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WETLANDS OF THE RIVER MURRAY FLOOD PLAIN, SOUTH AUSTRALIA.
I. PRELIMINARY SURVEY OF THE BIOTA AND PHYSICO-CHEMISTRY OF
TEN WETLANDS FROM CHOWILLA TO MANNUM.

by P M. Goonan, 1. A. Beer, T. B, THompsON & P, ). SUTER*

Suminary

Goonvan. P M. Beero ) A L Tooseson. T B & Sutex. B 1, (1992) Wetlunds of the River Murray flond pliin,
South Australia. 1. Prelimimcy survey of the biots snd physico-chemisiry of ten wetlands from Chowills k Mannum.
Truns. R. Soc. 8. Ause 16(3), §1-93, 30 November, 1992,

{Jualitarive data were collected on the water chenustry and aguatic inveriebrate laung trom ten wetlands between
Chowilla and Mannum on the River Murray flood plan in South Austealia. Sites were separated into two main
groips that corresponded o freshwater wetlands connected o the River Murray, and wedlands with TDS
condentralions > 1000 mgL‘ thit were isolated from the rmain channe!, Wetlands with TDS concentmions
<1000 mgL"" were generally low in nutrients, and characterized by the dipterin Claderanvtarsis sp and the
shrimp Pararva australiensis. The more saline werands were high in ouwtrients and characterized by the presence
of dipterans such as Pracladius sp., Ephydridae and Culicidae,

Phosphite und nitrogen comcentrations from most sites exceeded vnitical levels for culrophication. Nutriem
enrichment was indi¢ated by the lugh chlorophyll concentratiany recorded from most wetlands Tlhiese reslts
indicale that nutricnt levels entering the flood plain need W be reduced wn minimize the risk of noisance algal

bioams during Tow flow Conditions.

Key Woros: Werands. Rivery Murmy. biota, ayuatic invertsbrites, physica-chemistry, nutricnts, sallingy, mulivarate

anulysis. South Australia

Introduction

Over 1600 wetlands are distributed throughout the
River Murray Nood plain, lower lakes and Coorong
in South Austrulia (Pressey 1986), Whereas many of
these were included in & recent survey of River Murray
wellanuds (Thompson [986), Tittle has been published
on their binta and physico-chenmstry. Thompson (1986)
providas some information on the water quality and
dominant fora and fauna of the 248 wetlands included
in s stedy, Geddes (1984a & b, 1988) gives a detailed
account of the limnology of Luke Alexandring over
several years, whereas O'Malley & Sheldon (1990)
describe the results of a survey of the bological
communilies of the Chowilla Nood plain, Birds have
been deseribed from some areas (Tubbs 1928: Schodde
& Glover 1955; Mack 1961, Cox 1973; Simpsan 1973a)
and Simpson (1973b) discussed the disiribubion of the
mammals. reptiles and amphibians between Mildura
and Renmark  Lloyd & Walker (1986) reporied the
distribution and conservation siatus of the smoll
freshwater lish throughow the lower River Murray
flood plaim.

This paper presents the results of & preliminary
survey conducted during May-June 1990 on the aquatic
inverlebrate assemblages and physico-chemistry ot 10
wetlands distributed from Chowilla to Mannum The

* Awstrabiun Centre for Water Quality Reseirch, Private Ml
Bag, Salisbury, 5. Aust, 5108

Linyd, L., Moller, . & Balla, S (1984) “Berii Fvapwration
Basin Swdy” (Dept Zoology. Univ. of Adelmide. Unpubl.
Repont for N PW.S )

wims of the survey were Io describe and compare the
limnology of food plain wetlands with different
hydrology and geomorphology, including anabranches,
swamps and lakes. The emphasis of (he work wus o
siudy the biota and water chemisiry of regulaied
wetlands. focussing on evaporation basins. This survey
15 part of & larger study which aims ta (1) generate 4
comprehensive baseline and comparative database on
the aquatic hota and physico-chemistry of selected
wetlands throughout the River Murray flood plain im
South Australia, and (2) investigate the effects of
various chunges in the hydrological management af
reguliated wethands,

Materials and Methods

Selection of study siies

The location of siudy sites wis bused on those
previously investigated by Thomspon (1986) and Lioyd
et al. (1984)" to cnable some comparisen with the
avuilable data from previous surveys. Additional sites
were sumpled [rom some wetlands o examine
hetween-site virriation,

Pilby Creek was the only wetland included in this
survey not previously studied by the above workers,
Sites were located on either side of a causeway which
restricted water flow, enabling comparison between
wo sites in close proximity with different hydrology.

Werlands surveved
The wetlands sampled in this study were distributed
fromn the Chowilla fland plan o north of Manaum.
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TABLE 1. Loeation amd physical characreristics of the 10 wedands surveyed alang the River Murvay Povd plan in Samih

Awstnilia durimg May-Juiwre 190

Siw Mol Wetkand Acromym Location Area (ha) Hydrology and Geomorphology

1.2 Pilly Creck PILC 33"89'5  MOSSA'E 5 Permmnent flood plain
anabiranch

) Clover Lake Cro 3490°S  13096'C 40 Inrermittent {Tood plain swamp

i Luke Merreni LMEE M01'S HOESE 390 Pernmnent regulated tlood plan
luke

f ¢ Disher Ck Evap. Dasin  DISC EE R U N T A B 260 Permanemt regulated Mood plam
anabrupch

B0 Kitarapko Evop Basii KATS, KAIN 34926 8 B0733°E 42,36 Complex of permanent
regulated flood plam lakes

l Bern Lyvap. Basig BERB J4R'S  1AP"MLE 325 Permunent regulidted Mood plaan
SWAMp

12-15 Rainea |agoon RAML 4A0'S  139°85'E 9l Permanont regiilated Mocod plain
luke

20. 21 Devon Dawns Morth  DEVD 34938°'S 139736°E 120 Penmanent flood plain lake

1 Wongulla Lagoon WONI. 34%3°S 13933'E 120 Permament Mood plain swamp

1h-18 Lake Carlet LCAR 34°52'S  [93IE 330 Permunent flood plain swamp

ik § (ronn Luke Woolpoleol (340278, 40743 " El was omited o5 sumples were it preserved.

Dewnls of the location, area, hvdrolopy and
geomarphology are given in Table 1.

The location of sampling sites is shown in Fig .
Specific site eoordinales and deseripuons of the
deminant vegetation are given in Appendix 1. Each
site was dexignated with an acronym and number,

Cealleetion aned cnalyas r'g,n" sanples

At cach site, the sampling drea Consistal of & 20 m
section of shoreline representative of that part of the
welliund, Sites were sumpled in May-June 1990 duiing
a rise 10 the River Murray hydrograph. with a flow
ol whout 30000 ML/D recorded at the 5. Aust. border
IUnpubl, Murray-Darling Basin Commission records)

Field measurements misde at each sie were pH (1C1
211 porable pH meter), conductivity (ICT 303 ATC
comduchivily meter), witler lemperature, dissdlved
vyzen (YSI model 58 dissolved oxypen meter). and
Secch dise transparcocy. Surface water samples were
viallevted and stored in wir- free, wirtight bottles on lee
before laboratory anulyses for nutrients (mirogen,
phosphoruy und carbon [ractions), pesticides, and
majur ooy (Ca*". Mg*~. Na', K*, CO7, HCO,,
SO and CI'),

Analyses of NH,. oxidised nitrogen (NO-N).
dissolved reactive phosphorus (DRP), SO, and CI
were made using a Skalar automated flaw analyser.
while NCO,", CO; and alkalinity were determined

“Anon (1989) “Anulyticul Methods Manuai Inorganic
Chennstey” (Stie Wiigr Labormwry, E. & WS Depr, S
Aust. SW.L. Report No. 30.)
*Anon (1990) ~“Analytical Methods Mimual Organic
Chenvstry” (Stute Woter Laboratory, £, & WS Dept, S
Aust, SW.L, Report Noo 32

using titration ganst o HCL standard solution. Total
Kjcldahl nnrogen (TKN) and total phosphorus (TP)
annlyses were made with @ Technicon autoanalyser and
spectrophotometer. Cautions were analysed using
Lubtest model V-25 inductively coupled plasma
emission spectrometer fitted with a polychromator
Dissolved and total orgamic carbon were measured with
a flame ionization detector. Pesticides were extracted
i hexane and analysed using a Varan 3300 gas
chromatograph. All procedures are described in detail
i two methods manuals produced by the E. & W.S.
Department. South Australia™.

Aquatic invertebrales were sampled from the liltoral
zone at cach site vsing a 30 s sweep sample with a
200 gm mesh dip net. Samples were preserved in 5%
formalin and returned to the laboratory for sorting and
identification, Invertebrales were identified (o the
lowest practical taxononiic level using CSIRO (1970),
Smith & Kershaw (1979), Williams (1980). Matthews
(1980, 1982), Smirnov & Timms (1983), Wicderholm
(1983), Merntt & Cudiniins (1984). Hawking (1986},
imd several unpublished keys prepared by one of us
(PS). A voucher collection is maintained for all taxa
recorded from the River Mureriy Mood plaii in South
Australia w1 the E. & WS Dept, Sute Waer
Laboratory, Rolivar, S, Aust.

Water samples tor analysis of chlorophyll wers
processed in the field by passing a known volume of
water through a 1.2 gm Whatman GF/C [ilier disk.
The GF/C filer was placed in a centrifuge tube
contaming 95% ethunal, which was then wrapped in
altoil and stored on ice, Samples were cenirituged and
then analysed in the laboratory using a Pye SP8-100
ultravinlet spectrophotometer at wavelengths of 750,
665 and 649 nm. Chlorophyll a and b concentrations
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Fig. |. Map of the River Murray flood plain in South Australia with site locations and numbers.

were calculated using the cquations developed by
Wintermans & de Mots (1965).

Collections of macrophytes and riparian vegetation
were made at each site (see Appendix 1), and
representative samples retained as voucher specimens.
Identifications were made according to Aston (1973)
and Jessop & Toelken (1986).

Data analyses
All biological analyses were based on the
presence/absence of the aquatic invertebrates recorded

from the 20 sites sampled. The sampling technique
used in the survey resulted in the collection of many
semi-aquatic and terrestrial species that were associated
with vegetation in the littoral zone. These were omitted
from the analyses.

Sorensen’s index of community similarity (cf.
Hellawell 1978) was used to group the siles on the basis
of the composition of the fauna at each site. Clustering
of sites was summarized in a dendrogram showing the
degree of similarity in aquatic invertebrate composition
among sites.
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I'he difference in aguatic inveriebrate species
composition within and among wetlands was analysed
by multivarisle procedures. Relalionships among sites
were examined by the ordination procedure of
detrended correspondence analysis (Hill & Gauch
1980 Gauch [982), using the program DECORANA
(Hill  1979a). Salinity mcasurcments were
superimposed onto the DECORANA plots to reveal
relalionshipy hetween cwmmunity composition and
salinity (of . Williams er al. 1990). The herarchical
classification procedure of (wo-way indicatar species
analysis (Gauch & Whittaker 1981; Gauch ™82, using
the program TWINSPAN (Hill 1979b), was carried oul
1o group similar sites together in clusters. Indicawr
specics refer 0 the prelerential faxa used by
TWINSPAN 10 distinguish the clusters. The
TWINSPAN program was run using the default
options.

‘I'he data generaied by Thompson (1986 and Licyd
er al. (1984) were not included in stytistical
comparisons with the results from the present survey
due 10 differences in the methods and ohjectives nf each
study. Only ceneral trends in the data from these earlier
studies dre discussed.

Resulis

Warer chemistry

The physico-chemical data are given in Tables 2 and
A As the preliminary survey consisted of only e
sample per site, o data are available conceming
fluctuations of the various physico-cheinical paramercrs
with season and changes in water level. Consequently.
only major trends in the data will be highlighted a¢ this
shigo.

lonie concentiation

Wilhams (I1967) classified any water with @
concentration of total dissolved solids (TDS) grester
than 3000 mgl.” as "saline” Based on this definilion,
Berri Evap. Basin, Rammco Lagoon and Puby Ck
(PILCI) were saline when samnpled. Other wetlandy
o approach this level included Claver Lake. Disher
CK Evap, Basin (DI5C7), and Katarapko Evap. Basin.
Converting wnie concentralions into iomic equivalenls,
waters [rom these wetlands were dominated by sodium
and chlonide. and had wnic stoschiometries sinilar o
that or seawarer {i.e. Na* > Mg** > Ca'* > K-,
Cl > S0F = HCO,). The only deviations in ioiie
(rends amaong this group of wetlands were Kalarapko
Evap. Basin and Clover Lake. which had anionic
storchiomerries similar to 1he more freshwater group.

The remaining wetlands had TDS concentritions of
Jess than 1000 megL’, Sodiuny and chloride were also

the dominant ons, although they represented smaller
Fractions of the total cations and anions respectively,
Cationic stoichiomeltry was the same as the mure suline
wetlands, but the anionic steichiometry differed in thar
bicarbomate dominated sulphate ion (ie. Cl >
HCO,; > SO > COH).

Jonie composition

An inverse relationship was evident between sodium
ion and calcium/magnesium  tons, with sodium
hecaming more duminant with increasing TIDS,
Potassium ions represented very low fractions of the
latal cations from all wetlands. The proportion of
chioride to total anions increased with increasing TDS.,
while the proportion of bicarbonate decreased.
Sulphate contributed 10-24% of the total anions, with
the higher proportions generully being recorded frony
the more saline wetlands. Carbonate inns weie detected
from the morg alkaline wedands (pH 8.8-9.4), reflecting
Ihe effect of pH an the dissolved CO, equilibrium

Nutriems

Ammonia was present in higher concentrations than
NO N at most sites. although wt some the
concentralions of both forms of dissolved nitrogen were
negligible (e, <QU1 mgL'). The highest NH, Jevels
were recarded from three of the more saline sites
(PILCI. RAMLIS, BERBI). The highest NO-N
concentration was recorded al DEV D20, which also
had a high NH, concentration compared with the
ullier treshwalter siles. TKN values were generally
higher at the more saline sites. although low
concentrations were recorded from Disber Ck Evap
Basin.

DRP levels were relalively Tow @l all welland ites,
but were highest at the more saline sites nf PILCI.
RAMLIS, CLOL3 and BERBIL ‘Towl phosphorus
concentratioms showed » similar trrend as DRP und
TKN levels, with the more saline wetlands generally
having higher concentrations of phosphorus than the
Jreshwater wetlands.

Nitrogen was mostly present as organic forms at all
wetland sites. 1t is difticult 1o comument on phosphorus.
however, us unly the dissolved Traction of the 1otal
reactive phosphorus was measured during this study.
Despite this, the DRP results indicate that inorganic
phasphorus was a significant condributor o 1ol
phosphorus for RAMLIS. DISCh, and PILC2,

The sites DEVD21, KATS, KATN, DISC7, LCAR
and WONL were depleted of both pitrogen and
phosphorus 1 dissolved inorganic terms. The laner
three sites also had the lowest TKN and TP
conceatrations recorded during the survey.

Orgame carbon
Concentrations of total organic carbon (TOC) and
dissulved vrganic carbon (DOC) were highest al the
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TABLE 4. Chlorophvll concentrations recorded from 17 sites from Chowilla 1o Mannum in South Australia. (Units in ugl.")

Site Chlorophylla Chlorophyll b Site No. Chlorophyll a Chlorophyll b
PILC | 114.8 314 BERB 11 60.0 22.8
PILC 2 17.2 5.8 RAML 12 323 7.0
CLOL 3 42.1 10,6 RAML I3 9.8 59
LMER 4 21.7 7.6 RAML K4 99.6 37.1
DISC 6 17.1 4.1 RAML 15 255.8 83.8
DISC 7 37.2 16,9 LCAR 16 1.2 0.2
KATS 8 39.1 9.6 DEVD 20 10.8 2.5
KATS 9 69.3 15.8 DEVD 2I 35 0.6
KATN 10 44.1 9.4

“Data not avalable for LCARI7, LCARIS and WONL 19,

TABLE 5, Occurrence of aquartic invertebrate tuxa from 20 sites surveved from Chowilla 1o Mannum during May-June 1990,

Taxon Occurrence Total No. of
(Site No.) Occurrences
TURBELLARIA 2 |
GASTROPODA
Unidentified snail 6 1
Petemopyrgus niger 16,18 2
Ferrissia petterdi 4.16,19 3
Phyvsa acuta 4,9.10,12,15.16.17.18,19,20 10
Isidorella newcombi 16 1
BIVALVIA
Sphaerium tasmanicum 16 l
OLIGOCHAETA 1,2,4,8,12,13,14.15,16,17,19,21 12
CRUSTACEA
OSTRACODA 2.3.4,6,9,10,11.12.13,14,15,16,17,19,20.21 16
COPEPODA : HARPACTICOIDA
Arthevella australica 1 1
COPEPODA : CYCLOPOIDA 3.6,7.8,11,13,14,17,18,19,20 11
COPEPODA : CALANOIDA 2,3,4,6,7,8,9,10.11,16,17,18,19,20,21 15
AMPHIPODA
Afrochilionia ausiralis 9.11,12,13,14,15,16,19,21 9
1SOPODA
Austroargathona picra f 1
CLADOCERA
Levdigia australis 3 I
Hlvocryptus sp. 17.18 2
Daphnia lumholizi 2,16 2
D. carinata 1 |
Daphniopsis pusilla 11 1
Ceriodaphnia sp. 17,19 7.
DECOPODA
Macrobrachium australiense 20 1
Pararva austrafiensis 2.4.6,8.9.10,13.14,16,17,18,19,20,21 14
ARACHNIDA
HYDRACARINA 4,6,13,15,16,17,18 7
INSECTA
EPHEMEROPTERA
Cloeon fluviatile 19 1
Tasmanoceenis tillvardi 906 2
ODONATA
Ischnura hererosiricia 4,9.10,16,19 5
Austrolesies sp. 21 1
Juvenile Zygopiera 2 |
HEMIPTERA
Anisops sp. 3 |
Anisops thienemanni 4.8.9,10,14.19,20 7
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Taxon Occurrence Total No. of
(Sitc No.) Occurrences
Micronecta robusta - M. gracilis 34.6.7.10.11.12.13,14,15,16,18,19.20,2} 15
M. annae 16,19 2
Agraptecorixa eurvnome 1.3.10,12,13.14,19.20 8
Hydrometra sp. 16 I
Mesovelia sp. 16 I
COLEOPTERA: HYDRAENIDAE
Ochthebius sp. 12,20 2
COLEOPTERA: HYDROPHILIDAE
Hydrophilid larvac 4 I
Berasus sp. larvae 3 l
Hvdrochus sp. 16 |
Helochares australis 16 1
COLEOPTERA: DYTISCIDAE
Sternopriscus sp. 3 1
LEPIDOPTERA: PYRALIDAE
Pyralid larvae 6,15,16,20 4
TRICHOPTERA: LEPTOCERIDAE
Triplectides sp. 2.4.9.16.21 5
Juvenile leptocerid 18 1
TRICHOPTERA: ECNOMIDAE
Ecnomus pansus 16 1
TRICHOPTERA: HYDROPTILIDAE
Hydroptila acinacis 16 |
DIPTERA: CHIRONOMIDAE: TANYPODINAE
Procladius sp. 1,3,4,6,7.11,12.13.14.19,20 1
DIPTERA: CHIRONOMIDAE: CHIRONOMINAE
Chironomus cloacalis 15,1718 3
C duplex 12,13 2
Dicrotendipes sp. 339 3
Chironomus tepperi 1,2.4,11,14,15 6
Cladopelma sp. 3 |
Kiefferulus intertinctus 4.10,11,14,20 5
Polypedilum sp. 1,2,18,19 4
P nubifer 3.4.13.14 4
Parachironomus sp. 4,6.8,9,10,14,19.2]1 8
Cryprochironomus sp. 3.20 2
Cladotanytarsus sp. 4,8,9.10,16,17,19,20,21 9
Tanytarsus, sp.4 19 |
T. barbitarsus 1,2.4,11.21 3
DIPTERA: CHIRONOMIDAE: ORTHOCLADIINAE
Corvioneura sp. 4 1
Cricotopus sp. 1,3.4.8,9,10,16,19,21 9
C. albitibia 3,4,8,9,10,16,19,20,21 9
Limnophyes sp. 2.4,16,20 4
Parametriocnemus sp. 4 1
DIPTERA: CERATOPOGONIDAE
SR sp.1 3.10.11.12,13.,15 6
SR sp6 11,13,14,16,19 5
SR sp8 3 |
SR sp.16 14 i
SR sp.18 T513 2
DIPTERA: PSYCHODIDAE 11,12,13,14 4
DIPTERA: STRATIOMYIDAE 4.10,11,14,15.20 6
DIPTERA: TABANIDAE 4 |
DIPTERA: SCIOMYZIDAE 8.16,19 3
DIPTERA: EPHYDRIDAE 1;7.11,12,13,15 6
DIPTERA: MUSCIDAE 4.6.7.14 4
DIPTERA: CULICIDAE 3,10,11.13,14,15.20 7
DIPTERA: DOLICHOPODIDAE 1.13 2

*SR - refers to voucher specimens in the collection at the State Water Laboratory, Victoria.
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mure saline wetlands, The Fraction of TOC represented
by DOC varied Irom 39-50% at KATS and KAIN ©
975 u RAMLI3.

Pesticides
Nu pesticides were deteewed 1o any of the water
sumples (detection limi of 002 pgl.').

Chlovophyll concentrarions

The concentration of chlorophyvll was high at most
wetland sites (Tuble 4). indicating that significant
phytoplankton production was occurring during the
sampling period. Chlorophyll @ concentrations varied
consideridbly among wetlands, canging from 1.2 pgL!
al LCARIG to 255.8 pgl.' at RAMLIS. Chlorophyll &
followed a similar trend.

Chlorophyll concentrations also varied markedly
within wetlands. The most noted difference occurred
at Ramco Lagoon where chlorophyll ¢ rianged lrom
9.8 ugl.' at the more sheltered western site
(RAMLI3) 1o 2558 pgL.' m the exposed, downwind
site (RAMLIS). Similar rends occurred al Pilby Ck.,
Devon Downs Nth. Katarapko Evap. Basin, and
Dishers Ck Evap. Basin. where differences in the
moarphology of the wetlund, waler Tow, und the
dominant wind dircetion muy result in lirge variations
in chlorophy!l concentrations within wetlands.

Aguaric imvertebrare composition

Seventy-eight aquatic invertebrate laxa were recorded
from the 20 sites (Table 5). Insect taxa predominated
(69% ), und the most diverse component of the fauna
were dipterpns with 32 species, including 19 species
ol chirvnomids. Crustacea contributed 18%  and

dustropoda 6% of Lhe total taxa recorded.

Ostracod taxa were the most widespread (16 sites),
followed by Micronecta robusta-M.  gracilis (15),
calanoids (15). Paratva aasiraliensis (14). oligochactes
(12), eyclopoids (11, Procladiuy sp. (11) aod Physa actta
(10). In contrast. 31 tasa were recorded from only one
sike.

The taxomomy for many inveriebrate groups is
imcomplete (Willlams 1980b; Campbell 1981; Bennison
ef al. 1989), making it dithcult 10 assign some
specimens  below the generic or family level.
Consequently, not all taxa were identificd 1o species.
which underestimates the species composition and
richnessy of some sies,

LCARI6 had the highest species nichness with 30
taxa and DISCT the lowest with 7 taxa, Considerable
varigtion occurred within wetlunds, particularly Lake
Carlet where 11, 11 and 30 1axa were recorded from
the three sues sampled, Of the wetlands that were
sampled from more than one site, Lake Carlet was the
most diverse with a total of 36 {axe. [ollowed by Ramuo

PILC1
e JI57
DEVD20

WONL19
LMER4
e .
KATSO

DEVD21
LCARTE
AR ———1
LCAR18

PILC2
RAML13 :I
RAML14
RAML1Z
BERB11 I__
RAML1S

CLOL3

DISCE
DISC7

17

c]

100 a0 60 40 20

% SIMILARITY

Fig. 20 Dendrogram priuced by Sorensen’s similarity
coeflicicnts of 20 5ites biased on the aguatic invericbraie
data.

Lagoon (29). Devon Downs Nth (25), Katarapho Evap.
Basin (23). Pilby Ck (18). and Disher Ck Evap. Basin
(14).

Groupings of the sites

Cluster analysis initially separated the sites into two
maim groups that generslly correspond 1o more suling
wellands with TDS concentrations > 1000 mgl. ' and
less saline wetlands with TDS <1000 mgL/ (Fig. 2).
Exceptions included the clustering of the suling
anabranch PILC\ and sites from Katarapko Evap. Basin
with the freshwater group, and DISC6 and RAMLI2
with the more saline wetlands.

Within the more saline group, sies from within the
same wellund were more similar to each other than
sites from different wetlands. In the freshwater group,
‘however, sites trom the same wetland did not
necessarily cluster together. indicating that some
heterngeneity existed within some wetlunds (e.g. Devon
Downs Nth).

Multivariate analyses
The DECORANA ordinations of the samples arc
illustrated in Fig, 3, and show the centroids for each
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300

360
AXIS 1

Fig. 3 DECORANA ordination of sites bused on the aguatic
inwertebrate data, with TWINSPAN groups superumposed.
{Eisenvalues: Axis 1 = 046, Axis 2 = (.28, Axes in
stundard deviation units).

of the 20 sites (i.c, the avérage score for cach axis).
Superimposing the TWINSPAN groups onto the
ordination plots results in two groups that also
correspond to more saline wetlands with TDS
concentrations >1000 mgL" and freshwater wetlands
with TDS < 1000 mgl.". This trend was confounded
by the inclusion of sites from Katarapko Evap. Basin
in the freshwater group, and DISC6, RAMLI2 and
DEVD20 in the more saline proup.

The two sites from Pilby Ck were outliers on the
ordination analysis and tended (o “compress” the other
sites on the sceond ordination axis. Deletion of these
sites from subsequent analyses did not alter the
orentation or spacing of sites appreciably. so the
original results based on all sites are presented herein.

The projection of sites onto the first ordination axis
is shown with their TDS concentrations in Fig. 4a.
Sites to the left were characterized by having freshwater
with TDS <1000 mgl.! and were connecled lo the
River Murray (Table 6). These included the permanent
flood plain lakes and swamps. and two sites from
regulated wetlands. The treshwater site from Pilby Ck
also grouped with the other freshwater wetlands despite
being isolated from the main channel when sumpled.
Sites with TDS concentralions between
1000-2999 mgL! formed intermediate groups.
Katarapko Evap. Basin and Disher Ck Evap. Basin
(DISCT) were connected (o the River Murray through
their regulating structures when surveyed, while Clover
Lake was isolated due to its location high on the flood
plain. Snes o the right were saline with TDS
>3000 mgL' and were isolated from the River

|
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Fig. 4. Scautergram of DECORANA ordination from Fig. 3
showing TDS concentration recorded at each site.
ta) Axis | vs TDS (b) Axis 2 vs TDS
The groups enclosed in dotred lines are described in the
classiticatnon of sites (n Table & {Ordination axces in standard
deviation units, TDS in mgL". LCAR 17 and LCAR IR
ainitted due 1o absence of chemical data).

Murray. These included the western reach of Pilhy Ck
(PILCD) and Ramco Lagoon in ope group, and the
hyper-saline Berrt Evap, Basin in the most extreme
group.

The same general pattern resulted when the points
from the second ordinubion axis were plolted sgainst
their TDS concentrations (Fig. 4b), although PILC2
split from the other freshwater wetlands. and the two
intermediate groups merged wgether.

Superimposing the nutricnt data onto the ordination
pluts revealed a sinmilar. though less distinet, gradient
between wetlgnds with/without any connection to the
River Murray, TP showed increasing concentration
with isolation from the River Murray along the first
ordination axis. but no imerpretable pantern for the
second axis. The remaining physico-chemical variables
displayed no obvious patiern along either axes.
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TABLE & Classificariem of wetfand siies based on their TDS concentration and connection i the River Murray.

TDS (mel. ! 0 -4999 1000 - 2999 3000 - 99499 10000 =
Fresh Walers Saline Highly Saline

Connected o 4.6.12.16,19.20.21 78910 -

River Murray (GROUP A) {GROLP )

Isolated from 2 3 1.13,14.15 1

River Murray (GROUP B) (GROUP D) {(GROUP E) {GROUP F)

The TWINSPAN classification (Fig. 5) describes a
similar pattern to the ardination results and highlights
the indicator taxa that arc unique to cach grouping.
The freshwater proup was characterized by the dipleran
Cladotanvtarsus sp. and the shrimp Puratva
australiensis. The more saline group was distinguished
by thc presence of the dipterans Procladius sp..
Ephydridae and Culicidae.

Discussion

Warer chemisiry

Like most inland waterbodies i Australia, all
wetlands included in the present study were dominated
by sodium and chloride (Williams & Wan 1972). The
Uifferences in jonic concentration and dominance
between wetlands were largely the result of dilution
and concentration, The freshwater group were
permanent waterbodies connecicd to the mainstream,
where water level fluctuations are less extreme than
in the more saline group of isolated wetlands. The
repulated wetlands, ephemeral swamp, and saline reach
of the Pilby Ck anabranch had higher salinities due

Cladoranytersus sp.
Paralys sustralinnsis

to the cllect ol evapoconcentration. Seepage of saline
groundwater and the inflow of saline irrigation water
also added to the high levels of dissolved salts in the
gvaporation basins and Ramco Lagoon {(Unpubl.
E. & W.S. Dept records). Recem and proposed
changes in the management of these wetlands by the
use of out of the flood plain evaporation basins (e.g.
Noora, Stockyard Plains) and groundwater interception
schemes, should lead to a reduction in salinity of these
wetlands in the long-term. We should note, however,
that mean salinity levels would probably need to be
reduced to at most 4000 mgL' before significant
changes i the biota of these wetlands would be evident
(see Centre for Steaim Ecology 1989 {or references).

Comparison of TP and TKN concentrdtions recorded
in this study (Table 2) with Wetzel's (1975) classification
ol lake productivity (after Vollenweider 1968), reveal
that the 10 wetlands were eutrophic or hyper-eutrophic
with respect 1o TP, and meso-eutrophic or eutrophic
with respect 10 TKN, Levels of DRP and

“Centre for Steam Ecology (1989) “Biological Cffects of
Saline Discharges (o Strepms and Wetlands.” (Chisholm Inst.
Tech., Unpubl. Report for Salinity Bureau, Vict.)

Prociadius £p,
Ephydridas
Culicidas

Hyocryplus sp.
Turbekierin \
FPolamapygus migar
Hydracarina
Farriseid peltterdi
r

LGARY? PiLC2 LMER4 KATSH WONLY
LCARE KATSR

KATMID

DEVD24

LCARIE

l Altheyells ausiralis

Leydigla sp.
Afrachillonia aistraliz l
Physa acula
DiISCs BERBN RAMLI2 CLOL3 PILGY
DISCT RAML13 RAML1S
DEVD20 AAMLIA

Fig. 5 TWINSPAN clussification of sites based on the squatic invertebrate data. Indicator species names are included with

eich dichotomy,
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NO =N however, were gencrally low, suggesting that
st af the nutrents were 1o particalafc furms thal may
be unavailuble o phywoplunkion (Smith 1982: Geddes
I984a),

Nutrient concentrabions of the wellands reflect those
in the lower River Mutrgy. Values of' TP, DRE, TKN.
and NO,-N were within the ranges reported from
Lock 5 0 Murnty Bridge (MucKay or «f 1988) with
some exceptions. These included the higher TP
eoncenimion from Clover Lake and the higher TKN
cancentrations from Berri Evap. Basih, Clover Lake,
Rameo Lugoon and Katarapko Fyap, Basin These ure
shallow  and/or regulaled  wetlinds  subject
cansiderable evaporation,  resulting in high
concentraions of nuirients and dissolved salts by
evapoconeeniration,

Cumparisen ol nutnent levels with other wetlunds
frm the River Mureray 1s diflicult & rew studies huve
been published i the chemastry of these walters. Shicl
(9K reported the nutriem concentrations from three
billaboligs near Wodongs during 197527, and found
thul nitrate varied from 2-685 mg N m™". and
phosphate from 11-624 mg P m. Nulrient Jevels
trom Luke Alexandring (Geddes [984a), Luke Hume
dnd Lake Mulwals (Wulker & Hillman 1977 Brymner
1982), Murrumbidgil Swamp and Lake Murrimajecl
(Brigas ¢ al. 1985) were ull within Shiel's runges,
Lirge Nuctuations in nutriem concenlrations were
recoided from cach wetland. In the present study,
nitrule wnd dissolved phosphate concentrnons were
low compared to Shiel’s (1980) values. Low levels of
inurganic nitrogen  relative 10 the high TKN
concentrations indicate thut N was cither présent in
the sediments or had been assimilated hy
phvtoplankion. The high chlosophyll concenmranons
(‘Table 4) i nwst sites support the atter suggestion
Based an Wetzels (1975) chlorophyll a categories.
LCARI6. DEVDZI, RAMLI} and DEVD20 were
meso-eulrophic. whereas the other sites were eutrophic.

Although  meaningful  entical  concenteanions ol

nutrients have not been defined for Australian waters
(Wood 1975; Cullen 19861, the flond plain wetlands
included in the present survey were clearly enriched
m bollr N oand P Fuwire work will deterinine whether
the high levels of nurrents snd algal hiomass e
qustained. as this could result in the alteration of
phyplinkan coimpiinines O Byvoud nusace species
of <vanobactenia (Walker & Hillmun K77),

Aepraatic amveriebranes

The aquatic Invertebrale faung was diverse (lable
31 considering the simall number of samples collected
wnd that swmnpling occurred during the cool, wet
months of May-June  Ar least 78 waxa were reconded
from the 10 wetkonds, with insects und crustaceans
dominaing the invertebrate Communitics it évery site.

The majority ol insevts were dipterans (32 mxa).
hemiprerans 17) and coleoptenins (6). Sies from the
permanent Treshwaler lakes and swamps (LCARIG,
LMER4 and WONLIY) had the most (uxa, while &
permanent regulated wetland (DISC7) hard the least.

The unpublished database compiled by Thompson
(1986) contdins remarkably fow reconds of invertebrales
and aguatic mucrophytes from the wetlands included
i his study. This was prohahly due. in part. @ the
high Nows of very turbid warer from the Darlmg River
into the River Murrty at the end ol 1983 (MacKay &
wf. 1988, resultng in most wetlands heing tirbid when
sampled by Thompson in 1983-4. Apart from noling
ostrpeods from DISCT. no new data could be derived
from [has daibase.

Llayd e wl. (1984)! collected 71 aqualic inveriehrute
lxa durimg i 12 month study of the fluctuations in the
aguatic inverebraie communities and water chemistry
of three wetlands, includmg Berm and Disher Ck Evap,
Basins Comparison of resubis fronn the sume time o
the year show that the fuunis and water chemisity have
nut chinged appreciably ar BERBII. while the writicwl
manipulaton of water levels sn DISCH led to u lower
salinity and a more diverse fauna 1n the present study.
A wtal of 28 waxa were found st BERBIN by Lloyd e/
of. (1984}, with 12 1exa being recorded during May
1984, The same faunal asscmblage was present during
May 1990, with the addition of Afrockiltania austealis,
Daphiopsts  pusiflu and  Micronecta  robusta-M.
graciliy, Ol the 35 1wxp recorded from DISCG i the
eurlier work, only four were found during May K84,
In May 1990, 1] species were collected, dominated by
crustacesns and dipterans, Future work will determine
whether the seusonal Irends described by Lhe earkier
study are maintained. This will provide a useful means
of prediering how comservative are the difierent
parameters that were mensured in (hese cvaporation
basins, and cstablish & dawbase upun which any
changes in the management of these wetlamds can be
compared,

Lloyd & Boulton (1990) recorded Y6 niacroinver-
tebrite taxa during # recent short-term survey of 13
wetlands from the Chowilla floxd pluin. Wetlands were
sumpled as rver levels fell in October U8R A< in the
present study, Most i were insects. with dipterans
131 taxa) doimninating the Faung. Few crustaceans were
collected. partly becuuse a larger meshed dip netr was
used and did nor sample the inicroc rustsceans, The
miyon difference in the fuuna between the two studics
wirs the large number of beetles (22 taxa) recorded by
Llnyd & Boulon (1990), Dytscids and hydrophitids
are most commonly collected during spring-summer
From most inland waterbodies (Mathews 1980, 1982),
with shallow temporary wetlands ofien having a variety
of species (Lloyd & Bonlton 1990; pers, obsy.), The
(Iming of oy survey may accounl for the Rewer specics
ol beetlex recandesd
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Contparison of the Taunal communities il the 240 sites
using DECORANA ordinguon (Fig. 4 and Tuble 6
ilustrted the importance of connection o the River
Murray un both the water chemistry and nguatic
inverichrate assemblages, Wellands/stles wilh e
connection o the River Murray were charucienzzd by
low salinities (TDS cimeentration < KO0 gL '),
venerally low nutrient concentrations. and the presence
ol the dipleran Cluelequmvearses sp. and the shrimp
Puratva cestealiensis. Wetlands/sites that were isolated
from the man channel formed a second group.
characterized by higher salimties (TDS concentration
> 1000 mgl- "), lugh nutrient concengrations, und ihe
presence of dipteran ksrvae such as Procladbing sp .
Ephvdridae and Culicidac.

Ihe sites msullocuted by the analyses deserve special
mention . Hydrolug sl mampulations ot three regulaeed
wetlands, prior to the survey. confounded 1he salinity
gradient. Kaarapho Evap. Basin, Disher Ck Tavap,
Busin, and the inlet site ot Rameo Lugoon were
receving waler trom the River Muarray when sampled,
as their regulating structures had been opened (two,
sevens and 10 days respectively, prior lo sampling
(Unpubl. 1. & W.S. Dept records). Sulinity readings
trom these wetlunds indicate thar some mixing and
ditutinm bl ocearrod i Katarapko Evap. Basin and
Disher Ck Evap. Basin (Unpubl, E. & WS, Dept
reciirdst. while hule w no fushing had occurred
beyond the mlet/outlet site o Ramco Lagoon (Tuble
21, bhis sppeurs (o have altered the fauni of Katurapko
Evap. Basin w resemhle a more freshwater assemblage
ol ivertebrates, Sies from Disher Ck Tvap. Basin und
Rimeo  Lagoon, however, rewnned  invertebrale
assembluges typical of the more spline sitesfwetlands.

fhe high nutricnt coneenirlions recorded  ul
DEVD2O may have contributed w an assemblage of
invertebrites typical of <aling comeivions, despite hav ing
a TDS concentrution of only 360 mgL ' Thiy site wis
heuvily grazed hy sheep, with the stock having dicect
necess to the waterbody. Biological decomposition of
the munure in the waler could have produced the high
NH, concentrution, which would then oxidise 10

H THUMPSUN & P ). SUTER

NO -N by bacterial ucvion | Biyly & Williams 149731

Sites from Pilby Ck tended to forn outlier positions
m the data analyses. emphasizing a difference i the
fauna fram this anabranch compared with the oher
wetlands, Pilby Ck is i smudt ansbranch in the Chowille
region, churucterized by narrow bapks with River Rl
Gums extending over the witer. As nony ol the other
wetlands resembled  this macrohabitsl,  (he
distimeniveness of this wetlund within the analyses wir
not remarkithle. The cuuseway acioss Pilby CK has
clearly reduced the water guality of the western reach
0 fuvour organisms adapted 1o saline, orgauically
enriched conditions. Placement of a culvert with a
regulator vnder the causeway would provide a siple
meuns of manipulating water levels to reduce the
salinity and nutrient concentiations of the western
reach

These are the prelinnnary results of an ongoing study
of the water chemistry and biota of Mood plain wetlands
in South Australi. ‘They provide an initial database

and demonsirate the influence of the River Murray on

the waler chermstry und aguanc inveriebraes of the
wetlands sampled, Future work will describe the
influence of scason. flow and regulation on the
limnology of some ol these wetlands, and provide
puilelines for the management of wetlunds throughout
the Murrav-Darling Dood plain,
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