskin 1989; Bell
1599), seed production and vwiability {Auld 1986; Bell ef al. 1987), seed predation
(Andersen & Ashton 1985; Louda 1989; Clarke ef al. 1996), seed bank heterogeneity
{Thompson 1986; Ne'eman & Izhaki 1599), seasonal variation in seed banks (Thompson
& Grime 1979; Grant & Koch 1997; Ward et o, 1997) and sampling intensity (Dessaint
et al, 19906).

In thus study, the minimum detectable densily of soil-stored seed with a2 95% confidence

level and assurning a Poisson distribution, was 14 seeds m’ (per treatment), according
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to the formua of Thompson (1997), given in Chapter 6. Species with seed abundances
below this level, and/or with very clumped distributions, were Likely to be overlooked

using the sampling regime employed in this study.

In Californian chaparral, Zammit (1988) found that total seed density increased
significantly with time since fire, however, the increase was enfirely due to seed
accumulation of the dominant shrub, Adencstoma fasciculatum, in the soil.
Furthermore, some specics increased in density with increasing time sipce fire, while
others decreased (Zammit & Zedler 1988), In this study, Epacris impressa was by far
the most abundant species in the germinable soil seed bank (as in the pilot study),
comprising 79 + 10% of all seedlings. Findings such as these are common in the
heathland seed bank literature, where a single species (e.g. Calluna vuigaris in Euxope
and Adenostoma fasciculatum in California) dominates the germinable soil seed bank
(Granstrém 1988; Zammit & Zedler 1988; Mitchell er ol 1998). However, these
gpecies arc also usualiy dominant in lerms of above-ground vegetative cover 3. their
respective environments, unlike £ impressa in this study, which had a mean #sgztative
cover of only 2 £ 0%. In contrast, the dominant shiub at every site, Leptospermum
myrsinoides, comprised 4 + 1% of all seedlings emerging from the soil seed bank, while
its mecan vegetative cover across all sites was 22 + 3%. This was the only species 10
increasc in seedling density with increasing time since fire. This suggests that L.
myrsinoides will recruit more seedlings following fire after long fire-free periods,
increasing plant density and therefore, fucilitating even greater dominance of the heath.
Furthermore, the ability of L. myrsinoides to regenerate from basal sprouts enables this

species to maintain and increase its dominance under relatively ng fire iniervals.

Most species present in the extant vegetation in the study area were not recorded (63%)
or were in very low abundances (i.e. <1% of all seedlings recorde 1) in the soil seed bank
{29%), a finding also commoaly reported elsewhere in the literature (Zammit & Zedler
1988; Dalling & Denslow 1998; Morgan 1998). This may reflect both actual seed
abundances at the time of sampling, and the inability of the heat treatment io break seed

dormancy and induce germination in certain species.

Species composition of the germinable soil seed bank differed significantly among age
classes (presence/absence dala), with the greatest compositiona! differcnce existing

between young and old sites. This finding is not unusual, given that the soil seed banks
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of mwany species may become exhausted or severely depleted following firc,
consequently exerting a negative influence on estimates of germinable species richness

of the soil seed bank at young sites.

It was predicted that seeds ol post-fire ephemeral and short-lived species would be
relatively abundunt in the soil seed bank, as germiination from seed would be their only
means of re-establishing after fire unless seed was dispersed into the site. Instead, the
seven most common species in the germminable soil seed bank were long-lived (> 25
years) shrubs. Seeds of post-fire ephemeral and short-lived species were extremely
uncommon in the soil seed bank, with only three of the 11 post-fire ephemeral species,
Euchiton sphaericus, Isolepis marginata and Laxmannia orientalis, germinating from
soil-stored seed in this study. This is consistent with the uncommon nature of post-fire

ephemeral and short-lived specics in the above-ground componeni of the vegetation.

The similarity between the composition of the germinable soil seed bank and the extant
vegelation was not significantly related to time since fire, using both the Jaccard and
Bray-Curtis similarity indices, however, there was a general trend toward greater
similarity with increasing time since fire. Studies in tropical forcst (Dalling & Denslow
1998), Mediterranean pine forest (Ne'eman & Tzhaki 1999), Dutch dune slacks (Bekker
et al. 1999) and hayfield successions (Bekker er al. 2000) also suggest that similarities
between the soil seed bank and the extant vegetation are not significantly related to site
age, whether it be time since the last fire or agricultural abandonment. 1 could find no
evidence in the literature for a significant relationship between time since disturbance
and the similarity between the soil sced bank and the zxtant vegetation. This does not
necessarily imply that there is no relationship. However, owing to the (2) low number
of sites used in most studies (usually less than six), (b) the heterogeneity of soil seed
banks (Thompson 1986; Neleman & Izhaki 1999), and (¢) the inherent variability
between sites in a chronosequence (Pickett 1989), it would be surprising to find a

significant trend in the literature.

Similarities between the germinable soil seed bank and the extant vegetation were
difficult to compare wilh other heathland studies, owing to the different methods of
calculating similarity in each of the studics. However, comparisons were able to be
made between the two sampling years at GP-23, with both Jaccard and Bray-Curtis

similarity indices indicating similar values between the two years (Bray-Cuitis,
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50->46%; Jaccard, 20—19%). However, when the composition of the germinable soif
seed bank at GP-23 is compared over the two years, differences in composition of the
germinable soil seed bank are evident, with seven taxa recorded from this study that
were not recorded during the pilot study. This is a substantial figure given that there
were only 20 species recorded from the germinable soil seed bank during the pilot study
(see Chapter 0}. and suggests that sampling over multiple seasons may substantially
increase the accuracy of soil seed bank density and richness estimates. However, the

cxtra speeies recorded may simply be a result of sampling extra cores,

Species found in the soil seed bank that arc not present in the extant vegetation are
important in that they give an insight into what may germinate in the posi-fire
environment. In addition, the identification of these species may enable more completc
estimates of site species richness to be made, as shown by the 13% increase in site
richness at GP-23. More intensive sampling of the soil seed bank is likely to yield even
higher estimates of total site species richness (above and below-ground richness
combined). In this study, 11 such species were recorded, with eight of these being
herbaceous species. This is a high proportion of herbaceous species relative to shrub
species when compared with the extant vegetation across all sites, which is dominated
by shrubs {(see Chapter 4). Tt is also interesting to note that seven of the 11 species
(63%) found in the soil seed bank but not in the extant vegetation at a given site were
obligate seeders (species that regenerate solely by seed), compared {o 34% across the
entire study area (see Chapter 8). A further three species were facultative resprouters
(species thal may regenerate either oy seed or resprouting), while only one of the 11 was

an obligate resprouter.

in conclusion, this study found no change in the richness and density of the germinable
soil seed bank with increasing time since fire. Furthermore, the significance of the
relationship between total species richness and time since fire was unatfected by the
inclusion of additional species that were present only in the soil seed bank. However,
species composition was significantly different among age classes, using
presence/absence data. Heat treatment of soils promoted seed germination, increasing
the density of seedlings emerging from the soil seed bank but generally having no

significant effect on germinable richness of the soil seed bank. In addition, no trend was
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observed in similarity between the extant vegelation and the soil seed bank with time

since {ire.




Table 7.1 Total density of seedlings recorded in the genmunable soil seed bank for each treatment at every site. FG: forb/geophyte; Gr: graminoid;
S: shrub; Ss: subshrub; Tw: twiner. C: conirol treatment; H: heat treatment. MR: mode of regeneration; OS: obligate seeder; OR: obligate
1esprouter; FR; facultative resprouter. See Chapter 8 for a description of the methodology vsed in determining the mode of regeneration.
Life- MK BE.1.5 88-5 TT-S S8-16 GP-23 T4.25 $8-26 Total
form
Time since fire (years) 3 6 10 17 24 26 26
Treatment C H C II C H C H C H C H C H
Acacia oxycedrus S Qs g 0 0 I 0 0 1 0 0 2 0 0 0 l 3
Allocusuarina sp, 8 FR 0 9 ] 0 0 ¢ 0 1 0 0 0 0 0 0 1
Amperea xiphoclada var. xiphoclada Ss FR ¢ 0 0 0 0 0 1 0 0 | 0 0 2 I S
Astroloma pinifolium S 08§ 0 0 I 2 0 0 ¢ 0 2 3 0 23 31 62
Bossiuea cinerea , S FR 0 0 0 0 0 0 0 1 0 0 0 ] 3 5
Bossigea heterophylla S FR y2 6 $ 28 3 o 3 10 5 18 5 52 ! 141
Cualeana major G OR ¢ 0 0 0 0 0 1 0 0 0 0 0 0 0 1
Calytrix tetragona S 0S 0 H 26 40 20 5 0 2 0 9 1 0 16 44 194
Cussytha glabellu Tw  OS 0 0 0 0 0 0 0 0 1 0 1 0 0
Coustis pertndra Gr 08 | 0 1 0 0 0 } 0 0 0 0 2
Dampiera siricta Ss FR ¢ g 0 3 1 0 2 1 0 0 0 1 0 1 9
Dillwynia spp. S FR 0 0 0 7 1 29 3 25 0 4 1 17 0 15 112
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Table 7.1 (continued) Total density of seedlings recorded in the germinable soil seed bank for each freatment at every site. G forb/geophyte; Gr:

graminoid; S: shrub; Ss: subshrub; Tw: twiner. C: control treatment; H: heat trcatment. MR: mode of regeneration; OS: obligate seeder; OR:

obligate resprouter; FR: facultative resprouter. See Chapter 8 for a description of the methodology used in determining the mode of regencration.

Total

Life-
form
Time since fire (years)
Treatment
Drosera peltata FG
Epacris impressa S
Euchiton sphaericus FG
Genoplesium sp. aff, rufim FG
Gompholobium huegelil )
Gornocarpus letragynus FG
Hibbertia acicularis S
Hibbertia virgala
Hypolaena fastigiota Gr
Ieelepis marginata Gr
Laxmannia orieralis FG

Leprosperntum myrsinaides

Leucapogon ericoides
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Table 7.1 (continued) Total c. sty of veedlings recorded m the germinable soil seed bank for cach treatment at cvery site. I'G: forb/geophyte; Gr:

oraminoid; S: shrub; Ss: #oshrut, Tw: twiner. C: control treatinent; H: heat treatment. MR: mode of regeneration; OS: obligate seeder; OR:

obligate resprouter; FR. fucnitative resprouter. See Chapter 8 for a description of the methodology used in determining the mode of regeneration.

Life- MR BS-1.5 S8-5 TT-S 53-16 Gp-23 Td-25 58-26 Toial

form
Time since fire (years) 3 6 10 17 24 26 26
Treatment C H C H C H C H C H C H C H
Leucopogen virgaius var, virgatus S OR 0 0 0 4 o 1 1 0 o 0 0 0 0 0 6
Lomandra glauca Gr FR 0 0 0 Q o 0 I 0 0 0 0 0 0 0 |
Monortoca scopariu S FR 0 4] 0 0 0 0 0 0 0 0 0 0 2 1 3
Pimeleq linifolia ssp. linifoliu S 08 0 0 0 0 0 0 0 0 0 0 0 0 0 1 I
Platysace ericoides § 08 0 0 0 0 0 0 1 5 0 0 0 1 0 0 7
Poa sicheriana vat, sicheriana Gr FR ¢ 0 0 0 10 0 3 1 3 2 0 0 0 ] 19
Pyrorchis nigricans FG FR 0 i ] ¢ 0 2 1 0 2 1 0 0 0 0 ?
Thryptomene micrantha $ 08 4 2 43 30 ! 0 \ 0 0 0 3 5 1 3 120
Xanthesia pilosa Ss FR 0 0 0 0 g g 0 0 1 i a 3 { 0 7
Unidentified seedlings ¢ 4 1 2 1 2 1 1 2 4 1 1 1 4 23

kL 2oU1s 2w Y)a SIBUBLD juTq pass 10§ - 7 Jaidey)

(47




Chapter 7 - Soil seed bank: changes with time since fire 153

Table 7.2 Species found in the germinable soil seed bank but not in the extant
vegetation at a given site. LF: life-form; FG: forb/geophyte; Gr: graminoid; S: shrub;
Ss: subshrub; Tw: twiner. LH: life-history; a: annual; p: perennial. MR: mode of
regeneration; OS; obligate seeder; OR: obligate resprouter; FR: facultative resprouter.

Sce Chapter & for a description of the methodology used in determining the mode of

regeneration.
Species LF LH MR Site
BS-1.5  58-5 -8 $8-16  GP-23 1425 85-25
Caleana major FG p OR +
Calytrix tetragona S p 08 +
Cassytha glabella Tw p 08 +
Drosera pelieta FG p FR + +
Euchiton sphaericus FG a OS + +
Gonocarpus terragyrus FG - p OS5 + +
Isolepis marginata Gr a OS§ + + + +
Loaxmannia orientalis FG p OS + U
Pyrorchis nigricans FG p FR + *
Thryptomene micrantha S p OS + +
Xanthosia pitosa Ss p FR -+ *
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Figure 7.1 Relationship between total germinable species richness of the soil seed bank
at each study sile and time since fire.
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Figure 7.2 Mean germinable species richness (& { SE) per germination tray (four soil
cores: 0.060 m™) in relation to time since fire. ®, control; A, heat. An asterisk indicatcs
significant differences between control and heat treatments: * p < 0,035,
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Figure 7.3 Relationship between total germinable seedling density of the soil sced bank
at each study site and time since (ire,
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Figure 7.4 Mean germinable seedling density ( 1 SE) per germination tray (four soil
cores: 0.060 m™) in relation to time since fire, @, control; A, heat. An asterisk indicatcs
significant differences between control and heat treatments: * p < 0.05; ** p < 0.01; ***
p <0.001.
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{a) Density data; stress = 0.01

(b} Standardised density data; stress <0.1

-

24

{C) Presence/absence data; stress = 0.09

/

Figure 7.5 Ordination by NMDS ol soil seed bank data al each site. Siles are grouped
into young (0-6 years), intermediate (9-19 years) and old (23-27 years) age classes.
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Figure 7.6 Similarity between composition of the extant vegetation and the soil seed bank
at each study site in relation to time since fire. (a) Jaccard similarity; (b) Bray-Curtis
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CHAPTER 8

RELATIONSHIP BETWEEN SPECIES TRAITS AND SITE
AGE

INTRODUCTION

Plant communities have traditionally been classificd using a binary system (species
presence/absence), or a system based on specics cover-abundance or density (e.g.
Chapters 4 and 5). These methods of classification have historically proved very useful
for analysing the similarities and differences in composition among plant communitics.
However, when the aim is lo make ecological comparisons between compositicnally
distinct floras (e.g. between South African fynbos and Australian heath), a more gencral

non-taxonomic approach is required.

In response to the need {o predict 1he broad effects of changing climate and disturbance
regimes on ecosystem dynamics, strong interest has arisen regarding the classification of
vegetation on the basis of functional types (groups), as an alternative to vegetation
classification based on species composition (Mclntyre ef al. 1995; Gitay & Noble 1997;
Lavorel ef al. 1997, Mclntyre ef al. 1999a; Weiher ez al. 1999). For the purposes of this
study, plant functional groups arc defincd as non-phylogenetic groupings of species that
respond similarly to a set of environmental factors, based on a set of conunon biological
lraits (Gitay & Noble 1997; Lavorel et al. 1997). l'unctional groups have already been
used to predict and compare the response of vegetation to different disturbance types
and intensilies such as grazing (Trémont 1994; Meclntyre er ol 1995; Lunt 1997; Hadar
et al, 1999) and soil disturbance (McIniyre ef gl 1995; Hadar ef al. 1999; Kleyer 1999;
Lavorcl et al. 1999).

Functional and morphological traits of individual species are important, as they
influence how species disperse, establish and persist after disturbances such as fire
(Trémont 1994; Weiher ef al. 1999). If an understanding can be gained of the particular
traits of each species within a given arca or community, then more detailed predictions
relating to regeneration dynamics and commumty processes may be possible. Many

studies in meditcrranean-type shrubland ccosystems have examined (he changing
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patierns in species composition and thus, morphological traits, along environmental
gradients (Monialvo et al. 1991). However, fev: studies have examined species traits
across an entire plant community in relation to post-disturbance successional sequences,
(e.g. Gomez Sal ef af. 1986).

This study attempts to understand elements of the biology of pest-fire vegetation

succession, and asks two main questions:
(1) How does the frequency of particular plant traits change with time since fire?

(2} Do species present at differe  successional stages differ in their regeneration

biclogy?

To answer these questions. 13 life-history, morphological and regenerative plant traits
were chosen on the basis of their potential ecological importance and influence on
community composition and dynamics (Table 8.1). The list of traits is by no means
cxhanstive, however, it gives a broad overview of characteristics that should intuitively

be tmportant in heathland systems.
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METHODS
Plant traits

The 13 plant traits were each divided into two to five categories (Table 8.1), with one
category per trait ascribed to each of the 94 species found during the vegetation study
(Chapter 4 and 5). Where possible, traits were recorded in the ficld or measured in the
laboratory. Otherwise, the ‘Flora of Victoria® (Walsh & Entwisle 1994; Walsh &

Entwisle 1996; Walsh & Entwisle 1999) or other relevant literature was consuited.
1. Life-history

Plant life-history was divided into two categories: annual and perennial species. Data
were sourced from Walsh (1994), Walsh (1996) and Walsh (1999).

2. Juvenile period

The juvenile period indicates the absolute minimum time span between two fires for a
specics to reach reproductive maturity and set seed. Gill (1973) divided juvenile period
into primary and secondary classes, with primary juvenile period indicating the time
required for post-fire seedlings to flower, and secondary juvenile period denoting the
time for resprouting individuals to recover from complete leaf death and recommence
flowering. For the purposces of this study, juvenile period was divided into three
categories: (-2 years, 3-4 years and 5-6 years from the time of fire, IHowever primary
and secondary juvenile periods werc not diffcrentiated, owing to difficultics in
determining whether individuals had regenerated by seed or sprouts, particularly in sites

burnt more than three years prior to sampling,.

Data were collected in the field during the course of the vegetation study. Juvenile
period was assigned based on the youngest flowering or fruiting specimen observed.
Juvenile period for species that were nol recorded flowering or fruiling, or species that
were only recorded in intermediate-~ and old-aged sites, was assigned based on data from
the literature. Where this was not possible, an estimate of juvenile period was made

based on knowledge of plant life-history and life-form.
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3.  Plant longevity

Plant longevity is a trait that is especially important to obligate seeders with relatively
short lifespans or shert-lived seed banks. Longevity was divided into four categories: 0-
1 years, 2-6 years, 7-22 vears and >23 years, and it was assumed that all plants
regencrated in the first year following fire. Data were sourced from sites sampled in the
vegetation study and the liverature. Plant longevity for obligate resprouters and
geophytes was taken as the maximum site age a given species was found at, even though
individual rootstocks may survive many successive fires. Some plant longevities were
estimated if a species was restricted to relatively voung sites and would clearly live

Jonger than the maximmm age recorded during this study.
4. Life-form

Plant life-form may influence the competitive ability of species and thus, their ability to
persist at a given site. Life-form was divided into five morphological categories: tree,
shrub, twiner, forb/geophyte and graminoid. The additional categories of subshrub and
parasitic mistletoe that were used in Chapter 4 were merged into the shrub category, so
that the number of categorics for the life-form trait were not so great as to unduly bias
the trait when analysed with all other traits. All life-form data were obtained from
Walsh (1994), Walsh (1996) and Walsh (1999).

5. Maximum plant height

Plant height is viewed as a strong indicator of competitive ability (Gaudet & Keddy
1988: Westoby 1998; Weiher gf al. 199%). It may also reflect carbon immobilisation in
support tissue, which is possibly an important indicator of soil water and nutrient supply
(Tilman 1988). Maximum plant height was divided into four categories; 0-0.3 m, 0.4~
1.0 m, 1.1-2.5 m and 2.6-8.0 m, accarding to field observations and the heights given in

Walsh (1994), Walsh (1996) and Walsh (1999).
6. Mode of regeneration

Mode of regeneration following disturbance may strongly influence the potential for
individual species to achieve local dominance following fire (Purdie & Slatyer 1976). It
may also have a significant bearing on the continmed persistence of a species,

particularly when subject to either high or low frequency fire regimes (Keith 1996),
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Mode of regeneration for each species was assessed by cither examining or excavating
plants in the field and/or consultation with the National Fire Response Register, a
database established by Gill (1992). Field data were collected from nine of the 14 study
sites during the vegetation study, with a maximum eof 20 iadividuals of each species
sampled from cach site. Sampling was conducted randomly within the 10 mZ, 100 m’
and 900 m* quadrats used for the vegetation study (Chapters 4 and 5). A maximum of
two individuals per species was sampled from a single quadrat, to aveid the effects of
population ‘clumping’., where a given species may cxhibit differenl modes of
regeneration depending on the local environment and genetic variant of the species
(Williamos ef ¢l 1994; Kruger & Midgley 2001). For uncommeon species, more than two
individuals may have been sampled from a quadrat, while for very uncommon species,
samples were taken from wherever an individual was located. For many species, 20

samples were not taken at each site, owing to plant rarity.

Two fire responsé classifications were used for this study. The fust divided species into
six categories and was largely based on the classification of Gill (1993) (Table 8.2).
The categories were: fire avoiders (e.g. geophytes), fire cphemerals (species with fire-
induced seed germination that complete their life cycle in the first few years after fire)
(Bell er al. 1984), annuals, obligate seeders (species that regenerate solely by seed),
obligate resprouters (species that predominantly resprout following disturbance) and
facultative resprouters (species that exhibit vegetative and seed regeneration). This
clagsification was used for examining the effect of site age on species fire response. The
second classification used a simplified approach, dividing species into three categories:
obligate seeders (>91% seed germination), obligate resprouters (0-10% sced
germination) and facultative resprouters (11-90% seed germination). This classification
was used for (a) examining the cffect of site age on species fire response, and (b) the

ordination of species traits, which will be explained in the Data analysis section.
7. Conditions for establishment

Conditions for establishment were defined by Noble (1980) as a component of the “Vital
Atiributes’ scheme. They are divided into three categories: (1) rolerant species are those
species that are able to establish and grow immediately after distubance and in the
inter-fire period when resource competition is greater; (2) infolerant species can only

establish and grow in the immediate post-fire environment where compelition is largely
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removed; while (3) some species require certain pre-conditions associated with an alder

community to be met prior to establishunent (Noble & Slatyer 1980).

Data wers gathered from intermediate- and old-aged sites during the vegetation study.
Wherever a species was observed regenerating outside of the first five years following
fire, it was classified as folerant. All other species that did not require obvious pre-

conditions to be met before establishment were classified intolerant.
8. Flowering season

Season of flowering is an approximate indicator of fruiling and therefore, subscquent
seed production., This has major relevance to species in fire-prone heathlands, where the
season of fire may substantially influence opportunities for seed-based regeneration,
particularly in species with short-lived (transient) seed banks {Le Maitre 1987; Enright
& Lamont 1989; Mclntyre e al 1999b). TFlowering season was divided into four
categories for this study: summer, autumn, winter and spring. All data were obtained
from Walsh (i994), Walsh (1996) and Walsh (1999). I the flowering period spanned at
least two months of a season, then it was included as flowering in that season (floweting
recorded in only one month of a season was not included). If species flowered over

more than one season, then they were recorded for all seasons in which they llowered.
9. Fruittype

The fruit type of species is important as it has implications for both seed dispersal and
protection. Fruit {ype was classified into three categories in this study: (13 dey dehiscent
fruits (follicles, legumes and capsules) are those that release sceds by opening ina
regular mannet, either by pores or splits; (2) dry indehiscent fruits (schizocarps, nuts,
achenes and samaras) release seed by decaying or breaking up in an irregular manner;
while (3) fleshy fruits contain seed(s) inside a fleshy mesocarp (Duigan 1992). Data
were sourced from Ralph (1994), Walsh (1994), Walsh (1996) and Walsh (1999).

10. Propagule size (maximum length)

Seed mass is thought to generally correlate with mode of dispersal, plant height and
growth form (Westoby et al. 1996). In addition, seed mass or shape has been generally
thought to correspond with persistence in the soil (Thompson ef al. 1993; Bekker er al.
1998; Funes et al. 1999). However, recent studies suggest thal this may not be the case
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in some Australian (Westaby ef al. 1996; Leishman & Westoby 1998) and New Zealand
(Moles ef al. 2000) systems. For this study, propagule size was measured in terms of
maximum length (Osunkoya 1996), with threce seed length categories used: 0-1 mm, 2-7
mm and >§ mun. Mean values were obtained after randomly collecting 10-20 seeds
from different plants for as many species as pogsible, and measuring seeds with a set of
callipers. If seed was unable to be collected, secd size was either obtained from Waish
(1994), Walsh (1¢96) and Walsh (1999), or estimated based on personal knowledge of

species biology.
11. Serotiny

Serotiny relates to the retention of seeds within closed, woody fruits or cones in the
plant canopy for more than one year (Lamont ¢/ ol 1991; Enright er ol 1998). The
ecological significance of serotiny lics in the fact that the large majority of seed is stored
in the canopy until fire usnally tniggers mass release, satiating seed predators, and giving
seedlings the best possible opportunity to cstablish and grow in the relatively high
nutrient, reduced competition, post-fire environment (Gill 1981a; O'Dowd & Gill 1983;
Enright et al. 1998). However, the woody fruits and cones may be equally important as
a means of offering protection from sced predators (Bell ef al. 1984). Serotiny was
simply categorised into presence and absence in this study, based on field observations

of all species present in the heath.
12. Seed dermancy

Seed dormancy is a common trait in mediterranean-type ecosystems (Keeley 1991; Bell
et ol 1993; Keeley 1993), and is defined by Baskin (1989) as seed “that will not
germinate under any set of normal environmental conditions™. Seed dormancy has the
potential to influence the continued persistence of species at a given site, following the
death of all exiant individuals (Keeley 1995; Auld ef &!. 2000). Dormancy was divided
into two categories: (1) species with persistent seed banks (some seeds live longer than
one vear in the soil), and (2) species with fransient seed banks (no seed persists for more
than one year) (Baskin & Baskin 1989). Data were sourced from the literature, and
Chapters 6 and 7, with species germinating in sigaificantly greater numbers in smoke- or
heat-treated soil, or species that emerged after more than 12 months in the soil (Chapter

7) classified as possessing dormant seed. Owing to the lack of data on the longevity of
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soil seed banks (Parker & Kelly 1989; Keith 1996; Auld ef ol 2600), dormancy was
assessed for only 50% of species. Therefore, the effect of site age on the frequency of

specics possessing dormant secd was only assessed for half of the species present in the
heath.

13. Mod. of dispersal

Mode of seed dispersal is ecologically important 23 it suggests the potential distance a
seed may disperse once emitted fiom the parent plant (Hoffmann & Armesto 1995). In
addition, mode of dispersal may also influence the success of seedling establishment

(Berg 1981; Kecley 1995),

Mode of dispersal was inferred from propagule morphology; a method commonly used
in other studies, (e.g. van der Pij} 1982; Hoffinann & Armesto 1995). Five categories of
seed dispersal were recognised: (1) unassisted (seed lacking specialised dispersal
mechanisms); (2) anemochory (seed o. extremely light weight, or with wings, plumes or
pappus adapted for wind dispersal); () ballistichory (seed propelled by explosive [ruit
dehiscence); {4) myrmecochory (sced posscssing ant-attracting appendage termed an
elaiosome); and (5) zoochory (secd with obvious barbs or spines for «iachment to
animal fur or feathers, or fleshy fruits suited for animal ingestion) {Berg 1975; van der
Pijl 1982; Hoffmann & Armesto 1995). Mode of dispersal was determined from the
extensive literature and personal observations of seed and fruit morphology. Most
species have a clear morphological feature, sugg-sting a particular dispersal mechanism.
However, certain species possessed more than one obvious feature and were thus

recorded in both dispersal categories,

Data analysis

Data for each frait were organised into Model 1 two-way contingency tables, with each
ccll representing the number of species prescnt in a given “age class-plant trait variable’
combination. Owing to the uneven number of sites sampled in each age class, one
young site and one intermediate-aged site were excluded, so as not to unduly bias
specics counts in these age classes. The oldest of the young sites (S85-6) was removed,
while one of the sites burnt 16 vears prior to sampling was also randomly chosen to be
removed (S8-16), giving four sites in each of the three age classes (young: 0-6 years;

intermediate: 9-19 vears; old: 23-27 years). G-tests of independence using Model 1
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two-way contingency tables, were conducted to determine the significance of the effect
of age class for each of the 13 plant traits (Sokal & Rohlf 1995). The G-test of
independence works by testing the goodness of fit of the observed cell frequencies to
their expected frequencies, and tests the null hypothesis that site age class and plant trait
are independent of one another (Sokal & RohiZ 1995). All traits were categorical (after
conversion of continuous traits), to enable ease of comparison and analysis (Diaz ef al.

1999).

To determinc whether species present at different successional stages differ in their
biology. a matrix of all 94 species by the 13 traits was established. Each of the 13 traits
was divided into two to five binary options, giving a matrix of 94 species by 43 trait
categories. The matrix was subsequently reduced to 41 categories by eliminating the
seed dormancy ftrait, which had msufficient data to be included in the analysis.
Furthermore, the number of species was reduced to 75, by only keeping those species
that were restricted to young sites, old sites, or a combination of young, intermediate
and old-aged sites, Specics restricted to intermediale-aged sites or any other

combination of sites were not used in the analysis.

Non-metric Multidimensional Scaling (NMDS) using the Bray-Cuctis similarity index
was employed to plot species similarities based on the full set of character traits, using
PRIMER 5.2 (Clarke & Gorley 2001). In addition, hicrarchical agglomerative
clustering using the group average linkage was employed to identify species clusters‘
(Clarke & Warwick 1994). This complementary method was used because of the high
stress of the NMDS plot. Graups (clusters) were then superimposed on the ordination

plot to check the accuracy of the ordination procedure, as recommended by Clarke

(1994).

The difference in species attributes among the three age categories (specics only
occurring in young sites: species only occurring in old sites; species found across
young/intermediate/old sites) was tested by Analysis of Similarity (ANOSIM), using
PRIMER 5.2. Pairwise comparisons between age groupings are reported, with no
adjustments made for multiple comparisons, following the reasoning of Stewart-Oaten
(1995). In addition, the contribution of each species to the similanty within groups and
dissimilarity between groups was calculated using the Similarity Percentages (SIMPER)
routine (Clarke & Warwick 1994).
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RESULTS

Overall, plant traits differed little among site age classes, with only three traits, life-
history, plant longcvity and mode of regeneration ({six catcgories), associating
stgnificantly with site age (Table 8.3). The biological traits for each species are given in
Table 8.4.

The heathland is dominated by perennial species (93% of all species) in all age classes
{Table 8.5a). Life-history was significantly associated with age class, with the
standardised residuals suggesting that the lack of independence was predominantly duc
to the greater number of annuals than expected in young sites. Most species (73%)
possessed juvenile periods of two years or less, with a further 23% of species reaching
reproductive maturity by four years after fire (Table 8.35b). All species in the heathland
are able to reach maturity by six years following fire. However, it should be noted that
primary and secondary juvenile periods have not been differentiated here. For instance,
based on field evidence, the juvenile period for Banksia serrata in this study was three
ycars, however, the primary juvenile period may actually be up to nine years (Benson
1983). Plant longevily was also significantly associaled with age class, with
standardised residuals suggesting lhat at young sites, more species were present than
expected in the three shortest longevity categories (0-1 years, 2-6 years and 7-22 years)
(Table o..u). Qverall, 76% of all species were present in the longest-lived caregory
(23+ ycars), while a combined total of only 14% of species were present in the twe

shortest-lived categories (0-1 years and 2-6 years) (Table 8.5¢).

Shrubs dominated the life-form trait (51% of all species), while forbs/geophyles (24%)
and graminoids (17%) were also relatively abundant life-forms (Table 8.5d). Trees (4%
of all species) and (wirers (3%) were poorly represented life-forms. In terms of
maximum plant height, more species were present in the 0.4-1.0 m category (37% of all
specics) than any other category (Table 8.5¢). The number of species in each of the

other three categories was very evenly distributed, ranging from 19-23%.

Modle of regeneration was not significantly associated with age class, using the three
category classification of Naveh (1975). Species were very evenly spread between
obligate seeders (34% of all species) and obligate resprouters (29%), while those

exhibiting both modes of regencration (facultative resprouters) accounted for 37% of
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species in the heathland (Table 8.5f). Using the six category clussification based on Gill
{1993), mode of regeneration was significanily associated with age class, Standardised
residuals suggest that the lack of independence is primarily due to (in decreasing order
of importance) more post-firc ephemerals in young sites, more fire avoiders in old sites
and a greater number of obligate resprouters than cxpected in intermediate-aged sites
(Table 8.5g). Under the six-category classification, facultative resprouting was the
dominant fire response (30% of all species)., while obligate seeders (24%) and obligate
resprouters (18%) were the next most important responses in terms of species numbers
(Table 8.5g). Fire avoiders (13% of all species), post-fire ephemerals (11%) and

annuals (4%) comprised the remainder of species in the heathland.

Conditions for establishment were not significantly associated with age class. However,
old sites possessed twice as many tolerant species compared to intolerant, while young
sites possessed exactly the same amount of tolerant and intolerant species (Table 8.5h).
Overall, the heathland was dominated by species intolerant of establishing in the
presence of adult competition (65% of all species), while 34% of species were tolerant
(Table 8.5h). Only one species, the parasitic mistletoe Amyema pendula ssp. pendula,
required certain pre-conditions to be met before establishment — namely, the availability
of branches within Kwealyptus spp. crowns where bird-dispersed seed could have

opportunity to lodge (Gill 1993).

Spring was the dominant flowering season, with 87% of species flowering at this time
of year, followed by summer {40% of all species) and autumn and winter (both 24%)
(Table 8,51). The total percentages add to more than 100% beeause some gpecies were

recorded flowering in morc than one season.

Fruit type was dominated by the dry dehiscence attribute (62% of all species), while the
number of species with dry indehiscent (26%) or fleshy fiuits (12%) was considerably
less (Table 8.5). The maximum length of dispersal propagules was generally berween
1-7 mm {68% of all species). while 19% of species possessed small propagules less than
1 mm in length, and 13% possessed relatively large propagules greater than 7 mm in
length (Table #.5k). Virtually all species possessed propagules with a length no more
than four times greater than the seed width, Serotiny was relatively uncommon, with

12% of species storing sced in woody fruits within the plant canopy (Table 8.5)).
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Many species appear to possess persistent seed banks (41 out of the 47 species with
available information in the literature), while species with only transient seed seem to be
uncommon {6 species) (Table 8.5m). However, this may be due to an unforseen bias in
the literature toward reporting evidence of dormancy/persistence in seeds, rather than

transience.

Mode of dispersal was dominated by three main strategies: anemochory (37% of all
species), unassisted (32%) and myrmecochory (29%) (Table 8.5n). Zoochory (15%) and
ballistichory (3%) werc notably more uncommon. The totud percentages add to more
than 100% because some species possessed more than one recognised mode of

dispersal.

The ordination of species according to the 41 plant attributes resulted in a plot that
possessed a stress level of 0.23, which is considered to be too high for a two-
dimensional picture to be considered reliable {Clarke & Warwick 1994) (Fig 8.1).
Therefare, groups derived through an hierarchical agglomerative cluster analysis using
the group average linkage were superimiposed onto the ordination plot, to check the
reliability of the plot {Clarke & Warwick 1994). At the 55% similarity level, seven
species groups were formed by the cluster analysis, with five of these functional groups
corresponding cxtremely well with groupings on the ordination plot (Fig 8.1). However,
two small groups of iwo and three species derived from the cluster analysis did not
correspond with the ordination. Despite this, the ordination was considered to be

reasonably reliable, as 70 of the 75 species were grouped simifarly in both analyses.

‘The first functional group comprised six species that were all annuals (Fig 8.1). The
group was characterised by obligate seeding, short-lived forbs/geophytes and graminoids
that were intolerant to establishing in the prescnce of adult competition. The mode of
dispersal of these species was either unassisted or by wind. The second group was
composed of nine species, with eight being perennial, geophytic orchids, while one was
a fern (Fig 8.1). This funclional group was characterised by obligate resprouting species
with short juvenile periods (<2 years), long plant longevities (>23 years), dehiscent
fruils and tiny, wind-dispersed propagules. The third functional group comprised 16
species and was dominated by perennial forbs/geophytes and graminoids, although there
were two shrubs present (Fig 8.1). For this group, juvenile periods were short,

propagule sizes were inlermediate (1-7 mm length) and the mode of dispersal was
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unassisted in all species except one. The largest functional group comprised 31 species
and was dominated by long-lived (>23 years) shrubs (one twiner was present),
possessing dehiscent or fleshy fiuits, inmtermediate to large propagules and
predominantly ant- and vertebrate-dispersed seed (Fig 8.1). Finally, the fifth functional
group comprised eight serotinous shrub or tree species (Fig 8.1). These species were
generally long-lived facultative or obligate resprouters that were tall in stature and
dispersed by wind or gravity (unassisted). The remaining five species were classified
mio two groups of negligible biclogical significance, which did not correspond well

with groupings on the ordination plot.

Of the five functional groups indicated by cluster analysis, three appcared to relate
reasonably well to species groupings based on age class. Functional group 1 closely
coincided with species restricted to young sites, while functional groups 4 and 5 were
predominantly composed of species present across all three age classes (Fig 8.1). In
contrast, functional groups 2 and 3 were characterised by species that occur across a

wide range of site ages.

ANOSIM indicates that there is a significant difference in plant attributes among species
occurring in young, old and young/intermediate/old sites (R = 0.34, p < 0.001), Pairwise
compatisons suggest significant differences between all threc comparisons (young-old:
R = 0.14, p = 0.040; voung-youngfintermediate/old: R = 042, p < 0.001; ¢ld-
youngfintermediatefold: R = 0.24, p = 0.007). However, Clarke (1994) note that
significant results may be obtained even if R is low when the number of replicates is
high. In this case, R values ¢can be a more uscful indicator of the significance of
pairwise comparisons than derived p values (Clarke & Warwick 1954; Clarke & Gorley
2001). Using the definition of Clarke (2001}, which states that 'groups with a pairwise
comparison of R < 0.25 arc barely separable, there is virtually no difference in plant
attributes between specics occurring in young versus old sites, and old versus
young/intermediate/old sttes. The difference between species occurring in young versus
young/intermediate/old sites is relatively more substantial but there is still a

considerable degree of overlap.

Using the SIMPER routine in PRIMER, and a 5% cut-off level signifying species
making a substanfial contribution to total varation within an age category (i.c. species

occurring only in young, old, or young/intermediate/old sites), five attributes were found
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to be elfectively redundant. The five attributes were life-history (perennial), juvenile
period (0-2 years), flowering season (spring), fruit type (dehiscent) and scrotiny
(absence). Species resiricted to young sites were primanly characterised by their
intolerance to establishing in the presence of adult competition (contribution of 14% to
within-‘age class® similarity). In addition, the unassisted mode of dispersal contributed
5% to within-‘age class’ similarity. Species occurring solely in old sites were
characterised by their high (>23 years) plant longevity (12%), tolerance to establishing
in the presence of adult competitors (7%}, wind-dispersal (7%) and obligate resprouting
(5%). Finally, species that occurred across all age classes were characterised by their
long plant longevity (13%), intermediate (J-7 mm length) propagule size (10%),
tolerance to establishing in the presence of adult competition (7%} and shrub life-form
(7%).

Plant aftributes contributing most to the dissimilarity between species restricted to
young sites versus species oceurring in all age classes were plant longevity (> 2} years)
(substantially greater in species present in all age classes), and conditions for
establishment (more intolerant species in the voung group), which are both prediciable

outcomes.
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DISCUSSION

The purpose of this study was to determine (1) how the frequency of particular plant
traits chanped with time since ﬁfe, and (2} whether gspecies present at different times

since fire are distinetive in {erms of (heir regeneration biology.

Tn response 1o the first aim, the frequency of species categories in the first 27 yeurs after
fire differcd little with time since fire, with only threc of the 14 character traits, life-
history, plant longevity and mode of regeneration (six-categories) differing significantly
in frequency among young, intermediate and old-aged sites, The overall lack of trends
with time since fire may be due to a number of reasons. First, there may have indesd
been no change in the frequency of different plant atiributes with increasing time since
fire. Second, any change in species composition with increasing time since fire may not
have been great enough to influence the frequency of plant categeries recorded. Finally,
the chronosequence may have been too shorf to effectively determine whether there was

a trend with increasing site age.

Two of the three traits that were significantly associated with site age were related to
plant life-span (life-history and plant longevity), with a greater number of annual or
short-lived specics found than expected in young sites, compared with intermediate and
old-aged sites. This trend is not uncommon and has becn observed to varying degrees in
Australian heath (Specht er ol 1958; Bell et al. 1984; Wark er af. 1987; Gill 1993),
Californian chaparral (Keelcy 1991} and the Mediterranean region (Ojeda er al. 1996).
It sugpests that plant life-span is an important trait influencing pesi-fire vegetation
succession and dvnsmics, although the successional development is also influenced by
seed dormancy and longevity in the soil, and the abilily of species to regenerate and

reach reproductive maturity in the presence of adult cornpetition.

Mode of regeneration (six cafegories) was the only other trait found tcS be associated
with site age, even though the mode of regeneration (three categories), which is simply a
broader categorisation, was not related to time sinee fire. The significance of the more
detailed slessification of mode of regeneration is probably due to the incorporation of
aspects of plant life-span, such as annuals and post-fire ephemerals (Table 8.2), thus
reiterating the importance of life-history and plant longevity as descriptive traits. The

greater frequency of ‘fire avoiders’ than expected in old sites appears io have arisen
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from the presence of an unusually high number of geophylic orchids (eight) at T2-27.
TTowever, it is uncerlain whether this is a sie-specific phenomencn, ot the
representation of a trend toward greater establishment of fire-avoiders in old heath as the

understosey begins to open-up and total vegetative cover decr=ases (refer to Chapter 4).

The heathland sampled in this study was relatively similar to other Australian
heathlands in tenms of the overall percentage of species possessing the ability to sprout,
with 66% of all species either obligately or facultatively resprouting. This figure is at
the Jow end of the spectrum in relation to other Australian heathlands, where 65-80% of
species possess the ability to obligately or facultatively resprout (Specht ef al. 1958;
Siddiqi ef of. 1976; Russell & Parsons 1978; Bell & al. 1984; McMahon 1984b; van der
Moezel er ol 1987, Wark er ol 1987; Molnar ef al. 1989; Benwell 1998; Clarke &
Knox 2002). It should be noted that some species showed a range of responses, with
commoen species such as Banksia scrraz‘a; Epacris impressa and Hibbertia virgata all
displaying increased frequency of secding al some siles and increased frequency of
resprouting at others. This is a response comimonly reported in heath-type vegetation
(Bell ez al. 1984; Whelan et gl. 2002). This continuum of responses to disturbance may
be due to differences in firc regimes (particularly the severity of fire), genetic variation
between populations and the developmental stage of different species at the time of
disturbance (Gill 1981a; Midgley 1996; Bellingham & Sparrow 2000; Bond & Midgley
2001; Kruger & Midgley 2001; Whelan er al. 2002).

¥ Sparrow
Belingham (2000) recently devised a model to predicl allocation to resprouting (versus

seeding) in relation to disturbance severity and frequency. In brief, the model predicts
that at high disturbance severity, seed regeneration will be more important at low and
high disturbance frequencies, while resprouting willi be dominant at intermediate
disturbance frequencies. The model also predicts that resprouters will dominate at low
disturbance severilies, irrespective of disturbance frequency (Bellingham & Sparrow
2000). Itis evident from this model that subtle differences in disturbance frequency and
severity have the potential to affect both the mode of regeneration of individual species,
and the presence or absence of different species. However, the direct effect of
disturbance severity and frequency on mode of regeneration was not quantified in this

study.
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NMDS did not clearly group post-fire ephemerals or carly successional species
separately from long-lived or late successional species. However, when groupings from
the 55% similarity level of the cluster analysis were superimposed onto the ordination
plot, five functional groups based mainly on life-history and life-form were identified,
with three of these groups corresponding well with a given age class. The first
fupctional group was composed of annuals that were predominantly found in young
sites; the fourth functional group was dominated by long-lived shrubs, which were
found across the range of young, intermediate and old-aged sites; while the {ifth group
comprised serotinous trees and shrubs that occurred across all age classes. The other
two groups did not correspond well with a particular age class. One (functional group
2) was dominated by orchids, while the other (functional group 3} was dominated by
perennial forbs/geophytes and graminoids, including a number of post-fire ephemeral
species. Therefore, it appears that species are grouped more decisively based on lifc-
history and life-form attributes, rather than site age. Melntyre (1995) also found (hat
life-form was the most useful trait for characterising responses to various disturbance

types.

Conditions for establishment appears to be an important trait for all age classes, with
species that only occur in young sites intolcrant to cstablishing in the presence of adult
competition, while species occurring only in 0ld sites, or all age classes, were generally
tolerant to establishing in older heath. In a study of calcargous grassland species,
Leishman (1999) showed that the establishmenti ability of a species was contexi-
dependent.  That is, post-emergence growth and survival was dependent on
neighbouring species. This is also likely to be the case in heathlands, with toxic foliar
and litter leachates (del Moral ef al. 1978), and canopy shading (Specht & Specht 1989;
Cowling & Gxaba 1990) possibly affecting the inter-fire establishment ability of
neighbouring species possessing soil-stored propagules. Even if a species establishes in
the presence of adult competition it may not pessist to reach sexual maturity. In this
study, the generally uniform population age structures of most species suggests a single
regeneration pulse in the year following fise. Therefore, many seedlings or sprouts
classified in this study as tolerant may actually fail to reach maturity in the heathland,
and would be classified as intolerant in the strict sense of the definition given by Noble

(1980). In contrast, future canopy senescence may facilitate opportunities for species
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not recorded as tolerant in this study to germinate and sprout due to increased light

availability.

The tendency for species restricted to young sites to possess no obvicus adaptations for
dispersal may be duc ito the longevity of their seeds. For instance, eight of the ten
potential post-fire ephemerals present have no adaptation for long-distance dispersal
into a recenily bumt site. Therefore, they must possess dormant seed that is stored in
the soil for many years if they are to persist until the next fire (Keeley 1991). However,
the other two post-firc ephemerals have obvious appendages designed for wind (pappus)
and animal (barb} dispersal into a site following fire, For these specieg, the amount of
time seed may be stored in the soil is probably not as itportant. Species occurring
solely in old sites were characterised by wind-dispersed seed. However, this is probably
an artefact of the relatively large number of wind-dispersed orchids possessing minute

seeds in this age class.

It is interesting to note that most of the long-lived shrubs that occurred in all age classes
(functional group 4) werc cither myrmecochorous or zoochorous. Many species in
Australian heathlands possess seeds or fruits with ant-attracting appendages or nutritious
food bodies called elaiosomes (Berg 1975; Rice & Westoby 1981; Handel & Beattie
1990). Anis readily collect these seeds, utilise the elaiosome, and deposit the propagule
underground in ant nests or in ‘safe’ sites, where they are protected from excessive beat
at the soil surface during fires (Berg 1981; Auld & Denham 1999). In addition, seed
burial by myrmecochorous ants is likcly to aid in decreasing the occurrence of seed
predation (Auld & Denham 1999). Therefore, myrmecochory may be of great
importance in facilitating the germination and subsequent persistence of many of the

shrub species in the heathland.

The mode of regencration contributed little to the overall variation within species
occurring only in young sites, and species found in all age classes. In contrast, species
that were restricted to old sites were characterised by obligate resprouting, which is
probably due (o a combination of (a) the disproportionate abundance of resprouting
orchids in this age class, and (b) the reduced number of obligate sceders, owing to the
absence of post-fire ephemerals and short-lived species. The low tendency for any of
the mode of regeneration categories to contribute substautially (e.g. >5%) to overal]

variation within specics restricted to young sites and species oceurring in all age classes
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is predominantly due to the even distribution of obligate seeders, obligate resprouters

and facultative resprouters among age classes.

In a study on grazed pastures in Spain, Gomez Sal (1986) found that time since
disturbance (ploughing) had a snbstantial cffect on the occurrence of species
morphological attributes present at a site.  However, [ know of no other studies
examining differences in paant biological and ecological traits in relation to post-fire
succession, The univariate analyses conducted in this study indicated that three plant
traits, life-history, plant longevity and mode of regeneration (six categories), differed
sigmificantly in frequency among age classes. Mullivariate analyses also identified five
major functional groups, three of which were related to site age: (a) annuals occwrting
predominantly in young sites, (b) long-lived shrubs oceurring in alt age classes and (<)
long-lived serotinous trees and shrubs occurring in all age classes. Two other functional
groups comprising forbs/geophytes and graminoids were not related to site age. Overall,
there is strong evidence that species restricted to young sites possess a different suite of
attribules from species restricted to relatively old sites, however, a degree of overlap
does exist among species. A greater range of site ages would possibly yield even more

conchisive results.
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Table 8.1 Biological traits and the associated categories assessed for each species.

Species irait Code Categorics
Life-history A Annual
P Perennial
Juvenile period 1 0-2 yeass
2 3.4 years
3 5-6 years
Plant longevity 1 0-1 years
2 2-6 years
3 T-22 years
4 23+ years
Life-form Tr Tree
S Shrub
Tw Twiner
FG Forb/geophyte
Gr Graminoid
Maximum plant haight 1 C-0.3m
2 0.4-1.0m
3 1.}-25m
4 2.6-80m
Mode of regeneration 08 Obligate seeder
OR Obligate resprouter
FR Facuitative resprouter
Conditions for establishment T Tolerant
1 Intolcrant
R Requires some pre-condition to be

Flowering season

Fruil type

Propagule size (maximum length)

Serotiny
Seed dormancy

Mode of dispersal

NEEPC 297 Z=< W= 9—0F £>2

met before establishment

Summer
Avutumn
Winter
Spring
Dehiscent
Indehiscent
Fleshy

<1 mm
1-7 mmn
>7 mm

Yes
No

Persistent
T'ransient

Unassisted (Gravity)
Anemochory (Wind)
Batlistichory (Explosive)
Myrmecochory (Ant)
Zoochory (Animal)
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Table 8.2. Key (o the classification of plant species in relation to fire responses (mode

of regeneration) (reproduced from Gill (1993))

1 (a) Plants in vegetative state not exposed to fires
2 {a) Seeds or spores or other dormant propagules in soil are not exposed to fires
(fire avoiders)
2 (b) Seeds or spores or other dormant propagules in soil are cxposed fo fires
3 (a) life cycle associated with fire eccurrence (fire ephemerals)
3 (b) life cycle usually ‘independent’ of fire occurrence (e.g. some annwuals)
1 (b) Plants in vepetative state cxposed to fires
4 (a) Annuals
4 (b) Perennials
5(a) Reproductive plants subject to 100% leaf scorch die (non-
sprouters or seeders)
6 (a) seed storage on plant (serotinous seeders) (1)
6 (b) sced storage in soil (I)
6 (¢) no seed storage in Dumt area (IIT)
5() Reproductive plants -ubject to 100% leaf scorch survive
(sprouters)
7 (&) subterranean regenerative buds present (or induced)
8 (a) recovery from root suckers, or horizontal rhizomes
v
& (b) recovery from basal stem sprouts (V)
7 (b) aerial regenerative buds present
9 (a) cpicormic buds grow out (V)
9 (b) large pre-five apical buds continue growth (V1I)

Categories I-VII are based on the methods of regeneration of a population of plants afler
a single fire has killed all the leaves of the reproductively mature plants. The key can

apply to herbaceous perennials, but categories I and VI apply only to woody plants.
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Table 83 Effect of time since fire on the frequency of plant {raits.

D <0.05;%*% p < 0.01; *** p <0.001.

An asterisk

indicates a significant association between age class and categories within plant traifs: *

Plant trait G af
Life-history 7.34 % 2
Juvenile period 0.87 4
Plant Jongevity 25.5 ¥k 6
l.ife-form .95 8
Maximum plant height 437 6
Mode of regeneration (6 categories) 28.8 ** 10
Mode of regeneration (3 categories) 2.09 4
Conditions for establishment 494 4
Flowering season (.20 é
Fruit type 1.37 4
Propagule size (maximum length) 4.62 4
Serotiny 0.11 2
Seed dormancy .45 2
Mode of dispersal 2.87 8




Table 8.4. Biological traits and categories for all species recorded during the study. All data are from this study, except where noted as a superscript. Life-history, A: annual; P:
perenmial, Juvenile period (years) followed by code in brackets, 1: 0-2; 2: 3-4; 3. 5-6, Plant longevity (years) followed by code in brackets, 1. 0-1; 2: 2-6; 3: 7-22; 4: 223, Life-
Jorm, Tr: iree; S: shrub; Tw: twiner; FG: forb/gecphyte; Gr; graminoid, Maxinum plant height (i} followed by code in brackets, I: 0-0.3; 2: 0.4-1.0; 3: 1.1-2.5; 4: 2.6-8.0. &
indicates where maximum height given in Walsh (1994), Wailsh (1996) and Walsh (1999) has been adjusted upwards based on data from this study. Mode of regeneration, OS.
obligate seeder; OR: obligate resprouter; FR: facultative resprouter. * based on data collected during this study >20 replicate plants); ° based on data collected during this study
(<20 replicate plants); © based on records of studies contained within the National Fire Response Register established by Gill (1992); ¢ based on data collected during this study
(<20 replicate plants) and records of studies contained within the Naticnal Fire Response Register; ® based on general knowledge of species biology. Conditions for
establishment, T: tolerant; I: intolerant; R: requires pre-conditions to be met before establishment. Flowering season, S summer; A: autume; W: winter; Sp: spring; All: all
scasons. Fruit fype, D: dehiscent; L mdehiscent; F: fleshy. Propagule size (maximum length in mm) followed by code in brackets, 1: <1 mm; 2: 1-7 mm; 3: >7 mum. Serefiny,
Y: yes; N no. Seed dormancy, P: persistent (seed may remain viable in soil > 12 months); T: transient (seed lives < 12 months in soil). [ seedling density significantly greater in
smoke or heat-treated soil (Ch. 6 and 7), or seedling emergence after more than 12 months in the sotl (Ch. 7). Mode of dispersal, U: unassisted; A anemochory; B: ballistichory;

M: mymiecachory; Z: zoochory. + indicates a gap in the data that I have filled in, and/or species for which age estimates have been increased based on life-history and life-form
data. * indicates introduced species.

Species Life- Tuvenile Plant fongevity Life-  Maxiommoplant  Modeal Conditions for ~ Flowering Frait  Propegule size Seroling  Seed Mode of
history T period (yrs) __ (yrz) form ™ height {m) " tepeneration  estbfishment  sersna ¥ wpe (max. Jenyth, mm) _dormmncy  dispersal
Acacia longifelia var, loagifolia P 2 (P 56 (" § 1.5-10 {4) 0s5° i W D" 23 N CREE N TES A
Azoela sxyradres P i 27 () 3 1.0-10 (8) 05" T W, 5p oM oss (D) N P M=
Acacia susveolens P 10)° 25 @We 5 1030 () 03 1 AW, 5p D’ 293 N piia MM
* dira coryaphyllea A 1 (1} 16 Gr <04 05¢ T S I 24 ()7 N U
Atlocuswarina litorafis P it 50 ¢dy* 5 5.0-15 (4) FR® T? All e 410 (¥ ¥ A
Allocasvering misera P k)3 26 (4) 8 0525 ()° 1318 1 All e 46 ()" Y Al
Aflocimiaring pakidnsa 4 5 (3) 60 ()% s 0330 (4) FR® T Al ¥ 5 @Y ¥ Al
Allacasuarina paradaca p 5@ 9 (3) 5 0.5-2.0 (3) ¥Re 1 All (S~ ¥ 7 L Y A K
Alcasuarina sp. P 2{1) 25 (4) 8 <15 (3 FR* { All 13 d-b { v p' AR
Amiperea xiphocladaar, siphoclada P LN 27 (4) g 0209 (2) R T sp oY N M"
Amtyema pesdula ssp, penviula P 2 )+ 27 ) S 1550 (2)° 0s5* R Al F7 @ N 2l
Aniscpogon svenaceas P 21 5 (2) Gr <13 (3 FrY i Sp (R F)| N ? ALY
Aotus erlcotdes P kY I 60 (4)° s <0 (3 OR? I Sp DN 3y N psas M¥
Astplema pinifelimm p 3@ 27 (4} 3 02-1.0 (2) o5 T 5p R ¥ 7)) N z
Avsievdanthonta gericulaia P T (e 3 ) Cr <n6 {2) oRr*® { Sp ¥ 34 ,(2}" N A7
Bacckea ramoslssima ssp, prosirala p 3+ 21 (¥ 8 0.1-0.2 (1} 054 1 W, 5p, Su DY gy N Ak M!
Banksin morginaia 1 3N 50 (& ] <12 {4 " T AW DY sg ;" Y (] Al
Banksia serroa P 3¢9 100 {4)° Tr <16 {4) FR* T Su A DY gpa2 3y Y T AR
Boronia anemenifolio ssp. onemonijpfia P 3+ 26 {4) 3 <25 (3) os* [ Sp DY a@® N p# M BY
Bossiaeo cinerea P 240 27 {4 § AsQ R T 5p DM 24 () N p# M2
Borvioco heserapfiyile P 2 (1) 27 (4) $ <10 2) R* T A D a4 ) N p i M 12
Rotsiaea 0bcordaia P tm" 135 3+ 5 <5 (3} OR® I Sp L Ky )] N pa M"
Hraehvoma dophnoldes P 2 (h 17 {4) s <20 (3 ok* I S F7¥ 2 N MEd P
Cuesitt pervifiora P | (0 F 10 (3% FG <8 (2) or? 1 sp p¥ 12 ¥ N 4]
Culodenia olata P t(I)+ 27 4) FG 6.J-0.3 (1) OR* T Sp p% m" N A
Calpdenia cammea vz, camec s 1 {0+ 17 {6 FG 6.1-03 (1) oR* T Sp pY u}:l': N A
Caladenia sp, P IO 34 FG <03 [’ Ok © T Sp D¥ n? N A
Caleana malr P 1 1)+ 27 (4} FG 0204 {1 OR*® T 8p. 50 ne  m? N A
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Table 8.4. (continued) Biological traits and categories for all species recorded during the study.

Species Life- Jivendle Plantlongevity  Life- Maxirtum plant Mode of Conditions for Flowesing Pt Propagule size Serotiny Suedd Mode ol
history 7 period fyrs) {yrs) ferm ¥ height (m} ¥ regensretion.  tstablistooent geason 7 {max. benpth, mm) dormancy  dispersal
Calachius reberisonil P 1{)+ 26 &) FG 0.20.5 (2) OrR* T Sp RAENY) N A
Calochilus sp. P 1 (D+ 21 @ FG <04 (3} oR* T Sp e (VR N A
Calytri: fetragona P 310 27 {4 5 0.5-3.0 () 08" T 5p, Su D o N p¥ AZ
Carpobrotus rossit P 2 {13+ 34y FG <02 (1! 03¢ 1 Alt p? 12 7 N ¢
Cassytha glabella P I W) Tw <0 @' 05 T W, Sp ) R G T N z®
Cassyiha melontha P 4 )= 26 (4) Tw <40 @' 08¢ 1 W, 3 St & N )| N Z
Cassytho pubzsceps P42 27 (8) Tw <38 (4)' os* i Su PR g5 () N s
Causis pentadra P 32 2@ Gr <14 ' 0s" T Sp, Su | EL L N N U
Cenicspermo calpmega P {1 g {3) g <06 (D) mé I Sp, Su Er L I | N p® A
=LConvsa sp, A 10) 10 FG 20 {3) o8 i Sp, Su, A 1 2 () N A
Correa refiexa var, speciora P 2 6 (4) 5 <10 {3 FR* T AW, Sp p¥ 24 M N pY R
Crassvia sieheriana A 1 (1) Ly EG <nl (1)f Qs* i Sp D" oam N p# )
Drasmpierz stricta P 1M 6 {4) 3 <09 (1) 38 T $p, Su I 45 (DT N pf U
Dittwyttir plaberrioa P 2 (1) 27 @y 5 0.5-2.0 (3 FR* T Sp, Su pW ey L] pe u
Dillwynia sericen P 1(® 27 4 8 0.5-10 Q) os* T Sp DTy N pi h B
Drosero peltata P 1) 5 (&) FG 0.1:05 ) FR¢ T Sp, Su ¥ N u
Epacris impresse P 1) 27 {) S <20 R T AW, Sp AL v H pRIHIT - a0
Eucolyptuy nff, wiifis)i (Gippsland Lakes) P 312 100 ()~ Te <15 (@ or® { Sa ' R ] Y T UA®
Eucalyptus viminalis ssp, pryoricna P & (1 100 {4)+ Ic <15 {4) Qr* 1 Su D" 12 (D Y T U A"
Eucolyptuy vimingfiy ssp. pryorieng X B 5 (3) 100 {4)+ 'Tr <15 (@)" OR*® 1 Su, A p 2% ¥ T U,A"
Eucalypius cephalocarpn
Euchiton sphaericus A 1() 10 FG <10 (D) 05¢ 1 Sp ™ < " N Pt A
Genoplesium sp. aff, rfiay b 1(D+ 7 EG 0.1.03 (1) OR* T S, A o¥ <1 {7 N A
Glassadia major P E{D+ 27 (4 FG 0.1:03 (1) FR® T Sp DY aqm? N A
Gompholoblum heegelii P 2 (1 6 4} s <10 () " I Sp.5u.A DMt 2 ) N po M
Gomocarpus ietragynvs P 10 1y FG 0103 (1) os* T Sp, Su ¥ 1" N p U
Grewileo chrysophoza B 3+ 20 3)+ s 0325 (9 ost 1 W, $p DY a2 ] p® ua"
Hidberiin ariculoris P 2 27 (%) 5 Q6 Q)" FR" i Sp W23 (2 N po M
Hibberita fasciculalo var, prostrag P 2 77 {9) -8 a6 )’ ase T 5p D37 B N po M
Hibbertla riparia P 3 (2)+ 60 (4H° 5 <12 (N R I $p nw g\ N py M¥
Hibtertln virgota p 2 (1) 27 (&) 8 <14 () Fi* T $p DWW 2@ N p M
* Bypachoeris radicate P 1)+ 2 {2) FG 0.102 () FRE T Sp ¥ 817 (3" N - pH a4t
Hypolaens fasiielota P 2(1 o @mr Gr 0205 (' OR* T Sp 1 2} N pt u
Is0iepis marginoto A 1y 1)) Gr <0.1 (1) 0s° I dp (& 11 N prH U
Laxmonnia orlentaliy P 2{ 5(2) ¥G 01 () 08¢ I Sp D7 Y N p» U
Leyidnsperma cancirsm P 2 (D+ 16 (3) Gr 0.20.6 (2} FR* I Sp, Su ) S ¥ I ) R N MM
Leptespermum continentale P 24 60 {4) " 5 <23 ()" OR* I sSp, Su DI 2y Y T Aty
Lepioapermuan myrsinoides P 2100 60 (4) 5 <40 {4)" FR" T Sp DY 2 H p P ANt gt
Leucopogon erlcoides P 2 (" 27 @) 5 0,320 (3} as* T Sp FIT 4 N pr z
Leucopagan virgains var. virgatus p () 27 (). 5 <05 2}’ OR* 1 W, Sp BT (4 M M'"Z
Lowrandroa Jiliformis ssp, pliformis P 2 (1}+ 25 #) Gt 3,104 (2) OoR® 1 Sa P oy N U
Lomandre glovea P 2 (1} 27 () Gr 6.2-0.3 {1 FRY 1 Sp DIy N u
Lomantira lengifolia P (N 1 % Gr 03-18 (2) oR* 1 Sp, Su DM 285 (Y N u
Monotoca scoparia P 1) 27 (4} s <20 (N FR* 1 S AW 1;’: 12 (2) N M g B
Persainia funipering [ I (D 25 5 <20 (3) FR© ) Su £ 7.8 (3) K Z
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Table 8.4, (continued) Biological traits and categories for all species recorded during the study.

Species Life- Juvenils  Plantlongevity  Life- Iaximnin plant Mode of Conditions for ~ Flowering Fruit Propagule size Serotiny Seed Made of
history” _period (yrs) tyrs) form®  heighl () ¥ regenerstion  establishment  season ¥ type  {max Senyth, mon) domiancy  dispersal
FPimelea linifolia ssp. hnifolia P Q1 26 (1) [ <15 (3} 0s* 1 W, Sp, Su Fold M+ N p 1]
Platysace ericoidzs P 2 n @ H] <08 2’ 03" T Sp 17 Lo N py U
Poaceae sp, P 3 {1+ 1 @) Gr 03 (! ost | ? 1 {2+ N U
Poagear sp. 2 P 2 [+ 2 {4) Gr B3 (1) 1 o b 1 23+ N ]
Poa slebeviana var, sicheriane P 2 {1}+ 2@ Gr <08 ) RY I Sp, Su ™ 23 (Y N U
Preridiva esculsrivm P 2+ 27 48 $ 0.3-2.5 %) OR® 1 Sn+ 14 ) N A
Prerosiplis parvifiera P 1+ 27T {4+ ¥G 0.0-0.2 () OR®° 1 A p? <« N A
Prerosiplis sp, P 1{)+ 27 (@) FG <l ()t OR® T A pY am” M A
Pyrarchis nigricans P 1 T W FG 8,102 {1 R T Sp T g N A
Rhytidasporum procumbens P 3+ 15 (3)+ 5 <04 (3 os® I Sp LR N i S N P U
Ricinocarpot pinifelius P 2 (H? 193 S 1030 (4 j2: 8 1 W, Sp D" dw@m N b 14
Schoenns Imberbls P 2 15 33+ Gr 0,184 (2) m! I 3p, 50 1 L) N U
Stttz 5p. 2 4 1) 23 4) FG 0.2-1.0 (2) FR® T Sp, Su ) I W 3| N p¥ ]
Teteaiveca pilose ssp. laiifolia P 1M 23 (@) $ <06 (1) OR? I 5p Dy 3T N p¥ M
Thelsonema sp, P 1 (1}+ 5+ FG <09 {2) 7.8 I Sp, Su pPY 34 @7 N U
Thrypiamene micrantha P 2 () 25 W) ] 1.53.0 (%’ 0s" T Sp p¥ N rf A
* Vulpia bromoides A 1 () 1 {1} Or <85 {2) 05 1 5p, Su [ 59 )7 N poas v
Wahlenbergia gracifenta A L) 103 EG <03 (1)* 08¢ T 5p DM ) N pY U
Xomthorehoen oustrolls P 1 (1) 100 (H" s <30 (&) DR* 1 W, $p DM 2.9 N M1
Kanthorshoea pitnor ssp. hurea p 1+ 2 (8 Gr <10 ()* or* t Sp, Su, A DM N 3]
Xanclosia pifoso P 2 (h+ T @) 5 Q7 @) . FR® T Sp, S A 1 23 @ N M bR
Zierin veronicea b 30 27 (%) 5 0.6 (2) ost T 5p pH 13 N p¥ ¥

Data sources: ' (Andersen & Ashton 1985); * (Auld 1986); * (Aull & Myerscough 1986); * (Auld 1987);* (Auld & O'Comneil 1991); ® (Auld 1996); 7 (Auld et of. 2000); ® (Be]
1999); * (Benson & McDougali 1995); ** (Benson & McDougall 1996); ™' (Benson & McDougall 1998); * (Benson & McDougall 2000);  (Berg 1975); " (Berg 1981); ¥
(Blombery & Maloney 1994); '° (Clifford & Drake 1981); 7 (Curtis 1998); '* (Duigan 1992); ¥ (Em'i%ht & Kintrup 2001); 2 (French & Wesioby 1996); 2! (Gill 1993); &
(Hammill e . 1998); 2 (Keith 1996); * (Kintrup & Enright 1999); ® (Kruger 1983);  (Ladd 1988);

(McMahon 1984bY; * (Morrison er af. 1983); ¥ (Ralph 1994); ¥ (Rice & Westoby 1981);  (Roberts 1986a); > (Roberts 1986b); ** (Roche ef ol. 1997a); *° (Russell & Parsons

1978); 37 (Walsh & Entwisle 1994; Walsh & Entwisle 1996; Walsh & Entwisle 1999); 2 (Weiss 1984); ** (Westoby et al. 1990).

7 (Marsden-Smedley e al. 1997); ® (VicCarthy & Tolhurst 1997);
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Table 8.5 Number of species found in every catcgory of each plant trait in relation to
site age (young: 0-6 years; intermediale: 9-19 years; old: 23-27 years).

a. Life-history, n=94

Site age Life-history
Annual Perennial
Young 6
Intermediate 0
Old 2

b. Juvenile period, n=94

Site age Juvenile period (years)
0-2 3-4 5-6

Young 55 16 4
Intermediate 41 14 3
Qld 49 16 2
c. Plant longevity, n =94
Site age Plant longevity (years)

Q-1 2-6 7-22 23+
Young 6 6 9 54
Intermediaic 0 2 4 32
Old 2 1 0 64
d. Life-form, » =94
Site age | Life-form

Tree Shrub Twiner Forb/geophyte  Graminoid
Young 4 43 1 17 10
Intermediate 3. 38 3 6 8
Old 3 37 3 i3 11
¢. Maximum plant height, # = 94
Site age Maximum plant height (m) _
0-0.3 0.4-1.0 1.1-2.5 2.6-8.0

Young ' 12 28 19 14
Intermediate 4 23 14 15
Old 12 25 15 15
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Table 8.5 {continued) Number of species found in every category of each plant trait in
relation 1o site age (young: 0-6 years; intermediate: 9-19 years; old: 23-27 years).

f. Mode of regeneration (3 categories), n =94

Site age Mode of regeneration

08 OR IR
Young 27 17 29
Intermediate 16 15 25
Old 20 21 25
g. Mode of regeneration (6 categories), n =93
Site age Mode of regeneration

0S OR. FR Fire Annual
) avoider ephemeral .

Young t8 21 15 6 3
Intermediat 16 25 12 3 0
e

23 13 10 2

Old 18

h. Conditions for establishment, n =94

Site age Conditicns for establishment

Tolerant Intolerant Require pre-conditions
Young 37 37 l
Intermediale 35 22 1
Old 44 22 l
i. Flowering season, n =92
Site age Flowering season

Summer Autumn Winter Spring
Young 31 20 19 64
Intermediate 23 15 16 50
Old 25 16 15 53
j. Frmt type, n=94
Site age Fruit type

Dehiscent Indehiscent Fleshy

Young 43 18 8
Intermediate 35 12 10
Old 40 15 11
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K. Propagule size (maximum length), 2= 94

Site age Propagule size (maximum length, mm)

0-1 2-7 ] 8+
Young 12 54 9
Intermcdiate 4 48 6
Old 12 59 5

. Serotiny, n1=94

Sitc age Serotiny

: Yes No
Young 10 65
Intermediaie 8 50
Old 9 58

m. Seed dormancy, 1#=47

Site age Seed dormancy

Persistent Transient
Young 40 6
Intermediate 27 5
0ld 26 5

n. Mode of dispersal, n= 54

Site age Mode of dispersal

Unassisted Anemochory  Ballistichory  Myrmecochory Zoochory
Young 25 27 2 24 9
Intermediate 14 18 2 22 10
Old 18 25 3 19 12
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Table 8.6 Key to species codings used in Figure 8.1.

Species code Species

ACLO Acacia longifolia var. longifolia
ACOX Acacia oxycedrus

AICA Afra caryophyllea

ALLI Allocasuarina littoralis

ALMI Allocasuarina misera

ALPA Allocasuarina paludosa

AMXJ Amperea xiphoclada var, xiphoclada
AMPE Amyema pendula ssp. pendula
ANAV Anisopogon avenaceus

ASP1 Astroloma pinifolium

AUGE Austrodanthonia geniculata

BARA Baeckea ramosissima ssp. prostrata
BAMA Banksia marginata

BASE Barnksia serrata

BOAN Boronia anemonifolia ssp. anemonifolic
BOCI Bossiaea cinerea

BOHE Rossiaea heterophylia

BOOB Bossiaea obcordaty

BRDA Brachyloma daphnoides

CAPA Caesia parviflora

CAAL Caladenia clatu

CACA Caladenia carnea var. carnea
CALA Caladenia sp.

CAMA Caleana major

CALO Calochilus sp.

CATE Caiytrix teiragona

CARO Carpobrotus rossii

CAGL Cassytha glabella

CAPE Caustis pentandra

COSP Conyza sp. .

CORE Correa reflexa var. speciosa

CRSI Crassula sieberiana

DAST Dampiera stricta

DIGL Dilhwynia glaberrima

DISE Dillwynia scricea

DRPE Drosera peltata

EPIM Epacris impressa

EUWI Eucalyptus aff. willisii (Gippsland Lakes)
LEUVIL FEucalyptus viminalis ssp. pryoriana
EUVX. Lucalyptus viminalis ssp. pryoriana X Eucalyptus cephalocarpa
EUSP Euchiton sphaericus

GOHU Gompholobium huegelis

GOTE Gonocarpus tetragynus

GRCH Grevillea chrysophaca

HIAC Hibbertia acicularis

HIFA Hibbertia fasciculata var. prostrata
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Table 8.6 (continued) Key to species codings used in Figure 8.1.

Species code  Specieg .
HIRI Hibbertia riparia -
HIV1 Hibbertia virgata

HYFA Hypolaena fastigiata

ISMA Isolepis marginata

LACR Leaxmannic orientalis

LECO Leptospermum contineniale
LEMY Leptospermum myrsinoides
LEER Leucopogon ericoides

LEVI Leucopogon virgatus var. virgatus
LOLO Lomandra longifolia

MOSC Monotoca scoparia

PEIU Persoonia junipering

PILI Pimelea linifolia ssp. linifolia
PLER Platysace ericoides

rOSk Poa sieberiana var. sieberiana
PTES Preridium esculentum

PTPA Prerostylis parviflora

PSP Pterostylis sp.

PYNI Pyrorchis nigricans

RHPR Rhuytidosporum procumbens
SCIM Schoenus imberbis

STSP Stylidium sp. 2

TEPI Tetratheca pilosa ssp. latifolia
THSP Thelionema sp.

THMI Thryptomene micrantha

VUBR Vulpia bromoides

XAAU Xanthorrhoea australis

XAMI Xanthorrhoea minor ssp. {ufea

ZIVE

Zieria verovicea




Chapter 8 - Relationship betweea species traits and site age

wFs CORE CATE

o fprL
HiE MG
i BofEM

TePL e

Figure 8.3 NMDS ordination of species according to plant atiributes (stress = 0.23}.
Numbered groupings derived using the 55% similarity level from an hierarchical

agglomerative clustering analyses (group average linkage). Species only occurring in
young sites are coded red; species only ocowtring iu old sites are coded green; species
occurring in young, intermediate and old-aged sites are coded black. Refer to Table 8.6

for key to species coding.
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CHAPTER 9

GENERAL DISCUSSION

This study has documented the post-fire succession in a sandy, lowland heathland in
south-east Australia, in terms of both the vegetation and the soil seed bank. In addition,
the biological traits of each species have been assessed to determtine the characteristics
of early successional versus late successional species. These traits influence the
dispersal, establishment and persistence capabilitics of individual species through

successional time.

The resulis of this study are signiticant on a number of fronts. First, this is the most
comprehensive chronosequence study of Australian heathlands, in terms of the number
of post-fire ages sampled (13), and the attention paid to validating the design using
environmental data, soil profiles, and soil chemical and physical analyses. Second, in
addition to standard vegelation parameters such as species richness, diversity and
composition that are oficn asscsscd in heathlands, community heterogeneity, vertical
structure and evenness were quantified to gain a broader overview of how the heath was
changing with successional age. These three characteristics have rarely been quantified
in Australian heathlands, although some studics have examined vegetation structure but
in a different maimer (e.g. Specht ez al. 1958; McMahon 1984b; McFarland 1988; Wark
1996). Thixd, six spatial grains, ranging from 1 m” to 4 ha, were sampled across all
post-fire ages to determine the effect of sampling grain on trends in vegetation
parameters with time since fire. There are only two other studies that I know of that
have sapsiied multiple spatial scales in Australian heath~-type vegetation: Brown (1983)
in Westein Australian kwongan, and Keith (1993) in upland swamp (sedge-heath)
vegetation near Sydney. Neither of these studies covered the same breadth of spatial
grains as this study. Fourih, this is the first study in Australian heathlands to examine
the species composition, richness and scedling density of the soil seed bank in relation
to time since fire. Finally, a range of important biological traits were assessed for cach
species in the heathland, to determine whether early successional species possessed a
different sct of {raits from late successional or long-lived species, an apatysis that has

not been carried out in Australian heathlands be_fore.
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KEY FINDINGS
The main findings of the study are as follows:
Vegetation

» Specics richness (fotal and mean) usually decreased significantly with increasing

time since fire, however, both relationships were scale-dependent

o Species evenness (/) usually decreased significantly with increasing time since fire,

however, the relationship was scale-dependent

» Species diversily (M) decreased significantly with increasing time since fire across

all spatial grains

» Species composition usually differed significantly with time since fire, however, the

relationshtp was scale-dependent

s Community heterogeneily did not usually differ significantly with increasing lime

since fire

o Overall vegetation cover increased rapidly until six to nine ycars after fire, after

which it platcaved, then declined sharply at ¢. 25 years post-fire

o Total cover in each height class differed according to post-fire age, with vegetation
in the 0-0.1 m, 0.2-0.3 m and 0.4-1.0 m height classes increasing and then
decreasing with time since fire, and vegetation in the 1.1-2.5 m and 2.6-8.0 m height

classes displaying a significant increase with time since fire

¢ Life-form richness was dominated by shrubs, however, graminoids were the only

life-form to differ (decrease) significantly with time since fire
Soil seed bank

» Geminable species richness did not differ significantly with increasing time since

fire

e Geminable seedling density did not differ significantly with increasing time since

fire
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+ Gerninable species composition differed significantly among age classes
(presence/absence datz), with the greatest difference existing between young and old

sites

o The compasition of the vegetsiion and the gemminable soil seed bank did not differ
significantly with increasing time since fire, however, there was a trend toward

greater similarity with time since ire
Plant traits

e TFive functional groups were identified: (1) annuals occurring in young sites, {2)
geophytic orchids, (3) perennial forbs/geophytes and graminoids, (4) shrubs
occwring in all age classes, and (5) serotinous trees and shrubs occurring across all

age classes.

e Species occurring only in young sites were characterised by their intolerance to
establishing in the presence of adult competition, and the unassisted mode of
dispersal. Species occurring solely in old sites were characterised by their longevity,
tolerance to establishing in the presence of adult competiters, wind-dispersal and
obligate resprouting. Species that occurred in young, intermediate »ud cld-aged
sites were characterised by their longevity, intermediate propagule size, tolerance to

csiablishing in the presence of adult competition and shrub life-form.

LIMITATIONS OF THE STUDY

This study has two main limitations that may influence the conclusions. First, the study
sites could not be controlled for variability in fire regimes, since these were unknown.
Conse-quently, for the purpose of this study, fire frequency, season and intensity were
each assumed to be random among sites. However, this may not have always been the
case. Second, resulis p(::rt&iﬂiﬂg to trends with time since fire may have been influenced
by the significant ne;ﬁe autocorrelation in terms of species composition that existed
among sites. However, although sites that were closer together were compositionally
more similag, this paltern may still be controlled by time since fire, given that recently
burnt sites occurred close together. Furthermore, evidence is presented in Chapter 4
suggesting that time since five has a greater influence on species composition than the

distance between sites.
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VEGETATION SUCCESSION IN THE SAND HEATHLAND

Regeneration stratagy

Fire acts as the trigger that ‘resets’ the successional clock in the sandy heathlands of the
Gippsland Lakes area in eastern Victoria. Ieat from the fire, chemicals in smoke
leached through the soil, and other fire-related by-products, act to break dormancy and
induce germination in a range of obligate seeders and facultative resprouters (and a few
obligate resprouters) that store seed in the soil. Evidence from the soil seed bank study
(Chapters 6 and 7} and field observations suggest that all species regenerate within the
first vear following fire, 2 phenomenon commonly reporied clsewhere (Bell <t af. 1984;
Benwell 1998) and consistent with the Initial Fleristic Composition model of succession
(Egler 1954). In addition, hcat also acts to frigger mass seed release from canopy-stored
fruits in scrotinous species (Lamont er al. 1991; Enright ef ol 1998), although seeds
may be gradually released in the inter-five period as dehiscence occurs upon dehydration
of the woody fruit (Gill & Groves 1981). In contrast to seed germination, fire induces
many species to resprout, either facultatively or obligately, from wunderground
lignotubers, rootstocks, rhizomes, bulbs and tubers, and epicormic buds located on tree
trunks (Specht 1979b; Gill 19812). In this study, the number of species categorised in
each of the three modes of regeneration was very similar, suggesting thal no one strategy
dominated in the heath. Although the mode of regeneration is generally viewed as a
highly important factor influencing the establishment and continued survival of species,
it appears to be unrelated to the occurrence of species in particular age classes (young,

old, young/intermediate/old) in this study.
Seed dispersal

The ﬁwdc by which species disperse propagules is another important factor influencing
the dynamics of the heathland. Approximately half of the species in the heath appear to
have a maximum dispersal distance of ¢. 15 m (Berg 1981; Westoby er al. 1982), as
their mode of dispersal is either unassisted, ballistic or by ants. Such a distance appears
to be quite small, however, it is still large cnough for species to gradually increase their
range, given that they are able to establish and persist successfully. The unassisted
mode of dispersal may be beneficial for both seeders and sprouters. Seeders will deposit

seed (usually persistent) immediately below the parent plant, which will presumably
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germinate following fire. The resultant high scedling density should ensure that the
paich is re-occupicd by the same species as the heath increases in age. Conversely,
obligate resprouters may not require 2n ¢laborate dispersal mechanism, as they rarely
re;enerate from seed. Almost 30% of species in the heath were adapted for ant-
dispersal, with the primary benefil of ihis being seed burial, which reduces post-
dispersal seed predatica and helps shield the seed from death-inducing temperatures at
the surface during fire (B3erg 1981; Keeley 1995).

I141f of the species in the heath were adapicd for long-distance dispersal by either wind
or animal (via ingestion or external adhesion). However, it is difficult to asccrtain
whether in fact snecies were dispersing into the heath following fire and if so, what
praportion of propagules were dispersed in this way (as opposed fo simply dropping to
the ground bencath the parenl plant) and what distances were involved. Clearly, these
species have a grsater chance of increasing lheir geographical range in a relatively quiék
manner compared with species that arc disperscd over short distances. However, Keith
(2002) and Whelan (2002) indicate that long-distance dispersal and subsequent
colonisation fiom outside of burnt areas is uscommon in fire-prone Australian
vegetation, particularly heathlands. Following lire, the reduction or virtual elimination
of all live plant cover allows for greater wind speeds in burnt areas, ensuring more
effective wind dispersal of canopy-stored seed released in the months after fire (Whelan
1986; Hammit! ef al. 1998). Howcver, the bird-dispersed parasitic mistletoe, Amyema
pendulc ‘SSp. pendula was the only species known to be lotally reliant on seed dispersal
into a site following fire, as any seed present at the time of fire would probably be
consumed. In addition, there may be no suitable substrates {eucalypt branches) for the

seed to lodge on following the passage of fire.
Post-fire environment

In addition to its promotive effect on seed germination and regeneration via resprouting,
fire creates an euvironment that is favourable for the establishment of many species.
This post-fire environment is characterised by greater light availability (Specht & Specht
1989; Keith & Bradstock 1994), increased nutrient availability in the first year after fire
(Specht 1979b; Humphreys & Craig 1981; Adams er al 1994), reduced resource
competition (Specht & Specht 1989; Keith & Bradstock 1994), reduced berbivory (away
from the fire boundary) (Whelan 1986; Tyler 1995) and the potential elimination
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(through combustion) of root pathogens (Specht 1979b) and phytotoxins that are
inhibitory to seedling establishment and plant growth (Gill & Groves 1981; Hobbs
1984; Keeley et al. 19R5; Reiposa ef al. 1999), The mass release of sced from
serotinous species following fire also acts to satiate seed predalors and secdling
herbivores, giving the best possible opportunity for seeds to germinate and establish
(O'Dowd & Gill 1983). Despite the obvious benefits of the post-fire environment,
increased soil heating due to a decrease in plant cover (Odion & Davis 2000), reduced
water retention as a result of litter laycr combustion (Moreno & Oechel 1992) and the
potential for serious droughts (Whelan 1986). may impact negatively upon seed

germination and seedling survival.
Post-fire ephemerals

In the first few years following fire, a number of ephemeral species are present in the
heath, however, it is unknown whether these species are actually frue post-fire
ephemerals that are dependent on fire for germination, or simply effective colonisers of
disturbed ground. The majority of the potentially post-fire ephemeral species recorded
in this study are herbaceous, short in stature, spring {lowering, obligate seeders that
possess persistent soil seed banks, an unassisted mode of dispersal and are intolerant to
establishing in the presence of adult competition. The nature of seed dispersal in these
species, fogether with information in the literature relating to seed dormancy, suggests
that eight of the 10 post-fire ephemerals recorded in this study possess a highly dormant
secd fraction that is very long-lived. This finding supports the hypothesis of Whelan
(1986) that short-lived species in frequently bumnt areas will possess long-lived sceds,
rather than adaptations for Iong—distaﬁce dispersal. In contrast, two of the species,
Anisopogon avenaceus and Euchiton sphaericus, appear to be adapted for long-distance
dispersal and may re-colonise bugnt sites, rather than persisting in the soil for extended

lime periods.

Although post-tire ephemerals comprised 11% of the species recorded across the entire
study area, they were extremely uncommon, possessing less than 0.1% of the total
vegetative cover in recently burnt sites. This concurs with some other Australian
heathlands, which appear to have a low incidence of post-fire ephemerals (Russell &
Parsons 1978; Specht 1994; Cheal 1996). However, heathlands in the Grampians and at

Anolesea in western Victoria differ in that they possess a large number of post-fire
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ephemerals. Enright (1994) found that sand heathland sites under two years of age were
clearly different in composilion to sites burnt 3-24 years ago, mainly owing to the
presence of 19 fire ephemeral species. Furthermore, Wark (1996) found that 25% of
species recorded in the first year following fire in coastal heathland werc not present in
quadrats sampled three years after fire, implying a substantial change in community

composition with successional age.

Changes in species richness, diversity, evenness, composition, community
heterogencity and structure

Species richness and diversity peaked in the first vear following fire and gradvally
decreased as time since fire increased, however, the decrease in richness was dependent
upon the grain sampled. For example, at the 100 m?, 900 m® and 1 ha grains, total
richness decreased significantly with thme since fire, however, al the 4 ha (site) scale no
trend was observed. The scale-dependence of this relationship suggests that the
distribution of some species was becoming increasingly patchy with time since fire as
individuals began to die off, to the point where they were becoming absent from smaller
grains but still present at the scale of the entire site. Whether this increasing patchiness
is reflected in the composition and density of the soil seed bank is uncertain, owing to
the paucity of data on the longevity of species soil seed banks (Auld er al. 2000).
However, any increase in the patchiness of above-ground species distributions should be
followed by a lag in soil seed bank patchiness, as most species (87% of those with
available data) possess persistent seed. This finding has important implications for
beathlund management, as observed trends are clearly scale-dependent. Therefore,
managers need to be wary of extrapolating up or down from studies conducted at a
single spatial scale, as this may lead to misleading information on changes in heath

richness with successional time.

As time since fire increased, total vegetalive cover increased rapidly to ¢. 70% after 6-9
years in what may be described as the building phase (Barclay-Estrup & Gimingham
1969). By this stage, all post-firc ephemerals had died out, and all species had reached
reproductive maturity and were producing seed. Afler this initial growth phase, the
heath entered the ‘mature’ phase, where total cover stabilised ai ¢. 75-85% unltil 25 years
after fire. During this stage, total cover in each of the lower height classes (<] m)

reached a maximum and then began to decrease. The decrease was most likely due to
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increased competition for light, which resulted in a greater amount of photosynthetic
tissue being allacated to the upper height classes (at the expense of the lower) as the
heath aged. The decrease was not due to senescence of ground layer species, és their
contribution to total cover was rclatively minor. Conversely, cover in the upper height
classes (>*1 m) displayed a continual increase, owing to the growth of large shrubs and
trces such as Allocasuaring spp., Banksia spp., Eucalyptus spp., Leptospermum

myrsinoides and Monotocu scoparia.

Leptospermum myrsinoides is clearly the doninant species throughout the heath in
tcrms of total vegetative cover, which ranges from 34-54% in inlermediate and old-aged
sites. It quickly dominates the heath, reaching a cover of 27% only 18 months after fire,
largely due to prolific resprouting from underground basal buds. In addition, L.
myrsinoides establishcs in large numbers from the soi] seed bank, and is the only species
to record an increase in germinable scedling density with increasing time sincc fire.
This is probably due to increased seed production from larger individuals in older heath,
plus the long-term storage of persistent seed in the soil, as L. myrsinoides seed was
found to respond extremely well to smoke and heat treatments. These characteristics of
L. myrsinoides, in addition 1o its comparatively Fast growth rate, relatively long lifespan,
tall stature, and dispersal by both wind (Jong distances) and ants (germination benefits
associated with seed burial) supgest that as the heath incrcascs in age, dominance may

become even more pronounced,
Influence of overstorey species

The decrease in species richness at certain spati‘a.l scales with time since fire may have
been caused by a number of factors, possibly acting together. First, the loss of post-fire
ephcmerals probably contributed to the initial decline in species richness. Second, the
increase in overstorey cover with time since fire and the i\é’rgiu;ﬁucnt reduction in light
availability to understorey species, as suggested by Specht (1989) and Cowling (1990),
may have led to the death of shade-intolerant understorey species. Evidence to support
this assertion is found in the significant decrease in subshrub richness with time since

fire.

Finally, resource competition for scarce water and nutrients, and the potential

allelopathic effects of certain species may exclude others from the heath (Vila &
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Sardans 1999). For example, in areas of coastal heath dominated by Eucalyptus baxteri,
del Moral (1978) showed that the zone of plant suppression beneath the canopy was due
to the allelopathic ability of the eucalypt. A similar patiemn appears 1o be evident in the
heath examined in this study, where a zone of suppression exisis immediately
surrounding the base of eucalypts. However, the cause of this suppression is unknown.
Certain species such as Amperea xiphoclada, Bossinea cinerea, Correa reflexa var.
reflexa, Dampiera stricta, Lomandra longifolia and Poa sieberiana var. sieberiana
appear to be unaffected and may actually thrive in this environment, a finding also
reported by del Moral (1978). As time since fire increases, this phenomenon appears to
intensify, resulting in the creation of local patches of mallee-form eucalypts with a
species-poor undexstorey. However, the number of these patches within the heath is not
predicted to increase, owing to the obligate resprouting nature of the eucalypts and the
extreme lack of recruitment observed during the study across a number of recently burnt

sileg.

A similar cffect also occurs bencath the dense canopy of Banksia serrata individuals,
the tallest species in the heath. During the inter-fire period, juvenile plants and root
suckers commonly establish around the base of malure individuals, assisting m the
formation of dense (>80% foliage cover) B. serrata groves, with an cxtremely
depauperale understorey. Where alielopathy may have been a factor influencing species
composition beneath the eucalypts, shading appears to be the major factor excluding
species from beneath B. serrata individuals. In addition, the dense (100% cover) and
thick (up to 10 cm deep) litter layer probably acts as a highly effective barrier preventing
seed of other species from dispersing onto the soil beneath the canopy (Facelli & Pickett
1991). Consequently, seedling density is low immediately beneath B serrata
individuals, even in the immediate posi-fire cnvironment. Thus, as the interval between
fires increases, there is anecdotal evidence to suggest that B. serrata actively excludes
species from beneath its canopy and increases its range by establishing new seedlings

outside of the existing canopy.
Recruitment between fires

Recruitment outside of the initial 'window of opportunity in the fiest year after fire is
relatively uncommon in the heathland. Although ¢. one third of all gpecies were

observed 1o be lolerant to establishing in the presence of adultseempetitien, there was




Chapter 9 — General discussion 200

little evidence to suggest that individuals arising after the iniiial post-fire period reached
reproductive maturity, apart from B. serrafa (seedlings and basal sprouts), B. marginala
(occasional root suckers) and a number of herbaceous species (particularly geophytic
orchids). Whelan (1998) also reporied recruitment during the inter-fire period for B.
serrufa, however, the degree of recruitment during this time varied substantially among
populations and habitats. The lack of recruitment in mature vegetation found in this
study 1s not uncommon in Australian heath, with Specht (1958), Russell (1978), Wark
(1996) and Keith (2002) all reporting similar resulis. However, Cheal (2000) reported
an increase in establishment and species richness in semi-arid heath with increasing time
since fite. In the Californian chaparral, seedling recruitment does occur in older stands
(Patric & Tlanes 1964), however, this is minimal and there is little evidence that saplings
reach the canopy (Keeley 1992a; Keeley 1992b). Instead, resprouting appears to be the
dominant mode of regeneration in senescent chaparral (Keeley 1992b). As the
chronosequence in this study spanned 27 years, it is not possible to determine whether
recruitment will increase in older vegetation as the heath begins to die back and light-
availability subsequently increases, or whether the heavy build up of litter, with its
associated allelopathic substances (Facelli & Pickett 1991), would inhibit seed

germination and seedling growth.
Vegetation succession

Many studies in Australian heath suggest that succession fellows the ‘Initial floristic
composition’ model of vegetation development (Russell & Parsons 1978; Groves &
Specht 1981; Bell er o/, 1984; McFarland 1988; Wark 1996), where species present later
in the succession are a subset of those present initially after disturbance (Egler 1954). In
this model, changes in species dominance are essentially dve to the varying growth rates
and plant longevities of the species present at the time of disturbance, rather than the
invasion of new species (Fgler 1954). However, there is substantial evidence indicating
that some Australian heathlands are invaded by different species after the initial post-
fire period. For cxample, Leptospermum laevigarum, Kunzea ambigua and Acacia
longifolia var. sophorae have been shown to invade coastal heathlands and form dense
thickets across a range of sites in Vicioria, probably owing to fire regimes that have
been altered following European settlemnent (Parsons 1966; Burrell 1981; Molnar ef al.

1989: Offor 1990; Bennett 1994; McMalon et al. 1996). McMahon (1996) also suggest
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that invasions by species such as these may substantially alter species composition of
these heathlands, as species are excluded and soil seed banks become increasingly
unviable with successional fime, Semi-arid heathlands in south-east Australia are also
subject to invasion by Callitris spp. following death of the Banksia ornatg dominated
overstorey through old age or frost damage (McMahon 1984b; Cheal 1996; Cheal
2000). This led Cheal (1996) to conclude that the B. orrnara heathlands do not reach a
climax (unchanging) state. Plant dieback, especially due to the root pathogen,
Phytophthora cinnamowi, may also substantially alter the composition and relative
dominance of different species in heath communities (Kennedy & Weste 1986; Weste &
Kennedy 1997).

Unlike some of the heathlands just mentioned, this study provided no evidence to
suggest that species were invading the heath at any of the study sites. This apparent Jack
of invasive species may be due to the inability of such species to tolerate the extremely
low nutrient availability of the sandy soils within the study area. Alternatively, fire
regimes within the study area may not have been altered as much as those in other areas.
Finally, the heathlands at Wilson’s Promontory are much more fragmented and
digsected than the heath examined in this study. Therefore, there may be greater ‘edge
effects’ in the Wilson’s Promontory heathlands, rendering them more susceptible to
invasion by species in neighbouring plant communities. Owing to the lack of invasion
in the heath evamined in this study, succession appeared to correspond well with Egler’s
‘Initial floristic composition® medel, although the mechanism(s) by which species
inhibit invasion is poorly known. Even though the heath fits the Initial floristic
composition model of succession, there is still considerable scope for the composition
and structure of the heath to change in accordance wilh different fire regimes, with fire
frequency likely to have the greatest effect on heath composition and structure (Cary &
Morrison 1995; Marrison ¢f af. 1995; Bradstock et af. 1997).

As time since fire increased, the height of the shrub stratum incrcased to the point where
the heath became a scrub after ¢. 25 years, in the strict sense of the definition given by
Specht (1970). Furthermore, as the inter-fire period increases, the likelihood of B.
serrafa recruitment increases, and the potential for this species to become more
dominant is enhanced. Under such conditions, there is a possibility that the beath could

gradually convert in structure to heathy woodland, given sufficient time, although this
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study reported no significant trend of increasing tree cover with time since fire. Under
the prolonged absence of fire in the heath, some obligate sceders would undoubtedly
become locally exlinct, as they require fire for new seedlings to cstablish before the
persistent fraction of the soil seed bank is depleted. Conversely, high frequency fire
regimes may impact on the composition and structure of the heath substantially, by
eliminating some fire-sensitive (obligate seeder) shrub specics (McMahon 1984a;
Bradstock & Myerscough 1988; Cary & Morrison 1995; Mormison er al 1995,
Bradstock er al. 1997), increasing the abundance of resprouting species (Nieuwenhuis
1687), and possibly converting the heath to a morc sedge-dominated system (Groves &
Specht 1981; Bradstock erf al. 1997).

MANAGEMENT IMPLICATIONS

n the mediterranean-type ecosystems of the world, fire is commonly used as a major
ecological tool in vegetation management, with managers often facing the conflict of
biodiversity conservation (Gill 1977) versus the protection of human life and resources
(State of Victoria 1995). Even when the aims of fire management are for ecological
purposes (compared with the protection of life and property), the specific management
goals may be very different, and may include biodiversity conservation (van Wilgen e/
al. 1994), habital manipulation for animal conservation (Meredith & Isles 1980; Day et
al. 1999), land rehabilitation (Smith et ai. 2000) and management of weed infesiations
(McMahon et al, 1996; Downey 1999). According to land managers, the heathland
examined during this study has two main foci of buming: (a) fuel reduction for
protection of hwman life and resources, and (b) maintenance of optimal habitat for the
New Holland Mouse (Pseudomys novachollandiae) (G. Hollis and [.. Jeremiah pers.
comm.). However, there is no fire management plan for biodiversity and plant
community conservation, despite these being specific goals of park management (Parks

Victoria 1998).

Implicit in any fire management plan is the concept of fire regime (Gill 1975). It
appcars that most studies in heathlands recommend fire frequencies in the order of every
8-15 years, in order to maintain species diversity (Russell & Parsons 1978; Gifl &
Groves 1981; van der Moezel et al. 1987; McFarland 1988). Fire intervals shorter than
this may lead to the extinct.ion of some of the dominant obligate seeding shrubs with

Jong maturation periods (Keith 1996), while extended fire-free periods may lead to the
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gradual local extinction of other species. as they have no opportunity to regenerate.
However, Cary (1995}, Momrison (1993) and Gill (1998) illustrate that variable fire
frequencies should have a greater effect on matntaining speciss diversity than burning at
regular intervals, which may ultimately result in reduced diversity as the same species
would always be [avoured by a particular fire frequency (van Wilgen ef ol 1994).
Others also advocate burning the landscape in a mosaic pattem, reflecting the natural
variation in fire season, inteusity, frequency and extent of fire (Specht 1981a; Avis
1993; van Wilgen er al. 1994),

Central to many fire management plans is the desire to maintain or even enhance species
diversity. This then poses an interesting problem for management, regarding the spatial
and temporal scale at which species extinctions are allowable (Bradstock ef al 1995).
Bradstock (1993) suggest that a conservative approach would be to avoid cven small-
scale extinctions. However, this is likely to be unworkable, owing to differing species
densities and the natural variability in factors such as fire intensity (Hobbs & Atkins
1988), which may adversely affect populations at a very small scale. Instead, a more
sensible aim may be to avoid extinction within a broader landscape or area (Bradstock et
al. 1995). This issue has been clearly illustrated in this study, where total species
richness was found to decline with time since fire at smaller scales but not at the scale of
the cntire site, implying that local extinctions were scale-dependent. Therefore, park
managers must define the spatial scale(s) at which they wish (o manage rare or
threatened specics and the heathland as a whole, Otherwise, there is no benchmark from

which to manage the heathland.

There are a few minor threats to the continued persistence of species occurring in the
heath, including infection of the soil with Phytophthora cinnamonii (Kennedy & Weste
1986), inapproptiate fire control measures (Caling & Adams 1999) and weed invasion
(Cheal 1996). However, the greatest danger is the potentially negative effect on
biodiversity of particular fire regimes, whether naturally-occuiring, or implemented by
park management (Gill 1999). Ideally, all information concerning the ‘vital atributes”
(Noble & Slatyer 1980) of each species would be available, rendering the determination
of optimal fire frequencies a relatively simple process. However, there is a large gap in

the data, particularly relating to seed longevily in the soil. Therefore, any estimate of
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desirable fire frequencies would be purely speculative and fall somewhere within the

existing estimates previously mentioned for heaths in south-east Australia.
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A\FPPENDIX 1: Estimating time since fire

"NTRODUCTION

fany methods have been used to deteumnine fire history, or the time since the last fire at
given site. These methods include the use of fire history maps (Qugh & Ross 1992;
nrighl ef al 1994), detailed fire history records (Cary & Morrison 1995; Fox ef al.
296), salellite imagery, aerial photographs (Keith 1995; Bradstock ef al 1997),
‘storical records (Bowman 1998) and local knowledge of residents and pask rangers
ugh & Ross 1992; Bennett 1994). Ofien, detailed and accurate records or maps are
iavailable, and historical sources of information are lacking, in which case, tree rings
tanks 1988; Jamman er ol 1988), dendrochronology (Bumrows er al 1995),
mthorrhoea banding patterns (Lamont er of. 1999; Ward ef al. 2001) and charcoal
ta from cores (Gell e @l. 1993) are often used to determine site fire history. However,
=se meihods can be time consuming and some may be destructive to the environment.
dividually, these methods may yield valuable information but records are often

zomplete and/or inaccurate, therefore, the use of multiple methods may give more

urate results,

addition to the methods listed above, a number of studic. 2 used a simple
-Jhnigque whereby growth nodes are counted in Proteaceous species, particularly of the
HUS I.Ban!csia, to determine individual plant age (Cowling & Lamont 1985; Lamont
35; Cowling er al. 1987, Witkowski ¢f of. 1991, Witkowski er al 1992), and/or site
-3 (time since fire) (Specht ef af, 1958; Bond 1980; Brown & Podger 1982; Bond ef ai.
#4; Hoffman ef ¢l 1987; Janiman et al. 1988; Marsden-Smedley ef al. 1999).

= method has been employed because some Banksia species produce a distinctive
aual branching pattern, with small, circular swellings formed at the junciion (node} of
+h annual growth increment (refer to Lamont 1985). These swellings, or nodes, can
counted on seedlings or sprouts from the outermost branch to the base of the trunk, to
2 an estimate of above-ground plant age. As most species (including Banksia) in the
.-prone environmenis of Australia regenerate proiifically in the first year or two
“owing fire (Specht ef al. 1958; Cowling et al. 1987; Wark er al. 1987; Gill 1993), the

xmate of plant age derived from the Barksia node count method should theoretically
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correspond with site age (lime since last fire). Banksio marginata is one such species
that occurs commonly from sca level to sub-alpine areas in south-east Australia
(Holliday & Watton 1990). This species is very variable, growing as a shrub, or a tree
up to 10 m, and regenerating from seed, or by resprouting after fire (George 1987). It
leaves recognisable node scars after each growing season, which are thought to be one
per year, usually belween November and March (Specht ef al. 1958; Specht ez al. 1981).
In some circumstances, it can be relatively fong-lived, living up to 150 vears (J.
Marsden-Smedlcy pers. comm.), and therefore, it can potentially be used to determine

the time since last fire, even at sites unburnt for long periods.

Although a number of studies have used the Banksia node count method to estimate site
age {e.g. Specht ef al. 1958; Brown & Podger 1982; Jarman ef «l. 1988; Marsden-
Smediey et ol 1999), there appear to be no published data regarding the reliability of
this method. This study mims to determine the accuracy of the Banksia node count
method by using the method to date sites of known time since fire. After verifying the
validity of the method, time since fire for study sites of previously unknown age were
estimated using Banksia node counts and other complementary methods, namely aerial

photographs and newspaper records.




Appendix 1 - Estimating time since fire 231

METHODS

Banksia marginara nodes were counted on shrub-form individuals at nine 4 ha sites of
differemt time since fire, in April 2001 (March 1999 [or GP-23). To ascertain the
accuracy of the Bamksia dating method, node counts were made at five sites bumnt
between 1980 and 1997 and cross-checked with the actual site age known from
Department of Natural Resources and Environment (DNRE) fire-history records and
mapping. In addition, four sites last burnt before the commencement of DNRE fire-

history mapping in 1981 were sampled to estimate time since fire at these siies.

At cach of the nine sites, nod=e were counted on 50-61 haphazardly located B.
marginata individuals, althougi: ;.. 14 individuals were assessed at GP-23. Plants that

were obviously young root suckers ai older sitcs were not assessed. To gain a moze

accurate estimate of above-ground plant age, a figure of one was added 1o the node-

count of each individual (Marsden-Smedley e al. 1999), as this gives the actual ramber
of growth increments (internodes), which comresponds with plant age; rather than the

number of junctions (or nodes) between growth increments.

In addition to the Barksia dating method, aerial photographs of the study area were
examined as far back as 1970, to determine whether any evidence of firc was present.
Although photographs were taken in 1970, 1976-1979, 1984, 1986 and 1991, the entire
study area was not covered in each of these years, meaning that records were
incomplete. Newspaper records from 1964-1971 were also checked for the Gippsland
Times, a newspaper bascd in Sale, which is the nearest major town to the study area. No
ﬁfes were reported within the study area for this period. Newspaper records from 1972-
1980 were unable to be checked. Finally, growth rings on a sample of B. marginata and
Leptospermum myrsinoides individuals were counted in an allempt to further cross-
check the Banksia node count method (Brown & Podger 1982; Marsden-Smedley e/ al.
1999). However, rings were found to be difficult to distinguish and determine to the
same level of accuracy as the node count method, therefore, they were not used in

determining site age.
Data analysis

Banksia marginata displays a distinctive pulse of regeneration following fire. However,

some individuals regenerate fiom root suckers in the inter-fire period, while others may
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escape above-ground deatlh by fire if fires are patchy. Owing to the episodic nature of
the regeneration event following fire, the modal intemode count (Marsden-Smedley er
al. 1999) was used to estimate the (ime since fire at cach site. Modal counts were used
instead of means (e.g. Witkowski ef @l 1992), because mean values are potentially
influenced by individuals that either escaped fire, or have regencrated in the inter-fire
period, and may theretore give spurious site age estimatcs. Pearson corrclation was
used to examine the relationship between known time since fire and mode of the
internode count, for the five sites of known time since five. The critical level for
hypothesis testing was o = 0.05, Data were square-root transformed to improve

homogeneity of variances.
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RESULTS

Modal B. marginata internode counts for the five youngest sites (Figure 1) were found
(o be significantly correlated with known time since fire (R = 0.98, p = 0.005). At four
out of the five sites, the Banksia node count method is accurate to within a year either
side of the modal count for a range of ages, from 4-2] years post-fire (Table 1).
However, T4-14 was anomalous in that the modal count was three years less than the
actual age at the dare of samphng (Table 1). Given the verv similar number of
individuals from 12-15 years (Figure 1), the “true’ mode may be anywhere within this
range. Assuming that the significant relationship between modal internode counts and
site age continues as plants grow older, GP-23 is estimated to be 22 years old; T4-25, 27
years oid; SS-26, 24 years old; and, T2-27, 28 years old at the date of Barksia sampling
(Figure 1, Table 2).

Some of the four oldest sites lack a distinctive modal peak, compared with sites such as
BS-1.5 and S8-16, which indicate a significant post-fire regeneration event (Figure 1).
Therefore, a potential age rangc has been included for the modal counts of GP-23, T4-
25, §8-26 and T2-27 (Table 2), based on the frequency histograms in Figure 1. Using
this method, GP-23 appears to be 22 years old, with an age range of 21-26 years, T4-25
appears to be 27 years old, with an age range of 25-30 years, T2-27 appcars to be 28
years old, with an age range of 22-29 years, while $8-26 appears to be 24 years old, with

an age range of 23-36 years (Figure 1).

When aerial photographs are considered in conjunction with internode counts, estimates
of sitc age are further clarified. Aerial photographs indicated that T4-25, T2-27 and SS-
26 had not been burnt by March-April 1976. As there was no evidence of fire scarring
at these sites, the most recent fire is assumed to have occurred at least two years prior 1o
“aerial photographs being taken, indicating that these sites were last burnt in 1974, or
carlier (checks on three independent fires indicated that fire scars remain recognisable
on aerial photographs for at least 2-3 years), This finding increased the age estimale for
SS-26 and narrowed the potential age range (error) for all three sites (Table 2). Because
internode counts were made up to two years following vegetation sampling, the final
determination of site age was changed accordingly, indicating that T4-25 was 25 (25-28)
years old at the time of vegetation sampling, $8-26, 26 (26-35) years' old, and T2-27, 27

(26-28) years old (Table 2). In contrast to the previous three siles, a fire scar was
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evident at GP-23, which suggests it was probably burnt sometime within the two years
prior to 1976. This indicated that sile age for GP-23 at the fime of vegetation sampling
was 23 (23-26) vears (Table 2}.
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DISCUSSION

The mode of the Barnksia node count method proved to be accurate to within one vear
either side of the actual site age, for four of the five sites up to 21 years old. The only
exception to this was T4-14, however, this was probably an artefact of the low intensity,
and therefore patchy nature of the most recent fire at the site (B. Houghton pers.
comm.), resulting in two broad age classes (Figure 1). Although there was some
variability in the accuracy of the Banksia node count method, overall, it corresponded
closely with the actval site age determined from IDNRE firc history mapping. Therefore,
there is a strong basis for using the Bunksia node count method to determine site age for

patches that pre-date the commencement of fire history mapping in 1981.

As site age increased, it became increasingly difficult to identify distinet phases of
episodic recruitment following fire (Figure 1). Although GP-23, T4-25, §8-26 and T2-
27 bave distinet modal internode counts, there are other peaks in the frequency
histograms that complicate interpretation of the daia. For instance, 58-26 possessed a
peak at 36 years of age, only one count below the modal peak at 24 years. This suggests
the possibility of two fires within the past 36 years, with the fire 24 years ago quite
patchy, owing to 46% of the sampled individuals being older than 24 years (Figure 1).
Conversely, there may have been only one fire, 36 years ago, with continuous
regeneration of Banksia marginata occurring in the interim. However, newspaper
reports suggest an absence of fire within the study ares from 1964-1971, implying that

no sites were aged between 30 and 37 years at the time of Banksia sampling.

Despite the reported success of the Banksia node count method, there are factors
influencing its accuracy. As B. marginala grows older, nodes ofien become indistinet
toward the base of the plant, particularly prior to branching of the main trunk (Lamont
1983), ‘This makes assessment of nodes on the lower trunk increasingly difficult.
Another potential error arises if more than one growth spurt occurs in a single year.
Specht (1958) indicated that B, marginata only actively grew above certain temperatures
that were only met during the summer months, however, in particularly long summers,

secondary growth spurts may occur.

Previous studies that have used the Banksia nodc count method to estimate site age have

employed a small number of samples. For example, Marsden-Smedley (1999)
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recommended a minimum of six individuals be sampled per site, Jarman (1988) used
only one or two individuals, while Specht (1958) and Brown (1982) do not state the
number of samples used in determining site oge. In environments where fire has been
patchy (resuiting in multiple age classes) and B. marginata is suckering in the inter-fire
period {e.g. this present study)., a much larger sample size is required to accurately
estimate time since fire. This study suggests that 50 samples are generally sufficient to

confidently estimate site age.

In addition to sample number, the methed by which site age is actually determined is not
always given in some studies, i.e. is the mean, median or mode of all node counts used?
Owing to this lack of information, it is therefore difficult to ascertain the rcliability of

site age estimates for some studies.

This study provides empirical evidence regarding the accuracy and validity of the
Bunksia node count method. The methed is not intended to give a definitive site age,
but rather, an informed estimate based on rigorous sampling and use of complementary
technigues. Fifiy samples per site were gencrally appropriate, however, for sites older
than 21 years, sample size may need to be greater, owing lo the potentially greater error
in counting internodes, variability in stand age caused by fire patchiness and

regeneration by root suckering in the inter-fire period.
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Table 1. Site age estimates based on the modal age class derived from the Bunkisu

marginata node count method, for sites of known age

Site 7 Site age (DNRE fire  Modal internode  Difference between mode and
history tapping) count age at dale of Bunksia sampling
BS-1.5 50 4 4 0
TT-9 56 i1 12 +]
T4-14 55 16 13 3
SS-16 52 18 17 -1

UT-19 51 21 21 0




Table 2. Site age cstimates for sites pre-dating DNRE fire history mapping. Age estimates are based on aertal photographs and the modal age class

derived from the Bankisa marginata node count method.

Site n Mode (potentinl age  Previous fire {according  Adjosted site age estimate Adjosted sileage  Difference between vegelation  Finol estimate of site age at

range} - see Figure 1 o aeeial pholographs)  based on asrial photographs estimate (+2) and Bawksia sampling date (yrs)  date of vepetation sampling

GP-23 14 22 {23-26) < Aprit 1976 23 (2326) 23 (23-26) 0 23 (23-26)
T425 61 27 (25-30) < March 1976 27 (25-30) 27(27-30) 2 25 (25-28)
$S-26 50 24 (23-36) < April 1976 25 (25-36) 27 (27-36) 1 26 (26-35)
T227 34 28 (22+29) < March 1976 28 (25-29) 28{27-29) i 27 (26-28)

2111 20U 2w Jopeurnsy - 1 vipuaddy
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APPENDIX 2: Plant species list (inclusive of all scales

sampled)

* non-native species
Ferns

DENNSTAEDTIACEAE
Preridium esculentum

Monocotyledons

CYPERACEAE
Caustis pentandra
Isolepis marginata
Lepidosperma concavum
Sehoenus imberbis

LILTACEAE
Caersia parviflora
Laxmannia orientalis
Thelionema sp.

ORCHIDACEAE
Caladenia alara
Caladenia carnea var. carnea
Caladenia sp.
Caleana major
Calochilus robertsonii
Calochilus sp.
Genoplesium sp. aff. rufum
Glossodia major
Pterostylis parviflora
Fterosylis sp.
Pyrorchis nigricans

POACEALE
* Adira caryophyllea
Anisopogon avenaceus
Austrodanthonia geniculata
Poaceae sp. 1
Poaceae sp. 2
Poa sieberiana var. sieberiana
* Vulpia bromoides

RESTIONACEAE
Hypolaena fastigiata
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XANTHORRHOEACEAE
Lomandra filiformis ssp. filiformis
Lomandra glauca
Lomandra longifolia
Xanthorrhoea australis
Xanthorrhoea minor ssp. lufea

Dicotyledons

AIZOACEAFR
Carpobrofus rossii

APIACEAE
Platysace ericoides
Xanthosia pilosa

ASTERACEAE
* Conyza sp.
Buchiton sphaericus
¥ Hypochoeris redicara

CAMPANULACEAE
Wahlenbergia gracilenta

CASUARINACEAE
Allocasuarina littoralis
Allocaswarina misera
Allocasuarina paludosa
Allocasuarina puradoxa
Allocasuarina sp.

CRASSUILACEAE
Crassula sieberiana

DILLENIACEAE
Hibbertia acicularis
Hibbertia fasciculata var. prosirata
Hibbertia riparia
Flibhertia virgaia

DROSERACEAE
Drosera peltata

EPACRIDACEAE
Astrolomu pinifolivim
Brachyloma daphnoides
Epacris impressa
Leucopogon ericoides
Leucopogon virgatus var. virgatus
Monoioca scopariu
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EUPHORBIACEAE
Amperea xiphoclada var. xiphoclada
Ricinocarpos pinijolius

FABACEAE
Aotus ericoides
Bossiuea cinerea
Bossiaea heterophylla
Bossiaea obcordata
Dillwynia glaberrima
Dilhwynia sericea
Gampholobium huegelii

GOODENIACEALE
Dampiera stricta

HALORAGACEAE
Gonocarpus tetragynus

TLAURACEAE
Cassytha glabella
Cassytha melantha
Cassytha pubescens

LORANTHACEAE
Amyema pendula ssp. pendula

MIMOSACEAE
Acacia longifolia var. longifolia
Acacia oxycedrus
Acacia suaveolens

MYRTACEAL
Baeckea ramosissima ssp. proswrala
Calytrix tetragona
Eucalyptus aff. willisii (Gippstand Lakes)
Eucalyptis viminalis ssp. pryoriana
Eucalyptus viminalis ssp. pryoriana X Eucolyplus cephalocarpa
Leptospermum continentale
Leptospermum myrsinoides
Thryptomene micrantha

PITTOSPORACEAE
Rhytidosporum procumbens

FOLYGALACEAE
Comesperma calymega
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PROTEACEAE
Banksia marginaia
Banksia serrata
Grevillea chrysophaea
Persoonia juniperina

RUTACEAE
Boronia anemonifolia ssp. anemonifolia
Correa reflexa var, speciosa
Zieria veroniceu

STYLIDIACEAE
Stylidium sp. 2

THYMELAEACEAE
Pimelea linifolia ssp. linijolia

TREMANDRACEAE
Tetratheca pilosa ssp. latifolia






