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Abstract 
The plant composition of two adjacent zones with different fire histories was documented at the Lav- 
erton North Grassland Reserve, in western Melbourne. One area remained unburnt for 17 years, 
from 1978 until 1995. The other zone was burnt six times during this period. Both zones were burnt 
20 months before sampling in November 1996. The two zones were superficially similar in 1978, 
but differed substantially in 1996. In 1996, the rarely burnt zone was dominated by exotic species 
(49% cover c.f. 40% native cover), whereas the frequently burnt zone was dominated by native 
species (72% cover) with just 7% exotic cover. 
Nearly half of the species recorded (22 species) differed significantly in cover between the two fire 
zones. The largest differences were for the exotic Cat's Ear Hypochoeris radicata (33% mean cover 
in the rarely burnt zone c.f. I % in the frequently burnt zone) and Kangaroo Grass Themeda trinndra 
(22% in the rarely burnt zone c.f. 63% in the frequently burnt zone). The density of live Kangaroo 
Grass tussocks in the rarely burnt area was only 30% of that in the frequently burnt zone. These diff- 
erences are assumed to reflect different fire histories rather than underlying environmental patterns. 
The long-term absence of burning has caused the death of many Kangaroo Grass tussocks and pro- 
moted many perennial exotic weeds. The need for frequent biomass removal in productive Kangaroo 
Grass grasslands is emphasised. (The Victoriun Naturalist 116 (3, 1999, pp. 84-90). 

Introduction 
It has long been known that extended 

intervals without grass removal (by burn- 
ing, light grazing or slashing) can lead to 
substantial losses of native plant diversity 
in many grasslands dominated by 
Kangaroo Grass rhemeda triandra in 
south-eastern Australia (Stuwe and 
Parsons 1977; Scarlett and Parsons 1982, 
1990). For this reason, most grassland 
management plans incorporate the need for 
frequent biomass reduction (e.g. Craigie 
and Stuwe 1992; DCE 1992). However, 
despite the widespread acceptance of this 
recommendation, few studies have docu- 
mented the long-term outcomes of failing 
to regularly remove grass biomass. 

The Laverton North Grassland Reserve, 
20 km southwest of Melbourne (37"51'S, 
144'48'E) has been managed for grassland 
conservation since 1978. Grazing stock 
have been excluded during this period and 
the reserve has been intermittently burnt. 
From 1978 to 1995, all disturbances (inc- 
luding fire) were intentionally excluded 
from one small, triangular area of about 2.5 
ha, which acted as a 'control' plot against 
which the effects of burning could be 
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assessed. There were no obvious differences 
between the control and adjacent areas ini- 
tially (Bob Parsons, pers. cornm., July 
1998). The control area remained unburnt 
for 17 years, until it and surrounding areas 
were burnt in March 1995. 

Despite its small size and the lack of repli- 
cate controls, the long-unburnt area at 
Laverton provides a valuable opportunity to 
document the impacts of the prolonged 
exclusion of burning and grazing, especially 
given the existence of detailed knowledge 
about the management history of the plot 
and surrounding areas. In this paper, we 
describe and contrast the plant composition 
of the long-unburnt area and an adjacent 
area which was burnt six times during the 
past 17 years, and we discuss the relevance 
of these results for grassland conservation. 

Methods 
Two adjacent areas within the Laverton 

North reserve were examined. The 'fre- 
quently burnt' zone was burnt six times 
after 1978: in March 1980, March 1983, 
March 1985, February 1987, 1990 (month 
unknown) and March 1995 (McDougall 
1989; J. Morgan unpubl. data). By con- 
trast, the rarely burnt zone was burnt only 
once during this period, in March 1995, 17 
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years after reservation. Both zones were 
sampled in November 1996, 20 months 
after the most recent fire. 

Five, parallel, 50 m long transects were 
located 40-50 m apart in the frequently 
burnt zone, and five in the infrequently 
burnt zone. Transects in the two zones 
were approximately 150 m apart. A 1 m2 
quadrat was sampled every 5 m along each 
50 m transect, giving 100 quadrats in all 
(50 in the frequently burnt zone and 50 in 
the rarely burnt zone). In each quadrat, all 
vascular plant species were identified and 
the cover of each species was visually 
estimated to the nearest 5%. For data 
analysis, species with less than 1% cover 
were assigned a cover value of 0.5%. 

To assess whether the vegetation compo- 
sition of the two zones was markedly dif- 
ferent, the quadrat data were classified 
using the PATN analysis package (Belbin 
1994). In this program, quadrats with the 
same species are grouped together, whilst 
those with different species are grouped 
separately. Cover data were first range 
standardised, and the Bray-Curtis associa- 
tion index was calculated. The flexible 
unweighted paired group arithmetic aver- 
age (UPGMA) procedure was used to clas- 
sify data, with default p = -0.1 (Belbin 
1994). To identify species and species 
groups which occurred more frequently in 
either zone, mean percentage cover was 
compared for each species and group 
between the two zones using the non-para- 
metric Mann-Whitney U-test (Sokal and 
Rohlf 1981). 

T o  determine how fire management 
affected tussock attributes of the dominant 
grass, the number of live tussocks, live 
tillers and inflorescences of Kangaroo 
Grass (scientific names are given in 
Appendix 1) were counted in five 0.25 mZ 
plots randomly placed in each zone on 23 
November 1996. Total plant biomass was 
recorded by harvesting all plant matter to 
ground level in six 0.25 m2 quadrats, and 
drying for 72 hrs at 80°C. Significant dif- 
ferences between these attributes were 
investigated using the Mann-Whitney U- 
test. All plant names follow Ross (1996), 
and asterisks before the scientific name 
indicate exotic species. 

Results 
The classification analysis clearly sepa- 

rated all frequently burnt quadrats from all 
rarely burnt quadrats, indicating that the 
vegetation of both zones was substantially 
different. The percentage cover of native 
and exotic species differed between the 
two zones (Table 1). The frequently b~lrnt 
zone was dominated by native species 
(72% cover) with relatively little cover of 
exotics (7%), whereas the rarely burnt 
zone was dominated by exotic species 
(49% cover) with just 40% cover of native 
species (Table I). 

Almost half of the species recorded 
(46%, 22 species) occurred at significantly 
greater cover in one of the two zones (at 
P < 0.01; Appendix 1). Only one species, 
Kangaroo Grass, exceeded 5% mean cover 
in the frequently burnt zone, where it 
averaged 63% cover. By contrast, five 
species exceeded 5% mean cover in the 
rarely burnt zone: Cat's Ear * Hypochoeris 
radicata, Kangaroo Grass, Rigid Panic 
Homopho1i.s proluta, Squirrel-tail Fescue 
*Vulyia bromoides and Spear-grasses 
Stipa species. The exotic Cat's Ear domin- 
ated the rarely burnt area with a mean 
cover of 33%, but reached only I % mean 
cover in the frequently burnt zone. Despite 
dramatic differences between the two fire 
zones in the mean cover of different 
species, the mean number of species in  
each quadrat (i.e. species richness) was 
similar in both zones (Table 1). On aver- 
age, 10.5 species occurred in each quadrat 
in the rarely burnt area, compared to 9.6 in 
the frequently burnt area; although small, 
this difference was statistically significant 
(P < 0.05; Table 1). 

Surprisingly, given the substantial differ- 
ences in management history, there was no 
significant difference (P  > 0.05) between 
the two zones in the species richness or 
cover of all annual species when pooled 
together. Furthermore, when assessed indi- 
vidually, most annual species occurred at 
similar frequencies in both zones. Only 
four  species - Mediterranean Brome 
*Bromus hordeaceus, Oats *Avena sp., 
Lesser Quaking-grass 'Vriza minor and 
Subterraneum Clover 'l'Trz&oli~im subterr- 
aneum - had a significantly greater cover 
in either zone in 1996, and all were more 
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Table 1. Mean species richness and cover of native and exotic species in frequently burnt and rarely 
burnt zones at Laverton North in November 1996. Significance levels using the Mann-Whitney U- 
test: NS = not significant (P > 0.05); * = P < 0.05; *** = P < 0.001. 
Attribute Frequently Rarely Significance 

burnt burnt (P value) 

Native species 
Exotic species 

Mean % cover 
72.0 40.5 *** 

6.6 49.0 *** 
Mean species richness 

Number of species 9.6 10.5 * 
Native species 3.3 3.9 * 
Exotic species 6.3 6.6 NS 

abundant in the rarely burnt zone 
(Appendix I). 

Only one geophyte was recorded, 
Common Onion-grass *Romulea rosea. 
This species occurred in all frequently 
burnt quadrats (mean cover 0.5%), but 
none of the unburnt plots. Whilst signifi- 
cantly more forb species were recorded 
from each quadrat in the frequently burnt 
zone (5.4 c.f. 4.0, P < 0.0001), forb cover 
was significantly greater in the rarely burnt 
zone (37% c.f. 6%, P < 0.0001), owing to 
the abundance of Cat's Ear. 

Quadrats in the rarely burnt zone had sig- 
nificantly fewer Kangaroo Grass tussocks 
and tillers than those in the frequently 
burnt zone (Table 2). However, there was 
no significant difference between the zones 
in the number of inflorescences or tillers 
produced per tussock (P > 0.05). Mean 
biomass 20 months after burning was sub- 
stantially greater in the frequently burnt 
zone, but this difference was not signifi- 
cant (P = 0.0549); however the P value is 
close to 0.05 and suggests that a Type I 
error might be likely, and that significant 
difference may have been reported had 
more samples been collected. Many dead 
Kangaroo Grass tussocks and tillers 
occurred in the rarely burnt area, indicating 
substantial Kangaroo Grass mortality in 
the past. 

Discussion 
The frequently burnt and rarely burnt 

areas at Laverton North Grassland Reserve 
now have very different plant composi- 
tions, despite their superficial similarity at 
the time of reservation in 1978. The most 
obvious differences are the abundance of 
exotic species and the decline of Kangaroo 

Grass in the area which remained unburnt 
for 17 years. 

Statistically, this sampling design is 
termed 'pseudoreplicated' (Hurlbert 1984); 
whilst the samples (quadrats) were repli- 
cated, the two treatments (fire zones) were 
unreplicated (i.e. there was only one zone 
for each fire type, rather than replicates of 
both treatments). This problem plagues 
many observational and experimental stud- 
ies in ecology (e.g. Wahren et al. 1994). 
This means that, whilst significant differ- 
ences in plant composition between the 
zones can be formally demonstrated, the 
reasons for these differences cannot be for- 
mally identified from the data gathered. 
Since only one unburnt area exists, it is 
possible that the differences between the 
burnt and unburnt zones were not necess- 
arily due to burning history, but could per- 
haps be due to underlying differences in 
soil type or initial plant composition. Such 
a problem highlights the value of including 
more than one 'control' site in a reserve, to 
increase the confidence that any differ- 
ences between the control and other areas 
were due to different management treat- 
ments, rather than to intrinsic site factors. 

Notwithstanding this statistical caveat, 
we are confident that the differences 
observed are primarily due to different 
burning histories rather than to underlying 
site factors. Firstly, there are no obvious 
differences in topography or soils between 
the two areas. Secondly, when the 'con- 
trol' area was first established in the 
1970s, there were no obvious differences 
between the control and adjacent areas 
(Bob Parsons and Dale Tonkinson, pers. 
comms, July 1998). Thirdly, the boundary 
between the two zones is obvious, sharp, 
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Table 2. Comparison of mean tussock attributes of the dominant grass, Themeda triandra, between 
the two fire zones in November 1996, 20 months after burning. Significance levels using the Mann- 
Whitney U-test: NS = not significant (P  > 0.05); * = P < 0.05; ** = P < 0.01. 

Attribute Frequently Rarely Significance 
burnt burnt (P value) 

Biomass (kglha) 4640 
No. tussocks 1 0.25m2 11.8 
No. live tillers / 0.25m2 406 
No. inflorescences / 0.25m2 46 

triangular, and clearly marks the fire 
boundary between the two zones. The 
long-unburnt vegetation is now distinct- 
ively different from grassland vegetation 
throughout the rest of the Laverton North 
Reserve, even though soil and drainage 
conditions vary considerably in other areas 
of the reserve. Furthermore, the decline in 
Kangaroo Grass in the long-unburnt area 
follows a similar trend to that observed at 
the nearby Derrimut Reserve, where the 
poor Kangaroo Grass health was directly 
related to fire history (Lunt and Morgan 
1999a; Morgan and Lunt 1999). Finally, 
the long-unburnt area at Laverton North 
has been observed by many grassland 
botanists during the past 20 years. All 
those we contacted had no doubt that fire 
management was likely to be the principal 
reason for the substantial differences in 
plant composition between the two zones 
(Keith McDougall, Bob Parsons, Steve 
Platt, Neville Scarlett, Dale Tonkinson, 
pers. comms, July 1998). For these reasons 
we are confident that, whatever minor dif- 
ferences in soils and initial plant compos- 
ition might exist between the two areas, 
long-term differences in fire management 
are most likely to account for the patterns 
observed. 

Kangaroo Grass mortality 
The long-term absence of fire (and other 

disturbances) led to a substantial decline in 
the dominant Kangaroo Grass in the rarely 
burnt zone. There were many dead tus- 
socks in this zone, and the density of live 
tussocks was only 30% of that in the freq- 
uently burnt zone. A similar decline of 
Kangaroo Grass in the absence of fire has 
also been found at the nearby Derrimut 
Grassland Reserve (Morgan and Lunt 
1999). At Derrimut, dead grass from previ- 
ous years' growth steadily accumulated 
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until tussocks started to senesce after about 
5 years and eventually died after about 10 
years. The cause of death was assumed to 
be self-shading by old, dead leaves. Areas 
which had not been burnt for 11 years sup- 
ported extensive swards of dead Kangaroo 
Grass, only 25% of which survived when 
tussocks were belatedly burnt (Morgan and 
Lunt 1999). 

McDougall (1989) studied the long- 
unburnt zone at Laverton North in 1986 (8 
years after the reserve was proclaimed), 
and documented the poor health of unburnt 
Kangaroo Grass tussocks at that time. 
Whilst McDouga11 (1989) described the 
small basal area and poor root development 
of unburnt plants, which were easily killed 
after trampling, he did not record any sub- 
stantial mortality of Kangaroo Grass and 
this appears to have occurred since 1986. 
This mortality has major implications for 
future weed invasions, since areas where 
Kangaroo Grass has died are likely to be 
prone to invasion by exotic species such as 
Chilean Needle-grass *Nassella neesiana 
(Lunt and Morgan 1999b). Elsewhere, we 
have suggested a simple method of assess- 
ing Kangaroo Grass health to help prevent 
such mortality occurring in other areas 
(Lunt and Morgan 1998). 

Exotic species 
A number of perennial exotic species - 

including Cat ' s  Ear ,  Y orkshire Fog 
*Holcus lanatus, Paspalum 4'Pnspalum 
dilatatum, Buck's-horn Plantain *Plantago 
coronopus and Ribwort 'l'Plantago lan- 
ceolata  - were abundant in the long- 
unburnt area in 1996, but were rare or 
absent in the frequently burnt zone 
(Appendix 1). All of these species have 
expanded considerably since McDougall's 
1986 survey (McDougall  1989).  For 
instance, Cat's Ear was recorded from just 



1% of quadrats in the rarely burnt zone in 
1986, compared to 100% in 1996. 
Similarly, Ribwort, Yorkshire Fog and 
Buck's-horn Plantain were not recorded 
from either zone in 1986, but occurred in 
92%, 66% and 18% respectively of rarely 
burnt quadrats in 1996. These perennial 
weeds grow -vigorously in rank, undis- 
turbed vegetation, and their expansion is 
disturbing, since all are likely to be diffi- 
cult to control. 

By contrast, another group of exotic 
species (including the wind-blown daisies, 
Aster-weed '':Aster subulatus, Spear Thistle 
'''Cirsium vulgare and Ox-tongue 
'Welminthotheca echioides) was more 
abundant in the frequently burnt zone than 
the rarely burnt area. These three species 
have increased in abundance since 1986 
(McDougall 1989). The reason for this 
expansion is unknown but worthy of fur- 
ther investigation. Thus, whilst frequent 
burning did not prevent invasion of all 
exotic species, it did result in significantly 
less cover of exotic species than did fire 
exclusion. 

Many species of exotic annual grasses and 
forbs are abundant at Laverton North (and in . 

many other grassland remnants). 
Consequently, the impact of different fire 
regimes on this group of species is of some 
interest. Perhaps surprisingly, given the 
magnitude of the differences between the 
two zones, there was no significant differ- 
ence between the two zones for most exotic 
annuals. The abundance of exotic annual 
species in both zones in 1996 (20 months 
after burning) demonstrates their potential to 
rapidly re-establish large populations from a 
persistent soil seed bank. Thus, long-term 
fire exclusion did not provide a suitable 
method for depleting these exotic species. 

By contrast, long-term fire exclusion 
proved an extremely successful method of 
controlling the exotic geophyte, Common 
Onion-grass *Ronzulea rosea. This species 
is abundant in many grassland remnants in 
south-eastern Australia (McDougall and 
Kirkpatrick 1 994) and resprouts vigorously 
after fire (Lunt 1990). In 1996, Common 
Onion-grass was not recorded from a sin- 
gle quadrat in the rarely burnt zone, but 
was found in every quadrat in the frequent- 
ly burnt zone. This decline has occurred 

since 1986, as McDougall (1989) recorded 
the species from 98% of frequently burnt 
quadrats and 89% of unburnt quadrats in 
1986. Unfortunately, however, this small 
beneficial outcome was more than corn-, 
pensated for by the negative impacts of 
Kangaroo Grass death and the promotion 
of other perennial exotic weeds in the 
long-unburnt area. 

Generality of results 
This study has documented a number of 

adverse outcomes from long-term fire 
exclusion in a native grassland, including 
the decline of Kangaroo Grass and the pro- 
motion of vigorous, perennial exotic 
weeds. These findings support much of the 
grassland conservation literature (e.g. 
Stuwe and Parsons 1977; McDougall 
1989; Lunt 1991) which has stressed the 
need for frequent biomass reduction (i.e. 
grass removal) to maintain grassland val- 
ues. However, whilst earlier recommenda- 
tions have focussed on potential losses of 
native plant diversity, these results show 
little change in native plant diversity, but 
instead show an expansion of perennial 
weeds and decline of the dominant 
Kangaroo Grass. 

The failure to document major changes in 
native plant diversity probably reflects the 
landuse history of the Laverton North 
reserve. When the reserve was established 
in 1978, native plant diversity was low as a 
result of past stock grazing (many species 
occurred in the reserve, but few forbs were 
abundant). By contrast, studies which have 
recorded substantial losses of native plant 
diversity beneath dense grass have 
focussed on intact, diverse remnants (e.g. 
rail and road reserves) or more sensitive 
species (e.g. Scarlett and Parsons 1990; 
Morgan 1997). Presumably such losses 
may also have occurred at Laverton North 
had the area been diverse in the 1970s. 

How relevant are these findings to other 
grasslands dominated by Kangaroo Grass? 
Since this study was conducted at one site 
only, it is difficult to generalise to other 
areas. However, we have observed similar 
processes in other Kangaroo Grass grass- 
lands in western Victoria (e.g. Derrimut 
and Lake Goldsmith Wildlife Reserve), 
Gippsland (e.g. West Sale) and the ACT. 
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Conversely, grasslands exist in these and 
other regions with a diverse native flora 
and healthy swards of Kangaroo Grass, 
despite not being grazed or burnt for 
extended periods (e.g. McDougall and 
Kirkpatrick 1994, p. 61). Clearly, further 
work is required to better predict where 
such problems are likely to occur in the 
future. We would suspect however that 
Kangaroo Grass decline can potentially 
occur in many productive sites (of 
moderate rainfall and/or soil fertility) 
where Kangaroo Grass can grow vigorous- 
ly to form a closed sward. Elsewhere, we 
would simply encourage managers to 
remain alert to the possibility of future 
grass mortality, and to assess grass health 
regularly (Lunt and Morgan 1998). 

Whilst the lessons learnt from the long 
unburnt zone at Laverton North are nega- 
tive ones, we do not wish to imply that the 
unburnt 'control' plot should never have 
been managed in this way. On the con- 
trary. The long-unburnt zone has provided 
valuable lessons in a relatively small area. 
Hopefully these lessons will not have to be 
re-learnt elsewhere. 
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Appendix 1. Percentage frequency and mean percentage cover of all plant species in the frequently 
burnt (freq. burnt) and rarely burnt zones of the Laverton North Grassland Reserve in November 
1996. Asterisks before the scientific name denote exotic species. Differences in mean % cover were 
determined using Mann-Whitney U-tests. Values are highlighted where P < 0.01. Significance lev- 
els: NS = not significant (P > 0.05); * = P c 0.05; ** = P < 0.01; *** = P c 0.001. 

Species Common name % frequency Mean % cover 
Freq. Rarely Freq. Rarely Signif. 
burnt burnt burnt burnt (P value) 

Acaena eclzinata Sheep's Burr 
Agrostis aemula Purplish Blown Grass 
Agrostis avenacea Common Blown Grass 
*Anagallis minima Chaffweed 
Aspenila scoparia Prickly Woodruff 
'kAster suhtilatus Aster-weed 
*A vena species Oat 
*Briza maxima Large Quaking-grass 
'Vriza minor Lesser Quaking-grass 
'%ronzus hordeaceus Soft Brome 
Carex breviculmis Short-stem Sedge 
:kCenfaurium Branched Centaury 

tenuiflorum 
* Cirsiurn vulgare Spear Thistle 
Convolvulus Pink Bindweed 

erubescens 
*Conyza bonariensis Tall Fleabane 
*Cynodon dactylon Couch 
*Cyperus tenellus Tiny Flat-sedge 
Danthonia species Wallaby-grasses 
Deyeuxia quadriseta Reed Bent-grass 
Dichelachne crinita Long-hair Plume-grass 
Elynzus scabrtis Common Wheat-grass 
Epilobium Robust Willow-herb 

billardierianum 
Eryngium ovinum Blue Devil 
'kEuchiton species Cudweed 
'kGamochaeta Cudweed 

purpuren 
"Helminthotheca Ox-tongue 

eclzioides 
*Holcus lanatus Yorkshire Fog 
Homopholis prolcita Rigid Panic 
*Hypochoeris radicata Cat's Ear 
*Juncus capitatus Dwarf Rush 
"'Leontodon Hairy Hawkbit 

taraxacoides 
'"lium rigidunz Wimmera Rye-grass 
Oxalis perennans Grassland Wood-sorrel 
* Paspalum dilatatum Paspalum 
Pinzelea spinescens Plains Rice-flower 
Vlantago coronopus Buck's-horn Plantain 
* Plantago lanceolata Ribwort 
*Romulea rosea Common Onion-grass 
Schoenus apogon Common Bog-sedge 
Senecio glomeratus Annual Fireweed 
Senecio quadridentatus Cotton Fireweed 
*Sonchus asper Rough Sow-thistle 
Stipa species Spear-grasses 
Tlzemeda triandnz Kangaroo Grass 
'Vragopogon Salsify 

porrifolius 
'kTrifolium Subterraneum Clover 

subterraneuin 
'': Vulpia bromoides Squirrel-tail Fescue 
* Vulpia myuros Rat's-tail Fescue 
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