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KARST AND AGRICULTURE IN AUSTRALIA

David Gillieson and Mia Thurgate

ABSTRACT

Much of the development and degradation of karst lunds in Auostralia has occurred in the last
twer centuries since European settlement. Recent prolonged El Nino events add further clima.
lic uncertainty and place real constraints on sustainable agriculture. The lower southeast of
South Australia is perhaps the one area in Austrabia where karst, and particularly karst hydro-
logy, impinge on the daily lves of the community in that pollution and overexploitation of the
aquifer are readily apparent 1o the local population, Efffuent from intensive dairy fanns, pig-
geries and cheese factories emers the karst and his caused concern aver pollution of water sup-
plies. Human impucts on the Mole Creek Karst of Tasmania have been well documented, The
principal recent impacts on the karst are associated with land clearance for farmland, forest
cunting for timber. road building, refuse disposal and associated hydrological change. There is
similar evidence of agriculmral impacts on karst in central New South Wales, with clear evi-
dence of vegetation ¢learance and soil siripping on the limestones st Wellington, Orange and
Molong.

KEY WORDS: Australia, human impact on karst, water pollution, soil erosion,

1. Intrpduction

Forest clearance in the extensive karsts of Europe and Asia has been undertaken
o obtain land for agriculiure from Meselithic and Neolithic times to the present. The
process of extreme land degradation known as rocky desertification thus has some
antquity (Williams, 1993). In contrast, much of the degradation of karst lands in
Australia has occurred in the last two centuries since European settlement. Karst only
occupies about 4% of the land area (Fig. 13 Jennings, 1975; Gillieson & Spate, 1998},
with four main groups being present:
« Impounded karsts in Ordovician, Devonian and Silurian rocks of the Eastern
Uplands and Tasmania,
« Karst plains on Precambrian and Cambrian limestones and dolomites of northern
Australia;
* Karst on Quaternary and late Tertiary dune limestones of the coastal fringe of
southern Australia;
* The Mullarbor karst developed in Oligocene 10 Miocene limestones of the Eucla
basin,
In this account we will concentrate on those karsts which have been most subject
to agricultural land use,
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Although bath the Chillagoe and Mount Etna areas properly belong to the Eustern
Uplands, both areas stand up out of the surrounding landscapes as residual towerkar-
s and mogote forms, The remainder of the one hundred-odd cavernous karst areas of
southern Queensland, New South Wales and eastern Victoria are karst barees - small
impounded karsts mostly recessive in the landscape. The limestones are Paloeozoic,
chiefly Silurian or Devonian, and are the remnants of limestone deposits emplaced
during a number of orogenies in the Tasman Maobile Zone. However, it appears thai
carbonate deposition was limited in extent and the cyele of uplift, deformation and
dissection has both removed and revealed small patches of limestone (Osborne &
Branagan, 1988),

These impounded karsts are amongst Avstralia's best known and swdied areas
and inclode well-known areas such as Jenpolan, Wombeyan, Yarangobilly and
Cooleman Pliains, all in New South Wales, and Buchan in eastern Yictoria, This depth
of study is largely the result of the peeuliar population distribution in which the vast
maority of Australians live southeast of 4 line between Newcastle and Adelaide.

The Tasmanian karsts, largely in Ordovician rocks, also belong in the Eastern
Uplands. There are over 150 karst arcas recorded (Kiernan, 1996), Tasmanian caves
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are particularly well developed due to the larger range of local relief, more effective
and greater amounts of rainfull and the fact that dolerite ills have protected the lime-
stone high on the valley sides. Many of the caves there bear witness 1o the effects of
multiple elaciations (Kiernan, 1984a). The extensive karst of Mole Creek in the nonh
has been cleared for Garms as well as for forestoy, while the Jupee-Florentine karst is
still mostly forestied (Eherhard, 194945,

1.2, Sontheast Soweh Anstralic

Horvzomally bedded Oligocene 1o Pleisiocene limestones underlies the southeis!
of South Awsiralia and a small portion of western Victoria, These limestones are
highly permeable and possess a wide array of karst features including some highly
spectacular cenotes (Grimes, 1994, Although the land vse is radically differen, the
arca is broadly similar to the karst of the Yucatan peninsula, Much of the cave deve-
lopment appears to have taken place at times of lower sea levels and scuba divers are
naw diseovering faunal remains und well decorated caves dating 1o the last glacia-
tion. The lower southeast is perhaps the one arca in Australia where karst, and pari-
cularly karst hydrology, impinge on the daily lives of the community in that pollu-
tion and overexploitation of the aguifer are readily apparent o the local population
iEmmert and Telfer, 1994), Effluent from imensive dairy farms, piggeries and chee-
s¢ factories enters the karst und hus caused concern over nitrate pollution of water
supplics. The area also produces some of Australio's finest red wines from grapes
grown on the terra rossa soils at Coonawarrs and Padthaway.

In commaon with most arcas of Australia, these karsts are characterised by a low
rainfall and u high level of climatic variability (Fig. 23 While the comtinemal core
can experience coefficents of variahility (C.V of raintall of up to 509, even the coa-
stal karsts experience 20-30% C.V, Droughts of up to six months are common,
depressing proundwater levels by several metres, while high summer temperatures
stress vegetation and funa. Recent prodonged El Nino events add further climatic
upcertuinty and place real constraints on agriculture:

Previous work on the impact of agriculwre on karst in Australia s limied.
Kaernan (19840, (989, and (996) has made by far the greatest contribution for the
kursts of Tasmania, while Gillieson ¢ 1989) has provided a brief overview of land use
inpacts on mainland karst, Grimes ( 1994 has described the nare of the syngenetic
karst of Southeastern South Australia, while Emmett and Telfer (1994} have provi-
ded details on water pollution in karst in that region. But much of the record is anec-
dotal and data are few, The conference proceedings of the Australasian Cave and
Karst Management Association ulso provide some examples of specific impacts.

2. Changes to waler quantity and guality

2L Kurfoce water imphicts

The remaval of matural vegelation cover causes changes in karst hydrological
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Fig. 2 - Monthly and annual precipitation in centimetres over Austrafio From Smith (1959,

regimes, particularly by disrupting storage and relesse mechanisms in the regolith,
Fire associated with hazard reduction in agricultural areas can cause sealing of the
epikarst, reducing infiltration capacity, so that surface waters may pond, and runoff
may cary high sediment loads, eventually impacting on groundwater quality
(Holland, 1994). In Mole Creek, Tasmania, mobilisation of sediments after clearing
has meant that conduits become choked, so that flooding of pastures during the win-
ter months has rendered these areas unusable for many months of the year (Kiernan,
1989).

Recharge rates are affected by removal of the native vegetation cover and repla-
cement with crops, plantation forests and pastures., [n the Southeast of South
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Australia there is quantitative evidence that areas under marure pine plantations have
na significant recharge, whereas recharge. probably in excess of that which occurred
before European settlement. does occur under pasture (Allison & Hughes, 1972;
Colville & Holmes, 1972). Speleothems at both Jourama and Yarangohilly, NSW
have been damaged by dehvdration andfor re-solution since the planting of pines
above caves. pines having greater evapotranspiration and canopy interception than
native vegetation. At Naracoorte in South Australia, thick mats of pine roots from a
Y0 year old plantation had intercepted cave air space, and many decorations had
dried. Logging of these pines resulted in a regeneration of speleathems, and refilling
of rimstone formations {Kieran, [988).

Irrigation dams have been built on or adjacent to karst, drowning many features
and completely aliering hydrological regimes. A large, shallow irrigation dam was
built to supply tobacco farmers on the New South Wales/Queensland border, com-
pletely drowning the Texas Caves system (Gillieson, 1989). These caves are now
only accessible by divers, or during long periods of drought when falling water levels
expose some cave entrances, but even then, many of the caves and their surviving
contents have been damaged by thick coatings of mud. Similarly, the caves beneath
Burrinjuck Dam, New South Wales are now drowned and largely inaccessible
{Jennings, 1983),

The most spectacular example of agriculture impacting on surface drainage al o
large scale can be found in the Southeast of South Australia. This area was first set-
tled in the 8405, however, settlement was typically scattered into isclated pockets
on high ground. This settlement pattern was a direct result of the karst wopography.
Natural drainage is impeded by extensive swrandlines running paralle] to the coast,
the water lable occurs close to the surface, and rainfall is relatively high. This resul-
ted in between half to three-quarters of the land surface in any given area being sea-
sonally waterlogged or flooded, and water was reported to pond in vast sheets, up 1o
a maximum of 3-4 m deep. behind the dunes. The early settlers felt isolated and for-
gotten, and their cries for a drainage scheme to improve the productivity of the land
apparently went unheard by the South Australian government., So strong was the
despair of the settlers, that they soon proposed secession from the rest of the State
(Williams, 19740,

In 1863, the South Australian government, eager to prevent the loss of potential-
Iy valuable lands from their estate, began a plecemeal approach to drainage, firstly o
improve road aceess, but later 1o open up grazing land. A combination of admini-
strative ineptitude, poor fnancial management, technical difficulties and general
apathy meant that for nearly 80 vears a series of ineffectual drainage programs were
undertaken, most without significant improvement, except in localised areas. It was
not until the late 19405, that effective drainage took place (Fig. 3). Drainage has
uncovered 53% of formerly flond-prone lands and has resulted in the alteration of
surface flows, allowing agriculwral improvement to the detriment of the wetland
ecosvstems that once were so widespread,

Jones (1978) reports that since the completion of the drainage scheme, only 11.2
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% of the ariginal wetlands remain and of these only 1.3% are reserved. Along the
southern coast, approximately 1800 hectares of swamps, characterised by lines of
spring lakes and surrounded by peat fens, were drained, burnt and ploughed for sol-
dier settlement schemes following the Second World War, The two largest remnanis,
Piccaninnie Ponds and Ewens Ponds are now reserved. Since the swamps have been
cleared, there has been a change in the composition of the dominant aquatic plants,
Exotic plants such as Rorippa nasturtiom-aguasicin have been introduced and these
are out-competing the native species, with at least one species now locatly extiiner
Mutrients levels are steadily increasing in the ponds, while chemical sprays are being
used 1o control plant growth in associated drains. Water levels at Ewens Ponds have
been permanently lowered by w least 1.5 m from original survey levels, Given that
these wetlands are recognised as having high natwral heritage values, the negative
impacts of agriculiural development are of continued concern,

2.2, Growiadweter inggarets

Karst aguifers are highly susceptible 1o groundwater pollution. This 1s because
podlwants can easily and rapidly pass into and through the sguifer with minimal fil-
tration. and with insufficient time for naural degradation (Tranter et al., 1997), Even
where contamination sources are localised (point source pollution), the impact of
these pollutants are often widespread. This is due to the imterconnectedness of the
Mow paths in karst which allows pollutants o spread across the aquifer. Thus it is
possible o detect pollutants in areas of the aquifer far removed from the initial sour-
ce {Pasquarell & Boyer. 1991). The speed at which contaminants can pollute a karst
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aguifer are highly variable, und depend on vegetation and soil cover. as well as rumn-
full patterns and the nawre and extent of water transmission through the aguiler,

Blockage of cave and doline entrances are a commaon occurrence in agricultural
Jands on karst.  For property owners, these openings and depressions represent o
potential hazard 1o stock, and reduce the value of grazing Tand, Regrettably, in many
instances this has lead to the deliberate infilling of these features with agriculiural
and domestic waste. There are numerous examples of refuse sites being located
within karst depressions, and causing point source pollution. A1 Wee Jusper, in New
South Wales. the entrance w Dip Cave has served as a rubbish dump for the local
community {Jennings, 1983). while the Heywood municipal up in western Victoria
is located on, and completely infills Dyes Coave (Davey & White, 19860 At Borenore
Caves also in New South Wales, dolines have been used as rubbish dumps and an old
grike hus been used as u sheep dip, the lauer probably releasing arsenic imo the
sroundwater (Holland, 1991}, Farm refuse has also been dumped in numerous
sinkholes in the Mole Creek area. including drums of the chemical 2.4-D, prompling
the site 1o be named 2.4-D Cave by local cavers (Kiernan, 1989,

Coliform couns in excess of 300007100 ml have been recorded wt Mole Creek in
Tasmania, which is well abave standards for human contact. Preliminary investipa-
tions indicate that livestock are the main source of this contaminant. Cattle also have
unrestricted access w surface waters in some arcas of Male Creck. causing degradu-
tiom ol the stream banks as well as adding faecal contaminaton, (Kiernun, [989),
There 15 also ancedotal evidence that the groundwater pollution at Mole Creek has
lead o abnormal rates of human health problems in the local arca (Lichon, 1993),
Thousands of sheep carcasses were dumped into Earl’s Cave in Southeast South
Australia, following a major bushfire in 1959, Over 20 years later. putrefied remains
were sill present, and the water in the poal was suill highly polluted and considered
harardous w human health (Horne, 1993}

The incident at Earl™s Cave is regreuably not an isolated event, und rubbish and
wastewaters have been disposed directly into the unconfined aquifer of the Southeast
karst for over 100 years. Waterhouse (1977} reported that nitrate is the most signifi-
cant contaminant of the atea, and the sources include derivatives of animal wastes
and dairy industry wastes. He developed a contour map of the nitrate concentrations
which showed the highest concentrations to be around the city of Moum Gambicr,
and in the coastal plains w the south, but the entire aquifer is essentially contamina-
ted 1o some degree (Fig, 4). Levels of nitrate in the groundwater appear 1o be gene-
rally increasing and it has been suggested that point source pollution has played a
minor role with as much as 89% of the nitrogen load coming from diffuse sources
A, G, Consulting Group, 1990}

There are thought 1o be hundreds of contamination plumes in the Southeast.
varying in size, nature and range of contaminants. The Mil-Lel cheese factory used
o odd well as o liquid waste disposal site for over 80 vears (Emmett & Telter, 1994),
Groundwater monitoring at the site shows that a pollution plume about 1.5-2 km in
length s present downstream of the foctory (Fig. 51, and that it has migrated at o rale
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Fig, o - Comtours of attrate concentrarion in karse gropndwalen, South East Disteice, Sertetit
Anstralio. From Waterouse, 1977,

of 40 m/vr. A cheese factory at Mount Schank, closer to the coast, also disposed of
liquid wastes down excavated pits, exposed solution joints and wells (Emmett &
Telfer, 1994), Gas and polluted groundwater was evident some distance from the fac-
tory and have moved rapidly through karst voids, presumably forming another pol-
lution plume.
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Fram the 19705, agriculturally based industries in the Southeast, including the
Mil-Lel cheese factory, adopted waste-spreading techniques in an attempt to reduce
lpadings of contaminants likely 1o leach or drain directly into the groundwater.
Wastes from some intensive animal industries, dairies, piggeries, salevards and abat-
loirs are now disposed of by spreading them on agricultural fand. While in some
instances the desired effect has been achieved, there are numerous instances where
waste-spreading has continued 1o add (o the polluton problems of the Southeast by
contaminating the groundwater with nitrates and faecal bacteria. However, these con-
taminants are currently not migrating far from the point source, and are undoubredly
causing further poltution plumes to develop within the aquifer,

At the Mil-Lel cheese factory, several monitoring wells show nitrate concentra-
tons between 20-60 mg/l, while another within the original plume shows levels up
to 30 migdl still present, At the Naracoorte, Millicent and Mount Gambier saleyards
and at a piggery near Padthaway, wasie spreading systems are causing contamination
leading to escalating nitrate levels, with some sites having levels well above recom-
mended limits. At a piggery near Myora waste-spreading is occurring over a pine
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plantation, where there is essentially no recharge to the aquiter. While this appears o
be i suecesstul method of waste disposal o this instance, the effect of harvesting
when the pines mature is uncertain,

Livestock farming and pluntation forestry are not the only agricultural aetivities
to directly impact on karst groundwaters in Australia. Of all the groundwater extrae-
ted from the unconfined aguifer in the Southeast. more than 75% is used for crop i
cation. In the Padthaway region, there is concern that these supplies are being over-
utilised and salinity problems are occwrring (Smiath 1989, The Murray-Darling
basin, which includes o carbonate aquifer sequence from which groundwiner is being
extracted, 15 also suffering from widespread <alinity problems, A burgeoning viticul-
tire industey in the Southeast and around the western tablelands of New South Wiles,
and the Margoret River vegion of Western Australia are placing heavy demands on
sroundwater supplies, Evidence is only just coming o light o suggest thal
sroundwiter supplies in these rezions are being significantly deplewd.

Agricultural impacts on the karst hydrology of the southeast ol Svuth Australia
have now been recognised for same time, and local authorities are now waorking
towatrds protecting and restoring the aguifer, While conditions appear not to have
signilicantly worsened in recent years, there are still many problems 1o overcome.
Generally landholders in both the public and privane sector are becoming more aware
of the implications of living on Karst, but the pollution plumes stll remain and are
likely 1o do so for many hundreds of years,

3. Increased sedimentation on Karst and caves

The residual soils of limestone areas in Australia have accumuolated over long
periods of earth history, where climanc conditions suitable for soil development have
been short and the droughts leading o soil profile reduction have been the norm. The
episadic nature of landscape processes on this domimantly dey continent produce pul-
sey of sedimemtation separated by long pericds of minor reworking. The limestone
soils are shallow, nutrient poor and thal nutrient reserve is inextricably bound o soil
humus, Simple clays and sesquioxides with little surface charge dominate the resi-
dual soils: Thus any erosion will lead (o severe depletion ol the edaphic properties of
the soil.

Apart from these residual soils, many karsis have partial cover of transported
soils due to o varlety of geamorphic processes including fuvial transport, aeolian
processes, mass moverments, and cold elimate conditions, In Tasmania the legacy of
muliple glaciations is seen in the mantles of periglacial deposits and alluvium cove-
ring karsts {Kiernan, 1984a). These are often coarse texiured, being derived from
dolerite. Deep Tertiary weathering mantles overly many mainland karsts. and are
very susceptible o erosion once their stabilising vegetation cover is disturbed. The
development of subjacent collapse dolines in such deposits (Fig. 6) is widespread.
There is thus a crucial link between landscape stability and vegetation cover on karst
in Auvstralin. Richards and Ollier (1976) record up to one metre of sediment deposi-
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Fig. 6 - Recont subjceent collapse doline near the Loatia depression, Mole Creek, Tismania

tion in a cave in the Florentine Valley, Tasmania following clearfelling. At Jenolan
Caves in NSW. Murray ctal. (1993) have vsed fallout radionuclides o determine the
origins and rates of sedimentation in the karst hydrological system. Following clea-
rance af native forest for pine plantations in the early 19505, sedimentation rates
increased to 35 = Mmmfa from an estimated post-1939 rate of 1 = 3mmu/a. Much
of this increase can be atributed to the effects of intense rainstorms eroding newly
established road networks in the plantation,
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Human impacts on the Mole Creek karst of Tasmania have been well documen-
ted by Kiernan (1989). The area is used for dairy cattle and sheep grazing, forestry,
and gquarrying of limestone for agricultural lime, The principal recent impacts on the
karst are associated with land clearance for farmland. forest cutting for timber, road
building, refuse disposal and associated hydrological change.

The principal impact on the karst at Loatta has been the clearance of natural vege-
tation and conversion to pasture over a large area of the polje floor and the nearby
terraces of the Mersey River, There is abundant evidence of increased sinkhole deve-
lopment (Fig. 4) since clearance ocewrred. Kiernan {1989 considers several relevant
factors. First, removal of the forest has reduced evapotranspiration leaving more soil
water. Secondly, removal of tree stumps has reduced the binding agency of tree roots
that stabilise the regolith overlying the limestone, Thirdly, increased soil water flow
has abstracted soil fines and led to partial infilling of solution cavities and some
caves. After heavy rain or the passage of a large animal, sudden failure of the ground
has oceurred. Runafl from impermeable road surfaces has also accentuated sinkhole
development, The combination of increased runoff and impeded drainage has led o
flooding of sinkholes and winter loss of available pasture on nearby flooded areas.
Recent deliberate attempts to impede sinkhole drainage, and the vse of allogenic irri-
gation water, have also changed the water balance. On steeper ground land clearan-
ce has increased soil loss, leading to some localised stripping and exposure of sub-
surface karren on sites such as the Dogs Head area.

There is similar evidence of agricultural impacts on karst soils in central New
South Wales. Gillieson (1989) briefly described clear evidence of soil stripping on
the karsis of central New South Wales, at Wellington, Orange and Molong, Al
Wellington rabbit bones in deep colluvium suggest a deposition date after 1865,
when the animals were introduced. Frank (1972) noted the presence of an histornic
hearth at a depth of 40 cm in cave sediments at Arch Cave, Borenore, and NSW, sug-
gesting significant deposition in the last century. There is also evidence of wide-
spread alluvial deposition in nearby Tunnel Cave. Holland (pers. comm.) has noted
the exposure of subsurface limestone pinnacles and grikes by soil erosion on cleared
land at Borenore, whilst under relatively undisturbed eucalypt woodland no such soil
stripping is evident. This relationship between exposed subsurface solution forms
and land clearance is evident at other karst areas i central and southern New South
Wales (Gillieson, 19589),

At Moore Creek, near Tamworth in the Northern Tablelands of New South Wales,
Holland (1990} has recorded agricultural impacts on karst. The land has a long
history of cattle grazing. Solution runnels exposed by soil surface lowering are wide-
spread, as are terracettes on the cleared limestone hill, Solution pipes at grike inter-
sections are infilled with soil, Other recorded impacts include the removal of lime-
stone for lime burning, rubbish dumping and weed establishment on the cave reser-
ve, Within Moare Creek cave, extensive pits oceur due to exploration for guano
deposits, and a bat colony has declined to the point of local extinction. This is also
the case at the Ashford Caves near Glen Innes (Eberhard and Spate, 1993} as well as
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inwashing of large volumes of surfuce <ol Irom nearby imigated wbacco craps,

Australian limestone soils are nutrient poor in comparison w those of the youn-
wcor continents {CSIRO, 1953), In most cases nutrient concentrations decline expo-
nentially with depth, with the highest proportion in the surface 1-5 em, Thus the
nutrent reserve is casily and severely depleted by modest erosion, and in muny karst
areas that erosion cccurred in the nineteenth century with mitial clearance and inten-
sive use pror to the intraducton of artificiad ferthisers, Thus many karst areas are in
astate of vegetation recovery with depleted soil resources and depauperme soil seed
banks. In many karstse the open forest o woodland dominated by species of
Evcalvpius has an open understorey ol grass or scattered shrubs. Continued gramng
creates compacton. minor rill erostan and few seedlings survive w maturity due o
erzing, This is especially rue for understorey shrubs, which provide an important
hahitat for native birds, Naove perenmal grasses, such as Fhemeda anstradis anid
Pethonice coespitose, are displaced in favour of exotic grasses such as Phoforis
efgateerscet, ez menninns and Lelivar pereene. These ruderal species provide dense
cover bul can prove fess resistan o droughi, feading (o periodic cover reduction and
aceompanying erosion, Rabhits are also o key factor in vegention cover reduction,
and the recent introduction of Rabbit Calicr Virus tRCV) by the CSIRO has led o
spectacular declines i therr populanions, especially in less humid arcas. The lung-
term effectiveness of this hiological control 15 unknown. and it has nos spread with
maintained virulence inthe honnd areas soch as eastern New South Wales and
Tasmania,

Fire mansgement on limestone areas s o contentious subject, especially when
severe wildtires have previously ciused loss of hife or properly. Inomany areas fire
Bas been widely used as o vegetution clearance ool Most Karsis have a low naoral
tire frequency doe to the shielding effects of limestone outerops, reduced ground
cover and ofien o denser canopy with rainforest clements inthe Do T some k-
i of castern Australia, natucal fire freguencies are poorly documented bur the fire
wervil may be 35 o 50 vears or greater CWilliams & Woinarski, 19973, Under these
conditions relict vegetation types may survive, for example the rainforest undersio-
reys of Rirsts in central NSW. In these karsis sediment iransport anly occurs imme-
aiately after fires. with mimmal =oil erosion in the imtervening periods,

Herard reduction burning s widely used by land managers, but may have delete-
rious effects an karst arcas. In Australia for example many authorities aim o burn
individoal areas on o five 1o seven vear cyvele. This increased frequency reduces the
el losd but oflen promoetes more fire wlerant vegetation, or changes the vegetation
understorey. Thus there 15 potenual for changes 1o the hydrology of the underlying
karst particularly if highly organic surface soils or peat are burmed. Although there
may b o management prescription o avold burming limestone outcrops, unplanned
escape of fires into sensitive areas occurs due 1o weather changes. Increascd stream
siltation and cave sedimentation may result, A careful zoning ol fire management,
aided by mapping of pust fire boundaries with buffers around karst areas, may help
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1o reduce these impacts, Historical fire records using mapped data and oral histories
are another valuable resource in this regard. The study of fire histories using sedi-
mentary charcoal in caves is o promising avenue for rescarch (Holland, 19945,

Fire is also a potent geomorphological process on limestone arcas. The direct hea-
ting effect of o fire on limestone causes the removal of the rock surface as shards,
which may be incorporated into the soil profile as a stone line (Holland, 1994). In
troypical Auvstralia repested fring. on an annual basis, has caused the blunting of ril-
lenkarren edazes and the accomulation of a talus at the base of limestone blulls. At
Bendethera, NSW, fire tolerant Acacia covenyi thickets on the limestone concenira-
e heat close to the rock surface promoting spalling, At Mount Schank, South
Ausiralia, extensive karst pavements due to soil swipping are the products of an
extensive and intense bushfire in 1939 (Holland, [994),

4. Cave and karst ccosystem degradation

In Australia. the study of karst ecosyatems has been slow o progress in all but a
fiew cases, and for many areas. baseline surveys have not yet been undertaken. This
poses a problem in many agricultoral areas in that little 15 known of the pature of the
ccosystems prior w European settlement, and conseguently, many specics may have
already been lost or populations altered without prior knowledge. However, eviden-
e s steadily building 1o suggest that present-diy karst ecosvstems are being adver-
sely impacted by agriculture. The main processes that have been identificd as having
actual or potential impacts include:
= clearance of native vegetation and replacement with exotic species which alters
lfood supplies and may cause alterations to cave climates such as desiceation;

« changes (o hydrological regimes including altered Mood regimes and changes 1o
witter table levels, and

« changes 1o water quality including increased wrbidity. nutrient enrichment and the
introduction of chemical pollutants.

These processes are thought to have impacted on fauna by causing losses of taxa,
declines in the geographic distribution of cave communities, alterations 10 commu-
nity compaosition, and allerations of community processes { Eberhard & Spate, 1995:
Eberhard & Hamilton-Smith, 1998),

With the exception of guana [rom bats and cave-dwelling birds, caves ecosystems
are Lrgely dependent on external tood sources, As cave envirenments are slow
change and relanvely predictable, these ecosystems are highly vulnerable to esterinal
evenls, even those occurring at some distance from the cave, Clearance associmed
with sgricubiure has cavsed disturbances 1o surtace environments that have affected
the vype and amount of food entering caves (Clarke, 1997), Clearance has either been
followed by deliberate planting of exotic vegetation, or has created disturbance regi-
mes encouraging the invasion of weedy exotics. This may mean that favoured food
tvpes are no longer available, and the new alternatives may not be palatable 1o the
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resident cave fauna.

The loss of leaf-livter input by conversion from forest o pasture may also be
dewrimental to some cave fauna, Organic inputs into the cave systems may be increa-
sed in runoft from pastures, which may favour some species, bul not others. Clearing
for pasture may also reduce foraging habitat for bats, causing them to abandon roo-
sting sites and consequently decimating guanophilic communities, while causing an
increqse in surface insect populations. which may then have implications tor the land
users and their crops, There is also the potential for the dispersal opportunities of ter-
restrial cave species 1o be severely reduced. if not completely severed by conversion
from forest 1o pastore. (Eberhard, Richardson & Swain, 1991}, Changes to cave
microchimates may be brought about by yegetation clearance by altering moisture
regimes, Water pollution can also impact on the gas content of the air. For fauna
dependant on a particular climatic regime within a particular microhabitar, this can
have devastating etfects { Kiernan, |988). Exotic pine plantations in Sputh Ausiralia
have been found to cause dramatic changes in the level of the local water table and
in cave climates. Spate (in NPWS, 1983) found qualitative evidence that caves under
pines at Yarangobilly, New South Wales, have less recharge, and that cave fauna
diversity and abundance are reduced in comparison to areas under native vegetation
cover, These factors undoubtedly alter the environmental factors governing the loca-
tion and extent of various cave fauna communities.

Changes 1o the hydrological regimes of karst areas have also been detrimental.
When the Pike Creck Dam flooded the Texas Caves, one of the two known species
of troglobitic silverfish was lost, reducing the known diversity of these animals by
half {Eberhard & Spate, 1995). Flooding of Burrinjuck Dam has also wiped out ter-
restrial communities, causing the abandonment of the caves by bats, which has
impacted guanophilic communities and caused a redoction in biodiversity,

Changes to stream flows whether an increase or decrease in flow rate and timing,
are also of concern, Doran et al (1997) suggest that changes o natural flood regimes
are potentially catastrophic to associated fauna when relatively minor floods occur at
unusual times, or there 15 an absence of floods at the expected time, Root-mat fauna
of the Leeuwin-Naturaliste Ridge, Western Ausiralia, are under threat from water-
table lowering, which is due 1w groundwater extraction for irmigation, stock watering
and consumption by rural communities (English & Jasinska, 1998). As a consequen-
ce, these Leeuwin-Naturaliste communities which are amongst the most species-rich
in the world and which contain species with Gondwanan affinities, have been lisied
ax critically endangered,

Increased trhidity in the recharge waters of disturbed Karst catchments can Jead
i the deposition of clays into gravel-floored cave streams, This has presumably lead
10 a loss of the mterstitial habitat and the decline or extinction of species which were
adapted o living there. Scouring of organisms with increased sediment yields is also
likely during flood events, These impacts have been recorded from plantation areas
in Tasmama and in caves downstream of mine sites (Clarke, 19971 and so are likely
o also occur in arcas under pasiure.
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Clearing and fire cause the release and leaching of nutrients from the surface, lea-
ding o elevaed nutrient loading in karst streams and contamination of groundwalers.
This encourages bacterial multiplication. fungal growth, and in surface waters. algal
blooming. Such abnormal growth situations generate high pathogen and toxin con-
centrations, This may cause localised extinction or reductions in species richness und
biodiversity, particularly amongst highly specialised stygobionts. Hizh nutrnent
levels will favour opportunistic “palluted” water species, which may out-compete the
condemic fuuna (Pasquarell & Bover, 1991,

Eutrophication is the single greatest threat to the groundwater communities of the
Southeast of South Australia. Extant stromatalite communities have been found on
the walls of cenotes {water-Tilled sinkholes) south of Mount Gambier. These com-
munities of great significance. particularly because an exceptionally high diversity of
morphological tvpes have been recorded. and also because of the associaed stroma-

Fig, 7 - Aerind view of The Sisters cenote near Mosnd Camibies

tolite-building microbial communities. which are essentially unigue to cach location
(Thurgate, 1996, As mentioned previously, nitrate levels in the groundwater have
been increasing for some time, causing an increase in the abundance and persistence
of planktonic and benthic algae. especially cyanophytes (blue-green algae) which
compele with the stromatolites for resources,

In the cenote known as The Sisters (Fig. 7). phyoplankion blooms are sa inten-
sein the st few metres of water douring summer months that visibility is extremely
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poor. and at depth, no detectable hight penetrates. Undoubtedly this interferes with
photosyithetic processes in the microbial communities, and may have caused signi-
ficant changes Lo species compasition on the stromatolite surfaces, 11 is also possible
that depositional processes, which are responzible for the “growth’ of the stromatoli-
tes, are halied during these times. In other cenote lakes, phytoplankton blooms in the
waker column may not be as intense, however, in Gouldens Hole and many other
cenotes, thick sheets of filamentous benthic algae drape over the stromatolites and
this probably has the same effect. Run-off laden with agriculiural fertilisers has also
caused cutrophication in Lake Chfton, Western Australia. producing algal blooms
that are reducing available light levels and directly smothering the stromatolites
(Eberhard & Hamilton-Smith, 19987,

Apart from the impacts of high nutrient levels, chemical pollutants soch as insec-
ticides and herhicides (Kieroan, 1989 can also adversely effect groundwater ecosy-
stems, The chemical control of weeds on the surface of the karst may introduce unde-
sirable compounds into the sofl, surface waters and groundwater. This may change or
destroy the balance of the natural faunal communities. Using baits and poisons on the
karst surface 1w contral feral animal populations could also potentially impact on
cave populutions if these materials seep undergrouncd.

5. Conclusions

The evalumion of the impacts of agriculiure on Australian Karsts needs more
work, for at present few empircal studies have been made. With the exception of
southeastern South Australia, little monitoring of karst groundwater has been carmied
out. Two major arcas of change have long term implications for this issue;

5oL Fmpdicarions of changing land wse and agricolural resirwctiring

enviconmental awareness and changing imtemational markels for the commuodities

that have been the mamstay of the national economy. This is manifest in several key

areqs;

» The introduction of “smart farming™ techniques, including minimal tillage. laser
levelling of fields, more efficient water use. and limited use of fertilisers and her-
bicides, are all factors that in the long term will reduce the pressure on karst resour-
CC%.

* The growth of Landeare groups in most rucal areas can be viewed as o very positi-
ve move o promote a responsible, informed “erass roots” approach to land mana-
gemenlt, Such groups frequently scek the advice of qualified karst managers for trai-
ning and specific advice, for example at the Borenore karst in NSW.

= The increased use of irrigation w produce high value crops is equivocal, Many new
operations use flood irrigation within large bunds. These use more water and eva-
poration can be high. However a move away from traditional deyland farming may
reduce the crosional impacis of drought conditions, Catchment management offi-
cers have now heen appointed in many areas, and their monitoring programs will
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ultimately reveal the effects of these changes on Karst hydrology.

= There has been a profound demographic change inrural areas. with an ageing popu-
lation and widespread amalgamation of farms. More properties are owned by com-
panies who appoint managers and are better capitalised. Such operations are more
likely to innovate and seek the advice of professional karst managers,

5.2, hmpliverions of climatic change

Auwustralia is climatically a very variable continent. Even in the relatively well-
watered coastal regions, the coefficient of variability of rainfall 15 often as much as
204%, For karst areas, thix means quite dramatic Nuctuaions in water levels on a seu-
sonal or annual basis. Increased extraction of karst groundwater for irrigation may
severely impact on cave fauna, as well as promoting increase sediment ransfers
underground, Drought-breaking rains are often of high intensity, producing a pulse
of sedimentation from catchment areas that have reduced vegeration cover
Predictions of net primary productivity under global warming by Henderson-Sellers
& Blong (1989} suggest that coastal arcas in southwestern Australia and the coastal
fringe of southeastern Australia may experience reduced or more variable vegetation
growth, which may exacerbate the problem. Increased bushlive risk under dry condi-
tions may also destabilise the land surface resulting in increase erosion. It is therefo-
re imperative that catchment management is undertaken with this future uncertainty
in mind, 50 as to minimise the effects of increased climatic variability on altered karst
geomorphic regimes.
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