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I want to preface this talk by noting how consistent my observations of grasslands are with 
those of John Morgan (this proceedings). My story is a little more complicated, because it 
brings in other factors: natural kangaroo densities and soil erosion, and whole landscapes.  The 
evidence I shall present comes from the Mulligans Flat–Goorooyarroo experiment, from our 
own property ‘Gang Gang’, and from some informal observations.   

Immediate effects of grazing removal 
Removal of livestock is usually the first conservation action for 
grasslands. It is a time to be optimistic.  We expect more native 
plant species, each in greater numbers.  We bought our property 
‘Gang Gang’ during a drought.  The next season was quite wet 
and we had some amazing floral displays (e.g. photo, right). This is 
what I want from a grassland, and is an ecological outcome many 
find very pleasing.  

The photo (below right) of Diuris is from our neighbour’s 
goat paddock after the same drought. Our neighbour was not 
managing specifically for conservation. Nonetheless, this shows 
the power of intensive grazing followed by rest. Similarly on 
another part of ‘Gang Gang’ we found this impressive flowering 
of Craspedia variabilis in Themeda grassland (photo below left). 
Bear in mind that this site has been heavily sheep-grazed and has had a single pass of pasture 
improvement about 30 years previously.  

There is one legacy of that grazing history that we generally do not want – the soil erosion. In 
this region around the ACT in particular, with acid duplex soils, erosion can be a real problem. 
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However, when you remove livestock the plant 
biomass accumulates in good seasons. The top 
two photos here show a patch that had been 
eroded, and the same site nine years later.

When we destocked the paddocks, kangaroo 
densities were extremely low - apparently 
kangaroos have a tendency not to enjoy the 
company of sheep. Over time the kangaroos 
have moved in. Nevertheless, that honeymoon 
period gave us some beautiful grassland, some 
spectacular recovery of native grasses (3rd photo 
this page), which had persisted in small amounts 
on, and under, the soil surface.  There was good 
seed production at this time.

We also had some interesting opportunities 
to test if new species would establish. People 
agonise about planting forbs and other plants but 
if you have the right conditions you can throw 
the seeds out and they grow.  The four-part 
photo below shows four species: Leucochrysum 
albicans, Calocephalus citreus, Plantago gaudichaudii 
and Daviesia latifolia.  All have grown from seeds 
broadcast on bare ground (or in the case of 
Daviesia, slotted into bare soil) and they have 
all established and are reproducing. No-one 
knows whether they will be viable populations 
in the longer run. I am not convinced that 
successful establishment in good conditions is 
a true indicator that there will be successful 
ongoing reproduction. But the point is that if the 
conditions are right you can have establishment 
by this method, without excessive work.  We 
should be looking for those opportunities in 
restoration.

Another interesting observation during the 
first decade on the de-stocked land was 
the persistence of many grazing-sensitive 
plant species in protected spots.  The role of 

biomass accumulation, particularly the 
unpalatable biomass, as a facilitator for 
grazing-sensitive species is something 
that I think we need to consider much 
more actively in our management. In 
10 years, our Diuris sulphurea population 
has expanded from a few plants surviving 
through the protection of Joycea tussocks 
in rocky soil (inset photo, top of next 
page), to hundreds of plants across the 
open grassland in the previously pasture-
improved areas (main photo, top of next 
page). It is an impressive recovery without 
any particular action required.   
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These are the simple, positive things you can 
be optimistic about after taking the sheep off, 
but the picture is a little more complicated.  
The other side of the ‘double-edged 
sward’ is that native grassland vegetation is 
inherently stable.

Stability
As John Morgan (this proceedings) 
suggests, native grassland plants have strong 
perenniality and they persist from year 
to year, remaining dormant underground 
if necessary.  This feature makes them 
extremely resistant to abuse in the past, but 
it can make grasslands very unresponsive to 
the changes that you might expect now when managing it for conservation. Existing vegetation 
communities can be a far stronger source of variation in floristics than the effect of the years 
of management.

In our research at Mulligans Flat and 
Goorooyarroo, Nick Nicholls and I 
performed floristic analyses of 96 one-
hectare plots, and identified some fairly 
distinct communities (composite, right, and 
photo below right) (McIntyre et al. 2010). 
The Joycea-dominated community is more 
closely associated with sclerophyll forest on 
the infertile slopes; pasture-improved areas 
are dominated by Danthonia (Rytidosperma); 
there is classic Themeda grassland at 17% of 
the sites; and areas in which Phalaris, put in 
as ‘pasture-improvement’, has persisted.  The 
most widespread community (44% of sites) 
was on low-fertility sites which may have had 
pasture-improvement in the past but now have no 
residual phosphorus, and dominance by short-
grazed Danthonia spp. (Rytidosperma).  

The most important variation between the sites is 
a fertility gradient with the major contrast being 
between the ex-fertilised Phalaris pastures and the 
infertile Joycea sites. Our livestock-free observation 
period of four years started in drought (2007), and 
by 2011 there had been some wet or very wet 
periods. During this time, biomass of perennial 
native grasses increased, especially where kangaroo 
numbers had been reduced; numbers of native 
species in our survey increased by 18% and exotic 
species declined by 20% (McIntyre et al. 2014).  
However, the five plant communities illustrated remained quite distinct and the reduced 
grazing had no effect on overall species composition.  This supports the proposition that 
floristic diversity is not highly responsive to grazing management. Diversity has developed 
through periods of heavy and light grazing over hundreds of years and is apparently still 
unaffected by that difference.

Similarly, at ‘Gang Gang’, over all the entire 50 ha there is little evidence of change in total 
species richness over a decade. Of 223 native species we recorded, only six very restricted 
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ones can no longer be found, and two are ‘new colonisers’.  Any expectations that species 
would spring up out of the seed bank or move in from nearby areas are not being met, 
which underlines the stability of the system.  We even question whether we just cannot find 
the absent species, and whether the ‘new colonisers’ have always been there and have only 
just been discovered. Over the 10 years, the only new species that have dispersed into the 
property are Senecio madagascariensis Madagascan 
Fireweed and Eragrostis curvula African Lovegrass, 
which we quickly destroyed.  

We have also been monitoring 72 sites at ‘Gang 
Gang’.  The bar chart (right) shows our data at  
1, 6 and 9 years after we had taken the sheep off 
(with standard errors).  The species richness in 
these 30 m2 plots is quite stable, as is the richness 
of exotics.

On the downside, the next chart (below right) 
shows data from four sheep camps within those 
30 m2 plots in the same years. Here the native 
species densities are still stable, if a bit sparser.   
The exotic species, mostly annuals, are declining 
only little bit, presumably because the nitrogen-
cycle is still active there.  

Another downside we have found is that on the 
more productive sites – not all the sites but on the 
more productive sites – there is an accumulation of 
rather nasty grey poorly-decomposing litter (photo 
below left).  After a few good seasons without high 
kangaroo densities and no sheep, the area was as in 
the photo below right.

Trialling fire
Eight years after removing livestock we tried burning the plots, leaving 10 of them unburnt 
and burning another 10.  The photo (top next page) shows one plot 15 months after the fire.  
There is some native Triptolodiscus pygmaeus.  There is also Hypochearis glabra and some other 
weeds, but the forbs have space to grow and the Themeda is still thriving.
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The bar chart (below) shows the averages of 
those same sites (with standard errors) in the 
same years since removal of the sheep.  They 
were only burnt once.  You can see diversity 
was maintained in all the 20 unburnt sites for 
the first six years, followed by a decline plant 
species density on the unburnt sites, evident in 
year 9, and that in the 10 burnt sites the fire 
seems to have enabled the species diversity to 
be maintained though not to increase above 
original levels.  The same thing applies with the 
exotic species on the sites before and after the 
fire. This means the burning did not result in 
massive weed problems.

The photo below left 
shows some of the more 
visible advantages of 
fire.  The long grass is 
an unburnt sward and 
the patch beside it was 
burnt a couple of years 
before.  You can see 
the Wurmbea dioica has 
responded really well.  
Another encouraging 
outcome of the use 
of fire is shown in the 
photo below right.  The 
patch of grass at the left 
of the photo looks like 
(exotic) Briza maxima, 
and on the right is a patch that was burnt.  The timing of this fire was such that it seems 
to have burnt off all the Briza seed, and the result is an amazingly clean grassland.  I am not 
suggesting that every burn will lead to these results, but if you know what you are doing there 
is clear evidence that there can be some very good outcomes.  

Grazing–burning interactions
However, all this is complicated by native grazers: kangaroos and wallabies.  They can be an 
unrecognised grazing pressure, either grazing non-selectively and producing grazing lawns, or 
not grazing at all, which produces the really dense swards. In between those extremes they 
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are grazing selectively, which could create a sward structure suitable for lizards and dragons 
but not always good for the most palatable grazing-sensitive plant species.

We can control kangaroo densities to some extent, but there are some practical issues. For 
one thing, the kangaroos move around and do not stay on one place or property. Sometimes 
they just disappear when you had expected their grazing pressures to increase. Sometimes 
they congregate when they are not wanted.  And, very importantly, their grazing behaviour is 
influenced by fire. Kangaroos are attracted to burnt patches, so they are able to prevent the 
regrowth of the sward. That can be a useful substitute for more frequent fire if burning every 
three years is practically difficult. However, they may also be preventing the forbs from re-
growing because they eat them, and the flowering is affected.  

The photo (right, top/front) shows an 
area that was burnt about two seasons 
previously; the caged area in the background 
was set up immediately after the fire to 
prevent kangaroo and wallaby grazing.  The 
groundcover here is the regrowth since, in 
the cage and outside it (front of picture) 
where it has been grazed by the roos. I have 
observed that over time the groundcover will 
gradually build up and the forbs will come 
back, but there is a period where the grazing 
pressure is increased. Look at the alternative 
image (right, below/rear) where there was no 
burning: this is a really old sward in a damp 
area that had a lot of litter, and you can see 
the muddy kangaroo print in the photo, so they are actually trampling the litter into the soil, 
potentially speeding up soil recovery and incorporation of organic matter.  If you have a highly 
eroded site that could be what you are after.  Also, in drainage lines that are vulnerable to 
erosion, maintaining a thick sward to prevent erosion during times of high water flow could be 
a priority, but you may find it is becoming choked with grass litter and getting weedier.  This is 
another complex factor that has to be managed in a landscape when you take away the sheep. 

Kangaroos grazing forbs
On part of ‘Gang Gang’ we set up an experiment 
in 2010 to see whether we could establish species 
that we knew could grow on the property but 
were not present at this particular site (photos 
at right).  The experiment was well replicated, 
and we used three species and tracked their 
establishment over three years, with or without 
grazing exclosures.  There were good seasons and 
the area became quite choked up with biomass, 
so we burnt the entire site in April 2012.  Within 
these grazed and ungrazed sites, we tracked plant 
establishment over a few years.  

The two charts (next page) show the results of 
sowing the three species Microseris, Bulbine and 
Stackhousia.  The top chart shows the percentage 
emergence in 2011, 2012 and 2013.  You can see that there is good seed germination and then 
the numbers decline over time. Comparing the red (grazed) and the blue (ungrazed) bars 
shows there is an effect of grazing on the numbers of plants, particularly Microseris and Bulbine, 
but not so much on Stackhousia.  
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In terms of flowering (lower chart, 
right), Microseris is much more 
precocious and flowered very 
quickly, in the same year; it behaves 
like an annual, and you can see the 
effects on the ungrazed (blue) and 
the grazed (red) over the years.  
Bulbine barely flowers. It is not 
clear whether it will establish in 
this area or not. Stackhousia seems 
to be coming on in the third year.  
The statistical analysis suggests that 
grazing significantly reduces the 
number of flowering plants and the 
number of plants, at least for Bulbine 
and some populations of Microseris.  
This is our evidence that grazing has 
an impact on forbs, as I mentioned 
earlier.  We have seen them being 
grazed – one day there is a beautiful 
group of flowering plants and the 
next day the flowers have all gone.

Grazing preference is highly conditional, so if there is little groundcover the kangaroos will 
eat anything – there is a sliding scale of selectivity.  Our evidence (above) certainly suggests 
the kangaroos are eating forbs. I know Stumpy-tailed Lizards also eat Microseris flowers, as do 
insects also, so caged plants are not entirely safe. I am not suggesting that macropods prefer 
forbs, but they definitely will eat certain forbs under some circumstances. I know they adore 
Eryngium in its vegetative state – not when it is blue and in flower. 

Overall
Looking at our findings from a whole-landscape 
point of view, the story that emerges is about the 
heterogeneity of the landscape, and the range of niches 
that it contains.  

For example, we now value our somewhat persistent 
eroded sites because they provide open bare ground 
areas that suit Drosera (photo, right). Some of the 
orchids and other geophytes are favoured by this kind 
of habitat too.  The big thick unpalatable grasses have 
value in providing support for some species of forbs.  
This Tetratheca (lower photo, right) is one species 
that has benefited from the accumulation of dead 
littery piles of Joycea and is doing quite well, because 
it is grazing sensitive. Themeda can produce the same 
kind of accumulated biomass, which will suppress 
forb establishment, but for established forbs that are 
sensitive to grazing and grow relatively tall, then the 
biomass can protect them while they poke up above 
it to flower and set seed.  The seed can fall to the 
ground and be ready to germinate when the sward is 
later opened up or burnt. Our biggest Bulbine plants 
are not in the recently burnt site but in the horrible 
thick Themeda. Ideally they need a patchy mosaic which 
offers different opportunities for different parts of the 
life cycle. 
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Conclusions
These are my general conclusions.  
1. The prolific growth of a perennial 

grassy sward after the removal 
of livestock can certainly 
kick-start the soil restoration 
process in grasslands that have 
been degraded by grazing.  The 
sward provides soil protection 
and soil organic matter, but can 
suppress forbs through build-up 
of biomass.  

2. Floristic composition is very stable and does not really change much after the removal of 
grazing. Grasslands evolved to be grazed, and grazing is an essential part of their existence. 
Even in small urban reserves, if the grasses are not being grazed by macropods, the 
grasshoppers may be eating them, so grazing is always going on.  

3. Fire will be a useful tool – when we have mastered its potential for conservation. It has 
the important attribute of being non-selective and knocks back everything including 
unpalatable plants left by herbivores. Issues arise if you only burn in small patches that 
attract high grazing pressure.  This can interfere with forb re-introduction. 

4. Macropod grazing can delay the recovery of the burnt sward, and the growth and 
flowering of taller palatable forbs.  That is not necessarily a problem.  This follow-up 
grazing may enable us to burn less frequently.  

5. Fire or heavy grazing followed by rest may be a good strategy when reintroducing forbs.  

6. Maintaining a mosaic of short and tall patches through a combination of burning and 
grazing manipulation can provide for the full array of life-forms and tolerances that you 
find in grassland plants.  

7. Another point to mention, although I did not address it specifically, is that grassland 
species are not very mobile, and therefore management needs to be sensitive to their 
existing distribution.  They are long-lived. Only a small handful of species have any 
significant dispersal capacity, and not many species have high fecundity.  They do not 
produce many seeds. If you let them die they’re not necessarily going to spring back from 
seed, so you really need to be managing for what you are seeing in any particular part of 
the grassland.  

Acknowledgements
The following  people contributed to this work: Nick Nicholls (CSIRO), Adrian Manning 
(ANU), Pamela Graff (University of Buenos Aires), Jon Lewis (GGFS), Jacqui Stol (CSIRO).  
Support from the Australian Research Council and the NSW Environmental Trust contributed 
to some of this work.

References
McIntyre S., Stol J., Harvey J., Nicholls A.O., Campbell M., Reid A., Manning A.D. & Lindenmayer D. (2010) 

Biomass and floristic patterns in the ground layer vegetation of box–gum grassy eucalypt woodland 
in Goorooyarroo and Mulligans Flat Nature Reserves, Australian Capital Territory.  Cunninghamia  
11: 319–357. 

McIntyre S., Cunningham R.B., Donnelly C.F. & Manning A.D. (2014) Restoration of eucalypt grassy 
woodland – effects of experimental interventions on ground layer vegetation. Australian Journal of 
Botany 62: 570–579. 

McIntyre: The double-edged sward: managing after the sheep are gone



‘Grass half full or grass half empty? Valuing native grassy landscapes’ 
Friends of Grasslands’ forum 30 October – 1 November 2014

Friends of Grasslands Inc. (www.fog.org.au) supporting native grassy landscapes

9McIntyre: The double-edged sward: managing after the sheep are gone

Further reading
Dorrough J., McIntyre S. & Scroggie M.P. (2011) Individual plant species responses to phosphorus and 

livestock grazing. Australian Journal of Botany 59: 669–680.
McIntyre S. (2011) Ecological and anthropomorphic factors permitting low-risk assisted colonization in 

temperate grassy woodlands. Biological Conservation 144: 1781–1789.
McIntyre S., McIvor J.G. & Heard K.M. (eds) (2002) Managing and Conserving Grassy Woodlands. CSIRO 

Publishing, Melbourne.
Morgan J. (2015) Biomass accumulation in grasslands and why it matters. In: Grass half full or grass half 

empty? Valuing native grassy landscapes. Proceedings of the Friends of Grasslands 20th anniversary 
forum, 30 October – 1 November 2014, Canberra, Australia. Eds: A. Milligan & H. Horton. Friends of 
Grasslands Inc.

Shorthouse D.J., Iglesias D., Jeffress S., Lane S., Mills P., Woodbridge G., McIntyre S. & Manning A.D. (2012) 
The ‘making of’ the Mulligans Flat – Goorooyarroo experimental restoration project. Ecological 
Management & Restoration 13: 112–125.

Trémont R.M. (1994) Life history attributes of plants in grazed and ungrazed grasslands on the northern 
tablelands of New South Wales. Australian Journal of Botany 42: 511–530.

Trémont R.M. & McIntyre S. (1994) Natural grassy vegetation and native forbs in temperate Australia: 
structure, dynamics and life histories. Australian Journal of Botany 42: 641–658. 

Dr Sue McIntyre is an ecologist who has researched grassland management in eucalypt 
woodlands for over 20 years. Her current activities involve the Goorooyarroo–Mulligans Flat 
restoration experiment and management of her own patch of grassy woodland near Gundaroo.

 

+ This record of the talk given at the forum has been checked by the presenter, but not peer-reviewed.  
To find out more, contact the presenter, via their institution or by email to: info@fog.org.au/.


