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1. ]NTRODUCTION 

The 	contInued expansi ':'n of the Perth met ri:ipol i tan 
area, and qrc'wth in demand for hi qli quality water, is 
fcrei:ast to ne':essi tate the deve! opriient of aric't her water 
st:iuri:e in the Darling Ranqes by the early 19301 s. 	If the 
qru:'wth in water demand cu:'nt I nues unabated i ntci the future 
then ul ti rilatel y water supply devel cprnent will cc':ur on most 
available strearis in the region (:riaLuer, 	1987) 	The most 
produ:ti ye and e':onomi ': water supply i:'pt I ':'ns in the Dar 1 I ng 
Ranges 	have 	already been 	Ut iii sed 	and 	success ye 
devel opments frcurii this time will be more expensive and will 
compound the envi ronmental i:':ist of pubi ii: water supply. 
The Water Authority :is now pursuing a policy of demand 
management which it is hoped will defer well i nt:. the 
future the env:i ronrientai impact of bui 1 ding scirre dariis. 
However preparations are now requi red to plan the next 
major 'hills' water supply su:heme si:' that it can be 
':c'nstru':ted and ':ornrrii ssi u:'ned by the time demand ex:eeds 
supply.. 

Four feasi bl e water supply alternatives are bel ici 
evaluated 	in terrt,s of their ecc'norii ': and 	technical 
per formance and their physical, 	b:ii:ilogii:a:L 	and scicial 
environmental impacts. 	Two options I nvi:il ye the raising of 
ex:i. sting darns(NLtnda' i rig and Canning Dams) whilst the 
remaining alternatives would lead to the ccinstructi i:n of 
new 	darns in the headwat ers of the Canri i ng Ri ver 	(South 
Canni nq Dam ) and on the N':'rth Danda:1 up Ri ver near the 
ex:L sting pipehead dam (Fi gure 1).  

Th i s study dcii: uriient s the fauna r es':'ur ': es of the 1 and 
areas and streams which wu:u:L d be at fected in the four 
project areas. 	The c'b.jectives are twcifcild. 	Initially the 
study is to prcivi de a basis for the evaluation of the fauna 
rescLiri:es as a ccintr ibut i cii to a wider 	' multi -ob je':t i ve 
invest :L ciat i i:in of the fciur opt i c'ns ai ed at sd ei::t :L ng 	the 
scurce which will benefit sciciety most with the least 
assi:ic :L at ed i: cist / i mpac t . 	Sec c'nd L y the study is to pr u:ivi d e 
adequate dcn: ument at ion of fauna to pr cvi de for the stage 1 
Envi r'::'nriiental Rev:i ew and Nanaciertent Proqr amrne of the next 
water supply sour: e 	wh i i:hever opt i on may be pr c'pc.sed for 
devel i::pient .. 	Since ii tt Ic site spec: i Ii': data is avail ab.L 
riii:,st of the i n 'Icr mat i on presented ensues from fauna surveys 
on du':: ted in the i: at : h tien t areas in Ncivemb er i' Dci: emb en 1986.  

Wi 1 dli Fe 	res':iurces can be evaLuat;ec:l fr'::irri a nuriher 	of 
per spec t 1 '1d5 	The 	c ':'nser vat I on 	Lit crest may 	\'a.L L1 
att r i jutes such as the represent at I ':in of under L:c'riservd 
ci: i:isyst ens, 	h ab 1 tat 	un:. t; a or P  cip Lii at 1 ciii s 	un :L q ten ess or 
rarity, 	diversity or Local abundan':e, 	C':iupi ed with these 
attributes are the less ci early understcu':id pararieteri; which 
reflect 1 ong term envi ri:,nmental qual i ty, 	sustai nabi'l :1 ty or 
manageability should the wildlife constitute an alternative  
r esi:'ur ': e 	or 	1 and use 	Wh Li st in general the 	a':: I e......:1 f :L 
interest 	wi:r.tld 	value si ri. 1 ar attr :i butes al sci it has 	ri'i'::'re 
spec i Iii: val es related to ii nes of research . 	An area may 
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be 	s",rateci call y important because of its biogeographic 
pi:'sitiori, 	suitabi!jty as a reference area or ':ontrc'l 
si qni ficant past hi story of manaqertient or of Si: ent j fi 
investment. 	The riiairitenan':e of an area may preseve 'type 
localities,  or all ow eccilciqi ':al experiments to be repeated 
(a hasi': tenent of the scientific method).. 

As a basis for an evaluatic'n of fauna resources in 
four alternative project areas i t was of i mportan:a that 
the 	t j mi ng 	methc'd':'l oqy 	and sarip 1 i ng efforts 	were 
standardised as far as possible. The rapid survey of fauna 
':'ver one seas':'nal period, and in a single year,  , is unlikely 
to be exhaustive however the results from si niul tan eous and 
standardised surveys would allow direct compariscins to be 
made between alteriiati ye project ic'.:at:i oris. 	For the 
evaivaton it was riei:essary to sele':t fauna groups which 
were diverse and c,:uJ.d be sampled relatively cortipietely in 
the 	i:rint ext of a rapid survey prc'vi d inq quant :i tat :i ye data 
and e':cic'gical indices which ':c'ui d be used to rank sites or 
project areas. 	These groups would also provide data for 
ci assi fi catory analyses to assist in the assessment of site 
uniqueness and affinity (representativeness) . Birds and 
ants were selected as these ccre fauna groups. 	Mamma:Ls 
(in': 1 udi nq bats) , herpt I les and fishes were also surveyed 
to 	al 1 nw a general descr i pt ion and assessment of the fauna 
of each project area.. 



2. STUDY METHODS 

2.1 Literature Review 

With the exi:ept i on of North Danclel up C Li chic, 1984 no 
fauna surveys had been condu.: ted.i n the i rrmedi ate study 
areas. 	The Li ehne survey covered vertebrate and aquat ii: 
invertebrate aniritais ':'ver a wider area at North Dandalup 
than that bel nq ':onsi dered in the present study. 

The 	rtiai n eriiphasi s in the literature revi CW was to 
develop a perspective of the fauna of the Northern Jarrah 
Forest, 	i.e. 	in the area of the Dan inc:i Fiat caLl and Scarp 
from Mundarinci (3208) to Collie (31S) .. 	iij.s in 	tui'n 
would assist in the eval uat I ':'n o f the fauna resources of 
the project areas.. 

Two 	r cc ant 	bibi i .::'clraph:i es were avai lab! a 	whi ':h 
di:.': umant ed b.:'th pub ii shed and ':'nqoi nd fauna st ud± as in the 
Northern Jam rah For est 	C F':'rest Fauna Fasear ':: h Wor I:: :i nc 
P3rciup , 	1984; 	Depart rient of t::cnser vat i on & Envi rc'nrfient 
1984). The most cur r ant and useful sour': as were a survey of 
the 	vertebrate fauna of the southern for eats by the than 
F':'r est 	Departrient (l.::hr i st ensen et al.., 	1985) , 	a b : ogac- 
graph i. : 	anal. ysi a of the south-west air her p1; 1.1 a fauna 
(::haprian & Del 1 , 	1985) and the w':'r k of the Dan 1 :i nq Ranqe 
ritininci c.:'ripanies (e.g.. 	Wc.rsley A:Llm:Ln.3. Fty. 	Ltd, 	1985; 
Nii:::hi:ii is et al.., 1981). 	A .:ciriiputem sear'::h wo. ':':'ndui:ted of 
the 	riiarnmai 	henpti le and fish ccl le':t:ic.ns ':::'f the Western 
Aust r al ian Muscuri 	Al 1 records were souqht fr ciii a r ci: t ann- 
LLi.:lr area within the Latitude - L:.ncjitude ':::':::'ordinates 

51e 	11 ° 001F and 31°  55'S, 1160 201E in the north and 33°  
00's, 	iib°  0o E and 330  00'S, 	1 1E° 20'E in the sc.uth.. 	This 
reni .:'n 	in': ':'rp.:irated al :1 	fciur 	project 	areas and 	the 
en '::: orip ass i n ci f cr oat ad p 1 at cau and scar p 

2.2 Fauna Survey 

Fl ci ci t earns 	':':'ndu':t ad 1; err eat r I al 	fauna surveys of the 
pr.:..je':t 	areas in 	N':iveriber and 	early 	):-':+rcber 1986. 	In all 
.:aaes 	these surveys involved ai;andand 	b:ir d .:enaua, ant 
sarip ii nq hat t r app I nci 	and day and n i qht 	fauna sear c has and 
veh :i ': 1 a traverses, Srcial :1 riiamrrial 	and 	herpt ile t r app :i nq was 
.:cndLtcted at al .i 	pri:'.ject 	areas e':cept 	Rai sad Canni rig 	where 
the 	f :1. ci. ci t i me was 	Sri cm t arc ccl 

2.2.1 	Bird census 

The 	hi rd 	': oriliun i t i as 	i: 'I 	r or eat , 	at near 	z .:::na 	and 
woi:.d 1 and hab :i tat a in ca': h pr ':.jai: t area (as cia t i ned by c:iam 
fu : i aUpp I y .1 eve 1 )were ': ensused us :i ni:.i . .............dam ci 	mat h oil 
the 	van I ab :i a ': I ri: ul an -p1 ':'t : anaus procedure' 	wh ii: Ii was 
ut:c.l ised 	to 	estimate of b:in ci dens:i.tas 	(Warc::le.L l-J.:ihns.::in, 
1984). 	This pno.:aciure al iciwa hind nuriibana to be related to 
area samp I. ed in a measun a of dens:i. t y by ri n SI; estimating i 

the 	f fe: f ± a ': en sus area or :1.111 :1 the ':'b sar van 	: a a .1. 



:cirpensates for the effect of the observer on the behavic'ur 
of the birds recorded. 

In each selected habitat (des:ribed in Table Ia) ten 
(:)) observation stat i cins were established 	The di stance 

bet ween stat j cns was not 1. ess than 1 2Orii. 	St at i c'ns were 
n':'rrai 1 y arranged on a ii icar traverse but where the 
avai 1 able habitat was i ru ted other arrancieriierits were used. 
Where habitat pat ':hes are sinai 1 , stat i ':'ns can be 'nested' 
over a wide area.. 	In this study traverses fc'l lcwed 
':c'ntc'urs in most instan':es.. 

All traverses (and stati':'ns) were visited on five 
seperate days dur i nci the survey period. At each station on 
each day five minutes of sightings were recorded by a 
stat i cinary observer. 	For each sighting (cr ' cc'ntact ' ) the 
observer recorded the bird species, nurniher of individuals 
(if 	a qrc'up or flc":k) , and the distan':e at which the 
si qht :i nci was made in iOrii ':1 asses up to EOrni 	Ei'::th vi SL(al 
and audible cc'ntacts were recorded. 

At 	Mundar i. rig 	Sc'ut h i:::ann ± riq and North Dandalup 	five 
traverses in': 1 udinci SC) stat i ':'ns were established.. 	At 
Ra sed C:ann:i. ng this was reduced to three traverses of 30 
stat i cins.. 	Up to two traverses were undertaken by a qi yen 
observer on a sirigi e day. Fc'ur of the five visits to each 
traverse were made in the first four h':'Ltrs of dayl ight . 	A 
f i fth was ': cindu':: ted at dust::. 	The hab i tat s sarnip 1 ed by the  
bird ':ensus traverses are des':r ibed in Table la and the 
traverse 1 oc at i ons are shown on El qur es 2,. 3,. 4 and 5. 

2.2.2 Mammals and herptiles 

3mal 1 ritamrial s and herpt I 1 es were capt ured in pit fal I 
traps, using cir i ft lines. 	A trapi me ccirisi sted of ten (it)) 

lined 	pits (0, iBm diariieter x 0.43m deep),. 	pla':ed •sppr'::'x- 
i rntatei y 3m apart 	al c'nq and on alternate sides i: f a 0.. 2Sri 
hi cTh 	35 	'iSit 1 cing flywire fen'::: e .. 	Vc'u': her spec i mens were 
taken of ruc'st species captured thereafter all animals were  
recorded and released. 	Pitfall and drift fence traplines  

':uperated from rine to el even ( Li) days.. 
Pitfall and dri ft trapi ines were only established in 

fc'r est hat:> i tat s su f f 1 ci ent; 1 y ab':'ve the water 	tab]. e to 
pr event 1 :1::cIi nc or the hc'l es These habitats are described 
in Table lb. 	Al; each trapping ici::ality rigLlres :2, 3, 4 
5) lines of Elliott box traps and ':aqe traps were run 
a'::ros.s the i:i:ntcurs from the pit fail and dri fl; lines 	into 
the 	st r earn zone 	Th ese.i lines ': cri si st ed a f t wet t y (20 
"Elliott "  traps 	(sm:zes B & i)en:::I one wire '::eqe trap 
a .1 ways p SL a': ed in the st r earn ;: cM e .. 	Ti' aps were hal t ed Wi t hi 

the universal n:i.'.ture.. 
.!.Vite'V1:E;ive fauna searches were c::'ridu'::ted in the 

ms -  Lri 1  I ' 	of the traplines and in habi haL - which ' : 1  j not 
be pit; rail brapped .i.e.. cirenite ':iub':::r':ips. 

Mi st ne h s were set for hats in for est fi yways , 	in 
SFIIS tl 	c L ear :L ri ci s 	and '::'ver we 1; er Eust -t raps 	liar " 	t 
were a.L sc used in seleci:;e'd I ':csti it i is 

Al 1 hi r ds 	Ii er pt 1 es and mammals oh served on day L iq it; 



and ni ciht traverses of the pri::.ject areas were noted with a 
re':curd of the habitat(s) ut 1 :iscd. 

2.2.3 Ants 

Ants were pit fal .L trapped in piasti: sjec'inien jars 
43111111 	I 1) 	I_Lint i n]. nq 	aoL ti 50ml of 	preservat ive 	I 	li 

al cc'hc:L & glycerol mix, 	70/30 V/v : 	Twenty jar's were set 
at each sempi inc site, ihese were arranqed as fivs sets of 
fc'ur .jar a wi t h sets bei nq 20m apart; and wi t h each jar in a. 
set hei nc on the :c'rner of a one metre square quadrat 	The 
lOOrfi 1 c'nq ant trapi i nes were :1 c'caterJ near the traverses 
censused for birds (hahi tats des':ribed in Table IC). Each 
ant sarip1inci ic'cati':in (:ricit_ire 2 	3, 	4 and 5)was seer'::hed 
for 	30 Iii]. nut es in bc't Ii day:L i iht and at n i qht , 	and f':'r aq:. nq 
spei::ies were i:cil :t ected by hand 

2.2.4 Fishes 

"El cc t r i:::-  fi sh I nc " was '.it i ii sedt to samp 1 e fishes and 
dci: aped ':rustec cans in a variety of stream types on the 
He! ena 	Dark i n c:ann :1 nci and Ncirt h Dandal up Ri ver 'a ( Fi cur as 
2, 	3, 4 & 5) 	A 24 '.icii t ci ectr i c current was passed 
thrc'uc:ih the water stunni nci and di sc'r 1 anti 11J the fish and 
a! 1 owl nq 	1;herri to he s': ':'c'p netted 	for 	i dentification.  
Fishes not r cqui red as specimens USL.la.i 1 y r cc ever ad and were 
r ci eased. 

2.3 Data Analyses 

2.3.1 Bird census 

The 	''pi::m.cnl.; 	':eritr'ec:l" 	or 	"variable 	m:iy'rL,l:Lar 	pli:i'b 
t.: i:hniqne  of bird census is desned to •estir'iate the 
densi 1; y of bE r de in the >' f fact :1 ye area 	of c'bser vat i rn 
This area varies from bird spe': is to spec :1 es, due to 
fa,:trtrs such as size and behaviciur, 	and from hahit;at to 
habitat dt..ie mainly to the influence of vegetat:Lon strui:ture 
on 	intervisibility. 	The averacie numbers m:::'f b:i.rds si:jhtcd 
frc'rt f i ye ': ':'unt s Wi b hii circular areas of ':'bser vat i on 	'4:1 th 
radii of 10, 20, 	30, to, so, and SC) mc....as were used to 
calculate dens:itias. The circular area in whi::h the 
hi c:jhes't; 	densi ty occ'...trs was the at fe'::t Eve census ra.rie and 
the 	densi i; v at that r anfle was t aI'::cn as the val La for that 
spa': I as 	Den ...1 t i as were cal c LI! at ad for each spe': I e 
each traverse, pc":'l i nq the results from the ten stat i ens 
and 	I i. ''a per I cid s of c'L'aer vat :1 on (i.e. dat; a from 250 stat 1 cm 
/ii;1 riutes of c'bservati on per tr,e\'ars.•a) 	i:t.i bi rd densi i; :t as 
for 	each '1; r averse were ':: a.! : Ui at cci by sumlir i n ctha ci eris 1 t :1 as 
for i nc i v duc:L spa'.: i as 

The sp a': I as 1 1 st s ..m:ir each 'b r averse and the ass'::': I at ad 
dansi by val LIes were ut :i 11 sod in a Si IL 1 ar I 'by Anal ysi S 
Eli" cad .L y 	1: h ese anal vsas ir oup and c! :1 stan':: e si t as according  
to 	the similarity or d'issm:i lari'by ':::'t spec:i.as ':'::'mpo'::L't'iu:::'n. 
Usi nq 	s'::'r'e i ndi cas 	spa: i as cccurr en':e 	':::an 	be 	wa:i ghtecl 



Table la 

Habitat descriptions of the bird census traverses. 	Land- 
system and vegetation ':1 assi fi cat i otis f':'l low Have! Land 
f:onsuLtants (1987). 	Mundar i nq si tes are coded ME, Sciuth 
C:anni nq SC:, Raised Canni nq CE and North Dandal up ND. 

Bird census Land-system 	 Habitat description 
traverse 	unit 

----------------------------------------------------------- 

ME-i 	Murray, val icy Flu:u':'ded Gum Euc21tus rud:Ls 
fl':'or 	 frinqing woodland. 	Site/veqet- 

atic'n type AD. 

ME-2 	Murray, valley 	Strearri zc'ne, ':losed MtIlItUSa 
fi oor 	 r2hi22hlla thi ':ket. Site/ 

vegetation type AD. 

ME-3 	Murray, low 	 Open Wandoct Euc21tus wando 
elevation 	 wood land on qran:L te. Si te/ 
and rock 	 vegetation types LG, YM, M & Q. 

ME-4 	Murray, low 	Wand':":' Eucaltus wando wo':'d- 
elevation 	 land on ': lay soil Si te/veeta- 

vail ey 	 t i ':'n types MY t ci C Y. 
f 1 c':'r 

ME-% Murray, 	iciw Jarrah EytILyQLyI mainata 
ci evat ion fc'r est 	on 	sandy sc'i 1 	Si te/ 

vegetation types WO & WF. 

si::-i Val Icy 	floo, Densely vegetated stream zone.. 
Murray land Site/vecietatic'n 	type CU. 
syst Ciii 

Vail ey 	f 1 ocr , Dense! y veqet at ed str cam zc'ne. 
Murray land Sitelvegetatic:n type CO. 
syst ciii 

SC-•3 Valley 	fi cor, Wandc'c' Eucaltus wa doo on 
Murray land clay sc'i 1, 	with 	narrow band of 
syst em st reari 	z c'ne vegetation. 	Si te/ 

vegetation type Y with eccitonal 
CY, 	WY & AY on drainacie 1 inc. 

30-4 Lc'w 	ci evat i ciri , Jarrah 	for est 	on 	later i t e. 
Dwell i nqup Si te/veqetat ion type WZ 
1 and-syst erit 

SC-b Si cipes, 	Murray Jarrah 	fm:'rest 	on 	I at en 	t e and 
land system reddish 	sandy 	1 ':'arr. 	Sri te/ 

vegetation types TO & T. 



Table la cont... 

Bird Census Land-system 	 Habitat Description 
traverse 	unit 

------------------------------------------------------------ 

CE-i 	Murray, valley 	Dense strm zone veetat ion 
flcn::'r 	 with F31a':kbutt Eucaltus 

Site vecietat ion types 
Co. 

CE-2 	Murray, valley 	Stream zone with exposed 
f .L oor 	 granite. Si t e/veqet at ion 

types ::, w 

CE--S 	Murray, low 	Jarrah Euc iyt 	maritj 
ci evat i on 	 forest with dense underst orey 

sl opes 	 on a steep slope. Si te/ veqeta-- 
t ion types I & S. 

ND-i 	Murray, valley 	Stream zone & swariip. Site/ 
-f:L ocr 	 veqetat i on type c:G.. 

ND-2 	Helena, valley 	EUgalyaQU laeliac woodland 
f 1 oor & r i:':: k 	with dense heath near qr ani t c 

drai nacie lines.. Si te/veqetat I on 
types CO on str earn CR & W13 on 
si opes 

ND-S 	Myara, valley 	Elackbutt E:ucitus pjt2nE  
fl ocr & slope 	wood I. and & narrow densely 

veqetat cci shrearti zone.. Site/ te/ 
veqetation types C & S. 

ND-i 	Dwcl Li nciup 	Jarrah forest on slope.. Site/ te/ 
land--system, 	veqetatiu:'n types CO & RE.. 
Myar a, slope & 
valley f 1 cor 

ND--S 	Yarragil,Murray Jarrah Euca1ytus marginata 
slope & valley 	forest 	Site veciet at ion types 

:., 	C in qu:L .1 .LeS. 



Table lb 

Habitat desi:ripti':'ns of the vertehrte tappinq localities. 
Land-systerii and vegetation ':lassi 1.caticins fcil 1 ':w Havel 
Land L::insul tants (1987).  

Trapping 	Land-systeris 	 Habitat description 
locality 	unit 
---------------------------------------------------------- 

MT-i 	Murray, valley 	Flooded guii Eu211tu2 rudis 
floor 	 fringing woodland. Site/ 

vegetation type AQ 

MT-2 	Murray, 1u:'w 	Jarrah Eu21tus mrinata 
elevati':'n 	 forest on sandy soil. Site/ 

vegetation types WC & WI-, 

MT-S 	Murray, l':'w 	Open Wandoo Eu2a1ytus wandc 
elevatic'n 	 woodland on granite. Site/ 
& ri:n:k 	 vegetation type YM. 

M1-4 	Murray, 1':'w 	Wndoo EUlwjypLU2 wndc ws''d- 
elevatic'n 	 land on clay scull. 	Site/ 

vegetation type MY. 

111**--5 	Murray, valley 	Streari zone, closed Melaleuca 
floor 	 thicket. Si te/veqetat ion type 

SI- i. 	Murray, valley 	Waridou EyInlynLy, Wind2g,  
flcu':ur 	 wu:'cudlanci on u:lay s':'i 1 	Site/ 

vegetation tyoc Y. 

ST-2 	Dwell inqup low 	Jarrah Euca1yrtus narinata 
elevation & 	forest on deep reddish 1 c:'arn 
Murray valley 	ahutt I nc.i strearii zone. 	Site/ 
floor 	 vegetation types 0 & CO. 

sT-:•3 	Murray, valley 	Jarrah 
floor 	 and Blackbutt Euca1tus 

at ens op en forest on san ci 
Si te/vecietat i cm types S & C. 

81-4 	Murray, slopes 	Jarrah Eu':a1ytus riarj:i. nata 
& valley floor 	forest ahL.Ltt i nq dense str ear 

z one. 	Si t c/veci .... I on types 
10 & CO. 

ST-S 	Yarracti 1, land 	Jarrah Euca1tus mrjinata 
syst CF(i 	 forest  cm shal 1 u:mw sand over 

I ater 1 te. Site/vegetation  
type NB. 



Table lb cont. 

Trapping 	Land-system 	Habitat description 
locality 	unit 
----------------------------------------------------------- 

NT-i Murray, 	vail ey f:i cused stream zone 'ieetat I on 
flou:r Site/vegetation type C13. 

NT-2 Yarraqil, 	land Jarrah Eucaltus marinata 
systerit forest. 	Site/vegetation type 

S. 

MT-3 Myara, 	siu:.pes Jarrah Euca1tus marginta 
forest on a sleep lateritic 
si c'pe abutt i nci narrow stream 
zone. 	Site/vegetation types 
S & C. 

NT-4 Myara, 	slopes Open stream zone abutting 
vaiL ley 	fl':tc'r Jarrah forest. 	Site/ 

veqetation type CO. 

MT-5 Dwei ii nciLtp Jarrah Euca1tu2 marinata 
land-system forest with understorey of 

Banksia grandis on 	laterite. 
Site/vegetation type 5. 



Table ic 

Habi tat descr ipt i c'ns of the ant sarfipi i nci sites. 	Land- 
syst eri and vegetat i t:n ':1 assi ti cat i :'ns f':'i low Havel Land 
C:onsui tants  (1987).  

Ant 
sampling 	Land-system 	 Habitat description 

	

site 	unit 
----------------------------------------------------------- 

	

ME-lA 	Murray, valley 	Flooded I3urri Euca1tu2 rudis 
floor 	 fringing woodland. Site/ 

vecietatic'n type AD. 

	

ME-2A 	Murray, valley 	Strearci zone, closed 0021cua 
fi':'c'r 	 thi':ket 	Site/veqetati':'n type 

AD. 

	

ME-3A 	Murray, low 	Open Wand':':' Eu221tu2 wancioo 
elevation 	 woodland on cran:L te. Si te/ 

r':'ck 	 vecietati':'n type YM. 

	

ME-4A 	Murray, low 	Wandoo L1 
elevation 	 woodland on ': lay so:i 1 . 	Si te/ 

vegetati':n type MY. 

	

ME-A 	Murray, low 	Jarrah Euca1ytus riiarginata 
elevation 	 forest on sandy sc'il. Site/ 

vegetation type WQ. 

	

Si::- 1 A 	Va 11 cy f 1 o':'r , 	Wand':'c' Eu2a1tus wndo 
Murray land- 	woodland on ': lay sc'i 1 . Si te/ 
system 	 v•ecjet at ion type Y. 

	

Sc:-2A 	Low elevation, 	Jarrah forest on later i te, 
Dwell inciup 	Site/vecietatic'n type WZ. 

	

SC:-3A 	Valley fl ':'c'r , 	Densely vecietated str'eaiii z':::'ne. 
Murray land- 	8:i te/ve etat :1 ':'n type CO. 

	

SC:-4A 	Yas ahc"ic' 	 ' as abovW 

Si ':'pes , Murray 	Jarrah forest on I at er it a and 
1 and-systerri 	r add i sh sandy I ':arii. 	Site/ 

veci ct at :i on type 1 

	

I::E- 1 A 	Vail cy ii ocr , 	Dense st rear' zc'ne w: th Si a':: k- 
Murray 	 butt WIMMUM naQua- 
land-system 	Si t e/vcciet at :L c'n type CO.,  

	

CE-2A 	Murray, low 	Jarrah 
elevation 	 forest wi t h dense under stc'r cy 

slopes 	 CM a steep si ':'pe 	SI t a,' 
vecietat :i c'n type T. 



Table ic cont... 

Ant 
Sampling 	Land-system 	 Habitat description 

site 	 unit 
----------------------------------------------------------- 

CE-3A Murray, 	val icy Stream zone with exp':sed 
floor granite. 	Site/vegetation 

type C. 

ND-lA Murray, 	val icy Stream zone A swamp. 	Site/ 
floor vegetation type CS. 

ND-2A Yarraqi 1, Jar rah Euca1tus marinta 
land-system forest. 	Site/vegetation type S. 

ND-3A Myara, 	valley Blackbutt Eucaltus 	atyjs 
floor woodland & narrow densely 

vegetated strearri zone. 	Site/ 
vegetation type C. 

ND-4A Myara slope Jar rah 	forest on slope. 	Site/ 
vegetation type RS. 

ND-5A Helena, Euca1tus QtLi2t w':'odiand 
val icy 	floor with dense heath near exposed 
rock granite & drainae I ines. 

Site/vegetation types CO & WG. 



ac':ord:inq 	to the 	:iriip'::'r't ance 	v.k1uas:'t 	individual 	ta:'a 
measured ':' f r el at i Va abundance, 	numbers, 	hi ':rrass €-t': . : 

Th i a will for examp 1 a r edu.: e hi ases caused by cx': apt i on- 
ally rare 'un':hara:tcr.Ls1':' spe':ias. 	The result :s an 
cccl oqi u:ai ':1 assi fi cat i ':'n of s1 aa or samp:les based on the 

affinities of their faunal asse'b1 aqes 	The bird tra\/erses 
frorci the four prcu.ject areas were eiial ysed usi nq the ..::cisi ne 
Theta Cc'ef fi ci ent ( Imbr ic & F'urciy, 	1962) . 	This rrieth':'d of 
Si iii 1 er i ty Anal ysi a allowed the appi i cat ion of the bird 
density eat i ri'ate3 as :1 rip':ir'tan:e \/alues. 	The r eSLI1 ts are 
pr esentad in the 	form ':' f a dendr:qrarii 	the :1 evel and 
qrciupinq of its bran':h•es i ndicat I nq the deciree of af 'Ii ni ty 
between sites. 

. ._J . — ' Mammals and herptiles 

The 	survey of the herpti lea and mammal faunas of the 
project areas, in:]. udi nci the trappinq acti vi t:i as, were ':'n ly 
expected to pi'c'vido inventry information in the time 
avei :i ab 1 a 	These r esu]. t a were summar i sad wi th refer en': e t 
the 	habi tat :5i in which apeci as were re':c'rcled or cc'.i 1 ectad 
in each projeu:t area. 

-' 	' 	r-,Afl.l. S 

Arts ci::']. I ectad in the pitfall traps were ac'rted by 
spa: i as and c oun Lad .. 	The number of spa: 1 as in the sets of 
fc'ur 	jar a fr cm the one metre squar a sub'-'sariip i as were 
rec':'rde•d as a rfeasLlre of ape': i as density 	c:M.ajer, 	1983).  
The 	nI..Imber of spa:: i as trapped in a transect was used t i:: 
determine 'p:itfal I 	'::p e':ies. richness. 	This was supp:Lernen 
t;ec:I by the apei:ics ':':'.L lected by hand in ciay and 	niqht 
searches to qi ye total species r i '::hnessThe dc'm:j. nance 
:i nd cx was .:: a :1': LI 1 at cd'f cirthe ant ': ':'mmun :L t cs 1' 	d cr i ved f r cm 
pit fal 1 trapp:inc, on ea'::h transect 

' (ni'\Z 
I)i:'ui :1 nan': a .i n dcx 	[.__ 	) 
where ni 	individuals of the it;h spe'::ies 

N 	= the t '::'t a .1 n urib er ci 1 ant a ': apt; ur ad 

The 	Dc'ri'i iiance Index is a rreasur a of the app':'rt :r ,:,nment: 
of 	individuals ,thi' 'i iq . t the I  a 	(i.e. 	'ipi: 	a I  w L t h values  
bat wean 	1 	and 	0. 	Communities 	wi t Ii 	r'cist 	i ri ci :i v :i. dual a 
ccncantrateci in one or a tc-w taxa will have values 
appr':i.aching 1 whilst tI'i':'se with an even spreac:I of 
:i id :L './:i. dua.L a al''':'r'ici'at the t; axa have :i rid i::: as nearer C). 

Sin':i. lar.ity analya:is usini: the Ccs:ine Theta C:Lieffii.::iant 
was 	•a:l sc ui- i dar aken I ':'r an La. 	F-i F a .1 .1 and hand 	ci:' :1 .1 a'::: t ad 
sl:) ec i as 	were 	ut i 1 1 sad 1;'::i pr i:::,du:: a 	the 	dandy' cqr arüs, 	The 
numbers 	'' 1 	i 'd / I II' i 	- 	i 	I 	were 	adopted 	as 

i mp cr tan': a 	eel uea wh ii. at spec i as wh Li: h were cu-il y hand 
11 c''::'t:ad were ass i cm-ed the va ue 1. 	F::'r'the p ur poses 	of  

this study it was not ':':'nsi der ad r'iai:e'asaryt':i identify ants 
with named spa':: :1 as or 'i i..u'i'ib er ad r a far 'cr':: a ap a': :1 mari a in St ate 
and 	Na L i on a 1 	1 nsec t ccl .1 a': t:j ':in a, 	Th :i a c ':'u 1 d h ':'wever 	be 
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Table 2 
Species richness and total bird density values for the 18 bird census traverses. The results are grouped according to habitat and project area. 

Wandoo 
Stream Zone 	 Jarrah Forest 	

Woodland 

MEl ME2 SCI SC2 CEI c2 ND1 ND2 ND3 ME5 SC4 $5 cE3 ND4 NDS ME3 ME4 SC3 

RAISED MUND2RING 

Species Richness 
Density (birds/ha) 

S0(YIH CANNIt')G 
Species Richness 

Density (birds/ha) 

RAISED CANNING 
Species Richness 

Density (birds/ha) 

	

34 36 	 25 	 26 31 

	

16.0 74.1 	 15.9 	 12.2 43.9 

	

31 29 
	

26 21 

	

52.2 29.9 
	

7.6 8.6 

	

30 28 
	

26 

	

49.6 59.6 
	

29.7 

29 
19.0 

NORTh DNJD7LUP 
Species Richness 	 26 31 28 	 26 28 

Density (birds/ha) 	 30.9 19.8 21.3 	 8.8 18.4 



Figure 6. Classificatory dendrogram by the Cosine Theta Coefficient of 18 
bird census traverses in the four water supply project areas. 

I 	 I 	 I 	 I 

0 	20 	40 	60 	80 	100 

Jarrah forest 

Eucalyptus laeliae woodland and stream 

Stream zone 

Stream zone 

Stream zone 

Dense stream zone 

Stream zone 

Paperbark fringing thicket 

Jarrah forest 

Jarrah forest (transitional with stream) 

Jarrah forest (Murray land system) 

Jarrah forest (Dellingup land system) 

Jarrah forest 

Wandoo woodland (clay lowland) 

Wandoo woodland (clay lowland) 

Jarrah forest (on sand) 

Wandoo woodland (expesed granite) 

Flooded Gum fringing woodland 



4
. 

ii'
 	

iT
.] 	

C
il

L
i 

0
 

0
 

LU
 

0
 	

3 
ItU

 
Ii
i 

0
 

I
 

Iti
 

d
-
If

l 	
IU

I 
€
 

D
 

3
 	

:
 

f..
. 

3_
 

I
 

I
1
 

Cu
 	
CL
 

L
'S

 
:;

S
L

U
i-h

 
3
 

f-
-c

- c
S

 
I) 

3
_

C
ra

-c
 

i
aj
 

-c 	
r1 	

i--
- 

ci
 U

i 	
f-'

- 

CL
 f

- 
0
 
3
 	

ct
 -

c 
:3

 
L

uL
i 

UI
 

 

'I
 

u1
 

Lu
 	

i..
 

LI
I 

IL'
 

C 	
I' 	

C'
 

d-
 U

l 	
jit

 	
-c 

:
 

L
i 

0
 

L
i 

lu 	
IC

 
- 

f-'
Iu

-- Ii
i 

'i
i 

Ii
 I

L
 

u-- LII
 

r 	
f--

 

ci-
 	 I

 

LL
 

-+
.U

l
-c

3
c
•
1-

ti
 

-
I
 

-
-
-
'_

r
t
S

3
_
 

7
,

i
5
L

i
3
 

I 	
i
i
i
i
;
:
i
-
 	

i 
ii
D

 I
T. 	

P-1
i
 

j5
k
j-
i
:
t

-
5

-- 
- 

s
r
c
 

i.
 

I
J
Z

 	
I
-
t
 

-
•
-
-
-
i-
-
 

-
 

til
--

Is
 	

.
-
a
i
 
I
:I

- r
IC

Ic
i -

I--
 	
I
_
L

f
r-

 -
K

fr
-

ij
 

a
 

,
 

i
--

 
-
a

 	
U

 
_

 
w 

i.I
.0

 
I
I
I
C

I
i
i
I
I
'I
C

L
I
 

-
 

A
'J

 
L
1
iC

it
 

J 
i- 
	

-S
T

h
- -
-
r
 -
 

V
i0

IJ
I 	

I_
 	

is
 I
cr

F
 	

io
 I
C

 
1
-
=

-
-
-
-
-
 

:
-
-
-
 

u
5

3
 

0
1
-r

 
--

 
IT:

 
i'
I
w

I
!
L

iU
L

 - 
_
f

--
 

 
jJ

ir
, 

3
i
f
l
 

C
I-

- 	
Ifl

 
f-

(.
T

3
 

lT.
 

1
0
:3

 
0

.0
 

i0
iL

i -
- 	

IC
I'-

- 
IL

fl
 	

Ic
 	

I!-
- 	

1
1

J 
it,

 
C

i 
f
f
l
.
L

1
r
 

-
-
-

I
-i
 

-
. 

 
kf
j 

is
3
 

0
5
.
_
h
L

.
_
 

1;T
, 	

IN
 	

I 	
I
U

 
i n

 
5
 

0
 

J
 	

E
l 

A
 w

 
I
 cr

 	
7 7

 
L-

i 
L

I)
 

I.-
. V

 	
1
<

 3
 	

I-
 	

0
. 

-
 

-
 
C

 0
 	

a
 

j-
-

- c
in

 
73

 	
1 -.

; 	
I :
 

fji
 

a
 

C 
CF

 	
i ri

l 	
I0

. 	
IL

jr
-c 	

IF
 
ru

 	
I 

rj
d

-3
 

o
-c

o
a
 

II
.J

t
 	

I
u

I
I
:
i
I
n

h
-

L
-1

, t
i
t
U

j
c
i
i
a

-c
3

I
-'
 

im
 

9.
i 	

13
)
' 

::.-
-

3
--

,
- 

I
I
J
J
I
I
 	

H
rJ

l
j3

i'V
 
.

-
s
i
J
-
3

 
ñ

.I
0

T
j
 

C
D

0
. 

L
iu

I
L

iI
I
:3

 	
I
ic

tf
r-

K
ID

Jf
r-

-
0

W
 

T
ii
-'
-i
--

 
 

D
I
L

a
O

L
J
 

o
 	

-c
 

0
0

IT
J
 

ct
F

-:
'<

 
O

IS
C

0
.0

. 
Ui

 
7
c
I.
-i,

 	
It
Ii
- 

Io
I-

--
Io

Ic
Ia

lf
fl
L

i
-I -

 
1
fl

3
 

-c
ii
:I

-
+

 
i-

i
-
•
.
 

ii
0
.1

- 1
d

-
i
j
i
 

-
 
	

.
x

 
-
-
s
 

j 	
1::

~ 
I <.
:
 

I>
 1

11
. 

''
z
 

i 	
r
 	

i 	
!c
t 
	

s
-

I3
- 

i-
 

--
- 	

-I 
	-
-
 

a
 	

a
i 
-
: 

-
n
 
I
 
c
r
o

c
_

i
j
 

I 	
1-

I5
r
-
-
Ii
J
 	

i:>
I -

- 
v-

 -i
 	

i
r
o

"
 i

n 	
n
 

C
i
j
r
f
 	-
i
f
i
 

S
 5

 
3

 
0

 
5
 

I 
1c

 	'
-S

. 	
D

 
. 	

-
 
H
.
 
	

I 	
I 	

V 	
rs

 I
T

3
 I

JI
- 	

i-
 

:
 

C
l 

- 	
Ui

 	
3

 	
- 

--
-c

a
-

a
5
1
<

 
3

r
- 	

E-
 

3
O

 
L

fl
d-

0
.L

 
S

 
.
-
I
 
0
-
'-

-
i 

I
 
-
t
-
-
 

F- 
	

L
I

- 
	

-
-
-

I-
 
	

r
I
w

L
if

r-
 - 	

h
-
f 

I!
J
 

s 
-J

 I
n
 

-ç
 

P
. 	

V.
  
- 

(jj
 	

- 	
U

 L
 	

Ir
- 	

I 	
IE

 
3

 
Ui

 
S

 <
 

- 
.0

 
I. 	

L
i 	

17
 i

- 	
' 

-
-
r
 	

F
-
h
I
:
I
--

 
I;

Ir
n

 	
ci

-
'--

 
U

i0
.i
tL

.I
i 

it
 	

L
j 

Im
L

JO
 

IT
 	

IC
:3

U
it
c
1-

--
iIi

j1
--

 
L
W

 
-
 
	

h
iS

 
F 	

1W
, 	

lih
IL

W
il
L
jt
C

'S
0
0
t'
- 

u
)I

II
J
C

I(
IL

.)
 

-
 

- 	
I- 

C
 	

U
 

S
 

L
i.
 I 	

fr
- 

1
1
 	

1 
4
.0

 
f
l 	

- 	
3
 	

- 
i-
 	

-j
 E

.. 
n
 

-
 
-
 

Q
. 

- 
 

IT.
 

5
I3

L
 	

I-
 	
I
r
r
 	

is
 	

I-
 

tr
i-
 

K
 	

'-
' 	

ci
 

i--
-

> 
17

0.
 

:
r
i
 
	

- 
.i

- 
S

I -
 I

 - 	
I 	

- 	
i.
c
rr

Ic
 	

la
's

 
iS

-
 
rL

i 
IL

J
L

 
__

I._
.i 

I_
_
_
ii
- 

I
1

I
 

to
 

1:
" 	

75 	
Wl.

 !
7j

 ,
1 

C
5 

I-.
; 

IQ
 j<

 W
-
 1

1 
I

-'
I-

- 	
I1

?
II

E
7

 
_
iL

j 
I 4-

t-
I 	

- 
-
 

L
O

I
S

 
-
 	

is
 i

a
l

-
 

a
 0

 
0
 
L

iD
I 	

4 	
1
-H

 	
I
-

is
 

i
i
i
 

r
- 	

r 
-

if
; 

 
.1 

3
 U

 	
I 

c'
 

S
 	
'
 
	

13
 	
I-

-i 	
I 	

I 	
I_ 	

IS
 	I

S
I 	

I'-
- 

"-
i 

= 	
I-'

 
-c 

r
j

-c
I 	
..
. 
-
-
i
o
a
-
-
-
 

3
'-

-
I
-

i- 	
h
IC

--
I-

Ic
.I
:H

L
ii
o
'3

-i
--

' 
w 
:
-
 

-
 	

- 	
- 

-
 

3
 	

-
 	

-
 

- 	
-
c 	
-
 
-
 	

3
 	'
 	

-
 	

ii-
 	f

ill
 	

I-
 	

F'-
 	

I 
in

 
r 

p-
 	

c 	
r 

-
 	

-
 

I
-

'- 
-t 

>
L

I1
 q

.,o 	
I 

- 
i
f
l
i
C

i
 

1
0

 	
' 	

IC
i'
 
	

-f
r-

 -' 	
I
:
:
 

Cl
 

:
i
'
 

- 	
' 

I 	
S

 
:
 ' 	

IN
 	

I 	
I 	

i 	
j 	

"
-'

 ru
 	 I

 	
ii
 5

 	
i
 -+

 
1-

 
-
 

I
I
;

1.
 

_
5

 
E

 
tc

ir
o

 	
i
'i
:
i
r
s

 	1
.
 
	
I
i
o

 	
- 

I 
Z

 
L

.
' 

3
Ir

-
I-

-
V

I 	
I 	

IJ
 	

IC
.h

I 	
-.

 
t
 

ii
i 

-
 

C
l 7

J
-'
I
r
 

'i
 	

s
 

ED
 	

IJ
 

0
j3

-
a
 

la
i 	
I'
-
i5

Ii
 	

I
-
I
L

i
I
I
I
j
I
C

I
1
J
L

 
3

 
L

i 
S

 
-
 	

-'-
 

.. I::
..-
 
-c

 r
s 

in
 

c 
- 
	

i 	
-

Ir
, 	

- 	
D

o 
I 

t 
M

 	
-_T

 
L

i 
I 

I 
-
 

i-
 	
-
 
I
' 
-
 

J
I
,

—
 	

I
I

-I-
I
l
I
r
I
r
I
'
b

 
.0

 
ii
 

S
-
 

I
i 	

1 
i
I
I
I
3
I
'I
I
i
I
 	

IF
--

I-
.-

.F
- 

I-'
 

-u
--c

 
0

 f
p

 	
C

li
o
 

of
 

:- 
C

 
3
d
-
 	

1,
fr-

-
I5

IN
-I

1-
1
b
If

4-
If-

-
Ij

 	
L

i
3

i
.
-
.
i
 

d
- 

W
C

T
II

II
IC

IJ
 

-t- 
'
'
.
r
i

-c
 

i
•
i
-
•
o

 
I- 	

I
-

V 	
Iu

il
L

:i
F

.I
Ii
-

r
I
u

L
 

-
I
F

f
i
"
 

:
 
-
:
 

I
-
 

'
J
'
5
I
c
l
 

C
ii
'-
 	

I 	
L

II
 

' 
0.

 
-
 

- 
-4

 	
U

. 
IL

I
 	

_
- 	

> 
I 

I 	
- 

I C
i 	

k
i 
L

 	
i 	

-
 	

Is
 i
-
 

i
 

I 	
I 

-
t
l
 

-
I 
	I
r
I
I
i
l
 
	

II
Ir

L
_

 	
-
j 	

-'
 

i 
-
 
	

Ir
L

.1
 

-
'-

-
-
I
I
 

-
 
I
I
I
 

-'
I 	

C
y 

F. ,
 	I
-
I 	

I 	
I 	

I-
rI

- 
.
_

,
 

-
 

- 	
:
 

-
 

--
 

- 
- 
I 	

i 0
 

—
 

= 
-r

 	
IC

. I
 	

V 	
s
t 	

C
A

 A
N

 	
Is

 1
0
 1

3
 

i 
1 

j 	
C

. 	
H

. 
-

c
t 

ii
 	

_
I 
I
i
 
	

-
 

7
 	

Il
_

_
. 	

I' 	
I
I
I
r
 

f-
I?

 
'
i
(
 

-
 

n
 

'
_
 

L_ 
	

A
 	

0
 1

0
1
'I
 	
i
 

M
 	
L

il
 	

I 	
lat

 	
IE
! 	
Is

 	P
.-
 CA

, 	
I.

J
II

IC
I 	
:
 

__
i_

._
, 

- 
J.

. 	
I 	

-
.
 	
-
 

.0
 	

L.L
 

-
-
 

- 
_c

 	
- 

5
 

ti
 	

C
i 	

i 
'-

 
I 	

r
 	

IN
 	I
i 	

11
 	

i_
 

-.
 

.5
 	

- 
-
 	

.- 
-
I
 

-
 

- 
I- 	

_
3
_
. 

L
iu

il
ic

 	
I ID

 	
V 	

I
' 	

I
i
 

r1
 

-.
1
 

-
3

Ii
F

<
I-

--
iI

II
-- 	

lO
IC

 	
--

-i-
. 

in
 

'L
i 
n
L
l-
i 

'i:
 

r
r
 

I 	
-
 

:
3
I
1
-
l
-
I
 

I 	
I
-
i
 	
,
V

-
I 

-c
 

 
-I

-J
 	

in.
 

 
jr;

 
i
i
w

i
L

:
i
f
-'
:
3

 
I-

' 	
V

t 
I
I
I
 

I
r
I
S

I
-

I-
I0

IC
IC

i1
h-
.1

tJ
F

-(
i--

-- -;
s
:
 

-J
c
t1

:
--c

 
F

( 
s-i
- 

i
. . 

-
 
I
 

w
k

10
 1
11_

 
U

 &
 I

 	
G

 I
N

 I
_
 

-
 

Li
 

0
 	

-i
 

:y
 I.

. 1 
1 ; i

! 
FiD

 M
 la

 I
N

 V
 I

s
I 	

a
 

t
 

7
 

- 
ST

h
F

I 
L

L
—

'_
lc

 
- 	

I
L

 
_

!
u

.
i
i
r
t
I
r
h

u
I
1

.
,
L

L
3

 
't

I 
L 

I 



I
J
I
I
ijD

i.
t
n

 
-!,..1

J
 

.
p
:
:
u
l
:
.
,
 

O
fltIL

.. 
I
'
 	
-
 

-
 

4 
J1

 	
—

ii 
- 

L
'2

4
-
 

I.. 
.L.2 

I
i
 
	
_

-
 

H
 	

r
 

i
u

-
 

n
Q

 	
11,15

-
  

:
i
 	

- 
	
a
 
.
.
r
j
 	

_
il 

IT 

'ifln
-

-'. 
I 

. 
_

-
:
 

I
I
 

 

a
 

fli 	
C,  

z
 	

u
t 

 
1.14-1

3
a

 
L
'!
J
lX

•
H

t
'lijC

o
j 

.,- 	
J
.
-
.
H

.
r
-
1

I
 

:!fl 
D

1 	
C

1. 
L
-
 	

3
 

, 
- 

H
O

j3
flt 	

4
-
itiD

J
.,-

is
 

-D
 	

rfl 
3

.
C

r
if
l:
r
c
:
 

C
D

L
ifl.I.-i.?

i 
E

•s
-..,..i4

$
 

.-
4

.'>
3

(
J
 

IIiiD
1
J
 

I:L
fl..C

<
 

-
C

1
iti-

-
iIP

ii 
-L

!lJ
 

iI 	
-
.s

 
-
 

C
 

-
1
I
J
.
 

_
J
L

 	
-a-

I 
I 

,
-
 	

J
.) 

Z
I
C

T
J
I
 

i1j 
.
1
r
j
.
ç
 	

fl 
1

!1
J
 

-7.
 

r 
'.i.W

D
 

C
I 	

_ 
.- 

t
t
n
I
:
 

C
W

>
4

-
C

C
 

iJ
l-
U

l>
f
l.
V

1
j 

,_-i! 	
C! 

lL
!+

-.P
L

.Irti 
i
>

L
L
L
!
.
-
i
 eli 	

Z
 

£
 

r
I4

.T
!r

 
C

I!jlL
I....i4

) 
J
C

I 
IJ

flj 
!T

I 	
L
i 

t
f
liJ

'lu
I
 

.p
n

l 	
rfl 

Ct. 	
!
I
f
l 

C
IIC

l).P
 

.4-' 
C

 
ItlJ

C
iii.1

1
1

3
 

-n
 	

. 
C

 	
ui 	

- 	
. 

. 	
,. 

.- 
--i 	

G
O

 ri 
. 

:
 

r
 	

Crl .i 	
rill 	

r
j 

Cl 
4
- 	

rt: 	
- 	

L
 

- 	
n

 	
u

l 	
-i 

. 
i—

 
J
_

 
£

-
4

 	
- 

 
 

---'- 
1

1
:
1

1
 

iii 
-
-
-
 

'ii 	
f
l
-
P

I
t
0
4
' 

-
i
3
'.. ..

.
L

I
I
I
)
 

0
 

i
:
.
1
1
.
1
.
 

T
-1.1 	

!z: 	
u

l 
i
 	

C
.iz

:.:: 
liL

fl 
I 

-
:
 

H
i
 	
-
l
(
i
 

:i 	
-
 

r 
(
1
I
:C

 	
ru 	

-4<
C

I 
-
 

C
 

-
I
-
-
i: 

a
 	

r
-
 

L
 	

- 
---I 	

e
-
4
 

1
5

-
i1

3
3

H
 

c
r
i
"
-
:
o

l
 

- 
-

L
 	

I
I
I
 

- 
-
 	

D
.-

I
I
 

c
_

 	
0
 

0
 	

rt 
-
-
 

,--! 	
1
0
j 	

.4
O

 
.,,j>

. 
£
1
Z

3
0
 

i
Q

J
i
4
.
)
i
f
l
1
>

 
£

T
J
 

--iI 	
'i-

-
C

)
(
J
C

l4
$

iC
 

e
1
_
_
i
 

i_
1

r4
 	

---i 
r 

	
0
4
0
1
 

.._ 
3

:
4

-
-
.
 

.-. 	
i.--.  

1
:1  

1
1

:L
i_

 	
p

l--i 
(Li 	

-iifl 
4

:9
- 

.C
1

4
'I 	

)
I
t
L

f
l
 

:iC
L

fll-p
 

I 
r
W

_l 
ill 	

E
:

I
1

9
T

j
Ifl 

..-
-
.c

r
Ir

 
>

4
I 

rj 	
4

.i:I,...4
_

.4
i1

 
1

_
i
j
 

P
1
3
fl4

_
 

i—
i 	

:
I
i
'
i
r
J
 Qu T-1

 	
ID 

f
l

I  
C

1 
II 

ti 
9I..0 

i
r
 	

ED 	
ri 

i
i
I
 

Z
 	

t.. 	
z
 

i 	
ill 	

-- 	 -_
I
 

C 
I- 

:' 	n
 	

III 
3

 
2

 
p
 	

.p
 O

N
 	

I
 M

 1
 0

 2
 

0
 
1
I
 

L11 	
. 

r- 	
-
 

cl 	
'
f
l
-

-
ci1 

.. 
. 

C
-I 	

ri 
r
IC

!tiC
L

n
 

-
'-

:
 

liU
U

E
 

_
r
s
>

-
_
n
iL

s
:3

 
tflrfl 

C
!,-4

C
'i 

i.i[y
i-iC

! 
J 	

.n
u

llt 
z
 

- 	
z
 

:
 	

ii 	
- 	

.- 
I 	

-
 

. 
Z

O
C

 	
.-d

 
£
t
.i

. 
.p

r
f
l.p

 
.p

.H
iJ

 
- 	

9— 
C

I1
l

1
I
r
.1
l
:
 

Ci 
D

'l
I
 

r, 	
_
.
-

l
i
i
.-

.l
:
i
I
 

£
9

:
 

C
r

7J 
4

2
4

--till 
liii 	

1
1

3
3

1
)1

 
p
F

T
i 	

D
!ii 

rfl 	
3

0
 

.
i
-
,
r
c
 

'-
 	

p
c
_
p
Z

 
I
iI
C

t
l'ljiU

I
.
-
i 

CI 	
E

I
a
c
f
l.:u

l 
L

 
L

!-i-P
 

7
3

4
2

 
flT

1-  
-
-
-
-
in

 
e 	

j
c
_

n
 

i
_
I
C

!
!
 

l
:
L

 
Ii.- 	

-
 

-r
_
 	

CO
-
-
 

 
C

 
£
L

i1
4
$
o
j 

fl 

r 
!.P:l 	

E.A
 z-.* 

U
. 	

ul 1p. 	
:1 

rr1
4.2  

_
C

i.H
iU

.1
I 

:
I
:
i
l
. 

i
:
.
:
-
n
T

l
.
C

----  
-
 

L
i:iI(

.Ii4
3

C
9-

5
-
r
fl0

 
:r

r
jiJ

iT
ii 

if
f
l 	

i.-
,-

i 
I
I
J
I
E

 
D

 	
1
2
1
 p

!fla
C

I.0
 

U)  
rij'ti 

I
I
-
4

C
 

to 
a
fi. 	

r--. 
s-.iC

I!C
!U

u
lC

 
L

tL
t1

_
I 	

.
.
4
J
1
1
i3

 

_
-
jr

1
C

L
 

—
I 

-I 
f
l
.._

L
!
i
_
 

i
.
T

j
C

I
i
_
I
I
.
I
 

I 
rE. 

CT 
iii 

I 	
_- 

 
_

:ii 
G

-
 

C
C

 
-..9

_
-._

C
3
 
L
r
.
_
I
iI
l 

El
-
  

C
ii 

-
 	

a
:
 

-
>

 	
i

- 
C

H
 

E
 

i 
,
_
 	

3
 	

_
C

I 
C

 	
i 	

1
J
_
 

4
)
-
H

p
4
3
2
:
 

fl ....I
C

 
flj 

.H
#
-
n
.H

1
y
 

C
 
---- Ia

>
4

C
C

.H
 

T
i.H

O
h
iflltL

IIU
1
F

L
IiJ

_
fr

.C
_
C

 
-I 	

4
2
iiJ

.H
 

C
n
i
E

c
r
1
O

l
a
-
C

 
4
.'-P

 
ir
fl4

.2
 

li_
I 	

Z
:

-
  

4
-3

(iiiJ
 

U1 	
lkq 

.. 	
L

T
. 

>
I 
-
C

I
J
 

-I 	
S

: 	
C

 	
ki ll 

i
 	

-
 

.1.) 	
>4 	

s4 
.- 	

-I.' 	
> 

T
' 	

! 
I 	

i 	
I
 

_- 
I I D

I 
4.) 	

j-I 	
- 

i 	
C

 	
Il 

L
i
l
I
.
.
l
-
L

i
L

4
 

L
iT

fi..-. 
C

') 
flJ-H

 
1

.H
C

IijI.C
C

r
IC

 
W

.t_
' 

C
i4

.2
 

•
 

_
C

C
iL

f
la

C
i-
.
.
ir
i:
!
I
r
f
lI
i_

lP
t
!
t
i.
C

ii:
:
f
l 

:
r
._

-
:
-
-
 

C
T

IiiD
J
L
illE

_
iIL

i.H
 

a
:
_

i
 

- r". 	
L

 	
III 

rk 
m

F
4

-.H
rflN

iT
;i3

o
4

.. 
i
.
l
.
a
:
t
r
l
 



ri:hnass, 	pLt tel I 	spe:e•r: 	 ep.cie:: de.5it'/I 

total 	± ndi ',i dL:t:L 	a n d d':urn:L i..n: 	i nde': ar a shown 	t 	each 

sarciplinci site.. 
A deiidrccirai'n was prcdu':ed frci the similar i ty anal y 

cf these dat a (Elg ur a 7) , 	Th 1 s dendrc'qr sin shows four rain 
bran:hes. 	Branch A (Ficiure 7) crcups 	ether an array cf 
st r earn zon a and h I h er r si fa:L 1 J a r r ah fi:r-  e s t 	si t es 	fr ':'r 
South cain i nci 	Raised Cann I ncj and N':'r th Band si up.. 	These 
sites have in common h3. ch rn':':stura status and a dense to 
ml d-denze shrub st rat urn.. 	Th a str 	zones at Mundar nq 
have a di ffa•c.;t ant ':'::'mmuni ty and ':':'ristitute di ffe;'ent ant 
nabitats 	(Orcup 	B).. 	n-- • 	•: c'rnrfu_tnity of t h e 	Mundsr:ini 
stream zones d':'c-s h':'waver -rave sf11 nit las with a Jarrah 
forest site with a dense understoray at Raised Canni rii (CE- 
2A 	3rcup B qathers the ant assernbi aqes of the Wand,::,:: 
w':'c'dl c....ds at Mundar :L ici and South C:ann I nc , 	The wc'cid I and ci 
clay sc'± is 	ir.:-A. , 	S::--IA) shc'wi nq the strc'nqest af fi ni 

ttit SptfC :1 as coripc's± t Ion. 	Jsrrah f':'rast sites ± 'i drier 

envi r :'nmarit s wi th al at i vel y ':ip en u n d e r st cr e y s air a qouped 
in branch C. 	This includes forest cites in the drier 
pr c.je:: t areas cf the upper Bout Ii Csnn i nq and Mundar I 

results c: 1 	the s:i mi 1 ar:. t' 	ra:L ysi s on 	ant 
c':mriiunities ':c'ntrzst with that on birds in a number cf 

respects.. 	The b:i.cc:ecira:ihii: trend r'::'r the drier north and 
east to the wetter south and w e s t is 1 ass cvi dent.. FL.rthar 
the an 	ana 

	

t fu 	appears to be i c re resp ::: nzi 	t 	 e ':' the stat 	of 
-I- 	Lnd. - 	c'i'ry 	i 	lF 	v lat - d 1c'sl 	m'_'i :t'i, 	SbSLLLS 
than 	c-1 t ha upper 	tree st rat Lilli 	Ant espu:'nses may he 
similar 	in 	this raspa':t; ti: thc'se cf 	srrai I 	rnarnrnais and 
contrast wit; Ii what was observed in b i r d s arid herpt 11. as.. 

T h e anal ye1 s cit ant spa: i as c'mpc'si t 'ri di. st I nciui shes a 
se'::c'nd 	r aqi '::'nai s;reari z,:na  .art 	:;r::up, 	a--'.: lassi f15 

the 	rernaininci st. r e a rn 	one and Jarrah 	f'..'rest 	habitats, 
apparently ai:cc'rcInç.i fr:' urid.erstcrey dersi tj 	arid 	e.L evat as 
Panda':' 	w':"::'d 1 a n dj 	ass di st ± ri: t un I t d:i 1 fer :i nc 	fr cm 	cit h 
dr J. er hab :L t a t. type-a 

The 	'is]. ues 	far 	I; cit al arid p1 f -i 1 	;pe': :1 as 	r :1. a: 
rars' 1 y 	j ail ] 	wi thi n 	thc'se described 	far 	L.tiidl st ur bed 

Was cri ass fr all a'.n a:: a syst era. 	H.:caev er :ac'riie samp 1 a 	si t as 
differed train t h e expe':ted r.ancie 'ef 14 -- 25 pit: fall trap::ed 
spa': i eta 	(Maj ar , 	i ss : ,. 	Al 1 f  ii 	 a ii..........earn  
Sites ME -2A and ME-IA at Mundaririq had 	::.,c. va] y hi. gf 

ch;iaaa. 	wh:i1 st in S,::,isth C..era-i :i. nj Sc:-SA 	and SC:-4A 
richness was to': I':'w.. 	Canerally the ssrnp..e sites had low 
d':'rninen':a :Lnc!e'; va].;sas chars.:ta'ist:L':: of ..rd:lstsrbac:f 
S. 

	

however 	M!!-;,y- 	.1 	:'5fli xci-; 	ME-i. A 	and 	C:.ann 

at 	e: 	C:--, 	ad hI 	id':;! nan':: a I. call : as 	.e..;;:;c asti ;c 	acme 
pcarturbati':.n.. 	At Mundarinci ME-IA t;his rasu].ted fr::'rn the 
abunden': a 	ci 	h !i 	cppc'r v u:.L.:  

Sc'ut h 	Ca-i' I n 	si 1- . iii,  	—33A and SC---4A 	had 	I ow 
ic hr us 	and 'ii ah dc'rni nan.: a vail as lid :1. ':: at I rn:; ':: 	J. dar ab 1 a 

d a stAr ban': a 	 The 	p scan c a 	a f 	'c 	t; r amp 	ep 
i:,rdjr,c-r,ncj']a 	rudurn fur t her Ha 	I I; -n' pr at :at I sri 
Th i s was appar r; 1 y due t c' s':::'I 1 di et ar hera: 	ard va:et a 
che...qee ± ndu':e:l by 'f'acre.l pars.. 	TI-i a sl a 	di stcrL;.a:ice 	at 



Figure 7. Classificatory dendrogram by the Cosine Theta Coefficient of 18 

ant sampling sites in the four water supply project areas 
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ë:annjncl C:E-1A may al sc be attr ihutab:le to these anirials. 
Tne species densities recorded in this study were 

hi ciher than th':'se recorded previ cusi. y (Majer, 	1983) 	This 
was not correlated with hi qher than normal species richness 
and sc probably in sorr,e way relates to the efficiency of 
the 	traps. 	Ants were more abundant in the drier envi r':'n- 
rirent 	and more open veetat ion at 	Mundar I nq . 	Such 
conditions are preferred by ants in cieneral 

4.5 Fishes and Freshwater Crayfishes 

The 	resLilts of the fish sariipi mci are presented in 
labi e 3 (Nomenc 1 ature •i':l I c'ws All en, 	1982) . 	The faunas of 
the 	Mundar i nci and southern I::arin i nq catchments cc'nt ai ned 
five of the six expected indiencius fi shes. Althc'uqh in the 
c:ann i nq cat c hrient 	t hei r cii st r i but i oils are disc cint i nuo'_ts 
(Aquati: Research Labor ati::iry, 1:387) 	The absentee was the 
b:*by Fstudimgcibiu5 iloruin which Oii us in the fi-shwai t-rs of 
the 	Serpent i ne River (F. L:hrystal per s • c omm.). 	The 
Hardyhead Atherinosoma waliacel was absent from the Cann:i nq 
above the exist i nci reservci r . 	Of the dei:apod ':rusta':earis 
Mar rc'n Cherax tenui r(iarius was not recorded at Mundar I nq 

The mdi en':'us fish fauna of the upper North Dandalup 
River 	appears to he depauper ate with oni y 	6alaxia21 
occidentalis present in any numbers., 	The Nightfish  

LLLJ was recorded by the Aquatic Research h 
Labor atciry (Edward tt al.) but was eppar eit 1. y scar:e in 
this part of the ....Lver. 	The reasi:::'iis for 	this are not 
known 

4:6 Aquatii: Fauna Cciriirriunities 

The Aquat ii: Research 1_abc'ratory ( ARL) of the Uni versi ty 
of 	Western Australia are undertal.::iiii a .L'::'nc:i term study of 
the macrcii nvertebrate and fish faunas of the North Dandalup 
and 	f:anni nci River Systeis. 	To assist in the current 
objective 	of 	assessi nq 	the 	representat I veness 	of 
al t ernat :i ye pr cijec t areas the iahcir at ':'r y has pr ov:L ded an 
appri:ipr Late 	anal ysi is of 	its early data. 	Si ml I ar :i. ty 
analyses were ':arr I ed out wh I ':h were eqLkl val ent to thcise. 
'..Aseci to ': oripar e the t err est r I al b i r ci and ant faunas of the 
pri::ijei:::t areas. 	(For detsi is on methods of analysis and 
r esul t is see Aquat i c Research Labc'r at ':'r y 1987) 

4.6. 1 Mai:rc'irivertebrates 

A t...t?t of 202 taxa were recorded by A.R.L. 	from the 
c;i:hriitnt's of the two river systeiiis.. 	The North Dandalup 
Catchment he:lcI 14:1 taxa whilst the L:arin:Lnq Catchiiient had a 
hiciher species r:ichness 	with 164 taxa. 	Of these taxa a 
ti::ikal of :106 were ri:irIIrIii4ii to both catchritents. 

The 	br cad est 	iJ i ist; liii:: t I i:::iii 	bet weeii 	ma: r cii n ver t; eb rate 
c i::iIIii'IIun :1 t I es 	was 	n cit 	bet ween the two 	r :1 ver 	syst etis 	b tit 
bei;weeri 	lip land 	and 	i:ciastai 	ol e:i n 	Li:ii:a].:L ties. 	Hi:::wever 
wi ;hiri that ':::cintext the up! and 5:Ltes of the North 	Dandalup 

14 



Table 3.. 

The t sh spe': 1 es c:'l I ected by el e•ctrc-f ± sh.i. nc ± n streams of 
the 	k:ai sed Muridar I nq , South Canni nq 	Ral sed Ctanni nc and 
North Dandalup prc.je'::t areas 	Species are recorded as 
bei ncj 	cl:lriIrIIcIfl 	(C) or pr esent ( :' at ea: 1 	site. 	The 	age 
':lasses are c:jiven in parenthesis (i.e. 01 first year of 
l te, If second year,  , 2± third 	) 

----------------------------------------------------------- 
Mundar i ng 

Sites 

------------------------------------------------------------ 
Helena & Darkin F.:ivers 

Species Fl F2 	F3 F4 F5 

Atherin:sc.riia wal la':ej i::•-  i::( 1+) 
1: 	t:i:I.::ia 	p::ircis3 
Edelia vittata C(.0±, 1+) C(0F) 	!..::(Q±) 1::(•l- ) 
Gal axi as 	:cc: I dental :L s C 1±) c(M)  
Ciaribusia 	affinis:$: i::(o-l- ) 	 C:rO-i-, 1-i-) L 
saL riic 	sp :i: 
Ta.ndat'_s 	I:)'Jst':': ti 
::rff,; 	qu.inque':atrinatus C:(1)+ 	1+) Flf) C:1±) 
Cherax 	rc\L11 

----------------------------------------------------------- 
Canni nq 

Sites 
River 

------------------------------------------------------------ 

Species 	 FE 	F7 	F8 

Ather I rILiscIma wal 1 acci 
B':'st':'ckia p:iri:isa 	C(* i-) F:1.1--, i+: 
Edelia vittata 	 (0±, I±: 
Gal a':L as ccci dental is 	CC 1+) 
taFiibL1s1a aftinis:: 	 C:(O±, 1+) 
s 	: r': sp ::: 
"rardant..s bc'stcu: 	 r.  1± 
Cherax quinque':ar:ii'atus 	C(0±) 	l::() 
Cherax • - 1U1ltiiii 

------------------------------------------------------------ 
:t:irir:idu:ed species 	 Mule 3 cont. overpage.  
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Table 4 

Raised South Raised North 
Mundaring Canning Canning Dandalup 

Fauna representative of 

the Ni:irthern Jarrsh Forest; 

3pei: ics ri ':hr;sss and 
3bunden':e (birds) 

Area of habitat affected 

Spe::i es of hi ch 
coiiser vat ion pri. c'rity 

E':cl c'qi cal disturbance 

Aquat ii: Syst erais 

interdependence sf fec t s 

Total Ranking 

4 	4 
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The bird species recorded within GOrs of stations on the 18 bird cunsus traverses in the four project areas. 

Estinated densities (in birds per hectare) are given for each species occurring on the traverse. 

species rsioenclature follows Sls.kers et al. (1984). 

S5tCY MSA Railed 	r4ndarirq Railed Cannin9 Seth canning North 0.ndalup 

Strele 	wandoo, 	Jerr48 Strom 	Jatrah Str* wandoo 	Jarrah Stzslea 	.7.rra VECETATXCM 
• 1 	2 	3 	4 	5 1 	2 	3 1 	2 	3 	4 	5 1 	2 	3 	4 	5 

SZ.TSe 

SPwxFs 

Paiacroax ,.1ano1euc 	- Little Pi.d Corant 0.04 

AMATIW 2.54  
?jei supoxxiliosa - Pacific BlacIr Duck 0.16  
A. giksxifroni - Grey Teal 

0.16 0.14 	0.14 
Qie.tta jubata - Mned Duck 
,ccIPrTRE 

0.04 Loçiocictinha isura - Square-tailed Kits, 0.03 0.03  
Aripitar fazciat 	- Bw..n Gc48aak 
A. cirrbocuflalul - C11ax.d Sparrc4aa4i 0.04 	0.16 

0.04  
Aipit.r sp. 0.03  
q.aila aua - Wedge-tailed Eagle 

COLLMOMAE 
0.64 	 0.32 0.64 	0.04  

Phapa thalcoptara - 	en B&uizawthg 
CACAWInAz 
Calyptorflyndse ip. - 8it.-tai1ed Black GrkstOo 0.64 	 0.02 0.95 	 0.11 0.34 0.02  

Glo..credtta pIryTcceç1a1a - Purplecro.inad LX)clet 	0.21 	0.16 	0.50 0.14 

ppucaioeçIal* ariu. - p.d-ppsd Parrot 0.64 	0.28 	0.12 	0.44 0.28 	0.48 	0.14 0.63 	0.05 	0.05 	0.01 	0.04 

	

0.20 	0.21 	0.03 	0.16 

	

0.16 	0.21 	0.06 
0.64 
0.21  

Platycsrcua icterotie - Weltarn Roe.11a 

	

0.73 	0.12 
0.64 	2.07 	0.32 	1.27 	0.04 

0.64 
0.080.32 	0.48 

0.15 
0.11 	0.64 	0.47 	0.16 0.64 	0.32 	0.16 	0.64 1.20 

Barnaxdius zonariva - Pot Lincoln Ringnedi 9.12 	9.96 0.36 
Nsolea 91e9anl - Elegant Parrot 0.07 	0.21 

cLroAZ 0.33 	 0.16 0.07 0.04  
ocu1ui pyrrbof*enua - Fan-tailed QO0 

8ry1ocoyX baaalii - Horatie14l 8ze-dCO 

	

0.02 	0.03 

	

0.05 	0.03 0.03 	0.03 	0.14 0.01 	0.04 	0.01 	0.01 	0.04 0.03 	0.03 
C. lucldua - Phining 8105ze-o3CkQO 

Dec.10 navasguineas - tai4ing XraburI* 0.07 	0.04 	0.07 
0.64 	0.02 

0.39 
0.04 	0.07 

0.02 
0.04 

0.02  

Halcyon .ancta - Sacred Xingfisbar 0.32 	0.03 	0.03 

HEFCPMAE 
Weroç* ornal - Rain' Ble-eater 0.31 	0.04 	0.06 	0.16 0.03 0.03 	0.03 	0.05 	0.07 

HunsAz 
0.23 	1.59 	3.82 	1.59 0.60 	0.96 	0.28 0.31 	0.05 	2.50 	0.07 	0.04 0.25 	0.50 	1.27 	0.05 2.09  

Cacropie nigricana - Tree MartIn 
CAMPEPKhC=AE 

Coracina novoehoil 	iae-B3.ack faced cuckco-ehrika 0.20 	0.07 	0.64 	0.0.080.04 0.64 0.07 0.07  

NJScICAPMAE 
Petroica 	1tico1c 	- Scarlet PthIn 0.14 	0.16 	0.64 	0.64 0.42 0.35 	0.01 0.64 0.04  

P. gaianowii - Rad-cappad Scbin 0.16 
1.91 	0.64 4.45 1.27 	0.14 	0.64 	0.16 

Ecçealtria gorgiana - blrit.-brsaatld Robin 0.03 0.16  
E. qxie.ulaxie - We.t.rn yellow Robin 0.48 

Fa1ersculus trutatue - Crseted 	wike-tit 0.21 
0.20 	1.91. 	0.210.64 	0.08 1.93 	1.27 	0.50 2.50 	2.55 	0.15 	0.03 	0.08 2.55 	2.55 	0.48 	0.16 0.16 

PadyceRo3a pactorali. - GO1de 	Iriatler 0.14  
P. tut ivantria - Rofoua Whistler 0.12 	0.14 	0.04 

0.64 	0.16 0.14 	0.14 	0.16 0.03 	0.14 	0.03 0.03  

Co11urinCIida hareatica - Grey Phrik.-thzueh 0.04 	0.14 	0.21 

	

0.64 	2.55 	0.64 3.18 	0.50 	1.27 5.09 	1.27 	0.47 	0.03 	0.14 4.46 	1.27 	0.95 	1.11 0.95 
Rhipidur. fuligirsea - Grey Fantail 1.91 	5.09 

MALmMAE 
 Malurul epl.rsa - Sp1iitd Faixywrefl 0.285.73 	1.27 	0.52 	1.93. 0.50 	4.46 0.47 	0.64 	0.07 	0.14 	0.10 

0.06 

	

0.32 	0.24 	0.16 	0.21 

	

0.16 	0.07 	0.64 	0.21 
0.6 4 
0.64  

N. el.gana - Red-winged Pairy-wran 0.21 
0.02 	0.04 	0.04 

	

3.16 	3.82 	0.64 

	

0.42 	0.21 	0.15 

	

0.21 	0.64 

	

1.27 	1.13 	0.31 	0.07 1.91 	0.99 	0.36 	0.32 0.03 

Malurus ip. 0.07 	0.07 

Saricornis fronta.li$ - l*ite-izDuSi Sctubate% 0.16 	3.59 	0.08 3.82 	4.46 	0.07 

	

1.27 	0.07 

	

0.64 	1.23 	0.03 	0.64 
0.07 	0.48 	0.05 

	

0.03 	0.02 
S.icroxnis brevirostri. - Weebill 1.27 	0.52 	1.03 	2.39 	3.16 

	

0.07 	0.32 

	

0.64 	0.24 	1.27 0.28 	0.36 	0.63 	0.63 	1.27 0.32 	0.12 	0.16 	0.50 0.28  

Gerygans fuaca - We.tarn G.rygem 3.06 	1.27 	1.27 	0.16 	1.91 

	

4.46 	0.28 	2.55 	1.27 5.73 	5.09 	4.46 8.91 	6.37 	0.22 	0.63 	0.64 1.27 	1.91 	3.82 	0.57 2.55 
Manth.iza apica.1l.a - Inlaid Tlrsrnbill 0.50 

3.82 	0.32 	1.11 1.21 	1.91 	5.09 0.15 	0.01 	0.30.31 	0.63 	1.59 0.24 	0.32 	1.13 	0.28 1.91  

A. inornata - Western Thoxnbill 0.64 
1.27 0.14 	0.31 	0.15 

A. chtyaorTliCa - Ye11cw-rarçsd reernbill 0.80 

TrIDKi 1.21 	0.33 	0.77 	0.64 0.35 	0.14 	0.12 
DsçIositta thrysoptare - varied Sittella 
CLIPIACTERMAZ 

0.04 	0.12 	0.14 0.16 	0.16 0.21 0.07 

Clbaactarie rufa - Roftsia Tr..-cr.sPSr 
.IPwGwyz 

MUthlera c.rtrsrulata - Red Mattlabird 0.18 	0.03 	0.03 	0.02 
0.32 	0.04 1.27 	0.64 0.16 	0.04 	• 0.33. 

A. dryaopter5 - tattle wattlebixd 1.20 	0.71 
0. 28 

MaXithreptUa bc.viroettie - Bro.oee4ed Ika.yeatSr 	 0.07 
0.48 	1.27 	0.64 0.35 	0.64 	1.91 	0.63 	0.0, 1.27 	1.21 	0.42 	0.03 0.16 

N. 1izatua - Weite-napad 	ney.atar 

	

2.55 	1.03 	6.37 
1.91 	5.09 	1.39 	8.28 	0.16 0.21 	0.08 	0.64 0.05 	0.80 	0.63 	0.12 1.2' 	0.05 	0.04 

Licbr.rI isd.ist3.ncta - Birun Ibawysater 
0.05 10.66 	4.93 8.91 11.46 	1.21 8.27 	3.18 	1.27 2.39 	3.04 	0.20 	1.27  

Pliylidaryrie rrsvao1Lania.-Mew Holland Foey.st*r 0.10 
P. eei.nopa - Taany-coVa 	eyeatez 

0.16 	1.91 	0.07 	1.27 	0.32 1.27 	5.13 	1.27 3.13 	0.64 	1.27 	0.28 	0.85 0.64 	0.57 	1.98 	0.64 0.04 

Acanthorhyndue euperciliosua - We.tern Splflebill 

PMOALOTIDAE - S07ttsd Pardalota Pardatotus p.sctatuS 0.07 10.82 	0.12 	1.27 3.50 	0.48 	0.57 4.45 	1.27 	1.90 	0.49 	0.13 

	

3.80 	0.95 	1.06 

	

6.37 	0.95 	1.56 	0.16 

	

1.91 	0.85 	5.09 	0.68 
0.24 
3.82  

P. strIate. 	Striated Peadalote 1.03 	3.11 	1.83 	3.82 	0.71 1.70 	1.96 	3.11 1.39 	0.80 

TOPI0AZ 
0.99 	4.14 	0.15 	0.95 	0.78 5.09 11.46 	6.37 1.59 	6.37 	0.21 	0.95 	0.64 2.23 	0.95 	1.06 	0.48 1.27  

Zoetsrol* 1.ataralia - S11v.reyi 
PLOCrMAZ 

3.62 1.91 	0.64 0.63 	0.04 1.91 	0.16 	0.10 	0.02 

72t1 	ooulata - p*learei pIretail 
ARTMX0RS 0.50 0.07 0.19 	0.20 	0.05 	0.07 0.03 	0.05 0.57 

Art 	a cywcptaru 	- Cbaky ba4s1loa 

CRACTICICAS 
cracucu. tcequa0ue - Grey Potdlsrbixd 0.0, 	 0.16 

0.16 0.03  
Stze7Sra veratlor - Grey OurrawsIg 

CORVIDAZ 0.16 	0.02 0.23 
Corv 	crgaioidee - ?.u.tra1ian Ravan 

of RocalyPtuS 1af ..laid. , Strom cam eoreiatad in part 



Aendix 2 
List of rwDn-çesserine bird species present In the project areas but not recorded on the bird census traverses. 

(i.e. noted during periods of informal observation) 
Mundaring 	 Raising Canning 	South Canning 	 North Dandalup 

CASRIIDIE 
Drciriaius noaehollandiae - Emu  + + 	 + 
PHALACRCXXIWIDAE 
Phalacrocor2x 	rnelanoleucos - Little Pied Coruorant + 
ARDEIFORMES 

Ardeapacifica- Pacific Heron + 
ANATIDAE 

Tadorna tadornoides - Australian Shelduck + 
Arias superciliosa - Black Duck + + 
A. gibberifrons - Grey Teal + + 
Biziura lobata - Musck Duck + 
ACCIPIThIDAE 
Aquila audax - Wedge-tailed Eagle + + 	 + 
PsITrAGIoE 
Calyptorhynchus magnificus - Red-tailed Black Cockatoo + 
SIRIGIDAE 
Ninox novaeseelndiae - Boobook Owl + + 	 + 	 + 
PODARGIDAE 
Podargus strigoides - Tawny Frognouth + + 	 + 
AEXXYflIELIDAE 

Aegotheles cristatus - Owlet Nightjar + + 	 + 



AçeixIi.x 3 
The herpetofauna of the project areas and stream zones (S), Jarrah forest (J), Wandoo woofland (W) and 

Eucalyptus laeliae woxIland W. Species associated with the granite formations are indicated 
with an asterisk (*) 

SIUDY AREA Raising South North 
Muniaring 

Canning canning Dandalup 
SCIES W S 7 S J W S J S J L 
HYLIDAE - Tree Frogs 
Litoria ade].aidensis x x x x x x 
L.norei X X X x 
LEP1ODCT'fLIDAE - Ground Frogs 
Crinia georgiana X x x x x x x x x 
Geocrinia leai X 

Heleiorus eyrei x x x 
H. inornatus X x 
H. peTuiophilus x x x 
Pseudophryne gtEntheri X 

Ranidella glauerti x x x x 
R. çseudinsignifera x x x x x 
GAE - Tbrtoises x 
Qeloina oblouga X 

GflIDAE - Gekkos 
Diplodactylus granariensis x 

palyorhthalnus X X x X x' 
Gehyra variegata x x 
Oedura reticulata X 

Phyllodactylus mannoratus x x x x x x 
Phyllurus miii x x x 
PQPODIDAE - Legless Lizards 
Aprasia p.2lchella x x x x x x 
A.repens x x 
Delma fraseri x x 
Lialis burtonis x x x x x 
Pygç*iS lepidoixdus x 
AANIDAE - Dragon Lizards 
ctenoçh,rus omatus x x x 

gona m. minor x x x x x x 
SCI1tIDAE - skinks 
cryptthlepharus plagiocephalus x x x x x x x x x x 
Ctenoths delli x x x x x x x 
C. ixnpar x 
C. lillardieri x x x x x x 
EgezrLia kingii x x x x x 

luctuosa x x x 
E. napolecnis X X X X X X X 

Heniergis i. initialis X X X X X X X X X X 

Leiolopisma trilineaturn x x x x x x x X 

Lerista distinguenda x x x x x x x x x x 
Menetia greyii x x x x x x x 
tbrethia thsaira x x x x x x x x x 
Tiliqua r. rtisa x x x x x x x x x 
VARANIDAE - Monitor Lizards 
Varanus gc*ildii x x x x x 
V. rcsenbergi X 

V.t. tristi.s X 

TYMLOPIDAE - Blind Snakes 
Raihotyphlos australis X X X X 

R. pinguis X 

BOAE - Pythons 
Morelia spilota inicata X* 

EILAPIDAE - Elapid Snakes 
Acanthohis antarctiais x 
Notechis scutab.is  X X 

Pseudonaja a. affnis 	 - x x x 
Rhinoplocephalus gouldii X X 

R. nigriceps 
Vennil1a semifasciata X 



Ajix 4 

nie mamal fauna of the project areas and stream zones (S), Jarrah forest (J), Wendoo Wxx3J.and (W) and 
Eucalyptus laeliae woodland (L). Species associated with the granite formations are also indicated 

with an asterisk. Observations fran secondary evidence are shown with + for scratchings or diggings and 
# for sound records. Intr1uced species are listed with (I). 

SrUDY AREA 	 Muridaring RaiSing 
	South 	North 

Canning 	Canning 	Dandalup 
SPEXIES 	 W S 3 S 3 W S 3 S J L 

MAMMALS 

TAHYGLOSSIDAE 
Tachyglossus aculeatus - Echidna + 
DASYURIDAE 
Dasyurus geoffroii - Western Quoll 
ninthopsis gilberti - Gilbert's Dunnart 

antechinus flavipes - Mardo 
PAMELIDAE 
Isoedon obesulus - Quenda + 
BURRAMYIDAE 
Cercax-tetus cx,ncinnus - Western 	y-psstm 
MAOPCDIDAE 
Macropis irma - Western Brush Wallaby 
Nacropus fuliginosus - Western Grey Kangarco 
MOLOSSIDAE 
Mrxnpterus planiceps - Little Flat Bat 
Tadarida australis - White-striped Mastiff Bat # 
VESPERTILIONIDAE 
Nyctoçnilus gouldi - Gould's Lcng-eared Bat 
Nyctoçülus gwffroyi - Lesser Long-eared Bat 
Chalinolobus gouldii - Gould's Wattled Bat 
Chalinolobus mario - Chocolate Bat 
Eptesicus regulus - King River Eptesicus 
MURAE 
Hydranys chrysogaster - Water-rat 
Mus rinisculus - House Mouse (I) 
IIDAE 
Oryctolagus cuniculus - European Rabbit (I) 
CANIDAE 
Cans familiaris dingo - Dingo (I) 
Canis fainiliaris fainiliaris - Dzx (I) 
Vulpes vulpes - Fox (I) 

Sus scrofa - Pig (I) + 

X x x x x x  

X 

x 
X x x x 

X x x 

X 

X x x x x 
X X X X x x x x x 

X 

X x x 

X x 
x x x x 

X 

X 

X x x x 

X 

X x x 

X x x x 

X x 
x x 

x 

X x x x x x 



çix 5 

The nnrer of ants of each species collecta:I in sets of 20 pitfall txape established at 18 sampling sites in the four project areas. 

Mt species detected in hand searches of the  sampling sites are indicated by (+). Ibtal species richness, pitfall species richness, 
species dmsity/m • total individuals and dasinance index values for each sampling site are givu at the foot of the table. 

Peaxiaring 	 South Canning 	 Raised Canning 	brth Oandalup 

MELA ME-2A -3A -4A -5A S-1A -2A 9-3A -4A 9-SA CL11A c-2A -3A f3-lA -2A -3A D-4A -5A 

Myrsmcia sp chasci 1 1 2 3 2 

Myrmecia sp nigricepe sp Jt45 + + 1 + + 

)4yrmeci& sp JUl 258 1 

Myraecia sp JUl 610 5 

HyrITcia sp JUl 553 1 

Brathynerasplutea 2 2 1 2 6 + 1 1 1 1 3 1 + 1 1 

Lpto5anys sp,  JDl88 + 1 3 2 2 

Cerapachys 89 n 
9 

Cerapacthys sp JUl 203 3 2 1 2 

3 
Cerspachys 89 nov 

Rhytipsera mp inornata 45 8 11 106 48 17 8 14 28 27 57 13 41 3 15 13 + 

Rhytidoprsera sp violacea 6 7 18 1 3 6 5 + 14 9 2 9 21 3 9 

Rhytioaera sp JUl 121 2 1 1 3 9 

aaxwwopansra 89 JUl 89 1 2 

Misopheile antiçcdsa 1 6 8 1 10 

C.ard.ioxssiy1a neda 1 1 

c3e1aner sp nov. 1 

Oe.Laner sp JUl 61 7 1 

Mon 

 

ariun 89 1 (MJIC) 15 13 7 7 4 15 6 12 14 7 2 

Mxsworiun sp 2 (NIIC) 1 92 27 28 

Theidole latigeta 40 3 147 57 36 29 15 31 30 18 27 13 

Pteiao1e sp JUl 399 1 2 

Pheidole $9 JUl 379 43 37 17 6 

Podomyrma sp JUl 161 + 

Solenopsis sp JUl 34 1 2 1 

Tetrascrius mp 6 (MIIC) 1 8 4 1 13 

Tetrecrius sp JUl 206 5 

esatogaster mp  JUl 33 7 1 1 2 2 

eaatngastsr 89 JUl 428 
+ 4 5 + 

Meranoplus sp JUl 220 1 2 1 2 1 4 2 

Mexanoplus sp 12 (MtC) 1 2 7 

Meranoplus sp 11 (1iNIC) 1 1 2 2 

Meranoplus sp JUl 400 13 

+ 1 
D1ierus 89 JUl 211 + + 

Hypoclinea sp nov 2 6 1 2 3 + 1 1 1 

Tapi1a sp JUl 314 26 18 2 1 7 

Tapirsa sp JUl 416 2 1 

Iri&eyzx mp conifer 234 158 73 427 97 9 129 204 279 

Iridasyrmex sp 14 (7NIC) 55 27 35 U 2 14 32 21 21 2 24 

Iri&eycoex 89 daxtthianue 9 185 7 8 22 5 7 + 18 5 5 155 11 176 5 

Iridasyrsmx 89 nitidua 650 250 7 

Xriwyrumx sp agilis 99 4 160 369 1 71 2 23 59 1 1 4 4 

Zriiyrmex mp glaber 152 1 + 10 2 2 55 20 29 7 4 156 

Iridceyrsc ip  JU4 168 + 

Iri.dasyrsmx sp agilis (pale) 
6 5 6. 

Iridasyrrec sp JUl 8 47 + 39 + 176 1 

Iridawrsexp1rpras 973 25 329 73 1 

Iridasyrsex sp 20 (?NIC) 
- 19 

Iridasyruex 89 18 (MlIC) 55 8 216 

1ri3asynsex 89 rx7v 45 



mmdaring 	 Scuth CmuuM 	 Raised Canning 	N=th Dandalup 
-1A HE-lA HE-lA HE-4A HE-SA 9-1A 9-2A -3A 9-4A 92-IA (-1A -2A -3A )-1A )-2A HE-IA M)-4A HE-IA 

MCINhE 

isothg m.tthaelaij 2 1 + 2 2 1 3 2 

Caaçtis 59 J4 183 1. 1 

Casotuasp3U4l82 + 2 7 7 + 9 •  + 4 3 

Caotha 59  Jt4 63 • 1 + + 1 + 1 1 

Caaçaxthz sp 31)4 104 1 2 + 6 + + 3 1 2 + + 2 1 

Cothsp .31)4 110 1 1 2 1 

Caaçutha 89 roov 1 

carena sp .31)4 287 1 1 + 

Cais sp .31)4 27 + 

Casths 59 .31)4 199 1 3 

Vo1yradia + 2 + + 

fllozim ap rv + 55 25 26 12 30 

He1cprua 89 .31)4 221 18 5 39 8 4 5 1 2 29 17 21 1 5 25 3 4 

NeoczuB 89 flOY + 1 

Ms1oç*ua ap 1(MJIC) 48 62 1. + + + 3 4 9 18 

Ma1o*zu8 89 3(7,NIC) 15 53 7 46 1 8 1 1 

btaus gilberti 1 

Prolasina sp .71)4 446 5 

StAgmacros  1 2 2 8 26 1 1 4 2 2 

Stigmacros 59 31)4 114 2 1 1 2 

Stigmscros sy,  .31)4 195 1 

Stigrcros ap .71)4 80 2 10 

Stisacrc. ala 1 2 2 9 26 4 

Ibtal Species Ridmesa 19 28 24 32 25 22 18 11 11 22 25 20 23 15 23 19 19 26 

Pitfall Species Ridness 16 26 23 30 22 17 15 11 8 19 9 18 21 14 19 18 19 23 

Species Dity/m2  7.4 10.4 9.6 11.2 8.4 8.0 6.2 4.8 4.2 7.0 8.4 7.0 8.4 4.6 7.2 7.6 7.2 9.0 

Xbtal Individuals 1355 820 984 1101 742 209 87 313 209 226 635 290 312 94 285 468 489 524 

DomirAnce Index .528 .119 .467 .195 .294 .181 .161 .572 .594 .233 .467 .182 .130 .233 .31.8 .229 .312 .374 



APPENDIX 6 - Notes on the possible effects of 

alternative darn devel opments on fish fauna 
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3. Effects of the reservoirs 

3.1 Loss of streamline 

The streaml inc pcvi des shelter and shade for fish  
cray f i sh 	For nNample c'st.ckia 2crc'sa and ri'ior r Ofl will 
1 i •e amonqst debris dur : nq the day and cor'ie out to feed a 
ru cIht 	The debris prcvi des shade, and shelter from  
predat ion by ':':rmcrants, water-rats, redfi n, trout and SD 

on. 	Aquatic plants will also provide shelter 	will t.• 
steep riverbanks with their hc'l es and crev:Lces 

The 	of facts of the 1 c's:s:'f str oor1 inc or a 	listed  
below- 

3.1.1 Loss of shade 

The riar'rc'w stre.z.r,'ii i na 	wi th mu::h tu'ee and shrub :aver,  
pr 'vi dcc. mu:  h shade, thus keep i nC water temperature down. 
The propcirticn of pc'c:L shaded is mu::h hic;ihor than for the 
r eser vci r . 	Shaded pools are cccl pools and are mu': h rc'r a 
favour ohl a to riot i va fish. 

3.1.2 Loss of steep riverbank 

A 	steep r 1 vrhank of up to three metres c.Ia'pth of fords 
a 	number of advent oqes. 	Water will nearly always be 
present beneath the tra'os or shrubs and this will maintain 

a) shaded water; 
'-''i 	c',.--i-- 	 ".•••' 	i..... 'c.. 
U, 	,ã,_.,)UJts.J debris (fish 	 y 
c ) 	a fl acided raposi try of crchan:L c matter 	(leaves, 

Flower hI cssc'ms etc ), 	w"u :1 c h support bent hi : i iver t obr at a's 
which inturn supports fish; 

:1) 	a. f].c':da'd r'cpcsitr y of terrestrial. :Lrusectswhi::h 
fol 1. 	from the trees (eiaxios 	 mnd the trouts 
will feed heavvi 1 y on t or r ec,tr i al i nse: t; a , 	Fr c'ri the wet or S 

sur fo':'e, whi':h have been blown from the tr's) 
In 	ccriipor i son the r OS::L'Y vci rs flu':: ta ate qreat I. y over 

rolativaly 	:Lar.edi.ah,a;'i:e's, 	Debr is 	and 	other 	oro:iic 
matter will not always renriain flocidod for long enc'uçih to 
support .equat i : fauna. 	!ypa cal riverbanks prcvi do a 
re:i at i. vel y  ate.b:1a' habitat only being exposed or excessively 
f 1 coded i n a' :': ':: ep t :1. anal years 

In a raacrvci r debris, arcianj ': matter and i ns'cta. will 
fal :1 short of the r 1 '/Cr for much of the year.  

3. 1.3 Loss of emergent and submerqent vegetatii:in 

Over wi r t or and api :iq fl ocidod or eoa; mar e or 1 oss 
stbl [SC-' as the pools qul u:kly fill up. 	Each pa:1 	is a 
':!.'li 'Yaaervc:j;' ' 	,ain tai ninci 	nr!cr a 	or lass 	stable 	water 
1 •eve.L c upst r aarc for as I onci as si x months. 	In these stab I a 
'Fl '::cd ed zones abundant oquat 1: veci et at i cii 	d evel ci:  a 	wh :1. ci'; 
pr:vidas shelter and pr:tc: t'icn for fish, 	o:'iabl ing the'' to 

aw'ri in the '1:.:,.:.2v,'L"',, 	The ve•c;ct.aticn also prc''ides 
pr cit cc t .1. sn for dev'al aping fish a•qs and 1 or vol 'at a a's 
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3. 4.3 F:edu:ed flow over winter (Exarcipl es: Ncurth Dandal Up, 
South Canning and to 
lesser extent Raise Canning 
and Mundaring Proposals). 

Frcviding flow is sufficient to maintain a ccnnecticn 
between the pc'c'l s of the ni var and to fl cod acjcerct areas 
the 	nat I 'ia fish pcpul at icr shcuul d suffer u:rtly mi ncr 
effe'- ;s. 	C::nnei:ticr :. a ;'qLrL r ad to enable migration,  
flc'odinq to prcuvida spawninci habiteL. 	if flc'c'd le •c•ls are 
reduced then there will be a raducticun :nspawninci habitat 
This may ef fact the size of the pc:pul at ± one. 	if no f:L coded 
ar aes are for med in w nt ar and spr i nc then the : :inseque:;c:e, 
for 	the native fish populations will be iaciati va and 
sever e 

A rductii:::n in flow may prevlt the deepest pa;'t:: of 
the 	p'::'1 s fr orri being thoroughly mixed and flushed out 

n t ar 	Th a ii 'r a t; hat 1 ow oxygen wet ar i ama t. ; r; 
sumilier will sit in the bcttc':i, of pcui:l a over 	wi Iter 	1h1 a. 
will 	ie.ed to ct redu,:1.iu:un in the area of the pc':1 	bc'ttcri 
avail abi a to henthi c c'rqani ems such as marrcn and nil cii es 
and hence to a reduction in pc'ci car r yi nc •: ape:: :1 ty 

3.4.4 Reduced flow over summer (Example: N':'rth Dandalup) 

By 1 er the wcr ct ': cuneaquan: as are as a result of this.  
Wthoi_.;t: flow the pools will not be mixed. 	They will 
st ecri at a 	he': cme 	del:' yr en at ad and water 	1 ave I a will 

r edue 11 y drop due to eveper at; i cur and 1; ran zj::: :1 rat I cur ( made 
w':'rse IF •Frmsrs pump from them). 	As eumrc;a.' 

	

curd i t ions be': curie w':'r se as fish hab ± tel; 	be: cries 	exposed 
and 	equati': 	plants d:i. a as. water 	.La•,al 	drcps 	se!. inity 
ncrea.ses and the aquetic: fame (:i.ri:ludiic; I;c'r!;':'±cez) 

be':: ':'rii a:: 	'.:: r arcip ed 	in a warm , 	relatively 	c_I aa yri en at ad 	and 
shr i nki nc p'::::l of water 

Jlia•n no flow rep:L e':aa c::rie flow over summer as in 
case of the pr i:upcisad Nir th D5fl ci a 1 u.cp Dam t l a consequences  
for 	aquati :: 	fauna (and 1:!. ::r.:. :: will .::• :";c;a.t I ye 	and 	vary 
severe. 	The 	rri.:ust epparant ef fect 	ii th : 	r•.•d.;':i:i 	in 
diccs:1'ied .:xyieci will be a much rac:k_;c:e:i marrc; pcpulet:ic:n.. 
The 	depth 	of 	the pc:c:lz. will 	be 	c_;nccvei .La.b:Le 	to 	those 
cr qan I cris which breathe in water. 	He;: a a r eduction in  
err yi nc 	: ape': i y 	her 	bc!; cr1 	d'cal I er a 	au:.: Ii 	as 
ft;ter cobbler &IMUNnua 	 çcacsa end 
qi 1 cii a:.; will suffer alec'. 

3.5 A questiu:iri of stability 

As far as pcussib a Jcw;e;raa, flow_: of the 
nil mi: 	the type and sees'srcel patt err .. 	This will 	:;. ii - i 
any ± ripe': t or the 1 fe c y: 1 ac: of the cat i va fish.,  

To 	rec:i:_:::a 	the 	c! mt c_cr ha;;':: a c._cuzed 	by 	environmertal  
:heaqes I ':nq p ar i ode 'a f 1 cw flow rate are pr afar r •al: 1 a 
:h;::;t 	periods of high flow rate,, 	in the crz.e cf 	the 
lzct!;•cr, 	fish 	cabibct 	will be ta::' :chc'rt ....]Ived ta 	eupp::'rt 
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