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Conservation Science W. Aust. 5 (1): 1-5 (2004) 

Reports of alleged thylacine sightings in Western Australia 

GREG HEBERLE1 

' Formerly of Department of Conservation and Land Management, Locked Bag 104, 
Bentley Delivery Centre, Western Australia 6983 Email: gregheberle@camtech.net.au 

ABSTRACT 

The thylacine (Tasmanian tiger 1hylacinw cya11ocephal11s) was Australia's largest carnivorous marsupial at the time of 
arrival of Europeans. The animal was the size and shape of a large dog. Thylacines lived in Tasma11ia until 1936 when 
the lase one died in captivity at Hobart Zoo. There have been a few hundred sightings in Tasmania since then, but 
none have been confirmed in a scientific sense. The Tasmanian National Parks and Wildlife Service considers that the 
thylacine is probably extinct in Tasmania. Fossil remains of thylacines have been discovered in all Australian States and 
New Guinea but they are considered by scientists to have been extinct on the mainland for some 3000 years. There 
have been alleged thylacine sightings in all of the mainland States but as in Tasmania, none of the sightings have been 
confirmed scientifically. This paper provides some data derived from 203 alleged thylacine reports from Western 
Australia, brought to the attention of the Department of Conservation and Land Management (CALM) and/or the 
Mystery Animal Research Centre of Australia (MARCA) to 1998. 

INTRODUCTION 

The aim of this paper is to report on alleged thylacine 
sightings reported ro and/or held o n  fik by the 
Department of Conservation and Land Management and 
the Mystery Animal Research Centre of Australia to 1998. 
It is not intended co discuss individual sightings, or disclose 
the names of the persons who made the reports. Such 
details are available for many of the reports, notably in 
newspaper articles; some sighted by the author include 
the Sunday Telegraph [Sydney) (27 March 1977, p. 46), 
Douglas ( 1986 ), Harris (1984 ), Mannion (1995 ), de 
Moeller ( 1998) and Slee ( 1987). To 1998 a total of 203 
alleged thylacine sighting reports (excluding duplicates) 
were recorded on the files of these two bodies, of which 
138 were held by J\i1ARCA. 

THYLACINE NATURAL HISTORY 

Description 

The thylacine (T1smanian tiger Thylacimts cyanoccphalm) 
is Australia's largest, recent, carnivorous marsupial. I ts 
closest relatives arc the Tasmanian devil and two species 
of quoll (Guilcr :rnd Godard, 1998). The thylacine is the 
size and shape of a large dog with a kangaroo like tail. 
Adult head and body length is typically 0.8-1.2 m, 
excluding the t,1il of 0.3-0.6 m. Some thylacines were 
allegedly 2.1-2.7 111 in total length. Height at the shoulder 
was up to about 60 cm. The head ofrhe adult is typically 
larger th:111 that of :i dog of the same size. The jaws of the 
thylacine arc capable of opening very widcly. Mature body 

weight is often in the range 15-35 kg. Their colour was 
typically light or dark brown, with vertical dark stripes on 
the back but their bellies were much lighter, often cream. 
The number of stripes on mature thylacines varied from 
about 13 to 21. 

Habitat and habits 

Thylacines were most common in grassy plains, scrub and 
open forest. They were uncommon in dense forest. 
Thylacines were thought to be mainly nocnirnal. Most 
of their prey were most active in the late afternoon to 
early morning. Thylacines were apparently not pack 
hunters. They usually hunted alone or in pairs, or small 
family groups of up to two adults and four young, preying 
on kangaroos, wallabies, small animals and birds. Single 
animals usually lay in wait and then jumped on their prey. 
They were capable of rapid speed over short distances to 
bring down their chosen prey. Their gait was not as smooth 
as that of a dog or fox and occasionally they hopped 
bipedally, like a kangaroo. Apparently they were able to

le:1p like a dog or cat. Thylacines communicated using 
noises such as a cough, yip•}'ap, growl and whine. It is 
believed that the range of a thylacine famil)' was t)'pically 
some 40-80 square km. T:ismanian devils can move up 
to 16 km in a night, so it is likely that the larger thylacine 
would go even further. Like the devil, the thylacine was 
probably an opportunistic predator/scavenger, with a 
preference for killing its own food but also likely to eat 
fresh carrion. The thylacine w:1s shy and secretive and 
avoided contact with humans. They were always rare and 
not often sighted by the public. 
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Thylacine history 

The t hylac inc  is  a proba bly ex t inc t  marsu pial , wh ich  
formerly l ived in a la rge pa rt of the Austra l ian mainland , 
Tasmania and  New G u inea .  Dat.1 indicat i n g  poss i ble past 
d istri bu t ion arc prov ided in Archer, C l ayton and I-f o n d  
( 1 984)  and  G u i lcr  ( 1 9 8 5  ) .  Foss i l records su ggest that 
thy l acincs van ished frum main bnd Austra l i a  some 3000 
)'Cars ago ( Smith, 1 98 2 ) .  I t  i s  poss ib le  th a t  thc thyl aci nc 
d i s;i.ppca rcd from the main l and bl'.causc or compet i t ion 
w i th  h u m ans and the i r  h u nt i ng dogs ( d i n goes ) .  D i ngoes 
did not occur  in Tasmania ,  where thylac i ncs sti l l ex isted 
,lt the t i me of Europcan  sct t l crncnr  in 1 80 3 . Thy l .ic i ncs 
wcrc probab ly  a lw .1ys , 1  rare a n i mal  i n  T1sm :1 1 1 i ,1 .  The f o st 
thy l ac i nc was not captu rcd u nt i l  1 808 ,  f-ivc ye,1 1 ·s a frcr thc 
scn: lcmcn t of Tasmania  and thc last rccordcd rhyl :tc inc  
caprurc w;1s i n  1 9 3 3 .  Oat.i prcst: n tcd by G u i lc r  ( 1 9 8 5 )  
s u ggests t in t  at least 5 5  th ylac i 1 1 1.:s were h e l d  i n  f o u r  
Ausr ra l ian and si x ov1.:rs1.:. s ;,,( H JS . ' l 'hy l :ic i ncs wcre bbmed 
fo r the k i l l i n g or  s hcc p and  po u l tr)'. Pad d le  ( 2 000 ) 
exam i ned early rccords of '  rhylaci n e  bc h.iviou r .md h ;1s  
c h al l e n ged some or r he c o n v e n tiona l thcorics abo u t  
t hy l a c i n t:s . P r i o r  ro 1 8 2 9 ,  t h ere a rc  few records o f  
thyl acincs preyi ng o n  sht:ep. Thy la-: i ncs may h;wc been a 
conven ien t scapt:goat to account  ! "or farm i ng l osses . Losses 
c a u sc d  b)' ina ppropriate Eu ropt: a n -st y l c d  h u sba n d ry 
c o m b i n e d  w i t h  i; l o b a l e c o n o m i c  c o n d i r i o n s  a n d  
agric u l t·u r;1 I pr i ,xs.  The Gowrn mc n 1· i 1 1 1' rod m:ed bou n ty 
scheme from 1 8 8 8- 1 909 was paid 01 1  more than 2200 
d1yb1.:i nes .  Thylac i m: n u m bers were n:d u ced d u e  to the  
bou nty scheme , bnd clc ;1 1· i ng, and possi b ly d i sease . Thc  
h�r 1Tn >rdcd shoor i ng o l " a  r hy bci nc wa.� i n  1 930 ( b11 W i l l " 
B. t r y ) and rhc las t t hy l ac i nc d ied i n  capt iv i ty i n  1 9 36 .

Breed ing 

Thylac i ncs a rc  bclicvcd to  have had  one l i tter of two or 
three young per year .  The pouch had frll1 1· n ipples . Marin g 
occ ur rcd th roughou t  the year, with a peak in spr i n g and  
the  young were carr ied i n  rhc b;1ckward open ing,  pouch 
of the fi.:male tor 4-5 mom hs, :1 hcr bi r th .  The you n g wcre 
depcndc n t  on thc molhcr u n t i l  about ha l f  grown .  vVhc n  
too hirge for t h e  pouc h ,  the yo u ng were k l-l i n  t h e  l a i r ,  
wh i le  i-1,c ;1d u l t· pa i r  h u n ted . Lai rs have bee n  descri bed as 
rod.y caves or under , 1  bush . 

THYLACINE SIGHTINGS 

Si nce t i  1.: i r  ;1ppare 1 1 t· disappcara ncc i n  Tasmania ,1 1 1 d  d u ri n g 
the l ast ccntu ry, th c r ·e htlVl' been  m,my :i l kged s i gh t i ngs 
of r hybci nl'.s, both i n  Tasma11 i ,1 and  0 1 1  the 111 ;1 i 1 1 h1 1 1d . 
A l lcgcd r hybcine s igh t i ngs i n  Tas 1 1u1 1 i:1  to 1 978 were 
(Overcd in a p;1pn by Smith ( 1 98 I ) and also by Rou nseve l l  
:md m i th  ( 1 982 ) . Dern i ls of al leged s ightings i n  other 
States m ay nor have been formal ly p ubl ished i n  scienti fic 
journals but so me i n f'i.ir m a l  da ta a rc ,1v,1 i b1 b lc 011 the 
I n tcrncr and  i n  newsp,1pc r  a rt ic l e s .  There h avc been 
hundreds of al leged thylacinc sighti ngs in outh Au tra l ia, 
Victor ia, New South  Wales and Quecnshmd .  

G. Heberle 

WEST AUSTRALIAN SIGHTINGS 

The a l l eged rhylac i nc reports vary grea t ly in detai l . Dates 
and r i mcs arc avai l ab l e  f'or some sigh t i ngs, and some 
reports desc r i be rhc ani mal's foa t urcs and the habitat i t  
was seen i n .  A l l  reports descr i be r h c  location of t h e  sighti ng 
but fow dcmi l s  arc ;wai lablc f< >r many of the sightings .  
Some reports hnvc dt:tails about the  q uality of the sighting 
such as vis ibi l i ty, distance  from the animal  ,rnd n u mbcr of 
scumds rhc an i mal was i n  view. 

Years sightings made 

Year o f  s i ghri 1 1 g is  :wai lablc for a l l  203 si ghti n gs ( Fig. I ) 
b u t  so me arc app roximat-c . This paper covers s igh tin gs to 
1 998 . The ti rst  s igh ti ng was made in 1. 9 36. Sightin gs 
ranged from O to 1 7  pe r yea r, w i th  an average of abou t 3 
s ightings per year. 
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Months s ightings made 

The mo n t h  or sigh ting  f or 1 20 s igh t i n gs, where t h is 
i n fornut·ion was avai lable is shown i n  a grap h ( Fig.  2 ) .  
Sighti ngs we re made i n  a l l  rnonths, with thc le .1st i n  Apr i l 
( 2 . S% )  and the most i n  J u ly ( 1 2 . 5%) . 
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Reports of alleged thylacine sightings in Western Australia 

Ti mes sightings made 

Timing of sight ings are displayed for the 42 ight ings fo r 
wh ich this informat ion is avai lable ( Fig. 3 ) .  Sighti ngs 
were made at all ti mes of the day and night. The most 
common si ghting time was 1 0  am-midday ( 26% of all 
sigh ti ngs) .  
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Location of s ighti ngs 

J 
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I 
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Most s ightings h ave been i n  the south west corner o f  the 
State and within 80 km o f  the coast but  s ightings have 
been reported from the Ord River area i n  the north cast 
of the State ( one s ight ing)  to the ul larbor Pl:ii n in the 
south east (seven sighti n gs ) .  The map ( Fig. 4)  shows the 
locat ion of the 1 9 5 igh rings made in the south west 
corn e r. These ight i ngs from Kal barri  to Espe ranc e  
comprise 96% of t h e  total s ighti ngs in Western Austral ia . 

Mu ltiple s ightings from the same area 

Some sighti ngs are on e-o ffs, by one person in one area .  
The actual num ber of persons who m ade the s ighting is  
often not recorded but based on exa minat ion of th e data,
the average n u mber of persons making each s ighting was
probab ly about two . For some locations there have been
repeated sightings over a n u mber of years by one person
or a number of persons .  Exami nation of the map ( Fig .  4 )
shows that repeated s ight i ngs ( 5 + )  h ave been made near
the following loc,1tions: J uricn ( 1 90 km N W o f  Perth ) ,
B u l lsbrook (40  km N E of Per th ) ,  M u ndar ing (30  km
E N E  of Pe r t h )  Ka l .rni u n d a  ( 2 5  km E o f  Pe r t h ) ,
Dwel l in gup ( 8 0  k m  SSE o f  Pe rth ) ,  Myalup ( 1 2 0  km S of
Penh ),  Bus dton ( 1 80 km W of Perth ) ,  Cowaramup
( 2 1 0  km SSW of Perth ) , Margaret River ( 220 km S W of
Perth ) ,  l an n u p  ( 2 1 0  km of Per t h )  a n d  spera nce
( 5 60 km ESE of Perth ) .

Dist inct ive featu res of thy lac ines 

Thylacines d isplay a n u m ber  of fea tu res , wh ich  may .1 ss ist  
in  i den t i f)1 i ng  them:  

• vert ica l  stripe on the  b,1 ck

• a kangaroo- l ike ta i l
• an u n usua l ,  u n gainly walk .
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M a n y  of the  rep orts  coveri n g  a l l eged  thy l aci n e  
sighti ngs refer t o  one or more o f  the above featu res. Some 
of the sightings refer to al l of these features. 

Thylacines have distinctive footprints ( Guiler, 1 98 5 ) .  
T h e  footprints of the thylacine arc quite di fferen t from 
those of a dog, but resemble those of a Tasmanian D evil 
( but are general ly much larger) .  Dogs have five foot pads, 
with a large rear pad and four front pads (about  hal f  the 
s ize of the rear pad) ,  in cwo l ines of two .  Thylaci nes have 
a very large rear pad and four front pads (about one eighth 
the size of the rear pad) ,  almost i n  a straight l ine. 

Former distribution in  Western Austra l ia 

Fossi l  thylacine remains have been discovered in l i mestone 
caves near die coast at Cape Range ( 600 km NW of 
Perth ) ,  near Margaret River (220 km SSW of Perth ) and 
between Balladonia (700 km E of Perch)  and Eucla ( 1 200 
km E of Pert h )  on the Nul larbor Plain ( Archer, C layton 
and Hand, 1 9 84 ). Alleged thylacine sightings have been 
reported near most of these locations. 

If not thylacines, what an imals have been 
s ighted? 

Some o f  the s ight ings were i n  poor l ight condit ions .  Many 
were fleet ing  s ight i ngs of a few seconds . The person 
making the sighting cou ld have mistaken a dog, dingo ,  
or fox for a thylacine.  Dogs with aberrant patterns o f  
colourat ion or mange could be mistaken for thylacines .  

If thy lac ines exist, why hasn't a dead one 
been fou nd ,  or a conclusive photograph 
been taken? 

l f  th}'bcim:s do sti l l  exist in  all}' of  the  mainland States, or
Tasman i a , there is  l ike ly to be no more than a few thousand
specimens in the wi ld .  R.1re species are rarely seen in the
wild and few l ive or dead specimens are found .  Thyl acincs
proved di fficult to photograph in die wild and exami nation
of the l i terature suggests that all of the photograp hs taken
were of dead or captive a n imals .  Photographs have been
taken of a l leged thy!acines in the wi ld but none have been
conclusive to date. A l l eged thylac inc photographs have
been pu bl ished in a scien ti fic journ a l  ( Douglas, 1986)
and i n  a newspaper ( Su nda_-v Telegmph (Sydney] 27 March
1 9 77 ,  p. 46 ). Re a l ist ical ly, howeve r, photographs will
never consti tute conclus ive proof that thylacines ex ist,  and
a l i ve  or dead thyl :lc inc w i l l  have to  be produced,  in order
for the label of 'extinct' to be removed.

CO N C LUSIONS 

T h i s  paper prese nt  ome deta i l s  o f  a l l eged th}r l ac i ne  
s igh ti ngs i n  Western Austra l i a  ro 1 998 .  Whilst over 200 
s ighti n gs have bee n documented and i t  has  b<.:<:n prnvcn 
that  th ylac ines ha\ c l iv<.:d in  Western Austra l i a  in the  p::ist ,  
conc l usive pro o f  that thy lac i ncs l ive in Western Austra l ia 
now is }'Ct to be produced . 
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Abstract 

This bibliography contains 294 items ofinformarion c011<.:erning till: chuditd1, Dns;v11rnsgc11jfroii. Mosr of these have 
been published and reviewed ourside rhe Department of Conservation and 1-·rnd Managemcm. They have been 
arranged into the bl'(iad subject areas of Behaviour, Conservation Status, Dcscription, Diet, Discases, Distribution, 
Ecology, Evolution, Gencral, Gcncrics, Managcment, Physiology, 1,cproducrion and Thrcatcning Processes. The 
majority of these rirles can be viewed in the Wildlifi: Science Library. 

INTRODUCTION 

This is a bibliography of informarion about the chuditch, 
Dnsv11n1s JJcofji·oii. Most arc vcry spec.;ific, but general 
articles on forestry praniccs th:1r rcl,nc to the chuditch 
havc also been included. The bibliography is updated as 
new materials become ,ivailable. Updates can be obtained 
from the Wildliti: Science Library 011 request. Notification 
of relev:int materials for inclusion can ,11s0 be sent to the 
Library. 

The bibliography was started wirh titles extracted from 
• the CONSLIJ3, the Departmental Library Catalogue. The 
references cont:iined within these titles were chcckcd and
added. This process continued until all relevant rdi.:rcnccs
had been included. lnrcrner searches were also performed,
and the sire specific information printed our. The U Ills
have bccn included, but because of'thc temporary nature
of UR.Ls they should not be relied upon. More reti:rcnces
from these and orhcr World Wide Web sources were added.

Every effort has been 111:1dc w obtain a copy of c:1ch 
rdi.:rcncc and lodge them in the Library. Hmvcver in some 
cases this h,1s not been possible. A Libr;iry rile h,1s been 
created to hold a copy of'completc articles and cover pages 
of shelved items. 

For case of use rhc rcfi.:rcnccs arc listed alph:1bcric11ly 
and have been allocated an item number. This item numbcr 
c111 be found under one or mon.: of the 14 bro:1d subject 
cm:gorics. 

DESCRIPTION 

The chuditch Dmy1m1s JJt:offroii, first tkscribcd by John 
Gou Id i 11 184 I , is :ilso known as the Western Quo II. Some 
rckr ro it as a native-car, however rhis is misle:1ding as iris 
a dasyurid 111:1rsupial related w marsupial mice and rhe 
'fosmanian Devil, rather than cats. The Noongar people 
Ii-om thc south-west ofWcstem Ausrrnlia had many names 
fr>r rhis spccics, including 'djooditj' and 'dju-ty rch'. From 
these the term 'chuditch' w;1s derived by early settlers and 
collectors (Abbott 2001 ). This word closely mimics the 
animals' characteristic call of short, sharp guttural cries. 
Serena ( 1987) describes this c;11l as an aggrcssivc sound 
used to dcti:nd its food supply or when thrcatcncd by a 
prcd:iror. 

This species is rccognis,,blc by brown fur and distinctive 
white spots ( up to 60) covering the hc:id and body. The 
rail h:is an :itrractivc black brush. This nocmrnal animal is 
rhc largest native mammali,111 prcd:itor in \NA with males 
attaining weights of 1.5 kg and fcmalcs 1 kg. Chuditch 
arc known as the scavcngcrs of the ti>rcst, moving quickly 
and foraging for a varict)' of prey including insects, mice, 
birds, rcptiks and mammals up to their own body si1/.C. 
They h:wc rhl: ,1dckd :ibility to climb for food and to woid 
predators. Brccding usually r,,kcs place in autumn :ind early 
winter with gestation lasting I 5-19 days. Up ro 6 young 
arc born, me11suring around 5 111111 (the size ofa grain of 
rice) and :1t abour 61 days old rhcy arc deposited in dens, 
usually around August. Females arc susceptible to 



BiblioChuditch 

predators at this stage as they forage for food for their 
young. Chuditch tend to live alone and mav utilise as many 
as 100 den sites wid1in their home range (Johnson 1997). 
The average home range for a male chuditch is 900 ha 
and a ti:male 400 ha. Home ranges may overlap for the 
male particularly when looking for a mate but females 
tend to keep to their own home range. First year born 
females have to find their own home range once they leave 
the mother's den. Common refuge sites for chuditch 
includes hollow logs and burrows. 

DISTRIBUTION AND CONSERVATION 

STATUS 

At rhe rime of European settkment, chuditch were 
relarivdy abundant and occupied nearly 70% of the 
Australian continent, occurring in every mainland Srnte 
and the Northern Territory. However, a drastic decline of 
geographic range has occurred over the I.1st 200 years 
(Collett 1887, Whittcll 1954, Johnson and Roff 1982, 
Burbidge et rd. 1988). Specimens wen; last collected in 
New South Wales (Liverpool Plains) in 1841, Victoria 
(near the junction of the Murray-Darling rivers) in l 857 
.tnd Queensland (Coomooboobroo :rnd Peak Downs) 
between 1887-1907 (Wakefield 1966, Krefft 1866). In 
South Australia, chuditch were last collected in 1931 in 
the north west of that State. Chuditch were last reported 
in the central arid zone in the 1950s (Finlayson 1961). ln 
arid p,irts of WA, the species was last collected in Shark 
Bay in 1858, Canning Srock Route in 1931 and on the 
Nullarbor Plain in the 1930s (Boscacci ct n.l. 1987). 
Chuditch were still abundam in the wheatbelt in 1907 
(Thomas 1906, Shortridge 1909) and persisted on the 
Swan Coastal Plain ,iround Perth until chc l 950s 
( Kitchener ct nl. 1978, Kitchener and Vicker 1981 ). They 
were still sufficiently common at this time to be regarded 
as a pest bv poultry farmers in the outer metropolitan 
parts of Perth, Since the 1970s the chuditch has been 
confined to the south-ll'est part of WA, occupying a 
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roughly triangular area bounded by Moora in the north, 
Cape Arid to the east and Cape Lecuwin in the south. 
There is an unconfirmed record of chuditch along the 
Gascoyne River on Doorawarra StJtion in 1982 
(McKenzie et n.l. 2000). By die end of the 1980s it was 
estimated d1ar the wild population numbered fewer than 
6 000 and that the majority of these were confined to the 
jarrah forest in the south-west part of WA (Serena ct n.l. 
1991 ). They also persisted in low numbers in the drier 
woodlands and malice shrublands of the wheatbelt. 

In 1983 the chuditch was listed as 'fuuna that is rare, 
or is likely to become extinct' pursuant to the WA Wildlife 
Conservation Act l 950, and in 1991 it was listed as an 
Endangered species under the Commonwealth 
Endangered Species Protection Act 1992. The 1992 Action 
Plan for Aust1�1lasian Marsupials and Monotremes regarded 
chuditch as Endangered ( Kennedy 1992 ), however a 
revision of this plan in 1996 regarded it as Vulnerable 
using IUCN ( 1994) criteria (Maxwell ct al. 1996 ). This 
species is currently included in the list of threatened species 
(Vulnerable) established under Section 178 of the 
Commonwealth Environment Protection and Biorii11ersity 
Conser 11ation Act 1999. 

Many factors have contributed to the decline of 
chuditch including predation (and competition for food) 
by feral cats and foxes and clearing of habitat, A recovery 
plan was prepared for the chuditch (Orell and Morris 
1994) and recovery actions included researching the 
impact of timber harvesting and prescribed burning on 
chudicch in the jarrah forest, researching the impact of 
fox control, monitoring known populations, maintaining 
a c1ptivc breeding program and translocating chuditch to 
parts of their former range. Progress on these actions is 
documented in Morris ct al (2001). 
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SUBJECT CATEGORIES 

Behaviour 

34,92, 187,235,247,255,257,264 

Conservation status 

3, 5, 7, 8, l I, 13, 21, 23, 26, 27, 30, 38, 42, 50, 63, 64, 
67,69,70,74,78,83,84,85,86,87,91,92,97,98,99, 
100 lOI, 105, 106 109, 1 10, l l5, 117, 125, 143, 144, 
l45, l49 153,154,157, l78, 179,185,187,190,191, 
195,196,198,199,201,204,207,214,217,220,224, 
225,228,230,232,23�,234,239,240,243,253,259, 
274,287,289,293 

Description 

1, 5, 6, 15, 17, 20, "'9, 40, 44, 45, 49, 50, 62. 76, 80, 83, 
84, 88, 9l, 92, 99, 109, I 15,117,122, 123, 124, 125, 
129, l31, l42, 144,145,147,148,153,155, l56, 157, 

162,163,167,169,173,174,176,178,180,181,182, 
l86, 189, 190, 191, 192, 193, 194,195,196,198,214, 
217,218,221,222,223,224,225,226,227,228,230, 
232,234,236,237,238,241,245,248,249,250,251, 
252,253,254,263,265,268,270,271,274,275,277, 
282,283,284,285,286,290,291,292,293 

Diet 

3, 6, 8, 21, 23, 34, 45, 51, 63, 77, HO, 83, 84, 91, 10-i, 
10s, 106,115,117, 13s, 145,148,170, 17s, urn, 187, 
!89, 191,192, 19-1, 1')5, l%,223,22-l-,22S,227,2.i0,
B4, 235,237,241,246,248,249,255,256,263,270,
274,285

Diseases 

80, 129, 13,�, 135, 2�4, 254 

Distribution 

1, 4, 6, 7, 8, 10, 12, 13, 14, 17, 19, 20, 25, 26, 28, 29, 
30, 38, 39, 40, 42, 43, 44, 4S, 49, 5 I, 52, S.\ 5-�. 55, 56, 
59,6�,65,67,68,72,73,74,75,78,80,81,84,88,92, 
95, 97, 99, 100, 101, 102, 103, 104, 105, 106, 109, 
Ill, 112,114,115,117,118,119,120,122,123,125, 
129,130,131,132, 1:\6, 138,139,141,144,145, I.J.7, 
148,149, ISO, ISi, 152, IS3, 15-i 156,157,158,162, 
163,167,173, 17S, 178,179,180,181,182,184, 18S, 
186,187,188,189,191,192, 19:\, 194, 19S, 196,197, 
198,199,201,206,208,212, 21 :I, 214,215,218,219, 
221,222,223,224,225,-26,228,2:\l,2;2,2::13,234, 
236,238,240, 2.J.I, 245,246,249, 2�0. 251,252, 2S.\ 
254,255,256,259,261,263,265,270,271,272,274, 
275,277,280,282,283,284,285,287,289,292,293 
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Ecology 

5, 6, 11, 12, 45, 49, 51, 53, 68, 71, 74, 84, 92, 98, 99, 
100,115,117,129,138,145,153,157,178,179,180, 
182,183,187,191,193,203,205,215,216,223,224, 
225,233,235,241,246,248,249,263,272,274,285 

Evolution 

37,38,39,40,41,42,43,44,54,55,56,57, 102,121, 
131,158,160,161,164,165,166,231,245,280,288,294 

General 

2, IS, 17, 19, 20, 27, 3 l, 48, 49, 58, 63, 79, 84, 89, 90, 
93, 94,108, 113, 170, 178,187,218,223,237,249, 
250,269,273,274,286 

Genetics 

37,44,55,60, 107,110,136,140,160,161,164,165, 
166,177,245,278,280 

Management 

6,8,9, 10, 12, 13, 16, 18,21,22,23,24,25,26,28,33, 
50,62,63,64,66,69,70,71,72,73,82,83,84,85,86, 
87,88,91,97, 100,105,106,112,115,116,117,126, 
127,128,129,130,133,137,145,146,147,148,149, 
150, ISi, 152, 15:\, 156,157,172,175,179,180,181, 
182,183,186,191,192,193,194, 19S, 196,197,198, 
199, 200, 20 I, 202, 203, 204, 205, 206, 208,209, 2 I 0, 
211,212,213,214,217,218,220,221,222,223, 22·�. 
225,22N,129,230,232,233,23S,239,24�,249,256, 
258,259,26\,262,272, 282,289,293 

Physiology 

32, 34, 35, 36, 45, 47, 61, 77, l."6. I S8, 168, 177, 178, 
243,260,266,268,276,279,288,294 

Reproduction 

17, 20, .1S, 45, 46, 49, 5 I, 63, RO, 83, 84, 92, 98, 99, 
110, I IS, 117,129,145,147, 1S3, IM, 170,171, 1n, 
lXO, 187,190,192,194,195, 1%,217,218,223,224. 
225,2:\4,237,24-l,242,246,247,249,254,2S7,2S9, 
260, 265, 27•1·, 286 

Threatening processes 

I, 3, 6, 7, 8, 11, 1-l-, 22, 2.1, --1-, 26, 28, 33, 49, 50, 51, 
53,62,6S,66,67,69,70,71,72,73, 78,80,82,85,86, 
87, 88, 92, %, ')7, 98, 100, !Ol, 103, 105, l06, 109, 
l lO, 11 l, 112, 120, 126, 127, 128, 12 <J, 133, 137, \.J...-1-,
l4S, 146, 148, 150, 15 l, I 52, I 54, I 56, 157, 159, 172,
175,176,179,181,182,183,185, l86, 188,189,191,
192,193,194,195,196,197,198,199,202,203,204,
205,206,207,208,209,210,211,212,213,216,217,
21s,219,220,221,223,22s,230,232,233,234,n9,
243,2-l-9,254,255,256,259,262,267,272,277,281,
286,289,293
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ABSTRACT 

The Wheatbdt of sou th -west Western Austral ia con tains a range of wet land types with varying sal i n ity, including 
many naturally sal i ne lakes and pbyas. The increase in alinity of most wet lands during the last 50 years as a result  of 
land-clearing is a major threat to wetland biodi versity. As part of the State Sal in ity Strategy, a wetland monitoring 
program began in  1 997 at 25 wetlands from locations th roughout the wheatbdt . The aim of the moni toring progra m 
was to document trends i n  biodiversity at the 25 wetlands and relate these tre nds to physi cal conditons in the 
we tlands and patterns of surrounding landuse. 

Th is  report summaifaes existing in formation on the wet lands and prov ides, as basel ine conditions, resul ts of i n itial 
waterbird , atJ U a t ic inver tebrate and groundwater  moni toring. It documen ts rhe monirori ng  me thods used a nd 
highlights the need for a long-term program . 

Tht:re was a strong nega tive relationsh i p between aquat ic  i nver tebrate species richness and sal in i ty . A n egat ive 
rebtionsh ip  a lso ex i sted for waterb ird r ichness, a l though other f.tctors dete rmined n u mbers of species i n  m any 
wetla nds with sal i n i Ly being a constra int  on max i mum potential waterbird ri · h 1 1ess rather than a Jercrmina n t  of r ht: 
actual number of species . Further sal inization is l ikely to change dt:tr imenral ly both invertebrate and waterbird 
communities . Such changes arc apparent in  historical waterbird data from some wetlands .  

The u l tim;itc cause of increased sal i nity in wetlands is ri s ing groundwater, a lthough somet imes wetlands art: more 
direct ly affected by the increased surf.ice run-off th at resu l ts from high water tabks in the catchment han by 
groundwater beneath the wetland . 

INTRODUCTION 

The  Whcatbc l t  region of south -west Western Austral ia 
contains many di fferent types of wetlands wi th a range of 
water sa l inities ( L.1 1 1c  and McComb 1988 ) .  Land-cleari ng, 
g r a z i n g  a n d  r i s i n g  w a t e rt a b l c s h a ve  a l te red  t h e  
characterist ics o f  many wetlands over the last 1 5 0 years 
but  the physiognomic and chem ical divers ity ofWheatbc lt 
w e t l ands  r e m a i n s  cons ide ra b l e  and they conta i n  a 
com:sponding diversity of p lants and animal s .  The most 
comprehensive.: summary of waterbird use of Whcatbclt 
wetlands is t hat of Jacnsch ct al. ( 1 9 8 8  ) .  I nformation o n  
wetland plants is more scattered bur  Ha lse c t  al. ( 1 9936 )  
provide an  overview of vegetation structure and the  ma in  
specie . Aquatic invertebrates were largely overlooked unti l 
recent  years  and there i l itt le pub l i shed i nformatio n 
avai lable about their  occ u rren ce i n  most l ake types .  

However, Pinde r  ( 2000; 200 3 )  review what is known 
about �pecic.:s in gran i te rock pool and hypersal ine lakes,  
Halse et al .  ( 2000a ) provide i n formation about Tool i b in 
and Wal byring Lakes, Geddes ct al .  ( 1 98 1 )  provide a l ist 
ofcrustaccan for many wetlands i n  rhe ea�rern Wheatbclr, 
and Ilrock and Shiel ( 1 98 3 )  provide a l i st of rot i fers and 
other  i nvertcbratc.:s. 

Ovc.:r the.: next fi:w years,  considerably more i n formation 
on the biod iversity of wetlands shou ld become avai lable 
a the resu l ts of the recent State Sal i n i ty Strategy biological 
su rvey of the Whc.:atbelt  arc publ i  bed ( Lyons ct al. 2002 ; 
B l i nn  et a!. 2003 ;  Halse ct al. 2003 ) .  The biological survey 
began in 1 99 7  and 232 wetla nds wen: surveyed for aquatii.: 
invertebra tes, waterbi rds and wet land plants .  A range of 
physi co -chem i cal parameters were also m easu red .  The 
S t a t e  Sa l i n i t y  t ra tcgy is i n tended  to co m b a t  the  
detrimental effects of increasing secondary sal in ization on 
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biodiversity, agricultural production and rural 
infrastructure (Government of Western Australia 1996). 

Secondary salinization is a global phenomenon but is 
particularly acute in the Wheat belt of south-west Western 
Australia, where > 70 % of Australia's secondary 
salinization occurs (Williams 1987; Williams 1999). In 
the Wheatbelt, increased salinity is the result of 'dryland 
salinization', which results from the clearing of deep· 
rooted perennial vegetation and its replacement by annual 
crops that evapo·transpire much less soil water (George 
et al. 1995 ). As a result of reduced evapo-transpiration, 
watertables rise and salt stored in soil above the previous 
watertable is dissolved to create more saline groundwater 
that will cause scalding and death of vegetation as the 
watertable approaches the land surface. Secondary 
salinization can also be caused by irrigation, though this 
rarely happens in Western Australia. 

Not all saline landscapes are the result of anthropogenic 
activity and concomitant secondary salinization. Many 
inland lakes and river systems in Western Australia are 
naturally ( or primarily) saline and one of the features of 
the Western Australian environment is the high proportion 
of brackish or saline water in inland water bodies (see 
Schofield et al. 1988 for a summary ofnineteenth century 
observations). The cause of primary salinity is similar to 
secondary salinization in the sense that it is the result of 
discharge of saline surface or groundwater into a lake, 
but the time periods involved arc orders of magnitude 
greater (Johnson 1979). Naturally saline groundwater is 
produced by the accumulation of marine aerosols over 
hundreds of thousands of years ( Commander et al. 1994; 
Herczcg et al. 2001 ). Climate, rather than land clearing, 
determines the distribution of primary salinity in inland 
areas and in Western Australia most naturally saline systems 
occur in palaco-vallcys. As a result of the prevalence of 
this natural salinity, much of the Western Australian biota 
is salt-tolerant by comparison with the remainder of 
Australia (Halse 1981; Kay et al. 2001; Pinder et al. 2003). 
There arc also a few naturally saline lakes in coastal areas 
that reflect previously higher ocean levels, rather than 
groundwater conditions (cg. Moore 1987; Hodgkin and 
Hesp 1998). Their biota usually contains a significant 
marine component. 

Information about the detrimental effect of secondary 
salinization on biodiversity in wetlands of the Wheatbelt 
is partly anecdotal (Sanders 1991) because there is little 
quantified baseline information on biodiversity prior to 
salinization. However, a survey of Wheatbelt wetlands by 
Halse et al. ( 19936) suggested significant reduction in 
plant species richness had occurred in secondarily saline 
sites. Large-scale death of vegetation as a result of increased 
water level and salinity has been observed at 
Coomalbidgup Swamp (Froend and van der Moezel 
1994), Toolibin Lake and surrounding wetlands (Froend 
et al. 1987) and Lake Towerrining (Froend and McComb 
1991 ). The likely effect of salinization on waterbirds has 
been discussed by Halse et al.( 199 3c) and data on changes 
at Toolibin Lake over the past 30 years have been presented 
by (Halse et al. 2000a). Published information about the 

effect of salinization on aquatic invertebrates in rivers is 
somewhat contradictory (see Kay et al. 2001 for a review). 
Work by Pinder et al. (2000 and unpublished data) 
suggests only a small proportion of the species in Wheatbclt 
wetlands, often occurring in granite rock pools and other 
specialised habitats, are restricted to very fresh water. Most 
freshwater species in Wheatbelt wetlands tolerate brackish 
or moderately saline conditions (Halse et al. 2000a). It 
should be noted that some species occur only in nan1rally 
saline lakes and they may be as much threatened by 
salinization as freshwater species because of the changed 
patterns of inundation, salinity and ionic composition that 
accompany salinization (Pinder et al. 2003). 

In this report, we describe the wetlands being 
monitored as part of the State Salinity Strategy and present 
results from the first four years of monitoring. Data for 
lake chemistry, groundwater, waterbirds and aquatic 
invertebrates are presented as an estimate of bas.dine 
conditions and discussed in the context of the 
methodology, historical data and future monitoring. The 
overall aim of the monitoring program is to measure 
changes over time in wetland conditions and biodiversity 
to provide information that will lead to better land 
management decisions (Wallace 2001 ). More specific 
objectives for the part of the program covered in this report 
are: 

• to monitor trends in water chemistry, groundwater
levels and salinity, waterbirds and aquatic invertebrates
at 25 Wheatbelt wetlands representative of a range of
wetland types

• to relate trends to patterns of surrounding land-use,
management actions and historical data on wetland
conditions
The monitoring program includes two other

components. Vegetation health and plant species diversity 
are monitored at the 25 wetlands (Ogden and Froend 
1998; Gurner et al. 1999; Gurner et al. 2000). Bi-annual 
measurement (in September and November) of depth, 
salinity and other parameters occurs at 100 wetlands in 
the south-west, including the 25 wetlands where biological 
monitoring is occurring (see Lane and Munro 1983 for 
historical information on this part of the program). 

METHODS 

Locations of the 25 wetlands where biological monitoring 
is occurring are shown in Figure l. Seven criteria were 
used to guide the selection of these wetlands and are listed 
below (see also Table 1): 

1 Wetland listed in Government of Western Australia 
(1996); Toolibin Lake, Noobijup Swamp and Lake 
Wheatfield occur in the 3 original Recovery 
Catchments (Toolibin, Muir, Warden); and Lake Bryde 
was used as an example of a threatened catchment in 
the State Salinity Strategy (Government of Western 
Australia 1996) and is now in a listed Recovery 
Catchment. 
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2 Adherence to overall monitoring design, aimed to elect
five wetlands in each of five water quality categories
(primary saline, econd:irily saline, fresh, declining,
improving). 

3 Wetlands ha,,c high consenmtion J Jalttc required that
con crvation value was high for at lc:ist one of the
following biological attribute - vegetation, waterbirds,
aquatic invertebrates. 

4 Geographic represrntativeness:, :is far as possible, the
resulting group of wetlands represented a mix of
,vheatbclt regions and drainage systems. 

5 Long rcco1·d of data; generally, wetlands with existing
data on salinity or wetland conditions were preferred.

6 La11dcare acti,,ities in local catchmmt; the extent to
which this criterion was important varied with werlmd
category - it was extremely import:int when selecting
Improving wetlands but perhaµs lcs important when
selecting Declining wetlands. 
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7 Size; although not an over-riding consideration, very
large wetl:inds were usually :ivoided except when
meeting the requirements of representativeness. 

Fauna! and physico-chemical monitoring began 111 

spring 1997, although work is yet to commence :it
Toolibin and Dumblcyung bec:iuse neither lake has
co11t:1ined sufficient quantities of water during the bst
five years to enable sampling. Groundwater monitoring
began in 1999. 

Timing of monitoring 

In most cases, groundwater is monitored each yc:ir and
fauna and µhysico-chemical parameters arc monitored on
:i biennial cycle, with half the lakes sampled one ye:ir and
the remainder the second year. For the purposes of
monitoring, three sampling seasons arc recognised: late 
winter (Aug-Sep), spring (Oct-Nov) and autumn (Feb-
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TABLE 1 

The 25 wetlands included in the monitoring program and factors influencing their selection. See the text for a descrip
tion of selection criteria. 

SITE CRITERIA 2 COMMENTS CRITERIA 
CATEGORY MET 

Altham Primary saline Regularly filled naturally saline lake, intact vegetation, waterbird data, 2,3,4,5,7 
long history of gauging 

Ardath Declining Naturally saline lake with secondarily increased salinity, but with 2,3,4.7 
intact fauna, sampled by State Salinity Strategy Wheatbelt Survey 

Bennetts Primary saline Good vegetation, previous invertebrate and waterbird study, 2,3,4,5,7 
some salinity data 

Kulicup Fresh Good vegetation and invert fauna, excellent data record, fresh and 2,3,4,5,7 
will not change in near future 

Bryde Improving Recovery Catchment, good vegetation and invert, moderate 1,2,3,4,5,6,7 
waterbird fauna, long record, management activity in catchment 

Campion Primary Large naturally saline system in Eastern wheatbelt, inflow 2,3,4,5, 
saline comparatively often, long history of gauging 

Coomalbidgup Declining Good vegetation, moderate record, catchment hydrology 2,3,4,5,7 
changing as result of clearing 

Coomelberrup Declining In Datatine drainage scheme, moderate salinity which may increase, 2,4,5,6,7 
long data record 

Coyrecup Secondarily Good waterbird fauna, long data record, moderately saline but this 2,3,4,5,6 
saline may increase, lot of catchment management activity 

Dumbleyung Secondarily Major waterbird wetland and largest wheatbelt lake, long history 2,3,4,5 
saline of gauging 

Eganu Secondarily Major waterbird wetland, long history of gauging/study, has declined 2,3,4,5,7 
saline since early 1970s 

Goonaping Fresh Fresh dark-water swamp. Most of lake and catchment in forest, 2,3,5,7 
sampled by State Salinity Strategy Wheatbelt Survey 

Blue Gum Declining Moderate waterbird fauna, history of gauging in one lake in 2,4,5,7 
system (Streets), located in a sizeable remnant 

Logue Fresh Good vegetation and fauna, long data record, focus of 2,3,4,5,6,7 
management interest 

Fraser's Fresh Fresh swamp, a threatened community with consequent high 2,3,7 
conservation values 

Noobijup Improving Recovery catchment (Muir), good vegetation and invert fauna, 1,2,3,4,5,6,7 
detailed recent studies 

Paperbark Fresh Excellent fresh swamp in Nature Reserve. Sampled by State 2,3,4,5,7 
Salinity Strategy Wheatbelt Survey. History of gauging 

Parkeyerring Secondarily Salt-affected vegetation, good waterbird fauna, long history of gauging 2,3.4,5, 
saline 

Pleasant View Fresh Good vegetation, rare waterbirds (bittern), long history of gauging 2,3,4,5,7 

Ronnerup Primary saline Good vegetation, nearest clearing 4-5 km away 2,3,4,7 

Toolibin Improving Recovery catchment, good fauna and vegetation, local remedial 1,2,3,5,6,7 
works, long record 

Towerinning Improving Good waterbird, local remedial works, long data record 2,3,5,6 

Walyormouring Secondarily Good waterbird fauna, long history of gauging, reasonable 2,3,4,5 
saline amount of vegetation 

Wheatfield Primary Recovery catchment (Warden), good fauna and vegetation, brackish 1,2,3,4,6 
saline but susceptible to change, lot of catchment activity (incl replanting) 

Yaalup Declining Good vegetation (northern E. occidentalis swamp) though clearing 2,3,4,5,7 
close on east side, waterbird data, long history of gauging 
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Apr) . Beca use the  sampl i n g  re gi m e  is b ased on a 
hydrological cycle ( i .e .  inflows occur in late winter and 
low water levels occ ur in autu m n ) ,  i t  spans two calendar 
years but for record ing purposes the year in wh ich the 
spri n g  sam ple was col lected was used as the year of 
sampl ing .  

I n  a yea r when aq uatic fa una  and physico-chemical 
parameters arc being mon itored at a wetland , waterbi rds 
arc su rveyed in late w in ter, spri ng and autum n ,  wh ile 
invertebra tes are sampled on ly in spri ng. Some physico
chemical parameters are measu red in al l  th ree seasons, 
others arc measured on ly in spring. Table 2 shows the 
years i n  w hich sampl i n g  has occurred at each wetland . 

A l l  groundwater, fauna! and chemica l  data col lected 
during the wetland monitoring program are on the Sal in i ty 
Action Plan Wetlands Data base in the Department  of 
Conservation and Land Management's Science Division .  

Waterb i rds 

Censu ses of waterbirds were cond ucted in late wi nter, 
spring and au tu mn by one or two observers. The aim of 
the censuses was to record a l l  species and all i ndiv idua l  
b i rds prese n t . A t  l a rge wet l ands ,  e . g .  Towerri n i n g, 
Cam pion and Logue, a smal l powerboat was used to 
ci rcu m1uvigate the lake . At smal ler wetlands, or where 
vegetat ion i m peded the passage of a boat, the waterbi rd 
survey was conduc.:ted on foo t .  Observat ions were m ade 
usi ng binoculars and spotting scopes.  Al l waterbi rds seen 
were iden ti fied and cou nted and the num bers of nes s 
:i.n d  broods of each spec.:ies were recorded . Up t o  f ive hours 
we re spen t  su rvey ing indiv id u a l  wetl .rnds. 

TABLE 2 

Sampl i ng occasions for each of the wetlands in the study. 

D.J. Cale el al.

Waterbird data analysis 

Two of the most d ifficult  aspects  of mon itori n g  arc 
detection of trends and presentat io n of monitor ing data 
in a mean in gfu l way. Frocnd ct al. ( 1 997)  suggested 
ordination was a use fu l m ethod of presenting data and 
Halse ct at .  ( 2002) showed it cou ld  be used to detect 
trends. While the monitoring data col lected since 1 997 
provide too short a t ime series for rel iable trends to emerge, 
we have displayed the results for waterbird su rveys from 
each wetla nd i n  an ordinat ion that i ncl udes five 'marke r'  
wetlands.  The marker wet lands were chosen because they 
arc characteristic of particular types of wetlands and thus, 
comparison o f  thei r communit ies with that of monitored 
wetlands enables the mon itored wet l :rnd co be placed in a 
conservation context . 

Reasons for select io n of the marker we t lands, and 
sources of waterbird survey data for them , were varied. At 
least unti l  rece ntly, the waterbird fauna of Tool i bin L1kc 
exem p l i fi ed t h at of fresh to bra c kish in l and wetland s 
providin g h igh qu al ity waterb i rd habitat .  Data colkcted 
d ur i n g  a D e p a r t m e n t  o f  Conse r v a t i o n  and Land  
Management  / B i rds A ustral i a  project ( Ja en sch c t  al.

1 9 88 ) and compris i n g  late winte r, spri ng and au t u m n  
surveys fo r  1 98 3  was used a s  represrntat ive o f  Toolibin 
prior to sa l inization . I n  1 98 3 ,  the  waterb i rd fa u na or La ke 
Pinjarn:ga ref l ected a rcc.:ent  h istory of i ncreased sal in ity 
but  re ma i n ed d i verse a n d  typ i ca l o f  deeper brack ish 
wetlands used as mou l ting habi tat and drought rcli.1ge by 
large num bers of w,Hcrbi rds, espec i a l l y  d uc.:ks. We used 
three Jaensch i:t al. ( 1 9 88 ) surveys from 1 98 3  to represent 
Pinj :u-rtg�. Lake • l >orly  h :is a watc rbird f.n1 1u typic.:al  of 

SITE AUG- OCT- MAR- AUG- OCT- APR- AUG- OCT- APR- AUG- OCT- APA· TIM E S  YEARS 
CODE 97 97 98 98 98 99 99 99 00 00 00 01 SAMPLED SAM PLED 

Bryde 6 2 

Logue 8 3 

Towerrining 6 2 

Coyrecup 6 2 

Wheat field 6 2 

Altham 1 DRY 5 2 

Noobijup 1 1 6 2 

Bennett's 1 1 6 2 

Ardath 1 1 6 2 

Blue Gum 1 DRY 5 2 

Kul icp DRY ORY 4 2 

Campion 1 1 6 2 

Goonap ing DRY DRY 5 2 

Coomelberrup DRY 5 2 

Walyormou ring 1 1 DRY 5 2 

Eganu 1 1 1 6 2 

Fraser  1 1 DRY 1 1 1 8 3 

Toolibin DRY DRY DRY DRY DRY DRY 0 0 

Paperbark  1 1 1 3 1 

Dumbleyung DRY DRY DRY 0 0 

Comalb idgup 1 3 1 

Yaalup 3 1 

Parkeyerr ing 3 

Pleasant View 3 

Ronnerup 3 
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naturally saline playa lakes with a comparatively rich 
assemblage of salt tolerant species. We used a single survey 
from October 1999 to represent the lake (SA Halse and 
AM Pinder unpublished data). Despite the low sampling 
effort, this survey probably recorded most of the species 
likely to occur at Lake Goorly. We used monitoring 
program data from Lake Altham in 1998 and Lake Pleasant 
View in 1999 to characterise the waterbird faunas of 
species-poor shallow saline wetlands and freshwater sedge 
swamps respectively. 

Ordination was performed on a presence/absence data 
matrix containing an annual species list for each 
monitoring wetland from each year sampled and the five 
marker wetlands. The initial data matrix included 45 site/ 
year combinations and 61 bird species. Semi-strong hybrid 
multidimensional scaling (SSH) in the PATN data analysis 
package was used (Belbin 1993) and disimilarity matrices 
were calculated using the Bray-Curtis association measure. 
When a high proportion of Bray-Curtis values were close 
to 1.0, they were re-estimated using the shortest path 
option. To enable easy interpretation of printed output 
from the ordination, sites other than the wetland of interest 
and the five marker wetlands are suppressed. 

When suitable data were available, an alternative 
ordination was performed to relate monitoring data for a 
wetland with historical information. Historical data from 
the early 1980s were provided by Jaensch eta.l. (1988). 
Data from each sampling year between 1981 and 1984 
were included, if three suitable surveys had occurred each 
year. The ordination was based on annual species lists for 
all monitoring wetlands, the five marker wetlands, and 
the annual lists derived from the historical surveys of the 
wetland in question. An additional marker wetland was 
provided by including J aensch et al. ( 1988) data from 
Lake Coyrecup in 1983. Following ordination, an equimax 
principal components rotation was performed using the 
PCR module of PATN (Belbin 1993). 

Aquatic invertebrates 

Invertebrates were collected in spring. The aim of the 
invertebrate sampling protocol was to maximize the 
number of species collected (see Halse et al. 2002 ). Two 
sites (A and B) were sampled at each wetland and were 
placed to include a range of habitats and conditions ( e.g. 
temperature and wind) within the main waterbody at the 
time of sampling. This generally resulted in placing the 
first site at the depth guage and the second on an opposite 
shoreline (see Fig. 2). Two sub-samples were collected 
from each sire. The first, referred to as a benthic sub
sample, was collected using a D-framed pondnet with 
250 µm-sizc mesh. The net was used to gather a series of 
sweeps totalling 50 m in length from all identifiable 
habitats over a path of 200 m, including the benthos, 
submerged macrophytes, tl1e base of emergent vegetation 
and fallen logs. Lake substrates were vigorously disturbed. 
The benthic sub-sample was preserved in 70-80% ethanol. 
The second, plankton sub-sample was collected using ., 
50 pm-size mesh on the same pondnet frame. The same 

habitats were sampled, except for benthic sediment, which 
fouled the fine mesh. The plankton sample was preserved 
in 5% borax-buffered formalin. 

In the laboratory, sub-samples were separated into 
three size fractions using 2 µm, 500 µm and 250 µm sieves 
for the benthic sub-sample and 250 µm, 90 µm and 53 µm 
sieves for the plankton sub-sample. Representatives of each 
species ( or rnorphospecies) were picked out using a 
dissecting microscope with 10-50x magnification and the 
species were scored for abundance on a log scale ( 1-10 
animals = 1, 11-100 = 2 etc.). All species were identified 
to the lowest taxonomic level possible, with many of the 
identifications being confirmed by taxonomic specialists 
using voucher specimens. 

Results from aU sub-samples and sites were combined 
for analysis. The analytical approach was the same as for 
waterbirds and is documented in Halse et al. (2002 ). Four 
monitoring wetlands were chosen as markers in tl1e absence 
of existing invertebrate datasets that were based on equal 
sampling effort to that used in the monitoring program. 
They were Noobijup Swamp and Lake Campion, based 
on 1998 sampling, and Yaalup Lagoon and Lake 
Parkeyerring, based on 1999 sampling. 

Water chemistry and physico-chemical 

parameters 

The parameters measured each sampling season at Site A 
were: ( 1) water depth using surveyed depth gauges (Lane 
and Munro 1983), (2) electrical conductivity, pH and 
dissolved oxygen using a WTW multi-line meter to take 
in situ measurements, ( 3) chlorophyll measured by 
absorbance in the laboratory (APHA 1989) and (4) total 
soluble persulphate nitrogen and phosphorus filtered 
through 0.45 mm Millipore filters. Site A was generally 
located near the depth gauge in each wetland. 

In conjunction with invertebrate sampling in spring, 
additional unfiltered water samples were collected from 
Site A for laboratory measurement of ionic composition, 
total dissolved solids, colour, turbidity, alkalinity and 
hardness. Also in spring, a second set of conductivity, pH, 
dissolved oxygen, chlorophyll and nutrient measurements 
were taken from Site B, which was in a different sector of 
the wetland (see Fig. 2 ), to provide information on spatial 
variability of water parameters. 

Measurement units and conversions 

Salinity is defined as the mass of ionic compounds per 
unit volume of water. In practise salinity is rarely measured 
but estimated from electrical conductivity (EC) or total 
dissolved solids (TDS). Common units of conductivity 
are mS/m, mS/cm and pS/crn. Over the conductivity 
range 5-100 mS/cm, s:i.linity can be estimated (as g/L) 
from electrical conductivity (in mS/cm) according to: 

S(g/L) = 0.4665ECL0878 (Williams 1986) 
Approximate conversions to the standard unit of salinity 
(mg/L) are: 
1 mS/m = 0.0lmS/on = 10 pS/cm = 6 mg/Lor l µS/cm = 

0.6 mg/L 
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Ar salinities above 100 000 pS/cm, the relationship 
between conductivity and salinity approache. 1 pS/cm = 
1 mg/L but i. rather variable. 

Total dissolved solid. (TDS) is measured 
gravimetrically by drying a known volume of water. 'uch 
TDS mcasurements include the retained water of 
<.:rystallization and G\11 be converted to an estimate of 
salinity using the frmnula; 

salinity (mg/L) = 0.91 x TD (mg/L). 
Dis:solved oxygen cm be measured dire<.:tly a· mg 0/L. 

However, the solubility of oxygen is strongly influenced 
by tempcr:1tun: and salinity of water. Therefore, rhe 
;1mounr of oxygen present in water is ofrcn expressed as a 

sheds()&> 

D.J. Cale et al.

percentage of the amount that would be dissolved if the 
water were satLLrated with oxygen and at equilibrium. 
Percentage saturation has bel.'.n used as a measure of 
dis olved oxygen in this report. 

The ratio ofdillcrcnt ions in water cm affect the ability 
of animals ro osmoregulate and carry out other 
physiological functions. Ratios <.:an be most easily 
compared if cations (Na, Ca Mg and K) and anions (Cl, 

O_" CO�/H 0,) arc converted to % milliequivalcnts. 
This adju. ts each anion or <.:.ilion according to its molecular 
weighr and number ofcb:tron (Wetzel and Likens 1991 ). 

The concentration of phoi-osynthctic pigments (i.e. 
chlorophyll and irs breakdown product phacophytin) arc 
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Figure 2. The a1'rangcrncnt of inJJCrtebrate and physico-chemical sample sites, vegetation tran.rects and the ronte taken frw bird 
mnll:ys at Lake Brydc. 
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useful indices of)) rimary production within a wetland ( e.g. 
algal photosynthesis). In this study four chlorophyll 
fractions, differing in the waveieJ1gtl1 ofligbt they capture,
were measured. Often only chlorophyll a, which is usually 
most abun.dant, is measured. The concentration of 
phaeopbytin can be used to infer the status of primary 
production ,lt the time of sampling. Low phaeophytin and 
high chlorophyll suggest current activity while high 
pbaeophytin and low chlorophyll suggest production is 
declining. High levels of both imply a sustained pe1iod of 
production. 

Groundwater 

Groundwater monitoring bores were installed at each 
wetland in association with the vegetation monitoring 
transects ( Ogden and Frocnd 1998; Gurner et al. 1999; 
Gurner et al. 2000). Bores were sited about one-third of 
the way from the lowest end and one-third from the upper 
end of each transect. They were constrncted from 40 mm 
PVC pipe with the lower portion slotted and the top 
capped; the hole around tl1c pipe was back-filled with blue
metal and sealed near the surface with bentonitc. Location, 
construction and depth details for each bore arc recorded 
in the Salinity Action Plan Wetlands Database. Bores were 
sampled opportunistically as construction was completed 
then usually in late winter, spring and autumn of the post
construction year, before sampling was scaled back to 
spring and autumn in 2002. Parameters measmed in the 
bores were deptl1 to groundwater, measured with an 
electrical continuity dipper tape, and electrical conductivity 
and pH measured with a TPS WP-81 merer from the 
second sample withdrawn using a 0.5 L stainless steel 
bailer. 

WETLAND DESCRIPTIONS 

MONITORING RESULTS 

Lake Bryde 

AND 

Lake Bryde (33 ° 2l'S 118" 49'E) (Fig. 3) is an
intermittently flooded wetland, approximately 50 ha in 
size, situated in the Lake Bryde ature Reserve 
( o. 29021), south ofNe\-vdegate. Lake salinity varies as 
water levels cycle between foll and dry over many years. 
Single flood events may fill the lake for two or three years. 
Such flood events occurred in three of the four years 
between 1967 and 1985 when annual rainfall at nearby 
Pi.ngrup exceeded 348 mm (Watkins and Mc ec 1987). 
The catchment of Lake Bryde is extensively ( 65%) cleared 
for agriculture and this has resulted in higher catchment 
run-off than occurred pre-clearing. An analysis of the flow 
pathways of surfucc run-off into Lake Bryde described 
the Lake Brydc catchment as internally draining and 
com!)riscd of 6 sub catchments. 

Vegetation surrounding tl1e lake is described by Ogden 
and Froend (1998). The upland woodland includes 
EiicalJ•ptus jloclitoniae and E. occidentalis over Melaleuca 
spp., while the lowland is dominated by E. occidentn.tis 
and stands of Melaleuca strobophJ•lla and M. cttticitiaris. 
The lake-bed is dominated by Muehlenbecflia hon-ida 
subsp. abdita, which is endemic to the lake and grows as 
an emergent, and Tectico1'nia 11errucosa. 

Lake Brydc was cited as an cxampJc of a threatened 
catchment in the first Salinity Action Pla11 (Government 
of Western Australia 1996) and is now a Biodiversity 
Recovery Catchment. Considerable management action 
is occurring to stabilise the condition of tl1e wetland. It 
has a long hist0ry of dc!)th and water quality data (Lane 
and Munro 1983). 

Figiwe 3. Lal1e Bryde is an episodically filled wetland. When the la/1e iJ neai· dry M11ehlenbec/1ia horrida dominates 
the lal1e bed, howe11e1; this plant population seneJces du1'ing the flooded phase. 
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Wa ter c h e m is tr y and phys ic o -chemical 

pa r a m e ter s 

D uri n g  the mon i tori n g period , L.- ike B r yde tluc n1 atcd from 

a m a x i m u m  d e p th of l . 74 m to bei n g  d r y ( Fi g . 4 ) . I n i t ial 

water sa m pl i n g in Au gust and Oc to b e r  1 9 9 7  wa d ur i n g  

a period of h igh wa te r lev e l  a n d  co n tras red w it h  th e a l mos t 

dr y rnn d i ti on o f  rh c la ke w h e n  sa m pled i n  A u gus t a n d 

Oc to be r 1 9 9 9 . H ea v y u m  m e r  ra i ns i n  ea rl y 2 000 ca used 

the la ke ro re -flood a nd took lake dept h  abo ve th e high 

leve ls of October I 99 7 . 
Wa ter c he m is try para 1 m: tcrs we re stro ngly i n fl u e nced 

by l ake d ep t h  a n d  e vapo -co ncc n t ra t ion . For e xa m p le , 

co ndw:Livi ty ra nged fro m 1 1 97 pS/c m to 56 450 µS/c m ,

la rgely acco rd i n g  t o  de p t h  ( F ig. 4 ) . H o we ve r, to t a l 
ni t roge n  a nd pho -p ho rus c o nce nt ra tio ns measured i n

Ma rc h 2000
, 

a f ter su 1 1 1 11 1 1 :r f l ood i ng, we re h ig her tha n 

levels reco rded i n  s p r i ng 1997 at a s i m i l ar water depth, 

suggest i ng t hat a la rge qu a nt i ty of nu r r ie nts wa was hed 

i n to rhc l:ikc du r i ng su m mer f lood i ng. Ch lo ro phy ll 

co n  ·e n t ra t io ns we re rel a t ivel y  h igh i n  s p r i n g 1 999 , 

i ndicat i ng the p rese nce 01 · h ig her a lg :1! ac t iv ity  : it a t i me 

whe n to ta
l 

n i t roge n  co nce nr ra t i o n  peaked bcc: rnsc o l'  low 

wa ter levels. 
A max i m u m  co nd t 1t. : t i v i ry of 1 6 0 0 0  pS/t.: r n  was 

rcrn rdc d by J AK La m: (sec J : 1cnsch l' I a l. 1988 ) be twee n 

I 982 - 1985, sugges t i ng sa l i n i ty h:,s i 1 1acascd at l c:ist at 

l ow wa ter k vcl · s i nt.:c this t i me 

Th r o ug h o u t the s tudy pe riod, ca t i o n  c o ncc n t r: i r i o ns 

l < > l l o wed  the t.: 0 1 1 1 1 1 1 0 11  Whc; nbdt pa t te r n  N,1> Mg> C:i> 

K while Cl was the d o m i na nt ; 1 1 1 i o n . 

G rou ndwa ter 

Pa i red m o n i to r i ng b o res we re i n s t. t i led o n  : i l l fo u r

vcge r: i tio n t r:msccts at La ke B r ydc . Mo ni  o r i 1 1g o f  t hese 

b o res bcg:m i n  ea r ly 2000 :i nd s howed g r o u ndwa te r wa · 
p rese nt : i t dep t hs be t wee n 1 . 5 m : i nd 3 . 5 m bel ow J o e. I 
g r ou nd l e v e l , depe nd i ng o n  l oc a t i o n  (F ig . 5 ) . 
C , r ou ndwa t c r d i H r ib u t i o n be ne a t h  L: ikc B r ydc w as 

co mp l ex w i t h bo re s  o n  r hc l:ikes n o r t h -we s te r n side (T2
) 

g e ne ra l l
y 

dry a nd c v id e 111:c, fi- 0 111  dee p bo res 1 1 1 : 1 i n t .1 i ncd 

b
y 

t he 1 3 r ydc Reco v e r y a t c hme n t , t h a t a bod y o f  a cid ic 

g ro u nd w a t e r e xists a de p t h s g r e a t e r t h a n t hose . :i m plcd 

i n  t h
e mo n ito r i ng p ro g r :1 1 1 1 . G r ou ndw a t e r (4 1 300-

73 9 0 0  p.S/c m ) w:i s m o r e s :1 l inc r h a n  l ake w a t e r , e x c e p t 
p c r h :i ps i11 t he f in a

l . t ag e s o f" t: v a p o - co 1 1 c c 1 1 t r a t i o n , 
in di c a t i ng t.: o nsid c r. 1 blc p o t e n ti. 1 I fo r sa linis :H i o n  o f"  L, kc 
B r y d c . 

Wa te rbirds 

A m r., l o f"  24 peci c s o f  w a t e rb ird , e r e reco rd ed d u r i ng 

mon i to ring a t L a ke Br yd c ( T a bl e 3 )
, 

co m p :i rcd wi th 1 6

see n i n  l O s u r v e y s  b y  )a cns ch c t  11! . ( 19 88 ) b e twe en 198 1 
a n d  198 5 , w h en th e lak e exp e ri e n c ed I o th high a n d  low 

w a t e r l e v e l  . lo s t o f t he 
s p e ci e s r e c o r d e d d u ri ng 

mo nito ri ng a r c co m m o n : i n d wide l y distri b u ted , exce p t 
fo r th e Aus tralasia n Bir tc rn a n d Freckle d D uck . W :it c rb i rd 

D.J . Ca le et al. 

species richness and total a bundance i ncreased through 

the 1 99 7  sam p l i n g  year w i th peak abundance of 1 099 

bir ds o f  1 7  spe c i es i n  autu m n  1 998 ( Fi g .  6) . B y  c o n trast ,  

t h re e  o r  fewe r spec i e s  were record e d  w h e n  lake l ev e ls were 

lo w in l a te wi n te r  a n d  spri n g  1 99 9 .  H owever, a fte r re 

fl ood in g i n  s u m m e r  l O s p eci es were see n in a u tu m n ,  so 

t h :i t  the ove ra l l  water b i rd l is ts i n  1 9 9 7  :i n d  1 999 be ca m e  

more si m i l ar. 
Th e i ncrease i n  wa te rb i rds reco rded a t  L:i ke B r yde 

durin g monitori ng , comp:i red with J aensc h et al. ' ( 1 98 8 ) 

e:irlicr data, proba bly re flec ts g rea ter use o f  t h e  bkc i n  

rece n t  yea rs, altho ug h i m p roved species detection duri n g  

mo n ito r in g  c:in not be d iscou n ted as :i ca use of the cha nges . 

o u n ts of du cks, t.:oots :i nd sw:i ns i n October 1 997 a nd 

M : i rc h  1 998 we re h ig her th a n  co rrespo nd i ng Nove mber 

a nd M:i rch cou nts made be twee n 1 988 and 1 992 ( Halse 

ct at. 1 995 a nd refe re nces the re i n ). 

O rd i natio n of the w:1 te rb i rd : issc m blages in both ye:irs 

o f sur vey at La ke B rydc i nd ica ted rh: it wa terb ird 

co m mu n i tit:s sh owed s t ro ng · i m i l a r it ics to co mmu n ities 

i n  o t her we t l a nds wi t h  i n und . , tcd trees or recent ly de:id 

t rees ( Fig. 7 ). Reflec t i ng r he l owe r waLc1 ·b i rd use of Bryde 

i n  the early 198 0s, the 1 983 c om m u n ity occupied a 

· ubs ta n r ia l ly d i fh: rc m  place i n  the ord i n: i t i on from the 

1997 : i nd J 999 co m rn u n i t ies, a l tho ugh water dep th 1 11

l 983 : in d  1997 we re s i m i b r. 

I n vertebrates 

l nvc ncb r: i rcs we re m o n i t ored in Oc tobe r 1997 : i nd 1999 

at L ,kc B rydc w i th each sam p l i ng; occ:is i on dear !  , 
re p rese n t i ng ; : 1  d i f lc r t: n t · c n m m u n i t  y, wi t· h sa l i n i ty the 11 1 : i jo r 

fac w r s t nH : t u r i ng; t he m . A t o La l o r  9 1 i 1 1 vc ncbr; 1 tc t , na 

we re c o l lected, o f  w h ic h  80 species we re un ique to o ne o f  

the sa m p l i ng d: i tes ( Table 4 ) . I n  1997, rhc yea r o f  greate r 

wate r dep t h, 77 i nve rt eb ra te t:ixa we re co l lected f r o m  two 

s i tes ( we d id not use s o me o f  t he d:1ta co llected in 1997, 
w he n  lou r s i tes we re sa mp led :lt B rydc to ref i ne s a mpl i ng 

me t hod s , be c au se we w: i ntcd cq u : i l s: i mp l i ng e ffo r t 

t hr o ug h  time - sec I false e t  al. 2002 ) . 1 nvcncbratc d iver s ity 

in 1997 w as e ve n ly d ivided betwee n c ru s taceans ( 46% o
f 

s p e cie s) a nd inse cts (42% ) . The mos t d ive rse taxonomic 

g r o u ps we re d adoc c r n ns w i t h  1 7 sp e c i es , os tra <.:ods ( 1 1 
s pcc i ..: s ) a nd <.: h i r o n o 1 1 1 ids ( 15 s pe cie s ) . 

Low wate r lcvd s :i nd sa l ine co nd i t ion s in O c rob t: r 1999 

res u lt ed in a les s di v e rs e i n ve r r ebr �n c assc m bl:igc , wi t h on ly 

25 s pe<.:i c s b ..: ing 1.: o ll c c t cd . S o 1 11 cw h a r s u rpri singl y ins e c ts 
do m in a t ed th e b u 1 1.1 ( 62% o r  s pe cie s ) . l l :1 l r rhe inse c ts 
w c r..: d ip t c r :1 ns t y pi c.: a l o r  c p h c 1 1 1 e r a l w a t er s , i n d ud ing; 

t.: u l i c id s , s t r a t i o m y id s , c h i ro n o m id s , e ph yd r ids ;i nd 

m us<.:id s . 
Ord i n a tio n o ft h e  i nv e rrcbr :H e :iss e m blagt: s li ·o m L .1 ke 

B r ydc r og c t h e r w i t h t he m a r k e r s i t e  sh ow e d  t he 
:i s c mblag l'. a t  1 3 ryd e to ha v e a f fi n iti e s wit

h 
Ya;1 h1p in 199

7 

( Fig . 8 ) . T he r e we r e.: co nsidc.: rabl c L li ftcrcn<.:c s betwee n t he 
:issc m bl:igc s i n 199 7 a nd I 999 , com pa re d wi t h  t h e s m a ll e r 

v :i ri ;i ti o n s e e n a t i r e s wi th m o re c o n s t a n t s am r l i ng 

rnn dition s ( e.g . Lik e Coyre c u p - Fi g .  2 5 ) . 
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at Laflc Brydc. Open symbols i-cprcs,:nt dry bores. Legend values in parenthesis arc depth of the bore in metres. 

TABLE 3 
Waterbird species and their abundance on six sampling occasions at Lake Bryde. 

DATE 
AUG-97 OCT-97 MAR-98 AUG-99 OCT-99 MAR-00 

Australasian Bittern 0 2 0 0 0 0 

Australasian Grebe 2 0 2 0 0 0 

Australasian Shoveler 3 0 1 0 0 0 

Australian Shelduck 5 6 195 6 0 16 
Australian Wood Duck 2 8 6 0 0 4 

Black Swan 3 7 0 0 0 0 

Black-fronted Dotterel 0 0 2 0 0 0 

Black-tailed Native-hen 0 0 13 0 0 0 

Black-winged Slilt 0 0 5 0 0 0 

Blue-billed Duck 0 0 0 0 0 6 
Common Greenshank 0 0 0 0 1 0 

Darter 0 0 0 0 0 1 

Eurasian Coot 7 27 87 0 0 14 
Freckled Duck 0 0 2 0 0 0 

Grey Teal 66 12 675 0 0 36 
Hardhead 0 0 12 0 0 0 

Hoary-headed Grebe 45 276 57 0 0 0 

Little Pied Cormoranl 0 4 6 0 0 0 

Musk Duck 3 16 5 0 0 4 

Pacific Black Duck 2 9 15 0 0 9 
Pink-eared Duck 12 13 0 0 0 2 
Sharp-tailed Sandpiper 0 0 0 0 2 0 

White-faced Heron 0 1 5 0 3 3 
Yellow-billed Spoonbill 0 0 2 0 0 0 
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TABLE4 
Invertebrate species collected from Lake Bryde in the 1997 and 1999 sampling years. 

TAXA 1997 1999 TAXA 1997 1999 

Turbellaria ✓ Apocyclops dengizicus ✓ 

Nematoda ✓ ✓ Mesochra nr flava ✓ 

ROTIFERA AMPHIPOOA 

Hexarthra mira ✓ Austrochiltonia subtenuis ✓ ✓ 

Brachionus quadridentatus ✓ 
COLEOPTERA Trichocerca rattus carinata ✓ 

Allodessus bistrigatus ✓ 
OLIGOCHAETA Antiporus gilberti ✓ 

Ainudrilus nharna ✓ Sternopriscus sp. ✓ 

Dero digitata ✓ Necterosoma penicillatus ✓ 

Enchytraeidae ✓ Berosus discolor ✓ ✓ 
Berosus munitipennis 

CONCHOSTRACA Berosus sp. ✓ 

Caenestheria sp. nov. A (nr /utraria) ✓ Enochrus eyrensis ✓ 

Caenestheriella sp. ✓ Hydrophilidae ✓ 

CLADOCEAA 
Heteroceridae ✓ 

Curculionidae ✓ 

Alona diaphana ✓ 

Alona diaphana vermiculata ✓ DIPTERA 

Alona rigidicaudis s.l. ✓ Tipulidae group C ✓ 

Alona longinqua ✓ Aedes camptorhynchus ✓ 
Alona sp. nov. A (Bryde) ✓ Culicoides sp. ✓ 

Leydigia cf. ci/iata ✓ Stratiomyidae ✓ ✓ 

Monospi/us diporus ✓ Ephydridae ✓ 

Monospilus elongatus ✓ Muscidae ✓ 

Plurispina cf. chauliodis ✓ Procladius pa/udico/a ✓ ✓ 

Pleuroxus ct. foveatus ✓ Procladius vi/losimanus ✓ 

Daphnia carinata ✓ Ablabesmyia notabilis ✓ 

Daphnia cephalata ✓ Paramerina levidensis ✓ 

Oaphniopsis queenslandensis ✓ Paralimnophyes sp. 1 (pu/lulus) ✓ 

Daphniopsis sp. ✓ Cricotopus albitarsus ✓ 

Simocephalus exspinosus ✓ Orthocladiinae sp. A ✓ 

Simocephalus victorlensis ✓ Tanytarsus sp. A (nr. K10) ✓ ✓ 

Macrothrix breviseta ✓ Chironomus occidentalis ✓ 

Neothrix cl armata ✓ Chironomus tepperi ✓ 

Chironomus sp. ✓ 
OSTRACODA Chironomus aH. alternans ✓ 

Limnocythere mowbrayensis ✓ ✓ Dicrotendipes pseudoconjunctus ✓ 
1/yocypris australiensis ✓ Cryptochironomus griseidorsum ✓ 

Benne/ongia australis ✓ Cladope/ma curtivalva ✓ ✓ 
Candonocypris novaezelandiae ✓ Parachironomus sp. 1 ✓ 

Cypretta baylyi ✓ 

Heterocypris valia ✓ HEMIPTERA 

Mytilocypris ambiguosa ✓ ✓ Agraptocorixa parvipunctata ✓ 

Mytilocypris tasmanica chapmani ✓ Micronecta gracilis ✓ 

Reticypris clava ✓ Anisops occipitalis ✓ 
1/yodromus e/lipticus ✓ Anisops sp. ✓ 

Cypericercus sp. 442 ✓ 

Sarscypridopsis aculeata ✓ ✓ 
ODONATA 

Austrolestes annulosus ✓ 
COPEPODA Hemianax papuensis ✓ 

Boecke/la triarticulata ✓ Hemicordu/ia tau ✓ 
Ca/amoecia ampu/la ✓ 

Metacyclops sp. 462 ✓ 
TRICHOPTERA

Austra/ocyclops australis ✓ Oecetis sp. ✓ 
Eucyclops australiensis ✓ Leptoceridae ✓ 
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Lake Logue 

Lake Logue ( hg. 9) is a large, seasonal wetland (29" 51' 
115" 8' E) located i 11 the Lake Logue Natme Reserve 
( Reserve No. 29073) on the ·o:1st:1I sandplain west of 
Eneabba. The lake is fresh to brackish, with an arc.1 of 
approximately 42S h,1 ( Halse ct nl. 1993b) and is linked 
ro ncarbi1 L1kc lndoon by gl"Oundw,ucr. Together, the 
lakts f"nrm an irnponant ti.:cding and refuge area for 
warcrbi 1·tb ( Lane ct al. 1996 ). 

Vegetation of rhc surrounding dunts consists or open 
woodland of llnnkria prionotcs over myrtaceous shrubs. 
Ca.\"/lari11a obcsn is dominant at the margin or rhc lake, 
with an extensive m1ttr zone. or Mdalcucn. strobof!h'Ylfn and 
J\!I. rllf/,phiophylln. in S<)me artas (Gurne1· eta/. 1999). Lake 
Logue has a long rc.cmd of depth and salinity readings 
,rnd waterbird counr.� (Lane • nd Munro 1983; Jacnsch 
�·tal. 1988), and its founal communitii.:s anci v<:geration 
,ire cssenti,,11, imacr. Consequently, frw the pL1rpose of 
the monitoring pm!!,rnm, Lakc Logui.: was tksign,ued a 
frcshwatcr wctl.ind without obvious thri.:,ns. 1-Iowcvcr, thc 
l.ike is the focus or managi.:mi.:nt inrerc�t btc.HISl' or the 
death of vcgi.:talion in the south-l·astcrn corner. 

Water chemistry and physico-chemical 

parameters 

W,Hcr levels wen; low in 1997, when the lakc w,1s lirst· 
SLll"Veyed, huL the l.1k.c lilied well beyond its norm;1I flood
line in May 1999 afrer cxtrnsivc aurumn rains (�ig. 10). 
Carions conl·imned ro ,1 p,1r-rn11 Na>Mg>C >K ,rnd Cl 
was the domin,1111 :111iun. W,ir1.:r r1.:mkd ro h1.: t·urbid, 
particularly :it luw w,111.:r kvds (max. 210 TU). 
lmmi.:diatcly afr<:r tilling, lak<:-water was highly niloured 
(280 TCU ), probably as a result of leaching from rerrcsrrial 
vegcration and debris, and iron concentr,Hions wcre 
higher, rdkcting leaching from prcviously dritd sediments . 

. 1 
// 

___ ,-Jo ___ _ 

D.J. Cale et al.

Total nitrogen and phosphorus concentrations were 
moderate to high (maxima of2500 pg L'1 and 140 pg L·1, 
rcsptctivcly) in all surveys d1:spitc increased wat<:r levels 
in 1999, sL1ggesting high lcvcls of input from floodwaters 
or floodcd sediments. Chlorophyll kvcls w<:rc hightst in 
Octobi.:r 1997 with individual samplcs containing 
chlorophyll a a conccntrations as high as 88 pg L" 1 and a 
l,1ke ,wc1·,1gc ol" �8 pg I, 1 .

Groundwater 

Monitoring bor<:s were not installed until March 200 l 
because high wattr kvels prevented acccss to the 
vegct,1tion rr,msccts. Preliminary d,Ha from Di.:cembi.:1·
200 I suggcst<:d the "1kc is iiHeracti 11g with grou ndwatcr 
(as would be expecttd of a lak.t in a swale amongst sand 
dunts) and that l�kc-wat<:r is fri.:shtr than underlying
groundwati.:r, which is i.:ithi.:r br:u:kish or moderately .a.line. 

Waterbirds 

A tor;il of 44 watcrbird spccics w1.:rt recorded ar Lake 
Loguc bctwc1.·11 August 1997 ;rnd M.1rch 200 I (Tabk 5 ). 
Thc numbcr or spccil'.S rccorded 011 any onc sampling 
occ,1sio11 ri.:111,1i11l'.d rc"11·ivdy const·,111t li.>r 1997 and I 999 
s:1111pling years (fig. 11 ), however, ,tbund:111ci.: declined 
afi.t: r the lake filled in I 999 and richness w:1s ,1lso lower in
2000. 

.Spccics composilion sho\\'cd marknl (hangcs bet\ ce11 
1997 when water lcvd� were low ,rnd 1999 and 2000, 
after the l.ike had Ii lied. In 1997, the bke supporti.:d large 
,11-cas 01·sh:1llow.� on which 14 wadinl!, species fod, including 
Red Ncck.nl v1ic1.·t ( l :-:;oo i11divid11:1ls) and BLKk ll'ingcd 
Srilt (379 individuals). Ar hiµ;her water levels, the numbcr 
of wading species declined to fi.iur, all in low abundance. 
This changi.: was concomitant with an increase in the 
number of duck spci.:ics from five to ten. 

Figure 9. Lalu· Logu.e iJ a seasonal hnicftish wetland. When flooded, large areas of.fringing 1,egetation arc innndated. 
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TABLE 5 
Waterbird species and their abundance on eight sampling occasions at Lake Logue. 

DATE 
AUG-97 OCT-97 SEP-99 OCT-99 MAR-00 

Australasian Grebe 1 0 0 1 2 
Auslralasian Shoveler 64 7 2 8 2 
Australian Pelican 0 0 0 0 3 
Australian Shelduck 87 517 6 1300 30 
Australian White Ibis 0 0 0 0 8 
Australian Wood Duck 0 0 12 1 6 
Banded Stilt 22 50 0 0 0 
Black Swan 1 0 0 40 47 
Black-fronted Dotterel 2 18 0 0 0 
Black-tailed Native-hen 0 0 5 0 0 
Black-winged Stilt 662 379 0 0 11 
Blue-billed Duck 0 0 7 1 1 
Chestnut Teal 8 0 0 0 0 
Common Greenshank 4 26 0 0 0 
Curlew Sandpiper 0 1 0 0 0 
Darter 0 0 0 0 1 
Eurasian Coot 0 0 152 147 52 
Freckled Duck 0 0 0 2 0 
Glossy Ibis 2 0 0 0 0 

Great Crested Grebe 0 0 4 5 1 
Great Egret 0 0 1 0 19 
Grey Teal 2045 762 2169 218 115 
Hardhead 4 0 36 15 4 
Hoary-headed Grebe 39 218 12 25 15 
Little Black Cormorant 0 0 2 
Little Pied Cormorant 0 0 1 10 1 
Musk Duck 0 0 8 8 50 
Nankeen Night Heron 0 0 30 0 0 
Pacific Black Duck 582 284 30 129 0 
Pink-eared Duck 18 11 36 33 33 
Red-capped Plover 61 155 0 0 0 
Red-kneed Dotlerel 0 3 0 0 0 
Red-necked Avocet 600 1300 0 0 0 
Red-necked Simi 150 35 0 0 0 

Sharp-tailed Sandpiper 0 40 0 0 0 
Silver Gull 24 0 0 1 0 
Spotless Crake 0 1 0 0 0 
Straw-necked Ibis 0 22 65 55 
Swamp Harrier 0 1 0 0 1 
Terek Sandpiper 0 1 0 0 0 
Whiskered Tern 33 20 0 0 0 
While-faced Heron 27 0 6 7 40 
Wood Sandpiper 0 3 0 0 0 
Yellow-billed Spoonbill 0 1 3 0 40 
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The most obvious trend in the data was the sharp 
decline in waterbird abundance during the period of high 
water levels ( compare Figs. 10 and 11 ). Reasons for the 
decline are unclear but it is not an uncommon 
phenomenon. Sometimes a temporary drop in numbers 
is associated with migration to extensive surface water 
elsewhere ( which was present in the north-west in 1999 
and 2000 - SA Halse and GB Pearson unpublished data} 
but the cause is probably often local. Crome ( 1986) 
showed chat productivity and breeding effort were much 
greater in the first few months after flooding in a ew 
South Wales wetland. 

TABLE 6 

Despite the decline in abundance, species composition 
remained very similar during the two years of high water 
levels ( 1999 and 2000). This was reflected in ordination 
(Fig. 12) where the 1997 waterbird assemblage occupied 
a different position in ordination space. 

Invertebrates 

A total of84 invertebrate species were collected from Lake 
Logue during monitoring (Table 6). Most notable was 
the discovery of a new species of oligochaete; Ainudi-ilus 
angustivasa (Pinder and Halse 2002) In 1997, there were 

Invertebrate species collected from Lake Logue in the 1997 and 1999 sampling years. 

TAXA 

Turbellaria 
Nematoda 

ROTIFERA 

Asplanchna sp. 
Brachionus sp. 
Keratella australis 
Dicranophorus 
Lecane bu/la 
Lecane sp. 

OLIGOCHAETA 

Aphanoneura 
Ainudrilus angustivasa 
Tubificidae 
Chaetogaster diastrophus 

ACARINA 

Eylais sp. 
Acercella sp. 
Arrenurus balladoniensis 

CLADOCERA 

Alona rigidicaudis s.l. 
Alona setigera 
Alona sp. 
Chydorus sp. 
Leydigia sp. 
Pleuroxus sp. 
Daphnia carinata 
Daphnia cf. cepha/ata 
Moina sp. 

OSTRACODA 

1/yocypris spiculata 
A/boa worooa 
Benne/ongia austra/is 
Bennelongia barangaroo 
Candonocypris novaezelandiae 
Cypericercus sp. 658 ( nr. salinus) 
Cabonocypris nunkeri 
Sarscypridopsis acu/eata 

COPEPODA 

Boeckella triarticu/ata 
Calamoecia ampulla 
Calamoecia sp. 342 (ampul/a variant) 
Microcyclops varicans 
Metacyc/ops sp. 462 
Australocyclops australis 
Mesocyc/ops brooksi 

AMPHIPODA 

Austrochiltoma subtenuis 

1997 

✓ 
✓ 

✓ 

✓ 

✓ 
✓ 
✓ 

✓ 

✓ 
✓ 

✓ 
✓ 

✓ 

✓ 

1999 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 
✓ 
✓ 

✓ 
✓ 
✓ 
✓ 
✓ 
✓ 

✓ 
✓ 

✓ 

✓ 
✓ 
✓ 

✓ 

✓ 

✓ 
✓ 

✓ 

✓ 

TAXA 1997 1999 

COLEOPTERA 

Al/odessus bistrigatus ✓ ✓ 
Liodessus inomatus ✓ 
Antiporus gilberti ✓ ✓ 
Sternopriscus mullimacu/atus 
Platynectes sp. 
Berosvs munitipennis ✓ 
Berosus sp. 

DIPTERA 

Anopheles annulipes ✓ ✓ 
Cu/icoides sp. 
Nilobezzia sp. 1 ✓ 
Alrichopogon sp. ✓ 
Stratiomyidae ✓ 
Dolichopodidae ✓ 
Syrphidae ✓ 
Ephydridae ✓ 
Proc/adius pa/udicola ✓ ✓ 
Ablabesmyia notabilis ✓ 
Paramerina /evidensis ✓ 
Cricotopvs a/bitarsus ✓ 
Tanytarsus sp. A (nr. K10) ✓ 
Paratanytarsus sp. A ✓ 
Chironomus occidentalis ✓ 
Dicrotendipes conjunctus ✓ 
Dicrotendipes jobetus ✓ 
Dicrotendipes 'CA 1' (was lindae) ✓ 
Polypedilum nubifer ✓ 
Cryptochironomus griseidorsum ✓ 
Cladopelma curtiva/va ✓ 

HEMIPTERA 

Saldidae ✓ 
Agraplocorixa eurynome ✓ 
Agraptocorixa hirtifrons ✓ ✓ 
Micronecta robusta ✓ 
Micronecta gracilis ✓ 
Anisops thienemanni ✓ 
Anisops hyperion ✓ ✓ 
Anisops gratus ✓ 

ODONATA 

/schnura aurora aurora I 

Aus/roles/es annu/osus ✓ 
Hemianax papuensis ✓ 
Hemicordulia tau ✓ 

TRICHOPTERA 

Oecetis sp. ✓ 
Trip/eel/des australis ✓ 
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31 species, of which 17 ( 54'½,) were in ects and 11 species 
( 35%) were crustacc:111s. After flooding in 1999, 63 species 
were colk:ctcd with 31 ( 49%) insect pecics ;md I 9 (30%) 
crnsL:H.:cans. 1 nvcrtcbrate samples fi·om I 997 and I 999 
wcrc qui cc widely separated on ordination axes ( Pig. I 3 ). 
This was because tcw species were common ro both 
sampling occasions, with only four of'25 crust.1ccans and 
fr,ur ol"44 insects occurrin 'twice. The fauna of 1999 had 
a grc,11cr number ofplankwnic species (eight cbdoccrans 
and six rorif·crs compared with one dadoccran species in 
1997 ), .�uggesring an increascd primary productivity of 
rhc hke waters following Villing. I 11 contrast, the 1997 
foun,1 had ,1 grcarn proponion of species rypical ol'drying 
or ephemeral wetlands, su ·h as the di11tcra11 families 
Srratiomyidac and Syrphridac. 

Lake Towerrining 

Lake Townrining (33" 34 1S 116" 46'E) (l�ig. 14) lies
32 km south ofDarkan in the Towcrrining Nature Reserve 
( Reserw o. 24917 ). The lake is pcrmanrnr and brackish 
wirh an area ofapproximatl'ly 180 ha. Its catchment was 
extensively ckarcd by the 1960s ,rnd the hisrorical decline 
in water qualit)' ,ind rc11111a11t vcg,crntion is describcd b 
1:rocnd ( I 991 ). Lake Tmverrining was consider ·d frcsh 
until 1966 and at this rimc supported large li·inging srands 
or Uamm:n m-tic11/11tn, lwll'cvcr, between 1964 and 1973 
warcr qu,1li1y dctcriorart·d dr;rn1:11 ic.:ally and fringing, scd\.!,cs 
,1l111t>st totally disappeared ( Froc11d ;rnd k( :omh 1991 ). 
The l,1ke dricd !cir a period between 1979 and 1981 and 
the submcrgcnt hcnthic lll:Krophytcs prescnt hclmv 111c:111 
l.1kc dcpt h 11p unt ii rhat t inlt' ,1lso dis:1ppc.1rnl suhseq11c111 ly.

D.J. Cale et al.

These maaophytcs did not re-colonise, de -pitc water kvds 
con i ·tently about 2 111 and tt1rbidity w.1s implicated as a 
limiting factor (Froend and McComb 1991 ). High w:itcr 
levels in rec.:ctH decides h:ivc reduc.:cd salinity and 
modifications i-o the outlet ofrhc Llkc by the Dcpart111cnt 
or Agriculture havc tiirthcr improved water quality by 
increasing lake volume and the porcnrial tc,r flushing. The 
macrophytc nnppir,, sp. h;1s recolonised parts of the 
bkcbcd. Current! thc majority of remnant vegetation 
oc.:curs as ,1 thin b;1nd in the viciniry of rh<.: inlet on the 
wcsrern shore. Ir consists pri11c.:ip:illy of Jvfdn./eucn 
rhn.phiophylln ,rnd F-1tcnf:'vptni nut.is (Gurner a al. 1999). 
The lake was selected for monitoring because local 
remedial work had bccn undertaken ,rnd it was a11Licipatcd 
th:H bkc condition would stabilise or improve. The lake 
has a long record of waterbird and depth data (Lane and 
Munro 1983; Ja1.:nsch ctiil. 1988). 

Water chemistry and physico�chemical 

parameters 

Dcprh remained rcl,nivcly eonstam in Like Towcrrining 
durinµ, 111011itori11e;, varying from 2.49 111 to 3.34 111 
( hg. IS), and condu1.:tivit , rcmaincd between 8000 and 
10 000 pS/1.:111. Cations conformed ro the p,Htcrn 

a>Mg>Ca>K and Cl was thl· dominalll' anion. The hike
w,1s mcsorrophic with rc.�pcct ro total nirrogcn and 
phosphorus ( 111axim.1 of 3000 pg/!, and l O pg/L, 
respectively) but high c<,111.:c11Lr,11io11s of chlorophyll were 
mc1surcd (1naxi111um 24S pg/!,) in M,irch 2000. 

Figure 14. Latu: JiJ111errini11g is a Ln.wc pcmumcnt and bmc/1ish wetln.nd, which lies partly in the ToJ11errining Nn.tnr,: RL'scn,e. 
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Groundwater 

Monitoring bores were installed on three vegetation 
transects at Lake Towerrining and sampling commenced 
in January 2000. Depth to groundwater was 1.08-1.66 m 
in April 2000 and 0.2-0.66 min August 2000 (Fig. 16). 
Groundwater was more saline in bores on transect 1 (up 
to 30 000 µS/cm) than the other two transects and more 
saline in bores than in the lake, although the more elevated 
bore on transect 2 was returning water equivalent to lake 
water. 

Waterbirds 

A total of 33 species of waterbird were recorded at Lake 
Towerrining during monitoring (Table 7), compared with 
35 recorded in 24 surveys by Jaensch et at. (1988). Of 
these, 70% were frequent users of the lake and seen on 
two or more occasions. Species recorded only once 
included the comparatively rare Freckled Duck. umber 
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of species remained constant at 28 for both sampling years 
and 82% of the fauna was common to both sampling years. 
The waterbird fauna was numerically dominated by ducks, 
with large numbers ofHardhead (ca. 800 individuals) in 
August and October 1997 and Blue-billed Ducks (269 
individuals) in August 1997 being noteworthy. Counts 
of more than 250 Blue-billed Ducks are rare in the south
west ( see Halse et at. 199 5 and earlier duck count reports) 
and supports the view that Lake Towerrining is an 
important lake for waterbirds. 

During the 1997 monitoring year, abundance of 
waterbirds remained constant (range 2006-2372); in 
1999, numbers were low (ca. 500 individuals) in late 
winter and spring but increased to 1500 individuals in 
autumn (Fig. 17). 

The considerable similarity of species composition 
across years meant that assemblages in 1997 and 1999 
were close in ordination space (Fig. 18). However, they 
were slightly removed from assemblages in 1982-1984 
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Figure 15. Gauged depth and electriml conditctivity at Lake Towerrining for the 1997 and 1999 sampling years. 
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TABLE? 
Waterbird species and their abundance on six sampling occasions at Lake Towerrining. 

DATE 
AUG-97 OCT-97 MAR-98 AUG-99 

Australasian Grebe 0 0 5 
Australa.sian Shoveler 14 4 39 4 

Australian Pelican 0 0 0 1 
Australian Shelduck 9 105 484 15 
Australian While Ibis 0 0 3 2 
Banded Still 0 0 24 0 
Black Swan 5 30 2 5 
Black-lronted Dotterel 1 2 0 2 
Black-winged Stilt 5 0 54 0 
Blue-billed Duck 269 39 0 127 
Common Sandpiper 0 3 3 3 
Darter 0 0 0 0 
Eurasian Coot 131 483 103 44 

Freckled Duck 0 0 2 0 
Great Crested Grebe 6 5 0 0 
Great Egret 3 1 3 0 

Grey Teal 78 160 265 101 
Hardhead 849 796 46 64 

Hoary-headed Grebe 308 470 500 41 
Little Black Cormorant 121 25 81 65 
Little Pied Cormorant 36 0 25 3 

Musk Duck 173 5 53 14 
Pacific Black Duck 0 5 121 14 
Pink-eared Duck 350 22 131 8 
Red-capped Plover 0 0 0 0 

Red-kneed Dotterel 0 3 0 0 

Red-necked Avocet 0 0 6 0 

Silver Gull 13 12 32 23 
Straw-necked Ibis 0 0 3 0 

Swamp Harrier 0 0 0 2 

Whiskered Tern 0 0 0 0 

White-faced Heron 1 0 4 1 
Yellow-billed Spoonbill 0 0 17 3 
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• Towwinn.ing 

J\lth:nn 

, T1x1libin 

.+ Pinj.-.rega 
-1.S f Plc-11st1nt View 

0 Gomly 

<;l Coyrct:up 

l:-'igttrc 18. O,·dination (PCR) of ivate,·bird species data from Lake Tmvenining, showing historical and monitoring data for 
Lake Towcrrining and data f01· six marlier ivctlrmds. 

(Jaensch ct al. 1988). However, Jaensch et. al. surveys 
did not include Moodiarrup Swamp (the bay on Lake 
Towcrrining's western shoreline) and while water 
levels were similar, salinity was higher (approximately 
17 000 pS/cm) than during the monitoring period. The 
occurrence of more species typical of shallow bare 
shorelines, which occurred predominantly in the swamp 
in the 1997 and 1999 surveys (e.g. Red-capped Plover, 
Red-kneed Dotterel, Red-necked Avocet, Banded and 
Black-winged Stilt), accounted for most of the differences 
apparent within the ordination. 
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Invertebrates 

A total of74 raxa of invertebrates were recorded during 
monitoring. In 1997, 42 species were collected of which 
22 (52%) were insects and 15 (36%) were crustaceans. 
The proportion of insects in 1999 was similar with 28 
species comprising 48% of the fauna compared with 18 
crustaceans ( 31 % ) (Table 8) In 1999, 58 taxa were 
collected, reflecting an increase in the richness of several 
invertebrate groups: cg., rotifers ( +5 spp ), chironomids 
( +2 spp) and ostracods ( +2 spp). Nevertheless, the
invertebrate assemblages of Lake Towerrining remained
close in ordination space and were clearly distinguishable
from wetlands with different ecological characters
(Fig. 19).
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Figure 19. Ord inn tion (SSH) of inJ11;ncbratc data, showing Lake Towc1·rining in 1997 nnd 1999 and fottr marker wetlands. 
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TABLE 8 

Invertebrate species collected from Lake Towerrining in the 1997 and 1999 sampling years. 

TAXA 1997 1999 TAXA 1997 1999 

Turbe Ilaria ✓ AMPHIPODA 
Nematoda ✓ ✓ Austrochiltonia subtenuis ✓ ✓ 

ROTIFERA COLEOPTERA 
Brachionus rotundiformis ✓ Antiporus gi/berti 
Brachionus sp. ✓ Antiporus sp. 
Keratella australis ✓ Necterosoma penicillatus ✓ 
Lecane sp. ✓ Berosus discolor ✓ 
Lecanidae ✓ Berosus munitipennis ✓ ✓ 

GASTROPODA DIPTERA 
Coxiella sp. ✓ Culicoides sp. ✓ ✓ 

OLIGOCHAETA Monohelea sp. ✓ 
Monohelea sp. 1 ✓ 

Tubificidae WA10 ✓ Nilobezzia sp. ✓ 
Dero digitata ✓ Nilobezzia sp. 1 ✓ 
Paranais litora/is ✓ ✓ Psychodinae sp. 2 ✓ 
Enchytraeidae ✓ ✓ Tabanidae ✓ 

ACARINA Stratiomyidae ✓ ✓ 
Dolichopodidae ✓ 

Limnesia sp. ✓ Ephydridae ✓ ✓ 
Pezidae ✓ Muscidae ✓ 
CLACOCERA Scatopsidae ✓ 

Proc/adius paludicola ✓ ✓ 
Alona sp. ✓ 

Procladius vi/losimanus ✓ ✓ 
Ceriodaplmia laticaudata s.l. ✓ 

Tanytarsus sp. A (nr. K10) ✓ ✓ 
Daphnia carinata ✓ 

Chironomus occidenralis ✓ ✓ 
Macrolhrix breviseta ✓ ✓ 

Dicrotendipes conjuncrus ✓ 
OSTRACODA Oicrotendipes pseudoconjunctus ✓ 

Polypedilum nubifer ✓ Limnocythere porphretica ✓ 
Polypedilum sp. ✓ llyocypris australiensis ✓ 
Cryptochironomus griseidorsum ✓ 

Cyprinotus edwardi ✓ ✓ 
Ctadopelma curtivalva I Oiacypris spinosa ✓ ✓ 

Mytilocypris ambiguosa ✓ I HEMIPTERA 
Mytilocypris tasmanica chapmani ✓ ✓ Micronecta robusta ✓ ✓ 
Sarscypridopsis acu/eara ✓ ✓ 

Anisops thienemanni ✓ 
COPEPODA Anisops sp. ✓ 

Boeckella rriarticulata ✓ Lepidoptera ✓ 

Calamoecia elite/la/a ✓ ODONATA 
Sulcanus conflictus ✓ 

Xanthagrion erythroneurum ✓ 
Me/acyclops sp. 462 ✓ 

Ausrrolestes annulosus ✓ 
Me/acyc/ops sp. 434 (arnaudi sensu Sars) ✓ 

Zygoptera ✓ 
Halicyclops sp. 1 (nr ambiguus) ✓ 
Mesocyclops brooksi ✓ I TRICHOPTERA 
Apocyclops dengizicus ✓ Natalina spira ✓ ✓ 
C/etocamptus alt deitersi I Oecetis sp. ✓ ✓ 
Onychocamptus bengalensis ✓ ✓ Leptoceridae ✓ 
Nitocra reducta ✓ ✓ 
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Lake Coyrecup 

The kidney-shaped Lake Coyrecup (33° 43'5 117° 49'E) 
(Fig. 20) lies at the confluence of two extensive drainage 
systems: the first from the north-cast, draining the region 
west of Nyabing, and the second from the cast. Lake
Coyrecup in turn lies upstream of Lake Dumbleyung on 
the drainage line that is the Coblinine River. The lake is 
semi-permanent and approximately 448 ha in area, of 
which 80% is open water (Halse et al. 19936 ). Soils, climate 
and vegetation are described by Lyons ( 1988). Vegetation 
associations around the margin of the lake were described 
as Camarinn obcsa low forest and woodland, and 
Metaleuca woodland by Lyons (1988). Whilst Lake 
Coyrecup has been secondarily saline for several decades, 
groundwater is saline and still rising as a result of past 
land clearing in the catchment. Its proximiq1 to the lakebed 
is seen as the main threat in terms of further change to 
the ecological health of the lake. 

Lake Coyrecup was included in the monitoring 
program as an example of a secondarily saline wetland. 
There is considcrabk management activity occmring in 
the catchment and the lake has a history of collection of 
waterbird and depth data. It supports a relatively rich 
waterbird community for a saline lake (Jaensch etat.1988), 

and is well-known for supporting high abundances of 
ducks (eg. Halse et al. 1995). 

Water chemistry and physico-chemical 

parameters 

Lake Coyrccup was about one-third full in both 1997 
and 1999 and lake water was saline (55 000 pS/cm to 
144 000 pS/cm) (Fig. 21). The pattern of cation 
dominance was Na>>Mg>Ca>K and the lake was 
mcsotrophic with respect to total nitrogen and 

phosphorus, although levels became more elevated as 
water levels declined in March 2000 (maxima for TN was 
10 000 pg/I and for TP 110 pg/I). Levels of phacophyrin 
( from the breakdown of algae) were also high at this time, 
indicating a late algal bloom. 

Groundwater 

A total of 10 bores were installed on tl1c five vegetation 
transects at Lake Coyrecup. Depth to groLU1dwater varied 
with location (range 0.73-4.69 m) and was, on average, 
1 111 greater in autumn than in spring (Fig. 22). 
Conductivity was greatest in bores on transects four and 
five, which arc cast of the lake proper. Groundwater was 
acidic on these transects with pH approaching 3. At other 
transects salinities were similar to those of the lake (range 
38 400--68 000 pS/cm) and pH was 5--6. 

Waterbirds 

Twenty-one species of waterbirds were recorded at Lake 
Coyrecup during monitoring (Table 9), compared with 
the 32 recorded in 23 surveys between 1981 and 1985 
(Jaensch et al. 1988 ), when the lake twice filled to 
overflowing. In 1997 and 1999, species richness tended 
to be greater in late winter and spring and low in autumn 
as the lake dried. In autumn of both )'Cars the fauna was 
dominated by Australian Shclduck. Total waterbird 
abundance was correlated with species richness ( r = 0.85) 
(Fig. 23). Only 57% of species were sighted on more than 
two monitoring occasions, leaving a large group of 
occasional visitors. These occasional visitors were of low 
abundance (e.g. Freckled Duck, Wood Duck sec Table 9) 
except for the Pink-cared Duck, with 689 individuals in 
spring 1997. 

Waterbird surveys from 1997 and 1999 differed in 
their location in ordination space (Fig. 24 ). The 1999 

-

Figtffe 20. Lalw Coyrewp is a seco11darily saline 111etlrmd with a fringing band of dead Camarina obcsn.. 
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TABLE 9 

Waterbird species and their abundance on six sampling occasions at Lake Coyrecup. 

AUG-97 OCT-97 

Australian Shelduck 11 385 
Australian Wood Duck 0 0 
Banded Still 27 0 
Black Swan 76 99 
Black-winged Stilt 66 10 
Chestnut Teal 2 0 
Common Greenshank 0 , 

Eurasian Coot 82 50 
Freckled Duck 1 0 
Grey Teal 939 26 
Hardhead 2 0 
Hoary-headed Grebe 45 231 
Hooded Plover 0 0 
Musk Duck 0 0 
Pacific Black Duck 0 0 
Pink-eared Duck 689 0 
Red-capped Plover 56 0 
Red-necked Avocel 0 4 
Silver Gull 50 7 
While-faced Heron 0 0 
Yellow-billed Spoonbill 0 

survey lay closer to the saline marker wetlands, Altham 
and Goorly, because of the occurrence of Hooded and 
Red-capped Plovers and the absence of some species 
present in 1997. Both years showed differences from the 
1982-1984 surveys as Coyrecup has moved further away 
from being a treed wetland like Toolibin, (e.g. 1997 data 
point) and sometimes become almost like a saline playa 
(e.g. 1999 data point). 

Invertebrates 

A total of25 species of invertebrate were recorded at Lake 
Coyrecup during monitoring. Crustaceans dominated the 
fauna with 10 species (55%) in 1997 and 11 (47%) in 
1999 (Table 10). Species richness increased from 18 in 
1997 to 23 in 1999, with 1997 essentially containing a 
subset of the species present in 1999. The crustacean fauna 

1.(1 

A i:(3 
II.I) 

.I.[) 

I a, 

DATE 
MAR-9e AUG-99 OCT-99 MAR-00 

220 70 916 640 
0 0 3 0 

35 0 119 0 
0 32 13 0 
0 0 0 0 
0 0 20 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

40 30 470 0 
0 0 0 0 
0 0 3 0 
0 0 0 1 
0 0 2 0 
0 0 4 0 
0 0 0 0 

25 0 0 15 
0 0 0 0 
0 25 25 0 
0 7 16 0 
0 2 1 0 

differed between years only by the addition of 
Harpacticoida sp. 1 in 1999. Dominant species included 
Daphniopsis pusilla, Mytilocypris tasmanica chapmani, 
Australocypris inrnlaris, Calamoecia clitellata and 
Au.strochiltonia mbtermfr, all of which have widespread 
distributions because of their tolerance of a wide range of 
environmental parameters (sec Halse 1981 ). Insects 
recorded were typical of saline wetlands and included 
Berorns disco/01· and dipterans from the families 
Stratiomyidac, Ephydridac, Ccratopogonidae and 
Chironomidae. 

Despite additional species in 1999, assemblages from 
Lake Coyrccup were very close to each other in ordination 
space (Fig. 25), both years lying midway between fresh 
and hypersalinc marker wetlands on all three axes. The 
limited suite of species collected reflects the salinization 
of this wetland. 
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Figure 24. Ordination (PCR) of waterbird species data frorn Laite Coyrecup, shmving hirto1·ica/ and monitoring data for Lake 
Coyrcwp and data for six marlicr wetlands. 
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TABLE 10 
Invertebrate species collected from Lake Coyrecup in the 1997 and 1999 sampling years. 

TAXA 1997 

Turbellaria ✓ 

Nematoda ✓ 

ROTIFERA 

Hexarthra sp. 
Brachionus plicati/is 

GASTROPODA 

Coxiella sp. ✓ 

OLIGOCHAETA 

Tubificidae 
Enchytraeidae 
CLADOCERA 
Daphniopsis pusilla ✓ 
Daphniopsis sp. 

OSTRACODA 

Austra/ocypris insu/aris ✓ 

Diacypris Spinosa ✓ 
Mytilocypris tasmanica chapmani ✓ 
Platycypris baueri ✓ 

1.0 

(I.I) 

-1.0 

1.5 

1999 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 
✓ 
✓ 

✓ 

-1.5 

TAXA 

COPEPODA 

Ca/amoecia clitellata 
Apocyclops dengizicus 
Mesochra nr flava 
Harpaclicoida sp. 1 

AMPHIPODA 

Austrochillonia subtenuis 

ISOPODA 

Haloniscus searlei 

COLEOPTERA 

Berosus discolor 
Berosus sp. 

DIPTERA 

Monohe/ea sp. 1 
Stratiomyidae 
Ephydridae 
Proc/adius paludicola 
Tanytarsus sp. A (nr. K10) 

1.5 

• Coyn:.cu1• 
Nt',obijup 

f C;mq,ion 

Y,1,1lup 

P.irk�yi.:mng 

D.J. Cale el al. 

1997 1999 

✓ ✓ 
✓ ✓ 
✓ ✓ 

✓ 

✓ ✓ 

✓ ✓ 

✓ ✓ 
✓ ✓ 

✓ 
✓ 

✓ 

✓ ✓ 
✓ 

Pigm·c 25. Ordinnti<ln (SSH) o
f 

in11crtcbrntc dnta, sho1Pi11q Lah Coyrcc11p in 1997 and 1999 and jimr mnril,:1• ll'L·tlanrf.s. 
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Lake Wheatfield 

Lake Wheatfield (Fig. 26) is one of a chain of wetlands 
immediately north of Esperance (33" 48 1 S 116"46'E). 
With an area of approximately 50 ha, Lake Wheatfield is 
permanent and saline with a depth of 1-2 m. It receives 
water from Coram up Creek. Its outflow extends through 
to Woody Lake and, in yc:i.rs of high water levels, continues 
through Lake Windabour to Lake War,kn. Wheatfield is 
located within Banflsia speciosa woodlands and fringed by 
Melalettca cuticularis, Isolepis nodosa and Bamnca juncea
in the littoral zone ( Ogden and Froend 1998). Mctatenca 
citticularis, Spyridium globitlositm and Sarcocornia 
quinq11cflora o cur around the inflow. 

Lake Wheatfield was selected as a monitoring site 
because it lies witl1in a Rarnsar wetland and because it has 
fauna] and vegetation communities that arc in good 
condition but susceptible to change because ofsalinization 
and urbanisation. Lake Wheatfield is in the Lake Warden 
Biodiversity Recovery Catchment and substantial 
management effort is being expended maintaining and 
restoring its ecological values. 

Water chemistry and physico-chemical 
parameters 

Depth data for Lake Wheatfield arc estimates (and 
unreliable) because a gauge was not installed until 2001. 
Conductivity ranged from 24 000 pS/cm in March 1998 
to 5050 pS/cm in March 1999 after heavy summer rains 
( ig. 27). ation dominance conformed to the pattern 

a>Mg>Ca>K with l the dominant anion. Total
nitrogen (1900 pg/I to 2500 pg/I) and phosphorus 
(20 pg/I -50 µg/1) levels were stable and algal activity 

appeared to be high. Total chlorophyll concentrations (all 
fractions) exceeded 30 pg/I in all water samples. 

Groundwater 

Paired monitoring bores were installed on vegetation 
transects 1, 2 and 3 and a single bore on transect 4. The 
bores were installed as part of a series of 13 bores on Lakes 
Wheatfield, Woody and Warden that are sampled and 
maintained by the Biodiversity Recovery Catchment staff. 
Depth to groundwater has been monitored monthly since 
September 2000 and has shown an average annual 
fluccuation in groundwater deptl1 of 0.92 m (Fig. 28) 

Waterbirds 

A total of 33 waterbird species were recorded for Lake 
Wheatfield in 1997 and 1999, compared with 31 species 
recorded in 26 surveys by Jaensch et al. (1988). Twenty
two (67%) species were recorded in both 1997 and 1999 
(Table 11 ). Most of tl1e species recorded in only om: year 
were seen in a single survey (e.g. Swamp Harrier, Silver 
Gull .rnd Whiskered Tern), but the Freckled Duck, Pink
cared Duck and Hoary-headed Grebe were seen in all three 
1997 smveys and not recorded in 1999. There were also 
marked reductions in the numbers of some other species 
in 1999 compared witl, 1997 (Table 11, Fig. 29. The 
lake wa not a significant drought refuge in March 2000 
presumably because the widespread summer rains in the 
region filled other wetlands. 

Despite tl1e substantial variation in abundance between 
years, species composition was sufficiently similar for the 
waterbird assemblages in 1997 and 1999 to separate from 
those of marker wetland in ordination space (Fig. 30). 

Fignrc 26. Lalw Wheatfield is a rclativel;y deep saline wetland on the soiithcart coast of Western Australia. 
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TABLE 11 
Waterbird species and their abundance on six sampling occasions at Lake Wheatfield. 

AUG-97 NOV-97 

Australasian Shoveler 60 3 
Australian Shelduck 4 5 
Australian White Ibis 0 0 
Australian Wood Duck 3 0 
Banded Lapwing 0 0 
Black Swan 1 0 
Black-fronted Dorterel 2 0 
Blue-billed Duck 2 8 
Chestnut Teal 429 320 
Common Greenshank 0 1 
Common Sandpiper 0 2 
Darter 5 0 
Eurasian Coot 350 216 
Freckled Duck 3 1 
Glossy Ibis 0 0 

Great Cormorant 1 2 
Great Crested Grebe 1 5 
Great Egret 25 4 
Grey Teal 51 258 
Hardhead 120 16 
Hoary-headed Grebe 14 47 
Little Black Cormorant 24 79 
Little Pied Cormorant 15 10 
Musk Duck 37 23 
Nankeen Night Heron 0 1 
Pacific Black Duck 78 92 
Pink-eared Duck 6 84 
Silver Gull 0 0 
Straw-necked Ibis 0 0 
Swamp Harrier 0 0 
Whiskered Tern 0 62 
White-faced Heron 2 5 
Yellow-billed Spoonbill 13 2 

The position of historical surveys within the ordination 
suggests there has been a change in community 
composition between the early 1980s and late 1990s. 
The principal difference between surveys, however, is 
species richness. Historical surveys returned a mean annual 
species richness of 16 species while monitoring surveys 
recorded 26 and 29 species (mean 27.5 spp.). Thi 
discrepancy is probably a result of different sampling 
efforts: monitoring surveys were conducted by boat and 
had greater access to all regions of the lake than historical 
surveys, which were conducted from the shore. 

Invertebrates 

A total of 91 invertebrate species were recorded dming 
monitoring, with 52 species in 1997 and 73 in 1999. 
Jnsects were the dominant group in both )'Cars, comprising 
24 species (46%) in 1997 and 29 (40%) in 1999 
(Table 12 ). The crustacean founa consisted ofl 8 species 
(34%) in 1997 and 17 species (23%) in 1999. Ostracods 

SAMPLING DATE 
MAR-98 AUG-99 OCT-99 MAR-00 

430 0 0 2 
0 0 5 0 
1 2 12 5 
0 0 0 0 

0 0 2 0 
0 0 0 1 

5 0 0 0 
0 4 7 2 

17 55 76 40 
15 0 0 0 

2 0 3 3 
0 4 0 4 

226 7 6 2 
3 0 0 0 
0 0 1 0 

0 3 0 0 
0 0 2 0 

10 2 30 0 
1450 4 82 10 

0 12 1 0 
301 0 0 0 

0 115 350 272 
5 60 47 6 

120 6 13 32 
0 0 2 0 

250 55 57 18 
1670 0 0 0 

0 0 1 0 
2 0 5 0 
0 0 0 1 
0 0 0 0 
5 3 15 4 

30 5 9 24 

were well represented each year with eight and seven 
species, rcspect.ivdy, and five of the 10 ostracod species 
recorded were common to both sampling years. Four 
slightly larger crustacean species, tl1c shrimp Palco,nonetes 
australis, the amphipods Awtrochiltonia mhtenuis and 
Jvlelita fmuerti, and the isopod Exosphaeromasp., occurred 
both years. The late.er two species have marine affinities 
and have not been collected from any otl1er monitoring 
wetland. 

While crustacean species composition was moderately 
constant with 12 species (52%) common to both year , 
insects were more variable witl1 only 15 of 38 species 
occurring both years and additional pecies of most order 
being recorded in 1999. Rotifers were a significant part 
oftlic fuuna in 1999 with 15 species, but were represented 
by only three species in 1997. Despite the variation 
between years, the invertebrate assemblages of Lake 
Wheatfield separate clear!)' from those of other ,vetlands 
because of the significant marine clcmcnr in the fauna 
(Fig. 31). 
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TABLE 12 

Invertebrate species collected from Lake Wheatfield in the 1997 and 1999 sampling years. 

TAXA 1997 1999 TAXA 1997 1999 

HYDRAZOA Cletocamptus alf deitersi ✓ 

Cordylophora sp. ✓ ✓ Onychocamplus bengalensis ✓ ✓ 

Turbellaria ✓ Nitocra reducta ✓ 

Nematoda ✓ 
AMPHIPODA 

ROTIFERA Ausrrochiltonia subtenuis ✓ ✓ 

Macrotrachela sp. a ✓ Melita kauerri ✓ ✓ 

Philodinidae ✓ 

Hexarlhra fennica ✓ ✓ !SOPODA 

Hexarrhra sp. ✓ Exosphaeroma sp. ✓ ✓ 

Testudinella patina ✓ 

Brachionus rotundilormis ✓ ✓ 
DECAPODA 

Brach/onus sp. ✓ Pa/aemonetes austra/is ✓ ✓ 

Keratella procurva ✓ 
COLEOPTERA Keratel/a quadrata ✓

Colurella adriatica ✓ Paras/er niger ✓ 

Colurella sp. ✓ Stemopriscus multimaculatus ✓ ✓ 

Lecane /udwigii ✓ Necterosoma sp. ✓ 

Lecane sp. ✓ Lanceres lanceolatus ✓ 

Lecanidae ✓ Berosus sp. ✓ ✓ 

Synchaera sp. ✓ Gymnocthebius sp. ✓ 

Trichocerca sp. ✓ 
DIPTERA 

GASTROPODA Clinohe/ea sp. ✓ 

Coxiella sp. ✓ ✓ Culicoides sp. ✓ ✓ 

Monohe/ea sp. 
OLIGOCHAETA Nilobezzia sp. 2 ✓ 

Tubificidae ✓ Stratiomyidae ✓ ✓ 

Dero digitata ✓ Empididae ✓ 

Paranais /itoralis ✓ Dolichopodidae ✓ ✓ 

Enchytraeidae ✓ Ephydridae ✓ 

Procladius pa/udicola ✓ 
ACAAINA Procladius villosimanus ✓ 

Hydrachnidae ✓ Para/imnophyes pul/ulus ✓ 

Koenikea sp. nov. nr. australica ✓ C/adotanytarsus sp. A ✓ 

Pezidae ✓ Tanytarsus sp. A (nr. K10) ✓ ✓ 

Oribatida ✓ ✓ Chironomus occidenta/is ✓ ✓ 

Mesostigmata ✓ ✓ Chironomus all. altemans ✓ 

Trombidioidea ✓ Dicrotendipes pseudoconjunctus ✓ ✓ 

Dicrotendipes sp. A (D. Edwards V47) ✓ ✓ 
CLADOCERA Kiefferulus intertinctus ✓ 

Alone/la sp. ✓ Polypedilum nubifer ✓ 

Daphnia carinata ✓ Polypedilum nr. convexum ✓ 

OSTRACODA 
Cryptochironomus griseidorsum ✓ 

Cladopelma curtivalva ✓ 

Cyprideis australiensis ✓ ✓ 

A/boa worooa ✓ HEMIPTERA 

Diacypris spinosa ✓ ✓ Micronecta robusta ✓ ✓ 

Mytilocypris tasmanica chapmani ✓ Anisops hackeri ✓ 

Reticypris clava ✓ ✓ 

Cyprididae ✓ 
ODONATA 

Sarscypridopsis acu/eala ✓ ✓ Aus/roles/es annulosus ✓ ✓ 

Leptocythere lacusrris ✓ Australes/es aridus ✓ 

Leptocyt/Jere sp. ✓ Hemicordulia tau ✓ ✓ 

Kennethia cristata ✓ ✓ 
TRICHOPTERA 

COPEPODA Ecnomus pansuslturgidus ✓ 

Gladioferens imparipens ✓ ✓ Natalina spira ✓ ✓ 

Ha/icyclops sp. 1 (nr ambiguus) ✓ ✓ Oecetis sp. ✓ ✓ 

Mesocyclops brooksi ✓ Symphitoneuria wheeleri ✓ 

Mesochra baylyi ✓ Triplectides australis ✓ 
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Fig111·e 30. Ordination (PCR) of waterbird species data fi·om Lake Wheatfield, showing histm·ical and monitoring data for 
Lake Wheatfield nnd data for six 1narker wetlands. 

1.0 

0.0 

Axis J 

-1.0 

-1.5 

99 

1.5 

f w1iea,r.c1J 
Ip Noobijup 
t Campion 
t Yaalup 
t Porkoyerring 

Figm·e 31. Ordination (SSH) of inPencbmte datn, showing Lake Wheatfield in 1997 and 1999 and foiir marker wetlands. 



50 

Lake Altham 

Locued with i n  t h..: Ch i no<: up ;l l u rc Reserv..: ( R..:serve 
o . 2 8 395 ) ( 33" 24 '5 1 1 8" 2 7 ' E ) ,  L:1ke A l t lum ( Fig .  3 2 )

i s  part o f  ;1 l arge cha i n  o f  sal i ne  l akes Lha t  i n c l udes ( ,;1ke 
GrKc ro  rhe north :1 1 1d ( ,;1kcs P i ngrup and Ch inocup to 
t he sou th . Like Al rh;rn1 is  typica l l y a sha l low, seasona l  and 
hypc rs;1 l i nc L ike wi t h  a n  a rc1 ol '  approx i mate l y  243 ha, 
,1 lmost a l l  of which i s  open w:ner ( H:1lse ct al. 1 993 b ).  I n  
most years [ ,;1 kc A l t ham d ries d u ring sum mer bu r  a fier 
m,1 jor f loods i r  ! i l l s  to a depth of about 1 . 5 1 1 1  and coma ins  
w,l l cr :1 1 1  ye ;u ( J acnsch c l  n/. 1 988) .  a l l 1 1�1 I vege tat ion is 
n:st ri l: t ed ro rhe wes t  .1 1 1d norrhcas r s ides or t h e  l a ke .  
Vegcra 1 ion  h;1s been descri bed b ' G u rner ct nl. ( 2000 ) ;1s 
t e rrest r i a l  wood Lmds of  Mdak11ca lnt.:riJlom .1 1 1d 1:-fo/mi 
/m:i.ui i o n  e l eva t e d  r i d ges,  r epbccd  d o w n s l o pe by 
M. 1111 cinatn, M. lmhnat1t1'11nm1 and !vi. ha u1 11/om as a
dosed low wood bnd over sh ru b- l i ke u nders rorey spcc ics
t h ;H i n c l ude  H11l11.\'/1 rci,1 /J0:.!_1 1 '11 11 11/11 111, Lyci11 111 astnrfr,
M11 i1 ·c1wn /m; 1,ijidi11 .1 1 1 d  Sa rconi in q11i11q11�flom. The l ake
was �e lec ted for moni tor ing bec;1 use it i s  pri m a r i l y  sa l i 1w ,
( i l l s  regu l .uly, and  h a� i n t--:Kt 1'e!-!,et a t ion and :l h is t ory of
ll'a t e rbi rd :1 1 1d dept h da t a .

Figun; 32. / ,al.·c A lthmn i.r rt. shallow 11nmrn.l�y .rrtli11c foltt' which 
dries in most ycan. 

D.J. Cale el al.

Water chemistry and physico�chemical 

parameters 

Lake A l tham was mon itored i n  1 998  and 2000. During 
bot h years i t  was sh:1 l low, d r)' ing i n  autumn 1 999 and 
2 00 I and be i n g  a l most  d r y  in Oc t ob er 2 0 0 0 .  T h e  
m i ni m u m  reco rded con d u c t iv i ty w a s  1 40 800 p, /cm 
( Fi g . 33 ) ,  wirh ca tion pattern bei ng Na> Mg>Ca>K and 
Cl the  major an ion ,  a l t hough 0_1 conce n t rat i on  was 
si !-!,n i ticant . The shal lowness and h igh t urbid i ty ( 520 T ) 
o r  t he lake led to h igh wate r temperatures, part ic u l ar l y in
s p ri n g  1 9 9 8 ,  w h e n  2 8 . 4"C w a s  re c o rd e d . T h e
con ec iHrat ion o r  phaeophyt i n  a l so rose i n  spri ng  1 998 ,
su ggest i n!!; a col l apse of thc rel ;1 tive ly h igh a lgal prod uct ion
o b se r ve d  in l a t e w i n t e r , w h e n  t o t a l  c h l o r op h y l l 
concen trat ion was 54 . 5  pg/I . Like A l tham w,1s eu troph ic
wi th respect to Tota l  n i trogen and phosphorus th roughou t
t h e  study period (TN r:1 1 1ge 3 I 00-7900 p g/I and T P
rangi.: 40-220 p!-!,/1 ) . Nu rri en ts :ire probab l  e 1 1 teri 1 1µ; the
lake  i n  run -off from :1gr icu h u ra l  land to the we.�t .

Groundwater 

Bore p;1 i rs were i n sta l led 011 t h ree vcg; ·ra t ion - t-ra nsects i n  
pri l 20(Hl . Grnu 1 1dw:1tcr l ay between 0 . 3 3  and 2 . 89 111 

be low !-!,round  le d , depend i 1 1g rn1 loc1 t ion ( Fig. :i4 ),  w ith 
pe:1 k  levels in hl l e  wi nr cr-spri ng .  E lect r ica l  cond ut.:t ivi ry 
or bore-wa te r  w:1s re la t ive ly cons 1 :m 1  sp:1 r i :1 l ly, ave r:1g i 1 1 g 
1 2 1 600 pS/cm i n  spr ing a nd 89 000 pS/cm i n  late wi n te r. 
G rou 1 1d wa 1·er w;1s less s:1 l i nc 1 han Li ke w;l l e r. 

Waterbirds 

Si x species of waterbi rd were recorded at Lake Alt-h.11 1 1  in 
l 998 and  2000,  ·0111parcd with l 5 spe · ies recorded in
l 3 su rveys between 1 98 1  and 1 98 5  ( J arnst.: h l't n/. 1 988 ) .
M a ny of' the species rewrded by J acn sd1 ,:t nl. ( 1 98 8 )
w -re observed i n  1 983 - 84 when th · l ake flooded to a
depth or a l most  1 . 5 11 1 :1 1 1d sa l i n i ty d ropped to about 
8 0 0 0 p S /c 11 1 . L:irge d i ffe r e n c e s  in t h e  w a te r b i r d  
·0 1 1 1 1 1 n 1 1 1 i t y  were recorded between su rvc 1s du 1 · i ng; 1 998

and 2 000,  w i t h  species r ich ness r:1 1 1g i ng from one i- o s ix
i n  seasons when w:1t cr , as presen t . H oweve r, the species
l ists l < > r  whole yea rs were vcry si 1 11 i l :1 r, wi t h  die abse n cc of "
Ba nded S r i l rs in  2000 be ing  r hc on ly d i ffe rence (Ta b le 1 3,
F ig .  3 5 ) .

l .ake A l rh,1 11 1  w.ucrh i 1·d sun•<.:ys ( 1 99X ) were used i n
r h is � 1 1 1dv  a s  a 1 1 1 ;1 r kc r  we t l and  i n  t hc ord i n a t i o n ,  and 
represe n t .  species poor s:1l i nc wetl :1 1 1ds .  The s i m i l ar i t y of 
b i rd assemblages i n  bot h monitor ing years was :1pp:1 ren t  
i n  t he ord i nat ion ( Fig .  3 6 )  wi t h  both  ye;1rs c lc .1 1· ! , ddi ncd 
from 01 hc -r nurker werbnds .  A c l e :1 r  .. ; J , i f r  in com m u n i ty 
structu re het.vern 1 98 3  :1 1 1d 1 998/2000 is ;1 Jso i nd ica ted .  
H owever, r he  1 98 3  su rve I coi nc ided wit h  :1 pe r iod of hi gh 
water level and low sal i n i ty when  wat erbi rd u se i ncreased 
and t here is 110 evidence oFa lo1 1g- ter 1 1 1  dec l ine in wat erbird 
use or I ,ake l t l u rn .  Nevertheles,� , the abi l i ty ofordi 1 1:1t io11  
to de tect changes in co 111 111 u 1 1 i ry s t ruc t u re is dearl y
i ndicated .  
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TABLE 13 
Waterbird species and their abundance on five sampling occasions al Lake Altham. 

SAMPLING DATE 
AUG-97 NOV-98 APR--99 AUG--00 OCT-00 

Australian Shelduck 96 186 0 175 0 
Banded Still 0 7 0 0 0 

Grey Teal 1 2 0 159 0 

Hooded Plover 13 20 0 2 1 
Red-capped Plover 0 18 0 2 0 
Red-necked Stint 0 8 0 1 0 

1.0 

/\xi, 3 

0.0 

-1.0 

MJ 

,I 
H 

I fl 
it 
:: 

t I! 
i ij 
I 
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• /\llha111 

Toolih,n 

0.0 
-15 1.5 

/\xis I 

' PinJ;1rcc�;1 

,. Pka.,;;a111 V1cw 

t Cmrly 

0 C,)yrccu1, 

f'igiwc 36. Ordi11ntio11 (PCR) of 111n.tcrbird species d1itt1 from Lnkc Alt/mm, sholf liit.!] historicnl 1111d moniwring datn for L11lit: 

Althnm nnd dntn ji1r si.-.: mnrkcr wctln11ds. 

Invertebrates 

Fifteen species of aquatic invertebrate were collected in 
spring 1998 (Table 14) with pecie richnes · clearly 
con ·trained by salinity. Invertebrate :ibundann: wa. , lso 
low \ irh most spccit.:s rt.:presrnted by individuals in 
samples. The fauna w:is dominatt:d by salt-rokrant 
crustaceans, which comprised IO specie ( 67% of the 
faun:i). Osrracods (four species) and cladocerans (three 
pecies) were the most diver e crustacean orders. Two 

cladoeerans (family Chydorid:it.:) recorded at Altham, 
Alona sp. and Alrmclla sp., occurred at a salinity ( 140 
800 p /cm) well above that at which chydorids have been 
recorded cbewherc (sec H::unmcr 1986 ). While it is likely 

rhat Lhcse animals were dead 011 collecrion (and preserved 
in brine), rhe records nevertheless suggest that some 
exrrcmcly salr-rolcranr cladocerans occur in south-west 
Western Ausrralia. 

Tht.: lake was largely unsuited to insects and rhese 
comprised only 20% or the fauna. Three salr-rolcrant 
species of diptera (Dolichopodidae sp, Tan_,ytarsi.1 
barbitn.rs11s sp and Procladius paludicofo) and a beetle 
(Carabidae sp. ), which is like I}' to be only . cmi-:1quaric, 
were 1.:ollcctcd. 

In ordination spa1.:c (l�ig. 37), Lah Altham is 
disti1Ktivc from rhc marker wetlands bur falls closest to 
the other saline wecbnds (Parkeyerring :rnd Campion). 
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TABLE14 

Invertebrate species collected from Lake Altham in the 1998 sampling year. 

TAXA 

Nematoda 

ANOSTRACA 

Parartemia longicaudata 

CLADOCERA 

Alona sp.

Alone/la sp.

Daphniopsis sp.

OSTRACODA 

Australocypris insularis 
Diacypris compacta 

1.0 

Axi,J 

0.0 

-1.0 

1998 TAXA 

✓ Diacypris sp.

Platycypris baueri 

✓ 
COPEPODA 

Calamoecia clitellata 
Meridiecyclops bay/yi 

✓ 

✓ COLEOPTERA 

✓ Carabidae 

DIPTERA 

✓ Do/ichopodidae sp. A 

✓ Proc/adius pa/udico/a 
Paratanytarsus sp. A 

I I 

-1.5 

1.5 

• Al<h•m 

oobijup 
Campion 

� Ynalup 
Parkeyerring 

Figure 37. Ordination (SSH) of im,crtcbrate data from Lake Altham in 1998 and foiir marker JVctland, 
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1998 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 



54 

Noobijup Swamp 

Noobijup Swamp (Fig. 38) is located in Noobijup Nature
Rrn:rvc (Reserve No. 26680) (34" 24'S l 16" 46' E} and
is part of th<.: i'vluir-Byenup p<.:at swamp system c<.:ntred
around Lake Muir, 65 km t'ast or 1'vb11jimup. The sw,1mp
conr,,ins freshwater, although it appcars to be b<.:coming
brackish and deeper. It has shmt steep b,111ks <.:nding in ,1
tl:ir lake-bed of peal. R yder (2000) suggested that the
lake might be perched, because of the existence ob gky/
saprolire layer abour 1.5 m below the bh: sedin1cnrs.
Storey ( 1998) revicwcd the available hydrologicil
i11t<.>1·111,1tio11 and rcport<.:d rlt,ir Noobijup Sw,u11p is
"re..:eiving saline water fi·om seeps and a drain ro th<.: vVj esr I
,llld Sj ourh j." Exduding inrcra<.:tions with groundwarcr,
the majority of in{·low ·.1ppe,1rs to com<.: from rhese two
sources. Run-off from the cast side ofth<.: lake is inrncqm:d
by Noobijup Creck and dir<.:ct<.:d southward past Noobijup
Swa1111,.

Vegerc1rio11 oi' rl1<.: lirroral zone ovcrston:y comprises
Mclnlcucn rhnp/Ji11plrvll11, F.ucal_'Vf!WS r11ti is, llnnluin
littornli.r and Vi1niucn 711rucn ov<.:r l.cpiti11spcn1111 
Lo n_r,itudi11alc, llt1111nc1i )1111ccn, II. arthr11phylln .111d
fl. 11rtic1,/11tri (Ogden ,ind Frocnd l 998). The laner two
speci<.:s continue acrms the bkebed kaving only small
(<I 0%) ,1reas of open water. Vegeration around rhe saline
seep 011 th<.: wc.�tern side includes C1Jlot/Jtrm1111.,· Lt11cn1/is,
M. 1·nrf11ln, M. J1imi11c11, Aslrntcri fiis iL-11/nris ;rnd
T,,;pidopcrm,i L1111_qit11riinalc. 

A study of rhe sources and fate of organic nun<.:r in
Noobijup Swamp determined that the bke was a sink tin
carbon ( Rvdcr 2000). At tht· 1wda11d fring<: 1nrestri;1I kal'
liner l'.1ll \�':IS .1 111,,jor CU111po11e11t or peat fi,r111i11g c,nhon
and would be ;It risk in the case or wild fire. For 111osr or
the lake the m;1joriry of carbon c1me from nucrophyre
beds. These beds of 111,1crophyr..: were idemitied as of

, , ·s,· .

lllii::'--,�"""1< � ff' ·r, ,

• ...J � ' 

D.J. Cale et al. 

'paramount' importance to the ecological fun..:tion of
Noobijup Swamp, as they provide substrates for biofilms
and· mi<.:ro tlora and fauna crU1:ial to the wetlands food
webs ( Ryder 2000). Changes to hydroperiod or water
depth could airer rhe distribution or cause the loss of these
macrophytes and r<.:sulr in changes to the e..:ological
fi.1nerioni11g of the wetland.

Noobijup Swamp was included in the monitoring
program b..:cause it h;1d a rich and intact invertebrate faun,,,
was a good example of a fi·eshw,1tcr pear sw,1111p and was
in a listed Biodiv..:rsity Recovery Cat..:hmenr (Muir
Bye11111, ). More recently rhe area has been listed as a Rams,1r
wetl,111d (Dcpanmenr of Conserv,nion ,rnd Land
Managem<.:nr 1990). As a 1·..:stdr of management ;i(tion, it
is expected that conditions in rhe wetbnd will rem,,in sr,,blc
or improve.

Water chemistry and physico-chemica/ 

parameters 

l'hysi..:o-clicmic1l p,1r;1111crns were monirored in 1998 and
2000. Water kvcls v,1ried b1:rwce11 (l.S 111 and 1.4 111,
alt:hough the hike may have he(ome shallower in autumn
1999 when 110 depth measurement was taken (Fig. 39).
Conductivity values indicued tfou the lake was marginally
fresh ( 1865-5760 pS/rn1). Tht· p:11rcrn of carion
dominance was Na>Mg>Ca>K ,111d Cl w:1s rhe dominant
anion. In �pring 1998, ,1 disrinct di{krence in salinit)' was
observed between southern ( 1865 pS/rn1) and northern
( :!800 pS/i:111) ends or rhc Like. Whik the ClllSe or the
"r;idicnt was not identified, it· is likely fresh warcr w;1s
:.q,ing into the l.1kc fi-0111 the south .111d ,1 s.1li11ity gradit·nt
became established because dens1.: vcgeration across the
sw,1111p limited the ;1111m111t of mixing. This inrerprerarion
is at odds with Storey ( 1998), however.

Figure 38. N11obijttp Swamp ties ivithin the Muir-Bycrmp pmt iwamt1 system a11d may 1c zm er tn'cat. 1'orn incre11nng water
depth and salinity.
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Concentrations ofTotal nitrogen were moderate (740---
2400 pg/I ) but Total phosphorus concentrations were 
near detection l imits (5 pg/ I )  throughout the study and 
appeared to limit a lga l  product ion with tota l chlorophy l l  
concentrations not exceeding 10  µg/1 . Dissolved oxygen 
concenu-ations were less than saturated, probably reflecting 
a com bination of low algal productivity and the high 
biologica l o;,,.')'gen demand ( B O D )  of decompos i ng  plan t 
material in the lake -bed .  

Groundwater 

Bores were i nstal l ed on a l l  five ve geta tion tra nsects . 
Mon itor ing com m e nced i n  J anu ary 2000 . Dept h to 
groundwater was greatest in au tumn and !east in win ter 
( Fig. 40 ) .  Transects one and  two are removed from the 
main warerbody and were underwater in August 2000 .  
G roundwater was more sal ine ( 1 0  600 to  26 600 pS/cm ) 
than lake  wa ter except in t h e  case of bore T2/2 in 
December 2000 , immediately after it had been flooded 
by lake water. Grou ndwater sal in i ty was s imilar across al l  
m onitori ng bores except at transect one wh ere it was 
ma rginal ly higher. 

Waterbirds 

T h i r teen wa t e rb i rd spec ies  were  recorded d u ri n g  
monitoring, many of which are typica l  of reed swamps 
i n c l u d i n g  the P ur p l e  Swa m p he n ,  Cl amorou s  Re ed 
Warbler, M usk Duck, Spot less Crake and Li ttle Bi ttern 
(Table 15 ) .  Species r ichness was generally low with the 
greatest n umber of species (7) being recorded in February 
200 1 ( Fig.4 1 ) .  A l l  species occu rred i n  low num bers and 
total waterbird counts for the swamp ranged from 20 to 
49 birds, with Musk D uck and Purple Swamphen the most 
abu ndant  species .  In 1 998 , only the M usk Duck and 
Purple Swa mphen wc:re see_n in all surveys; in 2000 , these 
two species and the Swamp Harrier and Clamorous Reed 
Warbler were recorded in a l l  surveys . The remai ning taxa 
were recorded in frequently. 

The waterbird co m m u ni ty at Noobi jup strongl y 
reflected the sedge-swamp nature of the wetland and 
consequent ly, i n  the ordinat ion ,  samples lay close to Lake 
Pleasant View ( another sedge swamp) and were separated 
from other wetlands ( Fig. 42 ) .  Low species richness at 
1 oobi jup increased the relat ive importance of changes in 
assemblages benveen years in the ordination; in fuct, the 
assemblages were more stable than the ordination suggests. 

In vertebrates 

A total of l 02 inverte brate species were recorded 
d ur i n g  mon i toring in 1 9 9 8  ( Ta b l e  1 6 ) .  F i fty - fou r  
macroi nvertebrate species were collected, compared with 
44 collected by Storey ( 1 99 8 ) ,  who sampled in October 
1 9 9 6 ,  and J a n u a r y and May 1 9 9 7 .  I n ve rteb rate 
a bundances were low, i n  contrast to the high diversity 
observed, with only six species ( Calamoecia attenuata,
Macrocyclops albidus, Dicrotendipes sp .  A, Tanytarsus
bispin osus, Pa ralimn ophyes p ultttliH an d Or i bat idae)  
represented by more than l 00 individuals .  The diverse 
roti fer fauna included new species belonging to the genera 
Mo n o m a ta a n d  Le cane  ( RJ S h i e l  1 , p e rsona l  
c o m m u n icat i o n ) .  T h e  do m i n a n t c r us t acea n s  were 
Ostracoda and Cladocera and al l  species present are typical 
of fresh waters ( eg Candonopsis ten uis, Gomphodella aff 
maia and Paralimnocythere sp . 262 ) .  Amongst the insects, 
beetles (nine species ) and chironomids ( eight species) were 
most diverse . 

With high species rich ness,  including a large suite of 
microcrustacean species with a p reference for fresh to 
b rackish water, comm u n ity stru cture is dist inctive at 
Noobij up Swamp (Fig.  43 ) and it was used in this study 
as a m a rker wetland typical of fresh sedge swamps .  
Noobi jup Swamp had similar com munity structure to the 
oth er sedge swam ps in the moni toring program (see 
Kulicu p Swam p Fi g.  66, Goonaping Swam p Fig. 76 and 
Lake Pleasant View Fig. 1 30 ) .  

1 R .J. Shiel, D,p,.nmwt of Em,irm, mmtnl Biology, The U11ivcrsi1y of 
Ar/cltiir/e S.A. 
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TABLE 15 

Waterbird species and their abundance on seven sampling occasions at Noobijup Swamp.Ocl-00 and Nov-00 surveys 

were only 3 weeks apart; only the Nov-00 survey was used in analyses. 

SAMPLING DATA 
AUG-98 NOV-98 APR-99 AUG-00 OCT-00 NOV-00 FEB-01 

Australian Shelduck 0 0 0 2 0 0 0 
Black Swan 0 0 0 0 3 2 0 
Clamorous Reed-Warbler 0 9 0 6 8 5 8 
Darter 0 1 0 0 0 0 0 

Little Bittern 0 3 0 0 0 0 0 

Lillie G rassbird 0 0 0 0 2 0 0 

Little Pied Cormorant 0 1 0 0 0 5 
Musk Duck 13 5 6 20 11 3 7 
Pacific Black Duck 3 0 0 0 0 2 13 

Purple Swamphen 11 6 7 15 10 7 7 
Spotless Crake 0 0 0 0 0 0 6 
Swamp Harrier 0 0 0 2 1 0 
White-laced Heron 0 0 2 0 0 0 3 
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TABLE 16 

Invertebrate species collected from Noobijup Swamp in the 1998 sampling year. 

TAXA 1998 TAXA 1998 

Spongillidae ✓ Cypretta sp. 587 ✓ 
Nematoda ✓ 1/yodromus amplico/is ✓ 
Tardigrada ✓ Newnhamia sp. FC ✓ 

ROTIFERA COPEPODA 
Philodinidae ✓ Ca/amoecia attenuata ✓ 
Testudinella sp. ✓ Calamoecia tasmanica subattenuata ✓ 
Lophocharis sp. ✓ Metacyc/ops sp. 4 ✓ 
Keratel/a procurva ✓ Macrocyclops albidus ✓ 
Platyias quadricornis ✓ Mesocyclops brooksi ✓ 
Euchlanis sp. ✓ Paracyclops sp 1 (nr limms,) ✓ 
Lecane bu/la ✓ Canthocamptid nsp 5 ✓ 
Lecane c/osterocerca ✓ Nitocra reducta ✓ 
Lecane flexilis ✓ Harpacticoida ✓ 
Lecane hamata ✓ 
Lecane /udwigii ✓ AMPHIPODA 

Lecane /unaris ✓ Perthia branchialis ✓ 
Lecane quadridentata ✓ 
Lecane sp. ✓ COLE OPT ERA 

Undiidae ✓ Allodessus bistrigalus ✓ 
Cepha/ode/la sp. ✓ Sternopriscus browni ✓ 
Monommata sp. ✓ Megaporus solidus ✓ 
Monommata sp. A ✓ Lance/es lanceo/atus ✓ 
Trichocerca e/ongata ✓ Spencerhydrus pulchellus ✓ 
Trichocerca /ongiseta ✓ Helochares tenuirostris ✓ 
Trichocerca rattus ✓ Paracymus pygmaeus ✓ 
Trichotriidae ✓ Ochthebius sp. ✓ 
Trichotria cf. pocil/um ✓ Scirtidae sp. ✓ 

GASTROPODA DIPTERA 

Ferrissia petterdi ✓ Tipulidae ✓ 
G/yptophysa cf. gibbosa ✓ Bezzia sp. 2 ✓ 

Dolichopodidae sp. A ✓ 
OUGOCHAETA Ephydridae ✓ 
lnsu/odrilus bifidus ✓ Paramerina /evidensis ✓ 
Tubificidae ✓ Corynoneura sp. ✓ 
Dero furcata ✓ Paralimnophyes pul/u/us ✓ 
Pristina /ongiseta ✓ Gymnometriocnemus sp. ✓ 
Enchytraeidae ✓ Tanytarsus nr bispinosus ✓ 

ACARINA 
Chironomus aH. alternans ✓ 
Dicrotendipes sp. A (D. Edwards V47) ✓ 

Limnochares auslra/ica ✓ Parachironomus sp. 1 ✓ 
Diplodonlus sp. ✓ 
Oxus sp. 1 ✓ EPHEMEROPTERA 

Arrenurus sp. ✓ C/oeon sp. ✓ 
Pezidae ✓ 
Oribatida ✓ HEMIPTERA 

Mesostigmata ✓ Mesoveliidae ✓ 
Trombidioidea ✓ Microvelia sp. ✓ 

Saldidae ✓ 
CLADOCERA Diaprepocoris barycepha/a ✓ 
Alona macrocopa ✓ Anisops sp. ✓ 
Alone/la sp. ✓ 
Camptocercus sp. ✓ LEPIDOPTERA 

Chydorus sp. ✓ Lepidoptera sp. 3 ✓ 
Graptoleberis sp. ✓ 
Ceriodaphnia sp. ✓ ODONATA 

Scapholeberis cl. kingi ✓ Austroagrion coeru/eum ✓ 

1/yocryptus sp. ✓ Procordulia affinis ✓ 

OSTRACODA TRICHOPTERA 

Gomphodella all. maia ✓ Acritoptila globosa ✓ 

Paralimnocythere sp. 262 ✓ Hel/yethira litua ,/ 

Candonopsis tenuis ✓ Ecnomus pansuslturgidus ✓ 

A/boa worooa ✓ Lee/rides sp. AV1 ✓ 
Cypretta baylyi ,/ Triplectides niveipennls ✓ 
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Bennett's Lake 

Bennetts Lake (Fig. 44) lies within the Dunn Rock Nature 
Reserve (Reserve No. 36445) (33" 17'S 119° 36'E) at 
the southern end of Lake King. Two drainage lines empty 
into Bennett's Lake; the southern channel drains a well
vegetated catchment within the nature reserve. The upper 
half of the catchment of the eastern channel is cleared. 
Bennett's Lake overflows during tloods and empties inro 
Lake Ronnerup to the north. \'V'hen fully flooded ( depth 
ca. 2 m), a series of channels form on the eastern side of 
the lake as several parallel dune swalcs fill. The lake area is 
approximately 58 ha and the area of the southern and 
eastern catchments 12 000 ha and 2000 ha, respectively 
(Wathns and McNee 1987). The wetland vegetation of 
Bennett's L'lke has been described elsewhere (Watkins and 
McNee 1987; Gurner et al. 2000). The lake bank supports 
a closed low woodland of Melaleitca strobophylla, 
M. hamulosa and M. halmatu1·orum over an understorey
dominated by Sarcocornia and Halosal'cia. Further
upslope, and on dune crests to tl1e east, there is an open
woodland of Eitcalyptus occidentalis and M. hamitlosa.

Bennett's Lake was selected for monitoring as a 
primarily saline lake with intact vegetation and some 
historical invertebrate, waterbird and salinity data. 

Water chemistry and physico-chemical 

parameters 

Bennett's Lake was monitored in 1998 and 2000. In 1998, 
tl1e lake was almost dry and salinity levels were very high 
(216 000 pS/cm) by autumn (Fig. 45). The lake filled as 
a result of record summer rains in January 2000 and again 
in March 2000 (Bmeau of Meteorology 2000a; Bureau 
of Meteorology 20006 ). Water levels remained high ( ca. 

2.5 m) in August 2000, and lake water was brackish 
(8400 µS/cm). Despite tl1e variability oflake salinity, the 
pattern of cationic dominance remained constant with 
Na>Mg>I<>Ca. Nutrient levels were generally low (Total 
nitrogen <1200 pg/I Total phosphorus <30 µg/1) 
although concentrations increased dramatically in April 
1999 due to cvapo-concentration. Total chlorophyll 
concentration (44 pg/I) also peaked in April 1999 as 
nutrients were concenu·ated and again, in November 2000, 
at high water levels. 

Groundwater 

Some monitoring bores were installed on botl1 vegetation 
transects in May 2000. However, high water levels in 2000 
and furtl1er flooding in 2001 have prevented satisfuctory 
monitoring (Fig. 46). Despite high water levels bore Tll 
was dry in April 2001 and August 2001. Groundwater 
conductivity ranged from 4610-6000 pS/cm during the 
2000 s.impling year and was therefore less saline than 
surface waters. The threat of groundwater induced 
secondary salinisation at Bertnett's Lake in the short term 
appears less significant than the threat oftncreased surface 
water. 

Waterbirds 

A total of 24 species of waterbird were recorded dming 
monitoring, with 16 species recorded each year (Table 17). 
Watkins and McNee (1987) recorded 12 species in two 
surveys in December 1986. Jacnsch ct al. (1988) reported 
seven species from. three surveys in 1987. During 
monitoring 11 species were recorded on only one occasion, 
with several shorebird species (Red-necked Stint, Red
kneed Dottcrel, Sharp-tailed Sandpiper, Common 

Figure 44. Bennett's Lalw is a natnral�)' saline JJ1etla11d. Depicted here at /ol)J watc1' lePels, the lallC ntay fill to scveml met1'es 
depth and flood adjacent dune swales. 
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Greenshank and Hooded Plover) seen only prior to lake 
filling, when extensive areas of shallows were present 
(Table 17). Waterbird abundance was higher in 1998 than 
in 2000 and species richness varied between surveys 
(Fig. 47). 

Ordination of the 1998 and 2000 assemblages 
reflected the differences in salinity and depth benveen 
years, with both years reflecting different ecological 
communities that could not be easily characterised in 
relation to the marker wetlands (Fig. 48 ). 

Invertebrates 

A total ofl 9 species of aquatic invertebrate were collected 
in spring 1998 (Table 18). Crustaceans ( nine species) and 

TABLE 17 

insects ( eight species) displayed similar levels of cliversity. 
Amongst crustaceans, the ostracods were most diverse 
represented by four salt-tolerant species. Insects present 
were typically salt-tolerant species of wide clistribution ( e.g. 
Beroms sp. and Necterosoma penicillatus). Watkins and 
McNee ( 1987) recorded 15 species of invertebrates from 
a single December sample. These samples differed in season 
of collection and sampling effort, but showed some 
similarity of species with those collected during 
monitoring. 

Jn ordination space, the combination of low species 
richness and salt-tolerant species caused Bennett's Lake 
to lie closest to the saline marker wetlands Campion and 
Parkeyerring (Fig. 49). 

Waterbird species and their abundance on six sampling occasions at Bennett's Lake. 

SAMPLING DATE 
AUG-97 NOV-98 APR-99 AUG-00 NOV-00 FEB-01 

Australasian Grebe 0 0 0 0 0 8 

Australasian Shoveler 1 0 0 0 0 4 

Australian Shelduck 27 239 0 4 1 3 
Australian White Ibis 0 0 0 0 0 2 
Australian Wood Duck 0 0 0 0 0 12 
Black Swan 63 3 0 0 0 1 
Blue-billed Duck 0 0 0 15 8 5 
Chestnut Teal 0 1 0 0 0 0 

Common Greenshank 0 5 0 0 0 0 

Eurasian Coot 66 0 0 31 9 39 
Grey Teal 103 95 0 12 2 24 
Hardhead 1 2 0 0 0 0 

Hoary-headed Grebe 52 22 0 8 56 116 

Hooded Plover 0 39 0 0 0 0 

Little Pied Cormorant 0 0 0 1 0 17 
Musk Duck 0 0 0 5 2 7 
Pacific Black Duck 0 2 0 1 0 3 

Pink-eared Duck 5 0 0 0 1 48 
Red-capped Plover 4 57 0 0 0 0 

Red-kneed Dotterel 0 0 0 0 0 
Red-necked Stint 0 0 0 0 0 

Sharp-tailed Sandpiper 0 1 0 0 0 0 

Unidenti1ied duck 0 0 0 0 0 1 
White-faced Heron 0 0 0 0 0 4 

TABLE 18 
Invertebrate species collected from Bennett's Lake in the 1998 sampling year. 

TAXA 1998 TAXA 1998 

Nematoda ✓ AMPHIPODA 

ROTIFERA Austrochiltonia subtenuis ✓ 

Hexarthra fennica ✓ COLEOPTERA 

CLACOCERA Nec/erosoma penicillatus ✓ 

Necterosoma sp. 
Daphn/opsis sp. ✓ Berosus sp. ✓ 

OSTRACODA DIPTERA 
Ausrra/ocypris insu/aris ✓ Culicoides sp. 
Diacypris compacta ✓ Stratiomyidae ✓ 
Mytilocypris tasmanica chapmani ✓ Proc/adius paludico/a 
P/atycypris baueri ✓ C/adopelma curtiva/va ✓ 

COPEPODA HEMIPTERA 
Calamoecia clitellata ✓ Sa/du/asp. 
Apocyc/ops dengizicus ✓ 

Nitocra reducta ✓ 
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Ardath Lake 

Lake Ardath (Fig. 50) is 25km south of Bruce Rock ( 32° 

OS'S 118" 09'E) and is a small naturally saline wetland 
situated at the edge of a braided, valley floor drainage 
channel. It has a maximum depth of approximately l m. 
The lake fills from an inflow channel on the south-western 
side that directs water out of the braided channel, which 
flows north and includes many other :iline wetlands. 
Ardath Lake is used for recre:itional skiing when water 
levels are sufficiently high and earthworks have been built 
on the north-west side of the water-body to retain water 
in the lake. Increased inundation has re ulted in some 
degradation of tl1e riparian vegetation. On the northern 
side of the lake, the original vegetation wa principally an 
overstorey of Ca.marina obesa with an understorey of 
Melaleuca thyoides and M. lateriflora and Halosarcia sp. 
The eastern side has more terrestrial vegetation dominated 
by Eucalyptiisyilgarnensis. The south-western section has 
been severely salt-affected, with most trees and shrubs now 

dead, leaving Halosarcia sp. as domin:rnt vegetation 
(Gurner et al. 1999). 

Ardath Lake was selected as a monitoring site because 
it was naturally saline and supported an intact aquatic 
invertebrate community. 

Water chemistry and physico-chemica/ 

parameters 

A surveyed depth g. uge was not in tailed at Like Arda.th 
until April 2000, so depth was cstim:ncd in 1998 and 
2000 and values may be misleading (Fig. 51 ). Conductivity 
values showed that lake-water was hypersaline, 
ranging between 32 300 pS/cm in autumn 1999 
and 224 000 pS/cm in autumn 2000, as the lake dried. 
Cation dominance was Na>Mg>Ca>K and Cl was the 
dominant anion. Alkalinity was low, with bicarbonate 
<l mg/I, and pH ranged between 2.5 and 4.0. In all
surveys, lake water was clear and the lake-bed clearly visible;
this was reflected by low turbidity, colour and chlorophyll
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Figim: 50. Lalw A,-dath is a m1all naturally sali11e wetland JJJith some secondary saliuisation fromgr01md111atc1' and mrfacc inflow.
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Figure 51. Gauged depth and electrical conductivity at Lake Ardath 

concentrations. Total phosphorus concentrations were also 
low (ca. 5 pg/I) except in aun11nn 2000 (20 pg/I) ar low 
lake depths. 

Groundwater 

Monitoring bores were installed on both vegetation 
transects at Lake Ardath and data collection commenced 
in December 1999. Groundwater was shall w at some 
bores and appeared to be connc ted to the lake (Fig. 52 ). 
Groundwater was slightly more saline than lakewatcr and 
highly acidic (pH mo tly between 3.0 and 3.5). 

Waterbirds 

Waterbirds were m011itored in ] 998 and 2000. Six species 
were recorded, witb a maximum of 18 individuals at any 
one time (Table 19, Fig. 53). Ardath Lake wa not an 
important waterbird site and is unlikdy to ever be so 
because of its small size and high salinities. The waterbird 
assemblages in 1998 and 2000 were reasonably close in 
ordination space and distinct from any of the marker 

wetlands, separating from Altham (another saline lake) 
on both axis 1 and 2 (Fig. 54). Ardath has lmver waterbird 
value than any of d1e markers. 

Invertebrates 

A total ofl6 species were recorded during monitoring in 
spring 1998 (Table 20). While the invertebrate assemblage 
was not species-rich, it was significant because it contained 
a new species of calanoid copcpod Calamoecia trilobata 
(Halse et at. 2002). The ostracod B..et)'cypi·is sp. 566 is 
Iii cly to be a new pecies, as is the rotifer Ptyg11ra cf 
mclicerata which was collected from Ardath prior to 
monitoring (A. Pinder2 , personal communication). ot 
withstanding these new taxa, the community included a 
core of typical salt-tol<::rant species, which in combination 
with low species richness caused Ardath to be moderately 
close in ordination space to the saline marker wetland 
Parkeyerring (Fig. 55 ). 

2. A. l'i11dc1; Dcpm·t111wr of Comcn>ntit111 n11d Lm1d 1Wn11ngcmcnr, 
Wood11nfr, WA. 
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TABLE 19 
Waterbird species and their abundance on six sampling occasions at Lake Ardath. 

SAMPLING DATE 
AUG-98 NOV-98 APR-99 AUG-00 

Australian Shelduck 2 0 2 0 
Black-tailed Native-hen 3 0 0 0 
Black-winged Still 7 0 0 0 
Grey Teal 5 1 13 4 
Hoary-headed Grebe 4 0 0 
White-faced Heron 0 0 0 1 

I 
20 

OCT-00 FEB-01 

4 0 
0 0 
0 0 
1 0 
1 0 

0 0 
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Figure 54. Ordination (SSH) of waterbird species data, showing Lake Ardath from 1999 and 2000, and the five marker 
wetlands. 

TABLE 20 
Invertebrate species collected from Ardath lake in the 1998 sampling year. 

TAXA 1998 TAXA 

Turbellaria ✓ Oiacypris dictyote 

ROTIFERA 
Mytilocypris lasmanica chapmani 

Hexarthra intermedia 

GASTROPODA 

Coxie/la ( Coxiellada) gi/esi 

ACARINA 

Oribalida 

ANOSTRACA 

Parartemia serventii 

OSTRACODA 

Australocypris insularis 

I.II 

t\.\is J 

0.0 

✓ 

✓ 

✓ 

Reticypris sp. nov. 556 

COPEPODA 

Ca/amoecia tri/obata 

COLEOPTERA 

Necterosoma penicillatus 
Berosus munitipennis 
Umnichidae 

DIPTERA 

Culicoides sp. 
Muscidae sp. A 
Orlhocladiinae S03 

15 

-1.5 

Fignrc 55. Ordiuation of im,cncbmtc species prcscncc/abscncc at Lal1c Ardath in 1998. 
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Blue Gum (Lake View) Swamp 

Blue Gum Swamp (hg. 56) is a small seasonal or semi
permanent wetland l O km north-west of Moora (30" 35 'S 
115" 58'E) on Lake View F:m11. This farm contains man)' 
wetlands, including Streets, R.1n:coursc :rnd the long, 
winding Melaleuca Swamp. The lkpartment of 1-<ishcries 
and Wildlitc (now Co11scrvatio11 :md Land Management) 
banded ducks and studied survival rates and .shooting 
mortality 011 the Lake View wetlands from 1968 to 1976
(Halse ct n.L. 1993a). Until the cessation of public duck 
hunting in 1992, Lake View Farm was one of the major 
hunting sites in Western Australia, although participatinn 
was by invitation only. 

Blue Gum Swamp is surrounded b)' 40 ha urbushl:1nd 
but most of its lot:al t:atd1111c11t lies in dcared farmland. 
The swamp is at the south-western end ofa long chain or 

naturally or st:cond:1ril saline lakes th:it extends north to 
th<.: Yarra Yarr,1 Lakes and int:ludcs Lake Eganu, another 
northern 'vVh1:,1tbclt monitoring wetland. 111 most years, 
i-111:rc is 110 direct connct:rion between Blue <.;um and the 
chain or salt lak1:s, which dr:1in into th· Moor<.: River, but 
l:irg<.: flood ·vc1lls resulr in sheet flow fi·om th<.: Moore 
River into wctl:lllds in rhc I �1k1: View complex. Su ·h events 
may produce :1 signilic.::111t proportion or rh<.: salr lo,1d in 
Blue Gum Swamp. For 1:xa111plc, wh1:11 thc.: lakl' dric.:d in 
2000, ,11i-cr filling during the 1999 Moore Rivc.:r flood 
event, s:111 prc.:c.:ipit:llion w:1s :1pp:1rc.:11t i11 .�rnnc Likes in dic.: 
Lake Vic\ complex whc.:re ir had nor been ohserv1:d in 
the previous SO years (). Cus,1c.:k·', pnson:d 
communi..:ation ). 

Riparian woodl.111d vegc.:ta1irn1 around Blue (.;um is 
do111i11,1tni by 111,nun.: /:ucrtl)'ptus 1··11dis and Cas1uiri11n. 

D.J. Cale et al.

obe:;a, which arc replaced downslope by Me/n/euca viminea, 
C. obcsa and M. strobophyllti (Gurner ct al. 1999). Blue
Gum Sw:imp was sc.:lc.:c.:tc.:d t()l· monitoring because it is a
wetl:rnd whcrc.: salinization is likely to increase. The Like
View t:omplex is usc.:d by a large nu111bcr of w,lterbirds in
summc.:r and historic.:ally supported signitic111t br1:cding
at:tivity. Thc.:re is some information a ailablc on w,1tc.:rbird
use of wetlands on Lake View Farm (J aensch ctn./. 1988)
and there is a known history of water depth in Streets
Lake (Lane and Munro 1983).

Water chemistry and physico-chemica/ 

parameters 

Blue Gum Swamp was monitored in 1998 and 2000. The 
swamp c.:ontainc.:d water in August 1998 hut dried by rhc.: 
end of May 1999 (fig. 57). Thc.: swa111p filled during winter 
1999 as :1 result ofhcav)' rain and Moore River flooding. 
It still ·onrainc.:d water in August 2000 bur was almost 
dry by M,1rch 200 I. Salinity showed a dramatic increase 
bc.:twecn 1998 and 2000, with spring, conduc.:tivity alucs 
incrc;1sing li·om 5400 1.S/c.:111 W 38 200 pS/c.:111 at simil.1r 
w,1tcr dcprhs (Fig. 57). Cation dominance tittc.:d the 
p,11tern :1>Mg>Ca>K and Cl was rhc.: domin:rnr ,rnion. 

ul ricnt conc.:cnrr:1tions were tl)'n,1mic: high 
rnni.:c.:ntr,1tions of' Tora! phosphorus ( 160-360 pg/I) and 
nw,krate cone 'lltrations or Tot:11 nitrogen (2500-
4450 pg/I) were rcc.:ordnf in 1998, bur phosphorus 
concentrations were low (S-10 pg/I) in 2000 while nirrogc.:n 
rnnc.:cnrrations remained moderate ( 1900-6000 pg/I). 
Despit1: variable nutricnr le els, chlorophyll nmcc.:nt1�1tions 
wnc rdatiwly l()w thrrn1�hout the 111011i1ori11g period. 

Figure 56. Rlu.i: Gwtn Swamp is n. seasonal 1JJet/a11d situated alm,,c a dm.in of salt ln.kcs. Ibc swamp ha, bccmne more Ja/inc rcuntly 

3.]. C11mck, Lake Vicll' Fnrw, Mo111·111 WA. 



Wetland monitoring in the Wheatbe/1 of south-west Western Australia 67 

Groundwater 

Monitoring bores were established on both vegetation 
transects in February 2000. Depth to groundwater has 
varied between 0.3 and 1.6 m (Fig. 58). There appears to 
be a slight salinity gradient beneath the lake with more 
saline water at the southern end (34 600-47 800 pS/cm) 
than the north (range 25 700-36 300 pS/cm). The salinity 
of ground water was several times greater than lake water 
when Blue Gum was Ii.ill and rising groundwater poses an 
imminent threat to the ecology of the wetland. 

Waterbirds 

A total of 17 species of waterbird were recorded from 
Blue Gum during monitoring in 1998 and 2000 
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(Table 21). Species richness was greater in 1998 
(16 species) than 2000 (nine species). No species were 
recorded in March 2001 when the lake was dry. The 
maximum richness in a single survey ( 12 species) coincided 
with maximum abundance (180 individuals) in November 
1998 (Fig. 59). 

In 1998, waterbird community structure at Blue Gum 
Swamp (Fig. 60) was similar to that of the brackish marker 
wetland Pinjareega. With the exception of the Little Pied 
Cormorant, the fauna present in 2000 was a subset of the 
pecies present in 1998, but lower species richness resulted 

in the two samples showing a moderate separation in 
ordination space. 

- 5CXX)()

- 4CXX)() 

. 3CXX)() 1 
- 2CXX)() �

T [CXXX) 

' 0 
0\ 8 � � 8 9 0\ ' ' 

t> u C: ... :i C: 
Cl 0.. � 

0 ...... <!'. 
...... 0 ....., 

Sample Date 

l[=:JOcpth -] 
-.-condoctivity 

Figure 57. Ga11g,·d depth and electrical etmd11cti11ity at Blue Gum S11mmp for 1999 and 2000 sampling years. Depth ,,alucs arc 
cstimat,·s and may be 111islcadi11g, depths were not 1'CC01'dcd in lvlay-99 or Oct-00 and the laflc wns d17 in Mar-OJ. 
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TABLE21 

Waterbird species and their abundance on five sampling occasions at Blue Gum Swamp. 

AUG-98 

Australasian Grebe 0 
Australasian Shoveler 0 

Australian Shelduck 6 

Australian Wood Duck 0 

Black-fronted Dotterel 2 
Eurasian Coot 10 
Grey Teal 50 

Hardhead 0 

Hoary-headed Grebe 1 
Little Pied Cormorant 0 
Musk Duck 0 

Pacific Black Duck 0 

Pink-eared Duck 15 
Red-kneed Dotterel 0 

Straw-necked Ibis 0 
White-faced Heron 1 
Yellow-billed Spoonbill 2 
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Invertebrates 

Invertebrates were sampled in November 1998, when a 
rich fauna comprising 80 species was rnllcctcd (T:.iblc 22 ). 
Fifry-eight per cent of these wen: i1Hc.:cts including 
Colcopter:.i ( 18 species), Di pter:.i ( l 4 specics) and 
J-lcmiptcra (six species). Odonata were represented by five
species in low :.ibundance and three ubiquitous species of
Trichoptera were collected.

While crustaceans comprised only 30% of species 
present, they were nL1111crically dominant with the 
copepods Buccl,dla t:rinrtiwlata �ind Calnmuccia arnpulla 
collected in l 00 OOOs and scver:11 ostracods collected in 
10 000s. The o�tracod faun;1 of the lake consisted of nine 
species typical of fresh to br:1ckish waters (e.g. 
Candunucypris nul'ac::.calaudiae and Bcnndorl!Jia spp.) and 
brackish to saline wners ( e.g. Diacypris l-pinosa, Ilyocypris 
sp. nov. ). I 11 l 998, the overall invertebrate community 
was similar to that found at Yaalup Swamp (Fig. 61 ). 
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TABLE22 
Invertebrate species collected from Blue Gum Swamp in the 1998 sampling year. 

TAXA 1998 TAXA 1998 

Nematoda ✓ Liodessus dispar ✓ 

Antiporus sp. 
ROTIFERA Sternopriscus multimaculatus ✓ 

Hexarthra sp. ✓ Necterosoma penicillatus ✓ 

Testudine/la patina ✓ Megaporus how/Ni ✓ 

Brachionus rotundiformis ✓ Lance/es lanceo/atus ✓ 

Brachionus sp. ✓ Berosus macumbensis ✓ 

Lecane sp. ✓ Enochrus e/ongatus ✓ 

Enochrus eyrensis ✓ 
OLIGOCHAETA Limnoxenus zelandicus ✓ 

Tubilicidae ✓ Paracymus pygmaeus ✓ 

Gymnocthebius sp. 1 ✓ ACARINA Gymnocthebius sp. 3 ✓ 

Acerce/Ja falcipes / Hydrochus austra/is / 

Mesostigmata 
DIPTERA 

CLADOCERA Bezzia sp. 1 ✓ 

La/onopsis sp. ✓ Culicoides sp. ✓ 

Alona rigidicaudis s.l. ✓ Monohelea sp. ✓ 

Leydigia sp. ✓ Nilobezzia sp. 1 ✓ 

Pleuroxus sp. ✓ Slraliomyidae ✓ 

Daphnia sp. ✓ Ephydridae ✓ 

Daphniopsis sp. ✓ Procladius paludicola ✓ 
Macrothrix sp. ✓ Procladius villosimanus ✓ 

OST RACO DA 
Paramerina levidensis ✓ 
Tanyrarsus nr bispinosus ✓ 

1/yocypris spicu/ata ✓ Chironomus aff. alternans ✓ 

A/boa worooa ✓ Dicrotendipes conjunctus ✓ 
Bennelongia australis ✓ Po/ypedilum nubifer ✓ 
Bennelongia barangaroo / Cryptochironomus griscidorsum ✓ 
Candonocypris novaezelandiae ✓ 
Diacypris spinosa ✓ EPHEMEROPTERA 

1/yodromus candonites / Tasmanocoenis lillyardi ✓ 
Cypericercus salinus ✓ 
Sarscypridopsis aculeata ✓ HEMIPTERA 

Sigara mul/aka ✓ 
COPEPODA Agraptocorixa eurynome ✓ 
Boecke//a triarticu/ata ✓ Agraptocorlxa parvipunclala ✓ 

Calamoecia ampulla / Micronec/a robusta ✓ 
Calamoecia sp. 342 (ampulla variant) ✓ Anisops thienemanni ✓ 

Metacyc/ops sp. ✓ Anisops bay/ii / 

Metacyclops sp. 442 (salinarum in Morion) ✓ 

Mesocyclops brooksi ✓ ODONATA 

Apocyc/ops dengizicus ✓ Xanthagrion erylllroneurum / 

Austro/estes annulosus ✓ 
AMPHIPODA Austrolestes aridus ✓ 
Austrochiltonia sublenuis / Orthelrum ca/edonicum ✓ 

COLEOPTERA 
Hemicordulia tau / 

Haliplus sp. ✓ 
TRICHOPTERA 

Hyphydrus sp. ✓ Ecnomus pansuslturgidus ✓ 
Allodessus bislrigatus / Oecetis sp. ✓ 

Liodesst1s inomatus ✓ Triplectides australis ✓ 
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Kulicup Swamp 

A small reed swamp of approximately 24.5 ha, Kulicup 
Swamp (Fig. 62) is situated in Kulicup Nature Reserve 
(Res. No. 18239) at the old Ku.licup Rail Siding 30 km 
east of Boyup Brook (33" 49 1S 116° 40'E). The lake fills 
seasonally and is fresh though shallow (ca. 20cm). 

Ogden and Froend (1998) describe the vegetation 
around t.l1e edge of the. wetland as a woodland ofMelaleuca
rnticularis over Bmtmca sp. and B. juncca. The lake basin 
is completely covered wit.11 B. artirnlata. Upslope the 
reserve supports a woodland dominated by Ei1calyptm 
wandoo and E. dccipicns.

L'\ke Kulicup was included in the monitoring rrogram 
as an example of a fresh wetland with a history of deptl1 
and waterbird data collection and no immediate threat of 
change. 

Water chemistry and physico-chemical 

parameters 

Lake Kulicup contained water only in winter and spring 
in 1998 and 2000, with conductivity values increasing as 
the lake dried out (Fig. 63). The conct:ntmtion of cations 
followed a typical Na>Mg>Ca>K hierarchy and the lake. 
was slightly alkaline wiili HCO. being tbe major anion. 
Nutrient and chlorophyll conc;ntrations were relatively 
low wit.11 Total nitrogen ranging from 750-1500 µg/1, 
Total phosphorus ranging from 10-20 pg/I and 
chlorophyll ranging from 2-5 pg/I. 

Groundwater 

Monitoring bores were installed on all four vegetation 
transects at Lake Kulicup. Hard subsoil and the need for 
comparatively deep boreholes to intercept groundwater 
delayed construction. The hydrology of the area is 
complex, with perched lenses of fresh water above the 
regional watertablc at around 6-7111 below local ground 
level. As a result, depth to groundwater is highly variable 
between bores on the same transect as well as between 
transects (C.D. Walker unpublished data), however, during 
the monitoring period most bores were dry (Fig. 64). The 
monitoring data suggest Lake Kulicup is under no 
immediate threat from salinization. Or.lier investigations 
have indicated that the watertable is over 9 m below the 
surface and slightly brackish ( 4 500 pS/cm) (George and 
Mcfarlane 1993) 

Waterbirds 

The waterbird fauna at Lake Kulicllp was depauperate witl1 
only a single record of two White-faced Heron from six 
sampling occasions (Fig. 65, Table 23). The lake was 
excluded from the waterbird ordination analysis because 
only one species w:is recorded. 

Five species were recorded from five smveys between 
1983 and 1984 (Jaensch ct al. 1988). Abw1dances were 
similarly low with a total of only seven individuals recorded 
(Jaensch ct al. 1988). ft seems likely the lake held more 
water in the early 1980s but Jaensch et al. (1988) do not 

Figttrc 62. Kulirnp Swamp is a shallow fi·cshwatt'r reed swamp do1ni11atcd by Bamnen spp. rmd.f1-inged by Mclaleuca curicularis. 
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TABLE23 

Waterbird species and their abundance on five sampling occasions at Kulicup Swamp. 

NOV-98 APR-99 

White-faced Heron 2 0 

give details of water levels. Thick stands of Baumea spp. 
and shallow water made the lake unsuitable to most 
waterfowl during rnoniroring. Whilst the lake may 
superficially appear suitable for various species of crake, 
bittern and reed-warbler, its annual period of inundation 
is probably too short. 

Invertebrates 

Invertebrates were sampled at Lake Kulicup in November 
1998 when water depth was about l O cm and 92 species 
were collected (Table 24 ). Insects accounted for 36% of 
the fauna (34 species), crustaceans 35% (32 species) and 
rotifers 12% (l l species). Cladocerans were particularly 
well represented with 16 species present. Given that about 
170 species are currently known from Western Australia 

I.II 
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0 

(Shiel 1995, Russel Shiel and Stuart Halse unpublished 
data), the Lake Kulicup list represents almost 10% of the 
State's cladoceran fauna. 

The seasonal namre of the lake was reflected by the 
insect fauna, with large numbers of Coleoptera ( 15 species) 
Diptera (12 species) and Hemiptera (five species) collected. 
Odonata were represented by AtHtrolestes analisonly and 
no Trichoptera were found. 

Some aspects of its invertebrate community strucnue, 
in particular the diverse cladoceran fauna, make Kulicup 
quite distinct from other wetlands sampled. However, high 
species richness and the high diversity of a large number 
of groups results in Kulicup being similar overall to other 
sedge swamps (e.g. the marker wetland Noobijup) 
(Pig. 66). 

1.5 
f Kulicup 
, Noobijup 
t Campion 
t Yaalup 
t Porkeycrring 

Fig1ii-c 66. Ordinati(l11 (SSH) of im>crtcbrate data, showing Kulimp Swamp i11 1998 and foi1r mm·kcr wetlands. 
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TABLE 24 

Invertebrate species collected from Kulicup Swamp in the 1998 sampling year. 

TAXA 1998 TAXA 1998 

HYDRAZOA llyodromus sp. 255 ✓ 
Hydra sp. ✓ Newnhamia sp. 295 ✓ 

PLATYHELMINTHIDAE COPEPODA 

Zygopella pista ✓ 8oeckella robusta ✓ 

Turbellaria ✓ Calamoecia attenuata ✓ 

Nematoda ✓ Calamoecia tasmanica subattenuata ✓ 

Tardigrada ✓ Microcyclops varicans ✓ 

Mesocyclops brooksi 
ROTIFERA Canthocamptus australicus ✓ 

Macrotrachela sp. ✓ Canthocamptidae sp. 5 ✓ 
Philodinidae ✓ 
Flosculariidae ✓ AMPHIPODA 

Keratella procurva ✓ Austrochiltonia subtenuis ✓ 

Plalyias quadricornis ✓ 
DECAPODA 

Euchlanis sp. ✓ 
Lecane bu/la ✓ Cherax preissii ✓ 

Lecane luna ✓ 
COLEOPTERA 

Trichocerca ral/us ✓ 
Trichocerca sp. ✓ Halip/us fuscatus ✓ 

Trichotriidae ✓ Uvarus pictipes ✓ 
Allodessus bistrigatus 

GASTROPODA Liodessus inornatus ✓ 

Glyptophysa cf. gibbosa ✓ Liodessus dispar ✓ 

Antiporus femoralis 
OLIGOCHAETA Sternopriscus multimacularus ✓ 

Tubificidae ✓ Megaporus sp. ✓ 
Dero nivea ✓ Bidessini ✓ 
Pristina longisera ✓ 8erosus sp. ✓ 
Enchytraeidae ✓ Paracymus pygmaeus ✓ 

Hydrophilidae 
ACARINA Scirtidae sp. ✓ 

Acercel/a talcipes ✓ Heteroceridae ✓ 
Arrenurus sp. ✓ Hydrochus australis ✓ 
Onbatida ✓ 
Mesostigmata ✓ 

DIPTERA 

Trombidioidea ✓ Anopheles annulipes ✓ 

Culicoides sp. 
CLADOCERA Monohelea sp. 1 ✓ 

Diaphanosoma sp. ✓ Procladius paludicola ✓ 

Alona diaphana vermicula/a ✓ Paramerina levidensis ✓ 

Alona rigidicaudis s.l. ✓ Corynoneura sp. ✓ 
Alona serigera ✓ Para/imnophyes pu/lulus ✓ 

Alona macrocopa ✓ Tanytarsus nr bispinosus ✓ 
Alone/la sp. ✓ Chironomus atf. alternans ✓ 
Chydorus sp. ✓ Polypedilum nubifer ✓ 

Dunhevedia crassa ✓ Paraborniella tonnoiri ✓ 

Euryalona cf. orienralis ✓ Cladope/ma curtivalva ✓ 

Kurzia cl. /alissima ✓ 
Pleuroxus sp. ✓ HEMIPTEAA 

Rak sp. ✓ Microve/ia sp. ✓ 

Ceriodaphnia sp. ✓ Saldula sp. ✓ 
Simocepha/us sp. ✓ Agraprocorixa sp. ✓ 
Macrotllrix sp. ✓ Micronecta sp. ✓ 
Neolhrix sp. ✓ Anisops sp. ✓ 

OSTRACODA LEPIDOPTERA 

Umnocythere mowbrayensis ✓ Lepidoptera sp. 3 ✓ 
Paralimnocyt/Jere sp. 262 ✓ 

ODONATA A/boa worooa ✓ 
Cypret/a sp. 587 ✓ Austrolestes analis ✓ 

llyodromus amplicolis ✓ 
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Lake Campion 

Lake Campion (Fig. 67) is situated 40km north of 
Merredin (31° 09'S 118° 2l'E) and is one of the two 
largest lakes in a chain of salt lakes occupying an ancient 
paleo-drainage channel (Coates 1990). The lake chain 
continues south into the Avon River at B.rookton, but 
some 27 km of its length are contained within the 10 000 
ha Lake Campion Nature Reserve (Res. No. 24789) 
(Coates 1990). Lake Campion is hypcrsaline and contains 
no emergent vegetation (Halse etal. 1993b ). In the 1970s, 
a dam was constructed between Lakes Brown and 
Campion to raise water levels in Campion for recreational 
purposes. As a result, the lake bas a potentia.l depth of 1.4 
m in tJ1e sourh arm according to Coates (1990), although 
substantially higher depths were recorded in 1999. The 
area surrounding Lake Campion Nature Reserve has been 
cleared for agriculture and run-off is greater than it would 
have been prior to clearing. 

The vegetation of the Lake Campion Nature Reserve 
was described by Coates (1990) while Gurner et al. (1999) 
described lake vegetation. Elevated areas around the lake 
are dominated by woodland of mature Et1cal)'ptt-1S 
yilgarnensis and E. loxophleba over a shrub understorey. 
In the littoral zone Euealypt woodland is replaced by dense 
stands of live and dead M elaleurn uncinata and 
M. pa1-tperiflora. The understorey includes species of
Carpobrotits, Halosarcia, Atriplcx and Frankenia. The
southeastern corner of the lake has extensive pans and
samphire marshes, which flood when the lake is full, as
occurred in April 1999.

Water chemistry and physico-chemical 
parameters 

L-tl<e Campion filled prior to sampling in late winter 1998, 
when depth was 1.3 m (Fig. 68). Further inflow occurred 

in March 1999 (Bmeau of Meteorology 1999) because 
of widespread rainfall in the northern and eastern 
Wheatbdt. There was no significant inflow between then 
and August 2000, when depth was 0.83 m and depth 
continued to decline to 0.2 m in February 2001. 
Throughout the monitoring period, lake water remained 
hypersaline with the lowest conduc tivity being 
96 800 pS/cm and the maximum 225 000 pS/cm 
(although at this conductivity the lakebed was covered by 
a continuous sheet of crystalline salt, suggesting the water 
was supersaturated) (Fig. 68). Cations fitted a typical 
Na>Mg>Ca>Kdominance hierarchy with Cl the dominant 
anion. Lake Campion was acidic for most of the 
monitoring period, approaching neutral (6.5) only after 
recent flooding in April 1999. As water level fell, pH 
declined to a minimum of 2.68 in February 2001. 

Total nitrogen concentrations were moderate ( 1300-
6200 pg/I) when the lake was folly flooded but increased 
to 24 000 µg/1 in February 2001. Total phosphorus was 
consistently below detection level (10 µg/1) except 
following flooding in April 1999 when 10 µg/1 was 
recorded, suggesting additional inputs from flood waters. 
The concentration of chlorophyll ( <10 pg/I on all 
sampling occasions) suggested primary production within 
the lake was low. 

Groundwater 

Monitoring bores were installed on four vegetation 
transects at Lake Campion. Depth to groundwater in 
downslope bores ranged between 1.04 and 2.09 m 
(Fig. 69) with average depths increasing about 0.5 111 over 
the monitoring period as the watertable beneath the lake, 
elevated by the heavy rains in 1999, subsequently fell. 
Electrical conductivity of groundwater varied substantially 
(78 200-171 000 �1S/cm) between transects and across 
sampling dates without discernible pattern, suggesting a 

Figiirc 67. Lalw Campion if a large hypersalinc wetland. Maximttm lake le11e/ has been artificially elc11atcd lllith the cow-trnctio11 
of a weir, howcPcr the lake is periodically dry. 
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complex pattern of movement and interaction of 
groundwater. Groundwater was strongly acidic, like lake 
water, with pH varying from 3.18 to 6.31. Higher pH 
values were recorded on transect three than elsewhere but 
the reasons for this were not obvious. 

Waterbirds 

Nine species of waterbird were recorded during the 
monitoring period compared with 11 recorded by Jaensch 
et al. (1988) during 13 surveys. Only six species were 
common to both sets of surveys but this probably reflects 
different water levels during the two periods rather than 
long-term changes in the avifauna of Lake Campion. 
During the monitoring period, most birds were recorded 
during April 1999 (Table 25, Fig. 70) when water levels 
were unusually high and the surrounding samphire 
marshes were extensively flooded. At this time, 177 
individuals from eight species were seen. Grey Teal 
comprised the majority of these birds with 131 individuals 
and the total number of birds using the south-ea tern 
corner would have been greater than recorded. Given the 
high salinity of the main waterbody (96 800 µS/cm), it is 
surprising that so many birds were recorded, including 
species like Pacific Black Ducks and Pink-cared Ducks that 

TABLE25 

are not particularly salt-tolerant. However, most birds were 
found in the pans and marshes around the lake, rather 
than in the main waterbody, and it is likely that water in 
these was less saline. 

The waterbird communities in both 1998 and 2000 
were ones that could be expected in a hypersaline lake 
and its surrounding waterbodies. Although there were 
differences bctv;ecn years (Fig. 71) these arc principally 
because of additional species recorded during periods of 
high water and reduced salinity, as discussed above. 

Invertebrates 

Nine invertebrate species were recorded in spring 1998 
(Table 26 ). Insects were represented by five species, of 
which four were Diptera (Tipulidae, Ceratopogonidae and 
Muscidae). Crustaceans were represented by four species 
restricted to saline habitats: the c!adoceran Daphniopsis 
sp., the undescribed ostracods Ai,stralocypris sp. nov. and 
Reticypris sp. nov. and the calanoid copepod Calamoecia 
trilohata. All species were recorded at densities ofless than 
100 individuals per sample. 

With low species richness and a suite of saline species, 
the invertebrate community was easily distinguished from 
that of other marker wetlands in a presence/absence 
species ordination (Fig. 72). 

Waterbird species and their abundance on six sampling occasions at Lake Campion. 

Australian Shelduck 
Black-winged Stilt 
Grey Teal 
Hoary-headed Grebe 
No Species 
Pacific Black Duck 
Pink-eared Duck 
Red-necked Avocet 
Silver Gull 
White-faced Heron 

I.II 

,\xis 3 

11,(1 

-I.II 

AUG-98 

3 

15 

2 

1 

0 

0 

0 

0 

1 

0 

SAMPLING DATE 
NOV-98 APR-99 

0 18 
0 0 

0 131 
0 2 

0 0 

0 4 

0 4 

0 14 
0 1 
0 3 

f .. r 
ii 
I 1 

-1.S 

AUG-00 OCT-00 FEB-01 

6 0 0 
0 0 0 
0 4 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

• Campion 

I.S • Al1h,m 
' Toolibin 

+ Pinjarcc�:J 

't Plcas1rnl View 

0 Coorly 

Figure 71. Ordi11atim1 (SSH) of JJ1ate1·bird spcci&I data, showing Lake Campion from 1998 and 2000 and the five marker 
1J>ctlnnds. 



78 

TABLE26 

Invertebrate species collected from Lake Campion in the 1998 sampling year. 

TAXA 

Nematoda 

ACARINA 

Oribalida 

CLADOCERA 

Daphniopsis sp. 

OSTRACODA 

Australocypris 'benneth' type 
Reticypris sp. nov. 556 

1.0 

Axi.�) 

ll.O 

-1.0 

1998 TAXA 

✓ COPEPODA 

Ca/amoecia !rilobata 

✓ COLEOPTERA 

Curculionidae 

✓ DIPTERA 

Tipulidae 
Bezzia sp. (not 1 or 2) 

✓ Culicoides sp. 
✓ Muscidae sp. A 
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1998 

✓ 
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Figure 72. Ordintition (SSH) 1if inJJL'rt1:bratc data, showing Lake Campi1111 i11 1998 and three marker wetlands. 
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Goonaping Swamp 

Goonaping Swamp (Fig 73) (32" 091S 116" 35'E) is 
located in the Wandoo Conservation Area, south west of 
York (Capill 1984). Goonaping is a fresh seasonal wetland. 
Lake sediments are rich in day and parts of the swamp 
may be perched above the regional aquifer; it fills to 
shallow depth as a result of rainfall and discharge from 
very local, perched groundwater. It appears to have little 
interaction with the underlying regional groundwater. The 
lakebed is flat but iJ1cludcs an obvious depression 10 m 
long and 5 m wide, which may have been enlarged in the 
past to provide water in summer. One set of invertebrate 
samples was collected from this depression each 
monitoring occasion. The swamp and surrounds arc similar 
to the nearby Dobadcrry Swamp in the Dobadcrry Natmc 
Reserve. 

The vegetation of the lakebed is predominantly 
Mclalcuca viminea which grows in relatively dense stands. 
At the boundary of the wetland, Eiicalyptus wandoo 
woodland dominates over a species-poor understorey that 
includes Bossiaea spinescens and Acacia pidchella ( Gurner 
ct al. 1999). The terrestrial vegetation higher upslope is a 
richer mosaic of E. wandoo, E. marginata, Crwymbia 
cal-Oph)'lla and Banltsia woodlands. 

Water chemistry and physico-chemical 

parameters 

L'lke Goonaping filled in winter and dried before autumn 
in both monitoring years. Maximum depth recorded was 
20 cm in October 2000 (Fig. 74 ). Salinity of surface water 
is low, and the pattern of cation concentrations was 
Na>K=Ca=Mg, witl1 Cl the dominant an.ion. In spring 
2000, chlorophyll concentration was comparatively high 
(25 pg/1, including phaeophytin) and pH rose to 8.0. 
Nutrient levels were consistently low. 

Groundwater 

Monitoring bores were installed on all three transects 
(Fig. 75 ). Hydrology appears to be complex, with seasonal 
lenses of fresh water perched above a more saline aquifer. 
Perched groundwater is driving the monitoring results in 
transect two; while results in transect one mostly reflect 
the underlying regional aquifer. There does not appear to 
be an immediate threat from this aquifer, although it is 
only 5-6 m below the swamp and has a conductivity of 
1389-3950 pS/cm and may constitute a long-term threat. 
Groundwater is weakly acidic. 

Waterbirds 

The densely vegetated, shallow nature of Goonaping 
Swamp in conjunction witl1 strong seasonality (so that it 
is dry much of tl1e year) makes it unsuitable for most 
waterbirds. The only waterbird recorded during the study 
period was a single Pacific Black Duck sighted in spring 
1998 (Table 27). However, it is likely that wading species 
such as the White-faced Heron occasionally use tl1e 
wetland. Goonaping Swamp was excluded from the 
waterbird ordination because only one species had been 
recorded. 

Invertebrates 

Invertebrates were monitored in spring 1998 when 71 
taxa were collected (Table 28). There were 28 insect 
species (39% ofrhe fauna) and 29 crustaceans (40%). The 
most notable feature was the diversity of Cladoccra and 
Ostracoda, each being represented by 11 species. Species 
of the family Chydoridae were the most abundant 
cladocerans in the shallow water covering most of the 
wetland, but in the deeper depression, species of 
Daphnidae including Scaphobleberiscf /eingi, Simocephalus 
sp. and Ccriodaphnia sp., were more common. 

Fignrc 73. Goonaping swamp is shallom and the lake bed is dominated by Melalettca JJiminea. Photogmph by Ad1-ian Pinder. 
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TABLE27 
Waterbird species and their abundance on four sampling occasions at Goonaping Swamp. 

SAMPLING DATE 
NOV-98 APR-99 SEP-00 OCT-00 

Pacific Black Duck 0 2 

ConchosrraGms, rarely collected during the monitoring 
progi-;1111, were represented by rwo -pecics, Ly1tcc11s sp. 
and E11limnadi11 sp., whid1 reflect the highl seasonal 
nature of Goo11api11g. Conchostrac:111s arc typical of 
ephe1rn.:ral waterbodies, especially clay pans, where their 
ckssic:.uion-resisram eggs en.iblc quick colonisation of the 
wetland even after lengthy dry period . 

Among the insects, Cokoptcra :ind Diptera were the 
most diverse orders with l l and IO species, respectively. 

0 0 

Odon.Ha were represented by three species int:luding 
Hcmirmnx pap1J1:11sis and Diplacodcs bip,mctatn which, 
while tolerant ofb1�H.:kish water, arc more commonly found 
in freshwater wetlands. The ubiquitous Triplcctidcs 
nwtmlis was the only trichopter:rn collccred. 

The over;11l inve1·tebratc community at Goonaping was 
simibr to that of Noobijup Swamp (Fig. 76) and Lake 
Kulicup (sec Fig. 66 ), rcflct:ting the fresh water and 
extensive h1ke-bcd cgtation in all three. 
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TABLE28 
Invertebrate species collected from Goonaping Swamp in the 1998 sampling year. 

TAXA 1998 TAXA 1998 

Turbe Ilaria ✓ 1/yodromus sp. 255 ✓ 

Nematoda ✓ Cabonocypris nunkeri ✓ 

ROTIFERA COPEPODA 

Rotaria sp. ✓ Ca/amoecia attenuata ✓ 
Brachionus quadridentatus ✓ Microcyc/ops varicans ✓ 
Lecane quadridentata ✓ Australocyclops pa/ustrium ✓ 
Lecane sp. ✓ Mesocyc/ops brooksi ✓ 
Monommata sp. ✓ Canthocamptidae sp. 5 ✓ 

GASTROPODA COLEOPTERA 

Ferrissia petterdi ✓ Haliplus fuscatus ✓ 
G/yptophysa cf. gibbosa ✓ Allodessus bistrigatus ✓ 

Sternopriscus sp. ✓ 
ACARINA Megaporus howitti ✓ 
Eylais sp. ✓ Lancetes lanceo/atus ✓ 
Limnesia dentifera ✓ Onychohydrus scutellaris ✓ 
Oribatida ✓ Hydrochus sp. ✓ 

Mesostigmata ✓ Berosus approximans ✓ 
Trombidioidea ✓ Paranacaena littoralis ✓ 

CONCHOSTRACA 
Enochrus eyrensis ✓ 
Paracymus pygmaeus ✓ 

Eulimnadia sp. ✓ ✓ 

Lynceus sp. ✓ DIPTERA 

CLADOCERA 
Anopheles annulipes ✓ 
Cu/icoides sp. ✓ 

Latonopsis sp. ✓ Sciomyzidae ✓ 

Alona affinis ✓ Paramerina /evidensis ✓ 
Alona setigera ✓ Tanypodinae sp. C (nr Tanypus) ✓ 

Alona macrocopa ✓ Corynoneura sp. ✓ 

Ce/sinotum sp. ✓ Tanytarsus fuscithorax ✓ 
Chydorus sp. ✓ Chironomus all. alternans ✓ 

Rak sp. ✓ Polypedilum nr. convexum ✓ 

Ceriodaphnia sp. ✓ C/adope/ma curtiva/va ✓ 
Scapholeberis cf. kingi ✓ 

Simocepha/us sp. ✓ HEMIPTERA 

Macrothrix sp. ✓ Sa/du/a brevicornis ✓ 

OSTRACODA 
Anisops thienemanni ✓ 
Anisops hyperion ✓ 

Limnocythere dorsicu/a ✓ 
Limnocythere sp. 447 ✓ OOONATA 

Paralimnocythere sp. 262 ✓ Austrolestes analis ✓ 
Candonopsis tenuis ✓ Hemianax papuensis ✓ 

Bennelongia austra/is ✓ Dip/acodes bipunctata ✓ 
Candonocypris sp. ✓ 

Cypretta baylyi ✓ TRICHOPTERA 

Cypret/a sp. 527 ✓ Triplectides austra/is ✓ 

1/yodromus sp. 566 ✓ 

1.0 

0,(J 

A.ti'I 2 
• GO(�napin>; 1.5 

Noobijup 

C.:11npivfl 

' Ya;ilup 
.1,5 t P:i.rkc)·trrin,t; 

Fig111·.- 76. Ordination (SSH) ,,f i1111i:rtcbrnu dntn showing Gmmnping Swamp in 1998 nnd fo11r mnrkcr 111etlnnds. 
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Lake Coomelberrup 

Lake Coomclberrup (Fig. 77) is a medium-si1,ed, 
secondc,rily saline wetland, situ,,red in rhe Coomclberrup 
Nature Reserve (33" 24 1S 117" 47'E). lt has an area of 
,,pproximatcly 9 I ha, of which 46% is open warer ( Halse 
ct al. I 993h ). The lake tills from the Dat,nine drainage 
system immediardy above the conf-llll:nce ofD,mgolocking 
,,nd Coblinine Creeks. Coblinine Creek continues past 
Like Coomclherrup to empty into l-'lke Dumblcyung 
I() km forthcr north. The Datatine carchmrnt is very flat 
and, during periods of flooding, water 111:1y s01netimes 
flow back f'rom Lake Dumhlcyung into L,;kc 
Coomclbcrrup. The werl.111d receives water most years 
(probably largely because ol'the amount ofl'.1r111 drainage 
in the catchment) and may hold water for several years in 
succe.�sion. lktwecn 1978 and 1982, lake de1)th in 
November ranged from dr)' (two years) to 0.89 rn (l�11K 
and Munro !983). 

Like Coomclhcrrup is recognised :is a v:1l11,1hlc wct-Lmd 
lc,r w:ltcrbirds, ranking third highc.�t li>r .ihun,bn..:c or 
Fre..:klcd Duck :111d r:111k..:d l·qual 22nd in term.� ol'spn:ics 
1·ichncss in a survcy of 197 wetlands hctwccn 198 1 and 
1985 (Jacns..:h aal. 1988). Thc N:Hion,11 P:1rks and N,11urc 
Conservation Authorit}' (rcplaccd by the Cons<.:rvation 
(:ommissic,n) recommended l,,1k1: C:oomclb<.:rrup h<.: 
incluckd in th<.: monitoring program bec\us<.: of th<.: large 
:imou111 ordr:1in:1gs occurring in rh1: catchment, ll'ith likely 
dk<.:ts rn1 Ll1<.: hydmlogy of Coomclbc!Tllp. 

Rcmnanl vcg<.:t:11ion consi.�Ls predominantly or a heh 
or dc1d trees, 50-100 111 wide around I he north, 11'<.:.�l and 
sou1h-wcstl·rn shorl·s. H11/os111·tio lcpirlo.,po·11111 :111d 
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H. pcwranulrr.ta persist as a sparse understorcy ( Halse et al.
1993b ). Within the littoral :;,,on<.:, there is a narrow ring of
Cnsuarina o/Jesa, Mclalcuca hc1-tmdosa and
M. hnlmatttrorwn (Gurner ct al. 2000).

Water chemistry and physico-chemica/ 

parameters 

L.1k<.: Coomalberrup receiwd substantial inflow in 1998
,is a result or spring ,�1infall :ind depth was 1.33 m when
monirorcd in spring 1998. Maximum depth in 2000
occurred in August (0.93 m) and the lake was dry by
autumn that yc :1r (Fig. 78). Conductivit·y ranged from 
32 800-96 000 pS/..:111 and, while salinity was inversely
prnportion:11 Lo depth within each ,111nu,1I hydrological
cycle, there was a diseontimrity between years with more
salt apparrnrly present in 2000. The signiVicance of this
p,1nern is uncl<.:ar because dissolv<.:d .�ah loads in south
western Australi,111 l :ik<.:s c:111 .�holl' subst:mtial inter-annual
variarion :Kcording 10 1:tkL· d<.:prh :111d 01 her facrors (sec
H.,lsc <"I 11/. 2000b ).

The .:oncentrarion or cations showed ,1 pattern 
Na>Mg>Ca>K and Cl was the drnninanr anion, although 
sol ocnrrred in signilic,1111 (OIKCl\trarions. Thc lake W:\S 
strongly alkaline (pH of9.87) in spring 1998 bur neurr,1! 
10 mod<.:r:itcly ,,lk:llin<.: 011 othn sampling o.:c1sions. 
Chlorophyll concenlT:\I ions wnc low except in spring 
1998 whrn they r<.:.Khl·d SS pg/I. This w:1s prob,1bly th<.: 
rcsuh ohn alg,,1 bloom occurring before nucrophytc bc.:ds 
bec:11111.: r1:-<.:st,1hl ishnl in L he lake. Nu I ricnt com.:cnrr,,rions 
remained comp:1r:\livcly low, li>r ,1 se.:ontbrily saline l:1ke, 
througlunll 111oni1ori11g. 

Figm·c 77. Hi.rtoricrr.t�,, IAllC Co11mclbcrr1tp mpportcd a belt,!{ Cas11m-ina olicsa al,mg the western rh111'c, howePcr, the.re tn-cs nrc 
dead nom. 
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Groundwater 

Depth to groundwater in the monitoring bores varied from 0.93 m to 3.6 m, depending on location, and electrical conductivity ranged from 39 100-68 700 µS/cm. The seasonal pattern of change in groundwater levels is shown in Fig. 79, using bores placed well up the wetland shore. The lakebed itself was intercepting groundwater and Coomelberrup is a groundwater discharge area much of the time. Interestingly, except shortly after significant surface inflow, surface water in the lake was more saline than the groundwater belov, as a result of salt accumulating in lake-bed sediments. 
Waterbirds 

Twenty waterbird species were seen at Coomelberrup during five monitoring surveys (Fig. 80, Table 29), compared with 37 species recorded by Jaensch et al.(1988) from 28 surveys between 1981 and 1985. There were larger floods during 1981-85 than during the monitoring period and at times the lake was substantially 
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fresher (5000 µS/cm cf 39 100-68 700 µS/cm during monitoring). Thus, it is difficult to determine whether the reduction in waterbird use of the lake is the result of a fundamental decline in lake condition or simply an effect oflower rainfall. However, there has been significant death of trees around the lake since Jaensch et al.'s surveys (seeHalse et al. 1993b) and very few live trees remain. Speciessuch as Little Grassbirds and Clamorous Reed-Warblers, which were recorded in 1981-85, are unlikely to occur now because of a lack of habitat. The most abundant birds during monitoring were the Australian Shelduck, Grey Teal and Black Swan, but numbers fluctuated throughout the year. The abundance of waterbirds was greater in 1998 than 2000, largely owing to the lack of water in February 2001 (Fig. 80). The waterbird community was that of a secondarily saline lake but showed only loose affinities with Lake Pinjarrega (another secondarily saline wetland) in the waterbird ordination (Fig. 81 ). Despite the loss of some species discussed above, community structure was very similar in 1998 and 1982-83 surveys. However, the low species 
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TABLE29 

Waterbird species and their abundance on 6 sampling occasions at Lake Coomelberrup. 

SAMPLING DATE 
AUG-98 NOV-98 APR-99 AUG-00 OCT-00 FEB-01 

Australasian Shoveler 2 5 0 1 0 0 
Australian Shelduck 10 71 1900 3 61 0 
Australian Wood Duck 0 7 0 0 0 0 
Banded Still 0 0 0 0 32 0 
Black Swan 106 50 0 18 0 0 
Black-winged Still 0 9 0 0 0 0 
Chestnut Teal 0 1 2 0 0 0 
Common Greenshank 0 1 0 0 0 0 
Eurasian Cool 1 70 0 0 0 0 
Grey Teal 85 904 179 102 229 0 
Hardhead 5 10 0 0 0 0 
Hoary-headed Grebe 10 0 0 0 1 0 
Musk Duck 0 0 0 0 12 0 
Pacilic Black Duck 0 1 6 0 0 0 
Red-capped Plover 7 0 0 0 25 0 
Red-kneed D01terel 0 0 0 0 0 
Red-necked Stint 0 0 0 0 8 0 
Sharp-tailed Sandpiper 0 0 0 0 2 0 
Silver Gull 0 2 1 0 1 0 
White-faced Heron 0 2 0 1 3 0 
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Figure 81. Ordination (PCR) (If ivatcrbird species dMa from Lake Coomclbarup, sholl'ing historical and monitoring data for 
Lake Coomclbcrrup and data for six marker ivctla11ds. 
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richness associated with low water levels in February 2001 
resulted in the 2000 waterbird community being distinct 
from other years. This pattern was observed at other 
wetlands (e.g. Coyrecup, Eganu) and appears to reflect 
wetlands undergoing a change of ecological character in 
dry years as they become more salinized. 

Invertebrates 

Invertebrates were monitored in November 1998. A total 
of 35 species were identified with 12 crustaceans (34% of 
fauna) and 18 species (51%) of insects (Table 30). 

TABLE30 

Dipterans were the most diverse group with 12 species 
belonging to seven families, most of which were 
opportunistic salt-tolerant taxa such as the 
Ceratopogonidae, Ephydridae and Stratiomyidae. The 
Chironomidae species that were present have widespread 
distributions and included the halophilic TanytarJiJ 
ba1·bitariis. Odonata were represented by three species of 
the damselfly genus Attstrolestes, all of which are salt 
tolerant. Amongst the crustaceans, the most diverse group 
were ostracods with 5 species, aJI typical of saline waters. 

The invertebrate community at Coomelberrup was 
that of a secondarily saline wetland but with lower salinity 
than Lake Parkerrcying, the marker wetland used in Fig.82. 

Invertebrate species collected fromlake Coomelberrup in the 1998 sampling year. 

TAXA 1998 TAXA 1998 

Turbellaria ✓ ISOPODA 

GASTROPODA Ha/oniscus searlei ✓ 

Coxiella spp ✓ COLEOPTERA 

OLIGOCHAETA Antiporus sp. ✓ 

Necterosoma penicillatus 
Ainudri/us nharna ✓ Berosus discolor 
Enchytraeidae ✓ 

DIPTEAA 
ACARINA 

Culicoides sp. 
Trombidioidea ✓ Monohelea sp. 3 ✓ 

CLADOCEAA Tabanidae ✓ 

Stratiomyidae 
Daphniopsis sp. ✓ Empididae ✓ 

OSTRACODA Ephydridae ✓ 
Muscidae sp. A 

A/boa worooa ✓ Muscidae sp. C ✓ 
Australocypris insularis ✓ Procladius paludicola ✓ 
Diacypris spinosa ✓ Tanytarsus barbitarsis ✓ 
Mytilocypris tasmanica chapmani ✓ Dicrotendipes conjunclus ✓ 
Platycypris baueri ✓ C/adopelma curtivalva ✓ 

COPEPODA ODONATA 
Calamoecia elite/la/a ✓ Auslrolestes analis ✓ 
Metacyclops arnaudi (sensu Kieffer} ✓ Austro/estes annu/osus 
Apocyclops dengizicus ✓ Austrolestes io 
Mesochra nr flava ✓ 

AMPHIPODA 

Austrochiltonia subtenuis ✓ 
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Fig11 re 82. Ordi11ati1m (SSH) of im,crtcbratc data, showing Lake Coomclbe1-r11p in 1998 and foiir marker wetlands. 
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Lake Walyormouring 

Lake Walyormouring (31" OS'S 116" 51 'E) lies partly 
within Walyorrnouring Nature Reserve (No.17186) and 
partly within extensively de.ired, privately owned far111h1nd 
(Fig. 83). The nearest rown is Goomalling, 16 km to the 
sourh. Surrounding land is undulating, causing the 
shoreline of the lake m be steep and short in some places. 
Thi.: lakcbi.:d, however, is broad .ind vi.:ry liar with ;rn ari.:a 
of lO IO h,1, or whid1 over 80% is oprn water ( Halse ct nl. 
1993b). 

Lake v\/alyormouring is s.1linc and geni.:rnlly s1.:,1sonal 
although occ1sionally ir holds water over consl·etll ivc years. 
lk1wcen 1979 and 1985, l.,ke level lluauatcd ,11111ually 
from dry in summer 1'0 parrially lilled with maxi111u111 depth 
in spring ( L�1ne and Munro 198::;; Jaensch ct n.L. 1988). 
The lake has a long history or watcrlogging ,md s,1l inity 
:111d large :1rcas or the nor1·hern ;1nd southern shores 
support a wide belt or trees killed by the altered hydrology. 
The nrensive dc,uing tlut lus rakcn phKe on lhl· l:ikc
bed at rh<: sourhern end or 1 he lake suggests rhe an:,1 or 
l.1kc regularly inundated now is greater than at 1he 1·i111<:
rh<: arc,1 was op<:n<:d f-<>r J·:1rming. Whik mo.st lake i11llow
probably comes 1·ro111 the local cal<.:hmcnt, Ikard ( 1999)
poin1<:d out I hat Lake Walyormouring is th<: western end
of :i sou1h-wcs1ward llowing dr:1inagc channel rrom 
Cmvcowin� Lakes.

Jacnsch' ct Ill. ( 1988) lisrl·d Walyormouring a., equal 
I 61 h most i111porL111 t wcl land lc>r lw,·nli ng w:llcrhirds 
;1111ong 197 wetlands surveyed in .�outh-w<:st vVe.,1·ern 
Aus1r;1li:1. Its .1hu11dan1 w:1rerhird Ew11,1 :111d 1hc ntensiv<: 
tkpt"l1 !-!.:1u�c 1·1.:rords w<:rl' 1h<: rc:1snn.� li>r i1.� i11clusin11 in 
1hc 111c:11it;,rin� pr<>!-!.r,1n1. Vn!.ct.11io11 h.1s hn·n dcsrrihcd 
previously ( H:�lse i:1 'a.1. 199::;L�a; Gurner ct nl. 1999). Liw 
vegetation occurs mainly 011 elevated parts of the northern 
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and western shorelines, and comprises mature stands of 
Cnsuarina obcsn and Melalwca strobophylla. Lower on the 
shoreline, and <::-:Lending across thl'. htkc-bcd, trees arc dead 
bur Hnlosarcin pcr..r1r·mwlntn grows bcn<:ath rhcm. 

Water chemistry and physico-chemical 

parameters 

Wa1cr kvcls were slightly higher in winter :ind spring 1998 
than in 2000. Th<: lake rn:civcd inflow tium summer rain 
in 1999 th:n main1aincd warcr levels in the autumn ofrhc 
tirs1 sampling year. The bkc was dry in autumn 2001 
(Fig. 84). The biggest difh:rc11Cl'. betwern yc:irs was in 
salinity, with ..:ondu..:tiviti<:s in 1998 ranging li·om l l 320 
ro 36 I 00 pS/cm, whereas in 2000 they were 60 600 and 
99 700 pS/cm. Alrhough it is difficult to l'.Ompare s,1lt 
lo.ids between years, it appl'.,Hs likely rhcrc is signific.111t 
salt ;icrnmtilation in Walyormouring; in years that rhc bkc 
docs nor ovcrilow. There is li1tk evidence of long-term 
s.ilt ,1Ccu111tilation over the past 20 yc:irs, however (sec
)a<:nsch ct nL. 1988). Cation co11<.:1:ntratio11s lined a p:inern
orNa>Mµ,'>C:a>K and Cl was thl' domi11a111 :inion.

Total �1itrogcn levels were typical of Wheatbelr salt 
bkc1, (range I 700-69S0 pg/I) and total phosphorus 
concentrations w..:re rcbrivcly low (maximum 20 pg/I). 
Chlon>phyll conu.:111rarions were ,1lso low ( <S �1g/l). 

Groundwater 

Moni1ori11µ; bore., 011 borh vq?;erario11 IT;111scc1s during 
1999 sho11�<:d Liu1 the corou11,h;,11cr was substantiallv ks: ::-, , 

t·ha11 I 111 below local gro1111d lcwl 011 horh 1r,111sect one 
(1h, lc11wr-l)'in!:!, tr.rns<:cl).1nd tr.111s<:c1 1wo (Fi�. 8S). The 
l.ike is a discharge zonl: ft>r saline g;roundwarcr and, as a
result of�alr accumulation in the sediments, is somcrimcs

IJ-'�1 
I• ;'Iii 

.. 

'If 
..,· 

. ,,, 
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Fig11rc 83. Lal,c Walyormmwing is a laigc seasonal snlinc 11Jetfand. 
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Figure 84. Gauged depth and electrical cond11ctivity at Lake Walyormo1-1ring. 
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at Lake Walyonnoul'ing. Open symbols rcp1"csent bores 1mdenpntc1'. Legend J>alues in parenthesis are depth of the bore in metres. 

substantially more saline than underlying groundwater. 
Conductivities of groundwater ranged from 5010 to 
21 980 µS/cm, with considerable temporal and spatial 
variation. pH was circum-neutral. Two additional bores 
have also been monitored adjacent to the lake; one 
( transect 4) receives through flow from a granite rock and 
was relatively fresh (minimum conductivity 1710 �1S/cm). 
This small flow of fresh water is probably responsible for 
the continued growth of the thicket of Camal'ina obcsa 
along the northeast margin. 

Waterbirds 

A total of20 species were recorded during monitoring in 
1998, with the 12 species recorded in 2000 a subset of 

these (Table 31, Fig. 86 ). The lake consistently supported 
large numbers of birds, with almost lO 000 present in 
November 1998 when extensive shallows at the southern 
end supported large numbers of shorebirds such as Banded 
Stilts, Red-capped Plovers, Red-necked Stints and Sharp
tailed Sandpipers, in addition to the ducks in the main 
water-body. 

J aensch ct al. ( 1998) recorded 28 species during 38 
surveys between 1981 and 1985, with higher water levels 
than recorded during monitoring. Overall, community 
composition was similar to that in 1998 and 2000 and 
there is little evidence of a long-term change in the ecology 
ofWalyormouring from a waterbird perspective (Fig. 87). 
Annual variation appears moderately significant with 1981 
( dryest year) and 1984 (wettest year) having the two most 
different communities. 



88 

20 

18 

16 

"' 14� 
·.; 12
Q. JOCl'.l 

8 

6 

0 
r- r- 00 00 00 00 °' °' °' °' 0 0 

� °' °' 

� � °' °' � � 0 0 

u C: .:. u C: .:. :i ti c .:. 
::I "' 0. :::s ro 0. "' 0. 
.... 0 ...., � .... 0 ....., � ....., 0 .... � 

Date 

Figure 86. Waterbird species richness and ah1md1mcc at Lake Walyormrmring. 
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Waterbird species and their abundance on six sampling occasions at Lake Walyormouring. 

AUG-98 NOV-98 

Australasian Shoveler 55 0 

Australian Shelduck 22 369 

Banded Slilt 0 2738 
Black Swan 56 38 
Black-winged Stilt 221 84 
Chestnut Teal 0 0 
Curlew Sandpiper 0 1 
Eurasian Coot 1073 1010 
Grey Teal 1286 3645 
Hardhead 30 36 
Pacific Black Duck 2 3 
Pink-eared Duck 543 75 
Red-capped Plover 0 724 
Red-kneed Dotterel 0 3 
Red-necked Avocet 3 0 

Red-necked Stint 0 492 
Sharp-tailed Sandpiper 0 123 
Silver Gull 23 4 

White-faced Heron 1 
Yellow-billed Spoonbill 0 0 
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Figure 87. Ordinatirm (PCR) of waterbird s-pccies data from Lake Walyormo11ring, shaJ1Ji11g historical 11,nd monitoring data 
for Lake Walyormotffing and data for si...,;; marker wetlands. 
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Invertebrates 

The invertebrate fauna of Lake Walyormouring was 
monitored in November 1998, when 18 species were 
collected (Table 32). Ten of them were crustaceans, all of 
which were collected in high abundance. For example, 
the ostracods Diacypris spinosa, Mytilocypris chapmani 
tasmanica, and Cyprinotus edwardi were recorded in 
100 OOOs or 10 000s. So, t00, was the salt lake gastropod 
Coxiella sp. By contrast, the six insect species occurred as 

TABLE32 

< 10 individuals per species. The most abundant of them 
was the chironomid Procladius paludicola. The salt
tolerant and ubiquitous Austrolestes annulosuswas the only 
species of odonate colJected. 

Walyormouring has an invertebrate community typical 
of secondarily saline lakes, albeit not as saline as 
Parkeyerring (Fig. 88). It is well displaced in an ordination 
from samples occurring in a naturally saline system 
(Campion). 

Invertebrate species collected from Walyormouring Lake in the 1998 sampling year. 

TAXA 1998 

ROTIFERA 

Hexarrhra fennica ✓ 

GASTROPODA 

Coxiella sp. 2(Aus. Mus. Code) ✓ 

CLADOCERA 

Daphniopsis sp. ✓ 

OSTRACODA 

Australocypris insularis ✓ 

Cyprinotus edwardi 
Oiacypris spinosa ✓ 
Mytilocypris tasmanica chapmani ✓ 

COPEPODA 

Boeckel/a triarticu/ata ✓ 
Mesocyclops brooksi ✓ 

-1.5 

TAXA 

Apocyc/ops dengizicus 
Mesochra nr f/ava 

AMPHIPODA 

Austrochiltonia subtenuis 

COLEOPTERA 

Berosus munitipennis 

DIPTERA 

Stratiornyidae 
Procladius pa/udicola 
Tanytarsus sp. A (nr. K10) 
C/adope/ma curtivalva 

ODONATA 

Austro/estes annulosus 

l.S 

f Walyormourins 
1[11 Noobijup 
, Campion 
t Yaalup 
t Parkcyerring 

1998 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

Figure 88. O,·dination (SSH) of invertebmtc data, rhrnving Lake Walyormouring in 1998 and four marker wetlands. 
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Lake Eganu 

Lake Eganu (30" 00'S lJ 5" 52'E) (bg. 89) is a medium
sized wetland (82.2 ha) located 011 the nurthcrn sandplain 
20 km south-west ofCoormv. The l:ike h:is shown ,1 dcdine 
in condition since.: the bte 1960s and is now dearly 
secondarily saline. At the.: n:ntn: of the Pinjarrcg,1 aturc.: 
Reserve (Res. o. 25210), Lake Eganu is surrounded by 
remnant vegetation. It i.� likely rlur rhc Likc's hydrology 
is afkc.:tcd by d1�1inagc from the nnrrh vi:i :i series of salt 
l,1ke.� ,111d drainage lines d1:1r c.:onncc.:r ro both Yarr,1 Yarr:1 
L-ikc ( i 11 the most cxc.:cprion:1lly wet years) and 1.ake Moore 
(Be:ird 2000). I .,1lu: Eg:inu h:is been scasoml in n:e-:nt 
1e;1rs, alt hough under higher rainfall regimes ir li·equently 

holds w,ncr ovcr t:onscc.:utivc cars (sec Jacnsc.:h ct ril. 
1988). 

The vegetation h:is been described by Halse ct rr./. 
( 1993b) .md Gurner ct al. ( I 999): the l:ikc li·inge above 
hi�h w:11<.:r supports a heir or live Ca.,·11m·inn obc.m wirh 
sc11-i-crcd l�ncnf:ypt11s nulis :ind /-::. loxophlcbn. These trcc 
spccics used ro c.:on1inue across rhe lakcbcd hu1 :ire now 
de:id below the high water mark (and in some elev,Hed 
an.::is). nder.�torcy below the live trees includes 
Chcnoporl.imnsp., Sclcrolnc11n dicnntlm, L�nchylcmmsp. and 
Halim 1u1t1'J1ll. J-ialosrr.rcia pcnrrmmlnta �rows u ndcr de;id 
!Tees down ro the high water mark, in assot:i,llion with
Un,mwi 11ri._(finalis,111d Sc/Joltzin sp. Vegetation at the lakc 's 
northern end is in better condirion ::ind indudcs live.: 
C. obcsa, Mclrr.lcum strobophylln and Mc/11/cu.m lntcrijlom
g;rowing below t-lH.: maximum llood lc.:vcl. 

Lakc Eganu was one or the many 11·<.:tbnds studied in 
:1 l.1rL?,l. �urvcv or w:unhirds in sourh 11·c.,tnn na1urc 
n.:sn�•es (J:1cn�..:h ct al. 1988 ). It was .1\su dcpth gauged, 
so rhat t h1.:re is a long re<.:ord of' salinity :ind depth ( Lane 
and Munro 1983). Just prior i-o 1·h· surveys ofJacnsch 

D.J. Cale et al. 

ct al.( 1988), aquatic invcrtcbrat1.:s at Eganu and 
surrounding lakes were studied by Halse (1981 ). The lake 
was sclct:ted for monitoring because of thc availability of 
historical information about its t:ondition and bec.:au e 
h1rthcr dlcets of saliniz.arion seemed likely. 

Water chemistry and physico-chemical 
parameters 

Lake Eganu was monitored in l998 and 2000. In 1998 
the lake tilled li·om winter r:1ins rcad1ing a 111.1ximu111 depth 
of2.5 m and held water through 1999 (Fig. 90). Further 
unrec.:onkd inflow o ·i:urrcd in January 2000 as a result 
of eyc.:lonic rain and the Like was modcr,ndy �iill when 
monitored in ugust 2000. Howe er, cvapor,1tion during 
spring and early su1111m:r meant the l;ike was almost dry 
b February 2001. In 1998, s,1linities varied between 
moderarcly saline .111d scaw.1tcr conc.:enrr:irions (26 800-
SS 700 pS/c.:m) hut in 2000 the hkc w.is hypcrs.iline 
( I 07 800-226 000 pS/t:m). The likely reason for the 
dram.ll'ic.: dilkrcncc in s,1l inities betwecn years is that water 
levels rc,Khcd oulflow height during; rhe flooding in winter 
1998 :111d saline water w,1s !lushed out orrhe hike by fresher 

inllow water. This did nor m:cur in aururnn 2000. During 
moniroring; cirion c.:011cc111r:1rions fined :1 p.1trern of 

:1>M µ;>C1>K .111d Cl was the dominant anion. Toral 
phosphorus c.:oncent..-Hions w1.:re low rhroug,hout 
monitoring (maximum 20 pg/I in May 1999), while Total 
nitrogen showed the cfk<.:rs of' cv:1po-com:e11tr:1tio11, 
ranging fi·om 1200 ro I I 000 pg/I. A small alg,11 bloom 
occurred in Fclmi.Hy 200 I (26.S pg/I rota I c.:!1loroph)ill ), 
.1lthoug.h 1he hiolo);ical 11\l":lllillg or ,hi.� is undcar, givrn 
1he ex1rcmdy sh,1llm water depth :ind hypcrs:1linc 
..:ondirions. 

Fig11i-c 89. /_,a.kc Eganu. is secondarily raline with a continuom decline hi condition since the 1960.r. 
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It is difficult to quantify long-term changes in salinity 
of wetlands, given the substantial annual fluctuations that 
occur as a result of flushing, variable depths and other 
factors. However, data in Halse ( 1981 ), Lane and Munro 
( 1983) and Jaensch et al. ( 1988) suggest that salinity has 
increased substantially at Lake Eganu over the past 20 
years. The minimum salinity recorded during monitoring 
was 26 800 µS/cm whereas in the late 1970s and early 
1980s sa(jnities of 17 000 µS/cm or slightly less were 
common at similar depths. 

Groundwater 

Monitoring bores were installed on three vegetation 
transects. Depth to groundwater varied from 0.3 m to 
2.6 m depending on location and time sampled (Fig. 91 ). 
Groundwater levels were highest when monitoring began 
in December 1999. Conductivity of groundwater showed 
some spatial and temporal variation (42 300-71 100 µS/cm) 
but was substantially lower than surface water conductivity 
in 2000. 

Waterbirds 

A total of 16 species were seen at Eganu but only the 
Australian Shelduck, Black Swan, Grey Teal and Hoary
headed Grebe were recorded in both 1998 and 2000 
(Table 33, Fig. 92). Within each year, waterbird abundance 
was highest in spring, with 5396 birds in November 1998 
and 441 birds in ovember 2000. Australian Shelduck 
were the most abundant species. Eganu is well-known as 
a moulting site for shelduck (Halse et al. 1990). 

J aensch et al. ( 1988) recorded 24 species of waterbird 
during 19 surveys between 1981 and 1985; including 8 
species breeding. The maximum number of waterbirds 
counted by Jaensch et al. (1988) was 10 940 with very 
high counts, for the south-west, of Pink-eared Ducks and 
Hardheads. Hardheads were frequently numerous at 
Eganu in the 1970s (SA Halse personal observation) 
whereas only five of them were seen during the six 
monitoring surveys. 
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Fig11re 90. Ga11gcd depth and electrical conductivity at Lake Egami. 
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TABLE 33 
Waterbird species and their abundance on six sampling occasions at Lake Eganu. 

SAMPLING DATE 
AUG-98 NOV-98 MAY-99 

Australasian Shoveler 17 72 0 
Australian Shelduck 0 3224 10 
Banded Stilt 0 0 0 
Black Swan 3 297 0 
Chestnut Teal 2 0 1 
Eurasian Cool 200 1215 0 
Grey Teal 115 377 32 
Hardhead 5 0 0 
Hoary-headed Grebe 12 104 0 
Little Black Cormorant 0 0 0 
Musk Duck 3 1 7 
Pacific Black Duck 3 2 6 

Pink-eared Duck 49 104 3 
Red-capped Plover 0 0 0 
Silver Gull 0 0 0 
White-faced Heron 0 0 0 
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Figure 92. Waterbird species richness and abimdancc at Lake Egmm 
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Figure 93. Ordination (PCR) of waterbird species data from Lake Eganu, sholl'ing historical and monitoring data Joi· Lake 
Eganu and data Joi· six marker wetlands. 
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There appear to have been significant changes in the 
waterbird community at Eganu over the past 20 years 
(Fig. 9 3 ). The 1998 community had affinities with surveys 
from the 1980s and to a lesser extent with the 
communities at Lake Pinjarrega, an adjacent, large and 
secondarily saline wetland. However, the 2000 community 
was more similar to that ofLake Goorly and LakeAltham, 
two naturally saline wetlands. The 1998 survey was from 
a period of unusually high water level, and consequent 
low salinity, in all sampling seasons. In contrast, the 2000 
survey was conducted at lesser depths more similar to those 
occurring in the 1980s . 

Invertebrates 

Invertebrates were sampled at Lake Eganu in November 
1998. A total of 26 species were collected (Table 34), 
with 19 species (73%) collected at both sub-sites, 
suggesting that habitat within the lake is relatively 
homogeneou and species were relatively evenly 
distributed. Fifty-three percent of the fauna were 
crustaceans (14 species). Ostracods were represented by 
eight species of which the halophilic Autsralocyprir 
insularis, Cyprinotus edwardi, Diacypris dictyote and 
Mytilocypris tasmanica chapmani were most abundant. 
The salt lake gastropod Coxiella sp. was also numerous 
with abundances in excess oflO 000 individuals/sample. 

TABLE 34 

Eight species of insects ( 30% of fuuna) were collected, 
including four dipteran families, the beetle Berosus sp. and 
two damselfly species of the genus Austrolestes. 

The 1998 invertebrate community at Eganu was typical 
ofa secondarily saline wetland (Fig. 94) but contained far 
more species than recorded by Halse (1981) (26 vs 8), 
despite substantially higher salinity in 1998. Halse ( 1981) 
towed a small plankton net through the water column 
and dense beds of Lamprothamnion paputosum growing 
in the lake; he did no benthic sampling and, unfortunately, 
his 1979 surveys cannot be compared with the 1998 
monitoring. It is significant, however, that the amphipod 
Austrochiltonia subtenuis, which was abundant in 1979, 
was absent in the 1998. The salinity at the time of 
monitoring was within the tolerance of A. subtenuis but it 
is likely that this tolerance is exceeded more often than 
previously. If, as seems likely, neighbouring wetlands have 
also increased in salinity, it is possible that source 
popuations of A. mbtenttis are no longer close enough to 
recolonise Lake Eganu. This can be contrasted with less 
tolerant species such as Aitstrolestesspp., which more easily 
recolonise the wetland because of their winged adult stage. 
The isopod Haloniscus searlei, which was present in 1998, 
has a greater salinity tolerance than A. subtemtis and may 
be a functional replacement for this species. The fish 
Psrndogobit-is olorom found by Halse ( 1981) was not 

present during monitoring. 

Invertebrate species collected from Lake Eganu in the 1998 sampling year. 

TAXA 1998 TAXA 1998 

Turbellaria ✓ Metacyclops arnaudi (sensu Kieffer) ✓ 

Nematoda ✓ Apocyclops dengizicus ✓ 

ROTIFERA 
Mesochra nr (lava ✓ 

Hexarthra fennica ✓ 
ISOPODA 

GASTROPODA 
Ha/oniscus searlei ✓ 

Coxiel/a sp. ✓ COLEOPTERA 

CLADOCERA 
Berosus sp. ✓ 

Daphniopsis sp. ✓ DIPTERA 

Stratiomyidae ✓ 
OST RACO DA Dolichopodidae sp. A ✓ 

Austra/ocypris insu/aris ✓ Ephydridae ✓ 

Cyprinotus edwardi ✓ Procladius pa/udicola ✓ 

Diacypris dictyote ✓ C/adopelma curtivalva ✓ 
Diacypris spinosa ✓ 
Diacypris compacta ✓ ODONATA 

Mytilocypris tasmanica chapmanl ✓ Austro/estes ana/is ✓ 

Reticypris clava ✓ Austrolestes io ✓ 

Platycypris baueri ✓ 

COPEPODA 

Calamoecia c/itel/ata ✓ 
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Fraser Lake 

Fr.1.�cr L.ikc (Fi'· 9S) is .�itu,11cd 011 Mr Pctcr NL iscy's 
l:1r111 i111111cdi.1tcly cast uf J.akc Dowcrin (i\!" IS'S 117" 
04'E). This sm,111 (approximately 14 ha) cphcmcral hkc 
is frc.�h wirh a 1-lar l.1kcbcd. Mi11m modil"il.'.ation c>i" the 
Likchcd has m:u1rrcd wirh the digging of two sm,111 d.1111., 
to ex rend i-lK period l he lake hold, .,urfac.:c 11',lln. The 
SlllT(HI 11di11g h,111ks ,ll"l' rclatively stu:p ( cxc.:qJt· 011 the 
11orth-c1s1cr11 sidc where i11flow tH.:cur.s) wii-11 :1 11,urow 
belt o!'vcgc1a1ion. Surro1111di1 g Lmd lus hecn c.:k,m.:d tl>r 
;1g1·irnl l Lll"e. I 111lmv In the l,1h· i, 111·i11ci 1 1,1llv l"i-<>111 loc.11 
run-oil :111d 1lic1·c i.� 1w surfau.: i11lcracrio11 with rhe 
sccc md:1rily s,1li11e I ,,1kc Do111cri11, whic.:h lies wcst or Frascr. 

Vcgcr.ll'ion is do111i11,1ted by Austro.rtipa cl(qanti.rsirna, 
whi..:h covers th<.: l.ike-hcd .ind grows tu,, height of I .5 111 
( <_;urnn l'l' 11l. 1999 ). ,c;cll"tcn:d Mclalm.cn Jtrobojlhytla 
01:cur :1mrn1g I he A 11.strnstipn and on the wcstcrn and 
soul licrn shorclinc, in ,1sso<.:iatio11 with scll'tncd Cn.marina 
o/}(;_;·11;. Th<.:st:: I rc<.:s ,u·c rcpl.1ecd up-slope and clscwhcrc Oil 
the shoreline b ,\11 open n1c.1lypl wood Lind of' b-tca.lyf!t1,t,J' 
lox11j1hlc/111 ;1nd 1-:. J'11hn01-u1p/Jloi11. The undersrorcy is 
spn:ics•poor .rnd do111i11,1tTd by Chcn"podium sp. and 
Sclcrnlm:tm sp. 

h·.1scr I .:ik.e w;1s .\t::kded fi>r 111011irori11g :ls ,111 cxr1mplc 
01· :1 li-esh w,Hcr wet l.111d. 

Pig1fl'e 95. Frasc1· Ln/u; ha.r a .onnll man-1nadc dam, ho111n1er, the rnrr.jority ofthl' la/1cbcd is d1m1.inated by Cane Grass (Austrostipa 
clcgant·issima). Photof.f1·aph bJ

1 Sheila Hamilton-nronm. 
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Water chemistry and physico-chemica/ 
parameters 

Fraser Lake was sampled in 1999 and 2000, although some 
water quality measurements and waterbird counts were 
made in spring 1998 as well. The lake held little water 
during 1998 and dried in spring. In 1999, it received 
winter inflow and then flooded to 1.5 m in March 2000 
(Fig. 96 ). Water levels declined by the end of 2000, despite 
some winter inflow and the lake was close to dry in 
February 200 l. Water was fresh in both years with 
electrical conductivity ranging from 508-4850 µS/cm. 
In March 1999, salinity did not decrease, despite a 
substantial increase in water depth, suggesting that 
inflowing water was of similar concentration to lake water. 
There was a pronounced increase in conductivity, however, 
in late summer 2001 as evapo-concentration occurred. 
Cation concentrations fitted a pattern of Na> K;:,. Ca >Mg 
and Cl was the dominant �rnion. 

Water samples from Augu t 1998 were collected in 
one of the dams in the lakebed and contained a high level 
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of Total phosphorus (820 µg/1). Total nitrogen 
concentrations, throughout monitoring, were typical of 
wheatbelt wetlands (170-4600 �1g/l). Total phosphorus 
was variable in 1999 and 2000, with occasional high values 
(20-140 µg/1). Chlorophyll concentrations also varied as 
a result of some minor alga] blooms. 

Groundwater 

Monitoring bores were constructed on both vegetation 
transects at Fraser Lake in 1998, as well as at Maisey's 
Lagoon (also known a the 'Occurrence 2 wetland') to 
the north-west where additional vegetation transects were 
located (see Gurner etal. 1999). At Fraser Lake in March 
1999, when the lake was dry, groundwater was between 
1.5 and 3.4 m below the ground. After the lake filled in 
winter 1999, the lower bores on each transect were 
underwater continuously. Local groundwater was only 1.6 
to 2.2 m below ground level in the upslope bores (Fig. 97), 
suggesting that it was likely to be generally recharging 
with lake-water unless the lake-bed was impermeable. 
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Figure 96. Gauged depth and electrical conductivity at Frase,, Lalu.
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Electrical conductivity of groundwater showed some 
temporal and spatial variation. Prior to the lake filling in 
1999, groundwater conductivity varied from 26 700-
62 900 pS/cm. During flooding in 2000, groundwater 
appeared to become fresher, as a result of either leakage 
of fresh water through lake-bed recharge or infiltration of 
bores, before returning to pre-flooding salinities. 
Groundwater was substantially more saline than lake water, 
however, and there is a high risk ofFraser Lake becoming 
secondarily saline if groundwater rise f-t1rther. At the same 
time groundwater is clearly interacting with a deeper 
paleochanncl of the EJst Mortlock River (CD Walker 
unpublished data), a structure Jlso underlying the adjacent 
'Occurrence 2' wetland (H:imilton-Brown and Blyth 
2000) :ind L-tke Walyormouring, and frequent lake-bed 
recharge may prove to protect the lake from groundwater 
salinity by forcing discharge elsewhere. 

Waterbirds 

Waterbirds wen: monitored in 1998, 1999 Jnd 2000 
(Table 35, Fig. 98 ). In 1998, with water in the dam only,
the wan:rbird fauna was re tricted to Grey Tt:al, Australi:m 
Shelduck, Black-tailed Native Hen and White-faced Ht:ron 
which wt:re present in low abundance. These data were 
not included in tht: monitoring analysis. Species richness 
was greater after the lake re-flooded in 1999 and after 
fi.1rrher llooding in March 2000. Waterbird abundance 
incre.ised toward the end of both the 1999 and 2000 
sampling ye:u, although this probably reAects parricul:u 
patterns of water levels rather than a consistent trend at 
the lake. Grey Teal, Emasian Coor and Pacific Rbck Duck 
were consistently ;1bumbnt :md Pink-cared Duck (212 
individu:11s) and Australian Wood Duck (95 individuab) 
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were numerous in March 2000. The Black-tailed Native
Hen occurred regularly until spring 1999, after which this 
irruptive species was not recorded. 

The waterbird assemblage at Fraser Lake was a mix of 
species typically found in fresh and brackish wetlands. Both 
1999 and 2000 surveys occupied similar positions in the 
ordination (Fig. 99) and represented a different 
community from any of those at the marker wetlands, 
although most similar to Toolibin and Pinjarrega. 

Invertebrates 

A total of73 invertebrate species were collected in October 
1999, of which 41 species ( 56% of the fuuna) were insects, 
12 (16%) were crustaceans and 13 (18%) were rotifr:rs 
(Table 36). Both the water column and benthos of the 
wetland appeared to be species-rich. Planktonic 
crustaceans, particularly the cladoccrans Sirnoccphalus sp. 
and Macrothrix sp. :rnd the copcpods Bocckclta 
triartirnlata and Australocyclops australis had densities 
in excess of l O 000 individuals/sample. Of the insects, 
only some chironomid species and the pdagic hcmiprcr:lll 
Anisops thicncmmmi were numerous(> l 000 individu:.11s/ 
sample). The more spt:cies-rich inset:t groups were 
Chironomidae with 14 species, and I-Iemiptera and 
Odonata with six species each. 

The invcrtebrare community ar Fraser L1ke was very 
simibr to rhat at Yaalup Lagoon (1-<"ig. 100) :rnd abo 
showed similarities with l'aperbark Swamp ( l�ig. I 06) 
rctlccring rht: similar water quality :md filling regime of 
these wetlands. It was a species-rich co11111nt11iry but the 
individual species present arc m 1stly wide.�pn:,1d in fresh 
and brackish w:llcrs of sm1Lh-wcs1cr11 Aus\T:tlia. 
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Figun· 98. W,iw·bird species richness and ab1111d11ncc at FmsLT Lake. 
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TABLE 35 

Waterbird Species and their abundance on eight sampling occasions at Fraser Lake. 

Australasian Grebe 
Australasian Shoveler 
Australian Shelduck 
Australian Wood Duck 
Baillon's Crake 
Black-tailed Native-hen 
Black-winged Stilt 
Blue-billed Duck 
Eurasian Coot 
Grey Teal 
Hardhead 
Hoary-headed Grebe 
Little Black Cormorant 
Little Grassbird 
Little Pied Cormorant 
Musk Duck 
Pacific Black Duck 
Pink-eared Duck 
Swamp Harrier 
White-laced Heron 
Yellow-billed Spoonbill 

AUG-98 

0 

0 

2 
0 
0 

6 
0 

0 

0 
38 

0 

0 
0 

0 
0 
0 
0 
0 
0 
1 
0 

1.0 

AxisJ 

0.0 

-1.0 

NOV-98 

0 

0 

0 
0 
0 

1 
0 

0 

0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
1 
0 

SAMPLING DATE 
SEP-99 OCT-99 MAR-00 

1 0 40 

9 0 8 
2 0 13 
0 15 95 
0 2 0 

20 30 0 

0 0 0 

0 0 2 
69 28 57 

103 78 235 
22 5 17 

0 0 9 

0 0 1 
0 5 0 
0 0 1 
2 1 1 

7 109 
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1 0 2 
1 0 3 
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AUG-00 NOV-00 FEB-01 

3 7 19 
0 0 0 

0 0 0 

0 2 0 
0 0 0 

0 0 0 
0 0 22 
0 0 0 

38 14 50 
5 120 308 
0 2 0 

0 0 0 
0 0 0 
0 1 4 
1 0 0 
0 0 0 

13 29 9 
0 0 0 
1 0 1 
5 6 9 
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Figure 99. 01-dinatinn (SSH) of waterbird species data, showing Fmser Lake from 1999 and 2000 and the five marker J11etlands. 
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TABLE36 

Invertebrate species collected from Fraser lake in the 1998 sampling year. 

TAXA 1998 

Spongillidae ✓ 
Turbellaria ✓ 
Nematoda ✓ 

HYDRAZOA 

Sinantherina cl. (colony) ✓ 

ROTIFERA 

Flosculariidae ✓ 
Brachionus quadridentatus ✓ 

Euchlanis sp. ✓ 
Lecane bu/la ✓ 

Lecane /udwigii ✓ 

Lecane luna ✓ 

Lecane sp. ✓ 

Cepha/odel/a gibba ✓ 

Trichocerca rattus ✓ 

Trichocerca weber/ ✓ 

Trichocerca sp. ✓ 
Trichocercidae ✓ 

GASTROPODA 

Glyptophysa cl. gibbosa ✓ 

OLIGOCHAETA 

Aphanoneura ✓ 

Naididae ✓ 

ACARINA 

Acercella falc,pes ✓ 

CLADOCERA 

Alona rigidicaudis s.l. ✓ 

Pleuroxus sp. ✓ 

Simocephalus sp. ✓ 

Macrothrix sp. ✓ 

OST RACO DA 

Bennelongia barangaroo ✓ 

Cypretta baylyi ✓ 

Cypericercus sa/inus ✓ 

Sarscypridopsis sp. 165 (Bennetts) ✓ 

COPEPODA 

Boeckella triarticu/ata ✓ 

Metacyclops sp. 434 (arnaudi scnsu Sars) ✓ 

Allstralocyclops australis ✓ 

AMPHIPODA 

Austrochillonia sublenuis ✓ 

Paperbark Swamp 

P:ipcrb:1rk Swamp (Fig. I 01) lies within l\1pcrbark Nature 
Reserve ( Res. o. 12900) south-cast of Corri gin ( 32" 24' S 
I J 8" 06'E). This ephemeral fresh wctbnd comprises a 
number of small irregular basins ( 1-1.5 m deep when full) 
thn arc inter.:onnectcd by slightly shallower broad 
.:h:inncls. W:rn.:r is frcquenrly curbid because of rhe clay 
ubstr:1re. urfacc inflow enters at the south end of the 

wnbnd from undefined channels that drain farmland to 
the south :111d south-west. Outflow, if it occurs, empties 
into a saline chain of lakes known collectively as the 
Gendering Lakes, which lie 2-3 km north of the swamp. 

TAXA 1998 

COLEOPTERA 

Allodessus bistrigatus 
Antiporus gilberti ✓ 

Sternopriscus multimacu/atus ✓ 

Megaporus howitti ✓ 

Rhantus sp. ✓ 

Berosus macumbensis ✓ 

Enochrus maculiceps ✓ 

Umnoxenus zelandicus ✓ 

Hydrophilidae ✓ 

DIPTERA 

Anopheles annulipes ✓ 

Cu/ex ( Cu/eX) australicus ✓ 

Stratiomyidae ✓ 

Proc/adius paludicola ✓ 

Ab/abesmyia notabilis ✓ 

Paramerina /evidensis ✓ 

Corynoneura sp. ✓ 

Cricotopus 'parbicinctus' ✓ 

Tanytarsus nr bispinosus ✓ 

Paratanytarsus sp. ✓ 

Chironomus tepperi ✓ 

Chironomus alt. alternans ✓ 

Oicrotendipes conjuncll1s ✓ 

Kiefferu/us intertinctus ✓ 

Kiefferulus martini ✓ 

Polypedi/um nubifer ✓ 

Parachironomus sp. 1 ✓ 

HEMIPTERA 

Microvelia sp. ✓ 

Sa/du/a brevicornis ✓ 

Sigara sp. ✓ 

Agraplocorixa parvipunclalrr ✓ 

Micronecla sp. ✓ 

Anisops thienemanni ✓ 

Anisops bay/ii ✓ 

ODONATA 

/schnura aurora aurora ✓ 

Austrolestes annulosus ✓ 

Austro/estes aridus ✓ 

Hemianax papuensis ✓ 

Diplacodes bipunctata ✓ 

Hemicordulia tau ✓ 

TRICHOPTERA 

Oecetis sp. ✓ 
Triplectides australis ✓ 

There is :i tbm on the bkcbed at the north end where 
surfa.:c water persists fr,r several months alter the 1·est nf' 
the swamp has dried. Vcgct:nion on thl'. southern boun�bry 
of the reserve shows symptom· ofwa1crloggi11g :111d salinity 
stress (Gurner ctn,/. 1999). Vcget;1tion of rhe swJmp is in 
bcrter condition with mature Mclnlmca strolmphylla and 
M. phoidophylla dominating the overstorcy ;me\ forming a
sp:1r c seasonally inundated undcrsmrcy through the crnrre
and southern part of the wctbnd. Ar the northern end,
M. latcrijlom. ;111d M phuidopbyUa grow over an undcrstorcy
that includes Enclr;lnma tomcntosa, A triplex scmibaccata,
Maireana brcvifolia, Grc11illea awaria, Loma11dra cfjiun
and Chenopodium spp.
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Paperbark Swamp has a history of salinity and depth 
measurements, and was included in the monitoring 
program because it is fresh and was known to support an 
intact and diverse invertebrate community. 

Water chemistry and physico-chemica/ 

parameters 

Paperbark Swamp was monitored in 1999. Winter rainfall 
caused inflow and further flooding occurred as a result of 
cyclonic rains in January 2000 (Fig. 102). When full, 
conductivity ranged from 447 to 588 pS/cm and cation 
concentrations exhibited a pattern ofNa>Ca>Mg=K. The 
dominant anion was HCOv which is unusual in the 
Wheatbelt. Turbidity was high ( 1400 NTU) in spring 
1999, the only occasion it was measured. Total phosphorus 
concentrations in the lake were also high (range 110-
615 pg/I). Although samples were passed through a 
0.45 pm filter prior to analysis, it is possible that high 
values are the result of some concamination by phosphorus 
adsorbed to clay particles. Total nitrogen concentrations 
were moderate (range 1600-2650 pg/I). Chlorophyll 
concenb·ations were relatively low despite high phosphorus 
levels, either because most of the phosphorus was 
unavailable or because high turbidity limited the availability 
of light. 

Groundwater 

Monitoring bores were installed on die three vegetation 
transects in 1999. Max.i.J11tm1 depth to groundwater was 
recorded in January 2000 and varied between 3.1 and 
5.7 m depending on location (Fig. 103). After the heavy 
rain in January 2000, groundwater levels rose 13 111 but 

had returned to near pre-flooding levels by spring of that 
year. Electrical conductivity of groundwater showed 
enormous temporal and spatial variation ( 1730-
77 000 µS/cm) depending on whether bores were 
sampling regional grou11dwater, perched freshwater lenses 
or a combination of both. Groundwater was always more 
saline than surface water. 

Waterbirds 

A total of nine species were recorded in 1999, wid1 species 
richness being greatest in autumn after the lake flooded 
extensively (Table 37, Fig. 104). The most abundant 
species was the Grey Teal ( 13-32 individuals), which was 
present on all sampling occasions. In October 1999, 
White-necked Heron were breeding and 14 Nankccn 
Night Heron were recorded in March 2000. Jaensch et al. 

( 1988) recorded one species from a single survey. 
The waterbird community at Paperbark during the 

1999 sampling year was a depauperate one wid1 a mix of 
species, several of which arc more-or-less restricted co fresh 
water. It did not show affinity wid1 any of the marker 
wedands (Fig. 105). 

Invertebrates 

Invertebrates were monitored in spring 1999 and 74 
species were collected (Table 38). Species composition 
was dominated by insects with a total of 39 species (52% 
of the fauna). There were 11 species of beetle, including 
Hyderodes sp., which is typically collected from vegetated 
swamps with turbid or coloured water. Hen1ipterans were 
also well represented (7 species) but the most abundant 
insect species were the dipterans Chironomus tepperi, 

Chirono1nus aff. alternans and Stratiomyidae. A total of 

Fig11re 101. Paperbar/1 Swamp is an ephemeral.freshwater wetland in the Paperbar/1 Nature Reserve. 
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TABLE37 

Waterbird species and their abundance on three sampling occasions at Paperbark Swamp. 

SEP-99 

Australian Wood Duck 4 

Eurasian Coot 0 

Grey Teal 32 
Hoary-headed Grebe 0 

Nankeen Night Heron 0 

Pacific Black Duck 1 

Pink-eared Duck 0 

White-laced Heron 0 

White-necked Heron 0 
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Figim: 105. Ordination (SSH) of waterbird species data, showing PapCJ"bark Swamp from 1999 and che five marker wetlands. 
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Figure 106. Ordination (SSH) of inJJcrtebrate data, showing Papcrbark Swamp in 1999 and four marker wetlands. 

22 species of crustaceans (29% of the fauna) were collected 
and, while not as species-rich as the insects, they were 
numerically dominant with the anostracan Branchinella 
lyriftra and the ostracod Bemu:longia barangaroo both 
recorded at densities in excess of 10 000 individuals/ 
sample. Two species of conchostracans, Lynceus sp. and 
Caenestheriella sp., were also collected in large numbers. 

The invertebrate community at Paperbark Swamp had 
similarities to that at Yaalup Lagoon, although there was 

a stronger freshwater element in the fauna (Fig. 106). 
Paperbark has considerable conservation importance for 
aquatic invertebrates. While many of the species recorded 
are capable of dispersing widely as the wetland dries or 
becomes unsuitable, others such as conchostracans and 
anostracans rely on a dessication-resistant stage to persist 
at Paperbark between filling cycles. These latter species 
would be compromised by changes in the hydrological 
cycle or water quality. 
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TABLE 38 

Invertebrate species collected from Paperbark Swamp in the 1999 sampling year. 

TAXA 1999 

Turbellaria ✓ 

Nematoda ✓ 

ROTIFERA 

Lepadella sp. ✓ 

Lecane sp. ✓ 

Notommatidae ✓ 

Trichocerca sp. ✓ 

GASTROPODA 

Isidore/la sp. ✓ 

OLIGOCHAETA 

Ainudrilus nhama ✓ 
Opisthopora ✓ 

ACARINA 

Eylais sp. ✓ 

Limnesia dentifera ✓ 
Oribatida ✓ 

Trombidioidea ✓ 

ANOSTRACA 

Branchinella tyrifera ✓ 

CONCHOSTRACA 

Caenestherie//a sp. ✓ 

Lynceus sp. ✓ 

CLADOCERA 

Oiaptianosoma sp. ✓ 

Pleuroxus sp. 
Oaphnia carinata 
Daphnia cl. cephalata 
Simocep/Ja/us sp. 

OSTRACODA 

1/yocypris australiensis ✓ 
A/boa worooa ✓ 
Bennelongia barangaroo ✓ 
Candonocypris novaezelandiae ✓ 
Heterocypris tatei 
Cypericercus salinus ✓ 
Sarscypridopsis aculeata ✓ 

COPEPODA 

Boeckella triarticulata ✓ 
Boeckella robusta ✓ 
Calamoecia sp. 342 (ampulla variant) 
Metacyclops sp. 442 (salinarum in Morton) ✓ 

Australocyc/ops australis ✓ 

Coomalbidgup Swamp 

Coo111,1lbidgup Swamp ( Fi g, . I 07) lic.:s wirhin 
Coomalhidgup Nawn: Rc.:snve 45 k111 wc.:st ofEsplTalll:e 
011 rhc.: Sourh Co,1st Highw,1 1 (33" 24'5 121" 21 'E). Oncc.: 
,lll c.:phe1111:r,1l wc.:rbnd with livc.: trec.:s growing ,icross rhc.: 
l,1kc.:-hc.:d, rhc.: swamp h,1s bc.:c.:11 substantially wc.:ttc.:r sinc.:c.: 
1986 owing to run-off from thc.: extc.:nsivc.:ly dc.:arc.:d 
c1t1:hmc.:11r ot 97 km1 to the.: norrh-c.:;1st (Froc.:nd and van 
dc.:r Moe%c.:l 1994 ). Large arc.:;\:; of the original bke 
vc.:gcrarion h,ivc dic.:d, wirh 45% of the trees on the lake
bed dead by 1992 (.Proc.:nd and van dc.:r Moezcl 1994) 
.rnd 100% by 1998 (Ogden and Froend 1998). 

TAXA 1999 

ISOPODA 

Haloniscus searlei ✓ 
Styloniscus sp. ✓ 

COLEOPTERA 

Hyphydrus e/egans 
Allodessus bistrigatus ✓ 
Antiporus gilberti ✓ 

Stemopriscus multimaculatus ✓ 
Lance/es /anceo/atus ✓ 
Hyderodes sp. ✓ 

Eretes australis ✓ 
Berosus approximans ✓ 
Enochrus macu/iceps ✓ 
Umnoxenus zelandicus ✓ 
Hydrophilidae ✓ 

Staphylinidae ✓ 

Scirtidae sp. ✓ 

DIPTERA 

Tipulidae group A ✓ 

Bezzia sp. 2 ✓ 

Culicoides sp. ✓ 

Forcypomyia sp. ✓ 

Tabanidae ✓ 

Stratiomyidae ✓ 

Dolichopodidae sp. A ✓ 

Ephydridae ✓ 

Proc/adius paludico/a ✓ 

Paramerina levidensis ✓ 
Paratimnophyes pullulus ✓ 
Cricotopus brevicomis ✓ 
Tanytarsus sp. A (nr. K10) ✓ 

Chironomus tepperi ✓ 

Chironomus all. alternans ✓ 

Cryptochironomus griseidorsum ✓ 

HEMIPTERA 

Mesoveliidae ✓ 

Sa/du/a brevicornis ✓ 
Agraptocorixa parvipunctata ✓ 
Micronecta robusta ✓ 
Anisops 1/Jienemanni ✓ 
Anisops hyperion ✓ 
Anisops gratus ✓ 

ODONATA 

Austrolestes analis ✓ 
Austrolestes aridus ✓ 

TRICHOPTEAA 

Triplectides australis ✓ 

The bkc.:bc.:d now supports only dead stc.:ms of 
btmlypt11s occidmttilis, Mc/n/,;11cn wtiwillris,111d &mhiti 
Jjn:ciosn. Howc.:vc.:r, distinct thickets 01· E. occidmttiliJ :ind 
/vi. cmimlaris st·c.:dlings have esrablishc.:d ,\round the.: l.lkc 
margin in reccnr yc.:;us, rdkcting srr.rndlinc.:s from llood 
cvc11rs. There.: is no c.: idencc ofrcgc.:nc.:rarion by R. specioJCi, 
pc.:rh:1ps hc.:causc of the lack of tire since floodi11g occurred 
( Ogdc.:n and Froc.:nd 1998 ). 

Coomalbidgup was indudc.:d in the monitoring 
program because of the d1angc.:s in catchment hydrology 
that arc.: currently raking pl. cc.: and the.: opportunity to 
document changes in vegetation, invcrtc.:br:i.tes and 
waterfowl associated with the early stages of salinization. 
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Water chemistry and physico-chemical 

parameters 

Coomalbidgup Swamp was monitored in late winter and 
spring 1999 but was inaccessible in aummn 2000 because 
of flooding after extensive rain in late summer. There was 
a surprisingly large (0.5 m) drop in water level between 
late winter and spring (Fig. 108) while conductivity 
showed little variation (5240-5615 pS/cm). This 
suggested considerable leakage through parts of the lake
bed when lake levels are high. The pattern of cation 
concentrations was Na>Mg>Ca>K, while Cl was the 
dominant anion. Total nitrogen concentration was 
moderately low (1200 pg/I) but Total phospho.rus was 
high (160-190 pg/I). Coomalbidgup contains moderately 
dark water (100 TCU) and high phosphorus 
concentrations are common in such wetlands (Wrigley 
et al. 1988). Chlorophyll levels were low. 

Groundwater 

Monitoring bores were not installed until 2001 because, 
prior to this, vegetation transects were underwater. In some 
areas the g.roundwatcr level was close to the lakebed when 
lake levels were high, suggesting some lateral recharge 
flows out of the lake (Fig. 109). Other bores nearby have 
remained dry even when inside the inundated part of the 
lake. The vegetation transects and monitoring bores are 
located on the south-eastern and north-western sides of 
the swamp and do not give clear information about 

groundwater behaviour. Study of the lake structure 
.indicates that groundwater (and surface water) flows 
through the lake in a north-east to south-west direction. 

Groundwater salinity appears variable, ranging from 
794 to 19 540 pS/cm in samples taken during 2001. This 
again suggests localised recharge of fresher lake water into
portions of the surrounding profile, while salt 
acctum1lation arow1d vegetation root systems has occurred 
elsewhere. 

Waterbirds 

A total of 17 species of waterbird were recorded at 
Coomalbidgup Swamp in 1999. Total abundance was 
greatest in spring (319 individuals) but most species were 
represented by fewer than 10 birds (Table 39, Fig. llO). 
There appears to have been an increase in waterbird use 
of the swamp since 1988-92, when twice-yearly counts of 
ducks, swans and coots recorded a maximum count of 84 
birds ( compared with 248 in spring 1999) and a maximum 
species count of six compared with nine (see Halse et al. 
1994). 

The waterbird community was similar to that recorded 
at Lake Pinjerrcga in the early 1980s (Fig 111 ), reflecting 
the dominance of duck species. There is also some 
similarity between the community composition at 
Coomalbidgup and Fraser Lake (Fig. 99) which is of 
interest given that Coomalbidgup had a relatively constant 
salinity (ca. 5000 pS/cm) at the top end of that observed 
at Fraser Lake. 

Fignre 107. Lake Coornalbidgup was an ephemeral wetland but changing hyhology has increased the period of immdation and 
l1illcd the once don1inant oJJcrstorey of E11calyptm occidwtalis. 
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TABLE 39 
Waterbird species and their abundance on three sampling occasions at Lake Coomalbidgup. 

SAMPLING DATE 
AUG-99 OCT-99 MAR-00 

Australasian Grebe 4 0 0 
Australasian Shoveler 0 2 0 
Black Swan 0 2 0 
Blue-billed Duck 0 1 0 
Chestnut Teal 4 3 0 
Clamorous Reed-Warbler 0 2 0 
Eurasian Coot 119 80 0 
Grey Teal 12 109 0 
Hardhead 2 0 0 
Hoary-headed Grebe 29 56 0 
Little Pied Cormorant 0 8 0 
Musk Duck 7 9 0 
Nankeen Night Heron 0 2 0 
Pacific Black Duck 16 24 0 
Pink-eared Duck 5 18 0 
White-1aced Heron 0 3 0 

Yellow-billed Spoonbill 1 0 0 

A:-:i.s 3 

• Coomolbidgup 

1.5 Iii Althom 

, Toolibin 

J\1,.is I 
,t ?injareeg3 

t Plca.�:i.nl View 
-1.S 

0 Goorly 

Figure 111. Ordination (SSH) of waterbird species data, showing Lake Coomalbidg11p from 1999 and the five marker wetlands. 

Invertebrates 

A total of 67 species were collected in spring 1999 (Table 
40). Insects dominated the fauna with 36 species (53% of 
the fauna) compared with 15 species of crustacean (22%). 
Rotifera were also significant in terms of richness with 10 
species ( 14% ), but were collected in low abundance. The 
most abundant species were crustaceans (two chydorids, 
two ostracods and the amphipod Austrochiitonia 
mbtcnuis), collected at densities in excess of 10 000 
individuals/sample and suggesting some eutrophication 

of the wetland. Insect species were generally collected at 
low abundance except for the chironomids Chironomm 
aff. alternans, Kiefferulus intertinctus, Polypedilttm n11bifer 
and the hemipteran Anisops thicnemanni, which were 
abundant. Eight species of odonates were collected, 
representing the most diverse odonate assemblage in any 
monitored wetland. 

Invertebrate community structure resembled that of 
other freshwater wetlands in the monitoring program, 
lying closest to Yaalup in ordination space (Fig. 112). 
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TABLE 40 

Invertebrate species collected from Lake Coomalbidgup in the 1999 sampling year. 

TAXA 1999 

Hydra sp. ✓ 

Turbellaria ✓ 

Nematoda ✓ 

ROTIFERA 

Rotaria sp. ✓ 

Brachionus angularis ✓ 

Keratella procurva ✓ 

Kera/el/a quadrata 
Euch/anis dilatata ✓ 

Euch/anis sp. ✓ 

Lecane /udwigii ✓ 

Lecane sp. ✓ 

Lecanidae ✓ 

Cephalodella sp. ✓ 

OLIGOCHAETA 

Dero digitata ✓ 

Enchytraeidae ✓ 

ACARINA 

Hydrachna nr. approximata ✓ 

CLADOCERA 

Leydigia sp. ✓ 

Pleuroxus sp. ✓ 

Simocephalus sp. ✓ 

OSTRACODA 

1/yocypris australiensis ✓ 

A/boa worooa ✓ 

Candonocypris novaezelandiae ✓ 
Cypret/a baylyi ✓ 
Sarscypridopsis sp. 165 (Bennetts) ✓ 

COPEPODA 

Boeckella triarticulata ✓ 

Calamoecia sp. 342 (ampulla variant) ✓ 

Mesocyclops brooksi ✓ 

Eucyclops australiensis ✓ 

Paracyclops ?chiltoni ✓ 

Nitocra reduda ✓ 

AMPHIPODA 

Austrochiltonia subtenuis ✓ 

I.Cl 

ll.11 

,I.II 

LS 

1).(1 

1.5 

TAXA 

COLEOPTERA 

Hyphydrus elegans 
Sternopriscus multimaculatus 
Megaporus howitri 
Lance/es lanceo/atus 
Onychohydrus scutellaris 
Berosus australiae 
Hydrophilidae 

DIPTERA 

Anopheles annulipes 
Culicoides sp. 
Nilobezzia sp. 1 
Straliomyidae 
Procladius vil/osimanus 
Paramerina levidensis 
Paralimnophyes pullulus 
Tanytarsus sp. A (nr. K10) 
Chironomus aft. a/temans 
Dicrotendipes pseudoconjunctus 
Kiefferulus intertinctus 
Polypedilum nubifer 
Cladopelma curtivalva 

HEMIPTERA 

Microvelia sp. 

Agraptocorixa eurynome 
Micronecta robusta 
Anisops thienemanni 
Anisops hyperion 

ODONATA 

/schnura aurora aurora 
/schnura heterosticta heterosticta 
Xanthagrion erythroneurum 
Austrolestes analis 
Austro/estes annu/osus 
Austro/estes io 
Hemianax papuensis 
Hemicordulia tau 

TRICHOPTERA 

Natalina spira 
Oecetis sp. 
Trip/ectides australis 

• CoomalhlJgup 

1.5 l!I Noobiju� 

-, Carnpion 

Axh I Y:.mlup 

t Parkcycrrin& 

D.J. Cale et al. 

1999 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 
✓ 

✓ 

✓ 

✓ 
✓ 
✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

Figure 112. Ordination (SSH) of ini,crtcbrate data, showing Lake Coomalbidgup in 1999 and four marker wetlands.
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Yaalup Lagoon 

Situated in an un- narned Nature Reserve ( Res . No. 36967 ) 
2 5  km north-cast  of O n gerup ( 33"  45 1 S us� 34 'E ),
Yaa lu p Lagoon is sma l l  ( 1 5 . 7  ha ) , fresh and semi 
permanent ( H alse et al. 1 99 3 b ) . The we t land basin 
(Fig. 1 1 3 ) is shal low with an undulating bed of sandy clays 
and, after heavy ra i n , floods beyond the wetland boundary 
i nto smrouncting Eucalytj_ms occidcntalis woodland . Water 
is freq uently tu rb.id because of the c lay su bstrate: .  The 
surrat rnd i ng catchment i c leared for farming except within 
the Reserve 36967 and a large adjacent natnre reserve to 
the south -west , where the vegetation is in good condition 
( though see comments in groundwater section ). The lake 
fil ls from a poorly defined channel that enters the lagoon. 
from the south-west. 

Less than one third of the h1ke area is open water. The 
remainder comprises a closed woodland dominated by 
E. occidentalis with scattered dense thickets of Melaleuca
rtrobophJ•lla (Gurner et al. 2000 ) . The understorey is sparse
and includes Atriple.x sp . and Centipeda rnin irna. Yaa lup
Lagoon has been depth - gauged since 1 982 ( L·rne and
Munro 198 3 ) , provid i ng  a long histor)r of depth records.
Similarly, there arc some historical records of waterbirds 
that su ggest the l ake supports a moderate number of 
species at low abundance ( Jaensch et al. 1 988 ). The lake 
was i ncl uded in the monicoring program as an example of 
a fresh wetland in which ecological condition is L ikely to 
decline in the short term. 

Water chemistry and physico-chemical 
parameters 

Yaalup Lagoon was moni tored in I 999.  Water l evel 
dropped only 10 cm between late winter and spring 1 999 
and then i ncreased as a result of au tumn rnins to reach a 
maximum depth of 1 .62 m i n  March 2000 ( Fig. 1 14) . 
E l e c t r i c a l  c o n d u c t ivi ty i nd i c a te d  fresh  condi tions 

throughout the year (range 68 3-1 1 92 pS/cm) . Cation 
c o nce n tra t i o ns e x h i b i t e d  the  c o m m o n  p a t tern 
Na>Ca> Mg> K and  H CO1 was the dominant au.ion . In  
spring 1 999 , the water \Vas both turbid ( 850 TU) and
coloured ( 390 TCU). Chlorophyl l  levels were moderately 
low in both winter and spring of 1 999 but  in autumn 
2000 they increased to  79 pg/I indicating high levels of 
algal production . Tota.I phosphorus concentrations were 
consistently h i gh ( ran ge 1 40-540 p g/I ) , but  Total
ni trogen concentrations were moderate ( range 3 1 00-
3200 pg/I ) . 

Groundwater 

Moni tori ng bores we re insrn l l ed on both vege tat ion 
transects in 1 999 and monitoring commenced in Apri l 
2 0 0 0  w h e n  the  l agoon was  re c e n tly flo o d ed a n d  
groundwater was shal low ( ra nge 1 .28-2 .60 m) compared 
wi th April 2001 (2 .67-2 .99 rn ) (Fig. 1 1 5 ) . Groundwater 
was sal ine but showed some spatial and tem poral variation 
( 3 3  400-63 300 pS/cm ), with lowest values recorded in
September 2000 . Grou ndwater was always su bstantial ly 
more sali ne than surfuce water and the lagoon would be 
threatened by rising groundwater. Some recent tree deaths 
on the eastern margin of the rese rve and in adjacent 
farm land are probably a fore-warning of broader-sca l e 
deaths i n  the reserve and wetland. 

Waterbirds 

Seven species of waterbird were recorded from Yaalu p 
Lagoon during moniroring (Table 4 1 , Fig. 1 1 6 ) with a 
maximum abundance of 60 birds in March 2000 . This is 
a substantially smaller fauna than the 18 species recorded 
in 24 surveys between 198 1 and 1 9 8 5  ( Jaensch et al. 
1988 ) .  The discrcpanq, is probably part ly the resu l t  of 
fewer surveys during the moni toring program ,  but higher 
water levels d uri ng 1 984 would have contri buted to more 
species in the early 1 980s . 

. ,. 

Figiwc 1 1 3. Yaalttp Lagoon is c,, sewi-pcrmcnant fi'eshJ11atcr wetland sun-oimded by Eiicalyptus occidentalis. 
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TABLE 41 
Waterbird species and their abundance on three sampling occasions at Yaalup Lagoon. 

Australian Shelduck 
Australian Wood Duck 
Chestnut Teal 
Eurasian Coot 
Grey Teal 
Pacilic Black Duck 
White-faced Heron 

AUG-99 

1.0 

Axt� J 

0,0 

0 
2 

11 
0 

43 
2 
0 

SAMPLING DATE 
OCT-99 

' . 

t).O 
Axi.� 2 

1 
3 
0 
0 

16 
2 
0 

1- ! 
I I ' 

LS 
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Figure 117. Ordination (PCR) of waterbird species data from Yaalup Lagoon, showing historical and monitoring data for 
Yaalup Lagoon and data Jo,· six marker wetlands. 
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Figure 118. Ordination (SSH) of invertebmte data, showing Yaalup Lagoon in 1999 and three marker wetlands. 

The waterbird community recorded at Yaalup was an fauna). Diptera were particularly rich with 15 species of 
unusual one. Species richness was low and all species were Chironomidae and six other Diptera. Coleoptera were also 
ubiquitous (i.e. found at most sites). Yaalup was quite diverse with 11 species from the familjes HydrophiJidae 
distinct from the marker wetlands, both in 1999 and and Dytiscidae. There were l 3 species of Rotifera and 24 
historical surveys (Fig. 117). The waterbird community species of crustaceans. The occurrence of the rotifer 
recorded in 1999 fitted within historical variation, which Trichocerca tigris was the first time the species has been 
was considerable. recorded in Western Australia. 

Invertebrates 

A total of 93 invertebrate species were collected when 
Yaalup was monitored in October 1999 (Table 42). Species 
richness was dominated by insects ( 48 species, 51 % of 

The invertebrate community of Yaalup was distinct 
from other marker wetlands (Fig. 118), aJthough similar 
to that in other small fresh or brackish basin wetlands, 
such as Blue Gum Swamp (Fig. 61), Fraser Lake (Fig. 100) 
and Lake Coomalbidgup (Fig. l 12). 



110 D.J. Cale et al. 

TABLE42 

Invertebrate species collected from Yaalup Lagoon in the 1999 sampling year. 

TAXA 1999 TAXA 1999 

Spongillidae ✓ DECAPODA 
Temnosewe/lia minor 
Nematoda ✓ 

Cherax destructor ✓ 

ROTIFERA 
COLEOPTERA 

Testudinella patina ✓ 
Hyphydrus elegans ✓ 

Brachionus quadridentarus ✓ 
Allodessus bistrigatus ✓ 

Keratella quadrata ✓ 
Anliporus gilberti ✓ 

Lepadel/a cl. patella ✓ 
Sternopriscus mullimaculatus ✓ 

Euchlanis dilatata ✓ 
Megaporus howitli ✓ 

Ascomorpha sa!tans ✓ 
Lancetes lanceolatus ✓ 

Lecane ludwigii ✓ 
Onyc/Jo/Jydrus scute/laris ✓ 

Lecane sp. ✓ 
Berosus macumbensis ✓ 

Cephalodella gibba ✓ 
Paranacaena littoralis ✓ 

Polyarl/1ra dolichoptera ✓ 
Enochrus maculiceps ✓ 

Tric/Jocerca rallus ✓ 
Limnoxenus zelandicus ✓ 

Tric/1ocerca simi/is ✓ DIPTERA 
Trichocerca tigris ✓ Monohelea sp. ✓ 

GASTROPODA Nilobezzia sp. 2 ✓ 

Isidore/la sp. ✓ 
Psychodinae sp. 2 ✓ 

Psychodinae sp. 3 

OLIGOCHAETA Tabanidae ✓ 

Dero digitata ✓ 
Stratiomyidae ✓ 

Coelopynia pruinosa 

ACARINA Procladius paludicola ✓ 

Acercella falcipes ✓ 
Procladius villosimanus ✓ 

Oribatida ✓ 
Ablabesmyia notabilis ✓ 

Mesosligmata ✓ 
Paramerina levidensis ✓ 
Paralimnophyes pullulus 

ANOSTRACA Tanytarsus nr bispinosus ✓ 

Branchinel/a /yrifera ✓ 
Chironomus aft. altemans ✓ 

Dicrotendipes conjunctus 
CLADOCERA Dicrotendipes jobetus ✓ 

Alona rigidicaudis s.l. ✓
Kiefferulus martini ✓ 

Alona sp. ✓
Polypedilum 1111bifer ✓ 

Alona nr. affinis ✓ 
Cryptochironomus griseidorsum ✓ 

Leydigia sp. ✓
Cladopelma curtivalva ✓ 

Pleuroxus sp. ✓
Paracilironomus sp. 1 ✓ 

Rak sp. nov. b (Venemores) ✓
Tasmanocoenis lillyardi ✓ 

Simocephalus sp. ✓ HEMIPTEAA 
Macrothrlx sp. 
Neothrix sp. ✓

Sigara sp. ✓ 

Agraptocorixa parvipunctata 

OSTRACODA Micronecta sp. ✓ 

Limnocythere mowbrayensis ✓ Anisops 1/Jienemanni ✓ 

llyocypris australiensis ✓ Anisops hyperion ✓ 

A/boa worooa ✓ Anisops gratus ✓ 

Cypret/a baylyi ✓ NEUROPTEAA 
llyodromus sp. 
Sarscypridopsis aculeata ✓

Sisyra sp. ✓ 

COPEPODA 
ODONATA 

Boeckefla triarticulata ✓
Xanl/Jagrion erythroneurum ✓ 

Ca/amoecia sp. 342 (ampulla variant) ✓
Atistrolestes annulosus ✓ 

Microcyclops varicans ✓ 
Australes/es aridus ✓ 

Mesocyclops brooksi ✓ 
Hemianax papuensis ✓ 

Canthocamptidae sp. 4 ✓
Hemicordulia /au ✓ 

Nitocra reducta ✓ TRICHOPTERA 

AMPHIPODA Ecnomus pansus/turgidus ✓ 

Austrochiltonia subtenuis ✓ 
Oecetis sp. 
Tripleclides ausrralis ✓ 
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Lake Parkeyerring 

Lake Parkeycrring (Fig. 119) is a large (322 ha) semi
permanent, secondarily saline wetland located 7 km south 
ofWagin in the Parkcyerring Nature Reserve (33° 22'S 
117° 20'E). It is part of a chain of salt lakes forming the 
headwaters of the Coblinine River. The lake fills from 
inflow channels on the southern (Little Lake Parkeyerring) 
and south-western ( draining a western sub-catchment) 
sides of the lake. There is shore seepage directly into the 
wetland from shallow soils and rocky outcrops to the west 
of the lake. The major outflow is tl1rough a channel on 
the nortl1-east shore which empties into the Coblinine 
River. The majority of the Parkcyerring catchment is 
cleared for agriCLllture and the lake has been secondarily 
saline since tl1e 1950s or earlier. 

A narrow belt of terrestrial vegetation, comprising 
fatcalyptus loxophleba over Acacia acuminata, occurs on 
the eastern side of Lake Parkcyerring. Cmuarina obesa 
grows as a narrow band around the perimeter of the lake 
and forms a healthy woodland on the western bank and 
occurs over Melaleitca halmaturontm on the northern 
bank, above the high water mark (Gurner et al. 2000). 
Samphire, mostly Halosarcia lepidospenna and Sarcornia 
sp., grows on the low-lying margins of the lake. 

Waterbird surveys between 1981 and 1985 showed 
the lake supported a high abundance of birds, although 
species riclmess was only moderate and few species bred 
(Jaensch et al. 1988). The lake was selected for monitoring 
because it has a long record of depth and salinity data, has 
significant value for some waterbird sµccies, and was 
regarded as a secondarily saline wetland where biological 
changes had stabilised. 

Water chemistry and physico-chemical 

parameters 

L'll<e Parkeyerring was monitored in late winter and spring 
1999 but was dry in March 2000. Lake depth was greatest 
in spring (0.86 m) and at this time, conductivity was 
102 500 µS/cm (Fig. 120). Lake pH was neuu-al-alkaline, 
Total nitrogen and phosphorus concentrations were 
moderate (4800-5450 µg/l and 40 µg/1, respectively) 
and chlorophyll concentrations were relatively low. 

Parkeyerring was relatively shallow during 1999 and 
it is difficult to compare salinities (and salt loads) across 
time using data derived from partial inflow events. 
Nevertheless, there does appear to have been an increase 
in salinities since 1981 when a similar volume of inflow 
resulted in a salinity of about 35 000 µS/cm (see Fig. 29 
in Lane and Mumo 1983). The increase may be principally 
a reflection of the lack of large floods, and subsequent 
flushing, in recent years. 

Groundwater 

Monitoring bores were established on both vegetation 
transects and monitored from early 2000. The watertable 
is shallow and intersects with the bed of the lake in winter 
( even in stm1mer the watcrtable is in contact with the lake
bed) (Fig. 121 ). Groundwater was substantially less saline 
than water in the lake (20 870-60 900 vs 101 600-
102 500 µS/cm), which suggests salt has been 
accumulating in the lake sediments. Groundwater was 
generally more saline at tl1e northern end of the lake than 
on the western side. An isolated low conductivity reading 
( 5900 µS /cm) in the upper part of vegetation traoseet l in 

Figure 119. Lalu Padwyerring is a lat;ge, secondarily saline wetland with a fringing band of 1>egetation. 
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July 2000 sui;sests the existence of localised perched 
aquifers around the western flank of the lake that form , s 
a result of recharge of run-off :ifi:er rainfall. Discharge from 
the e aquifers may provide a source of fresh water for 
breeding waterbirds. 

Waterbirds 

Ten species of waterbirds were recordl:d in 1999. Thl: 
community wa. domin;tted by salt-tokranr species such 
as the Australian Shclduck and B:inded tilt ("fable 43 
Fig. 122). Abundances of these specie were high. The 
lake supported a comp::ir�tivcly large population of Silver 
Gulls (given its salinity), which wa likely a reflection of 
its proximity to the Wagin w:iste disposal site. 

Jaensch ct al. (1988) rcrnrded 17 species during 10 
surveys between 1981 and 1985, when the lake contained 
substantially more water and was less saline. Silver Gulls 
were common during the earlier surveys. Comparison of 
the 1999 count with waterfowl counts between 1988 and 
1992 (Halse et al. 1994) revealed no obvious changes, 
other than attributable to annual rainfall. Parkeyerring has 

a w:lterbird community typical of that of a second:irily 
saline lake with high salt levels ( Fig.123 ). 

Invertebrates 

The invertebrate f;iuna of Lake P:irkeyerring w:1s 
mo11it0red in October 1999. Only 10 species were 
collected, six of which were crust:icc:ins (Table 44). The 
ostracods A11stmlocypris i11mlaris, DiacyjJrir cumpa.cta and 
Plnt_ycyJffiS {,a11eri were 11un1erically domin:inr. Three 
species of inseds were colkcted, with he bcetk 
Necterusmnn peuicillatus and midge Tanytarms sp. being 
typical of :ilinc w:1ters while the beetle ParMter sp. 2 
appears to be undcscribed (CHS Watts", personal 
communication). 

The invertebrate community in Parkeyerring was 
distinct from other marker wetlands and was judged to be 
that of a very S:llinc wetl:ind with secondary salinisation 
(Fig. 124). It was used as :i marker wetl:ind in the study 
for this rc:ison. 

4. C.H.S. Watts, S""rl, Amtmlin.>1 Musrnm, Addnidc,S.A. 
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Figure 122. Waterbird species richness and nbtmdance at Lake Parkeyerring. 

TABLE 43 

Waterbird species and their abundance on three sampling occasions at Lake Parkeyerring. 

Australian Shelduck 
Banded Stilt 
Black Swan 
Black-winged Stilt 
Curlew Sandpiper 
Eurasian Coot 
Grey Teal 
Hooded Plover 
Pacific Black Duck 
Pink-eared Duck 
Red-capped Plover 
Red-necked Stint 
Silver Gull 
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Fig tire 123. O,·dinntion (SSH) of waterbird species data, showing Lake Parkcyerring from 1999 and the five marker wetlands. 
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TABLE44 

Invertebrate species collected from Lake Parkeyerring in the 1999 sampling year. 

TAXA 1999 

GASTROPODA 

Coxiella sp. ✓ 

OST RAC ODA 

Ausrra/ocypris insu/aris ✓ 

Diacypris compacta ✓ 

Platycypris baueri ✓ 

COPEPODA 

Calamoecia clitellata ✓ 

Meracyc/ops arnaudi (sensu Kieffer) ✓ 

1.5 

II.I) l 
-1.0 

15 t 

11.<1 

TAXA 

lSOPODA 

Haloniscus searlei 

COLEOPTERA 

Parosrer sp. 2 (Parkeyerring) 
Necterosoma penicillatus 

D\PTERA 

Tanytarsus sp. 

ll,O 
Axi:i.: I 

15 

• l',1r�cy1.:m11,g 
• oohijup 

,- Counrion 
Yaalup 

1999 

✓ 

✓ 

✓ 

✓ 

Figure J 24. Ordination (SSH) of i1J11crtcbratc data, sh11111ing Lah l'arh-ycrring in 1999 and thr,;c mar!.cr Jl!ctlands. 

Lake Pleasant View 

Lake Pkasant View (Fig. 125) is a moderately large, 
freshwater sedge lake 35 km north cast of Albany ( 34" 
SO'S 118° 11 'E). Most of the lake supports dense stands 
or various sedge species. The amount of open water is 
variable: Halse ct al.( 1993b) reported< 0.1 'Yo of the lake's 
20 l ha area being open water whcre:is 75% was estimated 
to be open water in 1985-86 ( D Cale personal 
observation). During the monitoring period open water 
was estimated t0 comprise 5% of the lakes area (wetted 
area). H:.lse ctal.(1993b) listed the bke as seasonal based 
on long-term data collected by JAK Lane but depth 
remained >0.75 m between l 979 and 1983 (Lane and 
Mllnro 1983). The lake lie within the 600-700 mm 
rainfall region and most lake water would appear to be 
derived from direct precipitation and groundwater, 
additional inflows occur from winter-wet flats to the north 
and a gneiss outcrop to the south. The lake has been depth
gauged since 1979. 

Gurner ct al. (2000) described the sedge communities 
of the lake, which arc dominated by Gahnia sp. and, 
particularly in the centre, include stands of Ba,.tmca 
articulata and B. n1bigi1111sa. At the edge of the wetland 
Rcstio sp., l,cpidospenna ten11c, Shocnussp., Baumca juncca 
and Lyginia barbata occur in a mosaic. Above high water, 
they arc n:placcd by a Mcfolrnca c1-tticularif shrubland or 
jarrah/marri woodland. 

J:.cnsch ct al. ( 1988) recorded 24 waterbird species 
during 29 surveys between 1981 and 1985. Both 
Austr.dasian Bitterns and Little Bitterns were recorded 
breeding. The lake was selected for monitoring bec1us<: 
of its .:xtcnsive and diverse sedge communities, import�rncc 
to bitterns, a perceived hydrological threat to the lake 
from surrounding farmland, and the availability of long
term waterbird and depth data. 
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Water chemistry and physico-chemical 

parameters 

Water depth remained relatively constant through the 
1999 sampling year, ranging from 0.92 m in August to 
0.6 m in March (Fig. 126). Lake water was fresh (1210-
1668 pS/cm) with cation ratios showing that calcium 
concentrations were comparatively low Na>Mg>Ca=K. 
Chloride was the dominant anion. 

Nutrient levels were low with Total phosphorous at 
the limit of detection (5 pg/I) and Total nitrogen 
1200 pg/! on all sampling occasions. Lake ,vate;:r pH was 
circum-neutral and algal production (as measured by 
concentration of chlorophyll) was low throughout 1999. 
Oxygen saturation was low (m. 60%) in October and 
March as a result of the high oxygen demand of senescent 
and decaying sedge material. 

Groundwater 

Monitoring bores were established on each of the four 
vegetation transects and monitoring began in early 2000 
(Fig. 127). Depth to groundwater in the bores closest to 
the lake (transect 4) suggested that groundwater and the 
wetland are interacting throughout most years. 
Conductivity measurements indicated that the shallow 
groundwater under the lake is slightly more saline than 
lake water (940-3040 pS/cm) and that lake water 
represents a mix of groundwater and rainfall. However, 
the upslope bore on transect 2 on the north side of the 
wetland contained substantially more saline water 
(18 140-28 000 pS/cm). At this stage, the more saline 
groundwater is possibly best characterised a s  an 

accumulation of salts around the root system of local 
vegetation. Future observations of growth of this pocket 
of groundwater may indicate a more saline aquifer fringing 
the lake with some potential for salinisation at Lake 
Pleasant View. 

Waterbirds 

A total of 14 species were recorded during the 1999 
monitoring year (Table 45, Fig. 128). Five species were 
recorded in all surveys: Purple Swamphen, Swamp Harrier, 
Little Grassbird, Musk Duck and Australasian Bittern. The 
Purple Swamphcn was the most abundant bird in the 
winter and sp1ing surveys but ranked second behind the 
Australian White Ibis (61 birds) in autumn. The highest 
count for a single species recorded by J aensch ct al. ( 1988) 
in 29 surveys between 1981 and 1985 was a count of 60 
Straw-necked Ibis. J aensch et al. ( 1988) recorded 24 
species, but annual species richness in the 1980s was 
similar (range 11-17 species) to 1999 and all species 
recorded in larger numbers in the 1980s were present in 
1999. 

The waterbird community at Lake Pleasant View had 
a strong scdge-wctla11d clement (although many such 
wetlands support fewer species) and was distinct from 
other marker wetlands (Fig. 129). Waterbird community 
structure was similar in the l 980s and 1999. 

Invertebrates 

The invertebrate fauna of Lake Pleasant View was 
monitored in spring 1999 and was the richest collected 
from any monitoring wetland with 136 species (Table 46 ). 

Figure 125. Lake Pleasant Vie)IJ is a fresh)l}ate1· sedge swamp near the south coast of Westen, Australia. 
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[nsects accounted for 40% of the faun:1 (55 species), 
crustaceans 27% ( 37 species) and rotifcrs 20% (27 specits). 
AbLtnd:utces ,verc very low wirh < 100 individuals f-<:>r most 
specits. This low abundance partly explains why only 57 
species (42% ofrhe fauna) occurred in s:implcs from borh 
sub-sites, although the number of species collected at each 
sub-site was simil:ir (96 and 103 species). Ostracods were 
the most numerous anim:ils and, with 19 species, 
represented :i significant proportion of the total 
biodiversity. Cladocerans were represented by eight species 

wirh a general south-western distribution (sec Storey ct al.

1993 ). All insect orders were represented by a diverse array 
of specie , including six species of Trichoptern, which is 
:rn unusually high richness for a Western Australian 
wetl:rnd. Dipter:rns were represented by 18 species, 
including 11 species of chironomids. 

The invenebrare community at Pleasant View 
exhibited a similar composition to that of Noobijup 

wamp, another sedge wetland (Fig. l 30). 
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Figure 128. Waterbii-d species richness and ab1mdance at Lake Pleasant View. 

TABLE 45 
Waterbird species and their abundance on three sampling occasions at Lake Pleasant View. 

SAMPLING DATE 
AUG-99 OCT-99 MAR·00 

Australasian Billern , 2 2 

Australian Shelduck 4 2 0 

Australian White Ibis 0 0 61 

Baillon's Crake 0 1 0 

Clamorous Reed-Warbler 2 4 0 

Dusky Moorhen 1 0 0 

Little Grassbird 2 7 10 

Musk Duck 9 3 1 

Pacific Black Duck 7 0 2 

Purple Swarnphen 13 14 27 

Spotless Crake 0 0 5 

Swamp Harrier 2 1 

White-faced Heron 0 2 1 

Yellow-billed Spoonbill 0 0 
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Figiire 129. 01·dinati011 (PCR) of wate1-bird species dnta from La/le Pleamnt View, showing historical and monitoring data for 

Lake Pleasant View and data fm· six nzm·ker wet/ands. 
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TABLE46 

Invertebrate species collected from Lake Pleasant View in the 1999 sampling year. 

TAXA 1999 TAXA 1999 

Spongillidae ✓ Bennelongia aus/ralis ✓ 
Turbellaria ✓ Bennelongia barangaroo ✓ 
Nemertini ✓ Cyprelta sp. 587 ✓ 

Nematoda ✓ Cyprinotus edwardi ✓ 

Diacypris compacta ✓ 
ROTIFERA Heterocypris sp. ✓ 

Ro/aria sp. ✓ Mytilocypris tasmanica chapmani ✓ 
Testudine//a cf. amphora ✓ Reticyprus walbu ✓ 

Testudineltidae ✓ Reticypris sp. ✓ 

Asplanchna sp. ✓ Cypericercus sp. ✓ 

Asplanchnopus mulliceps ✓ Lacrimicypris lwmpar ✓ 
Brachionus sp. ✓ Pla/ycypris baueri ✓ 
Keratefla javana ✓ Newnhamia sp. 295 ✓ 

Keratella procurva ✓ Kennethia sp. 670 ✓ 

P/atyias quadricornis ✓ 
Euch/anis di/a/ala ✓ COPEPODA 

Euchlanis sp. ✓ Catamoecia attenuata ✓ 
Lecane bu/la ✓ Calamoecia tasmanica suba/lenuara ✓ 
Lecane ludwign ✓ Microcyclops varicans ✓ 
Lecane lunaris ✓ Macrocyclops a/bidus ✓ 
Lecane quadridentata ✓ Mesocyclops brooksi ✓ 
Lecane signilera ✓ Canthocamptus australicus ✓ 
Lecane sp. ✓ Harpacticoida sp. 2 ✓ 

Mylilinidae ✓ 

Monommata sp. ✓ AMPHIPODA 

Monommata sp. A ✓ Ausrrochiltonia sub/enuis ✓ 
Notommalidae ✓ Perthia branchialis ✓ 
Tricilocerca bicrisrara ✓ 
Trichocerca rat/us ✓ DECAPODA 

Tiic/Jocerca sp. ✓ Cherax quinquecarinatus ✓ 
Trichocercidae ✓ 

COLEOPTERA Trichotriidae ✓ 

Scaridium bostjani ✓ Haliplus sp. ✓ 

Hygrobia sp. 
GASTROPODA Uvarus pictipes ✓ 
Ferl'issia petterdi ✓ Allodessus bistrigatvs ✓ 
Glyptophysa cf. gibbosa ✓ Srernopriscus browni ✓ 

Megaporus howitri 
HIRUDINEA Megaporus solidus ✓ 
Placobdelloides sp. ✓ Rhantus sururalis ✓ 

Lance/es lanceolarus ✓ 
OLIGOCHAETA Spencerhydrus pulc/1el/us ✓ 
lnsutodrilus bifidus ✓ Enochrus eyrensis ✓ 

Tubificidae ✓ Limnoxenus zelandicus ✓ 
Dero furcata ✓ Paracymus pygmaeus ✓ 
Pristina longisera ✓ Hydrophilidae ✓ 

Chaetogas/er diaphanus ✓ Scirtidae sp. ✓ 

ACARINA DIPTERA 

Limnochares australica ✓ Aedes sp. ✓ 

Oxus australicus ✓ Cu/ex /atus ✓ 
Pezidae ✓ Cu/ex (Neoculex) sp. 1 ✓ 

Oribalida ✓ Coquillettidia linealis ✓ 
Mesostigmata ✓ Bezzia sp. 1 ✓ 

Clino/Jelea sp. ✓ 
CLADOCERA 

Tabanidae ✓ 

Alona sp. ✓ Procladius paludicola ✓ 
Alona nr. aflinis ✓ Ablabesmyia notabilis ✓ 
Alone/la sp. ✓ Paramerina levidensis ✓ 
Cliydorus sp. ✓ Corynoneura sp. ✓ 

Grap/oleberis sp. ✓ Compterosmirtia? sp. A ✓ 

Scapholeberis cf. kingi ✓ Limnophyes sp. A ✓ 

Simocephalus sp. ✓ Tany/arsus nr bispinosus ✓ 

Macrothrix sp. ✓ Chironomus occidentalis ✓ 

OSTRACODA 
Dicrolendipes conjunctus ✓ 
C/adopelma curtivalva ✓ 

Gompl1odella aft. maia ✓ Parachironomus sp. 1 ✓ 
Limnocythere sp. 447 ✓ 

Candonopsis tenuis ✓ EPHEMEROPTERA 

A/boa sp. ✓ C/oeon sp. ✓ 

Australocypris sp. ✓ 
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TABLE 46 (continued) 
Invertebrate species collected from Lake Pleasant View in the 1999 sampling year. 

TAXA 1999 TAXA 1999 

HEMIPTERA Austro/estes annulosus ✓ 

✓ Austrolestes psyche ✓ Hydrometra sp. 
Aeshna brevistyla ✓ Microvelia sp. ✓ 

Sa/du/asp. ✓ Agrionoptera insignis al/ogenes ✓ 

Diaprepocoris sp. ✓ Procordu/ia affinis ✓ 

Anisops hyperion ✓ TRICHOPTERA 
Anisops elstoni ✓ 

Hellyethira litua ✓ Paranisops endymion ✓ 
Ecnomina F group sp. AV18 ✓ Paraplea brunni ✓ 
Ecnomina F group sp. AV16 ✓ 

ODONATA Ecnomina F group sp. AV20 ✓ 

Austroagrion coeruleum ✓ Notoperata tenax ✓ 

Austrolestes analis ✓ Oecetis sp. ✓ 

1.0 
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t Campion 

� Yaolup 
-1.5 t Porkcyerring 

Figim: 130. 01·dinatirm (SSH) of invcrtcbnite data, showing Lake Pleasant View in 1999 and fonr marker wetlands. 

Lake Ronnerup 

Lying within the Dunn Rock Nature Reserve (No 36445; 
33" 15'5 119" 37'E), Lake Ronnerup is an ephemeral, 
naturally saline wetland (Fig. 13 l ). The lake is fbc
bottomed wid1 a relatively steep shoreline. On the south
eastern shore, there is a series of dunes and swales 
associated with the lake and these flood during major 
inflow events. Gurner et al. (2000) cated that water enters 
the lake from ephemeral channels originating near Lake 
King to the north-west. However, it is more commonly 
accepted that flow comes from the south-west through a 
channel connected to Bennett's Lake. Ronnerup and 
Bennett's lie very dose to the South Coast Watershed, 
which divides drain:1ge lines of the Yilgarn System from 
those of the south coast (Beard 1999), and there is 
confusion about whether they are at the top of the Camms 
River catchment or part of the Lake King catchment. 

The vegetation of Lake Ronnerup is restricted to areas 
well above the usual highwater mark. Sparse low Eucalyptus 
occidentatis woodland, with an understorey of Gahnia 
trifida, Atdplex vesicaria and Chenopodium sp., 
interspersed with shrublands comprising Santalum 

m1'rrayanum, Acacia saligna, Olearia axillaris, Rhagodia 
drmnmondi and Lomandra effusa. Melalrnca cutirnlaris 
forms low thickets in some low-lying areas (Gurner et al. 
2000). 

Water chemistry and physico-chemical 
parameters 

L:1ke Ronnerup was monitored in the 1999 sampling year 
and in late winter and spring contained very little water 
(0.12 and 0.05 m, respectively) (Fig. 132). In March 2000,
however, the lake filled to a depth of approximately 2 m 
(gauge was not yet installed), flooding into the 
surrounding dune swales and greatly increasing the area 
of inundated wetland. In October 1999, the lake had a 
conductivity of 220 000 pS/cm, but this fell to 
73 500 µ5/cm after filling. Calcium levels were relatively 
low with the cationic pattern being Na>Mg>l<>Ca while 
Cl was the dominant anion. Lake water was neutral-alkaline 
with relatively low nutrient levels (Total nitrogen 
2800 pg/I and Total phosphorus 50 µg/1). Chlorophyll 
concentrations were low. 
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Groundwater 

Monitoring bores were not established until 2001 because 
of extensive flooding of th· vegemtion transects in 2000. 
Groundwater was close to Lhe surface (l�ig. 133) and 
intersl.'.cted with l'hl.'. lloc>r nfrhe Like. Lake w;lter w:u; more 
saline than groundwarl.'.r, even when the l.1ke was fully 
flooded (73 500 i1s 16 190-48 800 pS/cm ), be<.:ausc of 
tht.: .Kcumulation of salr in lake sediments. 
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Waterbirds 

Only frn1r waterbird species were recorded in late winter 
and spring 1999, but then:, as a dramatic ch;.1ngc in the 
community by March 2000, afi:cr rhc lake h,1d flooded. 
Au-his time 16 spcci1:,� were recortkd includi11g Blue-billed 
Ducks, Bai lion's Cr·.,k<.: and Australi.111 Spottec Crakes 
(T1blc 47, J:<ig. 134 ). Grey Teal were breeding prolifically. 
The mixed hydrological condition at Ronnerup (and 
resulting unusual combination of species) meant that the 
communit)' occupied ,1 c<.:ntt·,11 posirion in ordination space 
relative ro marker werl.111ds ( Fig. 135 ). Usually th 1: 
communiry would he expe<.:t<.:d n, bc mor1: like that of 
I ,akc Altham. 
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TABLE 47 

Waterbird species and their abundance on three sampling occasions at Lake Ronnerup. 

Australasian Shoveler 
Australian Shelduck 
Australian Spotted Crake 
Australian Wood Duck 
Baillon's Crake 
Banded Still 
Blue-billed Duck 
Chestnut Teal 
Eurasian Coot 
Grey Teal 
Hoary-headed Grebe 
Hooded Plover 
Little Pied Cormorant 
Musk Duck 
Nankeen Night Heron 
Pacific Black Duck 
Pink-eared Duck 
Red-capped Plover 
While-laced Heron 
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Figure 134. Waterbird s-pecies richnes, and nb1mdance at Lake Ronnerup. 
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Invertebrates 

Invertebrates were monitored in spring 1999 before the 
lake filled (Table 48). The invertebrate fauna was 
depauperate with only eight species collected from the 
hypcrsaline water. Of these, three were dipteran larvae 
typical of temporary waters (Ceratopogonidae, Muscidae 
and Stratiomyidae). The only crustacean present was 
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D.J. Cale et al.

Parartemia longicaudata, which is currently being treated 
as an undescribed sub-species (A Savage> , personal 
communication). The ubiquitous and taxonomically 
unresolved groups Mesostigmata, ematoda and 
Enchytraeidae (Oligochatea) were the only other tax:i. 
collected. The rnmmunity exhibited affinities with Lake 
Campion (Fig. 136), principally because of low species 
richness rather rhan the identity of species. 
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l'iJTlll'C /35. Ordination (SSf-1) of waterbird ,pccfr.r prcsau:c/absc11c c tit /,1Jkc Rormcrup i11 IYYY.

TABLE 48 

Invertebrate species collected from Lake Ronnerup in the 1999 sampling year. 

TAXA 

Nematoda 

OLIGOCHAETA 

Enchytraeidae 
ACARINA 
Mesosligmata 

ANOSTRACA 

Parartemia /ongk:audata sbsp. A 

1.0 

0.11 

-1.ll 

u 

1999 

✓ 

✓ 

TAXA 

COLEOPTERA 

Carabidae 

DIPTERA 

Culicoides sp. 
Strahomyidae 
Muscidae sp. A 

1.5 
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Figure 136. Ordination (SSH) of in vertebrate data, showing Ln.ile Rormen1p in 1999 and four marker ll'ctlandr . 

.S. A. S11v11ge, 171< U11iv,·rsity of WeJrt1,i Amrmlin, N.:dlnm/J, WA. 
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DISCUSSION 

The State Sal inity Strategy Wetland Monitoring Program 
is desi gned to docu ment  long - term tr ends in t h e  
biodiversity o f  Wheatbelt wetlands. Data on  waterbirds, 
invertebrates and aquatic vegetation represent a broad 
subset of the total biodiversity of a wetland and ,  hopefully, 
by sampl ing these biological groups , we have captured 
much of the biodiversity pattern in wheatbelt wetlands .  It 
is important to sample a range of plants and animals 
because few wetlands will have synchronous conservation 
value for al l  biotic groups; rather they may be important 
for some groups and oflittlc significance for others (Davis 
ct al. 200 l ) .  

Table  49 shows the relative importance of each of the 
moni toring wetlands for waterbirds, aquatic invertebrates 
and vascular pl ants. Wetlands are arranged from most 
species-rich (across all biotic group ) to leas t .  Only Lake 
Bryde is ranked highly for al l  elements  of the biota . Other 
lakes general ly are more important for one biotic group 
( 1 2  lakes ) or two biotic groups ( 10 lakes) . 

Lake Ku l i c up  and Goonapi n g  Swamp arc c lear  
examples of wetlands wi t h  diverse values for d ifferent 
e lements of the biota. They have essentia l ly no value for 
waterbi rds but  have i ntermed i a te or r ich invertebrate 
faunas and rich plant communities (Gurner ct al. 1999 ) .  
Relat ive richness o f  invertebrate orders a lso varies among 
wetland , with Kul icup having the si ngle most diverse suite 
of cladoccrans ( 1 6  species ) recorded duri ng  monitoring. 
At the other extreme, only three species of plant were 
recorded from wetland transects at Lake Logue whi le the 
w;i.terbird fauna comprised 44 species ( up to 28 species 
per annum ) and ofi:cn several thousand individual birds . 

TABLE 49 

Spec i es r i c h ness as a meas u re of 
biodiversity 

There is much debate about appropriate measures of 
biodiversity (Ferrier 2002; Sarkar and Margules 2002) .  
However, species richness has  been widely used and, 
provided severa l  taxonomica l l y  u nrelated groups a re 
represented, should provide useful information about  
general trends in biodiversity ( Margules and Redhead 
1 995 ;  Martens and Hamer 1 999) .  Species richness is 
known to respond to broad habitat changes such as large 
vari ations in sal in ity (Timms 1 998  ), th e presence or 
absence of submerged macrophytes (Cale and Edward 
1 990 ) ,  eutrophication (Davis et al. 1 993 )  and the presence 
of significant quantities of pesticide (Eisler 1 992; Davies 
and Cook 1993 ) .  

Species richness is a particu larly useful measure of  
biodiversity in situations where few or  no  species occur at 
one stage of the monitori ng cycle because absence of 
species has an obvious meaniJ1g .  Most indices, especial ly 
those based on community composition, cannot be used 
when no species are present. Two of the shortcomings of 
species richness, however, are that it takes no account of 
the importance of individual raxa and it discriminates 
agai nst sites that are naturally depauperate, even though 
they may be in good ecological condi t ion with h igh 
conservation value .  This is particularly troublesome when 
assessi ng  the wa terb i rd and i n verte brate ri chness of  
natu ral l y  sa l ine lakes, such a s  Lake Ronnerup (Table 49 ) .  
Natural sali nity has less impact on  pl ant richness (Halse 
ct al. 1993ba) .  

The relative rank tor  species richness of  waterbirds, aquatic invertebrates and plants a t  the 23 monitored wetlands. 

WATERBI RDS INVERTEBRATES VEGETATION 
WETLAN D RICHNESS RANK RICH NESS RANK RICHNESS RANK 

Pleasant View 1 4  1 2  1 36 58 2 

Noobijup " 1 3 1 3  1 02 2 69 1 
Bryde •24 4.5 ·9 1 5.5 46 4 

Wheatf ield ·29 3 
'9 1 5.5 25 9 

Kulicup · 1 20.5 92 4 48 3 

Logue •44 1 '83 7 3 20.5 
Coomalbidgup 1 7 9 67 1 3  40 5 

Towerrin ing ·33 2 74 1 0  7 1 8  
Goon aping · 1 20 .5 7 1  12  37 6 
Blue Gum " 1 7 1 0  80 8 9 1 7  
Yaalup 7 1 7  93 3 5 1 9  
Fraser ·2 1 6.5 73 1 1 1 0  1 6 .5  
Paperbark 9 1 5  74 9 1 3  1 4  
Coyrecup · 2 1 6 . 5  "26 1 6  30 7 
Coomelberrup ·20 8 35 1 4  1 4  1 3  
Bennett's "24 4.5 1 9  1 7  1 2  1 5 .5 
Eganu " 1 6  1 1 26 1 5  1 2  1 5 .5 
Campion ·g 1 6  9 22 28 8 

Altham "6 1 8 .5 1 5  20 23 1 0  
Walyormouring 20 7 1 8  1 8  3 20.5 
Ardath '6 1 8 .5 1 6  1 9  1 6  1 2  
Ronnerup 4 1 9  8 23 20 1 1
Parkeyerring 1 0  1 4  1 0  2 1  1 0  1 6.5 

• Richness recorded from multiple surveys over more than 1 year. 
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Com mun ity structu re as a measu re of 
biodiversity 

Species richness is a usefol measure of wetland biodiversity 
but, often , community structure wil l be more sensitive 
because subtle habi tat changes often leave species richness 
consta nt wh i le  species turnover occu rs ( Growns et al.

1 992 ) .  Ordination is a useful  method of pres.en ting da ta  
0 1 1  com mun ity structure (Streever 1 998 ;  Ha l se et al.

2002 ) .  One of the advantages of ord i nation is that it is 
more sensit ive to turnove r of pec ics than loss of species 
( or them being m issed through sampling error) ( Ha l se 
ct al. 2002 ) .  Use of historical waterbird data from some 
monitori ng wetlands suggested community structure has  
been stab le  a t  ·cvcr:i l wet land where s:i l i nity was stable 
( Lakes Walyormouri ng, Yaa lup  and Pleasant  View) bllt 
had changed at others where secondary sal i nization and 
salt loads had increased ( Coomclbcrrup,  Coyrccup  and 
Eganu ) .  

I n  this report , we  used marker wctl:inds to  iden ti fy  
t h e  co m m u n i ty  ch:i ractcri s r i c s  o f  di fti.:rent  p:irts  o f  
ord i n :i t i on  space a nd  to ca l i b rate  sh i ft s  i n  wetl a n d  
communit ies over t ime. The choio.: o f  m:irkers affects the 
sensitivity of ordination (sec H alse ct al. 2002 ) and fur ther 
efforts to sclec.:t the most appropri:ite marker wetla nd arc 
needed. 

Hydrolog ica l cycles 

Exten t  o f  lake - bed l looding, period of inu ndation and 
wa te r  depth often  vary between years in Wcstern Austra l ian 
wet l ands  ( H :i.lse ct a.I. 1 99 8 ) ,  i n c l ud i ng  those of t h e  
Whcat be h ( Lane  a n d  Mumo 1 98 3 ) . Co111 1 11un i t y  s tnu.: t u re  
usual ly i ntegrates condit ions prior to ,  and duri ng, the  t ime 
or sa mpl ing .  Th is pr incip le is we l l  established i n  river 
rcscarch (Smi th et al. 1 999)  but h:is received lcss :i.ttcn tion 
in wcrlands, except for vegetation studies ( Frocnd ct al.

1 993 ). I n  1hc  casc of :iquat ic  invertebrates, i nt egration 
ocrnrs ovcr the preced i ng 111 >11 t h  or so. Consequently, 
condit ions preva i l ing :lt the  t ime or sampling may not solc ly 
be rhosc structur ing the comm u nity. This i n troduces no ise 
in to monitori ng resu l ts, j ust as the cxten t  of rai nfa l l  in 
ad jacent areas a ffi.:c1s the n u m be r  or w:itcrbi rd speci es 
rccordcd ( sec H:i lsc ct al. 1 992 ) .  At L:ike Towerr in i ng, 
the two samp l i ng  yca rs presented simi la r conditions at the 
t ime of invertebr:ite sampl i ng  ( I� ig .  1 5 ) bu in 1 997  sa l i n i ty 
was increa�i ng  wh i l e  i n  1 999 i t  was decreas ing. A l though 
the  s:i l in i ty d i l frrenccs were not suftic.: ienr to result i n  vas t ly  
d i fli.:re 1 1 t spcc.: i e s  .1ssemb l ages ,  some c lcm e nt s  o f  the  
i nve r te b rate  com m u n i ty were sur p r i s i ng l y  d i fferen t ,  
i m: l ud i ng Roti fer ;\ ,  Copcpod:1 a n d  Cladocera. Rotifcra 
wcrc presen t  in 1 999 only and , whi le the  copepod and 
c ladoceran fa unas had s imi lar r ich ness , thcre wcrc few 
species in com mon across years . Much l a rger changes in 
commu n ity c.:omposi tion and ·pccics r ic.:hncs· occurred at 
we t l a nds where the hydrograph was m arkedly di flcrcn t  
between years .  l�or example, the waterb ird and invertebrate 
communit ies at Lake Logue showcd considerable chan ges 
betwee n 1 99 7  a n d  1 99 9  ( F i g .  1 2 , 1 3 ) ,  as d i d  t h e  
invertebrate fauna a t  Bryde (F ig .  8 ) .  

D.J. Cale e t  al.

On occasions, with in year vananon in the annual 
hydrological cycle caused a greater discrepancy in wetland 
values for waterbirds compared to invertebrates than was 
:ictually :i.pparent .  Combining the results of 3 waterbird 
surveys c:i.ch year, from late winter, spring and aut umn ,  
meant that waterbird l ists were sometimes compiled over 
a substant ia l  ran ge of wetl and condi t ions . Th i s  was 
pronounced at Ronncrup, where summi:r flooding in 2000 
ign i ficantly increased waterbird richness after invertebrate 

h:i.d been sampled. The concl usion that he wetland was 
of greater va l ue  to waterbird commun it ies or that wet land 
va lue had decl ined for  invertebra tes would be erroneous 
s i nce the two commu n i t i c  were fo rmed unde r  very 
d i fferent a m b ient condi t ions .  A s imi lar phenomenon 
occurred i n  Brydc in 2000 . 

Threats to Wheatbelt wetland biodiversity 

The major threa t to wet land biodiversi ty in the wheatbclt 
i s  secondary sa l i nization ( George ct al. 1995 ;  Wi l l iams 
1 999 ; Halse ct al. 2003 ) .  Pre l im inary resu l ts of computer 
model l i n g  excn: ises suggest water tables will con t inue  ro 
rise throughout the wheatbclt ,  with co11 t i 1rned threat to 
wctland biodiversity a consequcm:e ( larke ct a l. 1 999; 
sec also C larke ct al. 2002 ) .  This process threatens the 
communit ies of nat ura l ly  sa l i ne wetlands, as we l l  as fresh 
water bodies ( sce Lyon ct al. 2002 ; H a lse ct al. 200 3 ;  
Pi nder c t  ,il. 2003 )  because plants a n d  a nimals  rhar on:ur  
in nat u ra l l y  s:il i nc sys tems u sual ly  cannot tolera te  the  
i n c re ased hydro -pe ri od a nd changed sal i n i ty regi m e  
associ .  tcd w i rh  sec.:ondary sa l in i ty ( Cramer and H obbs 
2002 ) .  

Cro undw:ner  moni toring bores h :we n o t  been i n  p l ace 
long enough to establ ish the e xtent of rising grou ndwate r 
at any particular wct l ands. With the e xception of local ised 
aqui fers, groundwater beneath a l l  the monitored wet lands 
was s:il i ne  and in most wet lands was i n  c lose proximity to 
the l ake - bed .  Waterrab les were more than a few metres 
below r h e  lake - bed at on ly a few wet l ands ( Ku l icup ,  
Ca mp ion , G oon ap i ng, F rase r ) .  Where g roundwater  
inter ecrs the  b kc-bcd, l ake  w:ncr becomes more sal i ne 
t han groundwate r  as salts accumul:ite through successive 
ycars of evapo -concenLrat ion ,  as is t h e  case in several 
m o n i tor i n g  we t l a n d s  ( e . g .  Coo m e l b e r r u p , 
W;1 lyormouri n g , Eg:inu , Pa rkcyerrin g  and Ronne rtt p ) .  
I n c re;1 s ing sal i n i z.it ion as :i. resu l t  o r  groundwater rise i s  
l ikely to oc.:ur a t  Coyrecup and Ardath which arc a l ready 
.sa l i n e ,  and ,H Yaal up which is l i·csh . Sever.i i other wet l :rnds 
arc po t e n t i a l l y  r h r c a t c n c d , i 1 1 c.:l u d i 1 1 g  N o o b i j u p ,  
Towerri n i ng and Bryde. 

Groundwater may also interact with su r face ru n -off 
i n to lakes and resu l t  in increased salt l oads. The dist inct ion 
between d ircc.:t i n teract ion between lake and  grou n dwater 
a nd bL: tween groundwater and i n flow is im porta nt as e.Kh 
has di fti.:rcnt management implicat ion s . Sign itic :.rn t sa l t  
lo.,ds were imposed on some wet la nds fol lowi ng flooding 
(Towerrin ing, Bl ue Gum, Frase r and Coomclberrup ) .  I t  
is also l ikely that major tlood events pu rge some al in izcd 
wetlands and reduce salt loads. This appears to occur  at 
Lakes Walyormouring and Towerrin i n g, two wet l ands 
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where inflow and interaction with groundwater result in 
a significant salt load and yet lake sal inity has remained 
relatively stable over the last 20 years. 

Acidic groundwater has the potential  to reduce the 
biodiversity of wetlands in the same manner as secondary 
sal inization ( see Halse et al. 200 3 ) .  There arc several 
pockets of naturally acidic groundwater in the Whcatbelt 
and rising groundwater often leads to further acidification. 
At present the process is not well documented and the 
buffering effect of carbonate soi ls has not been quantified. 
However, if ris ing watertablcs bring acidic groundwater 
into con tact with surface water and pH within the wetland 
decl ines it is likely to affect wetland fauna ( and surrounding 
plant communities) detrimentally. There are comparatively 
few sal t-to lerant acidophiles . Acidic groundwater was 
obse rved at severa l  monitoring wetlands ( C ampion , 
Ardath, in deep bores at Bryde and east of Coyrecup). 

While disturbed hydrology is a major driver of threats 
to the biodiversity ofWheatbelt wetlands,it is not the only 
th reatening factor. I n  part icu lar, clearing  of riparian 
vegetatio n ,  weed i nvas ion ,  nutri e n ts and pest icides 
fre q u e n t ly re s u l t  in the d e g rada t i on  o f  wetl a n d  
communities . Measures t o  control secondary sa l i n izat ion, 
including drainage and the disposal of drai nage water, can 
also adversely affect wetland biodiversity. 

Tre n d s  i n  sa l i n ity a n d  fa u n a l  use of  

wetlands 

Trends in sal i n ity ofWheatbelt wetlands are currently being 
analysed by JAK Lane ,  us i n g  data col lected over the past 
20+ years ( Lane an d Munro 1 98 3 ) , and wi l l  not be 
consi dered i n  deta i l  in th i s  re port.  However, there is 
evidence of increased sal in ity in s ix of the 2 3  wet lands 
re ported upon h ere, a fo rther four exhibit  secon dary 
salinizati on but have been relatively stable over the past 
20 years,  and two others arc l i kely to show increased salinity 
levels soon .  
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Monitoring data showed a strong negative relationship 
between i nvertebrate species r ichn ess and sali n i ty 
(F ig .  1 3 7 )  a n d  a s i g n i fi c ant,  th o u gh less  stro ng,  
relationship for waterbirds ( Fig. 138) .  Wil l iams ( 1 998)  
argued that sal inity was an impor tant determinant of 
species richness only over wide ranges of salinity, with other 
factors such as micro-habitat being more important within 
narrow sal inity ranges. The monitoring data suggest that 
salinity has a strong determinist ic effect on overall richness 
of the inverte brate community but acts merdy as a 
constraint on waterbird richness. Other factors , such as 
water depth and density of emergent vegetation often limit 
wate rbird species ri ch ness in a dram atic fashion i n  
freshwater wetlands, s o  sal inity i s  not a good predictor of 
richness ( Halse et al. 1993c) .  

Of the  seven monitoring wetlands for which historical 
waterbird data are available, three have become more sal ine 
over the past 20 years and this has been accompanied by 
p rono u n c e d  decl i n es in t h e  richn ess  of water b i rd 
comm u nities at the two sal ine wetlands ( Coyrccup, 
Coomelberrup ) .  At Lake Bryde, sal inity has increased bur 
water is still brackish much of the time and waterbird use 
of the wet land has increased, in line with the findings of 
Halse et al. ( 1 993c )  that many waterbirds l ike brackish 
water. 

Big shifts i n  waterbird community structure were 
apparent at particular wetlands in some years and appear 
to be related to sa l inity thresholds. For example, a lthough 
average salinities at Lake Eganu appear to have changed 
little over tl1e past 20 years, conditions were much more 
sal ine in 2000 than any other year for which waterbird 
data a re  avai la b l e  and the community was markedly 
d ifferent. Another important factor influencing waterbi rd 
use of salinizcd wetlands is the availabil ity of freshwater, 
either within the lake itself as a result of discharge from 
perched freshwater aquifers or in nearby wetlands. Both 
Walyormouring and Parkeyerring have perched aq uifers 
associated with throughflow from fringing gneiss outcrops 
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Figure 137. R elationship between salinity and species richness for aq1-1atic im•ertebrn.tes from 23 monitoring wetlands (Richnm 
vs Log Salinity; r = -0. 78, p<- 0. 01) .  
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:md th i s  may be t rue of other sal ine wet la nds .  Austral ian 
Shc ld uck and ocher waterbi rds breed i n  sa l t  l akes usin g 
this w:i te r  source ( Ri gge rt 1 977 ) . 

While the ef'li.:cc ofsecombry sal i 11 i 1,atio11 on freshwater 
wetla nds is widely recogn ised , rhe effl:c t 01 1  na tura l l y  sa l i nc 
wctlands is o ft e n  overl ooked .  Keighe r y  r:t al. ( 1 999)  
s t ressed rhe  derr i mc n t a l e l 'fcct on wetland p l a nts b ur there 
arc l'cw docu men ted t:xa mplcs o frhe dkct on i n vcrrebr:itt: 
com m u n i t ies of ' t ht:se wet lands, a l t ho u gh ir can be i n li.:rrcd 
from distri but iona l  data th :H the c lkcts arc considera b le .  
R.ccem broad scak su rvey of Whe:1tbc lt wet lands ( P i nder 
ct al .  2 00 3 )  has shown about  50 per cen t  of t h e  
i nvertebr;itc fa u n a  is sa lt-adapted , with 2 3  p e r  cent of these 
spec ies  occurring only in 1 1 :itur:1 l ly sal i rn: wi;t lands with an 

· u ndistu rbed hydrologic.nl reg ime.
I t  shou ld be rc- itcrn tc.d , however, t hat sa l i nity is nor 

the on l y  ca use of chan ges in the biod iversity va lues of 
Whc.a tbc l t  wet l ands . C lea ring of fri ngi n g  vegetat ion , 
elttrophication :ind or hc.r factors have probab ly  a rkctc.d 
waterb i r d  a n d  i nv c. rt c. b r :He use  of m a ny Whea tbc.lt  
wetlan ds . Sm a l l  d1Jngcs appear  to  have occu rred i n  the  
waterb i rd comm u ni t i es of Towt:rr i n ing .1 11 d Wheatfie ld  
over the  p:tst 2 0  yc;1 rs w i rhoul  s ign i ficl ll r  ch anges in  
sal i n i ty, :i l rhou gh th ese may be rcl;i t c.d to survey effort 
rather t h an  a l tered wet land <:ond i tions .  Ir is be.ca use. many 
fac tors arc l i ke ly to a tkct the composition of biologic1 I  
commu nit ies that biod ivers i ty i tself m ust b e  mon i tored ,  
rather  than environ mental surrogates such  as  sal i n i ty or 
water depth ,  i f  trends in biodiversi ty arc to be ;icc u ratcly 
documented .  The L ick of predictab le  monotonic response 
bet ween  biodiversity and distu rbances such as sal in i ty is 
another shortcom ing of physiCll surrogates. Waterbi rds 
a n d  p l a n ts ,  in pa r ti c u l a r , a ppea r to h a ve compl e x  
relat ionships w i th sal i n ity ( H alse c t  al. 1 993 b,c ) .  

Future monitoring 

Cha nges i n  water qua l i ty ;rnd the physica l cond it ions o t' 
Whc.a r bc l t  wcrLrnds have bee n occu rri ng over scvcr:1 1  
dcc :1dc.s .  While i t  i .� l ikely r l1a 1· t he.re arc threshold va l u es 
( in terms o fsal i n ity, vegetation strun u rc , water depth ere ) 
to wh i c h  b i o d i ve rs i ty w i l l  s h o w  sign i fi c :111 s tepwise  
response..� , the  biologic\ l  rc.�ponsc. is l ikely to occur ove r a 
si m i  h r  r ime-sca le (decades ) to 11hys ic1 I  changes . Thcrc l im: , 
long- term mon i tor ing wi l l  be re.q uired t o  show rhc exrc. n r  
o f  fu tu re <: h :m gc. i n  wet l a n d  biodive r s i ty. Dara from
wctl :rnds such a ·  Towc.ni n i n g ( F roc.nd and McCo m b
1 99 1 ) and Yarn u p ( Ha lse ct n.l. l 9 9 3 b  and su bs<:q uen t
mon itori ng by }A K  Lane ) suggest even d r:unat i c chan ges
across thresholds arc expressed over periods of a decade
or so. V:uiabi l i Ly i n  wetland biodiversity is not su ffic ien rl y
c haracterised and wi l l  not be for many yea rs to be able to
d efine what  an accc.µtab l c.  chm gc. i n  biodive rs i ty o f  a
part i cubr  wc.t l :md might be .  The  methodology docs not
a rtcmpt to ena ble the tes t in g of accc.prab lc  change i n
biodiversity i n  each wetland ; rather i t  is focused on trends
i n  biodivers i ty. future l lSers of the da ta  wi l l  be i n  a bc.rtc.r
posi t ion to detc rm i nt: hypotheses that shou l d  be tested
from the d;1 ta .  

Some wet l ands have f i l l i ng .1 1 1d  d rying 1.:yc lcs  th :u spa n  
seve ra l  years. l�o r c.xa 1 1 1 p lc. , Lakes Altham a n d  B rydc. may 
fi l l  d u rin g extreme rai n fa l l  events and re main i n u ndarc.d 
for severa l years before re.turning to a seasonal dryin g cycle , 
wh id1 i n  turn m ay last several years. Duri ng L:.ikc B rydc's 
seasona l  phase , the  bkebc.d is occ upi ed by Muclhcnbcckia 
horrida . D ur i ng the flooded p h ase , r h is vcgc t:.ir io n is 
i n u ndated and sc.nescc.s .  The biodiversity v:.il uc.s of Lake 
Brydc. reb te both to the periods when deeply flooded and 
when M. horrida i s  active . Tlr ns, m onitoring needs to 
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encompass the range of conditions that occur at a wetland 
and provide data about their frequency as well as the 
biological attributes associated with each state. 

This report provides only baseline data for the 
monitored wetlands and it is likely to be many years before 
strong trends in biodiversity become evident. In addition 
to the slow pace of wetland change, monitoring results 
can be confounded by climatic variability so that a long 
period of relatively frequent monitoring is often required. 
There are three kinds of climatic variability. Firstly, small
scale annual variability, principally in rainfall, causes annual 
variation in wetland depth and conditions that will affect 
waterbird and invertebrate communities and create some 
inter-annual noise in the monitoring data. A second, more 
significant kind of variability is caused by extreme rainfall 
years ( either drought or flood) that cause pronounced 
short-term natural changes in the depth and ecology of a 
wetland that are greater than likely anthropogenic change. 
We recommend that extreme years are excluded from most 
analyses (Halse et al. 2002). The third kind of variability 
is long-term change in climate. This kind of variability is 
difficult to deal with when the purpose of monitoring is 
detecting the effect of anthropogenic changes, because 
appropriate reference conditions will change through time. 
However, given that the Wheatbelt is in that part of 
Australia most likely to be affected by Greenhouse-induced 
climate change (CSIRO 2001), monitoring the effect of 
climate change itself on biodiversity is important. In this 
context, results collected during the first few years of 
monitoring will be an important baseline. 

In summary, the wetland monitoring program will 
express its foll potential only if it continues over several 
decades. The analysis of historical waterbird data provided 
in this report (sec also Halse et al. 2000a), and the space 
for time analysis of changes in invertebrate communities 
(Halse et al. 2002), suggest that biodiversity patterns in 
Wheatbelt wetlands are changing and that the monitoring 
program will be able to document these changes and 
provide a basis for the evaluation of remedial action in 
wetland catchments. 
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APPENDIX A i 
Selected water chemistry and physical parameters for study wetlands. ND= "no data available". 

Sile Dale Deplh Field Ee Field pH TN Nitrale TP Total Phaeoph. Temp. Dissolved Turbidity Colour TDS Alkalinily Hardness Silica �-

(m) (µSiem) (µg/1) (µg/1) (µg/1) Chloroph. (µg/1) (OC) Oxygen (NTU) (TCU) (g/1) (mg/1) (mg/1) (mg/1) 6' 

S· 
(µg/1) (%) tQ 

5· 

Brydc 06-08-97 l.30 1250 8.22 ND D ND ,D ll) ND 87.3 ND ,D ND D ND ND 

Brydc 03-10-97 l.74 2540 8.08 1400 0.480 30 0.0 3.0 20.0 98.0 19.0 100.0 1.40 110 360 5.0 
� Brydc 11-03-98 0.70 5660 D ND ND ND ND ND ND D D D D ND ND ND 

Rryde 28-08-99 0.10 22800 9 39 1700 0.010 10 3.5 2.0 23.6 188.0 ND D ND ND D ND � 
Rrydc 21-10-99 0.00 53700 9.44 6600 0.010 40 I 3 2.0 28.0 185.0 31.0 33.0 40.00 135 9200 2.0 !II 

:::: 

Brydc 21-03-00 1.82 1197 7.56 3100 1.200 110 2.0 4.0 20.7 34.0 ND ND ND D ND ND 0 

Lognc 15-08-97 0.44 3730 8.59 ND 0.050 ND D D 20.4 D 1.3 29.0 21.00 330 3000 2.7 0 

Logue 01-10-97 0.36 12040 9.06 2500 1.300 20 8.0 22.0 18.0 105.0 210.0 17.0 7.30 300 1000 7.0 S' 
Logue 05-09-99 ND 1877 7.35 1800 0.270 140 3.5 2.0 16.1 81.0 ND ND ND ND ND ND t 
Logne 27-10-99 3.65 1929 7.83 1500 0.260 140 4.0 0.5 21.1 76.3 70.0 280.0 1.10 80 200 11.0 !!?. 
Logue 13-03-00 2.84 2663 7.98 1400 0.010 70 1.5 6.0 23.9 81.0 D D ND ND D ND i 
Logllc 21-08-00 2.64 2860 7.88 1100 0.010 40 7.0 0.5 15.4 78.4 D ND 1D ND ND ND 
Logue 14-11-00 2.52 3390 8.20 1400 0.010 40 3.0 2.0 26.6 104.3 58.0 33.0 2.00 145 340 13.0 3 
LogL1c 13-02-01 1.80 4870 8.27 1200 0.010 5 5.5 18.0 24.9 83.3 D D ND D ND D 
Towcrrining 07-08-97 2.80 8830 8.06 D D D ND D ND 88.1 D D D D ND ND (/) 

Towcrrining 03-10-97 3.19 9560 8.30 3000 1.800 10 0.0 2.0 18.0 92.0 3.7 11.0 5.30 180 1700 19.0 � 
Towcrrining 11-03-98 2.30 13700 ND D D D ND lD ,D ND D ND D D ND D 

� 

Towcrrining 21·08-99 3.28 10260 8.87 1300 0.010 5 13.0 3.0 14.3 109.0 D ND ND D ND ND 
Towcrrining 22-10-99 3. 34 9300 9.27 1300 0.010 10 9.0 140.0 18.9 126.8 3.6 22.0 5.50 148 1800 3.0 
Towcrrining 20-03-00 2.49 9330 8.97 1400 0.010 10 242.5 3.0 24.3 156.0 ND ND D D D ND 
Coyrccup 06-08-97 0.86 51000 8.41 ND ND D ND D D 101.8 D ND ND ND ND D 

Coyrccup 25-10-97 0.90 52700 9.05 2700 0.050 20 0.0 0.0 26.0 136.0 6.1 24.0 40.90 130 9500 1.0 
Coyrccup 11-03-98 0.10 61800 ND D ND ND D D ND D D D D D ND ND 
Coyrccup 29-08-99 1.11 55300 9.15 2600 0.010 20 4.0 0.5 16.8 131.0 D D D D ND ND 
Coyrccup 21-10-99 1.09 56800 9.51 3000 0.010 20 1.5 4.0 24.3 188.6 16.0 20.0 42.00 113 11000 2.0 
Coyrccllp 18-03-00 0.42 144000 7.48 11000 0.010 110 4.5 8.0 18.6 81.0 D D ND ND ND ND 
Wheatfield 05-08-97 D 14870 8.15 D D ND ND ND D 93.4 D D D D ND ND 
Whcarticld 17-ll-97 2.00 10900 8.53 2200 0 210 20 56.0 21.0 22.0 159.0 5.5 130.0 6.70 220 1100 11.0 
Whcarficld 10-03-98 0.70 24000 D ND ND ND ND ND D ND ND ND ND D ND D 
Wheatfield 26-08-99 2 50 8730 8.19 1600 0.020 30 36.0 5.0 14.5 104.0 ND ND ND ND ND ND 
Wheatfield 19-10-99 2.50 9010 8.69 1600 0 0IO 20 29.0 0.5 20.8 121.8 3.5 140.0 5.50 140 880 11.0 
Wheatfield 23-03-00 2.00 5050 7.52 2300 0 070 so 21.0 11.0 19.7 41.0 ND ND ND ND D D 
Alrham 18-08-98 0.15 152800 8.18 3100 D 40 55.5 0.5 14.4 117.0 ND ND ND ND D ND 
Alth.im 04-11-98 0.18 139300 7.87 5700 0.010 80 0.0 47.0 29 0 120.0 520.0 23.0 120.00 310 18000 2.0 
Alrham 20-04-99 0.00 D ND ND D D ND ND ND D D ND D ND ND ND 
Altham 24-08-00 0.20 142300 8.33 7900 0.020 220 37.0 0.5 14.7 105.0 D ND ND ND ND ND 
Altham 12-10-00 0.00 214000 6.62 1D ND ND ND ND ND ND ND ND ND ND ND ND 
Noobijup 24-08-98 1.00 3910 7.29 1700 D 5 1.5 5.0 14.6 350.0 D D ND ND ND D .... 
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APPENDIX A 

Selected water chemistry and physical parameters for study wetlands. ND = '·no data available" (continued). 

Site Date Depth Field Ee Field pH TN Nitrate TP Total Phaeoph. Temp. Dissolved Turbidity Colour TDS Alkalinity Hardness Silica 
(rn) (µSiem) (µg/1) (µg/1) (µg/1) Chloroph. (µg/1) ("C) Oxygen (NTU) (TCU) (g/1) (mg/I) {mg/I (mg/I) 

(µg/1) {¾) 

Nuobijup 06-11-98 0.70 1865 7.15 980 0.010 " 00 0.0 18.0 56.0 2.6 64.0 1.20 40 290 0.5 

Noobijup 19-04-99 >:D 5760 7.01 1500 0.010 :, 2.0 4.0 17.6 ND ND ND >:D ND ND ND 
Nuubijup 25-08-00 1.41 1699 6.25 1600 0.450 5 7.0 0.5 13.0 87.0 ND ND ND ND ND ND 
Noobijup 16-11-00 128 3810 7.63 810 0.010 10 l.5 l.O 24.8 89.2 1.2 61.0 1.20 45 290 0.5 

Noobijup 16-02-01 0.85 3760 7.15 2400 0.010 5 11.0 0.5 20.4 40.0 :\'D ND ND ND ND ND 
Bennett's 19-08-98 0.70 48400 9.49 1800 :-SD 10 2.0 0.5 12. l 155.0 �D ND ND ND ND ND 
Bennett's 04-11-98 0.60 60700 9.80 1900 0.010 10 0.0 0.0 20.0 135.0 7.7 5.0 41.00 280 5200 0.5 

Bennett's 21-04-99 0.09 216000 7.65 22000 0.020 440 45.0 0.0 21.8 27.3 ND ND ND ND 10 ND 
Bennett's 31-08-00 2.60 8440 7.00 1300 0.080 30 3.0 0.5 11.7 85.6 ND ND ND ND ND ND 
Bennett's 15-11-00 2.43 10670 8.59 900 0.030 10 49.0 0.5 26.3 138.2 I 5 360.0 6.30 95 930 5.0 

Bennett's 15-02-01 2.20 15670 7.95 1200 0.020 5 17.0 0.5 19.9 90.4 ND ND 1D ND ND ND 
Ardath 27-08-98 1.50 63100 3.97 3000 )<D 5 3.0 0.5 16.0 ND ND ND ND ND ND D 
Ardath 10-11-98 �D 79800 3.86 4100 0.035 5 7.0 0.0 23.0 96.0 11.0 2.5 60.00 l 11000 31.0 

Anbth 21-04-99 >:D 32300 4.08 2400 0.060 5 3.0 l 0 21.6 94.0 10 ND ND ND ND ND 
Ardath 30-08-00 1.27 73400 4.03 2300 0.030 5 6.0 0.5 13.2 110.4 ND ND ND ND ND ND 
Ard::ith 13-10-00 1.08 82500 3.66 2500 0.020 5 1.5 4.0 16.5 92.6 12.0 ? � __ ::, 62.00 l 10000 21.0 

Ardath 14-02-01 o o;; 224000 2.58 9800 0.040 20 7.0 0.5 30.J 66.2 ND ND ND ND ND ND 
Blue Gum 28-08-98 0.90 5420 7.79 3-100 :\'D 340 3.0 0.5 19.9 :-S:D ND :-.JD ND ND ND ND 
Blue Gum 12-11-98 0.30 9330 8.23 -1500 0.020 160 1.0 3.0 2-1.0 70.0 2.3 230.0 6.00 240 1000 7.0 

Blue Gum 10-05-99 >:D 2590 7.58 2500 0.100 360 1.0 4.0 18.6 'D ND ND ND ND 'D ND 
Blue Gum 22-08-00 0.79 38200 9.70 1900 0.010 10 6 5 0.5 16.6 193.0 ND ND ND ND 10 ND 

Blue Gum 17-10-00 >:D 46000 9.93 5700 0.010 5 9.0 0.5 23.0 197.0 4.5 21.0 33.00 1•r .;,:, 4800 2.0 

Blue ,un1 13-02-0 I 0.00 :-S:D :\'D ND .'D :--:D :-.JD :--:D ND ND ND ND ND ND 10 ND 
Kulicup 26-08-98 0.09 :-S:D ND 760 ,·D 10 3.0 0.5 ND ND ND ND ND ND D ND 
Kulicup 06-11-9S 0.10 -131 7.53 1400 0.010 20 00 5.0 18.0 88.0 76.0 210.0 0.42 130 80 48.0 

Kulicup 20-04-99 0.00 ND ND :\'D ND :--:o :\'D ND ND ND ND ND ND ND ND ND 
Kulieup 01-09-00 0.22 246 7.30 1000 0010 20 1.5 0.5 9.7 62.1 >JD ND ND ND ND ND 
Kulicup 11-10-00 0.20 329 7.64 950 0.010 20 1.5 0.5 18.2 66.9 150.0 250.0 0.42 105 53 26.0 

Kulicup 16-02-01 0.00 1':D ::S:D :S:D ND .·o :-.:o 1'D :S:D 1'0 ND ND :S:D 1D ND rD 
Campion 27-08-98 1.30 120300 -l.29 6400 :S:D 5 1.5 0.5 17.6 ND ND ND ND ND ND ND 
Campion JO-I 1-98 1.10 173900 3.85 6500 0.2-10 5 2.0 7.0 28.2 111.0 19.0 2.5 160 00 l 17000 12.0 

Campion 22-0-1-99 1.6-l 96800 6.50 1300 0.070 10 8.0 0.0 22.9 104.0 ND ND ND ND ND ND 
Campion 23-08-00 0.83 205000 3.84 2500 0 210 5 2.0 0.5 15.8 96.0 ND ND ND ND ND ND 
Campion 19-10-00 0 65 225000 3.74 3200 0.2-10 5 4.0 0.5 ND 74.0 29.0 2.5 260.00 l 21000 9.0 

p Campion 14-02-01 0.20 218000 2.68 24000 1.300 5 S.O 0.5 20.5 86.1 ND ND ND 'D ND ND � 
Goomping 26-08-98 0.10 150 6.85 1300 :S:D 5 2.0 6.0 I 9.4 :S:D ND ND ND ND ND 11) 

Goon·Jping 09-11-98 0. lO 524 6.92 2400 0.010 30 1.0 0.0 36.6 61.4 10.0 180.0 0.40 28 26 10.0 1D 

Guonaping; 20-04-99 0.00 ND ND ND ND ND ND ND ND ND ND ND ND ND ND D !a 
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Selected water chemistry and physical parameters for study wetlands. ND = "no data available" (continued). � 
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Site Date Depth Field Ee Field pH TN Nitrate TP Tolal Phaeoph. Temp. Disso lved Turbidity Colour TDS Alkalinity Hardness Silica ::, 

B' (m) (µSiem) (µg/1) (µg/1) (µg/1) Chloroph. (µg/1) (OC) Oxygen (NTU) (TCU) (g/1) (mg/I) (mg/I (mg/!) 
�-

(µg/1) (%) <Q 

5· 

Goonaping 29-08-00 ND ND D 860 0.010 10 5.0 2.0 ND ND D ND ND D ND D s-(I) 

Goonaping 03-10-00 0.20 172 8.13 970 0.020 5 39.5 0.5 28.3 119.5 1.8 66.0 0. 18 3 17 7. 0 

� ,oonaping 12-02-01 0.00 ND D 1D ND ND D D 1) ND D ND ND ND ND ND 

oomclbcrrup 18-08-98 0.78 60100 8. 22 2300 D 2 0 49.0 2.0 13.0 112.0 D NO D D ND ND Ill 

ct 
Coomclbcrrup 05-11-98 1.33 32800 9.65 1700 0 010 10 0.0 0.0 24.5 134.0 5.8 12. 0 22.00 140 4200 1.0 (I) � 
Coomclbcrrup 20-04-99 0.57 96000 8.1S 3600 0.010 20 8.0 0.0 22.l 4. 6 ND D D D ND ND 0 .... 
Coomdbcrrup 24-0S-00 0.9 3 81900 8. 54 2800 0.010 5 12.5 0.5 13. 9 99.0 1D D ND ND ND NO (/) 

Coomclbcrrup 12-10-00 0.89 91300 7.78 3400 0.010 5 1.5 0.5 17.6 66. 0 2.5 6. 0 73.00 285 1 4000 05 C: 

s-
Coomclbcrrup 15-02-0 1 0.00 ND ND ND ND ND ND D ND ND D D D ND ND ND 

t Walyormouring 21-08-98 0.60 17790 9.42 2200 ND 20 4. 5 0.5 15. 8 124.0 D D ND ND ND ND !!!. 
Walyormouring 11-11-98 0.39 35300 9.97 3600 0.020 10 0.0 0.0 30.8 234.0 5.5 20.0 25. 00 100 3700 1. 0 

i W,1lyormouring 22-04-99 0.46 11320 10. 3 5 1700 0.010 20 3.0 1.0 22.8 164. 0 ND D D ND ND ND (/) 

Walyormouring 23-08-00 0.44 60600 9.61 3500 0.010 5 1 .5 2.0 14.3 177.0 D D D D ND ND � 
Walvormouring 18-10-00 0.28 99700 8.31 6900 0.01 0 5 2.0 0.5 29.6 153.8 34.0 30.0 66.00 255 9000 2. 0 

Walyormouring 14-02-01 0.00 D D D D D ND D ND D D D ND ND D ND !ii 
Eg:rnu 20-08-98 2.56 26800 8.12 1 2 00 ND 10 2.0 0.5 16.9 105.0 D ND ND ND ND ND ii1 
Eganu 12-11-98 2.15 43300 9.01 1900 0.010 10 10 0 0. 0 28.3 123.0 990. 0 13.0 30. 00 180 4600 8. 0 iii' 
Eganu 11-05-99 1.80 55700 8.25 2700 0.010 20 0.0 7.0 18.8 ND ND ND ND ND ND ND 

Eganu 22-08-00 1.74 107800 8.04 3400 0.020 5 1.5 0.5 14. l 54. 0 D ND ND ND ND ND 

Eganu 09-11-00 1.58 128600 7.81 4400 0.020 5 2.0 0.5 29. 0 76.4 2.4 33.0 110.00 210 15000 130 

Eganu 13-02-01 0.00 226000 7 30 11 000 0.010 10 26.0 0.5 34. 1 42.5 ND ND ND ND ND ND 

Fraser 28-08-98 0.13 865 7.75 3000 ND 820 J.5 8.0 15.0 ND ND D ND ND D ND 

Fraser 11-11-98 0.00 ND ND ND D D D ND D ND ND D ND ND ND ND 

Fraser 03-09-99 0.65 508 7. 1 7 1700 0.020 140 2.5 24.0 15. 2 76.0 D D ND ND ND ND 

Fraser 26-10-99 0.80 629 7.63 1800 0.01 0 1 1 0 6 5 0.5 24.6 71.3 27. 0 190. 0 0.40 93 61 2. 0 

Fraser 16-03-00 150 826 7.02 1700 0.010 40 6.5 12.0 22.6 44.0 ND ND ND ND ND ND 

Fraser 29-08-00 1.28 1196 8.16 1000 0.01 0 20 3.0 1.0 15.2 124.7 ND ND ND ND D ND 

Fraser 24-11-00 0.70 1710 8.77 2000 0.010 30 3.5 3.0 22.8 87.5 1 .8 58.0 0. 93 73 120 0 . 5 

Fraser 12-02-01 0.30 4850 9.05 4600 0.010 30 20.0 0.5 27.6 183.0 ND ND NO NO ND ND 

P,1pcrbark 02-09-99 0.88 447 7.43 2400 0.080 4 10 2.0 3.0 13.8 52.0 ND ND ND ND ND NO 

Papcrbark 25-10-99 0.85 588 7.64 2700 0.110 640 2.5 8.0 25.6 67.7 1400.0 130.0 0.45 148 93 12. 0 

Papcrbark 17-03-00 1.13 560 7.66 1600 0.010 110 5.0 11.0 24.8 93.0 D ND ND ND ND ND 

Coomalbidgup 27-08-99 I.SO 5240 7.96 1200 0.040 190 5.0 4.0 18.5 89.0 D ND ND ND D ND 

Coomalbidg,1p 19-10-99 1.00 56 1 0 7.98 1100 0.010 140 1.5 6.0 20.8 70.4 2.4 110.0 3.30 208 520 2. 0 

Yaalup 28-08-99 1.01 1090 8.22 3200 0.080 540 12.5 0. 5 16.4 86.0 ND ND D ND D ND 

Yaalup 23-10-99 0.90 1192 8.29 3100 0.010 520 19.0 18.0 18.9 81.0 850.0 390.0 1.10 263 130 5. 0 

Yaalup 21-03-00 1.62 683 7.36 3100 0.100 140 53.0 27.0 19.9 35.0 ND ND ND ND D ND 

Parkcyerring 01-09-99 0.61 101600 7.84 4800 0 010 40 7.0 3.0 19.8 83. 0 NO ND ND ND D ND ..

(,,) 
(,,) 
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APPENDIX A 
Selected water chemistry and physical parameters for study wetlands. NO = "no data available" (continued). 

Sile Date Depth Field Ee Field pH TN Nitrate TP Total Phaeoph. Temp. Dissolved Turbidity Colour TDS Alkalinity Hardness Silica 
(m) (µSiem) (µg/1) (µg/1) (µg/1) Chloroph. (µg/1) 

(OC) Oxygen (NTU} (TCU) (g/1) (mg/1) (mg/I (mg/1) 
(µg/1) (%) 

Parkcycrring 25-10-99 0.86 I 02 500 8.94 5100 0.020 40 13 0 4,0 17.5 9-1.7 12.0 14.0 85.00 265 19000 1.0 

Parkcycrring l 8-03-00 0.00 �D >ID ND "ID :\'D ND :S:D ND >JD �D ND ND D ND D 
Pleasant Vicll' 30-08-99 0.S2 1210 6.89 1200 0.010 ;) 2.0 6.0 15 .1 92.0 >JD ND ND ND D D 
Pleasant View 24-10-99 0.92 1214 6.65 1100 0.010 5 4.5 2.0 17.8 64.3 1.7 71.0 0.71 35 110 3.0 

Pkas:rnt View 21-03-00 0.60 l66S 7.16 1200 0.010 5 8.0 0,5 21.3 68.0 ND ND ND ND ND D 

Ron11crup 28-08-99 0.11 188300 8.66 2200 0.020 50 140 0.5 17. l 100.0 ND ND ND 1D ND D 

Ronncrup 20-10-99 0.05 210000 7.55 2800 0.020 50 �D :-S:D 24.3 77.9 740.0 2.5 300.00 158 33000 4.0 

Ronncrup 22-03-00 2.00 73500 7.43 1400 0.120 20 7.0 5.0 19.7 58.0 ND ND ND ND ND ND 
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APPENDIX B 
Ionic composition of water at site A for each study wetland. 

Site Date Sodium Calcium Magnesium Potassium Chloride Bicarbonate Carbonate Sulphate 
(meq/1) (mcq/1) (meq/1) (rncq/1) (meq/1) (meq/1) (mcq/1) (mcq/1) 

Bryd" 03-10-97 16.53 2.74 4.44 0.33 18.33 2.13 0.03 7.48 
Brydr.: 21-10-99 487.20 51.39 132.50 6.78 592.20 2.50 0.19 191.36 
Logue I 5-08-97 324.07 6.23 59.09 3.14 377.88 6.60 0.03 62.4 
Logue 01-10-97 100.05 4.99 15.63 l.35 112.80 6.06 0.03 20.80 
Logue 27-10-99 14.22 1.19 2.79 0.35 14.94 1.60 0.03 4.16 
Logue 14-11-00 24.96 2.09 4.60 0.56 25.66 2.90 0.03 7.07 
Towcrrining 03-10-97 60.90 5.98 27.15 0.28 84.60 3.44 0.03 35.36 
Towc::rrining 22-10-99 62.20 613 29.13 0.23 90.24 2.75 0.19 37.44 
Covrccup 25-10-97 478.50 42.41 148.14 2.20 676.80 2.62 0.03 197.60 
Coyrccup 21-10-99 513.30 53.89 160.48 2.73 648.60 1.44 0.79 228.80 
Whr.::nficld 17-11-97 91.35 3.24 18.10 1.38 98.70 4.42 0.03 22.88 
Wheatfield 19-10-99 73.95 2.59 14.89 1.07 81.78 2.80 0.03 18.30 
Altham 04-11-98 1435.50 38.42 312.74 16.38 1833 6.23 0.03 374.40 
Noobijup 06-11-98 14.35 0.99 4.85 0.10 17.20 0.80 0.03 6.03 
Noobij11p 16-11-00 12.78 0.99 4.77 0.07 16.35 0.90 0.03 6.03 
B<.:nncn's 04-11-98 522.00 4.24 98.76 6.91 620.40 0 70 4.66 108.16 
Bennett's 15-11-00 86.13 2.34 16.21 1.35 98.70 1.90 0.03 19.34 
Ardath 10-11-98 652.50 74.85 148.14 6.91 930.60 0.01 0.03 228.80 
Ar,hth 13-10-00 756.90 43.56 166.24 7.80 874.20 0.01 0.03 208.00 
Bluc Gum 12-11-98 73.95 5.98 13.99 1.38 78.96 4.75 0.03 20.80 
Blue G11111 17-10-00 425.43 17.46 77.85 5.76 507.60 2.29 0.03 99.84 
K,iliCllp 06-11-98 3.26 0.44 1.15 0.17 1.57 2.62 0.03 1.66 
Kulirnp 1 J-10-00 3.26 0.29 0.74 0.10 1.46 2.09 0.03 1.10 
Campion I 0-11-98 2349.00 94.S I 238.67 13.56 2679.00 0.01 0.03 353.60 
Campion 19-10-00 3871.50 72.85 344.83 20.78 4230.00 0.01 0.03 436.80 
Goomping 09-11-98 4.35 0.19 0.32 0.20 4.23 0.55 0.03 0.54 
Goonaping 03-10-00 2.47 0.09 0.24 0.07 4.51 0.04 0.03 0.35 
Coo111dbc1Tup 05-11-98 274.05 15.96 68.30 1.33 282.00 1.24 1.59 87.36 
Coomdb�rrup 12-10-00 856.95 44.66 232.90 5. 19 I 043.40 5.70 0.03 291.20 
Walyornwuring 11-11-98 313.20 21.45 52.67 5.37 310.20 0.01 1.79 76.96 
Walyormouring 18-10-00 874.35 35.32 144.02 15.07 958.80 4.70 0.03 187.20 
Eganu 12-11-98 369.75 17.46 72.42 5.12 479.40 2.62 0.99 95.68 
E !:_!. :tllU 09-11-00 1487.70 77.34 226.32 15.20 l 579 .20 4.19 0.03 312.00 
Frasa 26-10-99 4.74 0.64 0.57 0.30 3.94 185 0.03 1.26 
Frasn 24-11-00 13.61 1.09 1.39 0.69 12.69 1.44 0.03 2.49 
l'apcrb:irk 25-10-99 4.43 0.99 0.82 0.23 3.10 2.95 0.03 1.93 
Coom:\lhidgup 19-10-99 44.80 2.99 7.40 0.92 47.94 4.14 0.03 10.81 
Y,ulup 23-10-99 9.35 1.19 1.48 0.40 6.20 5.24 0.03 2.70 
l'arkcycrring 25-10-99 105705 78.34 302.86 5.29 1297.20 5.29 0.03 395.20 
Plc:\s:1nr Vic\\' 24-10-99 9.57 0.49 1.72 0.33 9.87 0.70 0.03 2.28 
Ronncrup 20-10-99 4480.50 32.78 618.07 41.47 5076.00 3.14 0.03 686.40 
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Corrigenda 

Abbott, I. ( 1999). The avifaun:1 of the forest of southwest Western Australia: Changes in species compos1t1on, 
distribution and abundance following anthropogenic disturb:mce. CALMScicncc S11pplc1nrnt No. 5, 1-175. 

The following correaions should be noted: 

TEXT 

PAGE COLUMN 

2 2 
6 
6 1 
31 1 
44 2 
67 1 
97 2 

LINE 

4.5• 

31"' 

32" 

18 .. 
20· 
13'
s· 

ACTION 

Delete reference lo Keartland collecting in forests in 1895 near King George Sound 
Change ?1905 to 1907 
Change ?1906 to 1907 
Change Figure 3 to Figure 4 
Change Storr 199 to Storr 1991 
Change 1829 to 1830 
Change Zoologishe to Zoo/ogische 

• counting from bottom of page, •• from top

TABLES 

PAGE 

140 

148 (No. 41) 
149 (No. 45) 
152 (Meliphaga virescens) 

156 

ACTION 

The rows Leipoa ocel/ala, Cotumix novaezelandiae and Cofumix ypsilophora are out of sequence. Place 
them after Dromaius novae/Jollandiae. as is the case elsewhere in Table 2. 
Change 102 to 10 and 500 to 2 500 
Change 201 to 20 and 750 to 1 750 
'Brown' in column 1 belongs in column 3 
The dots in rows Merops omalus through to Smicrornis brevirostris should commence immediately lrom 
under the column headed W 
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