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A Scenario for Mammal

19

and Bird Diversity in the Snowy
Mountains of Australia in
Relation to Climate Change

K

it Green and Catherine M. Pickering

INTRODUCTION

The Snowy Mounains (Figure 19,13 conain
the largest contigoous area of subalpime and
alping habitar in Auseralia. Other subalpine
and alpine habitars occur as relatively isotared
areas in the mainknd Vicorian Alps and in the
Ceneral 'fu,,i'mnc s and higher peaks of the
islaned of Tasmana (Costin, 19895 Alrogerher
1500 ko, or 0,13% of the continent 5 sub-

;w €L WIRR SHOR cover (Cereen and Oshaorne,

Predicres nges ta the cimare are
al
3

¢lv to result in 2 dramartic decline in the oz

area receiving snow. The {nrez‘ﬂnwmw*exh
Panel on Climate Change assesament ([PCC,
1996} presented scenarios for gl@L‘-J w;zzmmg

ente
for 1990-2100 predicied warming of
0.7-2.1 °C by 2070, From these, the Ausralian

C3IRO Climare [mpact Group estimated
regional warming amd precipitation values for
Ausprabia (CHG, 19961 Under these sconanos
the ‘hest case’ scenarto for snow is the least
ingresse in temperature and the greatest
MICICRSS 1 winmer i ‘f:'a:tpmfmn {sez Whetron
ot al, 1996 for a full discussion). For L\J"ﬂp i,
even 4 modest warming {*best case scenaria’ of
onty + 0.6 °C by 2070; Table 19.1) will result
m a 39% reduction in the area that receives
of saow per vear I the Snowy
A riz‘zmim and Victortan Alps {Figure 192
Wherrom, 19981 Under the “worse case sce-
wario” {Table 19,7114 rce;mction of 96% is fore-

cast by 2070 {Figure reducrion of this

cale in snow cover will AHW{ the unique and

binit)gécaié}‘ importare flara and fauna of the

el

region {Green, 1998). Changes in the diversicty
and abundance of planss and animals may be
particularly severe in Australia because the
extent of the true alpine habime is minimal,
with limited high alticude refuges. For exam-
ple, rhe highest mountain in Auvseralia,
Mr Kosciuszko (2228 mib, s SO0-600 m fower
than the theorerical nival zone (Slarver e af,
19844, so that there is o apportunity for an
alnieudinal shifr in the alpine zone,

Seasonal cover uf spow s regarded as a
major dererminant of the faomal u,)mpmirinn
of the subalpine and alpine areas of the Snowy
Mountains  above 1300 m (Green and

Osborne, 1994, 19983, Within the laricudinal

band of southeastern mainland Ausoaba
which encompasses the Snowy Mountams,
253 species of mammals found berween the coast
and the western slopes occur in areas of winter
snow cover [Green and Osborne, 19983, Mose
of these are also common at low altirudes wich
rwo o exceptions, the mountamn pygmy-
possum {Barramos pareasy and the broad-
ronthed rar {Mastacoreys fuscus). In the Snowy

Mountaing, the mountain pyg SMy-POssu i
found enly above the level of the winter
snowline and the broad-toothed rat only above
1000 m {Green and Oshorne, 1994). [n addi-
fion toy native species, feral mammals including
foxes, hares and horses are found in the moun-
rains {Green and Oshorne, 19945, Amoag the
birds there are no species confined to the
mountains, however, it is the composition of
the avifauna and partcularly the absence of

some species, which are found nearby at lower

TR
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v Motpitaing and Vicorkn Alps from Whewos {1995

vy Mountains

suamly Sros

Jspopne and Green, 1992),
pecies of birds occurring ar ses
species are found shove 1300 m,

of these being winter residents

level, only 64
vith only |

{y the nwo faunal groups with the best
Vobirds) are examined,
5 greater alpine endemism

the invertebrates {in which the majority of the
endemic species and the alpine adapred forms
are to be found) (Green and Oshorne, 1994).
To determine whether there is any evidence
for existing changes in animal distribution with
climate, data on snow cover and animal diseri-
bution for the last 45 vears are examined. This
provides information on the parential wnpacr of
the dramatic climaric change predicred for the
next 70 years for the Australian snow connry.




METHODS

Site

. ..
description
Areas of the Austrabian maminnd
PULSIsene
southenst of the conimen;
Mounmins and the

subiwer o
spsy e restricted oo rhe
where the Smswy
Yictorian Alps corman

WHITET

REITY In THE

SHOWY MOUNTAINS OF AUSTRALIA
abour 2350 kov' of e subject to o minimum
of 60 davs of snew caver In winter {Q‘Sf@:m and
9945 The Soowy :
5 }ole on oa northeso
rion cen ot Me Kws:mxzku 5,
148% 16" Bl The alpine zone, c‘xt;‘ndnw hum
around 1830 m ar the geeline 1o the top of M

Kosciuszien, 13 characrersed by continuoas
snony cover for ar feast four months per year
;m;i xx v etght months with
w breezing. Precipianion s i

f%w range 1RO0-3100 mum per vear with .ﬁwm
this falling a¢ snow (Costin, 1957}
The subalpine zone, extending from the winter
spowline (arpund 1300 m) o the weeline s
characrerised by continuous snow cover for
one to four mends per year andd ruinimam
remperatures below freezing for abear sy
months per vear, E“n:c;pmx.smu 15 1 the range

77

FO=2000 mum per vear (Cosan, 19751

I’l'l T

50% of

Trends tn snow cover for the

fast 43 vears

Srosy data were obratned trom s Ssowy
Mauneains Hydro-glectric Anthority snow
cobrse ar Spencers Creek i the Snowy
SMountains that has been  vistred woekly

theoueh the snow season since 1954, To reflect
doprh and duration of snow cover,
wers wansformed §

SAr. 3

vy

these data
intn metre-davs of snow per
wis done by molnpliying the depth
of snow by the mimbers of davs ar thar deprh
and summing the figures for cach year, The
dara are presenved by vear wirh rhe running
Seper mean Hrtgure 19

Impact of snow cover on animal
distribution

The Atlas of New South Wales Wrldlife which
contains wildlife records for the p past }é) vears
was "mmme 1o derermine how many mammal
m:wrmd 1 the sourheastern corners
New S Wales, berween 357 5 and rhe

Vicrorian t

Seate bordey 147 F and the
eastern seaboard. A Geographic Informuation
Svetern was used o allocare aldwde o the

L0 m for each record. W

aud

I CSE worhe apecies
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rrestrin s that declined o nombe

of 7
ut records with inereasing alnrade, the effect

- hadd on shelr demibunion was

vyl ebfeer fgroup frer

fpronp 21 oo z:?xrt:a::‘ erfet

i

fgro up 3 {see Green snd Oshorne, (2951

: possible nmpact of a
: , s gpegies, the
menn of the theee highest regords for each
»; eeies ways calcalated from th" same dara set
Far the three éeuw: . P950-149RY
and [990-199% i
anrmals found ar or abour th*‘ ‘-\fészzer snowlhineg
'*md which did nor inhabir che full altinding!
Lk grder LR smine whether o
what Liz,m O roowas a stutr 1 the
alvirudinal d;simmmm of species, The
stforr over this tinse s diffienlt wo guantity, bur

¥ .
S

Y OBBUNY SVer on gy

i the number of ¢ fds placed on the daa
base per decade is raken as un index of effory,

t

then this appears not to have changed greatly;
with the number of records 2 1500 m alirude
11 the three decades being 386, 470 and 397
Sources of informarion independent of this
dara ser were also recorded, such us observa-
sans by dong-twem residents ac higher altimudey
where o spegies bad not previously been seen,
indirecr evidence and dam from pest animal
control studies.

Par all bird species oceurring seasormally
abeve 1300 m, the earlies

t recoras abgve that
aleitude for the three decades m;wn abtained
from the Atlas of New South Wales Wildiife.

RESULTS AND DISCUSSION

Oshorne er el (1998) recorded o significant
mﬂmn W mean srose cover gt Spencers Creek

s Course i the nwo i\»;‘ur periods

I‘?M)m and 1975-89, corresponding 1o a

27%: reducnon, Examination of the dara from
the snow course revord show g twrat of 2283

371,

metre-days of snow in the 1960s, with g 29
reduction to the 19705 (1843 merre-days? and
a further 10% reduction in the 1980 mi
?.‘E}"?{}x AE5E and 1706 mictre-

tive The st five vears, occu
warmest decade of the century (;Xxmrm{i:m

the ke WSt

Bureau of Mereorology
five-vear gverage of
the mf“-.fif)n.m forwest ;
the highest § years d g ve 19.3). I the fauna
werp sensitive 1o depth and exren: of spow
cover, g doechine might be expecred w b
retlected it changes in their distribuiion,
Based on the pocled duta From the ‘&k‘:!:f‘!:ﬁf
Arlig, 35 species of mammals, #x of w

eary and 537 les

feral, ;c%’m%% .,sui ne m mlmi‘w m m_mds
with increasing aleitnde (Table 1925 For 20 of

the speuie ,:miazw'mai{ % > hats, the decline in
number of records with altrade 15 fHeely to be
pnrelared to snow (Green and Oshorne, 1995,
Greoup 1 in Table 1823 For example, rhe
SECIES A iﬁps’}w"zr upon
Trods, Jx‘d {ht Bosse mogse ’E’”{‘s. FRRELST, "f's’!‘- i “%N’
be excluded above the winter snowhine by lack
of suftable food (Green and Osbome, 1998)
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Reasoon
Group 1 Decling not snowerelated by the shove torm

Bats {11 sproiess Reducoon in Hying taseots
T ospevics) Reyuire trees
Absence of food tree species :
Lack of food for o spevialist granivore
Faosstbio changes i the fongers rerm ?
Absence of large provicompetivion with fus? ;
Compeation with dasky amgechivug’
Competition with beand-soothed rad :
Competiton with mountain pramy-possae ¢
Comperition with fox”
5

it aosiacoess 1o Fe
groumd-based food
53 10 ground-based food
Agaess m{cms Fvod
Hunp

P
ALLERS

cosgmaean §

ons Soals Wales W samels sine @

yoan alrgudinal ahe

R dus £ xher evia

47 597

003

126Ti6 { 24

133341 xgﬁ {1 x‘]
Car’ . A0 £, 3
Herse VEHHN 2 THOHT £, 2
g RER IS AL Lo
Rabbie § 30073 {50026 1,58

sidems, 2 indtregr evidence (dueg o rontimg!, 3 increased presence
contiad reguired tor frest i ar sk rosoer

group of species, the excluded  and four & «*a;&esies, where snow appears 1o be
or numer re izg.wa’ * ot

i‘»;}f‘!;.'{”“‘ may be oue the malor factor in the reduced numbers
t mgm r Al Li‘;‘;{* recnrds ae ifﬁm &}sémée iGreen and Oshorne,

ompeiitive advan- 998 Table 1921

z'.?f sprow gi.m‘%».;ﬁz;m There is some evidence that there & un

hree wucoessfully compenng  inereasing aldrudinagl discriburion of anim
nrechings Amechmus  over the M-vear period to 1999, Wildlife »i thas

ray and mounmin reconds imdicare 2 higher maximum sloitadingl

g that mc*m»&% distribution for all macreped species and
alipude. the four species of foral mrammals {Table 193
wurnals, siv native  Other evidence for increasing aceivity by fer

P
o
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mamimals at air udes supports this

Tis, Saewy Plains
s climatically mz’zrg‘zm‘
1974,

}was rogar
{(Frunsmore,

}‘Kff sz\”;iv. ir t“f

af 1998/99 the Natonal Parks and

vervice wzy lerced o institue a “'Ih“’ t

comrol programine at Persshor Valley (1800 vy
Sapecky and Knnesar ring the

s
regular s

comuducted

RS, Cereen 1
[ manirsal frap“m" near the ree

puriint

i Ram : [l
vl Horse Gap (1380 m) without
svidence of gmwu ahove the

rosE i

K in
aecess oy the

BEZ ROW COMMIMON |
Among the macre pf}da m: red

avily us*.‘:d by
ping zone where
e u;, pers ohs.
s Hrrde evidence
-pevked walla-
Kangaroos
get, aned these
e, For

is a sociad species

Moteros
fdr,';

aherran
L.mﬂfu 030y

othor
wedominantly g

TRV

ayay mpnﬁ

SEEs

i3S ﬂ

winiey
and fue-
e and

45y PTG i
. 7

e 3]

wnp watlabies

vinger ;@!4 ' tiw Al ACuess

£ vmizadt swamp wallaby
2t om v

-
*\cmulc;sm “upv it m:

the impact of snow
on anmal numb 3

the

reduction in k,f}punmwm of the

naiive mamemasl

wwd wostmber
sle 1921 Popularions of dusky an
{‘r:m. : :z:z.d § ; i (;;w

lechined

1L pooc snow yuam,
s:;msm;zm pygy-possum thers

SRS MENT

was alse I’*}W“I‘”’ ’I recrutomwent (L. Broome, pers,
comy, 20008, The amer species depends upon
3now cover mr ,«;t‘sﬂ)ﬁc. lnw emperatures for
hibernation (Walter aud Bre 1998,
whereas the two former species are
the snow dhea

$3 4N
s active wnder
sehont winger {Green, 19981 angd

are therefore subject o predaros by foxes
(Green and Osborme, 1981). Using o bio-
chmatic analvsis and prediction sysem oo

and prwdicced future sl
et gl {19957 sugeesced 2

<

t:,'\dl’lzﬂ{,‘ pFL"‘?C 1L

. Breveron ¢

i‘aI Lit‘(.i‘“ﬁsc‘ in areas of swable nabir
for broad-oothed rats with gum%

Dotes
WArnHng.
under pressureg
> oW ¥

n Jw

Already the broadwothed ratis
at Barningron Tops, 600 kan m)rd
Mountaing, The populo spucdiedd
1980 (Dickman ;md MeKechnie, E:
1999 iny the face
by swamp rats Rattig [eoreohis ’f» wen, SOU0)

of the
there
‘.s %‘

i

sertous dechne by

A sunilar process may ocowr i che Snowy
Mountags with o reduction in snow cover,
Thig s Hkely 1o re mce che competitive adyan-
rage oF broadroathed ram and mav aet syners
gistically with owreased incursions of feral
anim .z? particalarly roxes, whose hunring s
miade xzas';z'afr by shallow smow (Halpin and

wssonetre, (9851
In additinn o the
distribation of some
red with d%mﬁ
birds may :jisf/
tory hirds,
of arrveal,

a ‘z;mrﬂm changes in the
mamma

LMW

118

~xw‘

o5 Ew W hta}% "7«:"
of r:;whcr

for
was a sutficient sample size, was one
y “

e SDey

asvival o rhe [980s I compared 1
the P970s For the 11 bird species for m:xa:f)
there were subficiene data {(Table 1941 the

carhiest record was in the 19906 i five speaies
ifour of these ovourring in an earlier m onth)
¢ 1980s tgenerally diff c?m&, by zzw* F
vs from the carliest dare for 35y
mz;z For two ies fprey fancail
fuug;;mm and silvereye Zosterops z‘af m;z‘z»r
there was virtually no difference across the
three decades, Whilst there has been o greater
search effort in the 19905 by one of us (K¢

¢ search etfort in the period 19711980 was
boosted by a large faona survey (CSIRO,

snpubiished) and rwo studies of the avifauna
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s
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cuckaes Cucrdus flabel
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WO S sas that APPOAr Boe o arrive earlier,

eding
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espite chang spow cover over the threp
decades, are the grey fanoil which eatches

nsects i rf:;,!

vvedved ¢

and the sivereye which s

iony, wwmrcm ii"i’;{s, the timing of

: *\ﬁ'u: bution ©
mpmmais sid nme of frst arvval of migrasory
bird species, such as sample sive, sampling
etfore, mmmh.u, piming, and orher provisos.
The use of the numbers of records 2 1300 =
soade and the number of wecords
e-monith period of influy of migra-

incices, while nor perfect, does
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papes does noe stare uneguivocally
d‘m

SOTH ENAMIE ;Iﬂ*’

v‘h;m}:,«:s; w1 anbmal distibuoon
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Z

Jzu gy zEmz“ i
; - Uhanging land use, bow-
ever, is not one of those. During the course of
this srudy period there have been no major
changes in land-use paverns at the higher
alritudes o explain differences i animal distri-
burion, The study ares wa ek o Srate
Park i 194 and sommer grazing was with-
awn from rhe aloime area of the Male Kaone

1946 and banned above 1360 m in 1958
[Good, 19921 Any inoreased use by humans
been comfined to the few ski resors

s decla
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amd access rowgs. However, the changes are
those that mnght ressonably be by porhesised to
resubt from reduced snow cover and the

srvei] changs s anow cover ds the (mlj;

xplanaton thar can account for all dam.
serefore, the patzerns documentod here couhd
s a omodel for nk; ch RS 10 aniriat distri-

.

rdiversity, .-,W‘ p dicred
snow cover, Further i warme-

iy resulving m m“d}'{*uw ST COVET m.i;;ﬁt,
¢ faunal

fore. have oo
composttion of the
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e
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e

.%lllm‘mm ?\’ ne argds of

, aals and redue
addvantage of the h.,mr

such, while o

. this process
by the

OF 307I0UE POLuCtioon of

erighomic ape

CONCLUSION

wd impacts of 1 foss of spow

sioy 1 the Sy Mountans

s been on mamimalse OF che rhree classitica-

?.3;‘,&&:1'5 here, th Ew; i e o served
in the group o s whose
*’1‘1”:0“ [ERRTIITY luz‘.ai T STUAW. uther

wm onumbers of revords

with increased ;z?izimgit‘f.ﬁ there have beenr docy-
mented impacts of shallow suow in some
ars, bur because of dhe bigh fecundity of
tlzesc: species, populations have nmvcrsd i
isemzem zood vears and no trend is appar-

t, frmay Z.J\E\t* a grearer s of snow cover @
ruhm the competinive advanrage of thess
wies more than has so far ocourred, Tnoa
ITOAFe COOstRUn

ammals th

be prcwum:e of snov, there js o rrend rowards
b
b

higher altrude andfor :
species normally excladed by snow pover.
Further loss of mow cover may sec 1 greater
upward movemnent of these species, If sofficient
SOV 15 lost, an aititedinal increase by che
macropnds may %czifx;m the ppward
¢ the Browsing swamp wallaby,

WIRLEY Supan

o
&
1
> g

ACKNOWLEDGEMENTS

We thank Care Gillies for manipulanng the
Arfas dara set and drawing Figure 191, Peter
Wherton allowed us w use Figure 1920 The
> Flvdroveleorric Authard
r to construer Pgure 193

altowed aceess 1o
az»’i},icf” was drawn *w “*.-‘iii;c: me*‘* i’mn

i‘r WQ k)shm‘n*: ’Umumcv mf Ca bcrm) COTY
menred gn an earbier deafr of the manusori;

;;‘mz;% e

- they
fm oup,
fonesrch,

‘%niw A ipmu and alping

;‘nmmunév
fhars v

f&.’m!‘i.

aey. in ’\‘i:sz}ré E fed ), Aty

ASuseralian Nartonal Unbeersisy Press, Cands
pp 19E-H

Costiry AR (1989 The Alps ina
T Cowsed R teds, The Scivntif,

H

uhxi perspecrive,
canee o

3}

Asestealion Alps. Au mni
onures, hereg, pp Tl
Prickman CR, Green K, iﬁ aeron E’E H«pmld DO
‘iﬂi {1 IR AT

a u‘f

uf the mammals of M mmt Romi and }iarr*num-
Mew Sourk Wales, Auddrafian 2 sz;:fugrn;

The rabhic o subalpne
1, Populanion strucoue

Humm(m [l) [1974
south-enstern Avsrralia,

PR ST S e | i




Al B4
and produstivicy. Sduaseralior Wlilie Researeh,
17-24

Longmore MW (1978), Avifuuna of the
; Kuoscluskn Natopal Park, Ens,

(e A Sty of Antechings swatnsonii

’wf Aptechinng sheartil and ff:uz’ proy i the
Maometaing. { 4
ey, Australbs

' inn, I Greeen K
‘m:f,-f Histiary: as i Prdggre.
s Luasan (ﬂmm e, CavberifSurrey

ST

refasion 1o abs
snowline ';z New Sounch
ffé Research, 8

{1H5, Wt

YOS 3 ik
R 52 ‘gt
;ﬁ R '??‘m Lz‘

gy L u‘:L:FT‘ﬁ{U,m L

iy
*ﬂmw f*n,m, ” "w-m Syidney, pp I»H»s‘r%
; i cu

: Coezribustion
] Aszsesgwret
113

£}

HE ANOWY MOUNTAINS OF

TRALIA

Longmore W (4
Kasciasko
#:33-5

Oshorne WS and (’?n: o i\ f'? ‘)97} §L wml hm%a
i composition
wur of bieds

. Birds of the alploe region,
snal Park. Awstralian Birds,

Davig MY and Green K {1995),
]t’mf‘ufﬂ and \; 1l variation in snow gover. In
Green K fedd, Suwewer A Natwral Hlistory: an
tain Frture, Australizn Alps Lialson
murree, CanberrafSurrey Beary & Sons,
T

S, Prevee MU Green K oand Green M

H

5o Gungartan: A wainter Fauna survey ahove

b meres, Victomar Naruralise, 93:206-35

Saneeki GM and Knutson R ( 1998}, Perisher Range
shi rosorts rabbit conprol prr}quzm. an blishe

- covat Parks and Wildlie Service,

FHIAOYAL

ver RO, Cochrane PM and Gallowsy RW

Ikﬁlé‘mL Dreration and extent of snow cover m the

Snowy Mountaing and a2 comparison  with

: wland, Search, 13:327-31

and Broome L {1F98Y Snow as o r;c ar ln

wl Aibernavon and dormaney, ; "

teed, L Netnsses

Aus
CanburralSurceey
ppp 163~ F7

Wherton P {1998 Clinnre f..,mw umpacts on the
p* mi extent of snow-cover i the \mzm&m

s, Inn Green K ted ), Sores
’* fate Fabere,

stratian Alps L“u\o.
v Beatty & Sons,

; ¢ ME and Galloway RW
9945, Climare change and snow-cover duration
i f’} Australian  Alps. Clmatic Chuang
37.447..79

ol






