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The impact of fire and dogs on Koalas at Port
Stephens, New South Wales, using population
viability analysis

DANIEL LUNNEYY, SHAAN GRESSER', LISA E. O'NEILLY,
ALISON MATTHEWS!'? and JONATHBAN RHODES?

The Port Stephens Koala Phascolarctos cinereus population has been regarded as one of the stronghelds for Koalas
in New South Wales. This study applied poputation viability analysis to investigate the impact of firo and predation by
dogs on the viability of the local population. The rapid decline of the modelled Keala population under basic assumptions
throws the assumed security of such large populations inio question. In all the madelled management scenatics, reducing
mortality had more influence than any ofher factor. Reducing the severity and frequency of large catastrophic fires
improved the probability of survival for the population, though the modelled population size still declined sharply. Any
management action o improve Koala survival must be accompanied by a reduction in mortality from dog attacks. Fires
and dogs will have an ever greater impact on Icala populations as coastal forests become more fragmented and isolated
by urban development, and their combined control will be needed to complement land-use planning measures o address

habitat loss and fragmentation,
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ENTRODUCTION

EI‘» the summer of 1993-1994, fires burng
exiensive portions of the north coast of New
South Wales (NSW), including hall of a large
forest. fragment at Port Stephens, Many Koalas
Phaseolarclos cinereus were killed or injured by the
fire, which ]);()m])ic(l us Lo mitate 2 radio-
tracking swudy of the population with the aim
of examining the impact of the fire on the pop-
ulation. Tt extended the scope of our recently
completed studies of defining and mapping
Koala habitat in the Port Stephens Shire (I,.l,mﬂ(.y
el al. 1998); of using historical information to
reconsiruct Koala habitat ai first Earopean seitle-
ment in 1801 (Koot ef al. 1998); of using
community knowledge to determine the threats
to the local Koala population (I unney et al.
2001 and of preparing a plan of management
for the shire (Callaghan 2 «f. 1994; Port Stephens
Council 2002). In this way we ()hiamui extensive
demographic information on which to conduct
1,><)pulal,i<m analyses. The aim of the situdy
presented here was to distinguish between the
relative effects of altered e regimes and
predation by dogs on the dynamics of this pop-
ulation of Koalas in a coastal forest that has been
fragmented by rural and urban development,

Koala populations across Australia  vary
markedly in their conservation status, from secure
in some areas, (o0 vuinerable or extinct in others,
to overpopulation in a number of southern
populations (e.g., ANZECC 1988). This has led

to a range of conirasting management responses
m different regions, In NSW, where the Koala
15 Hsted as a Vulnerable species under the
Threaiened Specres ((mspnmmm Act 1995, a draft
statewide recovery plan bas been circulated
(NPWS 2003) and local plans of management
have been implemented to halt dec immg pop-
ulations {e.g., Lunney o ol 1999, Port & (‘p]l(*m
Council )0{}2) Melzer ef al. (z()f.)O} recommended
that studies on regional vaviation in the Keala
be intensified and that information about Koala
ecology in fragmenied and natorally restricted
habilats be dctc‘lopao Fabitat loss has been
wlentified as the key cause of the decdine of
Koalas in NSW (Reed and Lunney 1990) and
habitat availability is a fundamental factor aflecting
both dcclinii‘}q and cupanding Koala pﬂ;mldzlom
(ANZECC 1998}, but a more detalled under-

standing of the factors affecting Koala population
dynamics 15 cssential for management.

Modelling of a local population can assist in
achieving this ()h](’(iz\f( In this study, we use
}’Opui&tlon Viability Analysis (PVA) to examine
factors influencing the survival of the Port
Stephens Koala population and to compare the
response of the population to alternative fire
regimes and dog control strategies. While PVA
is unable to A(Acm(ncly predict population
dynamics and absolute extinction risks {Ludwig
1096; Tieberg and Fiiner 2000; Coulson e ol
2001), 1t is useful for making relative inferences
about alternative management scenarios (Linden-
mayer and Possingham 1996, Beissinger and
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Westphal 1998; Possinghiam ef of. 2002; McCarthy
et al. 2008), which were among the reasons for
undertaking this study.

The impact of fire on witdlife becomes
increasingly important as populations become
fragmented. Predation pressures are considered
to increase in a posi-fire environment {(Whelan
et el 2002), and predation is facilitated oven
more in a highly fragmented, anthropogenic
landscape  {(Laurapce and CGochvane 200G1),
Dogs emerged as the highest-ranked perceived
threat to Koalas in Port Stephens in a major

communily survey in 1992, with 95 per cont of

the houscholds naming degs as a cause of the
dedline of the local popuidlj(m danney o all
2001), The
Koalas in Port Stephens ( QG4-07) rev mxc*d high
mortality in the population frem dog predation
(Lunney e af. 2004}, Consequenily, we examined
the impact of different fire management options
on the Koala population in tandem with various
management adions for reducing death by dogs,

RMETHODRS

Study area

Port ‘Si(‘} yhens 1s located on the const of NEW
about 150 km north of Sydoey. The north coast
has been identified as the ﬂ:mmc}h(ﬂc, for Koalas
in the state (Reed a of, 1990) an {3 Port Sie !Z)mm
as @ key local area {(Lueney and Reed 1990 ‘) The
study population of Koalas ocours within 2 7 000
ha areca of | Tomago 5 in the Fort
Stephens local governiment a4 and s bounded
by (”Aﬂm“‘{cmn Lake to the north, Fallerion
{ove o the s:)m?;; .73(1 Jons Swamp o UM W si
and I\'T'Aj(w

Flat o
and  1H1750°0 1o
identified by Lunney o
4000 ha of this aren 2000 bz s

indy cleared Tand d irees and the
venaining fand i3 f()\mui h\ vegetalion typus
ot used ?7‘, Hoalas, This fragment had sarvived
clearing hecause il forms the catchment of the
town reservolr but i has, none the less, been
modiffed by managoment roads, an a
base and sand mining (Fox o el 1994, The
surrounding fands continne to be wansformaod
from forest or farms (o bousing estates and the
adiacent roads carry heavy traffic, whif‘h By A
well-known threat to Roalas (ANZ 16948,
Digne o al. 200%), and to the ln(m pc)pumil(,n
in nariimiar (Callaghan ef al. 1994; Lunney o al.
9001; Port %l(pi}(m Councii 2002 )

Koata }mbil;ié,
11, covers aboud

Both wildfire and hazard reduction burns (Le,,
low-intensity prescribed fires to reduce fuel load)
have occurred throughout the study area. A
network of roads and powerline casements form
a boundary for many of the ﬁrc"; and have
helped to create & habilat mosaie of different fire

» three-year radiotracking program of

frequencies and intensities (Fox ef al. 1996). Six
fires occurred in the study area from 1994-2003
and show a wide range of area buwrnt {lable 1).

table ! Vives within the sindy arca on the Tomago
Sandbeds 1994-2003. The areas were caleulated from
maps drawn by team members immediately afler the
fire  lrom p;lmmd and  helicopter imp{'(f:(m
Additional sowrces: Rural Fire Seivice; Karen Ross
{University of Now South Wales/DEC NSW).

Date of Wildfire or Mazand  Approx. area

Five Reduction burnt (ha)
January 1994 Wild{ire 2500
June 1994 Flarard Reduction R18;
Seprember 1994 Wild{ire GO
February 1997 Widfire 50
March 1998 Wild{ire 800
October 2003 Wiidfire 2000

PVA packag

o
YVORTEY {version 8.21) was used 0 model
Koala population survival, pariicularly  the
impact of two key mortality factors: fire and
dog-relaied deaths. VORTEX is a PVA software
P lcl«mp that models the ;mpdci of deterministic
forces, such as habitat clearing, and stochastic
events, such as cic*"uwm;}!m steehinsi (‘fu climatic
riation and busiiire on wildiife population
dynamics (L acy Miller and Lacy 1909
H)s\ sofiware mdividuabbased model,
v owselul for modelling small
SO00Y. 1w therefore
the restricted Port
U,MMU(‘ has

n
.

,;} mii((i )
Stephens Roals
been successfully
puf)ul:,imn {Lainy 1
mm;hg v oof uihm ST
19495, }.'f.(‘}}"lf: alof.

i 2

uxtx Koala

viniion  of ‘g.;e‘;;{_n_zlz-f_“'
[y 01 Ahﬂifv of population sy
s mean and siand

errow Al
gmgm'fe‘i_l.in

sz for all replications.

Basic nss

The parameter assumptions ]
Basic scenario model (1 ) were carefully
considered in recognidon of the necd for qu
daia to produce wk‘vaz;i raodelling (Brook ai ol
20 )0 {,()ui,m] Fl' a/ 2601). Data on mortali £y
and fu H} he populstion were obtalog +d
from our three-year radioiracking study following
the 1994 fires {Lunney et ol 2004 Tt was
difficult 1o determine appropriate assumptions
specific to this population for some other factors,
so the remaining demographic assumptions
were based on those in an extensive analysis of
@ comparable, healthy Keoala population at




PUNNEY FT AL IMPACT OF

Tuble Z. Assumptions used as inital input for variables in
VORTEX for the basic scenavio. Standard deviations
due to envirommental variation are shown in brackets.

Pavameter Value
Tuitial Population Sive 360
Initial Age Structure Stable
Maxiniom Age 12

M

pum Female Breeding
Minimum Male Br @
Sex Ratio at bivth (% nm.(‘)
Female Fertdlity Rate

% Males in Breeding Pool
Ferale Mortality age O
Female Mortality age 1
Female Moriakity adult

Male Morality age @

Male Moviality age |

Male Mortality age ¢

Male Mortality adalt
idensity Bependence
Number of Catastrophoes
Probability of Caustrophe |
Severity on Reproduction
Severity an Swivival
Prodmbility of Catastrophe 3
Severiiy on Re ]nmimmm
SCVErity on km\l\a

Age ¢

Envivommental Varition bevveen Concordant
Survival and Reprodudiion
IVOE] Nil

Sunplonen nil

Jueenslang

wore made

clag

raoraliny

injurics other

catoul

phey Tinaised
Fori Srephens w

Springsure (Penn of

i ;! 0 :emu'z,dunh clain \Vl. .
three vears), which was

)

ringsure (Fenn of ol 2000).

fu; rivg
s;i}z}iia, 10 hat ut

Codastrophes were mmodelled 1o represent the
effect of fire on the Rouala population. The
severity of fire on survival was determined brom
St tfire rescue searches conducied afrer (hreo
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fires in the 1994-1998 period (September 1994,
Februarvy 1997 and March 1998). These rescue
searches were co-ordinated by the local wildlife
care organization, the Native Animal "frust Fund
(NATY ) (for photos, see Lunney and Matthews
2004). Fach search involved a number of people
watking through predetermined sections of the
burnt bush for a number of hours. The wildlife
carers observed a large (unquantified) number of
dead animals and {ew unburnt animals during
their extensive post-five searches {approximately
GO0 nerson days of effort following the January
1904 fire),

Two catastrophes were modelled o represent
the two different fire regimes observed in the
sty avea, The risk of a moderate (0 severe fire
was estimated as a1 in 10 vear probability,
based on the fire history records of the study
arca over the last 50 years (Fox e al. 1996, Port
Stephens Bush Fire Management Committee
2000, Hunter '\'\*’mf‘r Corporation 2001, Ross ef al.
2004; "Iable 1y A 30% reducton in reproduction
and sm\zm? was assumed i the year Tollowing
the catsstrophe. This was based on the im;‘;ad
of the January 1994 lve, which burni half of the
Koala babitat in the siudy area and was
considered 1o have killed all Boalas in the path
of the e, The z‘é‘;i'\ of & minor e was estimated
as oa b & © probabihiy (Honier i‘m‘““
Con 'p('x's‘;z%icm P Brendon Harrod, Hunter

u‘;) & 'I_).,

with a 5% impact on survival and 1(’;)!*3{11;(1;011

Water Corporation, pers. comm, ‘?( 4

: m!u ilation was assummed o be 300
W‘;zis. This EJI*KN 2 Wi the n@ per jimit of
i 3F K m the siad

1y
ALes wore

: 3:\{, Kowdas,
e thyeo

Konins,

.
-;.zw_r._f. rocord dend
i 8 per

an f.; DOTLL
fm (ﬂ“nw\ af
s sinddy aron because tho |
o vegelatl
varted within the smme v
npled i d:-f‘{?"w*ﬂ: fives,
reoa habitat, e, RS
fecrod by {H(_?, i
D was apphied Hprel
precs wore dominant in the oo
Fougelyfilies rofneste and T2 d{!?](l??!(’ﬁ(‘!h?ﬂ
e al. 2000

\a“: )(}.filﬂﬂ
density of 075
‘czr.i Koats habitar

. (apc{ ifically
. u!h}_}f,

The population was assumed o fo
age populstion, as determined by V

Currying m;)am!v was modelled on an assumed
maximum of 2 300 nLihi(lu;m, based on an
estimate of the modmum mamber of Koalas
cach habitat association would be able (o support
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in the study area. Densities of 2 Koalas/ha for
forest habitats containing known preferred Koala
habitat wrees, and 1 Koala/ha for woodland
associations containing known preferred Koala
habitat trees, were applied. The maximum Koala
density observed during the rescue of live
Koalas, and found in the records of dead Koalas,
were applied to the remaining habicats.

A nil net migration was assumed. Inmumigration
mto the study area was likely 1o have been small
hecause patchf’% of Keala habitat have been

fragmented and reduced in size and quality in
sunouncimg areas due to increasing urbanization
(El] igerry Peninsula to the ecast, Medowie and
Karuwah/lerodale to the north, Ra\-mond Terrace
10 the west and Fulierton Cove/Stockion Bight
t0 the south) (Knott ¢ af. 1998; Lunncy o el
1988, Port Stephens Council 2002). Similarly,
emigration was likely to have been small because
the resident population was well under carrying
capacity. None of the adull, radio-tracked Koalas
emigrated from the study site and ihe dispersal
distance of juveniles was likely to he small
enough to be contained mrhm the study area
(e.g., Digue e al. 2003%h). The study population
Was o .)ADL a source for i.hc 1(35_.5;(}1}(11 population,

but due o the uncertainty in the degree of

migration, emigration and bnmigraiion were
considered 1o be equal.

There was assumed (o be no densily dependence
on 3‘(31’}1'()({[.1(12&()?3 ;l WS CORSeryY if}‘( l; ASENTNE (E
there was no mbreeding depression in the Koala
population. Envirenmental variclions of survival

and reproduciion were assumed 0 be concordant,

Monpmm and maxinaon breeding ages were
based on general Koala biology (_L(*( ok m’ 19948,
Rartin an(i Fandasydo ] (}Q’)) he sex ralio af
bivth was based on the pr!mgﬂn(‘ data because
such data were unavailabie for the Pori Stephens
population.

The population was modelled 10 a maximom
5 years, rather than longer period, (o lmit ilnt
Increasing unceriainty associated with long-torn
cstimation (Beissinger and Westphal 19094; Fling
el ol 2009). Fach simulation was s(‘p(um{’ fm
1 006 dreradons, assuming that none of the factors
would alter over the period of the simulation,

Model validation

Validation of the model is an important siep
in the PVA pmcc% (Beissinger and Westphal
1098}, Although mdependent consus data were
not available fo effectively validate this madel,
the general model and stmilar basic assumptions
were previously validated for a PVA on a Koala
popul;ii%on at Hhuka, NSW (i,unnq' el el 2002).

Assumptions in this study vary from that mode]
c)nEy in Iine with observed differences i mortaliny,
fertility and catastiophes.

Sensitivity analysis

An important component of PVA, seusitivity
analysis, is used o examine model sensitivity and
the potential impact of uncertainty in parameter
asswuptions (Burgman ef al. 1998, Reed o al.
200%2). This model was examined for sensitivity
to variation in mortality, fertility, migration, fire
catastrop! w starting population and carrying
apacity. “To ideniify those assumptions 1o which
the model is particularly sensitive, and those
which arve less influential (McCarthy of ¢l 1995,
1996), a small constant variation of 10% in each
of mortality, fertility, carvying capacity and fire
was modelled. Migration effects wore examined
by addition to, or loss from, the population of
a single adult male Koala por annum. 1o further
assess the impact of model parameter uncertainty,
and the impact that ervors in assumptions could
CAUSE, pl,umb extreme vahes of each parameter
were modelled (Table ). This was considerad
pnrsuf\z}azi) imporiant for migration, where the
hasic assumption was no net migration.

Managemeni scenarios

Four sets ol management scenarios were
modeiled and compared o the base assuptions:
Seenario 10 reduced doporelated morlafity

Bog }y'c'}‘niion resulting in Koala deaihs was
& par Geudar problem for the Port Stephens Koala
pnp’mm w {(Lunnoey of ol 20043 Of the "5(‘ Roalas
rachotracked, 17 w eve alive at the end of the studdy,
.?.3: had died and .”} WOTC MRSSing or }md sh p;)c‘f%
iheir radio-coliars. Hog atiacks h{‘l" identified
as the cause of ]() \mla deaibs (’5 5% of o?nmxr‘fi
marialiy). For ihis scenarvie, a 50% ¢ 100
yeduction in G Eai(’o mortality was examined.

il

Seenarur 2o veduced lavge fire frequency and severity
The effect of reducing large fires was cxamined
over a range of e iacquc ncies and severity of
mmpacts on the population. As an extrome com-
parison, total exclusion of e was also modolied,

Seenario b H’f’!mdﬁz’qr!r?i” of laxge and seoers fives
accompanied by an inerease in sinall ([):r’scnhr’f[, Jeves

More realistic five regimes were examined in the
form of frequent, smalt patch {prescribed) burng
combined with an assumed reduced [:r.‘(fquc.m.‘y of~
larger (uanplanned) catastrophic fires,

Seenario 3 supplementalion

The level of supplemeniation that would
required o maintain the current population, and
o increase the popu! lation to carrying capacity,
was investigated by the addition of female and
male Koalas.

Seenarty 40 combinations of these oplions

Mortality due to dog attack was identified as
a key factor affecting the survival of the pop-
ulation. Further scenarios combined a reduced
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Tible 3, Resubs of the sensitivity analysis. Statistical significance of the difference between basic assumptions and the sensitivity
scenario were tesied using a Students two-tailed tlest. P < 0,05, ** P < 0.0], *5* P < 0.605.

Ja. Constant change

Size of all populations
at 50 yrs [mcan (sd)]

Probability of Survival
to 5O years fmean (se)}

Popuslation Growth
Rate (1) {mean {sd)}

Basic Assumptions -0.22 (0.29)
10% Increase Movtality <026 {0.20)¥*>
10% Decrease Movtality 0018 (020

109 Tnerease Fertility -0.20 (0.29)
1096 Decrense Fertility 0,24 (0,29}
Supplement 1 nale pa -0L1E (G.29)FEx
Harvest 1 male pa -0.25 (0.29)F
HO% Decrease Carrying Capacity (022 (0.29
H0% Increase Severity Large Fire -0.23 (0.3%)
H0% Drecrease Severity Large Fire 021 (0.2
1056 Increase Severity Small Fire (.22 (0.29)
10%: Beorease Severity Small Fire S22 {0.29)
10% Tncrease Frequency Large Fae -0.23 (0.36)
1% Decrease Frequency Large Yire -0.22 (0.2

0%
0%
1.8% (5.4%)
0.9% (0.1%)
0%,
145 (0.4%)
0%
0%
0%
0%
0%
0%
0%
0%

G
0
0.1 (1) **
g
0
2.4 (1) ¥E

3b. Plausible extreme assumptions

Population Growth
Rate {r) fmean (sd}}

Probability of Survival
to 5l years [mean (s

Size of all populationg
at Bl yrs {mean (sd)]

Basic Asswmptions -0.29 (G
Minbmum start population (3503 -0.22
Masamun start pepulation (2,504) 122
Minimun: mortality {Springsure) 0,02
Maximum mortalicy ®, )55
Minimum fertility (Jhaka) * A4l (28)

L1 (025
maade SLBE (08T

Maximum ferdlig
¢ migration foss & male 5 &

eigration gain 5 male § fomale pa <005 {0.25)%%
Worst e five catastrophe © S0A48 {051
Best case fire Cul;}siz':);)ht’ K SR SROR L

(3%

0%

G % (0.19%)
96.65% (0.6%)
045
0%,
A% (3.6%)
0%

YOO (068
0%
1.6% ({145

It}
3
G
G027 (BR0yF s
0
0
Q.1 (Dyxee
a
B9 {14y
(3
AR A

qe,

: maics (; } vis 205, 18 yrs 2

ia.ggt; fire hug.;e_ ney 20 yry severiiy 3%,

rate of dog-related dea other fmmms

inchading a range of di' e regimes. o
allow 2 ranking of managoment options, and
provide an andication of {)(n\}hi(‘ outeomes of
j iY]é!DGZ‘i_{{(Z??H!E‘;& changes, combinations of
piausible and extrome o RECIneI OPHONS wors
mpared. Ty _'igaf Bow Tives

tion rhat is expericncing nataral
. _ wuon, the addidon (mmi-
;z, f0n) and joss ((‘m' reation) of one female and
corante animal por vear wore modelled,
rtions were also maodeled vsing s low starting

i

< 550 1o allow for tis possibitity

wielled aod o

Sensitivity analysis

Alter a small change (10%) in assumed rates,
mortality  and  migration  were  the  only

%, adull fomatos -
HO% (Lanney o of. 2001 'W‘,

i five frequaney B

Seenario 1

The modelled effe
(o (]ngﬂ on the proba

byrs B0%, 1
aquency b

st Cxivemes Mf‘mzf C‘f
neomanag
ost ihe decl

Managemaeni scenarios

of
¥
i

it
y

oxirenies

to nlausibie
i dec

pn,ml«mm
hm‘"u\"d fortility,

)H)lllii{‘\ of SUHEVIVE

neni of of
e ofF

ooty of afu‘.z“ing

"/r (Penn ef al,
I five Boguericy

.owhich lead o
reased moriality,

é;'é'amiga‘a?i(m Inio E}')(‘-
and  reduced  fie fma\!mn‘r .
i_EE(_)l_‘E'éi“_%‘-.' Wi it;e ,\m factor i mpaci mg‘

- pther \&ii&'}if 5 ed

<7

]'mmhm,i() Rlng
oAt
vilicant changes

At

ToAIA a'\’!ﬁ 218 !(,f_}li!_{k_,(l
the Roala population.

the assumpltions o
sible management options, as outlined
tollowing scenarvios, are shown in Tahle 4

reduced dog-reloted moriality

it ol decreasing deaths due
bility of ;m})u ation survival
is ](tws' under bmi; options (};g 1a). However,

assumpiions 1o have a swmf cant offect on the
output variables (Table 3a). This indicates that hatving in the dog-related death rate (Fg. 1h).
these are the variables o w.zm.h the modelied ;'\r'fi;'s.nagc*‘*acn( of dc)g related deaths was tharefore
population 15 most sensiiive. The mode]l was identified as the key issue for population survival

pc)pnmlxrm size declines swiltly, even with a
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Scenaria 2a: reduced fire frequency and severidy

Modelling showed that reducing the severity
and, 10 a lesser extent, the freguency of l(ucfc'
catastrophic fires, improves the })1())&1)1111\ of
survival for the population (lable 4 4 and ¥ig. 2a),
although population size stll declines dramat-
ically (1‘13)‘ 2by even under unrealistically low five
conditions.

Scenario 2b: veduced fire frequency and severily and
increased saall five frequency

Decreased frequency of larg ge catastrop shic Hres,
accompanied by increascd frequency of small
fires, had little remedial effect on the probability
of survival or populdimn size (Table 4, Fgs 2¢
and 2d). Tven habviing the severity of lazgc fives
had no more than a delaying effect on the
probability of the popu]amm not susviving. It
identifics that the igh frequency of small fires,
a commonly used mesns of reducing large
catastrophic fires, reduces any advantages for the
Koala population that may have been gained by
reducing the impact of large, infrequent fires.

Tobic .
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Seenarie 3: supblementaiion

Supplements to the population did remove the
likelihood of extinction, because the regular
addition of Kealas meant that the proporton of
populations extant was a constant 100% ai all
levels of supplementation. However, there was
no plausible supplementation level that would
maintain current population levels (Table 4,
Fig. ). This warns that, while supplementation
may delay ithe decline of the population, it s
unlikely to prevent a population decline toward
extingtion over the long term.

Seenario 4 combined management oplions

The impact of basic, fire catasirophe assump-
tions on a populalion experiencing natural
migration was found to differ hule from that of
an enclosed population (Tables 3a and 3b).
Combining reduced, dog-related deaths with a
suppleme nted popuhzmm effectively doubled the
rate of supplement 1o the pnpuid ion, yet that
was still insufficient to maintzin the p(,);)u}dl.]o;a
at existing levels {Table 4. fow starting

Results of PvA modelied scenarios for Port Siephens Hoala population,

Population
Crowth Rate

Sive of all

popuiations as

reohability of
"ull\i\,il io 5

{ry fmean {sd}] verrs [mean (se)] vy [mewn {sd} Ranking
Basic Assumpions (322 {0,249 %G ]
Seangrio | Dog-related ariadin
Halve dogs (base mortaliee » (1753
Mo dogs {fb}lﬁ{:‘ mortatity #0050} 4
Sverorin 20 —— Lavge fives
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Fig 1 Shdaed swovivad cwrves for the Port Stephens Boala population over 50 voears, aj offecs of
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redated mortall ity an populaiion size,

pobpulation did net altor final CULCOMES {it SCUSBION
. - reduced the }””!“””(‘” of extant pop- The most :sEz'l.z-;mq vaicome of these analvses
fons and mean final PG}‘U]«“ on sizes), but i was the rapid decline of the Eoals p(.)}'n,zﬁaiitm
siiortened the time o extincion {Table 4} modelled under the basic assumptions. The Port
Removing all dog-relaied mortality, and all fire, Siephens Keala population had been regarded
resubted in an increase in population size, such a5 one of the g[]()no}woidg for Koalas in NSW
that the population rapidiy reached carryving (Lunney and Ree }()f}() Reed of af. 1990), so
capacity. This was the only scenario to show both its potential decline is a war ning for managers.
& positive population growth and a zere chance While small locat population extinctions have
of extinciion (Figs 4a and 4b) Further, halving ocantred (e.g., Reed o ol 1990; Smith and
dog-related moriality led 1o a dramalic improve- Smith 19860; Lunney e al. 2002), and have
ment in survival in combination with reduced contributed to the speces becoming listed as
risk of fire (]’*‘ifrﬁ 4cand 4d), T ‘vi:nmgemem aptions threatened in the state (Lunney of af. 1896), the
ranked according to Improvements in oulcomes stajus of lavger populations las not been

are shown in Table 4. apparent. Pulliam (1888) has shown how large
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populations can be affected by impacts over a
velatively small area if that arca i3 a source for
the population. The results from this study
now throw the assumed securlty of large Keala
populations into question. I the worst-case
scenarios dentificd i this study have general
applicability, then it can be p sredicted that there
will be widespread collapse of all Koala pop-
ulations throughout coastal NSW. The conclusions
from population studies at a landscape seale
both across the shire at Port Stephens, and in
other coastal strongholds in NSW (md south-cast
Queensiand, give added weight 1o this con-
clusion (McAlpine ¢ aof. 2006; Rhodes ef ol
2005, 2006).

In all the modelled scenarios, reducing mor-
tality had more impact than any other facton
Purthermore, because mortality was so high,
even 100% fertlity (maximum potental hirths
per femalce) would not be able to arrest the
decline. Phe sensitivity of population dynamics
to adult mortality has alse been shown for other
long-lived species {e.g., Brooks ef «f. 1991
(;oldm{;d) and Possingham 1995; Wiegand of ol.
1998). This shows that reducing the mondim of
Koalas »\'111 ke fundamental for any management
plan to improve the long-term viability of this
population.

The model yielded an unexpected result
regarding the effect of reduced fre. The surprise
was that even a large reduction in major fires,
when accompanied by increased small fire
frequency, as one would expect in the application
of hazard reduction burns, did not greatly

diminish the probability of extinetion or reduction
in population size. The model used in this
analysis does not incorporate spatial consider-
ations, such as patterns of fire effects. Nor does
it allow tor complex E(‘mpom inieractions, such
as build-up of fuel leoad since previous five
events. This may be 1;1}}){:1&311( For example,
Bradstock et al, {2005} showed that the rate and
pattern of ignition of small irregular fires
influenced the persistence of Malleelow! Lapoa
ceeltaia popuiations. Also, MoCarthy and Linden-
mayer {1 ‘}{}f)) showed that as palch area is
increased for Greater Ghders FPelawroides volans,
the expected risk of extinction falls more mpz(‘f.iy
when fives are spatially correlated than when
they are uncorrelated. Despite such bmitations,
the model does identify that considerable
changes in the fire regime would be required o

have a substantial effect on population survival.
This identifies that factors other than fire are a
more urgent management priority.

Immigration was shown te be essential for
maintaining the Koala population on the lluka
Peninsula (Lunney o6 al. 2002). Counseguently,
it was assumed that immigration couid be
important Lo the Port Stephens Koala population.
A range of plausible immigration levels was
modelled o determine how much 1mmiq1‘ation
would be required to stabilize the popuiation. We
found that there was no plavsible supple-
meutai‘io;) level to maintain current population
levels. "This gives us confidence in our basic
assumpuon of no net migration and the
outcome of a declining popuiation. Farthermore,
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there arc few vemaining habitats in close
proximity to the study population that could
provide immigrants, This dilfers markedly from
the population on the {luka Peninsula, which
could be regarded as a tvpical sink habitat

Puiliam 1988) from the neighbouring part of
g

Bundjalung National Park hcmn{ the Peninsula.

Ranking the management options needs to be
mcasmci against the praciicality, or even the
possibility, of achicving them. The “no fire”
options were shown here to illustrate the impact
of fire, but the notion of removing fire
aliogether is impractical. Fires and dogs will
have an ever greater impact on Koala pop-
ulations as the coastal forested landscape
becomes more fragmented and ssolated by
continuing urban expansion and tourist develop-
ment in Porg Stephens. Control of dogs and
the management of fire become increasingly
important as Koala habitat coniinues 10 be lost
and fragmented

Overpopulation s a significant issue for Koalas
in parts of Victoriz and South Ausiralia, such as
Framlingham and Kangaroo Island respectively,
resuliing i overbrow sms_, and defoliation of food
wees (e.g., ANZECC 1998; Masters of o, 2004),
in our modelling, a vapid positive p()a)uiaiion
growih was pa(muc(! with the total elimination
o{‘ dogs fmc fre. Given that this problem has
plm«(d to be intractable in parts of Victoria and
South A.U.\‘ii“d}l‘d; we necd (o be alerr to the
problem developing in NSW. Any managemeni
actions, such as 2 dog-proof fence, thar
the population 1o eliminaie threars are not
recommended, In the shost ters, the mos
vrgent action needed s 1w reduce the number
()i ;\0{135-1:\: killed Dby dogs. Over the long term,
oibier bmpacts, snch as babitat loss, habiiat
fragmentation and road deaths also peed o be

. Bushires and roads were abvious

uses of movtality i the shive (Callaghan o &f.
19843, but they have beon shown by this study
o mask a4 move bmportant canse of 123.{‘;1‘@;1%1;‘,
namely dogs. We do note thar dogs were
identified h\ the community que o
daunney o al. 20015 as a4 maior throa
»\-.,H, the findings From ithe current %;E,lz,d}f; tho
case could begin 1o be made that feral and
roving  dogsy constilute 3 “key  threatening
process” nhdm‘ the NSW Threatensd  Species
Conseroation Act {995

doses

ks
1
¢
{

The current priovity of Koala managaeimeni in
‘ff;i\"\f is on habiitat protection through state Jand-
})Lmim ey ]wmm Stale fﬁiuzmr?mmf(d Flanning
,”m‘(c.}‘ No. ”ff;' - Kooda Hlabiat Protection (Tanne
andd ?’i;i{ih"wﬁ' 1097, Lunney of al. 2000, NPWS
20031, However, actions ,dr"afl\ listed to address
mortality in this Port Hiep hcm population, such
as from dogs and roads (Callaghan o ol 1994;
Port Stephens Council 2002), are now identified

as essential. This study has demonstrated that
dogs, in combination with the conspicucus
threatening process of altered fire regimes, is
causing a relendess decline in the Koala pop-
ulation in one ol its remaining strongholds in
coastal NSW. Further habitai loss and frag-
mentation will exacerbate Koala mortality caused
by fire and roving dogs. The case for increased
planning and management intervention, com-
munity support and innovative research is, in
our view, powerful indeed.
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Changes in hird abundance follo

ing Comumon

Mymna control on a New Zealand island

S, DAVID TINDALLY, C, JOMN RALPH® ayd M. N, CLOUT!

We censused jandbird populations on a small island during a
Actidotheres fristis. We successfully removed mynas on Moturoa sl
decreasing in most areas, while holding steady on other, neard

rear of intense trapping of the Common Myna
\d, Bay of Islands, with populations on the island
islands where no trapping was conducted. The

populations of many other bird species increased ceincidently with/the removal of mynas. This was most notable in the
Tul Prosthemadara novaeseelandiae, Grey Warbler Gerygone igafa, and Blackbird Turdus merula, Of 80 species-route

comparisons, we found that 23 (38%) increased, 33 (55%) had
role of rats Ratius spp. and succession is also discussed. The

o chanhge, and only four {7%) decreased. The relative
istorical decline of many species in the North Island of

New Zealand may have baen refaled to the concomitant incfease of the myna, and control of this species may als]
warranted in some cases, especially where restoration of the Mative fauna is the objective.

KKey words: nvasive species, Cormmon Myna, New Zealand

INTRODUCTION

ET'EUMAN introduction of birds 1o New Zealanc
and throughout the Pacific 15 one of many
factors which have likely exacerbated the decli
and eventual extinction of much of the native
avifauna. There is, however, little evidence offthe
actua) role thai iniroduced birds have ha
native bird declines. In this study, we exgmine
the possible effects on an island’s bird asserfiblage
of removing an introduced bird.

The Common (or Indian) Myna was infroduced
into New Zealand in the 1870s (Bull ef 41 1985).
While initally found in both the North and
South Islands, since 1890 it has been found only
on the North fsland. Now it is only ¢ommon in
the norihern half’ of that ifﬁ}and‘; The myna
appears 1o have spread only stowly }ﬁ,p the Norih
island (Long 1981). It reached
islands about 1960 (Heather asid Robertson
1096). Although most abundant in modified
environments, the myna is sympdiric with native
and other introduced birds throughout most
habitats in northermn New Z(;ﬁ@/ﬁ;md, including
native foreses (Plerce ef al. | 997)‘ '

Although the effects of mynag on other species
have not been supported by ghantisative studies,
negative inleraclions have n often cited in
the literature from many arcas from throughout
the Pacific, as well as in ity nalive range (e.q.,
Mason and Maxwell-Lefroy 4912, Manson 1921,
Cunningham 1950; MacDonald 1951; Stoddart
956, Wright 19062; ‘v‘v’iiscr} 197%; Moeced 1975,
Watling 1975; Wilson 197f; Moon and Lockley
1982; Hay and M(:{',Iormacg 1984; Bull e al. 1985,
Seitre and Seitre 1992; Signberloff 199%; Dhanda
and Dhindsa 1993). Tlferc: is some evidence
from these sources that mé*nas interact as predators
or compelitors with ()i? er hirds. This inchades

the Bay of

Istand, Population census.

observations of destruction of eggs, chicks, and
nests, and the chasing of adult birds attempting
to rear young within myna territories. It is their
alleged direct interference competition at food
and nesting sites, however, which has carned the
mynas almost imiversal dislike (c.g., Wilson 1875).

Observations of isolated acts of competilion or
predation do not validate any general conclusions
about the impact of the myna on a varicty of
species, However, if predation and interference
competition by mynas were important Jactors in
limiting resident bird populations, ihe abundance
of affected birds should mcrease following myna
removal, We tested this hypothesis over one year
by censusing the entive bird community on the
ishand where mynas were being removed. We also
demonstrated the possible importance of the
removal by monitoring mynas on other islands
where they were not controlied.

METHODS

Stody design

Rird communities were consused at fve sites in
1), with similar habilats but varving histories of
myna control. Primary work was on Moturoa
Island, where mynas were controlled for the year
of the study (1995). On this island, bird censuses
had been conducted by Ralph (unpubl. data) for
15 vears prior to the myna control, as summarized
in Tindall (1996). At some additonal sites
censuses were also conducied in 1995 4 mainland
site (Crater or Wharengarere Bay), and ai two
isiand sites (Mota-rua and Urupukapuka) where
mynas were uncontrolied. On Roberton Island
they had been conirolled to an extent for the
five years previous to censusing (1987-1994).
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