8:) ACT

KANGAROOS AND
CONSERVATION

ASSESSING THE EFFECTS OF
KANGAROO GRAZING IN LOWLAND
GRASSY ECOSYSTEMS

MARCH 2018

Melissa Snape, Peter Caley, Greg Baines and Don Fletcher

Conservation Research
Technical Report

R , o A -(" S
: » " 4




© AustralianCapitalTerritory, Canberra2018

Thiswork is copyright.Apartfrom anyuseaspermitted underthe CopyrightAct 1968,no part maybe
reproducedwithout the written permissionfrom: DirectorGeneral Environment Planningand Sustainable
DevelopmenDirectorate, GPOBox158 CanberraACT 2601.

ISBND781-921117589
Publishedby the Environment Planningand SustainabldevelopmenDirectorate ACTGovernment
Visit the EPSDD Website

Disclaimer
Theviewsandopinionsexpressedn this report are those of the authorsand do not necessarilyepresentthe
views,opinionsor policyof fundingbodiesor participatingmemberagenciesr organisations.

Thispublication shouldbe cited as:

Snape M, Caley P, Baines G, Fletcher D (2018). Kasgard Conservation: Assessing the effects of kangaroo
grazing in lowland grassy ecosystergsvironment, Planning and Sustainable Development Directorate, ACT
Government, Canberra.

Accessibility

TheACTGovernmentis committedto makingits information, servicesgventsandvenuesasaccessibl@s
possiblelf you havedifficulty readinga standardprinted documentandwould like to receivethis publication
in an alternativeformat, suchaslargeprint, pleasephoneAccesanberreon 132281 or emailthe
EnvironmentPlanningand SustainablédevelopmenDirectorateat epd_communications@act.gov.alf
Englishis not your first languageandyou require a translatingandinterpreting service pleasephone 13 14 50.

If you are deaf,or havea speechor hearingimpairment,and needthe teletypewriter service pleasephone 13
36 77 andaskfor AccesCanberraon 1322 81. Forspeakandlistenusers,pleasephone1300555727andask
for AccesCanberreon 1322 81. Formore information on theseservicesvisitthe NationalRelayService
website.

Frontcover(left to right): CommonDunnartdiscoveredduringreptile surveyswith youngin the pouch(K
Nash)staff measuringpasturestructure at the quadratscale and a SpottedbackSkink(M Snape)


http://www.environment.act.gov.au/
mailto:epd_communications@act.gov.au
http://www.relayservice.gov.au/

Technical Report

Kangaroos and Conservation:

Assessing the effects of kangaroo grazing in lowland grassy
ecosystems

Melissa Snape Peter Caley Greg Bainésand Don Fletchelr

!Environment, Planning and Sustainable Development Directorate,

ACT GovernmenCanberra, ACT 2601

2CSIRO Data61, Health and BiosecuB®(Q Box 1700, Canberra, ACT 2601

Conservation Research
EnvironmentDivision

Environment, Planningna Sustainable Developmebirectorate

March 2018



CONTENTS

EXECUTIVE SUMMARY ..ottt eer ettt e e aer e e e et e e e e et e e e e et s e e aar e e e e ett s e eeeatan s 3
ACKNOWLEDGMENTS . ...ttt ittt ettt e e e e e e st e bbbttt e e e e e e s nn bbbt e e e s et e e e e e s eannbnbeeeaaeess 4
L @ 1SS N 2 /S 5
1IN I RO ] 1 L@ N [ ] Y PP 7
Grassy eCOSYSEM CONSEIVALON. ........iiuuiiiee ettt e e ettt e e e s eiteee e e e s s sibeeeeaessesnbeeeeesssnnsnneeessssnnnenid
Drivers of grassy ecosystem fUNCHQN ...........oocuuiiiiiiiiie e e e eieneeee ]
The role Of KANQAIOQS ... .. ..uiiiiiei ittt e ettt e e e e s b e e e e e e s anrreeaeeeas 10
ACT Kangaroo Management PLANL...........coiuiieiiiere e ssiiee e siie e steeesiee e e sntaeeesneeeeasnteeesnneeeeennes 11
RESEAICH AESIGN.....eeiiiii ittt e e st e e e e e e sebb e e e e e e e anrreeaaa e 12
RELATIONSHIPS BETWEENGAROO DENSITNDAGRAZING PRESSURE.........cccccccveiiiiieee 13
T ]i oo 18 o114 o] o HURR PRSP PP PR PPRPP PP 13
V=1 oo T PP PPPP PP 13
Kangaroo density @SHMALION. ........uuurreiiiiieeeeeeeee s eeses e e e e e e e e e e e e e s e e e s s s ssnnerrrereeneeeeereees 15
Off-1aKE IMBASUIEIMENTS. ... eeiiiii ettt e et e e e e s st e e e e e s abbb e e e e e s saabb b e e e e e s annnrneeas 16
Y= L] (o= L= LT YA 16
RESUILS. ...t e e ettt e e e e e e e e e e e e s s e e e e b et e e rbr e e e e et e aaaaaaeaaaaaeeaaaaaan 19

D 1ST ot U T T PR URPR 21
RELATIONSHIPS BETWBRAZING PRESSURBD RASTURE STRUCTURE............ccoiiiiiens 23
T 0o (8 Tox 1T o 1R RR 23

1Y =71 oo £ PR 24
Off-taKe MEASUIEIMENES. ... .uiiiii ettt et e e e e st e e e e s st b r e e e e e s saabbeeeeeesannreeeas 24
Pasture StruCture MEASUIEIMENTS.........uuiiiiiie e eeerr e e e e e e e e e e e e e s s e s s nn e e eeeeees 24
StAtiSHCAl ANAIYSIS.....oii i ittt e e e e e e e e e e e aa e ———rarraeas 25
RESUIES. ..ttt e e ettt e e e e bbb et e e e s sab b bt e e e e e nb b e e e e e e e annreeea e e 25

B [T ot U 3] o] I PP URPT TP 27
RELAONSHIPS BETWEEN PARE STRUCTURE ANIDBVERSITY......cccvvviiiiiiei e 31
T a1 oo (8 ox 1T ] o PP OPUTP TP PPP PR 31

1Y 1= 1 o T £ PR 31
Pasture StruCture MEaSUIEIMENTS...........iiiiiiiiiiiiiiiear e e e et et b e e e e e e e e e e e eeebb b eeeeeas 31
Reptile diversity and abUNAaNCE...........ocuuuiiii i 32
FIOMISHIC FICRNESS ...t e e e st e e e e e s snnb e e e e e s annreeaaas 32
STAISHCAI ANAIYSIS.....ieeeeie et e st e e e e s st e e e e s aa e b e e e e e e nnnaeeaeeeaane 33
RESUILS. ...ttt e et e e e et e e e e s e et et e e e e et e e e e e e e ntaae e e e e e et ranaeeenanrrreeeeeaas 33
Relationships between pasture structure and reptiles..........ccccvvvviiieeeee e 33
Relationships between floristic richness and pasture StruCture............cooeevvieeevciivviivveeeeeeen. 36

D [T oW 3] o] I PP UUPPPRRPY 924
SUMMARY AND MANAGEME IMPLICATIONS . ....cotiiiieiiie et smr e e e 45
REFERENCES ... oot er et e et e e e e et e e e ne et e e e e e e et e e eaneeeaneeeenreen 47



APPENDIX L. e e 51

Methods for measuring kangaroo @HKe................ooooiiiii 51
F N o N TP 56
F e o N ] SRR 57
APPENDIX 4. ..ttt ettt e e et e e e e e e e e e et e e e e e e e e e abe e e e aneeas 58

Methods for measuring herbage mass and StrUCIUIE. ...........ccoiiviiiiiiiei e 58
APPENDIX Bttt e et e e e e s ame et e e e e e e e abe e e e eneeas 63
F e o N ] TR 63
APPENDIX 7.ttt ettt ettt e ettt e e e e e s ame e e e e et e e e e e e e e abeaeeeanres 63
APPENDIX 8.ttt ettt ettt oottt e e e e et e et e e e e e s e e e e b et e e e e e e e e s abeaeeeannes 64
F e o N ] T TR 64
APPENDIX LU0. .ottt ettt e e oottt e e et e e e e e e b ettt e e e e e ae e e et it et e et e e e e e e nbbbneeeeaeeeaaanas 64
F Y o = N G TP 65
APPENDIX L2 ..ttt oottt e et e a4 e h ettt e e e e e ab et bbbt e e e e e e e e nbbbneeeeaeeeaaanas 65
APPENDIX L3ttt ettt e oottt e e et e e e e e e bttt e e e e e e a bt et b e e et e e e e e e nbbbeeeeeaeeeaaanas 66



EXECUTIVE SUMMARY

Eastern Grey Kangaroos are managed in the ACT to protect natural values within the conservation estate.

The policy for kangao management and reference to the relevant scientific literature can be found in

the ACT Kangaroo Management PIACT Government, 2018hd more recent Eastern Grey Kangaroo:

Controlled Native Species Management RIRET Government, 2017 summary othe mostrecent

scientific literature camlsobe found at theEPSDD Websiee & S NOKAYy 3 F2NJ Wl I y3II NP
report presents a study that involved a detailed assessment of the relationships between kangaroo

density, pasture offake (i.e grazing pressure), graskyerstructure and measures of biodiversity, with

the aim to improve kangaroo management decisions. The ecological relationships investigated can be

summarised as:
Pasture -

Thered arrows indicate the stages of statistical analysgeutaken to describe relationships between
different ecological processes. Data were collected according to a stratified design across a range of sites
and kangaroo densities.

''YRSNIJ GKS WI OSNI 3SQ Nbetwgeh ROLZ and2a1yfHis study shofvad thatE LIS NA Sy O S

Pasture growth rates were strong driver of offake by kangaroos
Off-take decreased markedly under high herbage mass conditions

Off-take ingeased with kangaroo densityhere common native grasses dominated

= =4 4 =

Grass association (i.e. tleminant grass species) and canopy cover class (grassland or open
woodland) were key drivers of pasture structure (average grass height, grass height variability
and proportion of bare ground)

Off-take was not related toneasures ofpringpasture structue at the one hectare scale

Reptile abundance (the number of individual reptiles per unit area) increased with average grass
height and was higher in open woodland than grassland plots

Reptile diversity (the number of reptile species adjusted for ranigieiased with the proportion
of bare ground and was also higher in open woodland than grassland plots

Floristic richness (the number of vascular plant species) increased with grass height variability
and differed between grass associations and canopy rcolesses.

Floristic value score was negatively related to average grass height and differed between grass
associations.

= =A =/ =2 AN

Non-grass habitat features (e.g. logs, rocks, litter and shrubs) interacted with grass structure to
significantly affect biodiversity.

The results of this study will allow tlieture development of a statistical model to better predict

appropriate kangaroo densities for individual sites. Such predictions would need to consider long range
weather forecasts (and thus predict pasture growttyrrent pasture condition and resergpecific
management objectives. The importance of differences between grass associations in terms of habitat
function and management responses across the broader landscape is a key result of this study. Given the
smdl size and isolated nature of habitat fragments within Canberra Nature Park, future management of
these threatened grassy ecosystems should consider such local characteristics.
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GLOSSARY

Average grass heighthe mean measured height ofagis bladesvithin a quadrat e.g. if half of the

measured area has grass 4 cm tall, and half of the area has no grass, the average grass height will be 2
cm. Height measures exclude flowering stems. At the plot scale, average grass height is the mess of gr
heights measured from 15 individual Zfndzr RNJ 6 a® ! aSR G2 NBFt SOG4 GKS
unit.

Bare groundBare ground in this study is defined as areas where soil can be directly observed. That
covered by litter, lichen, overhanging geaor which is made up of rock does not constitute bare ground.
{ SS Prdpart®n dbbare groun@

BiodiversityThe variety of plant and animal life present in a particular ecosystem. Maximisation of
biodiversity particularly thadf native species, & common aspiration for conservation land
management.

Canopy coverclas¢ KS LJ 20 f
222RfFYRQ®d {SS I &

Climate: The combined influences of local rature, rainfall, humidity and other meteorological
variables which can influence parameters such as thermoregulation of animals and plant growth rates.

Ecology: The study of how organisms interact with their environment (including others of theirgpecie
and how this determines their abundance and distribution across environmental gradients.

Floristic valuesore (FVS): A condition score for Natural Temperate Grasslands which comsitiees

Wi

Y

SgSt &adN)» Gl ol &aSR 2y Oly2LR 0208
2 RSTAYAGA2YyA FT2NJ 1KSaS GSNyxyao

species richness and abundance with an additional weigftiggNJ WNJ NS Q y I 6 A @S aLISOASa

GrasslandEnvironments characterised as having less than 2% tree canopy cover.

Grass associatioifhe quadrat or plot level strata defined based on the most dominant grass species (by
dry herbage mass) in the sampling unit. @&ss associations were defined for this study (see Table 1).

Grass height variabilityrhe coefficient of variation from 15 individual measurements of average grass
height sampled from across a platlculated as the mean divided by the standard desiatind
expressed as a proportion. Used to reflect gtructuralvariability in grass heights across a sampling unit.

Grazing pressure: A term used to describe the amount of pasture being removed by herbivores (see also
W2FIFL SQU ®

Heterogeneity: A ternused to describe habitat variability. A heterogeneous grass structure, for example,
might include a mixture of long and short grasses with both tussock and prostrate growth forms, and
include variable intetussock spaces or patches or bare ground. Cenatibn of scale (e.g. whether a

given level of variability is observed across a?fjuadrat or a 100 ha site) is a critical in describing
heterogeneity.

Herbage massThe above ground component of pasture, including both living and (attached) dead parts
of plants.

Kangaroo dnsity. The counted number déangarooger unit area, e.g. if kangaroosvere detected
in a 100 hasite, the density okangaroosvould be said to be .8 per hectare.

Floristic ichness The number of vascular plant species aédel within a sampling unit, e.g. if 75 plant
species are observed on a plot, the plot is said to have a total floristic richness of 75. This measure is also

reported fornativeandexoticLJt I yda aSLI NI G§Ste&ad | ytA1S &Brkadhd NBEA (& Q3



Off-take: The rate at whiclpastureisremoved by herbivoreaneasured as the amount removeér unit
area per daydry kg/ha/day) Offtake ismeasured by comparing the amount of pasture remaining in
cagedversusuncaged quadrats after a ged of six months.

Openwoodland Environments characterised as having between 2% and 20% tree canopy cover.

Pasture: Ground layer vegetation, in this study exclusively that of grass species, which is potentially or
actually subject to grazing by herbres.

Pasture growthThe rate of herbage mass accumulation (dry kg/ha/day) in the absence of herbivory.
Measured by comparing the herbage mass in quadrats before and after they are caged against herbivory
for a period of ~6 months.

Pasture sucture: A term used to describe the combined influences of specific elements on overall
IANRdzyR f 1 @SNJ KFoAGIEG O2YLRaAGA2Yd® LYy (KA&a NBas
considered includaverage grass heighgrass height variabilityand the proportion of bare groundThe
presence of logs, rocks, shrubs and litter are also considered for some analyses. When considered
023SGKSNE (GKSaS AYRAQGARdIzZ &t StSYSyida Faaraid Ay RSacC

- ND K

Proportion of bare groundThe proportion oft& 3INB dzy R g KAOK FAlda (GKS RS&aONAI
above). Where the proportion is 1 all of the ground is considered to be bare.

Reptile abundanceA count of the number of individual reptiles present, &4 reptiles were detected
in the plot,the reptile abundance for the plot was Mlultiple captures of the same species of reptile
under the same tile on successive visits were considered to be the same animal. A tile was recorded as
having captured two or more individuals of a given specidg ib they were observed simultaneously
within a single visit.

Reptile diversityDiversity is used to describe the number of different species detected, with some

adjustment for the frequency with which each is observed such that areas which conta@dnch3

O2YY2y aLSOASa FNB 3IAGSY || KAIKSNI RAGSNEAGE AYRSE
diversity index is used in this report for reptiles.

Standing cropThis term is used to describe the averhgebage massneasured in the uncaged

guadras, based on that measured at the start and at the end of the six month sampling period. It aims to

represents the average herbage mass which was available to herbivores throughout the period for which
off-takewas measured.

Stratification: The breaking ugf sampling effort intastrata to improve accuracy and precision of

estimates. The inherent variability between measuremenitfin strata is likely to be less than that
detectedbetweenstrata. For example, ten measures of herbage mass all taken withrgsaland might

be more similar to one another compared with ten measures taken from a mix of grassland and open
622Rf YR SY@ANRYYSyGad {GNIGAFAOFIGAZ2Y OKSNB ol 4SR
NEFt SOGAYT WIANISEZE (IKBa DO ENBYUHYR NERIASQ Ay RIEGIF |
to be made without an increase in sampling effort.

f

NB. Brms colouredbluerefer to measured variables strata used in the experimental design.



INTRODUCTION
GRASSY ECOSYSTEM CONSERVATION

Natural Temperate Grassland (NTG) and Yellow Box/Red Gum Grassy Wodhap@\(\) ecosystems
are listed nationally as endangered ecological communitieging been reduced to less th&#o of their
original distribution across soutsastern Australi@ACT Government, 2004, 2005; Yates and Hobbs,
2000) The ACT represents a stronghold in the protectionTEMnd YBRGWecosystemswith a

number of conservation reserves having been established within the lowddrath matrix(Figure 1) The
protective management of these ecosystems, and the native species within, remains a priority for the
ACT Government in the face of an increased human population anzbtiiguingspread of urban
development. Local universitieRarkCare groups and othertAor-profit organisations also play
significant roles in the management, study and restoration of these important commug¢iiesthouse

et al., 2012)

Like any ecosystem, a suite of microbial, fungal, plant and animal functional groups are critical to
maintaining the health of lowland grassy ecosyst€Rr®ber and Thiele, 200F)istorically, herbage

mass irthese ecosystems was managed by a combination of indigenous fire regimes and grazing,
predominantly by macropodd.unt, 199). Soil turnover, resulting from diggings by bettonigandicoots,
echidnas and other fauna, would have spread fungal spores, improved soil structure and encouraged
plant germination and invertebrate and microbial actiicIntyre et al., 2004; Shorthouse et al., 2012)
Herbivoreabundance wa probably limited historically by the ebb and flow of climdapendent
landscape productivity (i.e. food resources), as well as predation by dingoes, quolls, monitor lizards,
pythons, birds of prey and humaf(Slen and Dickman, 2014)

Nowadays, much of the original native fauna of the region are in serious decline or have become extinct
asa result of a loss of habitat and the introduction of foxes and ¢atsn and Dickman, 2014; Short and
Smith, 1994)Floristic values are similarlgreatened by a change in soil composition (including the
addition of agricultural fertilisers), competition with weeds, and increased grazing pressure by large
nativeor introducedherbivores(Dorrough et al., 201icintyre et al., 2010)Changes in nutrient cycling,

the flow of water throughout the landscape and the microbial and fungal components of the ecosystem
are also both contributors to, and effects of, changes to local flora and fauna e¢Blegyett et al.,

2009; Mclntyre et al., 2004)

DRIVERS OF GRASSY ECOSYSTEM FUNCTION

It is widely accepted that flora and fauna dependent on the grassy ground layer vegetation (hereafter
WLI &0 dzNB QU I NB & stukebsyustdrefe.g ADgriofighzs g.(PSIR; Jamis, 2003; Mcintyre
et al., 2010) Heterogeneity of pasture structure, and the subsequent provisfaamultitude of
microhabitat conditions, is an aspiration @fnservationland managerge.g. ACT Government, 2017a)
where a variable pasture structure is assumed to better meet the needs of a range of flora and fauna in
regards to the provision of shelter and appropriate food resou(Besber and Thiele, 2005)ttaining a
variable pasture structurés dependent on &rgenumber of environmental andlimatic factorqSchultz

et al., 2011)not all of which can be measured within the scope of a single project. An expansive
literature exists on ecosystem function in grassy communitée® review by Bennett et al., 2009hich
combined with the use of surrogate measurements, can help untanglendny interacting

environmental variables which contribute to ecosystem wellbeing.



FigurelMany of Canberrads remnant threatened | owland gr a
urban matrix as part of Canberra Nature Park. High speed roads, suburb edges and other

anthropomorphic features provide isolating barriers from adjacent reserves for a range of plant and

animal species.

Weather is the main factor determining pasture productivity (and thus herbage mass) in grassy
ecog/stems. Temperature, rainfall and the relative timing of these two climatic variables have a strong
influence in pasture growth models, in both dBayliss and Choquenot, 2003; Caughley, 1987; ©Owen
Smith, 2002and temperate(Clark et al., 2000; Cullen et al., 2008; Fletcher, 2608yonments. The rate

of pasture growth is additionally influenced by sfibracteristic§Cullen et al., 2008Wwhich in itself can

be dependent on a range of ecological and anthropogenic processes; and by the composition, cover and
condition of existing pasturéBrougham, 1956)The density of ovestorey(i.e. woody)canopy cover,

which can vary teffold between areas classified asgslands (< 2%) and grassy woodlands2@%) will



also affectpasture productivity, pasture structure, and the related flora and fauna species assemblages
(Dorrough et al., 2012; Schultz et al., 2011; Figure 2)

Figure 2 Canopy cover can impact on pasture productivity and structure. This image illustrates the
structural complexity of wooded areas (logs, litter, shade and patchy grass) compared to the more
homogeneous grassland structure beyond.

DN} &4&4 aLSOASa (GeLMAOKf 2F GKS '/ ¢Qa 3INIaae SoOz2aeads
forms, ranging from small clumped tussocks (< 4 cmBRytidosperma carphoidgso larger arching
tussocks over a meter high (eRytidogperma pallidim); and from prostrate grasses which grow low

along the ground (e.ddothriochloa macrpato those which form larger, more dense swafdg. Themeda
triandra; Eddy et al., 1998; Figure. &ssuming similar effects of any given management tool on each of
these different associationgould likely be a vast oversimplification of grassy ecosystem functional
diversity(Lunt, 1995) Grasses which tolerate shallow or nutrient poor soils @yidospermapp.)are

often associated with intetussock bare ground orlaw density of similarly resilient native forG&CT
Government, 2005; Mclintyre et al., 201@nd require little disturbance to maintain a diverse structure
and species assemblaf@leunt, 1995) Particularly high nutrient levels in soil, for example as a result of
carcass decompositiofBarton et al., 20169r a historic use of fertilisef@/icintyre et al., 201Q)may

resultin patches of bare ground amongst nutrient intolerant native flora or else a localisaa of
nutrient-loving exotic species. The structure of the latter can require significant management
intervention to disrupt; especially where it occurs in association with highly productive soil or beneficial
climatic conditiongBakker et al., 2006)

The growth form of somgrassspecies camlsovary with season and in response to differémtels of
grazing pressuréMilchunas et al., 1988puch intrinsic effectshouldbe accounted for in a research
design through stratificatiorsuch hat statistical modelling afcosystem processeantake into
consideration the similarities within and differences between different grass associat@mspy cover
andseasongSchultz et al., 2011Jhe shortterm effectsof grazing on the occurrence and structureaof

9



associatiorat a given time of yeawill also depend on the relativavailability of alternativéood
resourceswithin the landscapéHalpern and Underwood, 20Q@)his latter effect is difficult to account

for without detailedmaps of the relative distribution of grass associations across the landscape, which
can change temporally with varying climatic conditions aichare not currently available foall ACT
lowlands

Figure 3 Grass association has a pronounced effect on small and large scale ground layer structure.
This image shows the ecotone between a Themeda/Bothriochloa grass association on the left, and a
Rytidosperma/Austrostipa grass association on the right at Crace Nature Reserve. The patchy
distribution of native and exotic grass associations can also be detected through the patchy
colouration on the hillsides in the background.

Grass is not the only source of structure within grassy ecosystiomsdy elements such asds, shrubs
and litter and norvegetative elements such as rocks also provide structural heterogeneity across
multiple scaleg¢Barton et al., 2011; Fischer et al., 2004; Garden et al., 2010; Tongway et al.,i1989)
damp areas, nograss monocot species such as sedges and rushes may provide-likgrasscture
which persists under heavy grazing due to the low relative palatability of these species compared to
grassegDavis et al., 2008; Figure &imilar habitats where soil is disturbed or higher in nutrients may
instead contain exotic pasture species, althoughigh herbage mass these are also generally
unpalatable to kangaroos. Large grass tussocks, suRktmmsperma palladiumprovide significant
grazingresistant structure in wooded environments due to their retention of unpalatable dead material
(Mclntyre et al., 2010)Their grassland equivalents, suchPam labillardieriare rarelyobservedwithin

[ Iy o Slowbaihdgrassy ecosystem reservi@8CT Government, 2005)

THE ROLE OF KANGAROOS

The Eastern Grey Kangarddacropus gigateus KSNBEF FGSNJ Wl Fy3IF NRB2QU0 A&
mammal in the ACT, both individually (males up to 100 kg) and in terms of their biomass (up to
25tonnes of kangaroo/ha). They are a common, iconic specesnonlyknown to Canberra

residents. As the overwlmingly dominant herbivore in lowland grassy ecosystétaagaroos

10











































































































































































