Global Warming
In the Wet Tropics

Issues in Tropical Forest Landscapes

High dititude cloud forest in the Wet Tropics (vhoto: Wet Tropics Management Authority)
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Humans are rapidly changing the
nature of our planet in profound
ways. Global changes include
alterations to the vegetation cover
of the land, the chemical
composition of the earth’s
atmosphere, global climate and
climate variability, and the rapid
and extensive introduction of
exotic species.

Australia’s Wet Tropics are
dominated by mountain ranges
giving extremes of altitude from
sea level to around 1600 metres.
Most remaining rainforest in the
Wet Tropics is above 300m and
almost all species unique to this
region are adapted to these
cooler uplands. Temperature rises
due to global warming would
mean massive changes to these
cool uplands, leading to loss of
habitat. Consequently, the
biological diversity and endemic
species that are the keystone of
the Wet Tropics World Heritage
Area are under severe threat.

Ecosystem processes and the
provision of ecosystem services
could also be severely affected
by climate change, indicating
how imperative it is to understand
the processes that shape large
scale regional ecological patterns
over time. Only then can
predictive tools be developed to
enable realistic conservation
planning for the unique
ecosystems of the Wet Tropics and
other rainforests in Queensland.




Climate Change
is variation in
either the
average state of
the climate or in
its variability.

It encompasses
temperature

increase - or

global warming,

rises in sea-level,
changes in
patterns of
precipitation and
increases in the
frequency of
exfreme weather
events persisting
for decades or

longer.

What is changing the
climate?

The eurth’s climute is reguluted
by the naturdl greenhouse effect,
credted by un utmosphere
contdining greenhouse guses like
curbon dioxide and methane
that frap heat from the sun.

The globdl heut balunce hus
been chunhyed by humaun use of
fossil fuels such as coul und oll,
which reledse greenhouse guses
when burned. By depending on
the combustion of fossil fuels for
enerygy, munufacturing und
fransport und through the
broudscule cleuring of forests,
humans are creuting an extra
blanket around the earth.

IPCC (Intergovernmental Panel
on Climute Chunge) reseurch
sugyests:

e Concentrations of
attospheric CO,, the muin
greenhouse gus, have
increused from pre-industrial
levels of 280 ppm uround 1750
10 367 ppm in 1999,

e Without a reduction in the use
of fossil fuels, CO..
cohcentrations will reach 650
fopm by 2100.

e Concentrutions of methane,
another very potent
greenhouse gus, have more
than doubled from ¢. 750 ppb
in 1800 to 1,745 ppb in 1998,

Warming over lund in the
Southern Hemisphere for 1901 to
2000 is estimuted to huve been
ubout 0.5°C.

Direct effects of global
warming

The best possible projections for
globdl warming in the tropics ure
for an increuse of between 1.4
and 5.8°C by 2100. While rainfall
will increuse in u warmer world,
climate models project
conhsiderdble regional variation.
Scenarios for areus us small us
the Wet Tropics uncertuin aure
uncertuin although severdl
models predict:

e A+4%10-10% chunge in
rainfall in horthern Queensiund
for every deyree of globdl
warming.
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e More freguent El Nifo type
conditions for the Pacific
through this century und a
possible increuse in tropicul
cyclone intensity. EI Nifio
conditions hormually cause
lower rainfall and longer dry
seusohs in the Wet Tropics.

e Arise in seu levels of up to
ubout 90 cm by 2100 due to
the slow wurminy und
conhseyuent thermal
expunsion of the oceuns.

e Greuter frequency und
severity of heut wave
conditions.

Figure 1. The 1990s was the warmest decude eve
recorded insfrumentdilly. The last 100 yeurs were th
warmest of the millenium, with 1998 the hottest yec

oh record und 2002 the secohd hottes

Ecological and biological effects

The lack of uny climute chunge
monitoring in the Wet Tropics
makes it impossible to state
whether warming in this century
hus had uny impuct on its flora or
faunu or ecosystem processes.
However, monitoring in other purts
of the world has identified u large
humber of ecoloyicul und
biologicul changes due to recent
climate chunyge. These include:
e Both latitudinul und altitudinal
shifts in species runyes.

e Chunyes in ubundunce und
locdl extinctions.

e Chunges in growiny seuson
length.

e Eurlier flowering, emeryence
of insects, migrution und eyy-
laying in birds.

e Chunges in morpholoyy (e.y.,
eyy und body sizes).

e Breukdown in symbioftic
relationships.



FROGS

Thornton Pedk Nursery-Frog
Magnificent Broodfoy
Pipping Nursery-Froy
Northern Burred Froy
Tangerine Nursery-Froy
Bloomfield Nursery-Froy
Mountdin Top Nursery-Froy
Northern Tinkerfrogy

MAMMALS

Atherton Antechinus
Mahoguany Glider

Ddintree River Ringtdil Possum
Lemuroid Ringtdil Possum
Herbert River Ringtdil Possum
Spotted-tdiled Quoall

SKINKS

Thorhton Pedk Skink
Bartle Frere Skink
Czechurd's Litter Skink
Saproscincus lewisi
Lampropholis robertsi

BIRDS

LIST OF UPLAND SPECIES AFFECTED BY CLIMATE CHANGE

This lists the most vulnerdble species of endemic vertebrates, those
that are predicted to lose greuter than 50% of their current areu of
core environment with only ¢ 1°C increuse in femperature.

Cophixdlus sp Thorntoh Peuk
Pseudophryne covacevichae
Cophixdlus hosmeri
Mixophyes sf. Nov.
Cophixdlus heglectus
Cophixdlus exiguus
Cophixdlus mohticola
Taudactylus rheophilus

Antechinus godmdahi
Petaurus gracilis
Pseudochirulus cinereus
Hemibelideus lemuroides
Pseudochirulus herbertensis
Dusyurus maculatus

Cudlyptotis thorntohensis
Techmarscincus jigurru
Saproscincus czechurdi
Eulamprus frerei
Glaphyromortohus mjobergi

Golden Bowerbird Priohodura hewtohiahc
Atherton Scrubwren Sericornis keri
Mountdin Thornbill Acunthiza katheriha

Effects on habitat the increuse in fragmentaution.

Warming cun have a particularly
strony impuct on mountuinous
regions like the Wet Tropics where
the mountdin tops aund higher
tablelands exist as cool islands in
u seu of wurmer climates. These
islands are sepurated from euch
other by warmer valleys and form
a scuttered archipelago of
habitat for orgunisms that are
unuble to survive und reproduce
in warmer climates. Many of the
Wet Tropics endemic species live
ohly in these cooler regions.

Figure 2 shows the yeographic
distribution of habitat with mean
annhudl temperatures less than
22 °C in the Wet Tropics. This is
dpproximately the upjper
temperature threshold for many
arboredl| ledaf-edting animals
(folivores), such ds possums and
free kangaroos that occur in the
Wet Tropics. The decreuse in
habitat areu is us remarkable us

Smdiller putches of habitut are
knowh to decreuse und

fragment populdtions thereby
increusing the risk of extinction.
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Figure 2. Areds in the Wet Tropics with
meun dnhudl temperatures less than
22°C (green) in today’s climate (left)

and after °C warming

Likely effects on the
Wet Tropics

Rainforests

The extent und distribution of
forest types in the future is an
importunt indicutor of potentidl
changes in biodiversity. Models
developed by Ruinforest CRC
reseurchers show that the fropical
forests of horth Queenslund ure
highly sensitive to climate
change.

The locdation aund extent of
rainforests is determined by rainfall
and its seusondlity, with some
influence of sail fertility and water-
holding capdacity. But the type of
rainforest and the organisms
found there depend more on
tfemperdture. In the Wet Tropics,
ohe deyree of wurming could
increuse the potentiul ureu of
rainforests us a whole, us lony ds
ruinfall does not decreuse.
However, even with the exact
sume ruinfall and rainfall pattern,
higher temperatures increuse
evapordtion so that effective
dryness will dlso increuse. Large
changes in the distribution of
forest environments are likely with
evenh minor climate change and
the reldtive ubundunce of some
forest types could decreuse
sighificantly. Increused rainfall
favours some rauinforest types
while decreused ruinfull increuses
the dred suituble for woodlunds
und forests dominuted by tough-
leaved plunt generu like
Eucdlyptus (gums), Alloccasudrind
(she-ouks) und Acacias (wattles).
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Figure 3. Distribution of highland rainforest
ehvironments today (left) und their
lotentidl distribution dfter an increuse
in temperature und u decreuse

in rainfall (right).



While lowland forests will likely
expund in ared, highland
rainforest habitats of many of the
region's endemic vertebrates,
including fern forests und thickets,
will decreuse by 50 % with only u
1°C warming. Using this model
CRC reseurchers huve mupped
the current und potentidl future
distributions (1°C warming and
-10 % rainfall) of uplund und
highlund ruinforest types in
Figure 3.

Environments suituble for these
forest types decline greutly and
become highly fragmented in this
climate change scenario, At

5.8 °C, the upper range of
predicted warming, ho
dppropriate environments would
remain within the Wet Tropics.
Whether and where dppropridte
climates might come to exist
further to the south in areus like
the Border Runges, is unkhown.
Reyional ruinfall patterns und
tfopoyruphic construints however,
imply that such hew hubitut
would be very far removed from
thut of the Wet Tropics.

Cloud Stripping

Cloud forests ure sensitive to
climaute chunges. One likely effect
of warming is u signhificant liffing
of the buse of the cloud-bunk on
fropicul mountuins, Cloud
stripping, or the tfrapping of cloud
wuter droplets by cloud forests,
cun significantly augment rainfall,
especidlly in the dry season.
Globul climaute simulutions with
doubled CO, show thut the

relative humidity surface is shifted
upwdards on tropicul mountaings
by huhdreds of metres during the
wihter dry season. This is the period
when these forests are most reliant
oh the moisture from cloud
contuct, Becuuse of their greut
senhsitivity to climate, cloud forests
are likely to displuy effects from
climute chunge in the very neur
future. Cloud forests in Costu Ricu
have dlreudy experienced the
loss of endemic frogs aund
changyes in bird und mammail
communities.

Vertebrates

The Wet Tropics forests are home
to over 560 species of vertebrate
animuals. The entire region is likely
to undergo ecoloyicul changes
us the climate warms but smail
temperature increuses will
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the significance of u temperature
rise of severdl degrees.
Environmental models of sputidi
distributions across dll of the
endemic vertebrutes sugyest that
ylobul wurming will have severe
effects on the lonyg-term survival
of muny species. A one deyree
increuse is considered u certainty
and even this small increuse is
predicted to decreuse the range
of endemic species to un
uveruye 63 % of their current
range size und cause the habitat
of one of ut leust ohe froy species
to disuppedr,

With larger increuses in
temperature, the preferred
habitat of a humber of high
dltitude species will completely
disappedr and possibly drive
these species to extinction. A mid-
range prediction, such us the
3.5°C figure put forward by the
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Figure 4. Indicates the change in distribution of species richhess of regiondilly endemic
terrestricl invertebrates with incredsing femperdture.

threaten highland forest
environments on the top of
mountauins like Bartle Frere,
Bellenden Kerr und Thornton
Pedk. Most Wet Tropics
vertebrates do hot experience u
wide ranhye of tfemperuture within
their distribution. For example,
unhudl meun femperauture for the
Windsor Nursery Frog (Cophixalus
bombiehs) only varies by 1.8°C,
and even for a widespreud
species like the Leuf-tailed Gecko
(Sdltuarius cornutus) the ranyge is
ohly 9°C. On uveruye the range
of unnhuudl average temperature
ucross regiondlly endemic
species is just 5.5° C, indicutiny

Intergovernmentadl Panel on
Climute Change, will reduce
range sizes to un averuge 11 %
of their current ared, completely
removiny the current habitut of
ubout 30 endemic species. This
represents the loss of almost half
of the uhigyue unimals that are a
crucidl element of Wet Tropics
biodiversity. It implies the very redl
possibility of ubout 50 species
going extinct — an environmentdl
cutastrophe associated with only
u moderate prediction of climate
change. Most upland species will
disuppedr under the worst cuse
scenurios with temperature
increuses of 5°C or more.

The utmosphere inside u highlund cloud forest
(hoto: Wet Tropics Management Authority) %



Additional effects of
climate change

Predicted effects will conceivably
be much worse when changes
other than the increased
temperature, dre diso cohsidered.
A humber of other effects are
likely to occur in the Wet Tropics
us u result of globul chunye.
These include:

e Increused CO; levels will
reduce the nhutritiondl value
and increuse the toughness
of most foliuge. This could
have sighificant detrimental
effects on folivore abunddnce
(endemic ringtdil possums und
many insects for example).

e Predicted chunyes in
ygeoygruphic distribution will
push species off nutrient-rich,
busdltic soils and onto
increusingly poorer grunitic
soils at higher elevations.
Ruinforest CRC reseurch hus
shown that forests on these
fpoorer soils support lower
populdation densities of
arboredl folivores.

e |ncreusingly, unpredictuble
rainfall may have significunt
effects us well. The populations
of muny species ulreudy
experience bottlenecks in
resources during the dry
seuson. If the lenyth or severity
of the dry seuson increuses Us
predicted, this bottleneck will
incredse und put More stress
oh these populdtions.

e Ruised cloud buses will affect
species requiring high and
cohsistent moisture levels
(directly uffecting microhylid
froys, litter skinks, soil
invertebrate faunus, und soil
microbes) und thereby dll
litter-feediny insectivores.

(photos: Steve Williams)

e Longyer dry seusons will
probubly uffect both fruiting
biomuss und phenoloyy.
Chunyes to these processes
will undoubtedly cause many
flow on effects across the
fropic levels (ey. fruit biomass
decline might result in declines
in frugivores that in turn will
uffect seed dispersul und
recruitment processes).

e Ecosystem disturbunce und
increused vulherdbility to
invasion by feral animals,
weeds und puthoyens.

e Chungyes in fire regimes.

(photos: Steve Williams)

Fire controls much of the
bounddary between rainforest
und sclerophyll forests und in
the EI Nino event of 2002/2003
fires encrouched oh Wet
Tropics rain forest types
fpreviously thought to have
been untouched. El Nifo
incredses und ussociated
drought is likely to increuse the
frequency und severity of
unusudl fire yedrs and may
leud to lurgye chunges in the
distribution of some of the
dryer rdinforest types close to
the sclerophyll bounddry.
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Research needs

Future reseurch must provide the
crificul information und fools to
develop mMunhugement pluns
dimed at conserving forest
ecosystem processes und
biodiversity in the face of rapid,
unprecedented climute change.
It is widely recoghised that in order
to understund large-scale
putterns it is necessury to
inteyrate knowledye from
molecular biology, physiology,
ecoloyy, biogeoygruphy, remote
sehsing, spatial modelling,
evolution und climatoloyy.

Ciitical gaps in knowledge

For the most part, however, we
still do hot know whut is
threatened, where the threats
are greutest, the lony term effects
of these thredts, how climate
change will interact with other
threats such us clearing, weeds,
und feral unimals, und whether
some ureus will contfinue to
forovide hubitut or hew dreus of
habitat in the future. Particularly
importunt informuation gups
include:

e A yuuntitutive understanding
of climatic und eduphic
conftrols on uplund ruinforest
types und their potentidl
distributions under climate
change.

¢ Knowledye of the distributions
and climatic requirements of
most highland species or how
they will be uffected by
climate change.

¢ The sensitivity of highlund
species to reduced
cloudiness.



e The yeoyruphic extent und
locution of suitdble habitats
for various species, including
muny endemics, with climate
chunye.

o \Whether some locutions will
act us refugid in the cominy
much warmer climate.

e \Whether current conservation
bounddaries und off reserve
fpolicies will be effective with
increusing warming und other
climate changes.

e Areus where intferactions
umony global change drivers
(climate change, cledring,
invasions, und elevated CO,)
are purticularly threatening

Management

considerations

Climate change is a globdl
fphenomenon, driven by globdl
putterns of eneryy use und
deforestation. Maunhagement
policies cun und must be
developed to minimise these
heydtive impdacts. It is possible
that climate change will also
fpresent some opportunities und,
if so, these must be known and
managed s well.

The impucts of globdul climute
change will depend on two
factors: 1) the findl, redlised
deyree of chunyge und 2) the
resilience of the ecosystem in
yuestion. The first factor can only
be addressed globdlly and at ¢
governmentdl level by reducing
ylobdl greenhouse gyus emissions.
However, the second issue, of
resilience, can be addressed
locully.

Successful long-term
cohservation of the Wet Tropics
World Heritage Ared will be
dependent upon u humber of
management issues und actions
which cannot be discussed or
implemented before research
hus beyun to fill the current gups
in information. These include:

e Decision-muking onh u lurge,
biogeoyruphic scule und
including land outside
reserves. It is possible that
suitable habitat for many Wet
Tropic species will only occur
thousunds of kilometres to the
south in 50 to 100 yeurs time.

Manugers heed to know where
this habitat might occur und
beygin considering the
implicutions of such chunges.

e Assuming that research
identfifies regions within the
Wet Tropics that might uct us
greenhouse refugiu (restricted
regions where biotu can
survive despite warming),
protecting und maunaging
these dreus how to enhance
their stability for the future.

e Cohnecting suitable habitat
dreus to minimise the
interacting effects of other,
more fractuble, globdl
chunye processes (i.e., lund
cledring, linear barriers, weeds
and feral animals).

e Active munugement of
individudl species that are
most thredtened by warming
must be considered. The
fpossibility and desirability of
tfranslocdating species to
distant suitable areus in the
future must be debduted in the
foresent.

o Understundinyg the factors
affecting ecosystem
resilience.

Resilience refers 1o the dbility
of u system to recover from
disturbunce und is u key
maunugement concept in
dedling with an unpredictuble
future. In order to muximise
ecosystem resilience, we heed
to maintdin ecoloyicdl
forocesses aund Minimise any
action that may dumagye the
inherent resilience of the
ecosystem such us loss of
biodiversity, habitat
fragmentation, feral animails,
weeds und diseuses.

This Issues Pager is based oh work
by Dr David Hilbert (CSIRO) and
Dr Steve Williums (JCU) Specidl
thanks fo Dr Ahdrew
Krockenberyger (JCU) for review
ahd editing.
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