Bush Forever Site Description {from Bush Forever Volume 2 Government of WA 2000), for the Maps see Volume |

BERNARD ROAD BUSHLAND, CARABOODA

Boundary Definition: bushland (part taken to cadastre) boundary (Boundary adjusted from that in draft Perth’s
Bushplan.)

SECTION 1: LOCATION INFORMATION

Bush Forever Site no. 129 Area (ha); bushland 102.2

Map no. 13 Map sheet series ref, no. 20341V NE
Other Names: Submission Area 290

Local Authorities (Suburb): Shire of Wanneroo (Carabooda)

SECTION 2: REGIONAL INFORMATION

LANDFORMS AND SOILS
Spearwood Dunes
Sands derived from Tamala Limestone (Qts: $7)
Tamala Limestone (Qtl: LS2)
VEGETATION AND FLORA
Vegetation Complexes
Spearwcod Dunes
Cottesloe Complex — Central and South
Floristic Community Types: *not sampled, types inferred
Supergroup 4: Uplands centred on Spearwood and Quindalup Dunes
*24  Northern Spearweod shrublands and woodiands
#26b Woodlands and mallees on limestone
*28  Spearwood Banksia attenuata or B, attenuata — Eucalyptus woodlands

WETLANDS

No wetlands mapped

THREATENED ECOLOGICAL COMMUNITIES
Not assessed

SECTION 3: SPECIFIC SITE DETAIL
Landscape Features: limestone ridge, vegetated uplands
Vegetation and Flora: timited survey (DEP 1998, WAWA 1995)
Structural Units
Upiands -—— Sands derived from Tamala Limestone: Eucalyptus gomphocephala Woodland to Forest over
Barnksia attenuata, B, menziesti and Allocasuaring fraseriana Low Woodland
Uplands — Tamala Limestone: Shrublands to Closed Heaths dominated by one or more combinations of
Melaleuca huegelii, M. systena and Dryandra sessilis var. cygnorum
Vegetation Condition: >70% Very Good to Excellent, <30% Good to Completely Degraded, with areas of
severe localised disturbance
Total Flora: not known
Significant Flora: Sarcozona bicarinata (3); typical Tamala Limestone taxa — Melaleuca huegelil, Grevillea
preissii, Trymalium ledifolium var. ledifolium, Petrophile serruriae subsp. nov. (GIK 11421)
Fauna: not known
Linkage: adjacent bushiand to the north (canopy cover), east and south-west (Site 130, across road); part of
Greenway 2 (Tingay, Alan & Associates 1998a); part of a regionally significant contiguous bushland/wetland
linkage (Part A, Map 7)
Other Special Attributes: adjacent to Coogee Swamp and Springs (Melaleuca rhaphiophylia Low Woodland to
Low Open Forest; Baumea articulata Sedgeland) which have a significant aquatic invertebrate fauna and are a
significant bird breeding area {WAWA 1995); contains historical cave (important fossils) and other karst features
(Bastian, 1998; Submission no. 176d); recommended for protection in the study of City of Wanneroo bushland
(Trudgen 1996); consolidates the linkage between Yanchep and Neerabup National Parks

SECTION 4; INTERNATIONAL AND NATIONAL SIGNIFICANCE
Not listed

SECTION 5: SELECTION CRITERIA AND RECOMMENDATIONS

Criteria: Representation of ecological communities, Rarity

Recommendation: Part A: Basic Raw Materials Negotiated Planning Solution, Part B: Rural Complementary
Mechanism (see Table 3, Volume 1).
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BERNARD ROAD BUSHLAND, CARABOODA

Boundary Definition: bushland taken to cadastre boundary

SECTION 1: CADASTRAL INFORMATION
(Lots, locations and derived information to be updated in the public submission period)

Bushplan Site no. 129 Map no. 18 Map sheet series ref. no. 2034-1V NE
Other Names Area (ha): totai 102.8; bushland 102.3
Submission Area 290
Local Authorities (Suburh) Zoning
Shire of Wanneroo (Carabooda) MRS: Rural
TPS: Rural, Landscape, No zone
Ownership Categories Lot/Location/Reserve numbers (Purpose),
State Government, Private (including commercial Street name
organisation) . 50, 6268 Bermnard Rd; 6155, 6265, 6266 Wanneroo Rd
- Crown Reserve

SECTION 2: REGIONAL INFORMATION

LANDFORMS AND SOILS

Spearwood Dunes .

Sands derived from Tamala Limestone (Qts: S7)
Tamala Limestone (Qtl: L.82)

VEGETATION AND TFLORA
Vegetation Complexes
Spearwood Dunes
Cottesloe Complex — Central and South
Floristic Community Types: *not sampled, types inferred
Supergroup 4: Uplands centred on Spearwood and Quindalup Dunes
*24  Northern Spearwood shrublands and woodlands
*26b Woodlands and mallees on limestone
*28  Spearwood Banksia attenuata or B. attenuata — Eucalyptus woodlands

WETLANDS
No wetlands mapped

THREATENED ECOLOGICAL COMMUNITIES -
Not assessed

SECTION 3: SPECIFIC SITE DETAIL
Landscape Features: limestone ridge, vegetated uplands

Vegetation and Flora: limited survey (DEP 1998, WAWA 1995)
Structural Units
Uplands - Sands derived from Tamala Limestone: Eucalyptus gomphocephala Woodland to Forest over Banksia
attenuata, B. menziesii and Allocasuarina fraseriana Low Woodland
Uplands- Tamala Limestone: Shrublands to Closed Heaths dominated by one or more combinations of Melaleuca
huegelii, M. acerosa and Dryandra sessilis var. cygnorum
Vegetation Condition: >70% Very Good to Excellent, <30% Good to Completely Degraded, with areas of
severe localised disturbance
Total Flora: not known -
Significant Flora: Sarcozona bicarinata (3); typical Tamala Limestone taxa - Melaleuca huegelii, Grevillea
preissii, Trymalium ledifolium subsp. ledifolium, Petrophile serruriae subsp. nov. (GIK 11421)
Fauna: no known information
Linkage: adjacent bushland to the north, east and south-west (BS130, across road); part of proposed Greenway 2
(Tingay, Alan & Associates 1997a); part of a regionally significant contiguous bushland/wetland linkage
(Volume 2ZA, Map 8)
Other Special Attributes: adjacent to Coogee Swamp and Springs (Melaleuca rhaphiophylla Low Woodland to
Low Open Forest; Baumea articulata Sedgeland) which have a significant aquatic invertebrate fauna and are a
significant bird breeding area (WAWA 1995); contains historical cave (important fossils) and other karst features
(Bastian 1998; Submission no. 176d); recommended for protection in the study of City of Wanneroo bushland
(Trudgen 1996); consolidates the linkage between Yanchep and Neerabup National Parks ’

SECTION 4: INTERNATIONAL AND NATIONAL SIGNIFICANCE
Not listed

% 268 Perth’s Bushplan - individual Bushplan Site description December 1998



SECTION 5: SELECTION CRITERIA AND RECOMMENDATIONS

Criteria: Representation of ecological communities, Rarity

Opportunities and/or Constraints
Opportunities: Bushplan Site/part Bushplan Site under TPS Landscape Zoning, Crown Reserve
Constraints: private land; under Priority and General Mineral Resource Area (limestone), mining tenement
M70/139 (Swan Portland Cement, operator Menchetti) for limestone cement

Recommendation: The most appropriate mechanism for the protection of this Bushplan Site be considered

through the public comment period in consultation with the tand owner(s).

December {998 Perth’s Bushplan 269
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WHAT DID GEORGE GREY DISCOVER?

T he first historic reference to the caves of the Yanchep
area comes from the pen of the explorer George Grey
{later Sir George Grey). Following his first journey of explo-
ration in the Kimberley region, he made in December 1838 a
short trip up to the Moore River area, which without the ardu-
ous circumstances of the major exploration was for him a
picasant interlude. On the way back towards Perth his party
camped at a spot north of a lake called Man-bee-bee
(Mambibby in a later spelling), which was the open water at
the Southern end of 1ake Yanchep, today's Lock McNess. His
Journal for December Gth {pp.308 & 3093 then reads as fol-

lows:

"December 6. - This morning, we started at daybreak, and
breakfasted at Man-bee-bee, and immediately after breakfust
resumed our route, 1 left the main party with two natives,
and travelled up a swampy valley, running nearly in the
same line as the chain of lakes we had followed in going. The
natives insisted on it thar these lakes were all one and the
same water; and when, 1o prove 1o the contrary, I pointed io
a bill running across the valley, they took me to a spot in i,
catled Yun-de-lup, where there was a limestone cave, on
entering which I saw, about ten feet below ihe level of the bot-
tom of the valley, a stream of water running strong from S. to
N. in a channel worn through the limesione. There are sever-
af other remarkable caves about bere, one of which was
called the Doorda Mya, or the Dog’s bouse. Probably, there-
Jore, the drainage of this part of the country is affected by the
chain of lakes, which must afterwards fall into the river I saw

to the norithward. We slept at Now-oor-goop.”
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This is the sole reference to cave visitation on the part of Grey.
It doubtless refers 1o the Yanchep area, and in a very general
sense Grey may be acknowledged as the ‘discoverer” of the
Yanchep caves. However, to say, as the cave guides used 1o do
for many years, that he discovered the tourist cave Crystal
Cave, was totally without foundation. Heney White discovered
it in 1903, Nor did Grey discover the nearby Yonderup Cave,
as one person suggested (Downey, 1958), for thar cave con-
tains no stream, The historian Ian Elliott (Elliart, 1977) tried to
ascertain where the cave seen by Grey might be, but was
stymied over the fact that no Yanchep cave stream was known
which flowed from: south to north. He considered that the
‘swampy valley' Grey follewed on making his approach o this

cave was probably Yonderup Lake.

Irejected this interpretation, mainly because Yonderup Lake
ties precisely along the chain of the lakes. The small gap
between it and Loch McNess (Grey's Man-bee-bee) makes it an
obvious route for the party 1o take. Whereas Grey says of his
swampy valley: “running nearly in the same line as the chain of
lakes we had followed -". So this was a feature either slightly
divergent or slighuly offset from the line. 1t would have to be
more or less open at its northern end, but closed off by a hill
at its southern end - the direction of his travel. it would also
have t0 be between Man-bee-bee and Now-cor-goop, which is
today’s Lake Nowergup, situated about ten kilometres south of

Yanchep.

For some years [ attempted to find a eave fitting the descrip-
tion inside the southern half of Yanchep National Park, but

without any success. Caves with streams there are, but they

Caver 1995



cither run the wrong way, or ate in the wrong topographic set-
ting, or simply 100 dark o be the sort of cave that the local
aboriginal folk may have entered. The last point needs to be
fully grasped, for the cave was already well known to them,
including the fact that it contained a stream. Clearly it would
have to be bright enough inside for them to access the stream

without any lighting.

Apart from that, there is really quite 2 lot of information stated
or implied in Grey's brief description. The following facts can
be adduced:

(f) cave is situated between Yanchep and Lake Nowergup,
(ify at the south end of a swampy valley,

(iii) or: a hiliside at the end of this valley,

(iv) contains a stream running south to north,

(v) the stream runs in a defined channel,

(vi) roomy entrance, to allow fight entry,

(vii) reasonably bright as far as the stream.

To this may be added the fikelihood that the cave be faitly low
o the hiliside. In this region all the streams are at the water
table, thus any cave having an entrance high on a hill would be
highty unlikely to permit light penetration to a stream deep
within the cave. In other words, one would be looking for a
roomy chamber as well as a roomy entrance, with the stream

only a short distance inside the chamber.

Beyond the southern boundary of the National Park there is a
swampy tract whicl: runs south-eastwards for approximately
two kilometres, taking in Mindarie Lake and Coogee Swamp.
The valley is terminated at its southern end by an east-west
group of hills., the highest being a prominent hill easity visible
from the north. Bernard Road South runs alongside the north-
ern flank of this hill, before swinging around the swamp, with

Coogee Spring situated in a reedy hollow just below the north-
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ern side of the road as it descends to the swamp level.

On 22nd February 1 visited for the first time a cave situated just
off the south side of Bernard Road South. 'The cave, known as
the Doogarch Site, is registered as an Aboriginal Site. The

location is within Reserve 24637,

The cave is well known to local residents, and contains a vari-

ety of litter. Its spacious, walk-in entrance opens to the north-
west, allowing sunlight to shine in, especially in the morning.
The main chamber opens up directly from the entrance area,
permitting ample amounts of indirect light to reach most parts
of the chamber. There is a short descent to a streamway at the
base of the western wall of the chamber. A second, smaller
chamber can be entered from the southern side of the main
chamber. This chamber, which is much darker, also descents
to the steam channel in two places. At the time of visiting it
the stream was dry, as are most of the underground streams in
the area, due to record Jow levels. However, there is ample
evidence in the form of solution carved rocks, to indicate that
at normal flow this would be a substantial stream, up toa

metre deep in spots.

I checked the trend of the stream, finding that it runs approxi-
mately south to north, winding between north-east and north-
west. Since there was no water at present, | was able to crawl
along the stream bed, and found that it runs from the main
chamber in 2 north-westerly direction, directly towards the
Coogee Spring. 1t was clear that this would be the normal
direction of flow of the stream. Solution markings in the por-
tion of the stream that runs through the main chamber show
that at normat flow it would run in a defined channel. (By con-
trast, many Yanchep cave streams zre broad and shallow, with
an ifl-defined margin that disappears under cave walls),

CAVER 1995




REMARKS REFERENCES

When it comes to derails, each cave is unique. A description Downey, ]. 1958. History of Yanchep. Claremont Teachers
of one cave would never be matched by another. In my expe- College paper.
tience of trying to match 2 cave to the original explorer's
dlescription, | have found that 4 cave either fits beautifully, ot is Elliot, 1. 1977. Yanchep Caves. W.A. Historical Society paper.
‘miles out”.
Grey, G. —. Ixpeditions in Western Australia, 1837-1839.
This pacticular cave fits Grey’s cave description at every point. Facsimile Edition, 1983; Hesperian Press.
It fits with respeet 10 its geographic setting and internal fea- (The above can be viewed at the Bateye Library)
tures. 1L s not necessary here (o reiterate the points previous-
ly listed, as it s clear that each of them matches up perfectly, Report on Caves on Reserve 24637
Furthermore it is noteworthy that the cave is also an Aboriginal {on Mining Reserve 24637)
Site. The number of caves actually visited by the Nyaongah
folk was very limited, due 1o their well known fear of dack
places. Thus, any caves which were bright enough to rot
frighten themn away would be few and far between. | have
carcfully assessed all other stream caves in the region, and am
sure that the only other stream cave likely 10 have been fre-
quented would be Whites Grotto - which, however, zuns the

wrong way as well 4s being in the wrong geographic setting.

[ conclude therefore, that this cave on Reserve 24637 is, as weil
as being an Aboriginal Site, the first cave to have been visited
by a white man in W.A. 1t is thus of great cultural and historic

importance.

As regards the ‘Docrda Mya” mentioned by Grey, 1 consider
that he did not visit this spot, but was simply told about it.
The feature is in Boomerang Gorge at Yanchep, and was visit-
ed fater by Seprimus Roe, in 1841, Had Grey gone (o this fea-
ture it would have been a considerable detour, of which he
raakes no mention. Furthermore, the Gorge itself is such a
distinctive feature that Grey could not have failed 10 include a

brief description of it, had he actually seen it,

Lex Bastian
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THE CAVES OF BERNARD RD

INTRODUCTION

Following information from members of the Coogee Springs
Area Resident Environmentalists (CARE) members of the
Western Australian Speleological Group (Inc) (WASG) exar-
ined the proposed quarry site on Bernard Rd, Carabooda.
Prior to the contact by members of the CARE group the WASG
was not aware of the proposed quarry. Examination of our
records indicated that no caves had heen previously recorded
at this site by WASG members despite the recording of aver

400 karst features in the Yanchep area.

Permission to enter the proposed quarty site was sougtit from
the lease holder of reserve 24637, Swan Portland Cement
(SPC). This was forthcoming on the proviso that the informa-
tion obtained was forwarded to SPC (A copy of this report was
forwarded to SPC). Fifteen members of the WASG visited the
site on Sunday 26 February 1995. The private property section
of the proposed lease is owned by Earnie Gibb., Mr Gibb was
approached for permission to explore for caves on his proper-
ty. Permission was declined and this proposed quarry area has

not been examined for caves.

GEOLOGY AND GEOMORPHOLOGY
OF YANCHEY

East of Yanchep area is a vast area of sandplain at the base of
the Darling Fault Scarp, This area serves as a catchment for the
Gnangara water mound, a feature of great importance in the
future of Perth’s water supply. The slope of this mound
increases in the area of the Yanchep caves and the water

maves mainly as streams down this gradient. The numerous
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enclosed water-logged depressions and lakes within the karst
no doubt play z role in recharging karst water and may them-
sclves be the result of a series of cavern collapses and stream

diversions. Springs have heen seen in the sea west of Yanchep.
HisTtoRry

The tecent history of the Doogarch Site is published by Bastian
1995. This site is clearly of significance to both aberiginal peo-
ple as well as being the first cave recorded in West Australia's
European history. Documentation is currently being prepared
for listing of this site with the Australian Heritage Commission

as a historical site,

CAVES DISCOVERED ON RESERVE
24637

The following caves were discovered on mining reserve 24637.-
Yn428.  Doogarch Cave, This cave has been registered as an
aboriginal site with the WA Museum. This cave is a
very historical site having been shown to Sir George
Grey in 1838 by local aboriginals. (see Bastian 1995)
Yn 429 Gidgee Karipa (Spear Cave). This shallow cave
containg the remains of a turtle which had fallen
into the cave. The shaft of an aboriginal spear was
discovered in the rockpile at the bottom of the cave.
A chamber in the cave contains considerable cave
decoration. Bone material was discovered in the

cave.

CAVER 1995




Y0430 Hidden Cave. This large chamber (30m long x 1.5m developing stream passage. However the existence of the
high x 20m wide) contains considerable coloured caves clearly indicates the presence of the underground
decoration. Areas of decoration within the cave stream,
were active when the cave was visited on 26/02/95,

SPELEOTHEMS(CAVEFORMATIONS)

Yn431 Smail cave Im from the edge of Bernard Rd. This

cave is still being formed by the water run-off from The three major caves located on the proposed quarry site ail
the road. The cave is formed in a rift which drops contain areas of significant speleothem development. Hidden
vertically to 4m deep. Cave (Yn 430) in particular contains an excellent area of mainly
dry, orange formations that gre likely to become fully active

Yn 432, Asmall entrance about 0.75m diameter leads 10 2 during the winter. The speleothems include stalactites, stalag-
small cave leading in the direction of the Coogee mites, straws, columns, shawls, flowstone, rimstone pools,
Springs. Not fully explored. moonmitk, and helictites.

Yn 433, A coliapse entrance 8m long x 1.5m high leads to 2 PALAEONTOLOGY A ND
potential cave. This entrance was not entered - cave ARCHAEOLOGY

unexplored,
Yn 428 Doogarch Cave
¥n434.  Solution pipe 0.75m in diameter. Pipe too tight 1o
enter. May be enterable by enlarging the hole. No Canis familiaris (Dog)
draught noticed. Much of a dog skeleton was located near the entrance.
Unfortunately the jaws and skull are missing,

Yn 435, large slotat top of the hill. Slot is approximately

60m Jong by 0.5m wide. May lead to cave - at pre Antechinus flavipes leucogaster (Yellow-footed Antechinus)
sent unexplored, Theee jaws were found in a pocket of flowstone near the
entrance.
Hyprorogy

Notomys(?) (hopping mouse)
The currently dry Coogee Springs is a major resurgence for the A Jaw was found in association with Antechinus material.
limestone hill 1o its south. 1t is clear that alt of the caves and
Karst features discovered are related 1o the underground
strean that feeds the spring. Only Doogarch Cave (Yn 428)
shows evidence of an urderground stream when the spring is
active. The other caves are classic inclined fissure caves devel-
oped by callapse onto the underground streamway. As is typi-
cal of this type of cave they do not extend 1o the currently

THE WegsrTERN Caver 1995
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Chelodina oblonga (Westem Long-necked Tortle) skall
fram Doogarch Cave, Carrabooda, WA
Lindsay Hatcher

Chelodina oblonga (Western Long-necked Turtle)
Afemale long-necked turtle skeleton with eggs was located
and collected by Lindsay Hatcher from the phreatic base of the

cave.

Yn 429 Gidgee Karipa (Spear Cave)

Chelodina oblonga (Western Long-necked Turtle)
One was identified resting in a small crevice at the bottom of

the cave,

A spear shaft (which is possibly aboriginal in origin) was recov-
ered. It was found resting amongst broken limestone boulders
at the bottom of the cave. It has been lodged with the WA

Museum,

Yr 430 Hidden Cave

Bettongia lesuenr (Burrowing Bettong)

A skull was collected by Brian Vine (and will subsequently be
lodged with the Western Australian Museum). The Burrowing
Bettong is now extinct throughout maintand Australia, with
remnant populations surviving on islands off the Western

Australian coast.

THE

WESTERN CAVER

46

Orpetolagus cunicuius (Rabbit)
Skull and jaw were noted.

Canis familiaris dingo (Dingo)
Skull, jaw and some post-cranial material appear to have been

washed into an inaccessible fissure deep within the cave,

Trichosurus pulpecula (Common Brushtai Possumm)
A skull was found resting on a sandy wash-out near the eastern

wall,

Macropus fuliginosus (Western Grey Kangaroo)
Much of the post-cranial material is lying on the floor in the

centre of the cave,

Generally, the material located is recent. The Bettongia
fesuewr and aboriginal spear shaft are significant finds. The
Chelading oblonga is an unusual occurrence within caves. All
of the bone material should be removed if mining is to occur
in this area. The removed material shouid be jodged with the

Western Australian Museum.

CAvVE BiorLocy

Two biospeleologists examined the three major caves for cave

life. The results of these examinations are shown below:-

SPECIMENS FOR W.A. MUSEUM - Cotlector: Rob Foulds
{License SF 1435]

RE434  DOOGARCH CAVE [YN.428]

CARABOODA DISTRICT 26TH.FEB., 1995

1 tiny wets spider Body Length = 3mm 10-05am. Abdomen
dark under and translucent white on top. Very hairy.
Prominent spinnerets. 2 humps on abdomen just behind pedi-

cel. Smail dark cephalo-thorax thickly covered with hair.

1995




Leg pair Tis longest. Very hairy legs. Apparently a Uloborid.
Taken from web of largely horizontat strands at the edge of the
daylight zone on the South side of the entrance. 1 of 5 similar
spiders seen in the same edge habitat. Some 10+ Theridiids
on webs nearby. 1 very large female [B.1.24mm) 1. hasselti
nearby on web with 3 egg sacs, in shaded daylight zone. Many
chironomid midge seen in the entrance chamber. Some
isopods on the floor of the entrance chamber under the rock-
pile. Rotting roots and vegetable matter close by, Many “lacey”
webs among rocks on the floor - possibly belonging 1o Baiami

5pp.

OUTSIDE TEMP. = 24deg.C. RH= 52%

INSIDE CAVE {STREAMBED] TEMP. = 19deg.C. RH=91%
INTERMITTENT STRONG AND AUDIBLE BREEZE QUT OF
THE CAVE, CAVE HAS ATTACHED IDENTIFIER

RF435 [YN.428] DOOGARCH CAVE

CARABOODA DISTRICT 26 Feb., 1995

1 smail cockroach Body Length = 15mm Red/Brown top to
segmented body. Yellow underneath body and yellow legs.
Legs get progressively larger from head to rear, Spikes on leg
segments. Large eyes. Antennae just slightly longer than the
body. 2 large spiracles at the rear. Order Blattodea.

Taken from sand floor, in DARK ZONE. 1 of 4 seen in sandy
crawl 1o South of dry streambed. Small amounts of vegetation
detritus near. 40+ collembolia on moonmilk an roof here.

5 more isopods seen on ledge among vegetable detritus in the
internal ift past the streambed and 15m in from the entrance.
2 tiny translucent spiders [poss. troglobitic] seen here on hori-
zontat strand webs suspended between rocks in the breeze-
ways. Both showed no reaction to light but when breathed
upon, successfully exhibited escape behaviour. Also 1 small

Theridiid seen above the dry streambed on a web of many

appatently ‘messy’ strands. Web in breezeway of this south sec-

tion,
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QUTSIDE TEMP. = 24deg.C. RH= 52%

INSIDE CAVE [STREAMBED) TEMP. = 19dcg.C. RH=91%
INTERMITTENT STRONG AND AUDIBLE BREEZE OUT QF
THE CAVE. CAVE HAS ATTACHED IDENTIFIER

RF.436 [YN.428) DOOGARCH CAVE

CARABOODA AREA  26th.FEB,, 1995

1 Small Isopod Body Length : 4mm

White body, small stumpy antennae and larger jointed anten-
nae. Dark “gutstain” towards the rear. 7 pairs watking legs on
forward body segments. 2 pairs pushing legs on rear seg-
ments. Apparently very small eyes. Isopoda : Oniscoidea
Taken from floor of entrance chamber under rockpile near
tree root. DARK ZONE. Bones of frog and tortoise shell found
near. Dog skeleton in gour pool above this. Chironomid midge

in entrance chamber.

OUTSIDE TEMP. = 24deg.C. RH= 52%

INSIDE CAVE [STREAMBED] TEMP. = 19deg.C. RH=81%
INTERMITTENT STRONG AND AUDIBLE BREEZE OUT OF
THE CAVE. CAVE HAS ATTACHED IDENTIFIER

RF.437 DOOGARCH CAVE [YN.428)

CARABOODA AREA 26th. FEB,,1995

2 Insects |Collembotia) BL3mm pm

Dark yellow body with 6 tegs grouped below head. Long
extended fercula, taken from mocnmitk on roof of dry

streamway 12m into the cave at the edge of the dark zone.

OUTSIDE TEMP. = 24deg.C. RH= 52%

INSIDE CAVE [STREAMBED] TEMP. = 19deg.C. RH=91%
INTERMITTENT STRONG AND AUDIBLE BREEZE OQUT OF
THE CAVE. CAVE HAS ATTACHED IDENTIFIER

1995



RE440 DOOGARCH CAVE [YN.428)

CARABOODA DISTRICT 11 March, 1995

Lsmall spider Body Length: 6mm 1-30pm. Dark sternum.
Pale abdomen, Dark markings like 2 inverted “v”'s on the sides
of the abdomen. Legs 1 & Iv longest. Legs Il & I shortest. leg
pair Laimost translucent. All legs banded in cotour. Smali
cephalo-thorax and small palps. Prominert spinnerets.
Presumed Thetidiidae. Some few Chironomid midge in
entrance chamber. No collembola seen on streambed ro0f.
Only 1 small translucent yellow spider [poss. troglabitic] seen
in breezeway. This spider hid among the breakdown pile
when it detected our breath. It was on 2 single horizontai
strand web. 1 dark winged moth {BL 16mmj on the roof of
the entrance chamber about 6m into the cave in the twilight

zone.

NO TEMPERATURE OR HUMIDITY DATA MEASURED ON
THIS TRIP. INTERMITTENT AND AUDIRLE BREEZE QUT OF
THE CAVE,

All temperature and bumidity measurements made with
“Brannan” whirling hygrometer, and all specimens preserved
inn 70% ethyl alcohol.

CAVE SURVEYS

An above ground survey was undertaken which located the

caves and karst features reported below.
The undergtound survey of Doogarch Cave was commenced

but not compteted on the 26th February 1995. A survey of
Hidden Cave is yet to be completed.
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CONCLUSIONS

Asignificant number of caves and karst features were found
associated with the Coogee Springs at the northern end of the
proposed limestone quarry. 1t is clear that any attempt o
mine the limestone hill containing these caves is likely to have
a deleterious effect on the underground stream as well s the

cave sites.

Furthermore the eastern side of the hll (the private property
belonging to Mr Gibb) has not been examined at all and may

contain further significant caves.

It is our considered opinion that the integrity of the hill should
be maintained and no mining should be undertaken. If this
were the case then we believe that Swan Portland Cement
should forgo the mining lease they currently hold but they
should be compensated with an alternative lease in non-cav-

ernous limestone elsewhere,

Rob Foulds
Lindsay Hatcher
Rauleigh Webh
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PHASCOLARCTOS (MARSUPIALIA, VOMBATOLDEA) AND AN ASSOCIATED FOSSIL

FAUNA FROM KOALA CAVE NEAR YANCHEP, WESTERN AUSTRALIA

M. ARCHER

Western Australian Museum, Pertvh, W.A.

Abstract

A recently discovered fossil fauna from Koala Cave (Yn 118), Yanchep,
Western Australia, contains the marsupials Sthenurus brownei, FPotorous
platyops, FPhascolarcios sp., Perameles sp., Vombatus sp., and a large

snake, The fauna is 1n some tespecis comparable with the Mammoth Cave and
Labyrinth Cave faunas of the Cape Leeuwin-Cape Naturaliste region.

Introduction

In 1971, Mr. S.B. Bennetu showed Mr, P.J. Bridge, Mr, and Mrs. B.G,
Muir, Mrs, S.J. Hallam and the author a series of caves he had discovered
in "Coastal Limestone'" near Yanchep, about 48 km north of Perun. One of
these, now known as Koala Cave (Yn 118), diew attentrion when Mi. Bridge
discovered & dentary of Sthenurus brownei (Western Australian Museum fossil
vertebrate specimen 72,1.1139) in a deposit of loose reddish sand well
within the cave. Later, Mr. Bridge, Mr. G.W. Kendrick, Mrs, E. Archer and
the author returned to the cave ro obrain a small sampie of the fauna for
preliminary analvsis, Dr, B. Merrilees and Messrs. Bennett and A, Baynes
returned on two further occasions to Tecover more of the materisl. The
entire collection tas been lodged in the Western Australian Museum.

The Nature of the Deposit

The Phascolarctos-bearing deposit in Koala (ave consists of a loose
reddish quartz sand which 1s locally lithifared, Some of the iitnified pattis
of the deposit adhere to the roof of i1he cave. This deposit contains bones,
limestone fragments, snail shells, charcoal, and zeol sttuctures of 1 he
sort referred to as dikaka (Glennie and Evamy, 1968). The fauna reported in
this paper was collected from the unconsolidated parts of this deposit on
the cave floor (Figure 1).

In addition to the Phasceolarctos-bearing deposit, there are at least
two other sorts of clastic deposits visible in Koala Cave, The first is a
strongly lithified, perhaps intraformational, breccia. It contains no vis-
ible bones, charcoal or cother non-limestone clasts. it forms at least parc
of the ceiling to which the Ii1thafied parts of the Phascolarcros-hearing
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deposit adhere, The other sort of clastic deposit is an unconszolidated dark
sediment which contains some bones and charcoal, This darkel deposit covers
much of the floor of Koala Cave., Associated with all three clastic deposits
are flowstones, dripstones or moonmilk, some of which probably represent
episodes of carbonate deposition by vadose waters (Jennings, 1971).,

Downslope and northwest of the accumulation of the Phascolarctos-
bearing deposit is a depression in the cave floor. Sediments are slowly
filtering down through a hole at this point into what may be spaces in
underlying limestone rubble. The redd:ish Phascolarctos-bearing sediments
and the darker unconsolidated sediments are both. contributing material into
this area. A small collection of bones including a premolar of Sthenurus
brownei(W.A.M. 72,1.1146) was retrieved from sediments removed from the
hole, However, because of the mixed origin of the sediments, the material
recovered is not discussed in this paper.

Interpreted History of the Koala Cave and :ts Deposits

Koala Cave is a curved fissure trending approximately northeast by
southwest. It is probable that the cave resulted from a collapse producing
an inclined fissure of the sort discussed by Bastian (1964), When collapse
or subsidence occurs over a weak area, such as an underground cavity, lat-
eral fissures may form, Brain (1938) describes such a process for the de-
velopment of certain caves of the Transvaal such as Swartkrans Cave, If
collapse were to open these fissures to the outside they would receive
detritus from the surface, Depending on the size of operiings to the sur-
face, the material accumulated in the fissures would consist of varying
proportions of externally and internally derived debris,

Because the strongly lithified breccia of Koala Cave containg no bones
or charcoal, it probably developed either as the cave formed by coliapse
(Jennings, 1968), or later after the cave had formed but before it had
opened to the surface, The Phascolarctos-bearing deposit appears LO have
been a wedge-shaped depesit developed in a fissure in the therefore older,
strongly-iithified breccia (Figure 2), From the shape of the ceiling and
floor, it may be conciuded that the bottom of this fissure collapsed,
bringing down with it the unconsoirdated part of the Fhascolarcros-bearing
deposit but leaving tne lithified parts adhering to the cerling, which 1s
the top of the originat fissure (Figure 3). Sometime after this collapse,
the more recent darker unconsolidated sediments accumulated 1n the cave.

The Fauna

The fossil material was identified as follows (numbers are Western
Australian Museum catalogue numbers), The taxonomy is that used by Ride
(1970).
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Mammalia
Marsupialia
Dasyuridae
phascogaline, indet,(72.1,1129)
Peramelidae
Perameles sp. (72.,1,1130)
lsoodon obesulus (72,1.1131)

Tarsipedidae
Tarsipes sp, (72.1.1132)
Phascolarctidae

Phascolarctos sp, (72.1.1133)

Vombat idae
Vombatus sp, (72,1,1140)
Macropodidae

Potorous platyops (72.1.1134)

Bettongia penicillata (72.1.1135)

Macropus eugenii (72.1.1137)

M. irma (72.1,1141)

M. of., M. fuliginosus (72.1,1138)
Setonix brachyurus (72.1.1136)
Sthenurus brownei (72.1,1139)

Muridae
Pseudomys shortridgei (72.1.1147)
P. occidentalis (72.1.1142)

Noromys sp. (72.1,1143)
Reptilia
a large snake, 7 boid (72.1.1145)
a lizard (indet,) (72,1.1144)
Mollusca

Bothriembryon bulla (72,110)




Figure 1
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Figure 1. Discovering the Phascolarctos-bearing deposit in Keoala
Cave. The foot in the centre foreground rests on unconsolidated
Phascolarctos~-bearing deposit (P)., The limestone (L) in the upper
right is the inclined ceiling of Koala Cave. The dark sediment (M)
in the distance is the relatively more modern unconsolidated de-
posit, Photo by B, Muir

Figure 2, Remnant of the Phascolarctos-bearing deposit in the
original fissure., The rule has 30 om of tape exposed. The base of
the rule rests on the bottom (B) of the original fissure, The
limestone (L) below that is the ceiling of Koala Cave., The ex-
tended tip of the rule points to consolidated remnants of Phas-

colarctos-bearing deposit (P) which adhere to the top (T) of the

original fissure, Photo by B, Muir

Figure 3, A sketch section through the Phascolarctos-bearing

deposit. Centre of figure 1 (1), centre of figure 2 (2), original
fissure (a), sheared limestone face (b), funnel (¢}, consolidated
Phascolarctos-bearing deposit (d), unconsolidated Phascolarctos-

bearing deposit (e). The arrows indicate the probable direction
in which the limestone block fell that exposed the Phascolarctos-
bearing deposit. Section interpreted from a sketch by P.J. Bridge.
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Discussion

The following seven species in the fauna are of particular interest.

Perameles sp.

Ride (1970) states that Perameles bougainville is only common in West-
ern Australia as a living animal on Bernier and Dorre Islands in Shark Bay,
but various fossil occurrences, some of which appear to represent late
Recent times, are known (Merrilees, 1968). It occurs in Recent cave deposits
from the Moore River-Dongara region to the Cape Leeuwin-Cape Naturaliste
region (Lundelius, 1960; Dortch and Merrilees, 1972),

Vombatus sp.

No species of Vombatus is recorded living in Western Australia (Ride,
1970) but three fossil cccurrences are known (Merrilees, 1968, 1969), Only
two of these fossil occurrences are radiometrically dated and these dates
exceed 25,000 radiocarbon years B.P. (Merrilees, 1968).

Phascolarctos sp.

No records of living Phascolarctos are known from Western Australia
(Ride, 1970). Fossil occurrences have been reported previously from three
Western Australian deposits (Merrilees, 1968, 1969), Only one of these de-
posits is dated and the date exceeds 31,000 radiocarbon years B.P. (Merri-
lees, 1968), It is interesting to note that Phascolarctos cinereus has been
successfully maintained by man (Ride, 1970) in Yanchep Park within historic
times as a tourist attraction,

Tarsipes sp.

The Koala Cave specimen representing this species is a fragment of a
pelvis. The record is of interest because Tarsipes has never previously been
recorded as a fossil., This is probably in part due to its small size and the
fact that its very rudimentary teeth would almost certainly pass through any

sieve used to recover bone materials from cave deposits, Vose (1972) mentions

that Tarsipes spencerae has been collected live from Yanchep Park,

Sthenurus browneil

All species of Sthenurus are extinct, Three fossil occurrences of S.
brownei are known in Western Australia (Merrilees, 1967, 1968). The only de-

posit which is dated exceeds 31,000 radiocarbon years B.P. (Merrilees, 1968),

Potorous platyops

Ride (1970) records this species as rare, noting that it has not been
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collected live ior almost a ceniluly, It may be extinct. Butler and Meriy-
lees (1971) have reviewed knowledge aboul the Known Quaternary distribu-
tion of the species. The species has not previously been recorded from the
Perth Basin farther south than the Moore River-Dongara region. The Koala
Cave specimens represent a south coastal range extension for the species,

The large snake, possibly a boid

The only recorded large foss:l snake, probably a species of Python from
the southwest of Western Australia is from Mammoth Cave (Merrilees, 1968),
Several vertebrae from Koala Cave represent a large snake and are very sim-
ilar to specimens from Mammoth Cave (e.g., 66.5.1),

All of the other mammal specles recorded here from the Koala Cave fauna
have been recorded as Iiving within historic times near the Pertvh or the
Swan River area (Shortridge, 1910; Glauvert, 19503 Bannisver, 1869; Ride,
1970) except Pseudomys shoriridgei, I. occidentalis and Notomys sp. P
shortridgei and r, ggiigchglignnava been reporied 1o occur 1n cave faunas
in or near the Yanchep area (Lundelrus, 31957). Two species of Novomye were
collected live in fMictoric time {100 o near Rew Norcia, Weztern Australia
(Ride, 1970). This 15 the Clovest modern locality record to Yauchep for
species of the genus Notomy =, A species of the genus nas been recorded by
Dortch and Merriiees (1972) from Devil's Lair in the Cape Leeuwin--Cape Nat-
uraliste region and by Lundelius (1960) from Wedge®s Cave, abour 80 kilo-
metres north of Yanchep,

Considered as a whole, Lhe Koala Cave fauna 1s beszt compared with those
of Labyrinth and Mammoth Caves. A preliminary note on the Labyrinth Cave
fauna has been given by Meriilees (1969), and the most recent review of the
Mammoth Cave fauna 15 that of Merrilees (1968}, These faunas are compared
in Table 1,

The Mammoth Cave spedimens were recovered from a much grearer buik of
deposit than were thoze of Labyrinth and Koala Caves. For this reason the
absence of certain species such as IDXEESE&EQ gp., Thylacinus cynocephalus,
Sthenurus occidennaljé, leESEDQQQQ sp. and olhers fiom the Koala and/or
Labyrinth Cave depoeits may Lo due Lo sampling accidents. On whe ciher npand,
the absence of certain species from ithe Mamnottr (ave fauna such as EEE?IQHE
platyops, Betitongla peniciliata {sec Mertilecs, 1968, for (omments about
the specimens of thz?mzﬁgfygrﬂ?rom Mammoth Cave) and Notomys sp. which are
represented 1n the Koala lave deposil s probably 51gﬁ1?fzaﬂt, Merriiees
(1968) suggested thar Bervongia peniciilata entered the (ape Leeuwin-Lape
Naturaliste region after Che tim€ of accumulation of the EEEEEQLELELE&‘
bearing deposit in Mammoth Cave deposit, Ride (1970G) and Butler and Merri
lees (1971) state that Potorous platyops is not known to have occurred in
Quaternary taimes 11 Lhe_?aﬁawféedﬁ?ﬁTfépe RNaturaliste area. The s1gnifi-
cance of the absence oi Rotomyes from the Mammorn (ave deposat 1s not ciear,
partiy because 1here alw ze}a?zv@ly Tew mit1ds in the Wesienn Australian
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TABLE 1

A COMPARISON OF VERTEBRATE SPECIES RECORDED BY MERRILEES (1968, 1969) FROM
THE MAMMOTH AND LABYRINTH CAVE DEPOSITS WITH THOSE FROM
THE KOALA CAVE DEPOSIT

Marsupials Koala Cave Labyrinth Cave® Mammoth Cave

small dasyurid(s) X
Dasyurus sp.

Sarcophilus harrisii
Thylacinus cynocephalus
Isoodon obesulus
Perameles sp.,
Trichosurus vulpecula
Pseudocheirus peregrinus
Thylacoleo sp.
Phascolarcios sp.
Yombatus sp.

Potorous platyops

P. tridactylus
Bettongia penicillata
Setonix brachyurus
Protemnodon sp.

Wallabia bicolor
Macropus Lima

M. eugeniy

M. fuliginosus

Sthenurus ogcidentalis
S, brownei

Zygomaturus trilobus - -
Tarsipes sp. X -
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Non-Marsupials

monotIemes
Notomys sp.
other murids
bat

bird -
large snake
lizazxd X -
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% species list modified, after Merrilees (1968, 1969).
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Museum collections from Mammoth Cave, and partly because these specimens
have not yet been examined in detail., 1t is possible, considering the mod-
ern distribution of Notomys species, that the absence of Notomys from the
Mammoth Cave deposit reflects an unsuitable environment for this species

in the area of Mammoth Cave at the time of accumulation of the Mammoth Cave
deposit, The absence of Tarsipes sp. in the Mammeth Cave fauna is not sur-
prising for reasons noted above,

Conclusion
The Koala Cave (Yn 118) fauna contains several poorly known species,
some of which may be extinct in Western Australia, Most of these species

are present in a similar fauna known from Mammoth Cave, The significance of
differences between the two faunas remains to be clarified, A comparison
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YANCHEP AREA

ADDITIONS TO THE YANCHEP CAVE LIST - 1994 / 1995

! I ¥ his fist covers the period June 1994 to the end of May
1995. LVB's contribution was done on behalf of CALM,

until November 1994 in the employ of the Chemistry Centre of
WA, then as an early retiree (ie. redundant). Other WASG

members have made contributions.

Most of the caves/holes listed are inside the Yanchep National
Park, those outside the Park being listed separately. No defi-
nite new discoveries were made, however some significant
extensions 1o the previously accessed limits of a cave were

made, and ate mentioned in each case.

CAVES INSIDE YANCHEr NATIONAL
PARK
YN422.  Group of large open rifts on the ridge north of
Carpack Cave. The biggest has a rift line of Black
arrows along it, of unknown date; but perhaps
dating from when the nearby valley was used as a
camping ground.

YN423. Collapse on ridge top north of YN422; open to the
west, with vertical walls on the other sides, minor
fissure chamber beneath the east wall.

YN424.  Small inclined fissure cave adjacent to the
Yaberoo-Budjara Trail, A second smail chamber was
accessed by LVB and Richard Wood on 25th
November, and then pushed a little further, 10 a
total depth of 9 metres; impenetrabie beyond that

point.
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YN425.  large collapse area, on the hill south of the Old
Yanchep Road. There is a tine of semi-lit chanters
along the southern edge of the collapse.

YN426.  Small inclined fissure chamber close to YN8O. The
fissure is fairly steep, to a depth of approximately 5
metres.

¥YN436.  Small cave north of Census Cave, located by Rob
Foulds’ party on 20th May. A steep descending
section was opened up, and pushed down to a
bottom level with 12m of stream way.

¥N439.  Proposed name: “Stanley Steamer”. Large
draughting sclution pipe just south of the workshop
area, which gives access te a cave with several small
chambers and water in various corners. Two further
chambers were entered via a water duck by LVB on

11th July 1995.

HOLES NOT YET PENETRATED,
INSIDE YANCHEP NATIONAL PARK

YN427,  Narrow steep fissure high on the hillside north of
YNI27, a possible chamber is pardy visible down it.
YN437.  Small breathing hole, in a hoilow close to the
southernmost of the four cottages opposite the
workshop.
Caver 1995



YN438.  Small solution pipe with a good draught, on hillside YN431.  Small entrance beside the road; has a road sign in it.
above YN421. The pipe has been partially opened
up, but is hard caprock. YN432.  Very small cave; heads towards Coogee Spring.

YN433.  Collapse, uphill from YN431
FEATURES NUMBERED OUTSIDE
THE NATIONAL PARK YN434.  Solution pipe west of YN430.

The following caves and holes were assigned numbers follow- YN435.  Slot near top of hill; unexplored as yet.
ing a check of the hill on the south side of Bernard Road

South, to counter a quarry proposal which would have

removed the upper part of the hill. LVB located the first one Postscript: Although there are probably not many more fea-
(YN428), the rest were then located by a WASG party. tures yet unlocated inside the Yanchep National Park, there are
undoubtedly many outside. So far the search has concentrated
YN428.  Proposed name: “Doogarch Cave”. This cave, which on features inside the Park, however since the YN cave area
is an Aboriginal Site, has been identified as the cave goes down to about 8 kilometres south of the Park, there is
first visited by Lt. George Grey on 6th December the potential to add probably upwards of 100 or even 200 to
1838. The cave, which is close to the road, has an the list.
entrance opening to the north, allowing light to Lex Bastian

penetrate into most corners of a roomy main
chamber. The cave has a second chamber, and a
stream way with solution carved rock; however, the
stream is now dry due to the abnormally low water
table. It contains same good decoration,

YN429.  Proposed name: “Gidgee Karipa” (meaning: Spear
Cave). Small cave on a northern spur of the hill.
Turtle bones, and an aboriginal spear have been

found in it.

YN430.  Cave on the northern brow of the plateau top of the
hill. The cave is an inclined fissure developed along
a rift line, and contains some attractive small

decoration. (The name “Hidden Cave” was coined,

however this is misleading, as the entrance is not Kaye Amstrong in Hidden Cave, Bernard Rd, Carrabooda, WA,

. Rauleigh Webb
small or hidden to any extent.) S
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Suggested name of area (1996)

Some Other Commonly used Names: Area (ha):
Subm 290 Carabooda (MfP Ref; 229)
Local Authorities (Suburb) Zoning
MRS: Rural
TPS:
Lot/Reserve numbers, Street name Ownership Categories (Purpose)

LANDFORM AND SOIL
Geomorphology and soils

Spearwood Dunes

Sands derived from Tamala limestone (Qts: $7)
Tamata limestone (Qtl: LS2)

REGIONAL VEGETATION AND FLORA
Vegetation Complex

Spearwood Dunes

Cotiesloe Complex - Central and South

Floristic Community Types: not sampled types inferred (*)

Supergroup 4 - Uplands centred on Spearwood and Quindalup Dunes
*24 Northern Spearwood shrublands and woodlands

*26b  Woodlands and mallees on limestone

*28 Spearwood B. attenuata or B. attenuata - Eucalyptus woodlands

REGIONAL WETLANDS
No wetlands mapped

THREATENED COMMUNITIES
Not assessed

AREA DESCRIPTION
Landscape features:limestone ridge, tall dune, vegctatcd up]ands
Vegetation and Flora : ;
Structural units: (limited survey) T
Eucalyptus gomphocephala Woodland over Banksia artem;ara B. menzzesu and Allocasuarina fraseriana Low
Woodland; Shrublands to Closed Heaths dominated by, or combmauons of, Melaleuca huegellii, M. acerosa and
Diryandra sessilis.

Remnant Vegetation (canopy only)

Vegetation Condition: >90% Exceiiem to: Very Good with<10% Good to Degraded

Total Flora: not known : :
DRF/Priority and significant flora: Car pobrotus sp Hcpbum (1) and a series of limestone endemic taxa.

Faana
Mammals: not surveyed S '
Linkage: adjacent bushland to: west (Subm 291) recognised, fragmented link to north (M3) available, east

Special Attributes: -

INTERNATIONAL AND NATIONAL SIGNIFICANCE
Notl:sted

CONSERVATIO '-_'RECOMMI.‘.NDATIONS

Criteria: met for 1nclusmn. Representation of ecological communities, Diversity, Rarity, Maintaining ecological
systems or nat_;_mal processes, Scientific or evolutionary importance,

Constraints: Private land

Recommendation:
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: We nominate the following areas for consideration in the System 6 Update. These areas

i i ion i ional
significant bushland and landscapes which warrant inclusion in a reg
inogl:::,aﬂgon network. The areas, shown on the attached maps, are noted below.

» Moore River estuary and land to the son’th/h\'lcluding Wilbinga and Caraban MPA. This
covers vegetation and landforms of the Quindalup and Spearwood dunes and could be a
large coastal conservation reserve, fo?ming a greenbelt north of the metropolitan region. [t

shguld link with Wabling MPA gnd Yeal Nature Reserve to form an east-west greenbelt
across a number of soil and yg:tation types on the coastal plain.

» Bombing Range wetlands and Banksia woodlands north east of Pinjar, which includes
RAAF Pearce Air Weapons Range and State Forest. Large, intact area of Banksia
woodlands on Bassendean dunes with perched Paperbark damplands. Could form part of
a major reserve network linking Yeal Nature Reserve and Melaleuca Park: the proposed
Gnangara biological corridor. Situated on recharge area of the Gnangara groundwater

mound.

* Coastal bushland south of Yanchep townsite, in Yanchep/Eglinton. Quindalup dune
vegetation that could link the coastal reserve and Yanchep National Park. An east-west
belt of open space has been proposed in this area.

-, Limestone heathlands and Tuart-Banksta woodlands near Bernard Road. Carabooda.
Cottesloe central : lﬁﬁ” south complex vegetation in excellent to very good cbr?ﬁffpi??ﬁ‘
Situated near Coogee ! potential link between Yanchep National Park.

' Historically important cave.

* Remnant bushland between Yanchep and Neerabup National Parks; west of Wanneroo
Road, north of Romeo Road. Includes Tuart, Jarrah and Banksia woodlands and
limestone heathlands in excellent to very good condition. Forms a link between these
conservation reserves. Limestone ridge is landscape feature,

* Bushland between Wesco Road and Wattle Avenue including Shire View Hill. Diverse
limestone heathlands including rare and uncommon mallee eucalypts (Yanchep Mallee,
Rock Mallee and Fremantle Mallee), Limestone Marlock woodlands and merges to Marri-
Banksia woodland. Number of vegetation types in very good condition. Carpet python
seen near Shire View Hill, suggesting fauna habitat value. Includes high limestone
ridges, important landscape feature.

* Lake Neerabup and adjacent bushland. Linear sumpland including sedgelands;
limestone ridge along eastern edge with Tuart and Cheesewood. Large, intact area of
bushland to east including limestone heathlands and Tuart and Marri"woodlands. Karst
features include Orchestra Shell Cave: important Aboriginal heritage site. Adjacent
Neerabup National Park and connects with Shire View Hill bushland.

* Flynn Drive bushland, Neerabup. Large, intact remnant of Karrakatta central and
south complex vegetation. Includes Banksia woodlands in pristine-excellent condition.
Occurs between Neerabup National Park and eastern wetland chain and State Forest.

* Coastal bushland north of Quinns Rocks. Vegetation in excellent to very good
condition, associated with series of parabolic Quindalup dunes. Parrotbush heathland
and Banksia woodlands on Cottesloe soils in swales. Recognised in North West Corridor
environmental audit.

* Coastal bushland between Burns Beach and Mindarie Keys. Significant Quindalup
dune landforms and vegetation, includes cuspate foreland, parabolic dune and
sandsheets. Addition of land north and south would consolidate existing System 6 area
and add to vegetation types represented. Part of link between coast and Neerabup
National Park. Recognised in several studies as an Important area.

* Jarrah-Banksia woodland north of Wanneroo Road works depot. Bushland in fair to
good condition, with adjoining land west of Wanneroo Road it covers a transect of
remnant vegetation from Lake Joondalup inland. Includes mature trees with hollows for
birds, adds to bushland habitat in Yellagonga Regional Park.

Z
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FLORISTIC COMMUNITY TYPES - PERTH METROPOLITAN AREA (PMA)

All floristic community types (FCT) identified from the sites in the Perth
Metropolitan Area are listed below.

Garden Island, Rottnest Island and the Wilbinga area are included at this stage. Floristic
community types will be inferred from the distributions of the FCT's and geomorphic units for
areas in which we have no sites that are considered by other processes to be significant (MfP,
Submissions to System 6 Update etc),

Key
Floristic Community Types

FCT confined to PMA _
FCT principally confined to PMA

nn
=
= s
!
= =3

DRAFT Threatened Communities {(CALM)

CR = Critically Endangered
EN -= Endangered
VU = Vulnerable

ICR, EN & VU are boxed to indicate the categories cons;dexed as hleatened

|

|Identified as Threatened or Poorly Plant Commumties _by the DEP not included in the above

|

Data deficient
Not assessed

DD
NA

|

Major Geomorphic Systems on the Plain’ (see Flguw 1)
DN  =Dandaragan Plateau .., ..o

RH  =Ridge Hill Shelf (Foothills) e

PP = Pinjarra Plain e

BS  =Bassendean Dunes
SS = Spearwood Dunes. b
LS = Tamala Limestone sur faces in Spealwood Dunes

QS = Qumda1up Dune:, :

Areas i S
Listed from Nifo.S in the. PMA areas in ifalics are considered the least suitable opportunities
w1thm the PMA conservation of this FCT.

”‘ = Florlstlc'Commumty Type mfene\W

SUPERGROUP 1 - FOOTHILLS/PINJARRA PLAIN

la NA E. haematoxylon - E. marginata woodlands on Whicher foothills

e L R T Geng S g S
Department of Environmental Protection Septembel 1996 1 7

{Single site in the PMA  Norman (Norm 02 = DRF site), most northern occurence, disjunct

|

2 EN  Southern wet shrublands
Predominantly southern, single occurrence in M533 (MS53 04 =Bybylis), most northern
occurence, disjunct

3a CR  E. calophylla - Kingia australis woodlands on heavy soils
Predominantly in the PMA, two occurences outside (Pinjarra 1, C53 SWaroona)

~| ¥Pearce!l Threatened &/or poorly res

*Pearce2 Threatened &/or poorly res
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|M53 (most N sites) A1 5 e 5

-

3b VU E. calophylla - E. marginata woodlands on sandy clay soils M80
M80 Ellis Brook Valley Reserve (most N) 4 - Suiimre

vy

3c CR  E. calophylla- Xanthorrhoea preissii woodlands and shrublands
Pearce5 Threatened &/or poorly res (most N)

*Pearce3 Threatened &/or poorly res

M17 Ellen Brook Nature Reserve

Talbot Road Bushland, Shire of Swan

Mundijong Road Threatened &/or poorly res...

S8 NA E. wandoo Woodlands (Scarp)

{ *Pearce6 Threatened &/or poorly res

M15 Pearce Acrodrome (Pearce 03)
M21 Red Hill
MEO0 Ellis Brook Valley Reserve

SUPERGROUP 2: SEASONAL WETLANDS

4 NA  Melaleuca preissiana damplands
(BS, BS/PP)
~Ghangara Water Reserve
M9 Melaleuca Park (many mined for marl)
/'S'ﬂbm Ellenbrook Bushland
-M13 Whiteman Park
"-Subm 178 Lightening Swamp, Noranda
M40 Dianella Open Space (small area}
~M352 Perth Airport
Gosnells Area 34, Trudgen & Keighery (1995)
Gosnells Area 4, Trudgen & Keighery (1993)
/Gosnells Area 6, Trudgen & Kelﬂhely (1993) )
-MOY5. Forrestdale Lake S
M98 Reserve C31874 Casuarina
)/19@ Modong NR
M105 Lowlands property
’:/S,ubm 220 Lot 399 chde1son Rd we of Serpentmc

5 NA  Mixed shl ub_ .damplands (PP,BS; predominantly PMA)
Gnangara Water Reserve:
“M14 Bullsbrook NR
" Lot 39 Great Northern
- M8 Laké_‘P'njar

/MSZ Perth An'—'pmt
- M105 Lowlands prope; Ly
MQS Harry Waring Marsupial Reserve
_M94 Jandakot Airport
A Paganom block
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7 VU Herb rich saline shrublands in clay pans (PP, PMA central)
| M14 Bullsbrook NR

*Pearce? Threatened &for poorly resM52 Perth Airport

Gosnclis Area 33, Trudgen & Keighery (1995)

| Prop. Yule Brook Nature Reserve

| Punrack Rd Threatened /or poorly res..., Serpentine

8 VU Herb rich shrublands in clay pans (PP, PMA central)
M15 Pearce Aerodrome

/ *Pearce2 Threatened &/or poorly res

*Pearce3 Threatened &/or poorly res

*Pearce5 Threatened &/or poorly res

_AM17 Ellen Brook Nature Reserve

 Gosnells Area 33, Trudgen & Keighery (1995)

M95 Forrestdale Lake

Prop. Yule Brook Nature Reserve

P Mundijong Road Threatened &/or poorly res..

S

9 VU Dense shrublands on clay flats (PP, N most in PMA)

TG Brickwood Reserve (most N)
Muandijong Road Threatened &/or poorly res..

10a EN  Shrublands on dry clay flats (PP, N in PMA)
VI8 Lake Pinjar (most N, and only assoc Qts/Qpb)
Gosnells Area 33, Trudgen & Keighery (1995)

_|¥69 Part Prop. Yule Brook Nature Reserve

_~{M95 Forrestdale Lake
Punrack Rd Threatened /or poorly res..., Serpentine

11 NA  Wet forests and woodlands -_.(S
(/M14 Bullsbrook NR
fMl’] Twin Swamps NR

~~M92 North Lake

M99 Modong NR
" M93 Harry Waring Marsupial Rescw_
/}VIIOS Lowlands property

S, BS, PP; centred PMA)

12 NA M. terettfolm and / or Astartea aff. fascicularis shrublands
(BS, most N)

' ~"MS8 Lake Pinjar (mostN) :
/MSZ Perth Airport..

//MQS Forrestdale Lake

. Deeper wetlands on heavy soils (PP7BS, PP; PMA central)
1€22167, south west of Byford
Paganoni block: .

14 DD Deeper wetlands on sandy soils (broad Qpb, Opt)
~M4 Ridges MPA
M5 Yeal NR

15 VU Forests and woodlands of deep seasonal wetlands (PP, PMA central)

e 'M15 Pearce Aerodrome
M17 Twin Swamps NR

- Subm 219 Yangedi Swamp Bushland

16 NA Highly saline seasonal wetlands (esturine/saltlakes, PMA south)
VI61 Alfred Cove
~"M67 Canning River Foreshore, Salter Point to Clontarf
}491 Naval Base
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17 NA M. rhaphiophylla - Gahnia trifida seasonal wetlands
(OS, §S; mostly south Swan except for Guild)
- MO2 Mt Brown (effectively most N}
©_Paganoni block
£7M104 Leda
/»MIOS Lake Cooloongup

18 VYU  Shrublands on calcareous silts
Subm Ellenbrook Bushland

#19a CR  Sedgelands in Holocene dune swales (QS)

M 102 Lake Richmond
M106 Port Kennedy

A

#19b NA  Woodlands over sedgelands in Holocene dune swales (Qhs)

M3 Yanchep NP
~_M103 Lake Cooloongup

S1 NA Astartea aff. fascicularis/Melaleuca spec'es dei
(BS; Pinjar south)

M8 Lake Pinjar (N}

Subm 199 Caversham Airbase

Gosnells Area 34, Trudgen & Keighery (1995)

Subm 219 Yangedi Swamp Bushland

S2 NA northern Pericalymma ellzpttcum de_n ‘low shrublands
(PP/BS, BS: mostly PMA) =
M& Lake Pinjar

M9 Melaleuca Park

Subm Ellenbrook Bushland

Subm 199 Caversham Airbase

| Hartfield Park, Forrestfield, Throatenened &/or poorly res.(most S)

S3 NA Wet sedgelands on sandy clays
(BS, BS/SS; Gosnells N one outs1de PMA)

M8 Lake Pinjar

Subm Ellenbrook Bushland

M8 Lake Gnangara

Gosnells Area 6, Tr udgcn & Ke:ghmy (1995) {moost S)

S5 NA:« Acacm saltgna wetlands (associated calcareous soils)
Subm Ell 'nbrook Bu _hland

Sé NA Northem dense low shrublands (Qpb/Qpa, DN; Ellenbrook N)
Subm Ellcnbrook Bushland {(most §)

S7 Northern woodlands to forests over tall sedgelands alongside permanent
wetlands (SS, BS, PP, DN, mostly PMA)

M15 Pearce Aerodrome

M41 Bennett Brook

Subm 199 Caversham Airbase

M7 L.ake Joondalup

M47 Bold Park

M61 Alfred Cove (most §)

S17 NA  Eucalyptus rudis/Agonis linearifolia wetlands in Bassendean
Dunes (BS, DN, mostly N PMA, S east Yalgorup)

Subm Ellenbrook Bushland

M8 Lake Pinjar
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M13 Whiteman Park
M8 Lake Gnangara

SUPERGROUP 3:
UPLANDS, CENTRED ON BASSENDEAN DUNES AND THE DANDARAGAN
PLATEAU

20a KN Banksia attenuata woodlands over species rich dense shrublands
(SS, PP/RH; almost all PMA)

Koondoola Threatened &/or poorly res...
Landsdale Threatened &/or poorly res...
M 12 Marangaroo

Subm 275 Maida Vale Reserve

Subm 284 Bushmead Rifle Range

Activ Threatened &/or poorly res...
Sultana Rd Threatened &/or poorly res...
Agriculture Protection Board, Forrestfield
M52 Perth Airport

M353 Reserve C29880 Forrestfield
Hartfield Park, Forrestfield, Threatenened &/or poorly res..

20b  EN Eastern Banksia affenuata and / or B. mari mata woodland
(BS/PP/RH; PMA soth, predom. PMA, 2a1eas out

M52 Perth Airport (most N)

Rushton Rd Threatened &/or poorly res...
LG Brickwood Reserve

*Connel 48

M83 Cardup NR

Norman Threatened &/or poorly res...
Lambkin Reserve, Serpentine

#20¢c CR  Eastern shr ubiands‘---and woodlands
(Qpa; entirely PMA) =
Subm 284 Bushmead Rifle Range

Talbot Road Bushland, Shire of Swaﬁ

20d NA Dandaragan Plateau ‘shrublands and woodlands
(RH, DN; single PMA)
MB&0 Ellis Brook Valley Reselvc (atyplcal)

2la NA Central :Banksia attenuata - E. marginata woodlands
(SS; BS; PMA mostly northern sites)

Gnangéfﬁh ater Reservc (most N)

__fQB'LiShIﬂnd

Subm 199 Caversham Airbase

M105 Lowlands property

M§&3 Cardup NR

M93 Harry Waring Marsupial Reserve
M98 Reserve C31874 Casuarina

M95 Forrestdale Lake

MI104 Leda

Paganoni block

Tamworth Hill
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21¢ NA Low lying Banksia attenuate woodlands or shrublands
(BS, PP; mostly PMA)

ST 65

(Gnangara Water Reserve

M17 Twin Swamps NR

Subm Ellenbrook Bushland

M]3 Whiteman Park

|M69 Part Prop. Yule Brook Nature Reserve

M94 Jandakot Airport

M95 Forrestdale Lake

Subm 250 Denis de Young Reserve 33002
M99 Modong NR

22 NA  Banksia ilicifolia woodlands (BS, DN; PMA central)
Gnangara Water Reserve

M8 Lake Pinjar

M4 Ridges MPA

M9 Melaleuca Park

Subm Ellenbrook Bushland

M13 Whiterman Park

MI100 Reserve C22167, south west of Byflord
M94 Jandakot Airport

Subm 250 Denis de Young Reserve 33002

#23a NA  Central Banksia attenuata - B. menziesii: woodlands (BS; ALL PMA)
M14 Bullsbrook NR  (most N)
M8 Lake Pinjar

M8 Lake Gnangara

M13 Whiteman Park

M40 Dianella Open Space

M52 Perth Airport

Hartfield Park, Forrestfield, Thleatcncned &/0: poomly res..
Ken Hurst Park, Leeming :

IM69 Part Prop. Yule Brook Nature Resm ye

Gosnells Area 4, Trudgen & Keighery (1995)
Gosnells Area 6, Trudgen & Kelghcty (1995)
M92 North Lake F
M93 Harry Waring Mazsuplal Reserve .

M94 Jandakot Atrport N

M97 Wandi NR i L

M98 Reserve C31874 Casuauna

M99 Modong NR:.. ~

M100 Resérve C221 67, south -west of Byford

M105 Lowlands pr operty

Subm'114 Crestwood Estate Bushland

Subm 178" nghtenmw Swamp, Noranda

Subm 195 Tele(_:o_mmumcatlon networks, Dianella
Subm 212 Kensington Bushland

Subm 219 Yangedi Swamp Bushland

Subm 220 Lot 399 Henderson Rd, west of Serpentine
Subm 27 Gillon Street, Karawara

Subm 87 Annois Road, Bibra Lake

23b NA Northern Banksia attenuata - B. mengiesii woodlands
(BS, DN; PMA north from Ellenbrook Bushland)

Gnangara Water Reserve

M4 Ridges MPA

M35 Yeal NR

M9 Melaleuca Park

Subm Ellenbrook Bushland (most 3)
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23¢ NA North - Eastern Banksia attenunata - B, menziesii woodlands
(SS mostly outside PMA)
M3 Yanchep NP

S9 NA  Banksia attenuata woodlands over dense low shrublands
(SS, DN mostly outside PMA)
Subm Ellenbrook Bushland (only BS, most S

SUPERGROUP 4: UPLANDS CENTRED ON SPEARWOOD AND QUINDALUP DUNES

SPEARWOOD DUNES

24 NA  Northern Spearwood shrublands and woodlands
(SS; mostly PMA, only one area outside, atypical)

M6 Neerabup NP

Subm 159 Hepburn Bushland Reserve

M35 Star Swamp

M36 Trigg Bushiand Reserve

M47 Bold Park

M55 Buckland Hill

M93 Thompson Lake

M356 Foreshore Reserves, Mosman Park {Chidley Point)

M358 Blackwall Reach Foreshore

M91 Naval Base

M92 Mt Brown

M103 Lake Cooloongup (most S)

25 NA Southern E. gomphocephala Agoms ﬂexuosa woodlands
(SS: PMA most north then sout

MI Two Rocks  (most N) i

M47 Bold Park

M7 Lake Joondalup

M104 Leda

Paganoni block

Subm 116 Ellenbrook Bushland (. ar) pzcal ) : k_

26a INA M. huegelu - M acerosa shrublands of limestone ridges
(LS/SS ma_]()l d1sn1b PMA, series of disjunct areas)

M3 Yanchep NP :
M4 Ridges MPA... -
Shire V1ew Hill Thre'ueﬁcd &/or poorly res..

26b "NA Woodlands and mallees on limestone
_(LS/SS major distrib PMA, series of disjunct areas)

Wilbinga
M1 Two Rocks ™
M3 Yanchep NP

M4 Ridges MPA

Military Rd, W of Gingin

SF 65

Subm 159 Hepburn Bushland Reserve

27 NA Species poor mallees and shrublands on limestone
Wilbinga
M3 Yanchep NP

| Shire View Hill Threatened &/or poorly res...

Burns Beach
M47 Bold Park
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28 NA Spearwood B. attenuata or B. attenuata - Eucalyptus woodlands
(SS, DN: PMA then north, majority distribution in PMA)

M14 Bullsbrook NR (outlier on east)
*Pearcel Threalened &/or poorly res
*Pearce? Threatened &/or poorly res
*Pearced Threatened &/or poorly res
*Pearced Threatened &/or poorly res

M1 Two Rocks

SF 65

M3 Yanchep NP

M4 Ridges MPA

M6 Neerabup NP

M7 Lake Joondalup

LG Reserve 8121 (DEPOT)

M7 Woodvale NR

M1 Warwick

Subm 146 Pinnaroo Memorial Cemetary Bushland
Subm 159 Hepburn Bushland Reserve
M35 Star Swamp

M36 Trigg Bushland Reserve

Shenton Park Bushland

M49 Kings Park

M64 Wireless Hilf Park

M#63 Harry Sanden Park

M72 Sir Frederick Samson Park

M92 North of North Lake on Murdoch land
M93 Harry Waring Marsupial Reserve
M104 Leda (most S)

QUINDALUP SANDS
29a NA Coastal shr ubiands on shalloy

Burns Beach

M2 Buins Beach

M2 Mindarie B .
Subm 146 Pinnaroo Memorial Ccmetary Bushland
M36 Trigg Bushland Reserve .

M91 Naval Basc

M96 Garden Island o

. MI02 Lake Richmond 0

sands (QS; PMA central)

Wilbinga T
C45 Ro[tnest Is]and i

29b N A Acac;a shl ubiands on taller dunes (QS; PMA north, except Yalgorup)

M1 Two Rocks

M2 Mindarie -

Mindarrie sl

M36 Trigg Bushland Reserve

M47 Bold Park

M46 Swanbourne Beach and Rifle Range

M106 Port Kennedy (PMA most S, single at Yalgorup futher S)

Wilbinga
#30al EN  Callitris preissii forests (QS, only Metro)
M6 Garden Island

30a2 ?EN Woodlands and shrublands on Holocene dunes
(re-allocated from 30c¢)
M3 Yanchep NP
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M47 Bold Park

M54 Foreshore reserves, Peppermint Grove
M66 Mount Henry

M90 Woodman Point

M96 Garden Island

30b NA Quindalup Eucalyptus gomphocephala and/or Agonis flexuosa
woodlands
M3 Yanchep NP (outlicr, mostly Bunbury and south)

#11 _ NA  Northern Acacia rostellifera - Melaleuca acerosa shrublands
(QS; PMA central)

M2 Mindarie

M36 Trigg Bushland Reserve

M46 Swanbourne Beach and Rifle Range

M47 Bold Park

C45 Rottnest Island

S12 NA Rottnest Island Callitris preissii and/or M. lanceolata forests and
woodlands
€45 Rottnest Island

Strandline Quindalup Sands, probablly go south blit'- tsampled

S13 NA  Northern Olearia axillaris = Scaevola.".__:'rasstolm shrublands

M2 Mindarie
M36 Trigg Bushland Reserve
M46 Swanbourne Beach and Rifle Range

Wilbinga

#S14 NA
M2 Mindarie
M36 Trigg Bushland Reserve S
M46 Swanbourne Beach and Rifle Rang

Spinifex longifolius - Tetragonia decumbens low shrublands

Not suitable for considcration"itg_}fzdesigning reserves:

6 NA Weed dominated wetlands on heavy soils
Pearce5 Threatened:&/or poorly res..

M17 Ellen’ Brook: Nature Resewe

M17 Twin: Swamps NR B

M83 Cardyy :-NR D

S15 Weed'.- group, poorly allied
M1 Two Rocks =

M2t Red Hill

M47 Bold Park



REVIEW OF PROPOSED
CHANGES TO
ENVIRONMENTAL
CONDITIONS

Gnangara Mound

Groundwater Resources
(Section 46)




L]BQI\PU ?‘\ [v
‘ Qan ~ma et
5 \% GERARTMENT o ERVIRG w5 4y rur b i
_ YWESTRALIA SQUAHF
! m‘ I l‘w 141 ST GEORGE'S TERRACE, Frit i1

;Gﬁffimp
SPere. N WELALEU(A
RAS N

REVIEW OF PROPOSED
CHANGES TO
ENVIRONMENTAL
CONDITIONS

S, BS RS 299

Gnangara Mound RSN

Groundwater Resources
SPeAR, g (Section 46)

RS 298
m Vo e P
RS 129 seenl. N



e

CONTENTS
Page Number
Glossary ... oo 9
Executive Sumumary . ... 11
LO Introduction.......... ... 13
2.0 Existing Operations, Environmental Approvals, and Environmental Impacts ......... 15
2.1 Public Water Supply Abstraction . . ................. 15
2.2 Prvate Groundwater Abstraction. .. .................... ... ... ... 15
2.3 Existing Environmental Approvals and Compliance ............... ... ... . ... 16
24 Observed Environmental Impacts from Groundwater Abstraction . . . . . .o 17
241 GrOUNAWALET LEVEIS v....couuvuureerrrcceosiesiesiessseeeessessseesecressssse s osssee oo oeoeoeeeooseseeoseeeseoeeoeooenee 17
242 Wetland WAter Levels.........covmvvvcrvveeeiiososeeeeeeseeesenmsseos oo 18
2:4.3  Wetland ECOLOZY ...vv.mvvueeumieurecvvcmirimmsien s coesssese e soooeeeeese oo 18
24.4  Impacts of Artificial Maintenance on Wetlands ... 19
2.4.5  Abstraction from the Confined AQUIFErS ........overeeeommmmrso 19
246 Ierrestrial VEZEIATON ....u.uvuceccrmvvrrmsaasne e seeeesesssssssesesoees oo 20
247 Cave STEaMS/POOIS ......oocveeeeeerrrcnvirisiisne oo seoe oo 20
3.0 The Scope of the Review of Environmental Conditions. . ........................ 23
3.1 TheNeedforthe Review. ... ... 23
3.1 Wetland WAter LevelS ... eereeeeereeecrieseceeseeeesooeeessooessessooeoeesoeeeoeoeoeoeooeeeeeeeeoooeeoeee 23
3.1.2 Allocation QUOLAS o...occevvvvvermniernererresseseeseseeeeeeeoseseseessees oo 23
303 Land USe ISSUES w.vuuuueeecoresreeene et sessessossseeesseereeee s oes oo 24
3.2 Objectives and Scope of the Review. . .................... ... ... ... ... 24
3.3 Environmental Conditions to be Reviewed ... ............ ... e 25
3.3.1 Wetland WAter Levels ......cccuurvccccrimmirmemsrmsseseeemesseeessseesssssoe oo oo ooooeoeoesesosososoeooeooeoeoeoeoes 25
3.3.2 AlIOCAHON QUOLAS wovvvvvicevcrrrrecerereenss s seeseeseeseessoeseeseseeessessseeeeee oo 26
3.3.3  Land Use and Management ISSUES .............ooovveeervvmmmerorssssossooooooosooooooooe 26
3.4 The Review Processand Timing .. ..................... ... ... ... . ... 27
3.5 Public Participation. . .. ................ .. .. ... ... 27
4.0 Regional Environment. . .......o.vuuiii e 29
41 Regional Physical Environment . .................ooooo o 29
FLT CHIMALE oottt eoeoeeeooeoeeeeeeeeees oo 29
A1.20 GEOIOZY wovvvvvvrisisssiesecenecceeeesiosss s ees oo 29
$1.3 GeomOTPhOIOZY ..covr ettt 29
4.1.4  Hydrology/Hydrogeology.....oocuummmrrmmereereereoeeeeeeeeereessmsoeeeeoooooooooooeoeeees 29
415 Groundwater QUality ... 30
4.2 Regional Biological Environment.................... ... ... ... ... .. 31
F.2.1 Terrestrial VEGEtation ........vuueveeeomrmeeesoeoossoeeeeeeeoeeeeeseeoseo oo 31
4.2.2 Wetand Vegetation e e et bt sa et es oo 3 ]
F.2.3 FAUDA it 31




4.3

=)

A
NN J—

5.3

54

5.5

=)

NNN N oo o
o wfh D DN s

D —

7.4

Regional Social Environment. ........... . ... ... . e 32
43,1 TOWn Planming SYSTEM . oo e cceitinrescse s ess b st ss st bs e e e b 32
4.3.2  Land Use, Tenure and Zoming ........cccoviiimieiiiirecsinnrnsnsnnsiessssssssassssssssssesssassns 32
4.3.3  Sites of Aboriginal Significance and Historic SIteS .....ovvemvrcnriieieineneers s nenns 33
4.3.4  Water Resource PrOteCUON .. ittt rescse et es st e ses e s smessesseseeen 33
Water Quantity Management. .. it sse s s s s 33
Water Quality Managemment ... oo nsnrsessssesesssssssessss s sensessssesnsessenas 34
Environmental Water Requirements - Philosophy and Approach .................. 35
Environment Water Requirements - The Water Authority’s Approach ................... 35
Development of Wetland Water Requirements. .................. ..., 36
5.2.1  Selection of WETands v .....ccveeerireececenmincre i secescoesssinesessssnssnsssssssenns 36
5.2.2  Development of Wetland Water Level Requirements .......oe.eeeeceerrnvrcnceeoneecrenesecee e, 38
5.2.2.1 Identifying Wetland Characteristcs . ... 38
5.2.2.2 Identfying Wedand Values. . .......... ... ... 38
5.2.2.3 Developing Management Objectives .. ..., 38
5.2.2.4 Setting Water Level Requirements. .. ... i, 38
Key Issues and Approaches. ... ... .. o i 38
Key Wetland Research .. ... .o oo i 41
The Application of Research Results to Determining Wedand . ...... .. ... 46
Development of Wetland System Water Requirements. . ............oooi oL, 46
5.3.1  What Level of Habitat Shifts are Acceptable ? ....cccvrrcncceccrnnecrnne e cnsseerennn 47
Development of Water Requirements to Protect Terrestrial Vegetation. . ................. 48
5.4.1  Approach to Developing Groundwater Level Requirements ... .cocorencereureeneriecroraninns 48
54.2  Areas of Susceptible VEGEtation ..ov.c et st et snssssnsens 48
5.4.3  Selection of Monitoring Wells. ... 49
544  Determining Groundwater Level Requirements ....ooocccneciicicinscninernneccescesesnnens 49
Development of Water Requirements to Protect Caves . ........ ... ... oo, 49
5.5.1  Current Monitoring and ReSUILS .....c..vveeirceiriieesitsnnsiece s cesnsesessseseseseesesssessans 50
5.52  Determining Environmental Water REQUITEITIENTS .....vovvccerreereeirernmireriseeieicineseesisinecesaesens 50
Environmental Water Level Requirements. ........ oot iii i, 51
Wetlands . .. ..o 51
Wetlands as a System ............. O 58
Terrestrial Vegetation . .. ... .. i 58
VS . L L e e e 58
Groundwater Allocation. . . ... ... .. i i e e 59
Background. ... ... . 59
Allocation Principles. . ... ... 59
Current Groundwater Use and Demand Changes. . ....... ... oL, 60
7.3.1  Public Water SUpply ..o, 60
7.3.2  Private Watel SUPPIV. ..o e, 61
Proposed Allocation of Groundwater. .. .. ..o 62
7.4.1  Public Water SUPDIY .o.coececceiiitiiiici s, 62
7.4.2  Private WAater SUPPLY ...t 62
743 TOUAL ALIOCATIONS weiee et eeee et tes e e se st eere o s p b eb e R s et s s st e s e e b bt e 63




©)

8.0 Impact of Land Uses and Groundwater Abstraction on Water Levels. ... ........ ... 65
8.1  Land Use Influences on Water Levels .. ............oooo i 65
8.2 Prediction and Assessment of Impacts . . ..............oou 65
8.2.1 -~ The Use of Modelling to Predict Groundwater ImpactS ... 65
8.2.2 Calibration of the Model..........cooevmmrroreeoooovreooseeeeeeeeeoe oo 66
8.2.3  Model OUPULS ...t 66
8.2.4  Effectiveness of the Model in Predicting ImpactS..oee..vveeooreeeesooooooooo 66
83 Modeliing Results. ... o 67
8.3.1  Impacts of CHMAtC VAFEHOM cvvvvvvvovvveeeeeooe oo eesseese oo 69
8.3.2  Impacts of Individual Land Use CRanges... ..o 69
8.3.2.1 Urbanisation . ...........o o 69
8.3.22 Pine Management.................coouuiiiiii 69
83.2.3  Groundwater Abstraction by Private Users ...................... ... 69
8.3.2.4 Public Groundwater Abstraction .................. .. ... ... 70
8.3.3  Impact of Preferred Abstraction and Land Use SCenario .o 70
9.0 Comparison of Groundwater Impacts with Environmental Water

Requirements - Where Do Conflicts Occur and How Are They Resolved ?.......... 71
91 Wedands. ... 71
9.2 Other Wetlands for which EWRs Have Not Been Determined . . . . . ... ........ ... .. 75
9.3 “lerrestrial Vegetation ............ 76
94 Caves. ... 78
9.5 Environmental Water Provisions . ................ ... ... . ... oo 78
10.0 Management and Monitoring Programme .. .........o.euronononoeo 81

10.1 Protection of Gnangara Mound Water Resources - Statutory and Non Statutory
Mechanisms for Land Use Control ..................... ... ... . ... .. . . 81
10.1.1 Water Quality Impacts of Private Groundwater ABStraction ... 81
: 10.1.2 Adequacy of Statutory and Non-Statutory Mechanisms ..o 82

102 Management of the Gnangara Mound - Role and Interaction of Agencies

and Community Consultation . ..............co.ieernnin 84
10.3° Monitoring Programme for the GnangaraMound . .................. .. ... 85
10.3.1 Groundwater MOMITOTING ... reerrrrerereveeeeeseeeseeeeeesessessssseeseees oo oeooeeeoes oo 85
10.3.2° “errestrial Vegetation MORIOTING. .o euueuuereeenerecoomemeeeommeeerssenssoessoooooooossnse 85
1033 Caves MODIIOTING w....uuuuuuuuveveeerrecrrrssssssissesosmesmeeseesessssseessss oo 85
10.3.4 Wetland MOnitoring ... oo isoeseeeeseesesseeeeeosreses oo 85
104 Contingency Plans .. ... 88
041 Wetlands ... s 88
1092 VEZETALON oottt ovrtoeetoeannneennisnesseessssansess oo soseeesessenesssssss oo oo 89
043 CaVES oot 89
10.5 Strategic Research. ............oo o o 89
10.6 Delineation of Responsibilities . . ................... ... .. .. e 90




Q)

11.0 Summary, Conclusions and Water Authority Commitments . ... ......ccvevvuen... 91

11.1 Summary of Changes to Environmental Conditons. .. ............... ... 0., 91
11.1.1 Wetland Water Levels and other Environmental Water Requirements.......c.o.ccovreerennin. 91
11.1.2 Allocation oOf GrOURAWALET .....cveriirriec ettt en st en e sass s ser s st tesa e 92
11.1.3 Land Use and Management ISSUES ..ot ss s o sssesesssasssessne 92

11.2 Water Authority COMMITIMNEDES .+« o vttt ettt et e et e et e e e e e e 92

11.3 Review of Existing COmMIONENtS . .. ..o vvurt ittt et e i 94

References . . oo 99

LIST OF FIGURES

1 Gnangara Mound Groundwater Contours

2 Study Area

3 Location of Existing Wellfields

4 Groundwater Management Areas

5  Notional Drawdown Cone around a Production Well

6  Changes in Groundwater Levels 1986-1994

-7 Water Levels - Lakes Jandabup, Nowergup and Gnangara
8  Gnangara Mound Water Resources Allocation and Management Plan Process
9 Perth Annual Rainfall

10 Gnangara Mound Geology

11 Locaton of Wetlands

12 Representative Wetand Cross-Section

13 Location of Regional Transects

14 Areas of Phreatophytic Vegetadon and Monitoring Wells

15 Water Levels - Yanchep Caves

16  Location of Future Wellfields

17 Perth Urban Water Balance Model Concept

18 Model Calibradons for Key Wetlands

19 Simulated Hydrographs of Key Wetlands - Pre-European Settlement Conditions
20 Impact on Water Levels of Full Urbanisaton

21 Areas of Proposed Urbanisation

22 Variation in Pine Canopy Cover with Time

23 Impact on Water Levels of Pine Management

24 Impact on Water Levels of Increased Private Groundwater Abstraction

25 Impact on Water Levels of the Pinjar Groundwater Scheme (Stages 1, 2 and 3)
26  Impact on Water Levels of the Pinar and Lexia Groundwater Schemes

27 Impact on Water Levels of the Pinjar and Modified Lexia Groundwater Schemes
28  Effect on Water Levels of the Preferred Abstractdon and Land Use Scenario

29 Simulated Hydrographs for Wetands Under the Preferred Abstraction Scenario

APPENDICES

1 Environmental Conditions and Status of Compliance - Secdon 2, Triennial Report to the
Environmental Protection Authority, Gnangara Mound Groundwater Resources.

6




5061

WA 3163(C)

METRO REGIONAL AREA & EXT. RUN 6N (5047-5070) 1:20000 04-DEC-92 920676 y




	2965_001.pdf
	2966_001.pdf
	2967_001.pdf

