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Expedition members observing seabirds on Pelsaert Island in the Houtman Ab'rolhos. Photo Kevin Coate. 

Loggerhead Turtles of Dirk Hartog Island, Shark Bay World 
Heritage Area 

(a) 8 - 15 January 2007 (b) 15 - 22 January 2007 
The sandy beaches of Turtle Bay, at the northern end of 
Dirk Hartog Island, are key nesting sites for the endangered 
loggerhead turtle . Expedition members will have the opportunity 
to observe egg laying and help tag female loggerheads that nest 
at night on Dirk Hartog Island at the peak of the summer season . 

Moon over the Murchison - Astronomical and Botanical 
Explorations at Mount Singleton 
20 - 26 May 2007 
Join astronomers from the Perth Observatory at Ninghan Station 
conducting astronomical experiments and viewing the night skies 
through portable telescopes . By day, search the region for rare 
and endangered flora with DEC scientists and learn about the 
fascinating environmental and cultura l history of the area. 

Desert Tracks - Plants and Animals of the Canning Stock Route 
13 - 24 August 2007 
Join a scientific discovery of a part of one of Australia's most 
remote and historic desert tracks. Expedition members will 
discover local fauna , record native flora, map fire scars and 
search for evidence of introduced predators wh ile experiencing 
the magnificence of the Australian desert. Tag-alongs are 
welcome on this expedition. 

Awash with Colour - The Art of the Flower Hunters 
10 - 19 September 2007 
Discover the art of botanical pa inting with Philippa Nikulinsky at 
Woolgorong, a former pastora l lease in the Murch ison region that 
is being managed by DEC for its conservation values. Expeditioners 
will also assist in establishing baseline data for the spectacular 
wildflowers of the Murchison region of Western Australia. 

Sanctuaries of the Sea - Wildlife of the Montebello Islands 
1- 8 October 2007 
The Montebello Islands are home to many native animals, 
severely affected by introduced predators which arrived at the 
turn of the century. DEC has removed these threats to allow 
the recovery of native species. Join scientists in searching for 
boodies, mala, golden bandicoots and Shark Bay mice and 
discover the history of these magnificent marine sanctuaries. 

Magenta Magic - Exploring the Biodiversity of Great Southern 
Nature Reserves 
5 - 15 November 2007 
Lake Magenta Nature Reserve is an important habitat for a number 
of native an imals and threatened flora species. The success of 
DEC's Western Shield program has seen the return of chuditch, 
brushtail possums, Mitchell's hopping-mice, red-tailed phascogales, 
reptiles and frogs. Expeditioners will record an imal species, monitor 
introduced predators and search for rare and threatened flora . 

Seabirds and Shipwrecks - Exploring the Houtman Abrolhos 
Archipelago 
11 - 18 December 2007 
The Houtman Abrolhos Islands off the mid-west coast of Western 
Australia support the most species-rich assemblage of seabirds 
in the Indian Ocean. Lying in the path of the warm Leeuwin 
Current, the isl ands and the surrounding waters form a unique 
marine area where tropical and temperate sea life meet. Join 
an expedition to these islands to record seabird, shorebird and 
bush bird species at the peak of the breeding season. 

Send for your copy of the LANDSCOPE Exped itions 2007 brochure: 

call (08) 6488 2433 
fax (08) 6488 1066 
emai l extension@uwa.edu.au 

or write to LANDSCOPE Expeditions 
The University of Western Australia 
35 Stirling Highway 
Crawley, Western Austra lia 6009 

or visit www.naturebase.net 
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con tribu tars 
Kate Brown has worked as the Bushland 
Management Advisor with the Department 
ofEnvirnnment and Conservation's 
(DEC's) Urban Nature Program for the 
last two years, and she is involved in 
working with various land managers to 
develop appropriate techniques for the 
protection and restoration of regionally 
significant bushlands on the Swan 

editor's letter 

Coastal Plain. Before that she spent five 
years working for The Environmental 
Weeds Action Net\vork on a series of 
bushlands across the Swan Coastal Pbin 
developing techniques and strategies for 
managing environmental weeds. This work 
culminated in a series of publications 
including B11shla11d Mleeds; a pmctical guide to 

their 11ia11agc111c11t. 

Not so many years ago, seaweed was almost unheard of as a food choice for 
Western Austra lians. How t imes have changed! These days, it's a popular option­
from the ubiquitous platters of sushi offered at functions to tasty seaweed 
crackers and biscuits. 

This ed1t1on of LANOSCOPE takes a new look at seaweeds and their increas ing 
ro le as va luable 'vegetables from the sea' . A part of the ,Japanese and Chinese 
diets for centuries, today seaweeds are used by people around the world for 
food , stock feed , medicine and fertilisers as well as providing raw materials 
used in food processing and industrial processes. Western Australia's coast 
supports more than 1000 different seaweed species with many similar to the 30 
or so species regularly used as food in other countries. 'Vegetables from the sea' 
provides a fasc inating insight into the unusual, and potential ly lucrative, range of 
tasty treats found along our coastline. 

The marine environment is also the focus of an article on the magnificent Walpole and 
Nornalup inlets on the south coast of the State. Proposals to make the area a marine 
park would protect the plants and animals and the wilderness character of the 
area, wh ile allowing vis itors to continue to fish, tour and holiday on and around the 
inlets. The inlets, which exper ience marine-l ike cond it ions for most of the year, are 
more biolog ically diverse than most estuarine systems in south-western Austra lia. 

Staying south of Perth, we head inland to the Stirling Range National Park where 
conservation strategies are being implemented to protect the threatened flora in 
one of WA's rare mountain environments. The mountains are effectively islands, 
providing a wide range of habitats in an otherwise flat landscape. The high peaks 
in t he area and the diverse microclimates, soils and topography attract visitors 
ranging from rock climbers and bushwalkers to biologists and nat uralists. 

The focus switches to Perth and the Swan River in an artic le on WA's iconic black 
swans. Concern that they had moved away from the 1·iver led to studies and action 
to attract them back. We are now seeing some results from a range of projects to 
conserve and create habitats on the Swan River tor them. 

There is also good news in ot her art ic les wit h positive resu lts from the initiat ives 
to counter t he growing problem of weeds affect ing conservation lands and other 
areas, and some promising research into controlling feral bees. 

Wi th the growing international awareness and increasing public debate about 
climate change, this edit ion of LANDSCOPE brings the focus right to our doorstep, 
discussing how it is already affecting WA and what we can do about it. The article 
high lights the need to understand the ro le of cl imate in ecosystem composition 
and functioning so that we can better prepare for the impacts of future climate 
change. 

The val ue of good information, research and better understanding is a common 
theme throughout the magazine. I hope you find it an intei-est ing and enjoyable mad. 

f//41 
Kaye Verboon 
Executive Editor 

Ian Abbott, a public servant scientist 
since 1979, has studied the ecology of 
trees, soil fauna and birds, particularly 
in response to fire and logging in jarrah 
forest. Ian published his first scientific 
paper in 1970 and has since published 
more than 180 papers. Before 1979, 
Ian worked on plant and bird ecology 
on many islands , including Tasmania 
and those in Bass Strait, the Galapagos, 
and WA. Recent interests include 
understanding the role of epizootic 
disease in causing extinctions of many 
mammal species in WA during the 
period 1875-1925, and synthesising a vast 
amount of historical information relevant 
to explaining the process of decline and 
extinction of bird and mammal species in 
WA, and the way Nyoongars used fire in 
south-west WA. 

Rhianna King has been working 
with DEC for nearly five years in the 
Programs and Publications section 
developing and producing various 
products that communicate to a range 
of audiences. She is also an editor 
of LANDSCOPE magazine and has 
written several articles. Before that she 
completed a Bachelor of Arts (Mass 
Communication) from Curtin University. 
She enjoys discovering more about the 
natural environment through her work, 
reading, travelling and reading about 
travelling. 

Richard McKellar has worked on 
climate change policy for DEC and its 
predecessors since 2000. His current 
professional interests include both 
climate science and the potential impacts 
of climate change on ecosystems and 
other conservation reserve values. 
These interests involve integrating two 
entirely different types of complexity 
and uncertainty to generate useful and 
effective response activities to protect 
WA's environment. 

also contributing 
John Huisman, Anne 
Cochrane, Sarah Barrett, 
Carolyn Thomson-Dans, 
Jessie C ochrane, Greg 
Keighery, Michael Phillips, 
Jacqueline Hay, Mary-Anne 
Clunies-Ross, Liz Moore, 
Verna Costello and John 
Hunter. 
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Cover illustration by Philippa Nikulinsky 
The Austra lian pelica11 (Pelecanus 
conspicillaius) is eas ily 1·ecognisecl by its 
bo ld black-ancl -whi le markings, blue legs, 
enormous bill w ith pinl1 pouch, ai1cl ye llow 
eye -ri11gs. Ou rn1[.J cou rt sh ip, 1 he pouch 
becomes br ight reel , blue ancl orange. The 
pouch is used ma inly as a 'scoopnet' for 
catch i11g sma ll f ish a11cl shr imps, rarely 
for cm1·yi11g them, ancl is also used for 
catchillg ra ill. Australia11 pel ica11s me 
commoI1 thrnughout mos t of Au stra lia 
ai1cl inhab it fresh a11cl sa ltwate1· lakes a11cl 
eslumies, 1·ive1·s, swamp:; m1cl sea shoi·es. 
They are an especiall y vi sib le fea ture of 
lhe Walpole a11cl Noma I up inlets. 

Back cover photo Brett Dennis/Lochman 
Transparencies 
Th e prnposecl Walpole a11CI Norna lup inle ts 
mmine padc 
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6 Capt uring places and spaces 
Rc:1dcrs ca n enter a photographic competition on parks and protected areas. 

10 Mar ine park proposed for the deep south 
The scenic W:1lpolc ;md Nornalup inlets should soon bccon1c a marine p:1rk. 

20 Vegetables from the sea 

26 

32 

39 

44 

We often regard seaweed :1s something to avoid but some species can 

provide tasty trc;1ts. 

Threatened communities on high: Stirl ing plants 
The mountain hc;1 th and thicket community of the c;1stcrn Stirling ICmgc 

N;1tional Park is both beautiful and seriously threatened. 

Bringing black swans back to our river 

lllack swans arc m:1ki11g a return to Pcrth's Swan River. 

War against weeds 
The SL1tc govcr11111c11t has stepped up the figh t against :t serious 

conservation problem. 

Putti ng the sting on fera l bees 
Fcr:11 bees arc thrc;1tcning black-cocbtoos and other n:1tivc species. 

New rcsc;irch offers hope for their control. 



51 Fiery learning 
Teachers and students can now find out more about the importance of fire 
to biodiversity. 

54 Climate change and biodive1-sity 
How is the growing threat from climate change likely to impact on the 
diversity of WA's plants and animals? 
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magazine, Parks and Protected Areas 
Photographic Competition, Locked 
Bag 29, Bentley Delivery Centre, WA, 
6983. Entries must clearly indi ca te 
where the photo was taken and should 
include a 50 (or less) word explanation 
about what yo u believe the value of our 
parks and protected areas is and what 
they mean to yo u. 

The entries will be j udged by a 
panel from the ' P;1rks and Protected 
Areas: A Sense of Place, fo r all People, 
for all Time' na tional forum. T he entries 
of all fina lists will be displayed and the 
winners :mnoun ced ;1t the fo rum . 

Prizes 

The winner of each ca tegory wi ll 
rece ive photographic eq uipment va lued 
at $500 dona ted by Portsi de Duty 
Free :111d R.et:1il of High Street in 
Fremantle . An overall winner across 
the five c1tegories will receive a pbce 
on a LANDSCOPE Expedition giving 
th em a once-in-a- li feti me opportuni ty 
to take part in a study and research 
project o n an expedition in 2008 in 
a remote location in WA. A people's 
choice winner voted by the fo rum's 
atte ndees will ;1lso be awarded . 

Above right Python Pool at Millstream­
Chichester National Park. 
Photo - David Bettini 

Below The gorges of Ka lbarri National 
Park. 
Photo - Brent Johnson 
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Western Australia's nat ional pa1·ks and other terrest ri al and marine protected 
areas (for example, marine parks and marine and terrest r ial nature reserves) 
represent our shared cont ribu t ion to liv ing with, caring for and va luing our 
natural and cu ltural diversity. The natural and cu ltural values found with in 
our nat ional parks and protected areas are of global signif icance and merit 
conservation and interpretation for that reason alone. Equa lly, though, these 
areas prov ide locations where peop le from many and varied backgrounds, both 
Indigenous people and other Australians, can mee1 and work together with a 
common purpose. In th is way, parks and protected areas provide soc ial va lues 
that reach beyond t he ir immediate boundar ies to prov ide bridges and ovei-come 
barrie rs. At least that is our hope and vision. 

To fulf il that hope and deliver on that vision requires that we revalue our parks 
and protected areas, and define an agenda for act ion that has meaning for all 
who care for these areas, to guide all in t heir own programs and act ions. 

You are invited to take part in def ining t his agenda by attending a national 
forum to be held from 23-25 September 2007, in the port cit y of Fremant le wit h 
the t heme 'A Sense of Place, for al l People, for al l Time' . 

For more informat ion contact the organisers, Promaco Conventions Pty Ltd by 
phone (08) 9332 2900, fax (08) 9332 2911 or via email (promacc@promaco.com.au). 

Jessie Cochrane is the Community Liaison Ott ice1 for the Conservat ion Counc il of WA. 
She can be contacted on (08) 9420 7266 or by emai l (c lc@conservat ionwa.asn.au). 



bookmarks by Verna Costello 

The Kimberley 
Author: Hugh Brown 
Publisher: Fanfaronades of Thunder 
Pty Ltd 
1.68 pages, hard cover, full colour 
ISBN: 0 9752054 2 0 

RRP: $79.95 
The subheading of this book is 

'Tierra de mi alma - land of my soul' 
and, indeed, Hugh Brown has put his 
heart and soul into this inspirational 
book. It contains some of the most 
dramatic photography I have ever 
seen of the scenic grandeur for which 
the Kimberle y is well known. Much 
of it is taken from the air and so 
presents views that most visitors and 
coffee table connoisseurs will never 
get to see. 

The text, too, is equally 
entertaining, well researched and 
insightful, with many historical and 
personal anecdotes, such as crossing 
100-metre waterfalls and losing 
$7000 in camera gear in floodwaters. 
If you love the Kimberley region and 
beautiful photography then this book 
is definitely one for you. 

Gascoyne Murchison 
Outback Pathways 
Author: Samille Mitchell 
Publisher: Mid-West Development 
Corporation 
1.74 pages, soft cover, full colour 
ISBN: 0 646 46256 3 

RRP: $29.95 
This is an invitation to 'Come and 

explore the real Western Australian 
outback - steeped in history, rich in 
stories'. We might add that the book 
is also lavishly supported by superb 
photographs. 

The pathways referred to in the 
title are the Miners and the Wool­
Wagon pathways, and the Kingsford­
Smith Mail Run. They include the 
areas traversed by local Aboriginal 
people, and the book looks at the 
history, flora, fauna and geology of 
each pathway. There is an outback 
pathways map and information on 
links to other self-drive adventures 
and a safe outback pathways 
experience. 

The Australian 
Bushfire Safety Guide: 
the essential survival guide for 
every home 
Author: John Schauble 
Publisher: HarperCollinsPublishers 
208 pages, soft cover, full colour 
ISBN: 0 7322 7884 8 
RRP: $1.9.95 

With predictions this will be a 
worse than normal bushfire season 
in Western Australia, it is more 
important than ever that home and 
business owners in bushfire-prone 
areas act to protect their properties 
from fire. The message of this handy, 
informative guide is that you can 
reduce the risk of your house being 
burnt down or damaged by fire. But 
you need to know what to do and 
when. 

It provides information about fire 
behaviour, making your home and 
property fire-safe, travelling during 
the bushfire season, defending your 
personal safety, insurance, first-
aid and animal care. It is a good 
source of information for all Western 
Australians, not just those who live in 
the bush. 

GASCOYNE MURCHlSON 
OUTBACK PATHWAYS 
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W hen William Nairne Clark and 

his party rowed into Nornalup 

Inl et-and then up th e Deep :ind 

FrnnkLmd rivers-in 1841, he recorded 

' lofty wooded hi lls, with tall euca lypt 

trees growing close to the w:1ter 's edge, 
and crowni ng th e summi ts of these 

hi gh hills, thus castin g a deep gloom 

owr the wa ter and n1 :1king the scenery 

the most roman tic I ever witnessed 111 

othn qu:ll'ters of the globe' . 

E:ll'ly steps we re taken to prese rve 

thi s scenic be:1u ty. P:irt of the land 

surroundin g the Nornalup In let has 

been reserved since '19 '1 0 in w ha t was 

at one time known as th e Nornalup 

Inlet N:1tion:d !':irk (later extend ed 

:1 nd ren:rn1 ed W:1lpole - N o rnalup 
National JJark in 1972) and the inlet 

syste m has not been commerc iall y 

fi shed fo r sever:d decades.The relati vely 

un disturbed state of the inlet system 

no doubt contributes to the exce llent 

recreational fi shing oppo rtun ities th:it 

still :1bound in th e estuary. 
The State government establish ed 

:1 working group in 198(, to idrntify 

representative :111d unique are:1s of 

WA 's estuari ne and 111arine waters for 

consider:1tion as pa rt of a st:1tcwidc 
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eWalpole 

systen1 of marine conserv:1tion reserves. 

T he Walpole and N oma I up inlet system 

was identifi ed by the ensuing repo rt, 

released in June ·1 <)94, :is :1 distin ct 

co:1st:d type with hi gh co nserv:1 ti on 

v:dues. It re commended that th e 

Walpo le and N o rn alup inlets :md the 

tidal parts of th e Frankland, Deep 

and Walpole rivers be 111:1de a marine 

conservation rese rve 'as :1 matter of 

high priority' . 

Lay of the land 
T he Walpole :111d Norn:1lup in lets 

lie about 450 ki lometres south of 

Perth on WA's south coast. T he town 

of Wal pole is attj :1ccnt to th e shallow 

(approximately one m etre deep) 100-

hectare Walpole Inl et, which is fed by 

th e freshwater Walpo le River. The larger 

(1300-hectarc) and deeper (up to five 

metres) Nornalup Inlet is fed by the 

freshwater Deep Ri ve r and the s:1l tier 

Frankland River.The Deep and Walpole 

ri vers have forested catc l111 1ents, whi le 

54 per cent of the Fr:111kla11d headw:lters 

h:we bee n cleared frir l~1rrns, making 

th e run-off w:1ter somewh:1t saline . 

The estu:iri es :ire Joined by :1 natural 

01ie- kilom etre- !01w :1nd two-metre-"' 
deep ch:rnnel , bo rdered by steep g ranite 

hills and rocky sho res. These are known 

locall y :is 'The Kn o ll s' and are covered 

with dense brri forest. O ther channels 

h;1ve been dredged to al low boats to 

11 ;1vigate fro111 th e town je tty to th e 

ocean bar. Ueca use the inlet 111 o uth is 

protected from prevailing winds :rnd 

swell by an adjacent rocky headland, 

and du e to the hi gh r:1tc of water 

disc h;1rgc into the system from th e 

three rivers, the estuaries fo rm the o nl y 

perm:rn entl y open L'stu:1rine system in 

the sou th - west. As ;1 res ult, the Walpole 

:md Nor nalup inle ts experien ce 

mari ne-like conditions for m ost of the 

yea r and :11-c more hiologic dl y di verse 

than most estuarin e systems in so uth ­

western Australia. 

The Deep River of the Sealers 
One of the Indige no us tribes 

that no madi c:11ly used the W;ilpolc 

and N orn alup :ire:1 was known as the 

Minang. R cm:1ins of ro ck fish traps c:111 

still be fou nd in th e inl ets . Indige nous 

people also made spea rs from yo un g 

Warren River ceda r (A,1?onis j1miperinn) 
growing o n the shores of the inlets. 

These people called th e area Nor-Nor­
N up, th e 'place o f th e Norne' (bla ck 

snake). Uoth dugites and tiger sna kes 

arc commo n around the edges o f th e 

inlets. 

Even before Albany w:1s est;1blished 
Ill ·1 826, scalers , including so m e ex-

Previous page 
Main Nornalup Inlet with 'The Knol ls' in 
the background . 
Photo - Alex Bond 

Left The mouth of Nornalup Inlet is 
permanently open to the ocean . 
Photo - David Bettini 
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convicts from Van Diemans Land 
(Tasmania), also used the area. Sealers 
Cove in Nornalup Inlet was probably 
one of their base camps and a sealer 
named Isaac is recorded as having 
lived on nearby Saddle Island with an 
Aboriginal woman in 1830. Using small 
boats, they systematically hunted N ew 
Zealand fur-seals, whose thick pelts 
achieved prices of 15 shillings apiece 
at King George Sound in 1842. The 
sealers provided French and American 
whalers with fresh kangaroo meat and 
local knowledge in return for biscuits , 
flour and salt pork. 

Captain Thomas Bannister and his 
party skirted the inlet in 1831 when 
they strayed off route while travelling 
overland from the Swan River Colony 
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to Albany. Bannister's reports brought 
William Preston and his party to explore 
the Walpole-Nornalup area in 1831, 
followed by surveyor Alfred Hillman 
and his party in 1833. In February 
and May 1841 , William Nairne Clark 
and his party rowed into Nornalup 
seeking ' the Deep River of the Sealers', 
as it had become known in local lore. 
Preston and N airne Clark, in particular, 
were deeply impressed with the area's 
scenic grandeur, the friendliness of its 
Indigenous inhabitants, the abundance 
of fish in the inlets and the magnificent 
stands of timber. 

Newdegate Island, at the delta of the 
Deep River, is known locally as Snake 
Island. In 1845, a group of Englishmen, 
led by Dr H enry Landor, set up an ill-

Highway 

Sealed road 

Unsealed road 

Walk t rail 

Nat ional park 

Proposed Walpole- ~ 
Nornalup marine park 

+- Proposed marine park 
extent 

Left Members of the Muir family on an 
outing on Nornalup Inlet. 
Photo - Courtesy of Alison Muir 

fated camp on the island. They planned 
to catch and salt fish for export and 
to graze cattle and li orses . Within a 
year the venture failed. Two circular 
fireplaces covered with undergrowth 
are all that remain of it today. 

T he first successful settlement 
of the area began in 1909 when 
Frenchman Pierre Bellanger and 
his family took up land beside the 
Frankland River. The Bellangers also 
established a tourist attraction in the 
area , the Nornalup Park Homestead, 
which provided accommodation, fine 
food and entertainment in the form 
of picnics and fishing trips on the 
river and inlet. In 1911, Frank Skinner 
Thompson and family settled on the 
Deep River and established a farm, 
and later a guest house in 1923 which 
was very popular with holidaymakers 
from Perth. In 1926, Tom Swarbrick 
was granted land at Rest Point, on the 
western shore of the inlet. A sawmill 
was established and an eight-bedroom 
guest house was up and running by 
1928. The rest of the district was 
opened up fo r settlement thro ugh the 
disastrous Group Settlement Schemes 
in 1924 and 1927. 
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Left Tall karri forest along the Deep 
River, one of the last totally forested 
river catchments in the south-west. 
Photo - Brett Dennis/ Lochman 
Transparencies 

Below left A blue swimmer crab eats a 
shrimp. 
Photo - Ann Storrie 

Biological diversity 

Surro und ed by undulating hill s ;m d 

lllaj estic fo rests, the tranquil wate rs 

of th e Walpole an d N ornalup inlets 

support seagrasses, algae, a diverse array 

of shell fis h ,rn d other animals livin g 

in the estuary fl oor, bo th marine and 

es tuarin e fi sh species and ;1 vniety 

of w;1terbirds, seabi rds and sho rebi rds. 

M arin e worms are ;1bundant throu gho ut 

th e estuary and a num ber of sm,111 

aq u:1tic snail species can be fou nd in 

th e frin g ing rushes. Typical estuarine 

bivalves such as mussels and trou gh 

shell s are fo und nea r th e en trance 

to th e Frank b nd Ri ver. Som e praw n 

species, th e blue sw i111111 cr cra b an d 

111ud bur rowing crab ;1 re ;1 lso fo un d in 

th e inlets . 

T he o pen inlet mou th, the mi xin g 

of fresh and sa lt waters, ri ver del tas an d 

two large inl ets result in diverse marine 

habitats and a grea t range of fi sh 

species . 13lack brea m , w hi ting, trevall y, 

herrin g, Juven il e Western Australian 

salmon and even pink snapper are just 

a few o f at least 40 fi sh species tha t 

have bee n record ed here, incl udin g 

hrger fi sh such as sharks, which ;ire 

un commo n in o th er es tu aries. Th e 

smooth hammerhead shark, south ern 

shovelnose ray, black sti ngray, eagle ray 
an d gum my shark have all been fo und 

in the Walpo le and Nornalup inlets. 

E,1gle rays an d gummy sharks have been 

parti cularly abundant, th ough gummy 

sharks are confin ed to the outer basin 

o f the N o rn alup Lnl et where salinity is 

the highest. 
A fi sh w ith an interesting li festyle, 

the pouched lamprey ( C eotria australis), 

occurs in its larval stages in th e D eep 

and Walpole rivers, burrowing into 

the shad ed orga ni ca ll y-e nri ch ed 

riverbeds for more than four years, 

before migratin g to the ocean via the 

two inlets. Among the most prirn.itive 

of living fish , lampreys have a j awless 



Above Misty dawn and karri trees on 
Nornalup Inlet. 
Photo - Brett Dennis/Lochman 
Transparencies 

Right Visitors enjoy fishing and camping 
along the shores of the Walpole and 
Nornalup inlets. There will be no 
recreational fishing restrictions in the 
proposed marine park. 
Photo - Tourism WA 

mouth that is modified to form a 
circular suction disc, and have a skeleton 
of cartilage rather than bone. 

Black swans, ducks, swamphens, 
1noorhens, grebes, coots, cormorants, 
herons , egrets, Australian pelicans, 
whimbrels, ibises, sandpipers, stints, 
oystercatchers and plovers-among 
other birds-all use the proposed 
marine park. Gulls and terns are 
abundant in the area, and shea1waters, 
gannets and albatrosses may also be 
observed. Ospreys and white-bellied 
sea-eagles ply the inlet waters for fish. 
These large predatory birds are major 
attractions for nature-based tourism in 
the inlet system. Migratory shorebirds 
utilise the tidal delta flats. 

Recreation 
The natural, wildlife and scenic 

qualities of the inlets provide a wealth of 
opportunities for nature-based tourism, 
canoeing, boating, water sports, nature 
appreciation and recreational fishing. 

A major attraction of the inlet system to 
visitors is the perception of'wilderness' 
that can be experienced, particularly 
in parts of the Nornalup Inlet and the 
Frankland and Deep rivers. 

Management of the proposed 
marine park will focus on research, 
monitoring, education and 
interpretation, and public participation 
programs. Such programs will allow 
managers and scientists to gain a 
better understanding of the estuarine 
ecosystem, and to assess and manage the 

impacts of human activities in the area. 
The plan, when implemented, will 

conserve the Walpole and Nornalup 
inlet system to the approximate limits of 
tidal influence in the Frankland, Deep 
and Walpole rivers. The environmental 
condition of estuaries is closely linked 
to the condition of surrounding 
catchments and tributary wate1ways. 
The proximity of the adjacent Walpole­
Nornalup National Park provides an 
exceptional opportunity to manage 
the interconnected terrestrial and 
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;1qu;1tic ccosyste111 s ;1s ;1 single unit, 

so the i11 d ic 1tive m ;1nagc me11t pbn is 

integrated w ith the draft m anage ment 

pb11 fo r the Wa lpole Wildern ess Area 
;md ;1dj ;1ce11t p;irks ;md reserves. 

The indi ca ti ve 111 ;m ;1ge ment pbn 

proposes to pro tect th e p lants and 

animals and th e wil derness character 

of the area, w hile ;1ll owing visitors to 

co n tinue to 1-ish, tour and ho liday 0 11 

;md around the inlets. It is envis;1ged 

that eco no mic benefits o f sustai11 ;1ble 

manage ment o f the inle ts w ill fl ow to 

the Walpo le co nrn1 unity. It is important 

to ensure th e local communi ty feels 

ow nersh ip of the inlets, partici pates in 

mana ging th e area, and feels co nfident 

in th eir lo ng- term pro tection. 

Vision splendid 

The indicative managem ent plan 

1s based o n inp ut fro m a co11m1unity­

based fo cus group formed in 2003 

to assist th e for111e r Depar t111 e11t o f 

Conservation and Land Managment 

(no w part of the D epartm ent o f 

Enviro nm en t ;1nd C o nservati o n) to 

guide the co nservation and m;1nagem ent 

of the proposed Walpole and Norna lup 

inlets marine park. 

The rel ease o f the ind icati ve 

management plan in August 2006 was 

just one of a raft o f recent m ajo r marine 

conservation in itiatives.The plan 's release 

was closely followed by the release of an 

indicative m anagem ent plan for the 

proposed G eograph e Bay / Leeuwin -
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Natura liste/ l-L1rdy Inlet rn :irin e park. It 

is ;mti cipated that a fiml mana gem ent 

plan fo r the Shoalwater lslands Marine 

Park will be released in earl y 2007 , 

followed by th e fi n;1I n1 ;11 1age mcnt pLm 

fo r the proposed Dampi er Archipelago 

M ;irinc Park ;md C ;1pe Presto n Marine 

Manage ment Arca. 

Th e l~ec hcrc he Archip e la go, 

;1 200-kilom etre-long smattering of 

more th ;m 300 islands off th e coast 

of Esperancc (see ' R.esearchin g th e 

l~cc herche' , LA ND SC O PE, Win ter 

2003), will be th e nex t are;1 co nsidered 

fo r 111 ;irine reservati o n, ;1 process that 

wi ll be underta ke n in para ll el w ith a 

regio nal marine planning process fo r 

the entire so uth coast o f th e State. 

Western Austra lia is blessed with 

a remarkable and u111qu e marine 
environment. We have a special 

respo nsi bility to protec t and co nse rve 

this wo nderful ma ri ne her ita ge. 

A com prehensive , adequ;1te and 

Above Tidal areas of the Deep River wil l 
be included in the marine park . 
Photo - Brett Dennis/ Lochman 
Transparencies 

Below Great crested grebe . 
Photo - Jiri Lochman 

represent;1tive mar ine reserve system 

will fo rm a 's tri ng of pe;1rls ' (see ' Vi sion 

Splendid' , LANDSCO PE, Spri ng 

2003) g rac ing o ur co;1st. The value 

of such a rn ;1ri 11e reserve sys tem will 

appreci ate in ye;irs to come, as areas in 

o ther parts o f the worl d are affected 

by ever- increasing populatio n pressures 

;rnd industria l development. Ma mged 

properly, o ur mar in e reserves wil l 

allow futu re generati o ns o f Western 

Austra lian s to rea p the aesth e ti c, 

rec reatio nal and econo mi c benefits 

such a sys tem can confer. 

Carolyn Thomson-Dans is a long-t ime 
edito,- and cont r ibu to,- to LANDSCOPE 
and has wr itten and edited numernus 
departmenta l publicat ions. She has 
a spec ial interest in t he marine 
environment. She can be contacted 
on (08) 9389 8644 or by email (caro lyn. 
thomson -dans@dec.wa. gov.au ). 

Many thanks to Gary Muir, Lee and 
Geoff Fern ie. Peter Bidwell and Leanne 
Thompson for thei,- input into the 
article. 



endangered by Kellie Mantle 

Burrowing crayfish 

Burrowing crayfish (Engaewa 
species) are enigmatic 
crustaceans found only in 
seasonally inundated freshwater 
swamps and seepages in the 
highest rainfall areas of south­
western Australia. They hide in 
extensive underground burrow 
systems that connect to the 
water table , providing refuge in 
drier months. 

Burrowing crayfish are small, 
up to five centimetres, and have 
reduced eyes, antennae and tail. 
Their claws, built for digging, 
are disproportionately large and 
strikingly coloured-usually vivid 
purple but some are a dazzling 
cobalt blue. 

Burrowing crayfish were first 
discovered in the late 1950s and 
there are now five recognised 
Engaewa species. Three of these 
are threatened. The Walpole 
burrowing crayfish (Engaewa 
walpo/ea) is vulnerable, the 
Dunsborough burrowing crayfish 
(E. reducta) is endangered and 
the Margaret River burrowing 

crayfish (E. pseudoreducta) is 
critically endangered, with only 
one known population. 

The Dunsborough and 
Margaret River burrowing 
crayfish both occur in the 
Capes region and both are 
severely threatened due to the 
removal and drastic alteration 
of critical habitat for farming, 
agroforestry and viticulture. 
Compaction of soil by livestock 
and changes in hydrology due to 
the creation of large dams for 
irrigation, drainage works and 
the establishment of bluegum 
hardwood plantations are all 
impacting on thei r survival. 

Almost nothing is known of 
the ecology of the burrowing 
crayfish and they are difficult 
subjects to find , let alone 
study. A PhD student from Edith 
Cowan University is taking on 
the challenge to investigate 
aspects of bu rrowing crayfish 
distribution and life history, 
including the burrow structure, 
reproduction and population 
dynamics. DNA analyses will also 
be conducted to help understand 

the biogeograph ical relationship 
of WA's burrowing crayfish and 
confirm whether there are any 
more undiscovered species 
hiding in those dark burrows. 

The information will be crucial 
for future management of the 
threatened burrowing crayfish 
species. In the interim the 
Department of Environment and 
Conservation, with funding from 
the State government's program 
of biodiversity conservation 
initiatives, will endeavour to 
establish stock-proof fencing 
around critical habitat restricted 
to private property and prepare 
a draft recovery plan . The 
three threatened burrowing 
crayfish species will also be 
nominated for listing under the 
Commonwealth Environment 
Protection and Biodiversity 
Conservation Act (1999), which 
will greatly increase the chances 
of the recovery actions receiving 
Natural Resources Management 
funding. 

Photos by Kellie Mantle 
and Kelly Rogerson 
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'Mundaring ~~ational PaTk 1 

'Mundar ing Nat ional 

Park' covers bot h sides 

of a va lley created by 

t he Helena Rive r below 

Mundar ing Weir and 

Lake C Y O'Connor. 

Above Wildflowers at 'Mundaring 
National Park ' . 
Photo - Rob Giver 

Facing Page 
Above right top Lookout on Weir View 
Walk in 'Mundaring National Park'. 
Photo - Michael Phillips 
Above right Fred Jacoby Park is home 
to a heritage-listed oak t ree-believed 
to be the oldest in WA. The special ly­
designed boardwalk is popular for 
picnics and photos. 
Photo - Ron D'Raine 
Far right Helena River in 'Mundaring 
National Park'. 
Photo - Michael Phillips 
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T he 4500-hect:ire park lies less 
than an ham's drive cast of 
Perth in the Darling [l...an ge. It 

was officially gazetted in November 
2004 under the State government's 
Protec/i11g Our Old Growth Forests policy 
but the n:1me 'Mundaring National 
Park' rem:1ins unofficia l. 

The park's natural values become 
obvious during late winter and spring, 
when colourful wildflower species 
appear among the jarrah forest, 
woodlands and granite outcrops. 
Recreation sites within the park 
include The Dell, Forsyth's Mill, 
Gungin Gully, North Ledge, Pimelia 
and Grevillea Mycumbene. The most 
popular, however, is Fred Jacoby Park 
011 M und:1ring Weir Road. 

Fred Jacoby Park 

The history of Fred Jacoby Park 
dates back to the 1870s when the 
D arling Range was first being settled. 
Before the turn of the century, Fred 
Jacoby Park was a vineyard owned 
by W Jecks. Mr Jecks is thought to 
be responsible for planting the large 

English oak tree ( (J11crws rolmr) in 
about 1870. 

When Jecks died in 1896, brothers 
Matheison and Fred Jacoby bought the 
property and named it 'Portagabra'. 
ln 1904, Fred Jacoby bec;1me the sole 
owner and began to develop an orchard, 
growing vegetables and daffodils. He 
then built the Goldfields Weir Hotel 
(now the MundaringWeir 1-fotel). Fred 
Jacoby died in 1955 and his daughter, 
Elfreda Devenish, presented Portagabra 
to the people ofWestern Australia, to be 
managed by the Fores ts Department. 

Between 1956 and 1958, the 
property was developed as a golf 
course and many arboretum. species 
were pl:inted.The golf course remained 
there until 1969, when the club moved 
closer to Mundaring. In 1973, the 
Forests Department began developing 
Fred Jacoby Park for casual forms 
of recreation. The Forests Departm ent 
and its successor, the Department of 
Conservation and Land Managment, 
managed it between 1975 and 2002. A 
timber boardwalk was built around the 
English oak tree. The large open grassy 



areas of Fred Jacoby Park have long 
been used for large fanuly gatherings. 
Groups such as local scouts and guides, 
Little Athletics clubs and social clubs 
all regularly use the area for various 
purposes. The English oak tree is 
frequently used as a venue for wedding 
ceremonies and photographs. 

Since the national park was formally 
created, a new frilly-accessible board walk 
has been built around the English oak 
tree, and a new toilet block constructed 
at Fred Jacoby Park. Better access and 
parking facilities are also being provided. 

Another major attraction is Golden 
View Lookout at South Ledge, a picnic 
area surrounded by jarrah forest. A 
short walktrail leads to the lookout 
and its spectacular views over the 
Helena Valley, Lake CY O'Connor and 
Mundaring Weir, which provide water 
to the Goldfields region. Interpretive 
panels provide information on the 
hydrology, landscape and heritage of 
the Helena Valley. 

Perth Hills National Parks 
Centre 

The lulls east of Perth contain 10 
national parks and five regional parks that 
are a natural playground of wate1falls, 
shady picnic areas, panoranuc lookouts, 
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campgrounds, cycle trails and scernc 
walks of every length and difficulty. 
Open seven days a week, the Perth Hills 
National Parks Centre is just 40 nunutes 
from Perth and has information on all of 
the Perth Hills parks. 

Located at the hub of the Perth Hills 
near Mundaring Weir, there are plenty 
of things to do at the National Parks 
Centre besides gather inforn1ation. 
The interpretive displays inside the 
building provide an insight into the 
beauty and biodiversity found within 
a jarrah forest . You can experience 
the forest by walking one of the 
several walktrails available. The world­
famous Bibbulmun Track passes right 
through the middle of the National 
Parks Centre and cyclists can also get 
easy access to the Munda Biddi Trail. 

If you need a map, hat or water 
bottle or need to buy someone a 
present, the shop sells a variety of 
products. You can also buy a coffee or 
cold drink to enjoy while you peruse 
the displays or relax in the natural 
surrounds. 

Don't rush off after having a 
quick look around as there are other 
interesting attractions nearby. You can 
experience beautiful evenings in the 
forest by staying at one of the National 
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Unsealed road 
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Park Centre 's two can1pgrounds or 
the Djaril-Mari YHA, catch a movie 
at the Kookaburra Outdoor Cinema 
from November to April and have 
something to eat and drink at the 
historic Mundaring Weir Hotel or 
Lavender Path tearooms. 

The Perth Hills National Parks 
Centre is on Allen Road ( offMundaring 
Weir Road), seven kilometres south of 
Mundaring, and can be contacted on 
(08) 9295 2244. Follow the signs from 
Mundaring or Kalamunda. 

park facts 
Where is it? 40 km east of Perth via 
Great Eastern Highway and Mundaring 
Weir Road. 
Total area 4617 hectares. 

Naming The park is yet to be offi cially 
named. The working name 'Mundaring 
Nat ional Park' may change as a result 
of recent publ ic consultation . 

What to do Bushwalki ng, picn ick ing, 
wildl ife observation , photography. 

Must see sights Golden View Lookout 
at South Ledge, Fred Jacoby Park, 
North Ledge. 
Facilities Wood barbecues (B YO 
wood), shaded picnic areas, toi lets. 
Nearest DEC office Perth Hills 
District Office, Mundaring Weir Road , 
Mundaring, phone (08) 9295 9100. 

LANDSCOPE 19 







W e often regard seaweed as 
something to avoid. It coll ects 

in huge smelly piles on the beach, 
or slithers around the ankles during 
a paddl e in the shallows, generally 
making that trip to the seashore a 
less pleasurable experience. Sure, it 
is essenti al for the wellbcing of the 
coastal ecosystem, but what possible 
direct value might there be to people? 
Surprisingly to most, th:1t v;ilue is 
immense and var ied. Some 400 di fferent 
species of seaweeds aro und the world 
are used by people for food, stock feed, 
medicines, fe rtili sers, and to provide 
raw materials for food processing and 
numerous industri al processes. And 
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these seaweeds are valuable, generating 
billions of dollars each year. 

Seaweeds have been a staple part 
of Japanese and Chinese diets since 
prehistoric times. As fa r back as (i()() 

BC, Sze Teu wrote in China 'Some 
algae :ire a deli cacy fit fo r the most 
honoured guests, even fo r the l( ing 
himself'. Presen tly some 2 1 species are 
ea ten in Japan, w here they acco unt fo r 
abo ut 10 per cen t of the Japanese diet. 
Seaweeds arc also eaten in other p:irts 
of Asia, in Europe and in sever:1! pbces 
in the tropic:1! Pacifi c. In the l-bw:1iian 
Islands, edible seaweeds (known as 
/i11111) arc an important part of the local 
cuisine and have been for centuri es. 

As well as the species eaten directly, 
many seaweeds arc used to make 
desserts. This is possible because the 
cell walls of these seaweeds produce 
compounds known as colloids, which 
can be extr:1c ted and will set :it room 
tem perature. The Western Australian 
jelly weed (Bc1111il1vrns spcrios11111) is one 
of the few examples of local seaweeds 
w ith a history of human use. In the 
early days of the Swan l~iver Colony, 
be:1c h c:1s t pl:rnts of this seaweed would 
be coUected and used to make jellies 
or bLmcrnanges. Pbnts are cleaned and 
bleached in the sun, roughly chopped 
and then simmered in milk for about 
30 minutes . Once the mixture starts 
to thicken it is strai ned to remove the 
seaweed (which is discarded), flavoured , 
and then allowed to set in the fridge or 
at room temperature. 

Reb tivc to other nationalities, 
Australians arc newcomers w hen it 
comes to eating seaweeds, but our 
recent enthusiasti c adoption of Asian 
cuisine is resulting in a broadening of 
t;1stcs to include these 111;1rint· vcgct:1bks. 
The tho ught of eating sushi rolls 
wrapped in seaweed would have been 
incomprehensib le to most Australians 
of 50 years ago, but today these exotic 
foods arc widely ;ivaibble and are 
even treated as a healthy alternative 
to fast food. Dy and brge, however, 
all of the seaweeds eaten in Australia 
are grown overseas and imported , 
arriving here already processed. But 
with our vast coastli ne, we also have 
:1 great untapped natural resource, 

Previous page 
Main Common kelp (Eck/onia radiata) at 
Quarry Bay in the proposed Capes marine 
park. 
Photo - Alex Bond 
Insets (from left) Foxtails (Asparagopsis) . 
Photo - John Huisman 
Common kelp . 
Photo - Julia Phillips 
Ogo (Graci/aria), jelly weed (Betaphycus) , 
sea lettuce ( Utva) and sea grapes 
(Caulerpa). 
Photos - John Huisman 

Above left Alvarez's jelly weed 
(Kappaphycus) growing on rope in a 
Balinese seaweed farm. 
Photo - John Huisman 

Left Nori farm in Japan . 
Photo - Tadao Yoshida 



virtually on our doorstep. With a 
little encouragement and a taste for 
experimentation, it should be possible 
for Western Australian seaweeds to also 
find a place at the dinner table! 

Only a few seaweeds have an 
appealing taste when eaten raw, so 
'grazing' along the shoreline is unlikely 
to please the taste-buds. The coast of 
Western Australia supports more than 
1000 different seaweed species, and it 
would be a huge undertaking to assess 
each one for edibility. Instead, it is 
worth looking at the practices in other 
cultures. Som.e 30 seaweeds are used 
regularly as food in other countries. 
Many species or closely related species 
used by those cultures can be found in 
Western Australia. This article examines 
just a few. 

Nori 
Nori (Po1phyra species) is one of the 

most valuable products yielded by the 
oceans. In Japan, fishers have cultivated 
nori since the seventeenth century, by 
placing bamboo or brushwood poles 
in the ocean to increase the available 
surface area for plants to grow on. 
Annual production of nori in Japan 
is valued at well over US$1 billion 
dollars, making it one of the world's 
most valuable aquaculture crops. As 

well as being used as the familiar 
wrapping around sushi rolls (more 
accurately called sushi maki), nori is 
used to flavour a wide variety of snack 
foods. Nori is sold in sheets that may 
be toasted to give a green colour and 
then flaked and added to sauces, soups 
and broths. In the United Kingdom, 
Po,phyra is known as 'laverbread' and 
is collected from the shore at low tide. 
Plants are boiled to make a spinach­
like paste, which is then thinly spread 
on toast. In Wales, it is even added 
to cheese. Porphyra provides excellent 
nutrition. It has high protein content 
and is full of vitam.ins, trace elements 
and n1.inerals.The vitamin C content of 
nori is 1.5 times that of oranges. 

Nori grows during the winter 
months on rocks high in intertidal 
areas. It looks similar to sea lettuce, 
but is typically a purple colour. It is 
generally a plant of colder waters and, 
in Western Australia, does not occur 
further north than the Perth region. 

Sea lettuce 
Sea lettuce is the conu11on name 

used for blade-like species of the green 
algal genus Ulva. Plants are thin and 
membranous, being only two cells thick. 
Sea lettuce can be used directly as a salad 
vegetable, or cooked and added to soups. 

Top Sea lettuce (Ulva). 

Above A fully laden kelp harvester in 
France. Alginates will be extracted from 
these plants, some of which will end up 
in expensive French cosmetics. 
Photos - John Huisman 
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The wonderful world of seaweeds 

Did you know? 
Seaweeds form t he basis of a mult imillion dollar industry that produces jel lies and 
th ickening agents. The red seaweeds Kappaphycus and Eucheuma are cu lt ivated 
in several t ropica l countries for carrageenan, a component of their cell walls that 
is extrncted and used in a var iety of foods, industr ial processes, medic ines and 
cosmet ics, to thicken ancl stab il ise liquids. Carrageenan is commonly adcled to 
toothpas te and shampoo, so you might we ll be using a seaweed procluct every day! 

Seaweeds a1·e also used in medicine. The red seaweeds Digenea simplex and 
Chondria armata (pl us others) procluce compounds such as kai nic ac id and domoic 
acid. These are toxic in large amounts but in sma ll quantit ies prov ide an effect ive 
anti -worn, t reatment. In As ia, Oigenea extracts taken 01·al ly have been usecl as a 
fo ll1 remedy to heat roundworm infestation for cent uries. Severn! other seaweeds 
including foxt ails prncluce high levels of iodi ne and have been used in the t1·eatment 
of goite1· (swelling of t he thyroid). Other seaweeds are current ly being invest igated 
for ant i-cance1· activ it y. 

Seaweeds can be used in gynaecology. When dilat ion of a nar row or closed cervix 
is needed before any gynaecolog ic procedure, a smal l tube of dr ied ke lp seaweed 
Laminar/a is placed in the cervix. This slowly absorbs moistu,-e from the surrounding 
t issues and swells, gently open ing the cer vix and allowing access to the uterus and 
fa llopian t ubes. Th is t ype of dilat ion g1·ea tly re duces the ri sk of injury. 

Seaweeds are the on ly source of agar, a complex carbohydrnte that is extracted 
from some red seaweeds that solidif ies at room tem perature. Agar is used in many 
industrial processes and in t he product ion of agar pl ates fol- microb iology. 

Seaweeds ai-e also a wonderful addi tion to t he gai-den. As we ll as bei ng excellent 
mulch, brown seaweeds are used commerc iall y to produce fert iliser. These seaweed­
der ived fert ilise,-s contain growth promoters and also compounds that enhance the 
heal th of plants, increasing thei r resistance to disease and attack by pests. 
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Another option is to to:1st sea lettuce. 

Pbnts :ll'e cle:med then rubbed with :1 

mi xture of sesallle oil and s:1lt. Several 

sheets :i re then rolled together and left 

to st:md for five minutes. T he sheets are 

then unrolled and cooked separ:1tcly in a 

hot p:111 until crisp, then cut into smaller 

pi eces :md served with rice. 

Sea grapes 

Some sp ec ies of Ca 11/erpn ( C. 
racc1110sa and C. lenti/1/fera) are eaten 
under the nam es sea grapes or green 
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c:wi:1 r.Th ey arc c:1te11 r:1w :rnd can h:we 

a ple:1s:111t crunchy texture, as the small 

g rape- li ke vesicles 'pop ' in the lll Ou th. 

I 11 so uth -cast Asia , sea grapes :ire 

cultiv:ited for hum:rn co nsumption. Sea 

g rapes ( Cn11/crpn rnrrn1osn) is the only 

species of seaweed mentioned here 

w here so me c:1utio11 is advised, as it is 

known to con ta in certa in compo unds 

that could ca use a reactio n in people. 

If plants have a strong peppery fl avour, 

th ey are probably best avoided (see the 

sectio n ' Is it safe? '). 

Left Foxtails (Asparagopsis). 

Below left Ogo (Graci/aria). 
Photos - John Huisman 

Foxtails 

Foxta il s or iodine weed (As11amgo11sis 
la:..:if,m11is) is reg:irded as the supreme 

li11111 of the l-l :1w:1 ii :u1 s, where it goes 

und er the nam e.: li11111 ko /111. It is so 

popul:ir t hat man y 1-I awa ii:m reef~ 

have bee n denudc.:d of this seaweed , 

and it is advis:1bk to collect on ly 

the flu ffy upper portio n , lc:1vi11g the 

b:1s:1l p:1rts to regcner:1te. l'l:i nts :He 

clc:rn ed thoroughl y, so:1kcd overn igh t 

in fresh w:1tc.:r (:m esse ntia l step to 

remove potential ly tox ic compou nds) 

:111d then li ghtly s:1ltcd. Pieces are then 

rolled into srnall b:1lls and add ed to 

r:1w fish or stews . T he fl :1vour is very 

strong :md peppery, so olll y :1 small 

:111HH1nt is used. Str:1llgl'iy, this sc:1 wced 

finds f:1vo ur w ith ve ry few people not 

of H :1w:1ii:111 origill, ;1nd its us:1gc is 

vir tu:1ll y restricted to the l-l;1w:1ii:m 

lsl:inds. 

Ogo 

Ogo ( Cr11cilaria species) ca n be eate n 

raw, but some people recorn m c.: ncl it 

first be plunged into boiling water for 

two to three minutes . It then becomes 

,111 attra cti ve g reen while re tainin g its 

crispness. Ogo is a vi tal component of 

the Haw:1ii:m dish 110/{c (prono un ced 

po-KAY), w hich is essentially cubed 

raw fish (grner:11ly s:1s hirni-gradc.: tuna), 

combined with soy, sesame oil, toasted 

sesame seeds, chopp ed ogo and se:1 s:dt. 

T he mi x C:lll be served immediately or 

re frigerate d fo r :111 hou r or two. 

Is it safe? 

Th e vast maj o rity of seaweeds 

do not produce compounds th :1t are 

har mful to people. Some species in 

the.: ge nus Ca11/erpa, includ ing sea 

g rapes, have been reported to show 

some.: hmnan toxi ci ty. T hey produce 

substances , such as ca ul erpin , 

caulerpicin and ca ulerpenyne, w hich 

appear to repel grazers and possibly 
stop other organism s from settling on 
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the Ca1-1lerpa fronds. These compounds 
have demonstrable impacts on animals 
and on human cells, but the general 
belief is that the levels that might be 
ingested are not sufficient to cause 
problems. In other countries, sea grapes 
are reported to develop a bitter taste at 
particular times of the year, presumably 
as a result of toxin accurn.ulation, so 
any plants with a bitter taste should be 
avoided. 

There have also been reports of 
Ca1-1/e1pa causing an allergic reaction, 
with symptoms including dizziness, 
numbness at the tip of the tongue, 
and breathing difficulties . Whether 
these symptoms are the result of toxins 
produced by the seaweed, or something 
ingested coincidentally, is not known. 
Incidences of food poisoning from 
eating the red algae Graci/aria and 
Acanthophora have been reported in 
the tropical Pacific (such as in Guam, 
Hawaii , Japan and the Philippines). 
One outbreak resulted in eight deaths, 
but it is suspected the causative agent 
was not the seaweed, but associated 
microorganisms ingested with it. 
One of the compounds implicated in 
these deaths is known as aplysiatoxin. 
Aplysiatoxin was first discovered in 
the sea hare Stylochei/1-1s, but actually 
originates 111 the blue-green alga 
Lyngbya niaj11swla that forms part of the 
sea hare's diet. In the tropics , Lyngbya 
can be a conunon inhabitant of reef 
flats and is known to cause contact 
dermatitis ('swimrn.er's itch'). There are 
also cases of Lyngbya causing the death 

Above left Jelly weed (Betaphycus). 

Above Digenea from tropical Australia 
-used elsewhere to combat roundworm 
for centuries. 

Right Hair weed (Lyngbya)-one to 
avoid! 
Photos - John Huisman 

of marine turtles in Queensland. This 
species grows to about 20 centimetres 
tall and looks very much like coarse, 
dark purple or black hair. It is definitely 
one to avoid! 

Certainly, some caution 1s 
appropriate. Only eat seaweeds taken 
from unpolluted areas and which 
are themselves clean of associated 
epiphytes (attached plants). Never eat 
seaweeds growing in the proximity of 
Lyngbya. For the most part, seaweeds 
that taste good will not be harmful-it 
is perhaps redundant to say, but do 
not eat anything that is particularly 
distasteful. There is little danger of 
being poisoned by seaweeds that taste 
pleasant. 

Remember, despite the implications 
of the name, all our seaweeds are native 
to WA coasts and their collection 
is managed by the D epartment of 
Environment and Conservation. Before 
gathering plants, ensure that appropriate 
licenses are obtained. 

John Huisman 1s a contract seaweed 
specialist at the WA Herbarium 
and a research fellow at Murdoch 
University. He 1s an international 
expert on seaweeds, having studied 
WA's marine plants for more than 20 
years and written several books on 
marine plants from various parts of 
the world. 

If you enjoyed this article then look 
out for the new full colour pocket­
sized Bush Book, Marine plants of 
the Perth region, which John has 
cowritten. It contains a wealth of 
informat ion on our local 
seagrasses and seaweeds. 
It is available from most 
bookshops, Department 
of Env ironment and 
Conservation offices 
and on li ne through 
NaturnBase 
(www.naturebase.net) 
for a recommended 
retail price of $6.50. 
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Mountain environments 

are rare in Western 

Australia and their 

conservation is a 

priority. The mountain 

heath and thicket 

community of the 

eastern Stirling Range 

is no exception. 



.. 

T he need to protect the mount:1inous 

environment of th e Stirli1w l~:rnn·e 
~ t, 

w:1s recognised by its d ecbr:1tirn 1 as one 

ofWL·stern Australi :1's first 11;1tio 1ial p:1rks 

i11 1') 13. T'he p:irk protects the 0 1d y re:il 

111ou11t:1i11 range in the south - west of 

thL· Austr;dian conti11ent. ris in g sonic 

8SII 111etrcs ahovL' the surrounding 

pl:1i11s. Its hi g hest point, 13 1ull' Knoll , is 

I 08() 111etres :1bow SL\! kwl. 

Tocby, the Stirlin g l~:lllge Natio11:1I 

l':1rk fcmns p:irt of the intcr11:1tion:illy 

recognised ' 111 eg:1d iverse hotspot' 

of southern WA , :111 extre11 1ely rich 

bot:111ical region. T he Stirli ng l~:111gc 

N:1tio11:1I P:1rk flor:1 cont:1ins so 111 e 'J() 
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•Stirling Range National Park 

l;1111iliL·s , 384 ge 11 er:1 and 1517 species-

11101T th:111 th :1t recorded in 111 :rny 

entire countries- within its I IS,(,()() 

hect:ires. Eighty pl:111t spec ies arc found 

only withi n the p:1rk bound:iries ;1nd 

nowhere e lse in the world! 

These n10untains are effe c tively 

isl:inds, providing a wide range of 

h:1hit:1ts 111 :111 otherwise hrge ly 

fl :1t l:111dsc:1pe. Althou g h the park 

expcrie11ces :1 typic:dly Mediter ra11e:111 

cli111 :1te with wet wi11tns :111d dry 

su111111crs , the 111ou11t:1ins have :1 strn11g 

influ ence on loc:il cl imate.ThL· exp,,scd 

higher peaks ex hibi t 111 ore L'Xtre111L' 

te 111 pcr:1tures , w ith extended dri zzle 

through su111111 er and even o ccasion:d 

snow during winter. 

T he Stirling R:in gc is composed 

l:irgely of :111cient s:1ndstonL' :1nd 

9uartzite rocks formed from deposits 

in shall ow waters at least I ·100 111illion 

yea rs :igo.The 111:ijor plant co n1nH1niti es 

111 the range relate to so il s and 

topograp hy. Thicket (dense ta ll shrubs) 

occu rs on the sha ll ow soi ls of the 

pe:1ks, 111allee-he:1th (111ulti -ste111111ed 

eu c:ilypts over shru bs) 0 11 the slup cs 

:111d plains, and woodl:mds c loth e the 

v:1llcys. Drai11:1ge fi-orn the slopes for m s 

e ither salt Likes or fres h w:1ter swamps. 

Th icket :111d 111 :illce- hc:1th vcget:1tio 11 

:ire ri c h in 111c111hns of th e b;mksi ;1, 

pea , 111yrtk :111d so uthern he:1th families 

:1ml cont:i in 111:111 y of the plants that :ire 

uniqu e to the r:1nge . 

Community values 
In the e:istern Stirling l~:111 ge :1 

lllOUllt:lill plant comnrnnity- qui te 

dist in ct fi-om th:it in th e ce 11tr:1I :md 

western areas of the Stirling l~an ge- is 

found at altitudes g rc:1 ter than 7SO metres 

above se:1 level.The c0111 mu11ity structure 

is typica lly that of a dense heath o r 

thi cket with scrub vegetation on shallow 

soils, and it is one of the most threatened 

vegetation communities in WA. 

This ' Eas te rn Mont:in e Malice 

H e:1th :ind Th icket Comm uni ty', as 

it is tec hni c:dly known , of the Stirlin g 

lt ;111 ge exte nds fi-o lll th e e:iste rnmost 

Previous page 
Main A walker approaches the summit 
of Bluff Knoll. 
Photo - Alex Bond 
Inset Mountain kunzea (Kunzea 
montana). 
Photo - Jiri Lochman 

Left Sunrise behind Pyungoorup and 
lsongerup peaks in the Stirling Range 
National Park. 
Photo - Alex Bond 



peak of the Stirling Range at Ellen 
Peak and continues at these altitudes 
to Coyanarup Peak and includes 
Pyungoorup (1060 metres), the 
Arrows , Tsongerup (994 metres), 
Moongoongoonderup (750 metres) 
and Bluff Knoll. It covers about 375 
hectares along this ridgeline. A separate 
occurrence of approximately 20 
hectares is found on the summit area 
of Mount Success. 

This threaten ed community 
contains most of the plant species that 
are unique to the range, including 11 
threatened species. Three of them are 
members of the well-known n1.ountain 
bell group: the yellow mountain bell 
(Dnrwinia collina), the fringed mountain 
bell (D111wini11 sq11arros11) and the Success 
bell (Darwi11i11 sp. Stirling Range). Also 
threatened are Drummond 's grass 
(Deye11xi11 dn1111111ondii) , mountain 
paper-heath (Sphcnoto111 a dm111111 ondii) 
and mountain rattle-pod (D1111icsia 
obovata). 

T he attractive feather-leaved 
banksia (Banksin brou111i1) was previomly 
considered to be endangered but was 
upgraded to critically endangered 
because of recent population 
extinctions and a projected decline in 
population size of more than 80 per 
cent over the next three generations 
(see 'The feather-l eaved banksia', 
LANDSCOPE, Autumn 2005). T he 
giant andersonia (Andersonia axilliflora), 
mountain dryandra (Drynndm 111011.tnna), 
small-flowered snottygobble (Pcrsoonia 

111 icmnthera) and Stirling Range beard­
heath (Lc11copogo11 gnaphnlioides) are also 
listed as critically endangered.To protect 
the latter three species from extinction, 
a seed orchard has been established 
near the Porongurup National Park 
(see ' A safe haven for threatened plants' , 
LANDSCOPE, Summer 2005-06). 

Other species that characterise the 
community include mountain kunzea 
(Kunzea 11w11tana), southern sandplains 
beaufortia (Bcmifortia anisa11.dra), Stirling 
Range pape r- heath (Sp hcno/011111 
sp. Stirling R ange), hedgehog heath 
(Andcrsonia cchinoccphala) and Stirling 
Range clawflower (Calotha111n11s crassus). 
In spring, the thicket is a mass of 
flowering shrubs and is a sight to 
behold. This mass fl owering occurs 
later than on the lowlands and is at its 
best in October. Eucalypt species are 
notable for their absence but occur at 
inunediately lower altitudes. 

Vegetation community at risk 
The predominant threat to the plant 

species that form the rare mountain 
thicket and mallee-heath communities 
is the root-rot pathogen P/1ytophthom 
cinna111omi-or Phytophthorn dieback­
which transforms the vegetation. This 

Above left Yellow mountain bell 
(Darwinia collina). 
Photo - Andrew Brown 

Above Mountain dryandra (Dryandra 
montana) . 
Photo - Ellen Hickman 

soil-borne pathogen causes root-rot 
and death of susceptible plants. A 
range of proteaceous species such as 
mountain banksia (Banksia oreophila), 
Stirling Range banksia (Banksia solandn) 
and Stirling Range honeypot (Dryandra 
concinn11)-which were once signifi cant 
members of this community-are now 
rare, primarily due to the impact of 
Phytophthora-caused dieback. Sedges 
and other disease-resistant plants are 
progressively replacing colourfu l tall 
banksias and dryandras. 

Fire is also affecting the biological 
diversity of the range. Fire is an 
important element in the regenerati on 
of many native plants, but if fires 
occur too frequently they can change 
the composition and abundance of 
many species. Plant growth after fire 
is ofteri extremely slow in exposed 
mountain areas as it is impeded by 
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Above Signage at Bluff Knol l. 
Photo - Renee Hartley 

Above right Hedgehog heath (Andersonia 
echinocephala). 
Photo - Anne Cochrane 

the low tctllpcratures and high wind 

speeds that prcv;iil for much of the year, 

affecting those species that .11-e slow to 

mature and set seed. 

Clirmte change (see 'Climate 

ch,rnge and biodiversity' on p:iges 

54-<>1) has also been identified .1s 

a major threat to tbe diversity of 

the mountain vegetation colllmllnity. 

It is now widely accepted that the 

world's climates are changing du e 

to the e111ission of gree nhouse gases 

such as carbon dioxide and methane. 

Predictions suggest that, relative to 

1990, south coast te111per;1tures will rise 
by up to ·1.5°C and rainfall may reduce 

by up to 60 per cent over the next 20 

to 30 years. As there is nowhere for 
the mountain-top endemics to go, it is 

possible that many of these species will 

become extinct. 
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Recreational values 
As it protects the most significant 

nH1u11tai11 environment in the south­

west ofWA , the Stirling Range Nati011"1 

P.ll'k is hi ghly valued by local and 

overseas visitors. Often enclosed in mist 

and cloud, the mountains arc shrouded 

in mystery .u1d this is part of their 

attraction. This iconic area has had a 

long history of recreational use and the 

high peaks of the park have attr;1ctcd 

visitors interested in rock cli111bing, 

bushwalking and mture appreciation. 

The diversi ty of mi croclim:ites , soils 

;rnd topography have also attr;1cted 

biologists and naturali sts . 

Being the highest peak in the 

r.mge, 131uff Kn oll is the most popubr 

day outing in the park .md the five­

hour return walk provides visitors with 

exceptional views from th e summit 011 

a clear day. In 2005-06 :ibout 34,500 

people visited the Bluff Knoll car 

park, although less than half of th em 

completed the walk to th e summit. 

The walk from Ellen Peak to Bluf:f 

1< 11011 is a popular two-to-threc-cLiy 

wilderness w:ilk that challenges a small 

nu111ber of people each year. The route 

passes through the unique 111ou11t:1i11 

vq?;c'tatio11 comnH111ity. The n1:1_Jor 

impact of recrc:nio11al :1ctivity 011 the 

111ountai11 thicket thrc:1tc11cd ecologicd 

c01 11111u11ity has been increased spre:1d 

ofpL111t disease, 111ost prob.1 bl y throu gh 

the tr;insport of infested soil. l)uc 

to thL· i11trndunio11 of l'l1v1011!11/ior11 

dieh.1ck to high points in th e landscape 

by hu111a11 :111d :mi111al vectors, the 

e ntire e;istern ridge is now infested . 

Any clea ring of ground for tents ca n 

:dso impact 011 this threatened plant 

co11 nnunity. Tra!llpling :md braiding of 

tracks in some ,ll'e,1s also has :1dverse 

effects 011 the fr:1gile plant co1111nunity, 

p:Hticularly in the early ye:1rs :1ftcr lire 

when seedlings :ire very vulnerabl e to 

dam.1ge. 

Conservation strategies 
A recovery te;1m co nsisting of 

representatives from the Dep:irtment 

of Environment and Conservation 

(DEC) , local bot:n1ists and community 

groups assists with the m:m:1gemcnt of 

the threa ten ed mount:1in vcget.1tio11 

co nimunity in th e p.1rk. Mappin g 

of diseased areas, flora surveys and 

docu111e11t :1 tion of growth and survi val 

in key threatened species are ongoing 

activities . Aerial spr:1ying of infested 

areas with the fungicide phosphite 

has successfully slowed the decline 

of susceptible species in those areas. 

Implementing a f.ire management 



strategy and conducting ecological 
research is considered vital, and 
conserving the seeds of key species is 
being undertaken as a priority. 

It is hoped that remote weather 
stations can be installed on some peaks 
in the future to gather long-term climate 
data. This would provide scientists 
and managers with a more precise 
understanding of the environmental 
conditions prevailing at these altitudes, 
and ecological parameters such as 
flowering, fruiting, recruitment and 
survival in key mountain species may 
then be linked to prevailing temperature, 
soil and rainfall conditions. 

Harmonious coexistence 

To ensure the ongoing survival of 
this unique vegetation community, a 
new code of conduct is being developed 
for walkers to minimise trampling, 
reduce camping impacts and discourage 
disposal of rubbish. Fires have been 
prohibited for many years and this is 
being strongly reinforced. The code of 
conduct-conveyed by trailhead signs 
and other information points-will 
alert users to the nature conservation 
values of the area and its unique 
flora. As well as the precious plants, 
numerous native animals, both large 
and small, rely on this mountainous 

environment and will also suffer if their 
habitat declines further. 

More and more people are 
experiencing the pleasure of reaching 
a summit and glimpsing a sunrise or 
sunset, seeing the colours of the bush 
blanketed in snow or catching sight of a 
distant peak shrouded in mist or cloud. 
These experiences of the mountainous 
environment of the Stirling Range 
should be treasured. But this area 
and the precious plants that form the 
special vegetation community should 
be respected. We must all observe the 

Above Bushwalkers on the walk from 
Ellen Peak to Bluff Knoll. 
Photo - Rob Giver 

Below Fringed mountain bell (Darwinia 
squarrosa) . 
Photo - Andrew Brown 

signs, abide by the code of conduct 
to reduce the spread of Phytophthora 
and ensure that footwear is clean. It 
is our duty to ensure that generations 
to come can continue to enjoy the 
wildflowers of this area. 

Anne Cochrane is a senior 
research scientist based in 
Albany. She manages the 
Department of Environment 
and Conse1·vation's (DEC's) 
Threatened Flora Seed Cent re 
and can be contacted on 
(08) 9892 8444 or by email 
( an ne.cochrane@dec. wa. gov.au). 

Sarah Barrett is one of DEC's 
threatened flora officers 
and is also based at Albany. 
She can be contacted on 
(08) 9842 4521 or by emai l 
(sarah. barrett@dec. wa. gov. au). 
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Black swans (CJ'.(!111/.i atrat11s) are 

visible in much of Perth's urban 

landscape. Now;1days, they can be seen 

on a nu111ber of suburb:rn wetbnds and 

increasingly 011 the Sw:111 IZ.iver, while 

many government :rnd city offices, 

businesses, universi ties, landm:irks, taxies 

and even a thea tre company cirry the 

bbck sw:1n im:1ge as their b:1dge. Sw:m 

Brewery, :m iconic Western Aus trali:m 

company, carries :1 picture of :1 hbck 

swan on its labels with thL' words 'The 

spirit ofWestern Australia'. It's open to 

interpretation as to whether the slog:111 

refers to the swans or the liquid amber1 

The black sw:m is so synonymous with 

the identity ofWestern Australia th:1t it 

is the State's bird e111blem. 

From ugly 'ducklings' to 
beautiful swans 

Black swa n cygnets, wi th their light 

grey clown, :ire anything but ugly. In f:1ct, 

they are a beloved sight on 111etropolitan 

waterways when they emerge towards 
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the encl of winter, signifying that spring 

is around the corner. Cygnets develop 

light brown feathers after three or four 

weeks, :me! continue to get feathers 

until fledging. At :1rouncl two 111onths, 

their bills ch:mge colour from dark grey 

to bl:ick, to th:1t of adu lts, which v:1ries 

frorn orange to d:irk reel with :i white 

bar near the off-white, horny tip. Thei r 

eye colour also changes from grey to 

light brown as cygnets, to white and 

then red during the 111:1ting season. 

Previous page 
Main Black swans and their cygnets are 
WA's iconic bird species. 
Photo - Jay Sarson/Lochman Transparencies 
Inset Sketch of Vlamingh's th ree vessels 
lying at anchor on the mouth of the Swan 
River, with two smal ler vesse ls about to 
enter t l1e river where swans are abundant. 
Image - Reproduced from the original with 
permission from Rare Book and Special 
Collections Library, University of Sydney. 

Left A black swan with its cygnet. 
Photo - Rhianna King 

Below Black swans pair for life and both 
tend to their cygnets. 
Photo - Michael James/DEC 

Black swans arc ready to b reed at 

·18 111onths and most do so before they 

are fc1ur yea rs o ld . Often, they select a 

temporary 111;1te when they first reach 

sexu;il maturity but then find one they 

st1y with for life and, like other swans, 



Right Black swans on Perth's Swan River. 
Photo - Andrew Davo/1/ Lochman 
Transparencies 

primarily remain monogamous. Black 
swans lay between two and nine eggs, 
during July and August, in nests that vary 
from a simple ring of plant matter to a 
large mound.After an incubation period 
of around 40 days, the cygnets hatch 
and take to the water shortly after. 

In captivity, swans can live for up 
to 20 years. Their life expectancy is less 
in the wild where they are at risk of 
poisoning through pollution, botulism, 
fungal infections , parasites and worms , 
predation by foxes and birds of prey, 
and accidental death. 

Early accounts 

Black swans have a special place 
111 Western Australian culture that 
dates back to long before the arrival 
of Europeans. In the Aboriginal 
Dreamtime, the totem (representative 
animal) of the Derbal Yerrigan (Swan 
River) clan is the 'Moorn Maarli', or 
the black swan, because a part of the 
river is understood to be shaped like 
one. Indigenous people also revere 
black swans because they are 'moort', 
or family orientated, like themselves. 
The black swan is also a totem bird 
for the Bibbulmun Nyoongar people 
who are responsible for conserving and 
protecting the totem.s. 

Dutchman Willem de Vlamingh 
ventured up the Swan River in 1697. 
Vlamingh observed many fish and birds 
on the river, particularly black swans. 
Even though, more than 60 years earlier, 
fellow countryman Antonie Caen had 
described black swans on a visit to 
Shark Bay, many Europeans did not 
believe black swans existed. We now 
know there are seven species of swan, 
of which only the Australian black swan 
and the South American black-necked 
swan are black. 

The former abundance of black 
swans on the river is clear from the 
accounts of explorers such as Captain 
James Stirling, who in 1827 marvelled 
at the hundreds of black swans on 
the Swan River, and NSW Colonial 
Botanist Charles Frazer who, in the same 
year, wrote that: 

'The quantity o f black swans, pelicans, 

ducks, and aquatic birds seen on the 

river was truly astonishing. Without any 

exaggeration, I have seen a number of 

black swans which could not be estimated 

at less than 500 rise at once, exhibiting 

a spectacle which, if the size and colour 

o f the birds is taken into account, and 

the noise and rustling occasioned by the 

flapping of their wings previous to their 

risin g, is quite unique in its kind. We 

frequently had 12 to 15 of them in the 

boats, and the crews thought nothing of 

devouring eight roasted swans in a day' . 

It seems that in the early days of 
European settlement black swans were 
at risk of becoming a feature of the 
evening menu. But significant changes 

to the wetlands and rivers of the urban 
landscape, and the human activities 
they supported, most likely led to the 
decrease in the number of black swans, 
particularly on the Swan River, over 
the last century. 

Widespread nomads 
Black swans are nomadic and capable 

of moving long distances . They occur 
in every Australian state and territory 
and can be found throughout much 
of the country 's south-eas t and south­
west, to as far north along the eastern 
coast as Townsville in Queensland. In 
WA, black swans are fo und throughout 
the south-west and the Goldfields, as 
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well as in parts of the mid-west, Pi Ibara 

and Kimberley in varying frequen cies 

and ustdly onl y when Likes in th e area 

co11t:1in w;1tn. They arc :ilso know n 

fro111 s;1lt lakes ;md co:ist;d ;1re;1s. They 

c111 even be found in hrgL' puddles 

()r ponds on agri c uln1r;1l properties 

i11 the southern Sw:111 ( :oast:tl Plain 

after hc;1vy r;1i11s- oltL'II :111 une:,,:pccted 

sight. llc tween Septc111bcr and February 

bbc k sw;111s 111oult, rendcri11g them 

flightless, :md duri11g this ti111e they 

ofi:e11 gather 011 ope n lakes. 

While it has been signifi cantly 

1nodified since Europe:n1 settlc rn ent, 

the wetland systcll! of the Sw:m Coast;il 

Plain (i11c ludi11g wh:it is now the Perth 

111 ctrnpolit:1n :ire:1) 1-e111ains ;111 important 

habita t for 111:111 y watcrbircls, in cl uding 

black sw;ms. Blac k sw:11 1s ofi:e11 nest 

i11bnd 011 n:1tur:1I :111d artificial Likes and 

waterways :111d , despite h:ivin g hcco111c 

:111 icon of the Sw:1 11 l~ivcr, see111 to 

rn:1inly occ ur u11 it when they :ire 

associ:1tcd with aL~j:1cL·nt wetl:111ds. In the 

i>crth 111 etropolit:1n :1re:1 they crn11111only 

occur Oil L:1ke Monge r,Thrn11sons L:1ke, 

13ihr:1 L:1ke, Forrestd:1lc Lake, Hndsnun 

L:1ke, L:1kc ( :ooloongup, llig ( ::irine 

Sw:1111p, L:1ke l<.ogolup, C:ihh l~o:1d 

Sw:111q1 :11 1d I .:1kl' Y:111gchup 

The av;1il:ibility or i<.) ml :111d suit:1blc 

nesting sites :1rc thL· prin1:1ry f1ctors of 

bbck sw:1n h:1bit:1ts. While they occ ur 011 

fresh and sa lin e Likes, sw:1111ps , rivers :1nd 

cstu:iries :111d :1t se:1, bbck sw;111s n1ust 

drink rditivcly fresh wa ter each d:1y so 

they 11ced :1 ccess, withi11 flying distance, 

to fresh w:1ter sources . They :1lso need 

access to floating :incl subrn erged :iquatic 

plants such :1s p:1ddlcwecd se:ig rasses , 

prn1dwecds , introduce d water-couc h 

grass :111d yo un g bulrush shoot,, :1s well 

:1s other rushes :md sedges for food. The 

bwns su rroundin g the lakes inh:1bi ted 

by bbc k sw:111s in 111etropolit:1n ;1 re:1s :tlso 

pby a role in their diets. 

Top left Black swans seek habitats with 
suitable nesting sites. 
Photo - Stuart Miller/Lochman 
Transparencies 

Above left A pair of black swans 'duck 
diving' for food. 

Left Lawns surrounding lakes play a role 
in the diet of black swans. 
Photos - Rhianna King 



Right Black swans. 
Photo - Jiri Lochman 

Black swans nest in colonies and 
as individual pairs, often in the same 
place each year. They create their 
nests in areas surrounded by water 
with protection from flooding and, 
nowadays, also from people and their 
activities, domestic pets and other 
animals. Black swans will only nest at 
locations where the water is at least 30 
centimetres deep and where suitable 
n1aterials-including reeds, samphires, 
aquatic plants, sticks and bark-are 
available for nest construction. 

Swan's lakes 
In recent years studies have been 

undertaken to determine the reasons 
for the decrease in black swans on 
the Swan River. These studies have 
been undertaken by State government 
agencies , local authorities and 
community groups , often in an attem.pt 
to find ways to reverse the decline. 

Years of lower rainfall and 
subsequent drying of smaller wetlands; 
changes to the river ecosystem through 
modified salinity as a result of dredging; 
modifications within the catchment 
area and pollution in the river affecting 
food sources have all been suggested as 
reasons for the decline in black swans. 
While these may well be contributing 
factors, a feasibility study conducted 
in 2000, by what was then the Water 
and Rivers Commission as part of 
a 'Bringing back the swans' project, 
concluded that the loss of shallow 
reef habitats- used by swans for 
nesting-due to land reclamation and 
urban development, and the availability 
of numerous wetlands in the Perth 
metropolitan area, were the most likely 
reasons for the absence of black swans 
from the Swan River. It also concluded 
that, ifblack swan habitats were restored 
and constructed, the birds would return 
to these sites. As a bonus , the areas 
would also appeal to other waterbirds 
that may have also left the Swan River 
due to loss of habitat. 

The report identified a number of 
options to improve black swan habitats 
on the Swan River including creating 
permanent islands, creating embayments 

within the river, constructing wetlands, 
enhancing existing wetlands and 
improving existing features. In varying 
forms , these recommendations have 
been incorporated into a range of 
community and govermnent-based 
projects. 

A community effort 

The 'Bringing back the swans' 
project has provided a basis for a 
number of projects designed to conserve 
and create habitats for black swans on 
the Swan River. It also highlighted 
the in1portant role of local authorities 
and other stakeholders in getting such 
projects off the ground. 

The development of Point Fraser, 

a recreational reserve adjacent to 
Riverside Drive not far from the 
northern end of the Causeway, is one 
such project. This area was reclaimed 
from the Swan River during the first 
half oflast century. The redevelopment, 
in two stages, aimed to restore the 
riverine landscape that existed prior 
to European settlement; improve the 
health of the aquatic ecosystems through 
habitat restoration and best-practice 
stormwater management; interpret the 
natural , historic and cultural values 
and provide for passive recreation. A 
specification of the design brief was to 
create suitable habitat for black swans 
and other waterbirds . Stage 1 was 
completed in March 2004. Subsequent 
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111 rn1itori11g h:is show n th;1t w:itnhirds 

;1rc retur11111g to the :1rc;1. 

The C:ity of South l'crth 

c 11 co111p:1sses Sir J;1111es Mitchell l';irk , 

;1 hig h- profile ;1rca alo11gsidc the Sw;111 

IZ.i vcr. A m1111b cr of Likes withi11 th e 

p;1rk receive w;1tcr fro111 one oi-' the 

( : ity of South !'nth 's 111ajor stor111w;1tcr 

dr;1ins ;111 d have bcc 11 la11dsc;1pcd ;111d 

Lksig11ed fcir rL·cre;1tirnd use. With th,· 

Si r j;lllll'S Mitchell l':1rk co111n1t111ity 

worki1 1g gro t1p, the ( :ity of South l'nth 

is d evelopin g a pl:111 to rch:ibiliu tc tlIL' 

he;ll' hes in the park ;111d i111prove th e 

qu:1lity of the l:ikes to c1 1cour;1gc black 

swa 11 s to visit. T he plan is expected to 

be completed by the c 11d ot· the 2()(l(i-

2007 fi11a11cial yc;1r. 

T h e '13r i11 gi 11 g b:1ck th e sw;111 s' 

projec t :1lso :1i 1m to ensure tk1t pl :11llling 

of in c idcnt;d fo res hore red cvclo p111 e nt 

projects acco111111od;1tc, a11d e ncour:1ge, 

bbck sw:111s. ( )thcr local au thoriti es, such 

as th L· T ( iw n oi'Victori;1 I ';ll'k, h:1ve long­

te rn1 rl'lkvclop111e11t pl:111s th:1t include 

cu11sidcr;1tiom f·t.ir b lack sw;111 habita t. As 

w ith m any pn~jt·cts of this n:1ture, l:1Ck of 

h1mli11g is provi 11g to be :111 ohsc1de . 

However, sponso rsh ip ;md grants are 

being sought fron 1 ;1 range of sources. 

The Swan Estuary Marine Park 

Today the Swan Rive1 is a highly altered envi ronrnenl with relat ively li 'l1 le o1 
i1s 01·iginal lr inpin~J veqelati on. Howeve1, th ree irnpor1ant reserves il l Al -Ired 
Cove. Pelican Poin·I and Mil yu are proled ed tor l·heil· conse1·va tion value as par ! 
ol !·he Swan Estuary Marine Park and Eidjacent nature reserves. The mari ne park 
was clecl a1ed in 1990 and consisls ol 190 hectares at Alfred Cove adjacenl lo the 
suburbs o1 At1adale and Applecross: c1 40-hec lare area al Pelican Point In Crnwley 
and 95 hec1ares at Mi lyu adjacent to the Como toreshore and Kwinana Freeway. 

These areas en,ompr1ss muclf la1 s. sec1grass beds and int ert ida l vegetat ion such 
as sedqes and sa l1mEi rsh. which provide many di1'fe1·ent habitats lor a number ol 
anima ls. They am part icular ly importanl fo1 a numbe1 of spec ies ot internat ionally 
protec ted transequa lorial migratory wading birds. which are protec ted unde1 
the Japan Aus1ra lir1 and Chi na- AusJ-ralia Mig rn tory Bird Agreements. 

The mari ne park also plays an 1mportc1nt educat 1onc1 I ro le because of i1 s c lose 
pI oxImity to t he Per th met ropolitan area. 11 offers opportu111t ies fo1 b1 rdwa1ch1ng. 
hsh1n~J. w1ndsur l Inq and boa ting and is a popu lilr place lo walk and cyc le. 

More in1 omiation c1bou1 the Swan Estuary Marine Park and its ad jacent 
nature reseI ves can be lound in the full -co lou1 , pocket-sized book Discovermg 
the Swan River and the Swan Estuary Marine ParA. which is ava ilable fo1· 
$6.50 from Depa1 tment of Envi ronment and Conse1·vati on offices. online al 
www.natu rebase.ne1 and from bookshops and newsagent s. 
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Above Black swans in f light. 
Photo - Dennis Sarson/Lochman 
Transparencies 

Below Black swans are becoming a 
feature of Perth's urban landscape again. 
Photo - Rhianna King 

A far cry from a swan song 
l\bck sw;111s ILIVL' 11ot l:1red we ll 

since European scl'tle1 11 e11t but rc1 11;1i11 

;111 ir o n of thL· St;1LL' . Whi le ;i11 ecdot;1I 

L'v idenc l' su ggests th ;1t the 11u111hcr 

o t" bbck sw;111S lc>uml 011 the Sw:111 

IZ.iver has increased in the past few 

yc:irs we st ill h:1ve :1 long w:1y to go to 

redevelop :111d co11scrvc th eir i111port;1nt 

habi tats. Fo rtu11atcly, th e gover rnncnt 

;rnd c o111111uni ty projec ts working 

tow;1rds building ;1 he ;1 lthi c r and 111 01-e 

swa n- fri e ndl y e 11 v iro11111 e 11 t arc a lre;1dy 

showing signs of su ccess. 

Rh1 anna King is a Cornmurncat ions 
Office1 wit h the Departrnenl ot 
Envi ronmenl and Conservation and 
an edito1 of LANDSCOPE. She can 
be contacted on (08) 9389 8644 0 1 by 
email (rh ianna.k1ng@dec.wa.gov. au). 



Weeds have long been a 

seemingly intractable-and 

growing-problem affecting 

conservation lands and other 

areas, displacing natural plants 

and destroying biodiversity. 

A raft of new initiatives, however, 

means that authorities may be 

finally beginning to turn the 

corner in the war against weeds. 

by Greg Keighery and Kate Brown 



E veryone who gardens re.·'cognises 
that weeds are undesirable. In 

gardens, in crops and in the bush they 

compete for space and nutrients :rnd 

crowd out desir:1blc plants. In Austr:1lia, 

weeds are m;1jor thre;1ts to agri cu lture 

(costi ng more th:111 $4 billion per year 

in co ntrol ;rnd lost production) :111d 

biodiversity (d ispL1cing irreplace:tbl e 

native pbnts and :tnirna ls). 

Most weeds entered Australia with 

European settlernent. Between 182') 

:111d 200(1 Western Austrafo g:1ined 

1233 spec ies of n:1tur:1lised flowering 

plants (weeds). Of these, Ci77 species 

(55 per cent) arc cnvironmcnt:tl 

weeds, recorded frrnn n;1tur;tl bushland 

;1rc;1s. The rest ;ire weeds growing in 

;1gri cultural and 111;111-n1;1dc arc;1s, such 

as c rops, lawns and gardens. 
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These weeds comprise 12 ferns , 15 

pines, 345 111onocotyledons and 8(, I 

dicotyledons. Another 94 plant species 

;ire listed ;1s sc 111i - 11 ;1turaliscd garden 

escapes, chiefly around r>erth. Most 

WA weeds arc herbaceous an nuals or 

grasses, with the largest groups being 

the grasses (Poaccac), with ·196 species ; 

daisies (Astcraceae), with ·115 species; 

pc;1s (l':1p ili onace;1c) with ·106 species; 

and 53 species within the iris Etn1ily 
(I rid:1ce;1c) _ 

C:hcck lists published in 1994 :rnd 

2004 showed th:1t new species of weeds 

were n;1turalising in WA ;1t the rate 

of I() per year over this period. Since 

more than 27,000 spec ies of plants arc 

known to be cultiv:1tcd in Australia , this 

suggested we we1T focing a situation like 

New Zealand where weeds out11t1111bcr 

the natives 1 However, over the past five 

yc:trs, a series of initi:1tives h:ts helped 

to slow thL' introduction of potential 

new weeds , id entify potential new 

weeds, li,nit their ;1v;1ilabil ity, rc111ove 

sma ll infcst:ttions and limit the dlect of 

major weeds. 

Previous page 
Main Bulbil watsonia ( Watsonia meriana 
ssp . bulbillifera) invading tl1e herb-rich 
shrublands and winter-wet claypans of 
Meelon Nature Reserve. 
Photo - Kate Brown 

Top Ruby dock (Acetosa vesicaria) 
is a widespread weed in the Pilbara. 
Major control measures by DEC, mining 
companies, main roads and the public 
are limiting its impact and spread. 
Photo - Rob Diver 

Above left Kate Brown monitors the 
effectiveness of grass-selective herbicides 
on Tribolium, a weedy grass targeted as 
part of biodiversity conservation initiatives 
in the Swan region. 
Photo - Grazyna Paczkowska 

Left Weeds and native plants compete 
with each other near Gingin. 
Photo - Sallyanne Cousans 



Right Arum lilies grow along a creek in 
Gingin. 
Photo - Sallyanne Cousans 

Below The garden succulents Cotyledon 
orbicu/ore (right) and Aeonium haworthii 
(far right) have established in parts of 
the south coast and are being targeted 
for eradication. 
Photos - Greg Keighery 

Recognising the menace 

In 1999, a group of weed workers 
-Roger Cousens , John Dodd, 
Penny Hussey, Greg Keighery and 
Sandy Lloyd-pooled their collective 
knowledge and, with the aid of the 
Plant Protection Society and Lotteries 
Commission, produced a colour field 
guide to WA weeds. Western Weeds 
subsequently sold more than 5500 copies 
and has been revised for a third printing. 

As recognition has grown of the 
threat posed by weeds to our unique 
biodiversity, so have the range of efforts 
aimed at lowering this threat. Several 
initiatives and changes in WA have 
begun to limit and then reduce this 
menace. These initiatives have provided 
the resources needed to begin tackling 
environmental weeds that threaten our 
unique bushland. New resources are 
being applied to prevent new weeds 
fron1 entering or establishing in WA, to 
eradicate sn1all infestations of potential 
weeds and to control major weeds. 

Prevention 
During the past decade, there 

have been major changes to Australia 's 
quarantine laws aimed at preventing 
new weeds from entering the country. 
The Australian Quarantine Inspection 
Service now subjects all requests to 
import new plants to a screening test to 
determine if they have characteristics 
that could aid their escape fron, 
cultivation and become weeds. This 
has largely replaced the old prohibited 
list of known weeds. The rapid growth 
in computer databases and the internet 
has helped this process , providing 
ready access to information about the 
weediness of thousands of plants from 
all around the world. 

New biosecurity provisions recently 
enacted mean that WA retains the capacity 
to exclude plants found elsewhere in 
Australia that could be weedy here.While 
physical surveillance will always rely 

heavily on the collective knowledge of 
the Department of Agriculture and Food 
staff, utilising the internet as a database 
on potential weeds was pioneered by 
Rod Randall at the Department of 
Agriculture and Food. Rod, as part of 
his work with the Cooperative Research 
C entre (CRC) for weed management, 
has produced the ultimate guide to the 
world's weeds, A Global Compe11di11m of 
Weeds, published in 2002. 

Equally important in preventing 
new weeds is to understand how they 
have been introduced and spread. We 
know that more than 60 per cent of 
our weeds were introduced as garden 
plants, so it seems obvious that this is 
still a major avenue for our current and 
next crop of weeds. Preventing new 
weeds from establishing-for example, 
by educating buyers and sellers about 
weeds-has been another major recent 
focus of many weed workers. A list 
of 'garden thugs' was coordinated by 
Rod, and the Nursery Association is 
actively encouraging the replacement 

of these species with less weedy 
alternatives. Legislation also has a role. 
For example, arum lilies (Zantedeschia 
aethiopica) have recently been banned 
from sale throughout WA. This species 
was introduced by early settlers as a 
garden plant and its seeds float down 
creeks and rivers, as well as being 
spread by birds , and choke out the 
natural vegetation. 

Another major source of weeds 
has been the introduction of forage 
species for animal production. In 
cooperation with the CRC for Dryland 
Salinity and the CRC fo r Australian 
Weed M anagement, Lynley Stone 
of the Department of Environment 
and Conservation (DEC) has been 
developing weed risk management 
protocols for agronomists attempting to 
introduce new perennial forage species 
to help combat salinity. The protocols 
will ensure that new pasture plants 
stay in the paddock and don't escape 
into the bush. Lynley will subsequently 
develop weed risk assessments for each 
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Eradicating Quobba cactus 

The attack on Quobba cactus isn rn ajo1 consPrvat1on sI Iccess story. Appr9x1rnately 
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State, and managem ent guidelines to 

redu ce weed risk durin g the breedin g 
and selecti on process. 

Anoth er gro up in l)EC's Science 

Di visio n 1s checkin g th e na tive 
species being trialled for forage, such 
as ora11gc w;1ttl e (lli-,1ria .,11/(1;11 ,1), fo r 

their wcedin css and po tenti ;il to cross­
po ll i1 1ate with local for1J1 s of th ese 

species . Orange wattl e is a WA species 
that extends north to th e Murchison 
Ri ver and east almost to Israelite Bay. 
It has become a serious pest in South 
Afri ca , where it was introduced to 
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combat soil erosion , so it is best to be 
sa fe rather th an sorry! 

Staying ALERT 

P. .. ernovin g weeds before they 
become widespread is the most cost 
eH,..'nivc 1n c•;11 1s o f reduci ng the fu ture 

wt:ed 111en;1cc . Whi le this has been 
lo ng recognised as id t:a l, fundin g th ese 

programs has been difficult, sin ce such 
weeds often occur o n vacant lands that 

are not th e direc t responsibility o f any 
land mana gement or conservation body. 
H owever, three recent developments are 

proving highly effective in erad icating 
potential new weeds. 

Weed control scientists have listed 
Austrafo 's 20 worst weeds-Weeds of 
N ation ;1] Signifi c rn ct: (WONS)-and 
;\ second list o f pote nti;1! weeds th:1t 
1\ el'li to h L' nadi c 1tcd (AL El~T lis t) . 
While this has enabled some federal 
funding o f th ese species, especially for 
biological control and targeting via the 
Natural R esource Management (N RM) 
process, many outbreaks of species on 
th e ALERT list re1min ed unattended. 

T his is ch:rn ging. DEC recentl y 
received fundin g to employ 40 addi tional 
scason;il fire fighters , who are av;1 i!able 
fo r weed control programs in th e winter 
months. Programs for th e conservation 
employees ,ire set early each yea r, and 
n1 ore th;m 20 weed control projects 
are und erw;1y. The workers have been 
able to tackle several po tentially serious 
weeds, including ;1thel pine at Lake 
13 oonderoo (see th e box on page 43) 
and the Quobba cactus (see the box 
above). Since people ;rnd reso urces 
are usually th e limiting factor in weed 
control, th ese additional employees arc 
already making a majo r contribution. 

Above Spraying Quobba cactus. 
Photo - Scott Godley 

Left A valley overgrown with introduced 
watson ia. 
Photo - Sallyanne Cousans 



The second development is the 
program of biodiversity conservation 
initiatives introduced in 2006 by the 
State government. The two-year, $15 
million program comprises around 
70 strategic projects targeting feral 
animals, weeds, biological survey and 
research, dieback and actions to recover 
threatened native plants, animals and 
ecological communities. Under the 
initiative, $1.7 million will be targeted 
to assist in removing 40 weed species­
especially those nationally listed-across 
the State by whoever has management 
of the land and can carry out the 
program. Hopefully, over the next 
two years, this program will eradicate 
several weeds on the ALERT list (such 
as Pelaigoni11m alchemilloides, several 
relatives of the bridal creeper and 
white broome) and reduce others, such 
as yellow soldiers (Lachenalia reflex a), to 
the point where eradication is feasible. 

Conservation employees and 
biodiversity conservation initiatives in 
weed control are integrated by DEC's 
Michelle Widmer and Kellie Agar. This 
is facilitating coordinated activities 
against many widespread weeds across 
the department's administrative regions. 
For example, measures by Ian Wilson 
(Nature Conservation Coordinator in 
DEC's Donnelly district) to eradicate 
woody weeds such as acacias and 
Victorian tea tree from the karri forest 
are now being extended to control 
these weeds from Albany to Kalbarri. 

Urban Nature 
DEC recently established the 

Urban Nature program within its Swan 
region (encompassing Perth) to provide 
advice and assistance on bushland 
management, including weed control, 
to the nmnerous groups who manage 
remnant bushland in the region. This is 
urgently needed, as the region has the 
unfortunate distinction of having the 
largest number of weeds recorded from 
any natural bioregion (801 and 705 
recorded for the Swan Coastal Plain and 
jarrah forest bioregions respectively). 

The Urban Nature program is 
closely involved in the management 
of a number of regionally significant 
bushlands on the Swan Coastal Plain, 
and is undertaking research into 
how to best manage environmental 
weeds. The group provides advice on 

Athel pine at Lake Boonderoo 

Athel pi ne (Tamarix aphylla) is a weed of national signif icance. A large, isolated 
infestation of th is weed around the perimeter of Lake Boonderoo, wit h a tota l length 
of about 30 kilometres, is being removed in a joint project between DEC, Range lands 
NRM , a local pastoralist and the Department of Agricu ltu re and Food. 

Lake Boonderoo is one of only two freshwate r lakes in the Goldfi elds- Nu llarbor 
region and prov ides an important habitat for waterbi rds. The trees mult iply 
rapidly and would t ake over t he lake if left unchecked. Th is weed has caused 
enormous damage to the Finke River system in the Northern Teri·itory, whern it 
has infested 600 kilomet res of the river system. 

The eradicat ion program, bei ng carr ied out by a team of DEC conservat ion 
employees from Walpo le, Perth, Kirup and Collie in the south-west, involves 
cutt ing the t rees at ground level and spraying the stumps with herbicide. 
Removing this weed requ ires eight people to work for three weeks each year over 
th1·ee years. Wh ile this is a considerab le investment, it shou ld ensurn the removal 
of the weed and the long-term protection of t he wetland . 
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Above Athel pine along the shore of 
Lake Boonderoo. 
Photo - Bill Muir 

environmental weed management to 
DEC officers , local authorities, NRM 
and friends groups. It also prepares 
publications on environmental weed 
management, runs annual accredited 
training programs and organises specific 
workshops on weed managern.ent. In 
2006, Urban Nature ran workshops 
on bulbous weeds and sharp rush. 
Proceedings and information sheets 
will result from the workshops. 

A DEC project officer is currently 
undertaking a strategic review of 
envir01m1ental weeds in the Swan region 
for the Swan NRM group. This should 
result in robust ranking of all 1000 
weeds recorded in the area, and control 
actions on six selected weed types. 

daunting challenges 111 managing 
weeds on unallocated Crown lands and 
ensuring the im.plementation of the 
Good Neighbour Policy. However, the 
initiatives being undertaken acknowledge 
that weeds respect no administrative 
boundaries and are aimed at assisting and 
resourcing the coordination, cooperation 
and, most importantly, on-ground actions 
against weeds . 

The future 
Cooperation and coordination at 

all levels of government and the public 
between scientists, managers, friends and 
practitioners is vital to hold back the 
weed menace. Fortunately, critically 
important resources-both human and 
financial-are also beginning to flow to 
this issue. We face new and occasionally 

Greg Keighery is one of Western 
Australia 's most eminent botan ists. 
He is a Principal Research Scient ist 
with DEC and can be contacted on 
(08) 9405 5100 or by email 
(greg.keighery@dec.wa.gov.au). -, 

Kate Brown is DEC's Bushland 
Management Advisor with Urban 
Nature. She can be contacted on 
(08) 9368 4032 or by email 
(kale. brown@dec. wa. gov.au ). 
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Australia has a very. high proportion 
of species found nowhere else 

on the planet (known as endemism), 

resulting from millions of years of 

isobtio11 from other continents . South­

western Australia is an are;1 of particular 

sig11ific111ce and has been recognised 

glob:dly ;1s one of 34 biodiversity 

hotspots. It is the only ;1rea in A11str;ili;1 

to be recognised in this w;1y. 

13iodiversity hotspots are 

biologic1lly significant ecosyste111s th:1t 

h;1w high levels of natural diversity 

(large nu111bns of 11;1tive ;111d endemic 

species of plants and animals), coupled 

with a high degree of threat to that 

diversity. Th reats to biodiversity in 

the south- west include Lrnd cle;1ring, 

cl imate cha nge (see pages 54-61 ),altered 

fire regimes, s;dinity, pLrnt p;1thogens 

such as P/1ytoplit/1or11 ci1111a1110111i and 
introduced animals ,1nd weeds (see 

p;1ges 39- 43) . According to the 

World Conserv;1tion Union (IUCN), 

introduced animals are, after land 

clc1ring, the second most significant 

thre;1t to 11;1tive ;rnd endemic species. 
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Another feral menace 
Feral animals- introduced anima ls 

livi ng in a wild or untarned st;Jte- are 

generally escaped domesticated animals 

that have become wild, such as rabbits 

and pigs, or other ;111imals such as 

foxes and c me toads. They have the 

c1pacity to reduce biodiversity through 

predation of native species, aiding in 

Previous page 
Main A feral bee feeds on nectar. 
Photo - Wade Hughes/Lochman 
Transparencies 
Inset Feral honeybees swarming. 
Photo - Jiri Lochman 

Left Feral beehive at Stockyard Gu lly 
Reserve on the Turquoise Coast. 
Photo - Ann Storrie 

Below Feral honeybee . 
Photo - Babs and Bert Wells/DEC 

the spre;id and establishment of weeds, 

and by competing for food and nesting 

sites. However, another animal-;in 

insect-is now also h:1vi11g .1 detrimental 

imp;1ct on WA's biodiversity. 

The European honeybee or fera l 

bee was introduced to WA in the 

l840s for th e production of honey, 

wax :md to assist in pollin;iting crops. 

By the 1930s, honey production 
had increased dramatic1lly bec;1use 

improved tr;1nsport had enabled 

apiarists to tr:wel throughout the St;1te 

following se;1son:1 I flowering cycles or 

nectar flows. However, due to the 

natur;1I ability of honeybees to sw;irm 

or ;1bsco11d, unmanaged fer:1 1 colonies 

are now widespre:1d :rnd exist in almost 

every p;1rt of WA that gets reliable 

rainfa ll , or is close to permanent water 

sources. 

Swarming and absconding 

R .. eproduction by sw;1rmmg 

involves division of the colony, where 

the majority of the workers, together 

with the new or old queen, leave 

the hive to search for a new home. 

Absconding, which is slightly different, 

involves a colony abandoning its nest 

as a result of disturbance or a lack of 

food and water. To abscond, the colony 

forms a swarm that includes all workers 

and all viable adult queens, which then 

locates an appropriate nest space and 

reestablishes itself. 

Swarms generally become 

established in suitable tree hollows, 

although they may choose to live in 

nest boxes and in buildings. Feral bees 

are also known to establish colonies 

underground and in caves. Colonies are 

classed as feral when people no longer 

manage them. 



Right Native bee on everlasting. 

Below right Native beehive. 
Photos - Babs and Bert Wells/DEC 

Feral versus managed bees 

Feral and managed bees are the same 
species, but differ in their appearance 
and behaviour. Feral bees are generally 
darker in colour and are essentially 
wild and unrestrained honeybees. 
Differences in behaviour between feral 
and controlled bees are a consequence 
of circumstances and lifestyle. 

Managed bees are always provided 
with water and are regularly moved 
into new areas that have rich supplies of 
nectar and pollen. In contrast, feral bees 
may live in areas where food and water 
are scarce at certain times of the year, 
leading to more aggressive behaviour 
and an increased tendency to swarm. 
Feral bees are usually considered a 
nuisance during hot weather when 
water sources have dried up and large 
nun1bers of bees will often exploit 
artificial sources of water, such as taps, 
sprinklers and stock watering troughs. 
Feral bees can also become a problem 
when there is little or no nectar and 
pollen available from native flowering 
plants, causing them to search for 
alternative foods such as stock feed. 

Feral colonies are commonly weaker 
and smaller than those of managed bees. 
Because their hives are not actively 
managed by people and cleared of 
honey on a regular basis, they lack the 
desire of n1anaged bees to store honey. 
The poor quality and production of 
honey from. feral colonies makes them. 
of little value to corn.mercial honey 
producers. 

Feral bees also represent a 
considerable risk to the commercial 
beekeeping industry: should an exotic 
disease or hive parasite that affects 
honeybees be introduced to WA the 
existence of feral colonies would enable 
it to spread more easily. 

Native species versus the 
invaders 

Australian plants, and their native 
insect and bird pollinators, have evolved 
largely in the absence of social bees 
and may therefore be vulnerable to 
pressures from feral bees . 

The pollination of a flower occurs 
when pollen is transferred from. the 
anthers to the stigma. Due to their size 
and foraging behaviour, feral bees are 
not as efficient as native bee species at 
pollinating sorn.e flowers. In fact, they 
rn.ay destroy some Australian native 
flowers , and harvest nectar without 
pollinating the flower at all, causing no 
seed to be set. 

Observations of honeybees 
harvesting nectar of bottlebrushes 
(Callistemon species) have shown that 
honeybees only contact the stigma 
on about 4 per cent of visits, whereas 
native birds such as honeyeaters contact 

the stigma on more than 50 per cent of 
visits (based on more than 8000 visits). 
Furthermore, a honeybee visiting a 
native flower may remove pollen that 
has been deposited on the stigrn.a by 
a preceding native pollinator, so the 
flower may not be pollinated and seed 
set will not occur. 

In contrast, feral bees can be 
excellent pollinators of exotic or 
introduced flowering plants and 
therefore aid in the spread or 
establishment of undesirable weeds. 

Feral bees are highly efficient foragers , 
capable of harvesting more than 80 per 
cent of the available nectar stocks in some 
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plants. This presents enormous potential 
fo r adverse interactions and may result 
in a competitive displacement of native 
pollinators from native wildflowers. Feral 
bees also compete with managed bees 
for floral resources, which could lead to 
reduced commercial honey yields. 
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Above Forest red-tailed black-cockatoo 
nesting in a tree hollow. 
Photo - Tony Kirkby 

Left Honeycomb of t11e feral European 
honeybee. 
Photo - Sallyanne Cousans 

Tree hollows-a valuable 
resource 

A parti cular concern is the disturbin g 
rate ;1t which fer;1l bees ;ire taking over 
hollows in trees ;111d evi cting native 
birds and mammals that depend on 
hollows for nesting space, shel ter and 
protection. T he larger tree hollows take 
an average of 250 yea rs to form, ;111d 
;ire thus an extremely va luable resource 
in the south -west. The ongo ing loss of 
tree ho llows represents a hu ge risk to 
obli ga te hollow nesters (a nimals that 
will o nly nest in the hollows of live or 
dead stand ing trees) such as brushtai l 
possums, parrots, owls and many other 
birds and reptiles.The risks to WA 's three 
species of black-cockatoos are severe, as 
they are particularly susceptible to the 
ongoing loss of nesti ng hollows. Black­
cockatoos are obligate nesters that are 
long-lived, slow to mature, require 
relatively large hollows and have a low 
ann ual reproductive output. 
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Threatened black-cockatoos 
T he Wa ter Corporation ;111d th e 

WA Muse um have est:1blished a joint 
conse rvatio n prog ra111 known as 
C:ocbtoo Care (see 'Cockatoos in crisis ' , 
U IN DSCOPb, Summer 2005-2006). 
The objectives of the Cockatoo Ca re 
program are to research the distr ibution, 
ecology an d threats to the survival of 
each of these black- coc ka toos ;1s well 
as und ertake habitat enhan cement, feral 
bee research ;1 nd co111nn111i ty awaren ess 
and involvement. 

R esea rch by the WA Museum 
showed that, over a five-yea r period , 
feral bees took over an average of 
20 per cent of nesting hollows used 
by forest red-t;1iled bhck-cocbtoos 
(Calyptorl1)'11d111s han/.:sii 11aso), C:;1rnaby's 
cockatoos ( Calyp1or/1ync/111s latirostris) 
and Baudin 's cockatoos (Calyptorhync/111s 
ha11dinii), all of which are threaten ed. 
All three species are endemi c to the 
south-west and the loss of nesting 
hollows could signifi cantly reduce their 
distribu tion and numbers, threa tening 
them with possible extin ction. 

Developing a feral bee control 
strategy 

Currently, the control of fe ral bees 
is done on a hive-by-hive basis . This is 
costly, time consuming and cannot be 



Right Commercial beehives at 
Beekeepers Nature Reserve. 
Photo - Ann Storrie 

Below right Feral honeybee. 
Photo - Babs and Bert Wells/DEC 

undertaken on a wide scale. Research 
recently developed in New Zealand 
has examined a range of techniques 
capable of controlling feral bees. 

In New Zealand, researchers have 
developed specially-designed bait 
stations, containing sugar syrup mixed 
with a snull amount of pesticide. 
The pesticide is a slow-acting poison, 
capable of killing bees through both 
contact and ingestion. Feral bees visit 
the bait stations , take up the solution, 
return home and deliver the pesticide 
to the hive. 

Results of the New Zealand 
study demonstrate that the method is 
effective, with bees attracted to baits 
promptly and in large numbers. It is 
estim.ated that if approximately 10 per 
cent of the bees in a colony visit a 
bait station and consume the poison, 
the entire colony will die. Although 
the results of the New Zealand study 
are promising, additional research is 
required to develop a safe and efficient 
control method that is appropriate 
for use in the Western Australian 
environm.ent. 

As a result, the Department of 
Environment and Conservation (DEC) 
has joined forces with the Water 
Corporation to conduct important 
research into the development of 
procedures to control feral bees in 
WA. The main aim of the strategy is 
to reduce feral bee populations in areas 
where they are having a negative impact 
on native plants and animals, particularly 
black-cockatoos, and on visitor safety at 
high-value recreation sites. 

Research and baiting trials 
Researchers will investigate the 

ecology of feral honeybees and how 
their behaviour is influenced by specific 
environmental conditions that may 
affect the development of procedures 
for their control. They will also try 
to ascertain if this control program 

poses any risks to native animals and 
determine how to reduce these risks to 
acceptable levels. 

The study will examine the most 
effective method to attract bees, the 
average size and strength of a feral 
colony and the number of colonies or 
bees that visit particular bait stations. It 
will need to establish the volume of bait 
that is required and consum.ed by feral 
bees . It will also attempt to determine 
the distances travelled by feral bees to 

a bait station and hence the density of 
bait stations needed to treat a specific 
area. Finally, it will investigate how 
long it will take to kill feral bee hives 
in a specific area and how often hives 
or areas will need to be treated to keep 
them free from feral bees . 

So far, trials have revealed a number 
of substances capable of attracting very 
large munbers of feral bees to bait 
stations. Preliminary trials have also 
demonstrated that remote bait stations 

Interesting facts 

European honeybees have a highly developed socia l structure, with three 
main types of colony members: workers, drones and a queen . The queen bee 
is responsible for lay ing thousands of eggs per day, and is also capable of 
commanding colony members to perform spec ific tasks by re leasing spec ific 
chemical messages known as pheromones. Drones are male bees that serve only 
one purpose-mat ing with the queen- while workers are 1·esponsible for a wide 
variety of tasks inc luding feed ing the queen and drones, defending or protecting 
the queen, and collect ing floral resources such as nectar and pollen. 
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do uot ;1ppc;1r to pose a si gnifi c;111t threa t 

to non - t:irgct species, sL1 ch as in sects and 

birds, through pri1mry poisoning. The 

concentration of pesticide proposed for 

use is extremely low ;rnd poses 111inimal 

risk to larger animals if co11su111 cd. 

However, b:1i t stations will be designed 

to exclude birds :1nd nian11n:ds fro m 

comu111ing the bait. 

While baiting cannot discriminate 

hctwl'l'll the fcr;il bee :md the 11011 -

targt't commercial honeybee, D EC 

manages beekecpcr ;1ecess to all public 

land throllgh the C o11.mvatio11 (//Ill Laud 

!'vla1111gc111c11t Act l 984 and Sta11d(lrd 

Apiary Site Co11ditio11s. 
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Api:1ry site penn its :ire gran ted by 

DEC to apiaris ts wh o ;1gree to :1bide 

by stringent enviro11me ntal condi tions 

th;1t, when followed, ensure compliance 

with the departme nt 's manage m ent for 

di eback control ;rnd fire prevention , 

:md redu ce the risk of bees swarming. 

l'en11it holders 111ust cont:1 ct their 

relcv;mt I) EC d istri ct ;1pi:1ry sitl' offi cer 

prior to placin g or removing beehives 

within their pern1it ;1re;1. Effective 

1mnagc111e11t of th ese sites by I) EC will 

allow segregation betwee n mana ged 

bees and those fer:d bees being targeted 

in control prog r;1n1s . DEC will also work 

in co nsultation with th e beekeeping 

Left A native blue-banded bee feeds on 
nectar from a eucalypt flower. 
Photo - Jiri Lochman 

Below DEC's feral bee project officer 
Jacquel ine Hay conducting field trials . 
Photo - Gareth Watkins 

industry to further eliminate risks to 

co111mcrcial bees, or redu ce them to ;111 

acceptable level. 

A standard operatin g procedures 

m anu;il will be developed :is part of 

this strategy, to address the rul es ;111d 

regulatio ns that apply to the use of 

pesticides in Publ ic Drinking Water 

So ll rce Areas and o ccu p;1ti o nal , hea lth 

and safe ty guidelines. 

It is hoped that the research will 

result in a safe :md e fficie nt lllethod 

of co ntrolling feral bees in WA. Feral 

bee con tro l ;1i1ns to preserve a more 

sus t;1 i11 abk source of nec tar ;u1d poll en 

for th e b eekeepin g indL1stry and 

111inirnise ;my impa cts from a potential 

ou tbreak o f di se;1se. 

If we can control feral bees we can 

lessen th e threat to the survival of our 

uniqu e bLi ck-cockatoos, and improve 

biodiversity valu es i11 th e south- west 

by redL1cing the pressures fa ced by all o f 

our native species, from the wi ld flowers 

and native insec ts to larger animals 

such ;1s birds :ind possums. 

Jacqueline Hay is the fera l bee proJect 
officer with DEC's Spec ies and 
Communit ies Branch at Kens ington. 
If you wou ld liile to repo1·t the locatio11 
of a feral beehi ve 011 publ ic lands 
such as parks and reseI·ves, contact 
Jacquel ine on (08) 9423 0103 or by 
email (jacquel ine. hay@clec.wa.gov. au) . 
A GPS coordinate would be helpfu l, 
although spec ific details of the 
locat ion wou ld suff ice. 

Mary-Anne Clunies-Ross is the 
Cockatoo Care Corn·d inator at the 
Water Co1·poration in Leederville. She 
can be contacted on (08) 9420 2796 or 
by ema il (mary-anne.clun ies-ross@ 
watercorporat ion.com.au). 





T he effects of th e Jan uary 2005 
deliberately-lit wildfire in the Perth 

hills were widespread (see 'Perth hills 

under fire ', L / INDSCO /JL::, Winter 

200'i) . For almost seve n days, 111uch 

of the l'erth 111ctropolit:lll area w,1s 

bLn1kcted 111 smoke. Al1llost J 'i()() 

lirdightns fro n1 what was thell the 

I kp,irt1m·11t of Conscrv;1tion :11HI L llld 

M:111agen1ent, the Fire and Emergency 

Services Authority, the Forest IJrod ucts 

C:0111missio11 , WA J>oli ce and vo lunteers 

:1ssistcd with the fire suppression 

operation. 

Because the tire was in the fo rests 

i1llrnediately east of Perth , ne,1rby 
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commt1niti es had to be prepared 

to protect their h om es or evacuate. 

The rest of the State looked on as 

orchards , fencing, t:lrn1 bu ildings and 

pine plantations wne damaged and 

sections of the Mumb 13iddi Trail and 

Uibbuln1t111 Trc1ck were burnt. The 

crosioll of soil b:1red by the w i11tcr 

r;1ins resulted in sil ting of strL·a1\ls ,11 1d 

deterioration of the water qtdity of 

Perth 's catc hmen ts. 

An event to learn from 

T he prox11nity of the fire to Perth 

city-and its size and intensity-w;1s 

unlike:1ny previously experienced in WA. 

It was clear early on that the fire would 

presen t many learning opportunities for 

;1gencies involved in fire suppression and 

biodiversity sc ience. It ,dso became clear 

to the Department of Environme nt ,rnd 

Conservation's (DEC:'s) Senior Project 

Officer, Liz Moore, :111d the l'crth hills 

Er0 Edu c:1tioll tc:lll l, th,1t WA teachns 

,llld their studellts cou ld also L1rn 

v,ilu :1ble lessons. So, :1s the g rL'cn shoots 

began to sprou t ,llld the hush began to 

rcge 11 erate, the seed w,1s being sown 

for 'Fire, :1 force ot li fc'- the newest ot 

DEC:'s EcoEd uution progr;m1s. 

Hands on 
'Fire, :1 force of li fe' is a prngrarn 

offe rin g protession:d learning days fo r 

teac hers, resources for the cl:1ssroo111 

and h,111ds- on exc ursio n activi ti es. It 

was designed fo r Years I 0 , I I :1nd 12 to 

develop learn in g in the cur riculum areas 

of Science, Society ,md Environm ent, 

:md English. T he full -day exc ursion is 

based at the l'crth Hills National Parks 

Centre i11 Mundaring (sec pages I 8- ·19) 

close to the wildfire site. Activities ,ire 

hands 011, giv i11g students a11 i11sight 

i11to the i1np,1ct offirL· 011 biodiversity in 

forest ccosystcllls; the interrelationshi ps 

betWCl'll l·irc, pLmts :111 d ,H1i1n:1ls: am! 

the role of sc ience 111 sust:1inabk f·o rcst 

n1 :111 :1gc1ncnt. 

Studc11ts arc take11 0 11 ;1 tour of 

p:irt of the wild fi re-afl-ectcd arc:1 (the 

fire 's actt!Cl! perimeter was about ·1 (,() 

kilo1n ctres) and they do sampli ng wo rk 

in qu :1dr:1ts set up in ;1rc:1s bu rnt by the 

fire to :1ssess changes in the biodiversity. 

l'hotos t:1ken ,1t set poi nts help to 

illustrate the changes to the pl:rnts and 

anim:ds in the months fo llowing the fire. 

Students use biologic:d :md geographica l 

field techniques to L'X:m1ine the i111 p:1ct 

Previous page 
Main During a professional learning 
day for teachers, Liz Moore (standing) 
checks a quadrat in the area burnt by 
the 2005 wildfire. 
Inset The fringed li ly ( Thysanotus 
mang/esianus) is one of the species that 
has resprouted in the burnt area. 
Photos - Rhianna King/ DEC 

Left The wildfire in the Perth hills burnt 
through 28,000 hectares. 
Photo - Ron D' Raine 



on biodiversity of fuel reduction fires. 
They also learn about the practices 
employed by Aboriginal people on the 
land for the thousands of years they 
were its primary managers. This is done 
with consideration to the way plants 
and animals have adapted to fire. The 
students can then continue their learning 
back in the classroom. with the student 
resources provided by EcoEducation. 

The programs aim to encourage 
interest, debate and understanding in 
school conu11unities about the science 
and challenge of fire management, 
including fuel reduction burns, as we 
are all directly or indirectly affected by 
wildfires. The programs provide students 
and teachers with the information to 
make up their own minds about fire 
management. It seems at the end there 
is one thing everyone agrees on-the 
complexity of the issue! 

Above A student uses photos to 
compare the landscape in the months 
after the fire on the 'Fire, a force of life ' 
excursion. 
Photo - Liz Moore/DEC 

Above right DEC Regional Fire 
Coordinator Rob Towers (left) uses a leaf 
litter gauge with teachers to measure 
the amount of fuel on the forest floor. 

Right An area in the Perth hills where a 
fuel reduction burn was carried out. 
Photos - Rhianna King/DEC 

Rh ianna King is a Communicat ions Off icer with t he Department of Environment 
and Conservation (DEC) and a LA NDSCOPE ed ito r. She can be contacted on 
(08) 9389 8644 or by email (rhianna.k ing@dec.wa.gov.au). 

For more informat ion about any of t he EcoEducati on prog rams, contact 
Li z Moore, DEC's Senior EcoEducat ion Officer on (08) 9334 0387, by email 
(liz .moore@dec.wa.gov.au) or visit DEC's webs ite (www.naturebase.net) . 
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T emperatures throughout Western 

A ustralia have risen during the 

twentie th century (see the graph 

below), 111;1i11ly du e to warmer nights 

rather th ;rn hotte r d;1ys. 

Since the 1970s, average ;m 11u:1l 

r;1inf:11l in 111;111y p;1rts of the south­

west region has f:11len signific;1ntly 

(see 111;1p on page 57). P ... esearch by 

the Indian Ocean C limate In itiative 

(IOCI) partnership has revealed that 

this reduction !us almost entirely 

resu lted from a loss of rainfall in the bte 

autumn and early winter months. The 

Llureau of Meteo rology ;md CSl RO 
have advised that th is change is at least 

partly due to global clim:1te change. 

Warmer weather ;111d drier winters 

are gre;1t fo r hikers and campers, ;md for 
some spor t-; ;111d recre;1 tional ;1cti vities . 

Ag riculture also seems to have benefited 

from fewer waterlogged areas. l3ut these 

changes have also generated significant 

economic :111d environmental costs. 
Lower rainfa ll has already req u ired 

new sources of w;1ter co be developed , 

with new infrastructure such as da111s , 

pipelines and ;1 desalination plant being 

constructed. Even with increased 
i11vest111ents i11 wate r infrastru cture 

and a stronger focus 011 using water 

e ffi cientl y, harvestin g further w;iter 

resources such as the Yarragadee ;1quifcr 

is being considered. 

Th is in cre;1sed co n1petition for 

li mi ted w;1tc r resou rces requires water 

planners and th e broader commun ity 

to determine how much water shou ld 

be all ocated to local communities 

and industries, how mu ch to the 

reg ional centres , how much to the 

Perth 111etropolitan region and how 

mu ch to th e e nvironment. Whe n an 

;i\read y li111ited reso urce is reduced, 

competition becomes fierce. 

It appears th;1t redu ced rainfoll and 

increased water harvesting from the 
Gnang;1r;1 aquifer (in th e nor thern 

Western Australia's annual mean temperature (base 1961-1990) 
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Year 
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Previous page 
Main Climate change wil l affect rai nfal l 
patterns and storm intensity. 
Photo - Len StewartjLochman 
Transparencies 
Inset Birds are a key indicator of 
environmental impacts resulting from 
climate change. 
Photo - Jan van de Kam 

Left Lower water levels in caves at 
Yanchep National Park threaten critically 
endangered invertebrate communities. 
Photo - Michael James/ DEC 

Below left Western Australia's annual 
mean temperatures increased during the 
twentieth century. 
Courtesy Bureau of Meteorology 

Perth reg io n) have res ulted in lower 

wa ter levels in th e caves of Yan chep 

National Park , threatening species 

found on ly in those caves . To maintain 

the environment these species require, 

the Department o f Environment and 

Conserv;ition (DE C) h;is pumped 

water into th e c;ives for the past five 

years (see 'Threatened wildlife of the 

Yan chep caves', L/1 N DSCO PE, Winter 

2002). Howeve r, th e region 's wetlands 

and assoc iated vegetition have ;1lso 

been ;1ffected and these enviro11111ental 

values arc h:irder to maintain. 

What about the future? How lo ng 

ca n water pumping be maintain ed in 

the Yanchep caves and the rare species 

protected' How many ecosystems and 
habitats can be 111;1int;1in ed artifi ci;11ly 

in th is way, as living museums , if 

climate change conti nues to affect WA 

and forces society to make necess;iry 

but difficult decisions about responding 

to its impacts ' 
To understand these issues and be 

ready for the challenges they present 
we need to have re;1so11 ;1blc projec tion s 

of future cl imate co nditions and a 

sound understanding of th e relationsh ip 

between c limate and biodiversity 

values (spec ies, ecosystem structure and 

ecological processes) . 

Climate projections for WA 

C limate projections , developed 

from computer models, suggest how 

the Earth's atmospheri c processes 

arc likely to change under specified 

conditions. Such projections are our 

best indication of future climates. 
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Above Coastal wetlands such as 
Herdsman Lake could become smaller or 
disappear with lower rainfall and higher 
temperatures. 
Photo - Michael James/DEC 

Right Several coastal areas in WA­
including the south-west-have had less 
rainfall while parts of the north-west 
have become much wetter over recent 
decades. 
Courtesy Bureau of Meteorology 

'Dangerous climate change' 1s 
a term used in the United Nations 
Fran1ework Convention on Climate 
Change to indicate the level of change 
that should be avoided by international 
action. Analysis of the likely impacts 
of te111perature increases suggests that 
dangerous climate change would occur 
if global average temperatures rose 
more than 2°C above the prevailing 
global average temperatures before 
widespread use of fossil fuels and land 
clearing started in about 1780. As 
temperatures have already risen by 
about 0.6°C since 1780, a further rise 
of only 1.4°C could bring dangerous 
cli1nate change to the world. 

Climate projections recently 
published by the CSIRO indicate 
that average annual ten1peratures 
are likely to continue to rise in WA. 
Even the relatively small temperature 
increases projected for the south­
west approach 'dangerous' levels, but 
the temperature changes projected 

Trend in annual total rainfall 1970-2006 
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for the Pilbara far exceed dangerous 
levels. CSIRO projections of rainfall 
change in WA show that while average 
annual rainfall is likely to be reduced 
in the south-west region-a global 
biodiversity hotspot-it could increase 
in other parts of the State. However, 

the key climate events that affect our 
communities and the ecosysten1s with 
which we are fan1iliar are likely to be 
more specific and local, such as hot dry 
periods , extended droughts , storms or 
floods . Global climate n1odels are less 
capable of providing projections for 
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these para1neters, so a risk management 

approach is required to analyse the 

potential impacts of climate changes 

of this type. 

Climate and biodiversity 

Climate 1s a fundamental 

determinant of where pbnts and other 

living species can establish the!1lselves, 

survive and reprodu ce, and is a factor 

in the evolution of species. Therefore, 

wh en a region 's climate changes , th e 

region 's biodiversity v:ilucs- the species 

found in the region and th e ecosystems 

they form- will also change. 

C limate chan ges arc havin g 

both direct and indirect influences 

on bi odiversity values. C hanges to 

climate directly affect species and th e 

ecosystems they comprise, through 

cha nges to ambie nt temperature, 

rainfall , wi nds and extreme events. 

C lirnate ch:mges also indirectly affect 

species and ecosystems by alterin g 

i111portant factors such as fire frequen cy 

:rnd bch:1vio ur, the spread and intensity 

of salinity and dise:1ses such as di eback 

(caused by the introdu ced pathogen 

Ph)'to11hthom ri111w11w111i) , competiti on 

and precbtion, and altering water flows 
:md rcso11rccs. 

Other il1lpacts wi ll res ult from 

factors ;1ssoci:1 ted with climate chan ge. 

For example, higher levels of carbon 

dioxi d<: are likely to aff<:ct plant 

proc<:sscs such as photosynth esis and 

arc already increasing oc<:an acidity, 

with sig11ific1nt impacts on corals. 

Higher s<:a levels and more intense 

storm ev<:nts will also affect highly 

diverse in t<: rtidal zones and wetlands. 

Top left Climate change is expected to 
affect the spread of salinity, which is 
already a major threat to hundreds of 
species in the State's south-west. 
Photo - Sallyanne Cousans 

Above left Low-lying coastal areas are 
highly vulnerable to increased storm 
intensity and rising sea levels. 
Photo - Clay Bryce/Lochman 
Transparencies 

Left Scientists are yet to understand how 
climate change may affect the size and 
frequency of bushfires. 
Photo - Len Stewart;Lochman 
Transparencies 



Right Cracked earth caused by drought. 
Photo - Marie Lochman 

Below right White-striped freetail bat. 
Photo - Babs and Bert Wells/DEC 

Ecological principles can provide 
guidance about many of these impacts. 
For instance, these principles would 
suggest that, as an area becomes warmer, 
species currently found there would 
migrate to a new location with their 
preferred environmental conditions. 
The new location would n10st likely 
be in an inherently cooler place, such 
as further from the equator, closer to a 
moderating influence such as an ocean 
or higher in the landscape, such as 
further up a mountainside_ However, 
the situation doesn't appear to be as 
simple as this in WA 

Because the south-west has 
experienced repeated periodic climate 
changes over millions of years, many 
species indigenous to the region n1ay 
have a very broad tolerance of extreme 
clim_ate conditions_ However, our 
understanding of how such episodic 
climate variation has affected the 
climatic dependence of the region's 
plant and animal species is limited_ 
In other words, we are not sure what 
the climate thresholds might be for 
plants and animals in the south-west_ 
This brings into sharp focus the need 
for effective and responsible risk 
management strategies. 

Climate and soil are not the only 
factors that determine where plants and 
animals are found_ Ecological processes, 
such as cmnpetition, are an important 
local factor in the distribution of plants 
and animals_ Evolutionary history or 
local extinction from fire or predation 
also affect where species are found or 
are absent. To manage climate change, 
scientists need to know the extent to 
which climate is determining where a 
species is found; and whether climate 
change will favour rare or vulnerable 
plants and animals or the stresses and 
forces that may endanger them_ In 
addition, little is known about the 
impacts of higher carbon dioxide 
concentrations on Australia's land and 
manne species. 

':'~-.,,~-- ~ .,' __.;.,;...-,- , -. ;•. ~--~ : -'c ;~·.:;~; 

An ani mal's habitat compr ises shelter and sources of food and water, all of 
wh ich can be affected or even determ ined by weather and climate_ When cl imate 
changes, so does habitat. The key question is whether thresholds of habitat 
change are crossed that result in habitat no longer being suitab le for an animal. 
For instance, a drier climate may not support key seasonal food sources on wh ich 
a species may depe nd . 

While the range of most animals appears to be largely determined on ly part ial ly 
and indirect ly by c li mate, the range of a few animals appears to be direct ly 
affected by c li mate. For instance, the wh ite-str iped freetail bat (Tadarida 
austra/is) appears to have a c li mat ic range determined by a combination of 
temperature and humidity th reshold condi t ions. The bat migrates annua lly to 
stay wit hin these cond it ions as seasons change and weather varies . 

Managing the risks of climate 
change 

Because there are so many 
con1plex biological variables, it is hard 
to confidently project future climate 
conditions and the role of climate 
111 determining the survival and 
reproduction of species_ Observations 
of birds are frequently used, because 
they are well studied, highly visible 
and very mobile. Som_e observations 
indicate WA's ecosystems are 
already being affected by changes to 
climate_ These include reduced 
productivity of some birds in the 
south-west, a southerly spread in the 
range of some tropical seabirds, and 
changes to the tin1e of arrival and 
departure of some bird species in semi­
arid regions_ 

What can we do in the face 
of this climate uncertainty and 
biological complexity? There are four 
key responses: firstly, to reduce the 
causes of climate change; secondly, 
to increase our understanding of the 
impacts of clim_ate change on the 

State's ecosystems; thirdly, to limit the 
impacts of climate change as much as 
possible; and, finally, to safeguard the 
n10st vulnerable species. 

Reducing the causes of 
climate change 

Greenhouse gas concentrations need 
to be limited to levels that would not be 
dangerous. This will require reductions 
in global net emissions of 50 per cent 
or more by the middle of this century. 
Halting clin1ate change will only be 
accomplished through concerted global 
action to increase energy efficiency, 
adopt renewable energy options, reduce 
greenhouse gas emissions through a 
range of technological innovations 
and minimise land clearing. However, 
biodiversity protection and land 
management can play an important role 
in lowering atmospheric concentrations 
of carbon dioxide by mcreasmg 
vegetation. DEC is directly involved 
111 developing and implementing 
revegetation options such as oil mallees 
and biodiversity plantings which help to 
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reduce salinity and erosio n and protect 

biodiversity, while redu cing atmosph eric 

carbon dioxide. Similarly, removin g stock 

and fe ra l herbivores fro m pasto ral areas 

and allowing vc:getatio n to regenerate 

can 111crease carbon seq uestra tio n, 

protect biodiversity valu es ;md stabilise 

landscapes. 

Better information 
Underst;mdin g th e rol e o f clillla te in 

ecosyste m comp os iti o n ;1nd fun cti o ni ng 

will enable us to better prep;ire fo r th e 

i111 pacts o f future clim;ite change. 

We need to ide nti fy th e areas, 

species :ind ecosys tems most :it risk 

fro m proj ected chan ges in clilll ate . 
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M odelling climate change impac ts 

requires good inform ation abo ut a 

large number o f factors, including the 

distributio n o fspecies,the rol e o f climate 

in determinin g this distributio n , and 

clima te th res ho lds spec ies might have. 

O th er req uired info rm ation includes 

th e capacity o f a species to migrate, the 

poten tial in fl uence of cl imate change 

on pests , diseases, pred:1to rs an d other 

threats, and possible influe nces o f 

hi gher atm osph er ic concen tra tio ns o f 

carbo n dioxide on pbn ts ;ind animals. 

While chan ges to WA 's cli11i ;1te 

have been measured us111 g lo ng­

te rm spec i:1lised wea ther st;1ti o ns, 

there JS n o equi v;den t eco log ical 

m o nito r ing syste m , ;ipar t from th e 

FOR .. ESTC I-I EC K syste m (see' Kee ping 

o ur fo rests in check' , LIINDSCOPE::, 

Autu mn 2004). Ded icated eco logical 

lll o ni torin gstatio ns in highl y vul nerable 

ecosystems wo uld en,ible sc ientists and 

m ana gers to iden tify eco logical changes 

an d to develop and implement timely 

respo nses to them. 

Re fuges are li ke ly to play a 

significan t role in harbo urin g p lan t 
an d ;rnillla l spec ies und e r ch;in gecl 

c limate conditions. It is importa n t th ;it 

th e ch,1r:1cteri sti cs of future refuges 

be ide ntifi ed to suppm t dfrc ti ve 

co 11 serv;1 ti o n initiati ves such ,is nati o nal 

parks and co nserva ti o n reserves. The 

implicatio ns of clim ate change for the 
design ofWA's reserve system must be 

understood , and th e role o f regio nal 

links studied . 

Th e indirect im pacts of cl imate 

change also need to be well un ders tood . 

For ins tance, lower rai nfall wi ll norm:dly 

red uce th e number and size o f leaves, 

w hich in turn wo uld redu ce lit te r 011 

th e g round . L3ut w hen lower rain fa ll is 

associated w ith .i longe r dry summer 

season ;llld warlllcr te mper;1tures ;ire 

also ex peri enced , the fire sc;iso n JS 

ex te nded. I 11 this ci rcumstance, it is 

un clear how fi re fre qu ency, in tensity 

;mcl scde w ill be affec ted: more 

fre qu ent, hotte r and bigger fires o r less 

fre qu ent, cooler and Slllall er fires seem 

equ :illy phusiblc using our rn rrent 

undcrstmd ing of how cli mate change 

mi ght affi.·ct fire be hav io ur. 

Limiting the impacts of 
climate change 

WA 's ccolog ic 1l systems arc already 

signifi c rntly :iffccted by clearin g, 

g raz 11 1g, pred;i t ion by in tro d uced 

spec ies suc h as th e cat ;rnd fox, sal inity, 

di seases suc h as /Jfiv101,IJ1/1 ora- caused 

d icback ;lll d in :1ppropr i;1te fire rcgilll es . 

H ence, o ne o f th e best ways to directly 

redu ce th e vuln e rab ility of WA 's 

eco logic d systems to cli111;1te chan ge is 

to redu ce the impacts and dam age th ey 

;dready ex peri ence . We th erefore need 

to repbnt o r revegetate many clc;ired 

areas; redu ce or exclude gr,1zing ;rn d 

fe ral ,rn imals fro m ;ireas havin g hi gh 

b iodiversity v;1lu es; redu ce ca t and fox 

predation ; redu ce th e spread of salinity 

and di eback; sto p th e introductio n o f 

new predato rs, pests and diseases; and 

Like ;icco un t of clim;1te chan ge wh en 

using ri re as a manage ment too l. 

Pro tec tin g o r es tabli shing corrido rs 

that al low plan ts and animal s to 

Above left Insects and other rapidly 
reproducing highly mobile species can take 
advantage of changing climate conditions . 
Photo - Dennis Sarson/ Lochman 
Transparencies 

Left Sea level rises could affect 
mangroves which stabilise many of WA's 
northern coasts. 
Photo - Jan van de Kam 



Right Beneath the Busselton Jetty. 
Low-lying coastal infrastructure and 
wetlands in the Busselton region are 
likely to be affected by rising sea levels 
and increased storm surges. 
Photo - Ann Storrie 

migrate as climate changes alter their 
environn1ental conditions and habitats 
is also a key strategy, both within 
the reserve system and across regional 
landscapes. 

Identifying core climate refuges and 
providing them with specific protection 
will be an increasingly important 
option as climate change becomes more 
widespread. Where such refuges lie 
outside the reserve system, partnerships 
with landowners or extension of the 
reserve system. will be crucial. 

Safeguarding vulnerable species 

Where climate change is likely to 
result in some species becoming locally 
extinct, seed collection and storage or 
protection in a zoo or a garden will be 
required. Protecting species in this way is 
an essential element of a comprehensive 
biodiversity conservation program, and 
will be an increasingly important option 
as climate change proceeds. 

Our greatest threat 

Climate change 1s increasingly 
described as the greatest threat facing the 
Earth and its ecosystems. WA is already 
being affected by climate change, with 
reduced rainfall becoming normal over 
much of the south-west. T he impacts 
of this are already evident. 

Maintaining WA's species and 
ecosystems will demand greater 
knowledge, increased efforts to reduce 
greenhouse gas emissions and actions 
to reduce environmental stresses such 
as salinity, diseases, introduced pests (see 
'War against weeds ' on pages 39-43) 
and predators and inappropriate fire 
regimes. In addition, clim ate refuges 
and links will need to be identified and 
protected. 

Initiatives of this type already form 
the basis of DEC's nature conservation 
programs, but much more will be 
required to protect WA's biodiversity 
values if climate change alters the 
processes which underpin the State's 
ecological systems. 

Sc ientists have long sought to understand the causes of climate change, 
including variations in the energy received from the sun, smoke from erupting 
volcanoes, the emergence of mountain ranges or islands, continental drift and 
changes in the chemical compos ition of the atmosphere. 

Whi le all these factors can affect climate, there are two broad causes of long­
term cli mate changes. Var iations in the amount of solar radiation and energy 
received by Earth-resulting from minor alterations in the Earth's orbit around 
the sun, the t il t of the Earth's ax is and a wobble in the Eart h's axis- could 
combine to alter the amount of solar energy received on the Earth's surface. 
These long-term inf luences on the Earth's climate, now termed the 'M ilankovitch 
Cycles', have influenced the development of glac iations and warmer periods for 
millions of years. Mi lankovitch Cycles are independent of human activi t y. 

The second long-term cause of climate change is altered composit ion of the 
Earth's atmosphere result ing from human activit ies, espec ially fossil fuel use 
and land clearing. Cl imate changes resu lt ing from human-induced changes to 
atmospher ic compos it ion are popular ly termed 'the greenhouse effect' . Society 
is challenged in 2006 both to reduce atmospheric changes and to successfu lly 
adapt to climate changes that are already unavoidable. 

Richard Mc Kellar is DEC's Greenhouse - Biodiversity Policy Advisor. He can be 
contacted on (08) 9334 0520 or by email (richard .mckellar@dec.wa.gov.au). 

Ian Abbott is Leader of Science Applications Program in DEC's Science Division. 
He can be contacted on (08) 9334 0526 or by email (ian.abbott@dec.wa.gov.au). 

In wr it ing th is art icle, the authors referred to a rev iew article in the Bulletin of 
the American Meteorological Society, February 2006, by Lynda Chambers entitled 
'Associations between climate change and natural systems in Australia'. 
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Sandgropers 

Insects ... the hot summer 
day was full of them, the air was 
a crazy conglomerate, a soup 
of airborne invaders going .. . 
everywhere , anywhere and 
nowhere. 

Resting with head on hands, 
I stared down through the 
crystal clear water at my feet on 
the top step in the swimming 
pool. Scuttl ing across the water 
surface were hundreds of little 
insects, then I realised there 
were still smaller beasts ducking 
and weaving among the others ... 
thousands perhaps. Question 
is , how many millions couldn 't I 
see? Was I about to be the host 
of these silent invaders? 
I retreated to my diggings in the 
backyard. 

The creamy quartz sand 
grains fell away from the spade 
as I prepared a t rench then, to 
my horror, it happened again. 
This time the grand-daddy of all 
local insects , a huge , brown , 
shiny sandgroper dropped onto 
my bare foot. 

Now, I know they don't 
have fangs (like a pit-bu ll or a 
centipede), but it was a quick 
tango out of there for another 
little rest and to ponder, up 
close and personal, this ungain ly 
arthropod. On the human scale 
of beauty, on ly their mothers 
would love them but, in some 
countries around the world, th is 
fat little number would definitely 
rank highly as a gourmet's 
delight. 

Re latives of grasshoppers 
and crickets, local sandgropers 
Cylindraustra/ia kochii or 
C. tinda/ei (the two found in the 
Perth area) are slow-moving 
subterranean insects that live 
in our sandplains and tunnel or 
crawl th rough loose quartz sands 
for virtua lly their ent ire life. 

There is, however, a strange 
personal feeling of pride and 
protection in Western Australia 
whenever one is 'unearthed', 
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• 
lCS by John Hunter 

probably because the term 
'sandgroper' has a long history 
as a co lloquial name for people 
born and raised in the State. So 
all you 'out-of-staters' (and I know 
there are a lot of you , because I 
can 't buy a cheap house anymore 
or drive to work in a respectable 
time) please treat sandgropers 
with respect. 

The grub-like, very elongated 
and cylindrical body has small, 
thick mid and hind legs recessed 
in the middle section of its 
length, which enables it to move 
forward or back-pedal with ease 
along its tunnels. The forelegs 
are high ly modified for burrowing 
and don't look like legs at all. 
They are also short, but are 
flattened , have pronounced 
finger-like spines and are 
situated on either side of the 
head. 

DID YOU KNOW? 

The insects burrow by 
parting the soi l ahead of them 
with breaststroke-like motions 
of their very powerful forelegs, 
compressing the soil and 
creating an open gallery as they 
progress. A tell-tale sign of their 
presence, particul arly after rain, 
is the raised ridges of soi l on 
windswept surfaces as they 
actively burrow just below the 
surface , possibly in search of the 
base of a succulent plant stem 
or looking for mates. 

While farmers are a bit down 
on sandgropers for nicking the 
best selections in some cereal 
crops, city folk can take heart , as 
recent studies have shown that, 
besides introduced and native 
plant material, sandgropers eat 
sand-dwelling insects and the 
occasional feast of termites. Now 
that's squaring up the ledger. 

• Sandgropers were once thought to be degenerate mole crickets . 
While their digging apparatus and head are simi lar, mole crickets 
are long legged and a 'typical cricket' shape. 

• Like grasshopper relatives , sandgropers do not change shape 
in metamorphoses. They develop from a single egg deep in a 
burrow and have no larval stage. 

• Dr Terry Houston at the WA Museum would like frozen intact 
samples from the great southern and south coast regions of WA 
to further his studies on th is amazing insect. You can contact 
him by email (terry.houston@museum.wa.gov.au). 



south and somewhere • between ... 

The Turquoise Coast book, the newest Department of Environment 
and Conservation publication, showcases the area spanning 
Lancelin to Leeman. With exquisite photographs, and fascinating 
information about the area's past and present, the book explores 
the underwater attractions of Jurien Bay Marine Park, the 
dozens of islands and the astonishing wildlife living on them, the 
remarkable Pinnacles, the wealth of wildflowers and caves, and 
the towns and landforms of the region. 

From the breathtaking gorges of the Pilbara to the giant 
forest trees of the south, Western Australia encompasses 

hundreds of thousands of square kilometres of unique and 
diverse landscapes. The best of the North West and The best 
of the South West bring together a collection of features that 

encapsulate the wonders of the State's northern and southern 
areas into special edition magazines. Perfect for a gift, as a 

reference or as inspiration for your next trip . 
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$9.95 each 

$29.95 






