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Soil seed banks of anthropogenic native grassland and grassy forest remnants on the Gippsland Plain in south-
eastern Australia were studied using the seedling emergence method. Intact examples of both ecosystems are rare,
owing to extensive agricultural development. Both ecosystems are assumed to have been derived since European
settlement from the same original, grassy forest ecosystem. It was hypothesised that species now restricted to
grassland remnants might persist in the soil seed bank of forest remnants, and vice versa. This hypothesis was
not supported. In total, 25 554 seedlings of at least 155 species emerged from forest and grassland seed banks
collectively. Small-seeded, annual and perennial herbs were most abundant. Forest seedbanks differed substantially
in composition from grassland seedbanks, and both essentially contained a subset of the species in the vegetation.
Forest seedbanks contained significantly more species and individuals of annual and perennial native dicotyledons
than grassland seedbanks. Seedbanks made a major contribution to local diversity, since many species in the seed
bank at each quadrat were not recorded from the vegetation, but only a minor contribution to regional diversity.
Species in the seedbank that were absent from all vegetation samples were recorded at few quadrats, except Juncus
species, which were widespread and abundant in the seedbank. The apparent absence from forest seed banks of
species that are best represented in grassland remnants (and vice versa), suggests that there is little opportunity of
recruiting grassland-restricted species in forest remnants by instigating grassland management practices.

Introduction

Soil seed banks enhance the potential for dynamic
changes in vegetation, as species absent from the veget-
ation may persist in the seed bank for lengthy periods
until conditions become favourable for germination
and establishment. Seed banks can buffer plant pop-
ulations against intermittent episodes of catastrophic
mortality of established plants, and extended periods
of habitat unsuitability (Grubb 1977; Leek et al. 1989;
Thompson & Grime 1979).

Many Australian seedbank studies have concen-
trated on woody species, especially those with canopy-
borne seedbanks (e.g. Bellairs & Bell 1990; Enright &
Lamont 1989; Lamont et al. 1991), and relatively little
information is available on the soil seedbanks of natur-
al ecosystems that contain mainly herbaceous species,

such as the temperate grasslands and grassy woodlands
of south-eastern Australia (Carroll & Ashton 1965;
Gilfedder & Kirkpatrick 1993; Lunt 1990). Many of
these ecosystems are now threatened with extinction
due to widespread clearing and grazing (McDougall &
Kirkpatrick 1994; Prober & Thiele 1995).

The Gippsland Plain occupies about 2000 kffi2 in
eastern Victoria, Australia (Figure 1). The sub-coastal
alluvial plain originally supported extensive grassy
forests and woodlands dominated by Eucalyptus tereti-
comis Smith, but the majority of the area has been
developed for agriculture, and few intact remnants of
the original flora remain (Lunt 1994a, 1995a). Two
distinct types of intact remnants occur in areas that
originally supported E. tereticomis grassy forests and
woodlands: grassy forest patches dominated by E.
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Figure 1. Location of the Gippsland Plain study area.

tereticomis and small grassland patches dominated by
Themeda triandra Forsskal (Lunt 1995a, in press).

Intact grassy forest and grassland patches both pos-
sess a diverse native flora, but differ dramatically in
floristic composition. Both ecosystems occur across
the region on a wide range of soil textures (Lunt in
press), but the two have been managed differently
for over 100 years. Forest remnants have invariably
been selectively logged, intennittently grazed at vari-
ous intensities by stock and native herbivores, and
rarely burnt. By contrast, the small grassland remnants
- which are primarily restricted to cemeteries and rail-
line easements - had the trees removed last century,
have rarely been grazed by stock, and have been burnt
frequently for fire control for over a century, perhaps
as often as every one to three years (Lunt 1995a, in
press). Grassland remnants now require frequent burn-
ing to maintain plant diversity, by reducing competitive
exclusion from the dominant grass, Themeda triandra
(Lunt 1994b; Stuwe & parsons 1977).

A 'habitat segregation' model has been developed
to explain the composition and distribution of grassland
and forest remnants (Lunt 1995a, in press). Under this
model, both types of remnants are assumed to have
been derived from the same original stock: a grassy
forest or woodland ecosystem dominated by E. tereti-
comis, which contained the native species that now
occur in forest patches as well as those that occur in rail-
line and cemetery grasslands (Lunt 1995a, in press).
The original ecosystem was fragmented and modified,
and the least disturbed remnants were subjected to con-
trasting management regimes (as described above),
resulting in the segregation of species into different
remnants based on their capacity to tolerate differ-

The soil seed bank was sampled from 21 April to
10 May 1993, before the autumn rainfall 'break'
when substantial seed germination begins in the field.
Samples were collected from 50, previously-sampled
vegetation quadrats (Lunt in press), 25 in grassland
and 25 in forest remnants. Twenty cores, each 25 cm2
in surface area and 2.5 cm deep, were sampled on a
1 m grid across each 5 x 4 m quadrat, giving a total
surface area of 0.05 m2 at each quadrat. Thus, 1000
cores were collected in total, 500 from grassland and
500 from forest quadrats, giving a total sample area
of 125m2 from each ecosystem. The 20 cores from
each quadrat were bulked into four samples, which·
were sieved and placed in shallow seedling germination
trays in randomised blocks in an unheated shadehouse.
The trays were watered regularly, and seedlings were
removed as identified. The soil in each tray was thor-
oughly remixed at irregular intervals. Seedling trays
were monitored until 28 October 1994 (530 days), by
which stage few seedlings emerged.

The four samples from each quadrat were pooled
for most analyses. The mean number of species and
individuals per quadrat was compared between forest
and grassland seedbanks using the Wilcoxon two-

Methods

ent disturbance regimes and consequent environmental
conditions.

The habitat segregation hypothesis raises interest-
ing possibilities for future reserve management, since
long-term seed persistence could theoretically facilit-
ate the re-integration of the two segregated floras. If
seeds of grassland species persisted in the forest soil,
then grassland species might be promoted in forest
remnants by imitating rail-line management regimes:
i.e. by opening the tree canopy, excluding grazing and
burning frequently. Such activities, if successful, could
considerably enhance site security for many species
which are now largely restricted in the region to small
rail-line easements. Conversely, if forest species per-
sisted in grassland seedbanks, then these species might
be re-established in rail-line sites if grassland burning
regimes were relaxed or tree cover was promoted.

To investigate these possibilities, a soil seed bank
study was undertaken. Specifically, this paper aims to
describe and contrast the soil seed banks of grassland
and forest patches in south-eastern Australia, and to
discuss the implications of these findings for conser-
vation management.
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Table 1. Number and percentage (in parentheses) of species and individuals in forest and grassland
seedbanks. The total sample area from each ecosystem is 1.25 m2.

Species group Forest Grassland
No. spp. (%) No. indiv. (%) No. spp. (%) No. indiv. (%)

Total 135 14134 114 9986

Natives 93 (69) 8632 (61) 76 (67) 4613 (46)

Exotics 41 (30) 5143 (36) 36 (32) 5178 (52)

Uncertain origin 1 (1) 305 (2) 2 (2) 55 (0.5)

Dicotyledons 81 (60) 6980 (49) 61 (54) 1971 (20)

Monocotyledons 53 (39) 7135 (51) 51 (45) 7866 (79)

Ferns 1 (1) 19 (0.1) 2 (2) 149 (2)

Annuals 62 (46) 8972 (63) 49 (43) 6639 (66)

Perennials 70 (52) 4921 (35) 62 (54) 3043 (31)

Uncertain life-form 3 (2) 241 (2) 3 (3) 304 (3)

Table 2. Mean number of species and individuals per quadrat in grassland and forest seed banks.
(n = 25, * = p < 0.05, ** = p < 0.01, *** = p < 0.001, NS = not significant).

Species Individuals

Group Forest Grassland Significance Forest Grassland Significance

Total 37 29 595 427

Natives 25 17 345 184

Exotics 9 10 NS 206 207 NS
Dicots 21 13 309 106

Monocots 16 16 NS 285 315 NS

Ferns 0 0 NS 1 6 NS
Annuals 17 13 359 265 NS

Perennials 17 13 197 122

sample test (Sokal & Rohlf 1981). The seed bank
composition of all 50 quadrats was classified by an
agglomerative hierarchical clustering analysis, using
flexible unweighted paired group arithmetic averaging
(UPGMA), in the PATN package (Belbin 1994). Data
were range standardised before analysis, and the Bray-
Curtis dissimilarity co-efficient was used, with the
default value, (:J = -0.1. Plant nomenclature follows
Walsh & Entwisle (1994) for ferns and monocoty-
ledons and Ross (1993) for dicotyledons. Asterisks
denote exotic taxa.

Results

A total of 25554 seedlings of at least 155 species
emerged from the soil seed bank (Appendix 1). Most
species were rare: 46% of species were recorded from
less than 10 individuals, and 80% from less than 100

individuals. By contrast, the most abundant species,
the exotic annual graminoid, Juncus capitatus Weigel,
comprised 14% of all individuals, with 3542 individu-
als recorded.

More species and individuals were recorded from
forest than grassland seedbanks (Table 1). Forest seed-
banks at each quadrat contained significantly more spe-
cies and individuals of perennials, natives and dicoty-
ledons than did grassland seedbanks, and significantly
more species, but not individuals, of annuals (Table 2).
The average number of species and individuals of
monocotyledons, ferns and exotic species did not dif-
fer significantly between the two seedbanks (Table 2).
The most abundant species in both seedbanks were
small-seeded, annual and perennial herbs (Table 3), the
majority of which are small, relatively inconspicuous
components of the grassland and forest flora. Juncus
species were particularly abundant, and seven Juncus
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species collectively accounted for more than 30% of
seedlings in grassland and forest seedbanks.

Table 3. Twenty most abundant species in forest and grassland
seedbanks, in order of decreasing abundance. Asterisks denote
exotic species.

Seedbank - vegetation comparisons Forest Grassland

Figure 2. Average number of species recorded from the soil seed
bank at each grassland and forest quadrat, with increasing number
of samples. (Each sample contains five pooled sub-samples.)

which occurred in the vegetation at more than five
quadrats were never recorded from the soil seed bank
(Table 5). These included two dominant species of the
forest ground-flora, Gahnia radula (R. Br.) Benth. and
Hydrocotyle laxiflora DC.

2 3
Number of samples

4

*funcus capitatus
* Cyperus tenellus
Eragrostis spp.
Euchiton/* Gamochaeta spp.
funcus bulonius
*Holcus lanatus
Crassula sieberiana
Centrolepis strigosa
Poaceae spp.
Hypericum gramineum
Isolepis spp.
*Briza minor
* Centaurium erythraea
*Aira spp.
Eragrostis trachycarpa
Cheilanthes sieberi
* Gamochaeta purpurea
Wahlenbergia spp.
funcus bulonius/capitatus
funcus planifolius

* Centaurium erythraea
funcus holoschoenus
*funcus capitatus
funcus bulonius
Isolepis spp.
*Anagallis arvensis
Euchitonl* Gamochaeta spp.
funcus planifolius
Wahlenbergia spp.
* Cerastium glomeratum
Centrolepis strigosa
Crassula decumbens
Crassula sieberiana
*Aira spp.
Oxalis perennans
*Gamochaeta purpurea
Hypericum gramineum
Euchiton involucratus
Veronica plebeia
Wahlenbergia gracilis
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In total, 284 species were recorded from the vegetation
(Lunt in press) or the seedbank at the 50 quadrats, and
21 of these (7%) were recorded only from the soil
seedbank. Thus, the soil seed bank makes a minor
contribution to regional species diversity. One species
found in the soil seed bank, Schoenus latelaminatus
Kuk., was not previously known to occur in the study
area (Walsh & Entwisle 1994).

The seedbank contained fewer species than the
vegetation at each quadrat, although this pattern prob-
ably reflects the smaller sampling area for the seed-
bank survey. Mean species richness increased with the
number of soil samples collected from each quadrat
(Figure 2), which suggests that the sampling strategy
under-estimated the number of species in the seedbank
at each quadrat. Despite this caveat, forest seedbank
samples contained, on average, 84% of the number of
species in the vegetation at each quadrat, while grass-
land seedbanks contained 76%. Seedbank composi-
tion differed dramatically from vegetation composition
however, and many species at each quadrat were recor-
ded only from the vegetation or the seedbank. On aver-
age, the seedbank at each grassland quadrat contained
13 species that were not recorded from the vegetation
(37% of all species recorded at each quadrat), and the
seedbank at each forest quadrat contained 16 species
that were not recorded from the vegetation (39% of all
species at each quadrat). Thus, the soil seedbank con-
tributed substantially to local site (quadrat) richness.

Twenty-four species recorded from forest seed-
banks were not recorded from the vegetation at any
of the 25 forest quadrats, and 17 species in grassland
seedbanks were not recorded from the vegetation at
any of the 25 grassland quadrats (Table 4). However,
most of these species were recorded from just one or
two quadrats. Only three of these species were recor-
ded from the forest seedbank at more than five quad-
rats (* Cyperus tenellus L., funcus holoschoenus R. Br.
and f. planifolius R. Br.) and only two were recorded
from the grassland seedbank at more than five quadrats
(Crassula peduncularis (Smith) Meigen. and funcus
planifolius). Thus, seeds of grassland species were not
stored in appreciable quantities in forest seedbanks, or
vice versa.

Many species in the vegetation were not recorded
from the soil seedbank, and 21 widespread species
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Table 4. Species recorded from the seedbank but not the vegetation in grassland or forest
remnants.

Grassland Forest
Species No. sites Species No. sites

Cardamine paucijuga 1 • Aphanes arvensis 1

Crassula peduncularis 6 *Aster subulatus 2

Daucus glochidiatus 1 Centipeda cunninghamii 1

Dichondra repens 1 Chenopodium pumilio 2

• Ehrharta erecta 1 Chrysocephalum apiculatum 1

Gnaphalium indutum 4 Crassula peduncularis 5
• Hedera helix I • Cyperus tene/lus 6
Juncus holoschoenus 3 Einadia trigonos I
Juncus pallidus 2 • Galium divaricatum 1

Juncus planifolius 10 Gnaphalium indutum 3

Plantago debilis 1 Gonocarpus micranthus I
*Polycarpon tetraphyllum 2 Juncus holoschoenus 15

Pseudagnaphalium luteo'album 2 Juncus homalocaulis 4

Rumex sp. 1 Juncus pallidus 3

Senecio tenuiftorus 1 Juncus planifolius 22

Stellaria multiflora I Lythrum hyssopifolia 4

Vellereophyton dealbatum 1 Myriophyllum integrifolium I
Myriophyllum simulans I
• Polycarpon tetraphyllum 3
*Sagina apetala 1

Schoenus latelaminatus 1

Sebaea ovata 3
Vellereophyton dealbatum 3
Vuninaria juncea I

Clustering analysis

The species composition of grassland and forest seed-
banks differed substantially, and the primary fusion
in the clustering analysis clearly separated the seed-
banks of forest quadrats from all but two grassland
quadrats (Figure 3a). Thus, the major patterns in the
standing vegetation were also reflected in the seed-
bank. The grouping of two grassland quadrats with
the forest quadrats was strongly influenced by exotic
species, and a subsequent analysis using only native
species separated the seedbanks of all grassland quad-
rats from all but one forest quadrat (Site 7, Figure 3b).
This quadrat was immediately adjacent to a roadside
and rail-line which supported an intact grassland rem-
nant, and two typical grassland species occurred in the
forest seedbank, Chrysocephalum apiculatum (Labill.)
Steetz and Eragrostis trachycarpa (Benth.) Domin,
neither of which was evident in the standing veget-
ation. Seeds of both species are wind dispersed, and
are likely to have blown into the forest remnant.

Discussion

General features of the seedbank

A low correspondence between the composition of the
vegetation and the seedbank is commonly reported in
seedbank studies (e.g. Major & Pyott 1966; Roberts
1981; Williams 1984; Wisheu & Keddy 1991). In this
study, this pattern was manifested at the quadrat level
with, on average, 38% of all species at each quadrat
being found in the seedbank only. At a regional scale,
however, grassland and forest seedbanks largely com-
prised a subset of the species in the standing veget-
ation, with relatively few extra species being recor-
ded from the seedbank only, and most of those being
found at very few quadrats. Juncus species provide
the most conspicuous exception to this generalisation,
and occurred abundantly at many quadrats in the seed-
bank, but not in the vegetation. Grassland seedbanks
differed in composition from virtually all forest seed-
banks, demonstrating that the dominant, regional pat-
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(a) AD species (native and exotic) (b) Native species only
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Figure 3. Dendrogram from UPGMA clustering analysis of seedbank: composition of 25 grassland (G) and 25 forest (F) quadrats, based on (a)
all native and exotic species, and (b) native species only. Dotted line shows level of primary fusion into two groups.

terns in the vegetation were manifested in the seedbank:
also.

Grassland and forest seedbanks had a similar com-
position to seedbanks of native grasslands and grassy
woodlands elsewhere in south-east Australia, which
tend to be dominated by annual grasses, sedges and
forbs (including Agrostis, *Aira, *Anagallis, *Briza,
Crassula, * Cyperus, Isolepis and funcus species), and
longer-lived, small-seeded forbs such as * Centaurium,
Gnaphalium and Hypericum species (Carroll & Ashton

1965; Lunt 1990; Gilfedder & Kirkpatrick 1993).
Exotic, annual grasses and forbs were less abundant
in grassland and forest remnants in Gippsland than in
long-grazed native grasslands elsewhere (Gilfedder &
Kirkpatrick 1993; Lunt 1990), reflecting their lower
abundance in the less disturbed vegetation.

Species that did not germinate in the seedbank: tri-
al cannot automatically be presumed absent from the
seedbank:, since sampling and germination procedures
may not have been appropriate for all species. The



Table 5. Species recorded from the vegetation at more than
five quadrats, but never recorded from the soil seed bank. Fig-
ures show the number of quadrats each species was recorded
in the vegetation in each ecosystem.

Species Number of Number of
grassland forest
quadrats quadrats

Habitat genera1ists

Allocasuarina littoralis 3 3
Dianella relloluta 10 6
Lomandra longifolia 6 9
Lomandra nana 10 6
Microtis spp. 14 8
Ophioglossum lusitanicum 3 4
Plantago gaudichaudii 10 7
Thelymitra spp. 8 2
Tricoryne elatior 22 20

Predominantly grassland

Allocasuarina verticillata 6 0
Burchardia umbellata 19 I
Caesia calliantha 14 1
Chamaescilla corymbosa 6 0
Diuris punctata 8 0
Haloragis heterophylla 7 2
Laxmannia gracilis 5 I

Predominantly forest

Acaena spp. I 6
Asperula conferta I 6
Gahnia radulo 3 12
Hydrocotyle hirta 1 15
Thysanotus patersonii 4 13

absence of Orchidaceae germinants (Table 5) prob-
ably reflects the specialised germination and establish-
ment requirements of most orchids. Soil heating often
stimulates seed germination, especially of hard-seeded
species (e.g. Auld & O'Connell 1991). Soil samples
were not artificially heated in this experiment, since
Gilfedder & Kirkpatrick (1993) found that soil heat-
ing reduced, rather than stimulated, the germination of
seeds from a similar grassland ecosystem.

Recent seed burial experiments (Lunt 1995b, 1996; -
Morgan 1995a; Watson 1995) demonstrate that many
common grassland species, particularly those with
large seeds, have little ability to form-Iong-term per-
sistent soil seed banks, as seeds rapidly germinate or
lose viability. Seeds of many grassland and grassy
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forest species possess no dormancy mechanisms, and
readily germinate in the light and dark in the laborat-
ory (DeKock & Taube 1991; Hitchmough et al. 1989;
McIntyre 1990; Morgan & Lunt 1994; Willis & Groves
1991), which may contribute to short-term seed per-
sistence in the field. The absence or paucity of seed
reserves of many species reported in this study could
reflect a physiological inability to form persistent soil
seed banks. Unfortunately, little is known about soil
seed longevity for most of the species which were com-
monly recorded from the vegetation but never from
the soil seed bank (Table 5). Three of these species,
Allocasuarina littoralis (Salisb.) L. Johnson, A. verti-
ciliata (Lam.) L. Johnson and Burchardia umbelIata
R. Br., are known not to form persistent soil seed
banks (Withers 1976; Lunt 1995b). A further five spe-
cies (Acaena species, AsperuIa conferta J.D. Hook.,
Lomandra longifolia Labill., L nana (A. Lee) A. Lee,
and Thelymitra species) were recorded from the veget-
ation but not the soil seed bank by Gilfedder and Kirk-
patrick (1993) also, but it is unknown whether this
reflects the absence of a persistent soil seed bank, low
seed densities, or unsuitable germination conditions.

Seed paucity is unlikely to be a consequence of
germination in the field before soils were sampled,
as sampling occurred before the major autumn rain-
fall break, after which most seeds begin to germin-
ate (Morgan 1995b; Pyrke 1993). Seed predation may
have been substantial during this period, however, and
numerous Australian and overseas studies have demon-
strated rapid seed removal (although not necessarily
predation), especially by ants (e.g. Andersen & Ashton
1985; Reader 1993; Yates et al. 1995).

Habitat segregation model

The seedbank study did not support the hypothesis,
suggested from the habitat segregation model, that
grassland species might persist in forest seed banks,
and vice versa. Forest seedbanks did contain extra
species, not recorded in forest vegetation, but most
occurred rarely, and on the whole, they represented an
additional suite of species, rather than rail-line grass-
land species. The seed bank data do not invalidate the
habitat segregation model, since they simply address
one implication arising from the model, rather than the
model itself. The absence of seeds of grassland species
in forest soil (and vice versa) does not impinge upon the
applicability of the model, since one could argue either:
(a) that grassland species never occurred in forest sites,
so the model is inappropriate, or (b) that the process of
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species segregation has continued so completely that
it has inexorably modified the seedbank as well as the
standing vegetation, in which case the model clearly
applies. Since the segregation model provides the most
parsimonious and reasonable explanation of the distri-
bution of native species in vegetation remnants in the
region (Lunt 1995a, in press), option (b) seems most
probable.

funcus species

Although funcus species are renowned for develop-
ing large, persistent soil seed banks (Rabinowitz 1981;
Thompson & Grime 1979; Williams 1984; Wisheu &
Keddy 1991), their abundance in the soil seed bank
was unexpected, and the origin of these seeds remains
unknown. funcus planifolius and f. holoschoenus were
not recorded from grassland or grassy forest remnants
in the vegetation survey (Lunt, in press), and are
largely restricted in the region to wetlands and dis-
turbed depressions, such as roadside ditches. Seeds
of f. planifolius, f. holoschoenus and f. subsecundus
Wakef. were more abundant and widespread in forest
than grassland quadrats (Appendix 1). The small fun-
cus seeds might have blown into vegetation remnants,
but in that case they would be expected to be more
abundant in the small grassland remnants rather than
the larger forest remnants. The greater abundance of
funcus seeds in forest remnants is doubly surprising,
since soil moisture levels tend to be significantly lower
in forests than grasslands (Lunt in press). Forest soils
may be drier now than in earlier times, due to increased
transpiration from denser stands of young trees, and
funcus species may have been more abundant in the
more open, old-growth forests prior to logging and
subsequent regeneration. However, this explanation
remains speculative, and fails to explain the lower
abundance of funcus seeds in grassland seedbanks.

Interestingly, a number of other species of wet-
lands and moist micro-habitats were also recorded
from forest seedbanks, although from few localit-
ies: e.g. Centipeda cunninghamii (DC.) A. Braun. &
Asch., Lythrum hyssopifolia L., Myriophyllum integ-
rifolium (J.D. Hook.) J.D. Hook., Myriophyllum sim-
ulans Orch., Schoenus latelaminatus and Viminaria
juncea (Schrader & Wendl.) Hoffsgg. (Appendix 1).
The presence of a persistent soil seed bank is a charac-
teristic feature of many small-seeded wetland species,
permitting survival during inundation and drought, and
recruitment during intermittent periods of suitable soil-
moisture levels (van der Valk & Davis 1978; van der

Valk 1981; Leek 1989). The presence of these species
in forest seedbanks would suggest moister soil condi-
tions, at least locally, in some forest remnants in the
past.

Management implications

The apparent absence from forest seed banks of spe-
cies that are best represented in rail-line grasslands,
suggests that there is little opportunity of recruiting
rail-line species in forest remnants by instigating rail-
line management practices. The absence of these spe-
cies from the germinable seedbank, coupled with the
isolation of most forest remnants from grassland sites
would suggest that changes in forest management prac-
tices are most likely to alter the relative abundances of
species that are present in the forest vegetation, rather
than promote large-scale recruitment of additional nat-
ive species. Instigating 'rail-line' management regimes
in forest patches might promote species that occur in
rail-line and forest remnants, perhaps at the expense
of some species that are restricted to forest remnants,
but seems unlikely to promote broad-scale recruitment
from the seed bank of many species that are currently
absent from the forest vegetation.

Similarly, emulating forest management regimes in
rail-line patches, by decreasing the frequency of burn-
ing and promoting stock grazing or tree regeneration,
is unlikely to promote the development of a diverse
ground stratum similar to that found in forest rem-
nants, since many of these species appear to be absent
from the seedbank of rail-line grasslands. The most
likely effects of such a change in management are:
(1) to deplete species which are now restricted to rail-
line grasslands, due to their requirement for frequent
burning to prevent competitive exclusion by the domin-
ant grass, Themeda triandra (Lunt 1994b), and (2) to
deplete tall forbs that are palatable to grazing stock
(Cunningham et al. 1981; Leigh et al. 1991; Prober &
Thiele 1995; Tremont 1994). The rail-line flora is most
likely to prosper by perpetuating and refining the his-
torical burning regime of frequent burning and stock
exclusion (Lunt 1994b, 1995a).
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Appendix 1. Soil seed bank composition of grassland and grassy forest remnants.
Nomenclature follows Walsh and Entwisle (1994) for ferns and monocotyledons and Ross (1993) for dicoty-
ledons. Asterisks denote exotic taxa. Frequency = number of quadrats from which each species was recorded;
Individuals = the total number of individuals recorded from each community; Density = the mean number
of individuals per sq.m. based only on quadrats from which each species was recorded in the soil seed bank;
? = species groups containing native and exotic species.

Frequency (n = 25) Individuals Density

Species Grassland Forest Grassland Forest Grassland Forest

Acacia implexa 2

Agrostis aemula I 3 6

Agrostis aveTll1Cea 8 16 44 72 II 9

Agrostis spp. 9 8 29 22 6 6

Aira spp. 16 14 209 261 26 37

Ajuga QUStralis I 10 20

Anagallis arvensis 6 17 42 826 14 97

Anagallis minima 2 30 30

Aphanes arvensis 2

Aphelia gracilis 2 3 3

Aphelia pumilio 2 9 9

Arthropodium minus 2 5 5

Arthropodium spp. I 3 3 3 6 2

Arthropodium strictum 5 I 7 2 3 4

Aster subulatus 2 2 2

Astroloma humifusum I I 2

Bossiaea prostrata 5 II 4

Briza marima II 3 29 II 5 7

Briza minor 16 10 232 109 29 22

Briza spp. 3 7 3 20 2 6

Bulbine bulbosa 2 II II

Calandrinia calyptrata 4 92 46

Cardamine paucijuga I 4 1 28 2 14

Carex inversa/breviculmis 12 13 22 33 4 5

Centaurium tenuiflorum 19 24 219 1434 23 120

Centella cordifolia 3 17 II

Centipeda cunninghamii I 3 6

Centrolepis aristata 8 3 108 3 27 2

Centrolepis strigosa 16 II 310 446 39 81

Cerastium glomeratum I 6 I 534 2 178

Cheilonthes sieberi 2 7 143 19 143 5

Chenopodium pumilio 2 3 3

Chrysocephalum 13 I 23 2 4 4

apiculatum
Cicendia filiformis 6 5 14 16 5 6

Cirsium vulgare 3 3 3 4 2 3

Conyza albida 9 3 17 6 4 4

Conyza scabiosifolia 2 2 2

Cotula australis 5 18 7

Craspedia variabilis 2 1 4 I 4 2

Crassula tkcumbens 5 12 73 365 29 61

Crassula peduncularis 6 5 31 II6 10 46

Crassula sieberiana 7 15 349. 335 100 45

Crassula spp. 6 2 62 27 50 54



32

Appendix 1. Continued.

Frequency (n = 25) Individuals Density
Species Grassland Forest Grassland Forest Grassland Forest

Cyperaceae 6 16 42 183 14 23
Cyperus tenellus 13 6 998 40 154 13
Danthonia geniculata 1 1 2
Danthonia racemosa 3 7 5
Danthonia setacea 1 1 2
Danthonia spp. 4 14 7 29 4 4
Daucus glochidiatus 1 2 1 5 2 5
Deyeuxia quadriseta 2 2 2
Dichelachne crinita 2 3 3
Dichelachne spp. 1 3 6
Dichondra repens 1 7 1 15 2 4
Dillwynia cinerascens 4 15 8
Drosera peltata 10 61 10 12 20
Ehrharta erecta 1 1 2
Einadia trigonos 1 1 1 1 2 2
Elymus scabrus 2 3 3
Epilobium billardierianum 2 5 10 6 10 2
Eragrostis brownii 2 12 12
Eragrostis spp. 16 822 103
Eragrostis trachycarpa 10 1 193 3 39 6
Eucalyptus tereticomis 5 6 2
Euchiton irrvolucratus 9 24 22 228 5 19

? EuchitoniGamochaeta spp. 25 25 693 739 55 59
Galium divaricatum 1 1 2
Galium murale 6 49 16
Galium spp. 4 7 4
Gamochaeta purpurea 14 22 143 250 20 23
Gnaphalium indutum 4 3 16 3 8 2
Gonocarpus micranthus 1 1 2
Gonocarpus tetragynus 1 2 4
Goodenia paniculata 3 11 8 97 5 18
Hedera helix 1 1 2
Helichrysum scorpioides 1 1 2
Holcus lanatus 8 1 364 1 91 2
Hydrocotyle foveolata 7 25 7
Hypericum gramineum 13 20 256 236 39 24
Hypericum perforatum 1 1 2
Hypochoeris glabra 1 1 2
Hypochoeris radicata 15 21 48 81 6 8
Hypochoeris spp. 9 5 19 11 4 4
Hypoxis hygrometrica 2 2 4 2 4 2
Isolepis spp. 20 24 254 896 25 75
Juncus bufonius 19 24 584 1034 61 86
Juncus capitatus 22 13 2393 1149 218 177
Juncus capitatuslbufonius 8 2 140 54 35 54
Juncus holoschoenus 3 15 5 1283 3 ·171
Juncus homalocaulis 4 5 3
Juncus pallidus 2 3 13 9 13 6
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Appendix 1. Continued.

Frequency (n = 25) Individuals Density

Species Grassland Forest Grassland Forest Grassland Forest

Jwzcus planifolius 10 22 126 652 25 59

Jwzcus spp. I 3 8 13 16 9

Jwzcus subsecundus 16 24 73 208 9 17

K1mzea ericoides I 2 2 27 4 27

Lagenifera gracilis. 8 II 3

Leontodon tar=oides 18 13 86 136 10 21

Lepidosperma laterale I 2 4

Leptorhynchos linearis I I 2

Leptorhynchos squamatus I I I 2 2 4

Leptorhynchos tenuifolius I 12 24

Liliaceae spp. 9 5 13 7 3 3

Linaria pelisseriana 4 4 21 13 II 7

Lomandra jiliformis 2 2 2

Lythrum hyssopifolia 6 4 22 13 7 7

Microlaena stipoides 3 18 5 204 3 23

Microtis unifolia I I 2

Moenchia erecta I 2 4

Myriophyllum integrifolium I I 2

MyriophyUum simulans I 6 12

Opercularia varia I 2 4

Oxalis perennans 10 20 41 256 8 26

Panicum effusum I I 2

Paspalum dilatatum I 5 10
Pentapogon quadrijidus 4 8 4 2

Petrorhagia velutina 2 6 6 2

Pimelea humilis 5 13 5
Plantago debilis I 3 I 23 2 15

Plantago lanceolata I 9 18

Poa annua 3 8 5

Poa clelandii 6 I 13 2 4 4

Poa morrisii 6 3 17 3 6 2

Poa sieberiana 2 2 3 2 3 2

Poaceae spp. 22 22 272 101 25 9

Podolepis jaceoides I 3 6
Polycarpon tetraphyUum 2 3 4 31 4 21

Poranthera microphylla 20 76 8

Pseudognaphalium 2 2 2

luteoalbum
Ranunculus sessiliflorus . 4 32 16

Romulea rosea 7 16 5
Rumex spp. I I 2
Sagina apetala I I 2

Schoenus apogon 18 17 102 93 II II
Schoenus latelaminatus I 13 26

Sebaea ovata I 3 2 9 4 6

Selaginella graciUima I 6 12
Senecio tenuiflorus I 8 1 10 2 3

Silene gallica 3 II 7



Appendix 1. Continued.

Frequency (n = 25) Individuals Density
Species Grassland Forest Grassland Forest Grassland Forest

Sisyrinchium iridifolium 9 5 123 25 27 10
Solanum nigrum 1 2 4
Solanum prinophyllum 5 12 5
Solenogyne dominii 1 1 2
Soliva sessilis 3 12 8
Sonchus oleraceus 1 1 2 1 4 2
Sonchus spp. 10 8 42 16 8 4
Stellaria multiflora 1 2 5 32 10 32
Stellaria pal/Ida 2 21 21
Stipa bigeniculata 1 1 2
Stipa mollis 2 2 2
Stipa rudis 10 24 5
Stipa semibarbata 24 48
Stipa spp. 12 1 20 2 3
Stuartina muelleri 4 36 18
Taraxacum spp. 1 1 1 1 2 2
Themeda triandra 22 2 111 32 10 32
Trifolium campestre/dubium 1 5 3 28 6 11
Trifolium spp. 2 4 4
Unidentified annual grass 9 6 77 9 17 3
Unidentified dicotyledon 7 13 8 122 2 19
Unidentified monocotyledon 2 5 5
Vellereophyton dealbatum 1 3 1 3 2 2
Veronica plebeia 17 227 27
Viminaria juncea 1 1 2
Viola betonicifolia 1 2 4
Vulpia bromoides 3 2 9 4 6
Vulpia muralis 1 4 8
Vulpia myuros 1 1 2
Vulpia spp. 5 8 3
Wahlenbergia gracilenta 10 19 30 140 6 15
Wahlenbergia gracilis 2 20 10 213 10 21
Wahlenbergia spp. 19 25 141 580 15 46
Wahlenbergia stricta 1 2 4
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