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Executives"minary

ratrod"ctio"

'Biodiversity' refers to the diversity of genes, species, ecosysteiiis and ecoregions. Like other
sectors in the Australianeconomy, the cottonindustryhas aduty of careto ensure its
environmentalsustainnbility, including conserving and enhancing the biodiversity uponwhich
it depends and minimising negative environmental impacts. Australia ratified the United
Nations Convention on Biologic@IDiversity, in June 1992. The Convention noted the global
loss of biodiversity as a result of human activities, identified the need to conserve biodiversity
triviable areas of natural or restored habitat, and recognised the need to nittigate the processes
that most threaten biodiversity. Subsequent Commonwealth and State legislation and policies
have giveneffectto the Convention.

Biodiversity is important for ecosystem (life support), ethical, aesthetic and culturaL and
econorritc reasons. The challenge is to balance utilisation of biodiversity on the one hand with
its conservation to ensure that present and future human welfare is not coinpronitsed. This is
not easy due to the valuejudgements and diversity of private and public interests involved, as
weU asthe incomplete nature of the science of biodiversity and its poor predictive power for
decision making.

Rayon O^Iectives

This report almsto review the literature, particularly past and current cotton-funded research,
to:

I. describe biodiversity and the role of biodiversity in cottonproduclion systeius;

2. identify the legislative and policy frameworks for biodiversity that are relevantto the
cotton industry;

3. review information aboutthe biodiversity of cotton growing areas;

4. identify gaps andopportuiiities for further research; and

5. suggest ways in whichthe industry can embrace a stewardship role improtectirig
biodiversity in a cooperative partnership with goveLiuiient and the community.

The scope of the projectislimited to the maincottongrowirig areas in New South Wales and
Queensland.

Biodiversity cmdAgric"It"re

Most biodiversity now exists in human-dominated ecosysterns. Human impacts can have
positive, negative or neutral effects on different elements of biodiversity. Biodiversity and
hi, mans have had aclose and mutually supportive relationship fortens of thousands of years.
The current western practice of isolating biodiversity it^ringement from other human
endeavours is a recent phenomenon. While the protection of the characteristic biodiversity of
regions in national parks and equivalentreserves will continue, evenmore important will be
stepsto safeguard or reintroduce native biodiversity and integrate it within human-dominated
and agriculturally productive landscapes over most of the earth s surface.



The three principal threats to native terrestrial biodiversity in Australia are (1) habitat loss due
to vegetation clearance, (2) habitat modification (nitough gi. azing and cultivation), and (3)
exotic species introductions. Nearly 70% of native vegetation in Australia bus been cleared or
modified by hornanactivity. Vegetation clearance continues, with theNSW and Queensland
govenrrnents granting clearing perlntts for 750 000 I^ full999, most of it in the ecoregions
where cottonis grown(althoughmost oftliis was notfbr cottonperse). Habitat destruction
leads to species extinctions: the more habitat cleared, the greater the number of extinctions.
Extinctions at regional and continentalscalestake time, and the fullimpact of vegetation
clearance in Australia will not be folt for decades or centuries. Nevertheless, agriculture and
grazing have caused 90% of the plant extinctions in Australia to date, andthreatenthe
survival of most of the nation's endangered terrestrial vertebrates. Althoughnationalparks
and equivalentreserves can conserve some species, the protected areanetwork isleast
extensive and least representative of pre-Europeanhabitats magiculturalareas. Although
cottonoccupieslessthan 5% of the catchnients in which it is grown, the industry basthe
opportunity to consider ameniative futures for the flora, fauna and ecosystems that it bus
replaced. Likewise, the industry hasthe opportunity to Innnage the threat posed by livestock
grazing, foralanimals and weeds on cottonforins, andto conserve and restore rein^t
ecosystems.

The most extensive loss and degradation of wetlands and impacts on flowing waters in
Australia have occurred magi. iculturaldistricts. The mumthreatsto aquatic and riparian
biodiversity of inland waters and groundwater dependent ecosystems in cotton gi. owing areas
are: (1) water extraction and altered timing and quantity offlows due to river regulation;(2)
agriculture-related impacts such as grazing, increasing qatclmient saliriity and salt loads in
waterways, eutrophication and blue-green algal blooms, pesticide drift, and nitrate and
pesticide pollution of groundwater; and (3) the introduction and spread of exotic species.
Again, these threatsrepresent OPPortuntties forthe industry to restore degr'aded aquatic,
riparian and groundwater dependent ecosystems andprotect aquatic biodiversity tricotton
growing areas.

While not coinparable to the biodiversity of the origir^luridisturbed landscapes, habitat
renm^nts in agricultural areas and modified agricultural environments are able to support
some native flora and fo. uria species. This includes irrigated cotton fields and associated water
storages, where nuny species of bird occur including some resident species. The ability to
support flora and fituna assemblages can be enhancedtlrouglithe retention and active
management of reinnarit vegetation for biodiversity conservation, integration of native
vegetation in farming systeins, integrated pest and weed nuniagement strategies with reduced
reliance on broad-spectrumpesticides, and cropping practices such as stubble retention, strip
cropping, crop rotations and the planting of refuge crops.

Biodiversity Legisl"tm" ""dPo!foies

The Federal Environment Proteciio" gridBtodiversio) Conservation Act 1999 is the national
mechadsm for biodiversity conservation and environment protection. This statute requires the
environmental assessment of activities (e. g. agricultural activities such as cropping and
groundwater extraction)that have a significant impact on flora orfa. uria species or ecological
communities and that involve the Commonwealth. This statute also provides forthe
identification of key threatening processes, such as land clearance.
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The important statutes forNSW cotton growers are the Environmental Planning grid
Assessment Act 1979, Threaie, zed, !^?ecies Conservation (78C) 11ct1995, Fisheries
Management/ICt1994 andNotive Vegetation Conservation Act1997. Together, these statutes
mean that large-scale developments innrralareas ofNSW generally require development
consent and sometimes the development of environmental orspecies impact statements(the
latter are forthreatened species, populations or ecological communities). The Catchment
Management Boards(CMBs)established under theNSW Catchme"tMo"@geme"tAct1989
are also relevantto cotton gi'owers since their Catchme, ztBl"gpri"ts specify targets and
priority actions for biodiversity, vegetation In^gement, water management, salirxity and
soilsto be implemented overthe next 10 years by farmers and govenrrnent agencies.

The relevantstatutes in Queensland are the Integrated Planning/ICt1997, Vegetation
Management/ICt 1999 andL@,, drlct1994. Under these statutes, a development application
accompanied by apropertyvegetation Inanegementplan needsto be lodged to clearnative
vegetation on freehold land, and a peruiit is required on leasehold land. Regional Vegetation
Plane are being developed, and 24 are out for public comment. A moratoriumon receipt of
new clearing applications has beendeclared by the Queensland government, with aproposal
to pluse outbroad scale clearing by December 2006.

In its report, IntegratedC@tohme"t management in the MMrroy, -Darling Basin 2001-2010. '
Delivering a SI, st@ingble F1, fure, the Mumay Darling Basin Collmnission foreshadowed its
plan to settargets for catchment health (water quality, water sharing, riverme ecosystem
health and terrestrial biodiversity)throughoutthe Basin overthe next 10 yearsto guide
decision linking and monitor progi'esstowards agreed environmental outcomes. One of the
mumproblenis hampering the development of catchinent biodiversity targetsisthe lack of
infonnation on thresholds of land use intensification that lead to sharp decfines in ecosystem
function and species.

Biodiversity of Cotto" Growi"gRegio"s

Most cotton is grown in the Darting Riverme Plain ECoregion (DRPE, 74% of the 2001-02
crop area) or in the Brigalow Belt South ECoregion (BBSE, 16%). Relatively smallareas are
grown in the Mumay Darting Depression (Condoboliri), Riverina (Lachlan) and Brigalow Belt
North (Emerald) ECoregions. Literatore searches revealed varying amounts of information
about differenttaxa tricotton growing areas. While general inforn^tion aboutthe distribution
and abundance of Ina^als and birdswas available forthe DRPE and BBSE, the only
targeted biodiversity surveys in cotton growing areas were studies (improgress) at Emerald
and Moree. Large parts of bothecoregions have never been systeinntically surveyed for any
tara. Where targeted surveys of the BBSE were conducted forthe Regional Forest Agr'Gement
process inNSW, surveys were largely conducted on public land. Vegetation Innppirig by
DIPNR inNSW includes sites on private land, but coverage has been Innited by landholder
cooperation since the introduction of SEPP 46 full996. Thusthe biodiversity offarmland
Ten^ms poorly understood.

Mammals

Extinctions of mammalspecies in Australia accountfbr one-third of the world's mammal
extinctions mrecenttimes, and many surviving species have suffered juniorrange
contractions. Of the 70 species of martinialrecorded in the DRPE, eight species are extinct in
the regionand IISpecies are listed as Vuhierable orEndangered under the TSCAct1995. Of



interest to cotton growing is the occurrence of platypus (or"ithorhy"chz, s an@tint, s) in the
DRPE, a species thoughtto be affected by river regulation. Many marlin^Is declined in
eastern Australian cotton growing areas long before cottonwas established, though some
species continue to decline today. The possible decline of halfthe bat species in cotton
growing areas is a concern, especially given interest in their provision of natural pest control.

Birds

There is reasonable futonnntionaboutthe distribution and abundance of birds incotton

growing areas and for wetlands downstream of irrigation areas, butthere is little specific
inforinntionaboutthe linkages between birds and cottongrowing. One studyofthe waterbirds
on cotton farm storages in the Lower Gwydir in 1999-2001, recorded 45 species of waterbird
(mutiny ducks, geese and swans), including four species listed under the 78CAct 1995.
Waterbirds were more numerous on storages foaturirig trees in the water, beds of aquatic
vegetation, shallow areas and islands, suggesting itIatirrigation infrastructure can be designed
to accommodate waterbirds. The extent of natural wetlands and number of waterbirds mend-
of-valley wetlands has decfined with the development of irrigation areas and diversion of
water for irrigated agriculture.

The habitatloss and fragmentation of woodlands associated with cropping has led to the
decline of formerly commonwoodland birds species in the Wheat-Sheep Zone of south-
easternAustralia. In order to safeguard declining woodland birds, it has been suggested that
vegetation clearance should cease in areas when 50% of the landscape has been cleared, and
that no vegetation communities should be cleared below 30% of their pre-European extent or
belowanareaofl% of the region (whichever is the larger). Bird surveys of travelling stock
routes and reserves in the Gunnedall, Nanabriand Moree Slimes have shownthatriverred
gum (E"calyptz, s coinoldz, lensis) and poplar box (E. pop"!"e@) woodlands supportthe largest
number of unique and declining woodland bird species, respectively, and that structuralIy
complexwoodlaiidssupport higher numbers of bird species.

Reptiles, Amphibians gridFish

Reptiles Inny have survived the past 215 years better than mammals and birds butsome
species are knownto be threatened and the status of most is uncertain. Reptiles in decline in
the BBSE in Queensland are mostly associated with grassy habitats andriverine areasthat
have beenused extensively for cottongrowirig and other crops.

Despite a number of amphibian surveys in cotton growing areas meastemAustralia, little is
known of their status. Only two species are listed asrare orthreatened inithe mum ecoregions
in Queensland in whichcotton is grownbut several species Inny have declined on the Darting
Downs overthe past 25 years, Currentstudies of frog ecology innce growing areas and rice
fields in southernNSW provide a modelfor biodiversity investigations mintensive forming
districts.

Native fishpopulations have declined to 10% of their pre-European levels in the Mumay-
Darting Basin, and the trend could continue ifthe impacts of river flow regulation, aquatic
habitat degradation, reduced water quality and barriersto fishpassage are notreversed. The
greatest reductions in fish diversity have occurred in the most heavily regulated rivers.



Invertebrates

While invertebrates predominate over vertebrates intering of species numbers and fourial
biomass in allhabitats, relatively little is known aboutterrestrialor aquatic invertebrates in
cotton growing regions. Most of the futonnntion is due to agricultural research, giventhe
importance of invertebrates to soilhealth, as pests and in natural pest control. The invertebrate
community tricotton meantem Australia is reasonably wellcharacterised. However, the lack
of centralised databases to capture the results of these invertebrate studies (unlike the case
with vertebrate and vascular plants) meansthatthe infonnation is dispersed and difficultto
access. Little is known aboutthe impact of different land management practices on terrestrial
or aquatic invertebrates, with the conspicuous exception of the impact of pesticides, tiliage
and crop rotations on invertebrates tricotton. While several studies have attempted to
investigate the impact of agriculture on aquatic invertebrates, little conclusive infonnationhas
resulted to date.

Microorganisms

Sonarid aquatic nitcrobes are important components of agricultural and natural ecosystems
and are involved innutrient cycling andthe breakdownand decomposition of organic matter,
waste products and pesticide residues. Infonnation about soil nxicrobes is largely derived from
agricultural research. Althouglithe relationships between soilintcroorgaiiisins and land
management have the potential to affect crop productivity and soilhealth, little is known,
Knowledge of the nitcrobiology of Australian inland waters is worse stilldespite the foctthat
aquatic microbes are potential indicators of river health. The catchinent blueprints(NSW),
strategic catchment plans (Qld) and investigations into river health have largely ignored
aquatic microorgaiiisnrs, to date.

POSca, jarpl", zts

Unlike the situation with invertebrates and rincrobes, detailed information aboutthe
distribution of vascular (higher) plants is available in electronic databases in bothNSW and
Qld. InNSW, vegetation Innpping by theNSWDepadment of Infrastructure, Planning and
Natural Resources of the mum cotton catchinents proceeds, butso for is only avamable forthe
Upper Namoiand HiUston cotton growing areas and part of the Lachlan Slime (the headwaters
of the catchinents of the Gwydir and Macirityre Rivers have also been completed). Systen^tic
terrestrial vegetation surveys have beencompleted forthe BBSE and most of the DRPE.
Surveys have attempted to focus ontothpublic and private land, but accessto private land
has often beendenied. The Darting RiversouthofBourke 11as been identified as a region
lacking flora inforn^tion. In Queensland, the BBSE bus been subdivided and mapped into 20
provinces and 163 regionalecosysteriis, and regionalecosystenrs have been assigned a
conservation status('Endangered','Of concern' or'Ofno concern') based on percent
rerunining, condition andpresence of threatening processes. However, there have been no
systeinntic flora surveys over muchofthe BBE (this is changing for public land areas), so
floraknowledge is poor in rumy areas.

Vegetation clearance has not beenrandomacross the landscape, with vegetation coriumunities
on more productive soils experiencing proportionally higher clearing. Most remnant
vegetation conmnuiiities tricotton landscapes have been heavily cleared and are poorly
represented improtected areas. Ecological communities relevantto cotton growers and listed
as threatened under NSW or foderallegislation include brigalow (/IC"cio harpqphyllo),



bluegrass (Dicko"thinm sence"in) dominant grasslands, grassy white box (E"cab, pt"s o1be"s)
woodlands, white box-yellow box (E. meniodor@) woodland, Garbeen (E. resse!!arts) open
forest, and native vegetation on cracking clay soils of the LiverpoolPlairis. Most regional
ecosysteins on anUVialsoils tricotton growing regions in Queensland are likely to be
'Endangered' or 'Of concern' under the Pegei@tio, IMO"ageme"tRegz, Iati0" 2000. Rein^t
vegetation in cotton areas is likely to contain a highproportion of threatened species.

Non-voscz, 10rplonts

Non-vascular (lower) plants include algae, lichens and bryophytes(mosses, liverworts and
hornworts). Algae can be the basis of food chains innversysteins and the cryptoganiic soil
crusts consisiting of these plants in and ecosysteiiis are important for soilconservation,
nitrogen fixation and microbialhabitat. Non-vascularplants have not beenthe subject of
systen^tic regional surveys. InNSW, non-vascular plants are not included in the mmjor
vegetation assessments and background reports prepared for different ecoregions. The NS17
State of the Environment 2000Reportstatedthat there is virtually no inforinntion on the status
of and threatsto terrestrial and aquatic non-vascular plants. Stintlarly, the State of the
Environment Queensland 1999 report indicated that there is little information on the
biodiversity status of non-vascular plants in Queensland.

Aquatic vegetation includes both floating and rooted vascular plants in addition to algae and
non-vascular plants. Aquatic vegetation bus been surveyed in several studies of water quality
and stream condition in cotton growing regions in easternAustralia although additionalwork
is required on private land. While sampling of some strearns and wetlandslias been
comprehensive, the effects of water quality and flowregimes on aquatic vegetation pattenrs
are not wellunderstood.

Exotic vegetation

Terrestrial and aquatic weeds are a junior but understudied problem tricotton growing
regions. Althoughthe cotton industry has funded comprehensive research into the
management of weeds tricotton fields(e. g. WEEL^70k. ./I Gz, ide/brIntegrated Management
of Weeds in Cotton), the threatto dryland agr. iculture and native biodiversity from
'environmental' weeds such as lippia (Phyl" canescells), water hyacinth (Etchhor"to
crossjpes) and African boxthom (Lyci"init?rocissimt, in) in floodplain, riparian and wetland
habitats is significant. A coalition of interests including the Cotton RDC recently initiated
research into lippia.

Key threatening processes

Both f6deraland NSW legislation arrow forthe listing of Key Threatening Processes(KTPs)
that lead to anative species or ecological community becoming threatened. The most relevant
to cotton growers are had clearance (including trimling of wetlands and drowning of native
vegetation), alteration to the natural flow regimes of rivers, streains, floodplairis and wetlands,
removal of large woody debris from rivers, degradation of riparian vegetation along
watercourses, introduction offish to freshwaters outside their natural range, and the
instaUation and operation of in-stream structures that modify flow.



Tile biodiversity of cono"/ields

Cotton fields meastem Australiaprobably contain a surprising amount of biodiversity but
most of the biodiversity is likely to be cryptic. Several species of native bat, reptile and frog
occur mand over cotton and many species of native bird frequent cotton tanning systenis,
some of them resident in cotton or associated irrigation infrastructure. At least 450 species of
invertebrate have beenrecorded in one cottonfield in the Lower Namoiinrecent years and
the number and biomass of the soilbiota ishkely to be vast. However, animventory of the
biodiversity of Australiancotton fields has never beenundertakeii, and we were unable to find
published or unpublished information aboutthe diversity or biomass of several major groups
of organisms in cotton soils.

Biodiversity @"dEcosystem Services

Biodiversity underpins cottonproduction tritiumy direct and indirect ways. Soilbiota is
directly responsible for productive soils. Beneficial invertebrates and perhaps vertebrates and
the new biopesticides based on naturally occurring viral and fungal pathogens provide a
natural pest controlservice whichcanbe more profitable than reliance on conventional,
broad-spectnmiirisecticides. Aquatic and soil rincrobes deroxify' pesticide residues. Tan
vegetation surrounding fields reduces pesticide drift as weit as potentially enhancing yields
and providing habitat for beneficial organisnis. Wild AUStrahancottons are being investigated
for genes that convey resistance to fungal pathogens.

In an indirect sense, the biodiversity of the surface and groundwater catchinents upstreamof
irrigation districts is important in maintaining flows of surfoce and ground water for
irrigation. Upstream vegetation helps controlerosion and filters runoffand subsurfa. CG flow,
maintaining water quality. Deep-rooted vegetation also mumtains water tables at depth,
preventing the release of stored salts whichwould otherwise render irrigation watersaline or
sodic. In torii, the mumtenance of upstreamecosysteirisis dependent on a wide variety of
animals and plants and their interactions internis of poitinatioii, seed dispersal, recruitment
and so on. Sinitlar ecological processes operate tricotton growing districts to mumtainthe
native vegetation from whence beneficial organsiiis are sourced. Soiland aquatic nitcrobes
decompose wastes, remove nutrients and break down toxic residues, also helping to mumtain
soil and water quality.

Indirectly, the biodiversity of the entire biosphere is important mineintaming the gaseous
composition of the atmosphere and providing equable cliinates for agricultural production in
cotton growing areas. Sinnilarly, with biotechnology, useful genes from anywhere can be
potentially incorporated into cotton, junking the world's entire complement of biodiversity
valuable to the industry.

The benefitsto hun^ns from biodiversity andthe ecological processes and conditions
generated by it are called 'ecosystem services'. Ecosystem services include the cleansing,
recycling and renewal of land and water, the production of raw muterials and foodstuffs, and
cultural and aesthetic benefits. At least 11 ecosystem services are importantfbr cotton
production meastem Australia:

I. naturalpestcontrol;

2. Inairiteng, riceofsoilhealth;

3. water filtration;

.



4. prevention of softerOSion;

5. wasteabsorptionandbreakdown;

6. maintenanceofriverfiows;

7. maintenanceofgroundwaterlevelsandgr. oundwaterquality;

8. maintenanceandregenerationofhabitat;

9. maintenanceandprovisionofgeneticresources;

10. regulation of climate;and

11. provision of shade, shelter and barrier effect.

Ten ofthese ecosystem services are important inputs to cotton production and alleleven are
affected by it. More ecosystem services are likely to be deleteriously impacted by cotton
production than enhanced and most of the positive impacts of cottonproductiononecosystem
services are likely to be confined to on-lainibiodiversity. Major challenges forthe industry
are to ensure that growers appreciate their dependence onecosystem services and
biodiversity, and nuniage cotton production to minimise negative impacts and increase
positive impacts on both on and off-farm biodiversity.

The 11 most relevant ecosystem services to cottonproduction in eastern Australia are
ruinmarised below.

I. Natural pest control. Insecticide costs of between $800 and $1,000/11a have not been
uncommon in irrigated cotton production. Natural pest controlcanreduce grower reliance
on broad-spectrum insecticides throughthe actions of generalist insect predators,
parasitoids, pathogenic viruses and fungi, birds and bats. Despite improved gi'OSsiriargins
from adoption of integrated pest nuniagement strategies misome areas, more research is
required to understand the ecology, movement and manipulation of the common native
predatory and parasitoid invertebrates mrelationto cotton, other crops and native
vegetation, and the impacts of different beneficial organisms on pest numbers. Little is
known aboutthe pest controlrole of vertebrates tricotton growing areas. CGrairisoil
microbes might be instnmientaltriteducing disease pathogens in cotton soils.

2. Maintenance of soilhealth. The soilbiotan^intains healthy productive soils. While the
cotton industry jus invested miresearch on soil health, less effort bus been directed at
understanding the relationship between soil biota and soilhealth. Production could
potentially be increased through better understanding of the response of functional groups
of soil biotato n^ringement, and their role in maintaining productive cotton soils.

Prevention of somerosion. Given the smallrates of soil formation across most of
Australia, soilerosion in croplands is ursustair^ble. Rates of soil erosion under cotton are
up to 11timesthe leveltliat would have occorredunder native vegetation. Soilerosion in
cottonfields can be reduced by avariety of means. Prevention of soilerosion leads to the
retention of nutrients and pesticide residues in-field, reducing fortiliser requirements and
the poUutionofirrigation channels and tailwater storages. In some cottoncatchments,
streambank erosion is responsible for a large proportion of the sediment load in rivers.
Dense riparian, fr. inging and emergent vegetation is important incontrollirig streambank
erosion.

.



Water filtration. Water filtration reforsto the capture and removal of sediment and
nutrients from overland, subsurfoce and in-stream flows. This ecosystem service is not
particularly importantto cottonproduction per se:the application of nutrient and
sediment-laden irrigation water Inny be beneficial to production, and the closed nature of
cotton irrigation systems meansthatlittle sediment or nutrient usunity escapes. The
ecosystem service is important, however, acrossthe rest of the tannincontaining
sediment and water-borne nutrients from dryland crops and pastures priorto the
movement of sediment and runoffbeyond the boundaries or into water ways. A lattice
work of wein vegetated filter strips, waterways and riparian zones is useful in trapping
sediment and nutrients, and beneficial for biodiversity.

Waste absorption and breakdown. Cottonattracts one of the highest rates of pesticide
(insecticide, herbicide and defoliant) application of all broad-acre crops in Australia.
Although runny new pesticides have short residualactivity, pesticides used incotton have
been detected in surface water monitoring overthe past 5 years' Pesticide applications
need to be matched to the ability of the natural terrestrial and aquatic decomposer chains
of Tmcrobesto absorb and breakdownthese waste products. The efficacy of the key
nitcroorgaiiisrrrs Thight also be nuniipulated. Recent advances in this area funded by the
cotton industry include the use of artificial wetlands in irrigation tailwater systernsto
reduce pesticide residues, and the isolation of enzymes to detoxify chenticalremaining in
pesticide contaliiers.

Maintenance of river flows. The collection and delivery of river water to cotton growing
areas is critical to the industry. The production of adequate quantities of cleanriver water
for use in irrigation is datennined by the mosaic of upstream ecosysteins and land and
water uses. The quantity of river water extraction for irrigation and the reduction in flows
and to end-of-valley wetlandsisthoughtto have had a junior impact on river healthand
aquatic biodiversity downstream. The scheduhiig of water releases for users and the
changes to the vanabilityof the untilralflowregime is also thoughtto have affected
downstrcoiii, aquatic ecosystenis. The annual releases for irrigated cotton in sunmner are
an example of howregulation can reduce natural vanability, which interncanbenefit
non-native organisnrs such as European carp (C}:prt"I'S carpio)that are adapted to more
uniform flow conditions.
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Maintenance of groundwaterlevels and quality. Groundwateris an importantsource of
irrigation water for some cotton growers. Like river flows, inigators have little control
over groundwaterrecharge but can affect boththe quantity and quality of the local
resource. Groundwater use is ursustairiable in some regions, with depletion of the high
yielding deep aquifers and impacts on shamowaquiftsrs msome areas. The shallow
aquifers may be important for groundwater dependent ecosystemssuch as poplar box
(EMCo!ypi"spopul"e@) woodlands on the floodplain of the Upper Namoi. Excessive
extraction Inny also harm hypogealecosysterris of subterranean aquatic organisinsthat
occur in some aquifers. An isolated example has beenreported of rapid drainage of water
beneath an irrigated crop when deep aquifers are being pumped. This raises the possibility
of the poUution of freshwater aquif;ers with nitrate, salts orpesticide residues Ieached
from the surface soil.

Maintenance and regeneration of habitat. Habitatisthe environment in which aplant or
animal lives. The health and regeneration of habitat are affected by vegetation clearance
and modification, changes inland use, agricultural practices, species extinctions, weeds



and teral;, nimals. The value of different natural habitats for organsins beneficial to cotton
production is poorly understood. The replacement of natural habitats by crops and sown
pastures jus beendeleteriousto many organsins and beneficial to others' Active
nuniagementis required to Tetaliiand enhance the condition of habitat reniriarits on cotton
farms, restore native vegetation, and maintain or enhance threatened species typical of
these habitats.

9. Maintenance and provision of genetic resources. Genetic diversity is responsible forthe
subtle differences between individualsthat allowpopulations and species to adapt to
environmental change and evolve. Cottonbreeders are interested in wild Australian
cottons as sources of genes conveying resistance to the native fungal disease, Fusarium
wit. Genetic diversity is central to the planmed, long-ternisuccess of biopesticides being
developed against cotton pests because it should be difficult for pest populations to
develop resistance to multiple genotypes of pathogenic viruses or fungi.

10. Regulation of climate. Stable predictable climatic pattenrs benefit formers. The
Inanegement of land and water resources throughoutthe biosphere is important in
maintaining atmospheric and climatic stability because land, the oceans and biota act as
sinks and sources of greenhouse gases. The meansurface airtemperature over Australia
increased by 0.8'C tilthe 20th century, and a further rise of between 0.4'C and 2.0'C is
likely by 2030. It is possible that large irrigation areas inithe senit-and cotton growing
regions of eastern Australia amenorate day-time inarinia and increase rainfall. On the
other hand, the cotton industry may be contributing to Australia's escalating greenhouse
gas elmssions. Global warming andthe increased atmospheric concentration of CO2 pose
various hazards and opportunities forthe industry. A baseline assessment of greenhouse
gas erritssions in cotton based funiiiig systeins has recently commenced.

. Provision of shade, shelter and barrier effect. Windbreaks can amenoratethe crop
nitcroclimate, conserve soil, protect plants from wind darnage, increase crop water use
efficiency, reduce spray drift and provide habitat for beneficial organisiris. However, there
has been little adoption of windbreak technology in the cotton industry. The maintenance
or establishment of windbreaks across cotton forms could have benefits for biodiversity
generally, as wellas for production.

Co"cmsio"s

There are ethical, regulatory, political and econorrxic reasons for the cotton industry to invest
in biodiversity researchand conservation. Like othersectors of the Australian economy, the
industry needsto improve its nuniagement of the nation's land and water resources as part of
its duty of care to sustaliiable resource management. The industry can chooseto acceptthe
challenge of sustain^binty and lead by example in achieving new standards of environmental
pertbrn^rice. Giventhe pace of natural resource refi>rrrrs, the cotton industry should mumtain
a watching briefon biodiversity regulations and the reformprocess. Politically, the industry
may had it advantageousto lead debate msetting and achieving biodiversity and natural
resource targetsratherthanhaving others' decisions imposed. The biodiversity that directly
sustainsthe cotton industry is scarcely known in a scientific sense: better understanding of
soil biota, beneficial organisms and aquatic nitcroorgaiiisnis, in particular, is likely to lead to
creative options for sustaining or increasing cottonprofits.



The pace of natural resource reform in Australia is unlikely to let up. Despite the remarkable
changes in SOCietalvaluestowardsthe environment in the past 10-15 years, the National Land
and Water Resources Auditlias established that the nation's natural resource base is in largely
poorshape. Times of rapid change can present bothhazards and opportunities. Primary
producers can play a decisive role machieving 'public good' outcomes for biodiversity and
resource conservation mretum for resource security and an acceptable mix of extension
services, incentives and regulations to enable them to formwith confidence and flexibility.

Farmers are in a strong position to deliver significant environmental outcomes in a
stewardship role negotiated with government and the community. The key factors operating
in favour ofpririiary producers are their: (1) abmity to manage heterogeneously and at fine-
scale;(2) continualpresence on the land;(3) strong motivation to manage their own country;
(4) practical skills and expertise in adaptive Inariagement; and (5) self-interest in sustaining
land productivity assuiimig a conducive decision mating environment.

Australia 11asseveral international obligations under the United Notions Convention on
Biologic@IDiversity, in relation to biodiversity conservation in agr. iculturalregions: these are
(1) integrating the conservation and sustair^ble use of biodiversity;(2) establishing a system
of protected areas and reserves under private ownership for biodiversity conservation in
Australia's agricultural heartland;(3) ensuring biodiversity conservation on private land; and
(4) providing financial and other incentives for biodiversity conservation on private land.
Giventhe looming extinction spasm, these are key areas in which the cotton industry could
workwithgovemments and the community triorderto achieveregionalenviromnentaland
biodiversity conservation targets.

In watersharing, a cooperative approachwith government is desirable to develop strategies
for water releases to mimic the pre-development patterrrs of river flow in quantity and timing,
delivering water entitlements for industry while ensuring adequate environmental flows. At
farm scale, negotiations Thight focus on storagesto increase their value as wetland habitat as
well asthe enhancement of natural wetlands or creation of artificial wetlands. As part of a
negotiated package of environmental refonns with govenunent, the voluntary implementation
of private reserves on cotton fullrs might be traded in eXchange for increased resource
security. In the light of emerging concepts of environmental best practice inithe grazing
industries, the cotton industry Thight negotiate voluntary restrictions on intensive cropping
development to a muximum litnit of 30-50% of form area, in return for high security accessto
water entitlements. The industry could also develop and putto goveiiLuient incentive schemes
that target highpriority biodiversity outcomes, maximise grower benefits and minimise costs
to ta, <payers.

Giventhe hadequate conservation in 16nnnlreserves of the regionalecosystenrs and species
characteristic of the riparian and floodplain landfi, rnrs occupied by the cotton industry,
practical on-form and area wide conservation ittitiatives include the protection and
management ingood condition orrestorationofsn^lirepresentative areas of regional
ecosystenis. Areawide management groupsofgrowers rimght adoptthreatened species or
threatened regionalecosysteins as local flagships, and promote their conservation and
restoration on larus and in the area generally.

Many Key Threatening Processes(KTPs) under federal andNSW legislation (suchasland
clearing, river diversions and regulation, and degradation of riparian vegetation) have been
pivotalto agricultural development and are central to further industry e>cpaiision. The cotton



industry could instigate threat abatement planning for KTPs of particular relevance to
growers, dissuade cotton developers from peruetuating KTPs and develop policies on offsets
and compensation to be paidby developerswho promulgate KTPs.

Other practical initiatives that cottongrowers can take include:

I. retaining stubble to prevent soilerosion and increase the biomass and diversity of
soildecomposer organsins;

2. protecting the riparian zone and retaining a lattice workofnative vegetation across
the whole formto filtersediments and nutrients and pollutants from rimoffusing
vegetated water ways, filter strips and riparian buffers;

planting woody native vegetation around cotton fields as windbreaks, spray drift
barriers and habitat for beneficial organisms;

using integi'atedpest management strategies and ariareawide pest nianagement
approachto reduce pesticide use; and

incorporating wetlands and ft'inging habitat in irrigation infrastructure such as water
storages.

A potential vehicle for implementing environmental stewardship and biodiversity
conservation is the cotton industry's Best Management Practice (B^^IP) progi'am. A had and
water module is in draft fon^ Weed management acrossthe wholefarm(as an example of
duty of care) and protection of threatened species and threatened plant conrrnuiiities in good
condition (as an example of voluntary environmental stewardship) are justtwo issues that
Thight be targeted in further B^^IP modules. New B^^IP ittitiatives should encourage growersto
benchmark and document improvements in on-farm biodiversity and management overtime,
perhaps using simple monitoring and photographic techniques.

Reseorchg"ps

There are many biodiversity research gaps forthe cotton industry to address. Biodiversity
research priorities fallinto three categories: (1) research that is likely to lead to profitable
outcomes for growers as well as benefit biodiversity;(2) researchto clarify the industry's
duty of care with respectto possible negative impacts on biodiversity; and (3) 'public good'
research to characterise the biodiversity of cotton gi. owing areas and promote biodiversity
conservation, particularly on-farm

Biodiversity research is likely to yield profitable outcomes for growers infour key areas:

I. Beneficial organsins and their role mintegrated pest Innnagement(IP^^0. Further
research on the diversity, ecology and management of beneficial invertebrates and
vertebrates is required to deliver greater certaliity to growers adopting IPM strategies,
and assist with the designoffann and irrigation development, crop layout and
rotations, vegetation plans and revegetation.

2. Soilbiology and function. The soil biota underpins productive healthy soils, butthe
vast juniority of the organsiris in cotton soils and their functional utility are unknown.
Better understanding of the role of soilorgaiiisins in contributing to soilfi=rtility, pest
control, disease suppression and pesticide bioremediationwould be useful.

3. Climate regulation. Recent studies suggest that extensive irrigation developments are
capable of amenorating the regionalcliniate. Moreover, the greenhouse effect could



impact on the industry through changesto catchment wateryields and recharge rates,
and regional rainfalland temperature regimes, through the fertilizer effect of a CO2
enriched atmosphere, and through possible changes in the carbon-nitrogen ratio of
cotton, with flow-on effects to pest and beneficial insects.

4. Windbreaks and revegetation. Windbreaks offer several potential benefitsto growers:
increased yields through in-field clin^tic amenoratioii, as barriers to spray drift, and
as habitattbrbeneficial organisnrs. Giventhe lack of adoption of windbreaks on
cotton forms, further research linght investigate the impact of different windbreak
designs on cotton profits and the best species to use mrevegetation for multiple
benefits.

Further research is required to clarify the cotton industry's environmental impact innve key
areas:

Impact of pesticide residues on non-target organisms and ecosystems. The health of
reiniruit eucalypttrees in some cotton growing areas is poor, andtraces of pesticides
used tricottonhave also been detected in water monitoring programs mrecent years'
The industry bus already invested indrift mirinnisation strategies and the impact of
pesticides on non-target organisnrs. Further efforts aimed at quantitying the impact of
pesticides on non-target aquatic and terrestrial ecosystemrs are warranted, in order to
judge the levels and types of pesticide movement off field that are acceptable. Further
investment in pesticide bioremediation would be valuable, particularly forthe
treatment of pesticide residues in water and soils (both in cotton 'I^-fining systems and
off site) and cherrxicalcontainers.

2. Impact of groundwater extraction origroundwater dependent ecosystems. In
groundwater zones where deep and shallow aquifers are connected, extraction for
irrigation from deep aquifers can lead to the lowering of water levels in shallow
aquifers. This potentially imperilsterrestrialecosysteins dependent on the shallow
groundwater as wellas hypogealecosystenrs of groundwater-dwelling organisins.
Research is required to ensure that groundwater use for irrigated cotton is not
darnaging groundwater dependent ecosysteius.

3. Pornutants in deep drainage beneath cotton fields. The industry bus recently invested in
deep draii^ge research triorderto understandthe phenomenon. One aim should beto
determine the quantity and destination of contaminants (salts, nitrate and pesticide
residues)that dram below cotton fields and develop lintigation strategies.

4. Maintenance of natural river flows. 'Ihe two in^jor concenis aboutthe impact of the
cotton industry on river flows are the quantity of water diverted from inland riversto
irrigation and the reduction in river flow vanability in order to meet trigators'
seasonal requirementsfbr water. The challenge forthe industry is to understand how
these impacts have affected downstreamwetland health meach catchment and to
develop watersliaring strategies with government that allow river flowsto more
closely mimic the natural regime.

5. Greenhouse erritssions. The loss of native vegetation to cotton industry development
since 1990 and ongoing forming practices may have contributed to Australia's
escalating greenhouse gas erritssions. The industry has begimto benchmark its
erritssions, and needsto develop lintigation strategies with the ultimate amiof
demonstrating greenhouse neutrality.
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Whether cotton levypayers should continue to fund 'public good' research into biodiversity
conservation where the research application exceedsthe duty of care, is a decision forthe
industry. However, a striking conclusion of tilts report is our ignorance of the vastinnjority of
the biodiversity that sustaliis cotton production, and of the biodiversity on private land inithe
agricultural heartlands of inlandNSWand Queensland. The industry basthe OPPortruiityto
encourage establishment of terrestrial and aquatic biodiversity survey and monitoring sites on
farnis mallcotton growing regions. The industry occupies adjsproportionate amount of the
most productive and valuable ecosystems, both in ariagriculturaland biodiversity sense, in
inland eastern Australia. Due to the combination offertile soils and water, the remnant
ecosystemrs in these areas are likely hotspots for native biodiversity, butthey are also the least
represented inithe protected areanetwork. These ecosysteiris and their characteristic flora and
fauna are also among the most impacted and threatened. The cotton industry could thus
contribute to kilowledge of biodiversity of these tireatened ecosysteiris, and to datenimiirig
thresholds to land use intensification for biodiversity conservation in agricultural regions.

Neither terrestrial nor aquatic invertebrates, lower plants or rimcroorgaiiisnrs have been
systerr^tically surveyed tilthe two principalecoregions in which cotton is grown. Giventhat
most of the research on invertebrates and nitcrobesin Australia is conducted by the
agricultural industries and supporting agencies, the cotton industry rimght wantto conaborate
with other agi. iculturalagencies in establishing databases in which distributionaltota for
invertebrates and Tmcrobes are systematically collated.


