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Impact of an autumn fire on a long-grazed Themeda triandra 
(Kangaroo Grass) grassland: implications for management of 

invaded, remnant vegetations 
Ian D. Lunt* 

Abstract 
The regeneration of vegetation after an 

intense autumn fire was studied in a long- 
unburnt and long-grazed Themeda tri- 
andra Forssk. grassland at the Derrimut 
Grassland Reserve, Melbourne. Floristic 
composition and species richness did not 
change due to burning. The fire promoted 
abundant regeneration of exotics from 
seed, particularly *Vulpia bromoides, 
*Romulea rosea, *Briza minor and *A ira 
cupaniana. However, few native species 
regenerated from seed. Seedling regenera- 
tion reflected the composition of the soil 
seed bank after 80 years of grazing. In 
long-grazed grasslands (and presumably 
other communities) in which exotics are 
abundant, burning will continue to pro- 
mote exotic species. If vegetation manage- 
ment aims to promote natives at the 
expense of exotics, fire cannot be used as 
the primary tool of management. Integrat- 
ed techniques of vegetation manipulation 
must be developed. 

Introduction 
Temperate grasslands dominated by 

Themeda triandra (Kangaroo Grass: 
formerly T australis) are poorly repre- 
sented in conservation reserves in Australia 
(Specht 1981) and the best remnants in 
Victoria are typically small fragments on 
rail and road easements (Stuwe and Par- 
sons 1977, Stuwe 1986). Effective con- 
servation of the grassland biota requires 
the reservation of large areas, but suitable 
sites invariably have been grazed by stock 
for considerable periods. Consequently, 

they generally have relatively low diversi- 
ties of native species, few rare plants, many 
exotics and, at least in some cases, a soil 
seed bank dominated by exotics (Stuwe 
and Parsons 1977; Scarlett and Parsons 
1982; Stuwe 1986; Lunt 1990a,b). 

The maintenance of biological diversity 
is a principal aim of conservation manage- 
ment. Themeda grasslands require 
frequent disturbance to maintain their 
diversity, as TI: triandra may rapidly 
exclude other herbs due to its tall stature, 
litter accumulation and lateral tillering 
(Stuwe and Parsons 1977; Kirkpatrick 
1986; McDougall 1989). Many remnants 
that have not recently been burnt or grazed 
possess dense 7: triandra (over 90 percent 
cover) with few individuals of other species 
(Stuwe 1986; McDougall 1989). 

Burning is generally considered to be the 
most appropriate form of disturbance 
(Robertson 1985; Kirkpatrick 1986; Stuwe 
1986) as it is less selective than grazing 
(Robertson 1985) and provides, in contrast 
to slashing, bare ground for seedling 
establishment. Mowing or slashing may in 
fact decrease the diversity of native species 
(Kirkpatrick 1986). It is usually recom- 
mended that 7: triandra grasslands be 
burnt every three to five years to maintain 
diversity (Robertson 1985; Stuwe 1986; 
McDougall 1987, 1989) although, with 
little relevant data, the effects of fire 
frequency, season and intensity, on both 
native and exotic species, remain largely 
unresolved. 

The Derrimut Grassland Reserve occu- 
'Department of Botany, LaTrobe University, pies 154 ha, 14 km west of Melbourne, 
Bundoora, 3083. Present address: Flora and Fauna victoria (370 48 I 30" S, 1440 47 I 40" E), 
Survey and Management Group, Department of 
Conservation and Environment, P.O. BOX 406, Kew, and has been managed for grassland con- 
3101. servation since 1985. It was previously 
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grazed for over 80 years, and during this 
period was rarely burnt. Some areas were 
ploughed last century. The vegetation of 
the reserve is described by Lunt (1990a). 
The most widespread vegetation is T 
triandra grassland, the composition of 
which is similar to that in many grazed, 
private properties throughout western 
Victoria (Stuwe 1986). Thus, species rich- 
ness of native plants is often low (on 
average, eight natives per 15 m2); in some 
places T. triandra attains almost 100 
percent cover with few other native species; 
many of the most abundant species are 
exotic and the soil seed bank is over- 
whelmingly dominated by exotics (Lunt 
1990 a, b). Nevertheless, the reserve is 
considered to be of National botanical 
significance (Cheal et al. in press) and 
contains 102 native species including three 
that are rare or vulnerable in Victoria 
(Gullan et al. 1989) and many others that 
are rare in the Melbourne region (Cheal 
et al. in press). 

In April 1987 part of the reserve was 
unintentionally burnt. As data on the 
vegetation and seed bank were collected 
six months previously (Lunt 1990a, b), this 
event provided an opportunity to docu- 
ment the effects of a single autumn burn 
on a long-unburnt and long-grazed T 
triandra grassland. In this paper, post-fire 
regeneration is described, and the implic- 
ations for fire management of long-grazed 
T triandra grasslands, and invaded rem- 
nant vegetations in general, are discussed. 

The fire event 
About 21 ha of the Derrimut Grassland 

Reserve were burnt on 18 April 1987. 
Weather on the day was fine and warm, 
and little if any rain had fallen in the 
previous week. The fire front was less than 
100 m wide at the northern boundary of 
the reserve and expanded to about 270 m 
wide in the south of the reserve. In the calm 
conditions the fire progressed slowly, 
giving a uniform, intense burn. All plant 
material was consumed except for the 
lower 20-30 mm of tillers of T. triandra, 

which were severely scorched. A thin layerr I of ash covered the ground after the fire had r 
passed. I 
Methods I 

The impact of the fire was studied by1 
three methods: (1) comparing the vege- t 
tation in burnt areas with pre-fire data, (2) 1 
measuring plant densities in burnt and! 
adjacent unburnt areas, and (3) noting the; 
regeneration strategy and flowering be.1 
haviour of all species in the burnt area, i 

The fire burnt 11, 5 x 3 m quadrats that: 
were surveyed in November 1986. These j 
quadrats were re-sampled in November ; 
1987, as were seven, unburnt (control) 
quadrats. The cover of all vascular plants 1 
in each quadrat was assigned to the Braun- i 
Blanquet scale (Mueller-Dombois and 
~ l l e n b e r ~  1974). The pre- and post-fire 
vegetations of all quadrats were compared 
by the TAXON computer program - a 
polythetic, agglomerative, hierarchical 
cluster analysis - using the Jaccard 
similarity coefficient in the program 
SIMQUAL (Rohlf 1985). Presence/ab- . 
sence data were analysed in preference to 
Braun-Blanquet cover values in order to 
emphasise floristic over structural changes, ' 

To measure plant densities (individuals . 
per m2) five transects were placed at 100 1 
m intervals across the eastern and western 
edges of the burnt area, with their mid- 
points directly above the fire boundary, 1 
Four, 0.25 m2 quadrats were set 4 m apart 
on each transect, two in the burnt and two 
in the unburnt area. A total of 20 quadrats 
were sampled, 10 burnt and 10 unburnt. 
All supported species-poor T triandra 
grassland before the fire. Individuals of all 
species were counted in each quadrat, as 
were seedlings and established tussocks of 
T triandra. Densities were increased by 
one to calculate the logarithms of null . 
results and were then transformed logar- 
ithmically to reduce the heterogeneity of , 

variances and allow statistically valid 
comparisons by the Student's t-test. Data ' 

are presented as backtransformed means ' 

with 95 percent confidence limits (Sokal 
and Rohlf 1981). 
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The mode of regeneration, from seed or 
vegetative organs, and the incidence of 
flowering in 1987 were recorded for all 
species that regenerated in the burnt area. 
Plant nomenclature follows Forbes and 
Ross (1988) and asterisks denote exotic 
species. 

Results 
Floristic composition 

The comparison of pre- and post-fire 
data from the eleven burnt quadrats 
showed no consistent change in vegetation 
composition as a result of the autumn fire. 
With only one exception, the post-fire 
vegetation at each quadrat was more 
similar to the pre-fire vegetation at that 
quadrat than to the pre- or post-fire 
vegetation at any other quadrat. The fire 
did not affect species richness, and a mean 
of 24 species per quadrat was recorded 
both before and after burning. Similarly, 
the magnitude of vegetation change from 
1986 to 1987 was the same in both burnt 
and unburnt (control) quadrats; the Jac- 
card similarity index averaged 58 percent 
for both. 

Very few new species consistently ap- 
peared in and no species consistently 
disappeared from quadrats after burning. 
The annuals *Cuscuta epithymum, *Lin- 
aria pelisseriana, Spergularia rubra and 
Wahlenbergia gracilenta were only recor- 
ded from burnt quadrats where they were 
uncommon or rare, although *C epith- 
ymum and W gracilenta occurred in other, 
unburnt parts of the reserve. 

Plant densities 
Plant densities were measured for 24 

species (Table 1). Eight species were sig- 
nificantly more abundant in burnt areas: 
Agrostis avenacea, *A ira cupaniana, 
*Briza minor, Danthonia species (princi- 
pally D. caespitosa and D. setacea), Juncus 
bufonius, *Romulea rosea, Themeda 
triandra and *Vulpia bromoides. *Bromus 
hordeaceus was more abundant in unburnt 
areas. The annual *Vulpia bromoides 
increased 100-fold after the fire, with up 

to 1150 individuals in one burnt 0.25 mZ 
quadrat. The post-fire density of T 
triandra seedlings was underestimated due 
to difficulties in distinguishing seedlings 
from vegetatively regenerating tussocks. 
Since all tussocks of T. triandra regenera- 
ted after the fire, the density of established 
tussocks did not differ significantly 
between burnt and unburnt quadrats. 

Regenerative strategies 
Eighty nine species were recorded from 

the burnt area, comprising 58 natives and 
31 exotics (Appendix 1). All annual species 
and all but three perennials, Dichondra 
repens, Pimelea serpylliflora and Soleno- 
gyne dominii, flowered by December 1987, 
within nine months of the fire. 

All perennial species proved capable of 
vegetative replacement, but few multiplied 
vegetatively: they included Haloragis 
heterophylla, Helichrysum rutidolepis and 
Plantago gaudichaudii. Only ten native 
and four exotic perennials were observed 
to regenerate from seedlings: Acaena 
echinata, Calocephalus citreus, Convol- 
vulus erubescens, Eryngium ovinum, Heli- 
chrysum apiculatum, *Hypochoeris radi- 
cata, Leptorhynchos squamatus, Oxalis 
perennans, *Plan tag0 coronopus, *Plant- 
ago lanceolata, *Romulea rosea, Solen- 
ogyne dominii, Stipa species and Themeda 
triandra, However, seedlings of all but 
*Romulea rosea and T triandra were 
considerably less abundant than were 
plants that regenerated vegetatively. 
Seedlings of native perennials did not 
flower in 1987. 

Three perennials were more abundant 
in burnt than unburnt areas: Themeda 
triandra, *Romulea rosea and Danthonia 
species. Themeda regenerated from 
tussocks and seed and *Romulea from 
corms and seed, but Danthonia species 
appeared to regenerate from rootstocks of 
senescent tussocks; there were no seedlings 
of Danthonia species in burnt quadrats or 
visible tussocks in unburnt quadrats. 

One native and one exotic species were 
recorded from the burnt area that had not 
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previously been recorded from the reserve, 
*Linaria pelisseriana and Sperguiaria 
rubra. Both were uncommon to rare. 

Discussion 
Post-fire recovery of this long-grazed T 

triandra grassland followed the model of 
initial floristic composition rather than the 
classical or Clementsian model of relay 
floristics (Egler 1954), and in this sense it 
resembled that of most Australian forests 

(Purdie and Slatyer 1976; Noble and ' 

Slatyer 1981). However, in contrast to the / 
abundant regeneration of seedlings that 
frequently occurs after intense forest fires 1 
(Purdie 1977; Ashton 1981; Christensenet ' I al. 1981), seedlings of native perennials , 
were very rare. This is clearly demonstrated ' 
by a comparison of seedling regeneration 
with that recorded from dry sclerophyll 
forest (Purdie and Slatyer 1976) and heath 
and heathy woodlands (Wark et al. 1987). 

Table 1. The (back-transformed) mean number of individuals per square metre, with 95 percent 
confidence limits (95% CL), for plant species in burnt and unburnt, species-poor Themedo I 
grassland. 

i 

Acaena echinata 
Agrostis avenacea 

*A ira cupaniana 
*Briza maxima 
*Briza minor 
*Bromus hordeaceus 
*Cicendia quadrangularis 
~onvolvulus erubescens 

*Cyperus tenellus 
Danthonia spp! 
Deyeuxia quadriseta 

*Hypochoeris radicata 
Isolepis s p ~ . ~  
Juncus bufonius 

*Juncus capitatus 
*Lolium rigidum 
Oxalis perennans 
Plantago gaudichaudii 

*Romulea rosea 
Schoenus apogon 

*Sonchus oleraceus 
Stipa spp.' 
Themeda triandra 
 seedling^)^ 

*Vulpia bromoides 

'c' = no plants recorded. Asterisks denote exotic species and (following means) level of statistical / 
significance: I 

* = 0.05 ) p ) 0.01, * *  = 0.01 ) p ) 0.001, *** = p ( 0.001. 

BURNT UNBURNT i 
95 % CL 95 % CL 

1 

SPECIES mean lower upper mean lower upper! 

1 .  Danthonia spp. - mostly D, caespitosa and D. setacea 
2. Isolepis spp. - mostly I. hookeriana and I. marginata 
3. Stipa spp. - mostly S. bigeniculata 
4. Densities of seedlings of T. triandra were underestimated (see text) 

I 
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While six percent of native perennials from 
dry sclerophyll forest and 27 percent of 
those from heath and heathy woodlands 
were obligate seed regenerators, no grass- 
land perennials employed this strategy. 
Further, only 19 percent of native peren- 
nials in the grassland were observed to 
regenerate from seed compared with over 
60 percent of native perennials in forest, 
heath and heathy woodland environments. 

A previous study at Derrimut found that 
the soil seed bank was dominated by exotic 
species, and contained few individuals of 
few native species (Lunt 1990b). The seed 
bank of native species was assumed to have 
been depleted during 80 years of stock 
grazing, due to continual predation on 
flowers, seedlings and established plants. 
The post-fire plant densities recorded in 
this study correspond broadly with seed 
densities in the soil, although spatial 
variability prevents a detailed comparison. 
Exce~t for Acaena echinata. Aarostis . " 
avenacea, Spergularia rubra and a Stipa 
species, all natives that regenerated after 
fire from seed were recorded previously 
from the seed bank. *Vulpia bromoides 
and *Romulea rosea were the most 
abundant species in the seed bank and 
post-fire regeneration, with an average of 
3199 viable seeds and 849 plants per m2 of 
*K brornoides, and 1483 viable seeds and 
606 plants per m2 of *R. rosea in species- 
poor Themeda grassland (Lunt 1990b). 

The paucity of seedling regeneration by 
native species after this autumn fire pro- 
bably reflects pre-fire land use (grazing) 
rather than the regenerative potentials of 
grassland species. The recent removal of 
stock grazing may perhaps permit con- 
solidation of the native seed bank and 
enhanced seedling regeneration (of re- 
maining species) after future fires. 

native species is offset by the dramatic 
promotion of exotics. In this instance, four 
species of exotics accounted for 97 percent 
of individuals after fire: *Vulpia bro- 
moides, *Romulea rosea, *Briza minor 
and *Aira cupaniana. The imposition of 
a three to five year burning regime, which 
is widely recommended to maintain the 
diversity of native species in T. triandra 
grasslands (e.g. Robertson 1985, Stuwe 
1986, McDougall 1987, 1989), will un- 
doubtedly maintain high densities of these 
exotics. Further, despite considerable 
debate on the impact on exotics of spring 
and autumn burning (see Robertson 1985, 
Stuwe 1986, McDougall 1987), any such 
differences appear minor in long-grazed 
grasslands. Robertson (1985) found that 
the post-fire densities of exotic annuals 
were similar after both spring and autumn 
burning at Gellibrand Hill. Propagules of 
exotic species are so abundant at Derrimut 
that differences in post-fire densities are 
perhaps inconsequential. 

' It is worthy of note however that fire did 
not promote all exotic annual grasses: 
*Bromus hordeaceus decreased after 
burning at Derrimut, as occurred at Laver- 
ton North (McDougall 1989). 

Given this gross promotion of exotics by 
fire, it could be argued that too great an 
emphasis is presently placed on burning 
as the primary tool of vegetation manage- 
ment. If an aim of management is to 
promote natives at the expense of exotics, 
then more intricate techniques of vege- 
tation manipulation will have to be de- 
vised. The pertinent question for manage- 
ment of any invaded ecosystem then 
becomes not, "which of spring or autumn 
burning promotes the least exotics?", but 
rather, "which combination of manipul- 
ative techniques promotes less exotics than 
either?" 

Degraded, invaded and isolated vege- 
Implications for management tation remnants should not be managed 

The post-fire abundance of exotic solely by burning; burning should be 
species presents a critical problem for integrated with other methods of vege- 
conservation management of long-grazed tation control, such as weeding, poisoning 
i7 triandra grasslands, as any benefit and perhaps manipulated, seasonal graz- 
bestowed by burning to the diversity of ing by native or introduced herbivores. The 
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role of fire in the management of invaded 
ecosystems may eventually prove similar 
to that in agricultural systems, where "fire 
plays its greatest part in weed control by 
improving the efficiency of other control 
methods" (Johnson and Purdie 1981). 
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Appendix 1. Post-fire regenerative strategies and the incidence of flowering in 1987 for all species 
recorded from the area burnt in April 1987. 

* = exotic species 
V = vegetative regrowth 
S = seedling regeneration 

Perennials 
Acaena echinata 
Amphibromus 

nervosus 
Asperula conferta 
Bothriochloa macra 
Brachyscome 

heterodon ta 
Calocephalus 

citreus 
Calotis 

anthemoides 
Carex inversa 
Chloris truncata 
Comesperma 

polygaloides 
Convolvulus 

erubescens 
Craspedia 

chrysantha 
Danthonia 

auriculata 
Danthonia 

caespitosa 
Danthonia 

duttoniana 
Danthonia setacea 
Desmodium varians 
Deyeuxia 

quadriseta 
Dianella revoluta 
Dichelachne crinita 
Dichondra repens 
Elymus scabrus 
Eryngium ovinum 
Eryngium 

vesiculosum 
Halorag is 

heterophylla 
Helichrysum 

apiculatum 
Helichrysum 

rut idole pis 
*Holcus lanatus 
Hypericum 

gramineum 

VFs 

VF 
VF 
VF 

VF 

VFs 

VF 
VF 
VF 

VF 

VFs 

VF 

VF 

VF 

VF 
VF 
VF 

VF 
VF 
VF 
v 
VF 
VFs 

VF 

VF 

VFs 

VF 
? F  

VF 

Vs = vegetative regrowth with minor 
seedling regeneration 

? = regenerative strategy uncertain 
F = flowered during spring-summer 1987 

*Hypochoeris 
radicata VFs 

Juncus subsecundus VF 
*Leontodon 

taraxacoides VF 
Leptorhynchos 

squarnatus VFs 
Minuria leptophylla VF 
Myriophyllum sp. VF 
Oxalis perennans VFs 
Pimelea curvifora VF 
Pimelea 

serpyllifolia V 
*Plan tago 

coronopus VFs 
Plantago 

gaudichaudii VF 
*Plantago lanceolata VF ?s 
Poa sieberiana VF 
Podolepis jaceoides VF 
Ptilotus 

macrocephalus VF 
Ptilotus spathulatus VF 

*Romulea rosea VFs 
Rumex dumosus VF 

*Salvia verbenaca VF 
Schoenus apogon VF 
Solenogyne dominii VS 
Stackhousia 

monogyna VF 
Stipa bigeniculata VF 

*Stipa neesiana VF 
Stipa rudis VF 
Stipa setacea VF 
Themeda triandra VFs 

*Tribolium 
acutiforum ? F 

Tricoryne elatior VF 
Velleia paradoxa VF 
Vittadinia cuneata VF 
Wurmbea dioica ?F  

Annuals 
All species regenerated from 
seed and flowered in 1987 

Agrostis avenacea 
*A ira cupaniana 
*A rctotheca calendula 
*Briza maxima 
*Briza minor 
*Bromus hordeaceus 
*Centaurium tenuiflorum 
*Cicendia filiformis 
*Cicendia quadrangularis 
*Cuscuta epithymum 
*Cyperus tenellus 
Isolepis marginata 
Juncus bufonius 

*Juncus capitat us 
*Linaria pelisseriana 
*Lolium rigidum 
*Parentucellia latifolia 
Sebaea ovata 

*Sonchus oleraceus 
Spergularia rubra 

*Trifolium angustifolium 
*Trifolium campestre 
*TriJolium dubium 
*Trifolium glomeratum 
*Trifolium striatum 
* Vulpia bromoides 
*Vulpia myuros forma 

megalura 
Wahlen bergia gracilenta 
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