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AN INTENSIVE MONITORING STUDY OF TWO WETLANDS OF THE RIVER
MURRAY IN SOUTH AUSTRALIA; PHYSICO-CHEMICAL PARAMETERS AND
CYANOBACTERIA CONCENTRATIONS.

by A. M, OLseN

Summary

Orses, A M. (19971 Anintensive momitoring study of two wetlands of the River Murray in South Austealii:
physico-chermcal pacuneters and eyanobacierin concentritions, Troms. & Soco 5 Apse 12140, 147-155. 24
November, 1997,

Quanutive data wére collected on phySico-chemical charactenstcs of surtace water wemperarires, pli,
turbidity. conductivity, dissolved ammonia, dissolved reactive nitrate and tol phosphile of Baprock and Loch
L wetlands from 26 sumplings in each wetland over a 20-month intensive monitoring study. Concentrtions
ol the various physico-chemical paramacters were within the ranges found i similur freshwater River Murriy
wethands.

Weather Fwtors, such as stromg wands, heavy rain runott and lightning, produced pertubations it wirvidiny.
conductivity, dissolved reactive nitrite and tolal phosphate levels in the two wetlands.

Nutrient concentrations in excess of .36 mgl! total phosphate and 4.0 mgl ' dissolved reactive nitrate with
rising waler temperatures were related o rapid cell multiplication of the cyanobacterio Anabucna spp. Three
Vireebgtena spp. were predominant in the two wetlands amd reached their greatest nimbers (23,700 cells il 'y in
Loeh Lo from Tate Deeember 1994 10 mid - Januury 1995,

kizy Woios: Wetlands, River Murray, monitoring physicaschemical parumeters, cvanobacteria, South Australiu,

Introduction

I 1990 the Murray Darling Basin Commission
through its Natural Resources Managemenl Stritegy
(NRMS) funded o preliminary study of the water
chemisiey  and aquatic invericbrates and  Land
vertehrates of 10 wetlands of the River Murray
Noodplans i South Austrahia (Goonan et al. 1992),
The survey was conducted during May - June [99().
Berween May 1990 and February 1992, a0 second
more  detailed  physico-chemical and  hiological
survey of cight alkaline freshwater wetlands was
carried ot on the sbove - mentioned Noodplains.
Five of the cight wethinds were located between
Clover Luke (Culperum  area) und the Bern
Evaporation Basin and the remaining  three were
hbetween Rameo Lagoon (Waikerie) and Lake Carlet
(6 ki upstream ol Mannum) (Fig. 1} These results
were reported by Suter ¢f wl. (1993),

Bunrock Station [Moodplain (Section 662, 681 und
(X2 - Hundred of Moorook) and associated wetland
lie i about the middle of the 100 km (approx.)
streteh of the river between the five upper and three
lower wetlands studied by Suter er al. (1993),

Flow regulation of the River Murray at Lock 3 in
1925 helped create two permanent  Ireshwater
wetlands in the region. one located in the tfloodplain
ol Banrock Station (347 08" S, 1407 20" E) und the
other in the Loch Luna Wetland Complex (347 12° S,

POt Girove Newron S, Auvst 3074

1407 227 E) opposite Bunrock Station and about one
km upstream ol Lock 3 weir (ANCA 1996). Banrock
Station wetland has a 920 to 130 ha area depending on
witer depth (20 ¢m - 1.1 m) and was created in the
1950s by damming the upper section of Banrock
Creek. The wetland behind the dam wall is gravity
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Fig, 1. Location map of wetlunds studied - River Murray, SA.
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ted by a channel from Lock 3 Pool, Water levels are
maintained by controls at the inlet and outlet points
and discharges flow into Lock 2 Pool. European carp
control structures were erected at the inlet in 1994,

The study deseribed below was undertaken 1o
determine the cyclical changes in the physico-
chemical characteristics of the waters of the two
wetlands and their influence on the rise and decline
of those cyanobacterial species likely to produce
toxic outbreaks. In the summer of 1991-2 there had
been wvisible blue green algal blooms in both
wetlands,

Materials and Methods

Sampling
This monitoring study of the two wetlands of the
River Murray began in November 1994 and ended in

June 1996, For 19 months water from only the River
Murray catchment and upstream storages tlowed
through Lock 3 Pool. The Darling River did not flow
because of the four-year drought in 1ts drainage
basin. Mixed River Murray - Darling River waler
flowed into Lock 3 Pool in June 1996 as a result of
floods in the Darling River.

In each wetland, flive sites were selected lor walter
sampling  for reasons of accessibility  and
representativeness and for sampling any increase in
cyanobacterial concentrations irrespective of wind
direction (Fig. 2). All water samples and temperature
readings were taken in the morning and as near as
possible to the same time at each wisit. Wherever
possible. Loch Luna was sampled first followed hy
Banrock wetland within 2 h. Collections ol water
samples were made weekly from October to December,
tortmghtly from January to March and monthly from

Banrock
Sampling
Stations
1-5

(34° 08" S, 140° 20" E)

140;' 20’ E
Kingston on Murray
I e .

Loch Luna
(34° 12’ S, 140°22' E)

34°10' S

Loch Luna
Sampling Stations
1-5

\ Feor 1
To Loch
Q 5*% 4e

Nockburra Creek

Fig. 2. Banrock and Loch Luna wetlands showing sampling sites. Note direction of fow.
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Tasrr | Noambers of cells of Anabaena spp. and  Tasie 2. NMwnbers of cells of Anabacna spp. and
comcentrations of dissodved  reactive nitrate and  totol concentrations of disselved  reactive nitrare and  toral

phasphate - Loch Luna 1994-96, phosphate - Banrock 199419496,
Date Cells DRNitrute  Total phosphate Dare Cells DRNitrate  Total phosphate
{mgl') {mgl "y (mgl ') (mgl ') tmgl') (mgl")
Nov 3, 1904 + 1] 16 Nov 3, 1994 14 (} 0.20
Nov 8 ! ] (013 Nov 8 ] .44 017
Nov 13 0 ] 0.17 Nov 15 + (.44 0.27
Nov 22 56 (.44 L2 Moy 22 1] 1] .30
Nov 20 41 Tr. .25 Noy 29 1 460 T 0.27
Dec 6 434 0.44 (.13 Dec 6 2 480) 35 (041
Dec 13 1.230 {0 0.27 Dec 13 1.560 Tr. (160
Dec 2 5.590 (144 .47 Dec 20) 303 Tr. (.70
Dec 27 23,700 2.20 016 Dec 27 125 1] .23
Jan 3, 1995 10.600) Ir (.46 Jan 3, 1995 9t It 15
Jan 17 14,5001 6.l (.19 Jan 17 245 4.0 .33
Jan 31 1.050 (L34 045 Jan 31 146 22 .21
Feb 14 1560 Tr. 0.07 Feb 14 373 §] 12
Feh 28 Y7 3.52 .10 Feb 28 il 7.9 0,06
M 14 437 %1 0 Mar 14 883 .88 T
Mar 28 172 2.20 0.23 Mar 28 5 ] .33
Apr 18 425 2.20 (.36 Apr 18 123 0 0.27
May 16 el 0 0.25 May 16 159 i .33
June 13 10 1.32 0.17 June 13 wetland drained
July I8 I 0 0.17 July 18 50 () (.20
Aug 16 b 352 0.19 Aug 16 {1 0 0,24
Sepl 5 0 0 (.30 Sepl 5 + ] (.40
Sept 19 2 Tr 0.07 Sept 19 + Tr. 0:25
Ot 3 ] Tr. (1L.53 Oct 3 () { 00.28
Ot 10 ] i) 047 Oct 10 ] ] (1,39
Oct 17 (0 i 0.43 Oct 17 14 {1 (.35
Oct 24 12 () (1L.95 Oct 24 {) ] 023
Chet 31 11 .44 (.04 Oct 31 |1 4.4 0.27
Nov 7 24 () 0.20 Nov 7 24 Tr. ().26
Nov 14 O 4.4 21 Nov 14 a7 ] (.30
Nov 21 450 }] o017 Nov 21 225 ] 016
Nov 28 1183 () 023 Nov 28 626 3.52 .30
Dec 5 1,220 7.48 .30 Dec 5 461 Tr. 0,30
Dec 12 1.150) Tr. (40 Dec 12 455 {l .36
Dec 19 115 Tr. .67 Dec 19 135 Tr. .43
Dec 26 1.270) 2 0,20 Dec 26 A0d Ir. 0.8
Jan 9, 1996 vy7 0.6 {).20) Jan 9, 1996 2,300 4.4 0.21
Jan 23 3,190 4.4 017 Jan 23 1.040) 1.32 015
Feb 6 2530 () (LOK Febh 6 2170 () 02
Feb 20) 308 Tr. .25 Feh 20 240 N 0,41
Mur 5 63 contaminated  contaminated Mar 5 71 0 .60
Mar 19 444 0 023 Mar 19 328 1] 040
Apr 14 a7 1] 0,12 Apr 14 28 () 0.12
Miiy 14 0 () .41 May 14 0 {0 (1.33

Jun 9 0 t) G Jun 9 }] )] (.24
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April Lo Septerber on the dates given in ‘Fables ©and
)

AL cuch siie (Fig. 2) a one-live surfuce wager

sample was tiken and bulked in a five hire plasne
botte with samples taken frome the other four sites,
Aliuots ol the bulked sample wore lranstered
air-free 300 ml polycarbunate plastic screwlop
bontles for subsequent physico-chemical analyses al
the Science Section, Glossop High Schoal The one-
litre wiler samples 101 counting cyanobacieria were
vunsterred (o 125 1 plastic serewlop bullles Teaving
a 250 ml headspace. The sionples were kepr vhilled
until delivery 1o the: Austrabiom Centre Tor Wate
Qualily Resesuch, Bolivie SA o enumeration of
eyumobacterin cells (HMSO 19909, The special 1251
plastie bowtles Tor the warer samples were supplicsd
From the Water Quality Laboratary.

A Hoatng “Der Grune Punkt™ No, 7428, blue
alenhiol cotump thermwmerer was used to record the
stidlaee waner wemperalures al each site. A meun
surfuee witer wmperdiire was then calealated  for
cach wellund. A plastie bodied mmimum - masimum
thermometer, (<300 - 4507 C) with pressure adjustment
For indicalors on the mercury column wais used 10
record mmimom and maximum waler lemperalures
hetween ttmes o consecutive sumpling visits, It was
suspended 15 cmy below the surface.

There way oo 13 June 1995 collection i the
Banmck wetlaml because this wetlund was drinned
for wiimienanee work on the ivigation pumps vsed
for hghland vineyard drrigation. The Loch Luna 5
March 1996 sample was discarded  heeause ol
sspected contamiation,

Clhiemival anlyyey

Water samiples were held at 4" C unil required and
e inost instanees were analysed within 48 h.
Measurements ol furbidity.  dissolved  annimonia,
thissulved yeactive mitrate und okal phosphate: were
de wsing o HACH DRELS  msbrument and
premised reagents (Hach 1984 Fur dissolved
amnonia cach sample was Gbered tdeough a Double
Ripzs 200 filter paper o remove suspended sohds. A
25 mlahguot was imesstiesd into a cleot glass sample
cell and 1 mil ol Nessler teagent added {Huch 19925
The misture was Tell Tor colour W develop, In this
case the blank wis distilled water (25 mb) with | ml
ol Nessler reagont ineluded. Measurements were
e an 25 i and recorded as mgl ' alier applying
a comeersion fuctor of muluphicarion by 1.29 (Hach
|9uly,

Tor dissolyed reaetive mitrate (DRN) cach saonple
was liltered through i Double Rings 201 paper (o
rentove clay particles. A 25 ml aliguol was measured

Flaeh Vo Coderdes T A

it a clean glass sumple cell and the contents ol one
foil suchel of premived Nitrver S reagent added,
This mixture was rapidly agitated For one miinute
then lelt for live minies for colour © develop.
Another filtered 25 wil sample wais used as a hlank.
Measurements were made at SO0 noy and recorded as
megl! alter applying o conversion  faclor o
multiplication hy 4.4 (Hach 1992

For 1ol phosphate CTPY a digestive process was
wsed to convert all forms of phosphuawe 1o the soluble
orthophosphate [orm (Hach 1992) Fity il of the
sample were  measured inte g clean 125 anl
Fatenmeyer Nask aloog with 4 ml 5.25 N H SO and
two ol suchets of K8 O (Fch 1992) "The misture
watn hieated inoa borling water bath for 30 minites,
allowed to cool o mom empersure and then 4 ml SN
NaOH were added. The sumple was split into two 25
il portions i Clean glass sample cells. Oue Ll
sdehet of premixed Phosver 3 reagent wis added 1o
one combiiner and the colour allowed w deyvelop, The
pther wis used as o hlank Tor spectrometric analysis,
Mueasurements were taken at 700 nm and reconded as
mgl ' after applying a conversion factor (division by
3). These DRN and TP resulis complement dans
collected Tor cight SA watlunds by Suler ¢ al,
(1BY3).

pH was meastred using o Hanna HE 8424C pH
eter, The probe was rinsed in distifled waier
between cach test and et in the sample until the
highest stible reuding was reached.

For trbidity measurements. cach sample wis
agited vigorously and a 25 ml aliguo was added
4 ¢lean glass sample cell and placed in the DREL/S
spectruphotometer. Measirements were made at 450
nm and recorded as Nephelometric Turbiudity (NT)
umiy. A hlank ol disnlled water was used 1o 7ero the
instrument,

Condoctivity measurements werd mpde using
EIYT FE 200 conductivity meter ealibrated 0o 1414
Electrical Conductivity (EC) unils belween cach usy,
The calibration solution was prepired by diluting
7455 g of oven - dried KCUin HRK)Y ml alisiilled
witter. The probe was rinsed with distilled water prior
o cach ose and the maximum reading taken ciuch
B 10 wirs used, Resis were in BC anits

Resully

Mean surface waler temprervainies

Throughout this study the mean sutbiwe warer
temperatures in the 1two wetlands showed  almost
fdentical trends. In general, water lemperatiives were
higher i the more exposed shallow Banrock wetland
than an the slightly more protected  Loch Luna
wetlaml. The highesl surface willer lemperatures 1y
Banrock. 2857 28.6" and 2847 € were recordel in
the summer ol 1994-5, corresponding wenperamires
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in Loch Luna were 27.4%, 28.5% and 25.3° C (Fig. 3).
The lowest mean surface waler temperatures were
10,37 Cin Banrock and 10.2" C in Loch Lung on 18
July 1995,

In Banrock the greatest range in mimimuom  and
maximum waler emperatures between conseculive
visils was 207 C (15" - 357 C) between 3 and 17
January 1995 and the greatest range in Loch Luna
was 14.57 C (147 - 28.5° C) between 22 und 29
November 1994, The monthly ranges n
summerfautumn were often 157 C or greater,
whereas in winler. they were 5° C or less. The lecust
difterence between minimum and maximom waler
lemperatures between  consecutive visits in Loch
Luna was 0.57 C on I8 July 1995,

Lock 3 Pool surface water temperature 50
apstream of the Banrock Station Intake in 1996 was
slightly higher than the mean temperatures in
Binmrock and Loch Luna (Fig. 3).

pH

The pH values ranged up o 956 at Banrock (27
December 1994) and 9.04 at Loch Luna (3 Januwry
1995) (Fig. 4). Lock 3 Pool water registered o
maximum pll 8.62 on 14 November 1995 and u
minimum pH 7.51 on 26 December 1995,

Turbidity

The shallower Banrock wetlund mostly recorded
higher wirbidity values than those of Loch Luna (Fig.
5). Highest turbidity in Banrock was 200 NT units on
3and 10 October 1995 and the lowest 30 NT units on
14 March and 28 November 1995 while mn Loch
Luna the highest turbidity was 170 NT units on §
September 1995 and the lowest 10 NT units on 14
March 1995 Turbidity in Lock 3 Pool ranged 70 NT
units on 14 May 1996 10 200 NT units on 26
December 1995, The mixed River Murray - Darling
watter had o urbidity value of 48 N'T units on 9 June
1946,

Comdietivity

The initial high conductivity of 1898 EC units in
Banriwk on 3 November 1994 decreased 1o 871 EC
anits in 6 weeks and more slowly therealter 1o 500
EC unils by 9 June (Fig. 6). In Loch Luna the initial
conductivity ol 1095 EC units on 3 November 1994
deercased w 687 EC units on 17 January 1995, rose
slightly before falling to a munimum value of 327 EC
units on 19 September 1995, Within a fortnight there
were two sharp increases in concentrations (2720 EC
units on 3 October 1995 and 1759 1.C units on 31
October) before conductivity  values decreased 1o
511 EC units on 9 June 1996,

The conductivily values ol the River Murray water
decreased slowly from 686 EC units on 31 Octobes
1995 10 511 EC units on 14 May 1996, The mixed

Fig. 3. Companson ol mean surtace waler temperatures
Buanrock and Loch Luna, November 1994-June 1996 and
River Murray, October 1Y95-June 1996,

Fig. 4. pH. Banrock and Loch Luna, November 1994-June
1996 and River Murray. October 1995-June 1996,

Fig. 5. Turbidny. Banrock and Loch Luna, November
1994 June 1996 and River Murray, October 1995-Jung
1996
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River Murray - Darling water was 438 EC units on 9
June 1996,

Reinfall

Weather lactors, such as heavy rain and strong
winds. were found to influence some physicul
parameters in the two wetlands. The average annual
rainfall at Barmera is 245 mm. The Barmera rainfall
was considered 10 be representative of the area and
its daily rainfall records for the 20-month period of
the study showed that ranfall was oregular with
intermittent occusional heavy falls ol 27 mm on 4
Janvary 995, 29 mim on | May, 53 mim on 23
October 1995, 38.5 mm on 2 Janvary 1996, 25 mm
on 27-28 February and 20.1 mm on 3-4 June 1996,

Dissolved anuaonia

The patterns ol dissolved ammonia (Fig. 7) were
similar in both wetlands. The range in Banrock was
from 017 mgl" om 28 November 1995 1o 3.1 mgl!
an 7 October 1995 and in Loch Luna from (.30 mgl”!
on 3 January, 28 February and 31 October 1995 to
348 mgl! on 21 November 1995,

Dissolved Reactive Nitrate (DRN)

In Banrock there were occasional high DRN
concentrations, exceeding 4 mgl ', in the period
November to March 1994-5 and agaim on 31 October
1995 and 9 January 1996, At most other times DRN
was below detection. In Loch Luna there was high
DRN on 17 January 1995 und between October and
February 1995-6 there were four occasions when the
concentrations excecded 4.0 mel ! (Fig. 8).

Total Phosphate (TP)

I'he highest TP concentrations recorded for Loch
Luna were 0.95 mgl ' on 24 October 1995 and 0.67
mgl ' on 19 December 1995 (Fig. 9). At Banrock TP
peaked at 0.7 mgl' on 20 December 1994, On 13
December 1994 and on 5 March 1996 the next
highest Banrock values were 0.6 mgl'. The mean TP
tor hoth wetlands was similar at about 0.3 mgl".

Cvanobacterica

When water sampling started in Banrock on 3
November 1994 the total cyunobactenial count was
14 cell ml" (Fig. 10). By 6 Decemher 1994
cyanobacterial cells peaked in Banrock at 2480 cells
ml and then declined steadily 1o 5 cells ml' by 28
March. The second but smaller cyanobactenal cell
multiphcation i Banrock occurred @ year later
between 7 November 1995 and 9 Junuvary 1996, Cell
numbers rose from 24 cells ml! o0 a maximum of
2300 cells ml' before declining to 71 cells ml! on 5
March 1996 (Table 2). Three Anabaena species were
predominant in the Banrock wetland.

In Loch Luna between 1994 and 1995 the same

Fig. 6. Conductvity. Banrock and Loch Luna. November
[994-June 1996 and River Murray. October 1995-June
1996,
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Fig. 10. Cyanobacteria (blue green algae). Banrock and
Loch Luna, November 1994-June 1996.

three Anabaena species were predominant through
the rise and subsequent decline of high cell
multiplication (incipient blue green algal “bloom™).
During November 1994 the
cyvanobacterial cells reached a low of 41 cells ml ' but
after 29 November their numbers increased rapidly
to peak at 23,700 cells ml!' on 27 December 1994
before declining to 97 cells ml" two months later
(Fig. 10, Table 1). Anabaena coiled species was
predominant until 3 January 1995 after which
Anabaena circinalis displaced it until mid -
February. The coiled  species  again  became
predominant until June 1995 when all three
Anahaena species were present in low numbers until
late November 1995 when
Anabaena coiled species began again. This species
peaked at 2530 cells ml' in early February and a
month later cell numbers fell to 63 cells ml!' (Table
1). Cell numbers rose slightly to 444 cells ml' on 19
March 1996 but no cells were detected on 9 June
1996.

number  of

multiplication  of

Other cyanobacterial species identified in the water
samples, although occurring only in low numbers,
were Anabaenopsis elenkini (6 December 1994 - 20
February 1995), Aphanizomenon sp. (22 November
1994 - 13 June 1995, 23 January - 19 March 1996).
Oscillatoria sp. (3 November 1994 - 18 July 1995, 9
January - 19 March 1996). Cylindrospermopsis
raciborski, Planktothrix spp.. Arthrospira spp.,
Microcystis aeruginosa and Pseudoanabaena spp.
were identified from time to time.

Discussion

Surface water temperatures, pH, turbidity and
conductivity levels followed similar trends in both
Banrock and Loch Luna wetlands and were
comparable with the values recorded between 1990 -
1993 for the eight floodplain wetlands of the River
Murray in South Australia by Suter er al. (1993).

River Murray turbidity values were highest (70 NT
units) on 14 May 1996 and lowest (20 NT units) on
26 December 1995, Mixed waters of River Murray
and Darling River (Lock 3 Pool) registered 48 NT
units on 9 June 1996. In the 10-vear period 1978-88
Lock 3 Pool water averaged 60 NT units (Mackay &
Eastburn 1990).

The high conductivity value of 1898 EC units in
Banrock on 3 November 1994 was caused by a
blocked inlet pipe into Banrock: with the clearing of
the blockage conductivity values in one week
dropped to 1507 EC units. Turbidity in Banrock
increased from 104 to 155 NT units between 5 and 8
November 1994 due to wrbulence from the rush of
water following clearing of the blockage. Seven
weeks for conductivity values and five weeks for
turbidity values were required to reach equivalence
with Loch Luna values.

In Loch Luna conductivity levels rose from 327 to
2720 EC units on 3 October 1995 after spring rains
and strong runoff, At Barmera. 13 mm of rain fell on
31 August, 9.6 mm on 5 September, 9.8 mm on 25
September. 10 mm on 3 October and 53 mm on 23
October 1995, Seiche effects in Lake Bonney and
added runoffs caused the high conductivity water
from Lake Bonney to flow through Chambers Creek
into Loch Luna wetland. The outward movement of
the high conductivity water (2970 EC units) from
Lake Bonney was traced from data recorded on 6
October 1995 at position POI517 in Nockburra
Creek, a tributary of Chambers Creek, Six weeks
clapsed before the high conductivity water from
Lake Bonney had been diluted 1o 721 EC units (14
November 1995),

The range of DRN concentrations in Banrock was
0 -7.9 mgl' and in Loch Luna 0 - 7.48 mgl'. The
high registrations occurred mainly after heavy rains
but there are also nitrate contributions from time to
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tie from water troim the River Murgay. and rom
agriculioral drains, wwn elTluenly aml sewuage
discharges as well as Iocabised awolyue breakdown
al mitrogen - Bixving blue green algae (Anabaenat
sppabe There is an anknown DRN putrient nput fromm
huge ockhs of pelicans €= LMD Birds ) swains,
vommorants amd ducks and lesser numbers ol iher
witer birds yesident in Banrock and  Loch Luiu
wetlands und an the banks ol the River Murray,
Nll“'HlL"'- are ilsio |‘Inhlllg‘&‘d h_\r’ |ighlllil'|;.' (Smilth
1Y,

The highest TP level (85 mgl ) vecorded i Loch
Lot vccurred on 24 Octobwr 1995 the day alier 53
i o vaan fell e Barmera aud S8 mim w Banrock
Sthon (€. L, Roheluch pers. comm, 1995}, Such
heavy rin amd consegquent runoll vause botlom
disturhinces in shallow wetlunds which redistribure
dissidyved  wrganie  phosphoras compounds and
iorgunie  phosphoris hound 106 suspended  or
distirbed bottont wrganic particolates i the waler
colwmn, Boegs e al, (1985) have also driawn
altenmon w the complexity ol chemival relatonships
withine werhands amd the effects of weather factor,.
such as winds and iemperinure, on warer chepiistry

Naoo blooms of cvanobacteria were observed i
Banrovk  welland, “The  mulliptication ol
cyanabacterinl cells o Banrock during December
19l was halied by ahe merveosed water inflow
follonuing removal of the blockage 1o the inler pipe.
The eyunobaeteria were [Tushed oul prevenling any
firther development of o eyanabacierial Bl
Banrock werland that yeur.

I Loch Tuna evanobacterial cells reached o
wsim of 23700 cells mi' on 27 December
helore dechining w 2o by 14 March 1995 Aher the
cnllapse: of the cyanohacterial populatian s Loch
Pt i December 19940 o small bue visible Blue
areen  algul  Bloom  developed  downsprewn i
Febryary and March 1995 glong the eastern bank ol
The River Mumay adjneent o Lock 3 weir 1nis likely
thad this Bloom i dils zenesis in the Novemher -
Pecember 1O el muolaphcaion e Lach Luna
upsoream and o the sae side ol the River Murray.
Sl hlue green algal hlooms had oceureed mi this
safes Tocation iy previows vears (Lock 3 stalt pors,
vy, 1UYS),

Bowlhing (1994 repurted The oceurrence sl
possible causes ol o severe Anabaenn oin el
blovine im Lake Cargellige NSW o lale  1H9H-Y )
when cell numbers exceeded 100K cells.ml ! The
physico-chenneal levels we the lake i 1990 had
vz close wh the 199446 values v Loch Luna for
water temperatares, pH, o turbidity and conductivity
Bt lower i i concentiations of TH gnd DRN
tan were tound for Loch Lona, Bow g (1994
eapressad the view sboual the Lake Cargelhiga hloom
that “ulthwwgh several wnderlying canses ol this

Ploom  are  probable,  the  elevated  nuirienl
concentrations. especially ol total phosplrs, were
magor Bwtars e contributed o " He drew
anention 1o the fact that most physicoschemical
studics of cyunobucteria blooms were starled alter
the Blooms had occumed.

[in this study of the physico-chemeal propenics ol
the two wethands o seimch for Bloen - Tormng tosic
eyanobpcterin species was started  betore any cell
imultiphcation  had  commenced and a0 seasomal
patlern is desenibed. Cyoanobacierial cells may
e dormant e cold waters and grow best w
waler lempertures exceddimg 15 U, with aptjngl
growth rates o 257 C or higher (Robuits & Zoliury
19851, The eflect of  waler lemperatures on
cyunvhacierial cell numbers in Loch Luwa s shown
with dota from Table | which show thal Bleoms anly
oceurted between Navember and February. Nimithers
O Anabaena spp. tose saddenly from zero on 15
November 1993 (2001 ©) 1o 23,700 mi-1 on 27
Pecember 199402427 C1and then began subsidiog,
even gl the water wempertires  were high,
perhaps hecause ol extiustion of nuirents.

The rise wnd fall o cell numbers anay also be
rehited 1o the concentrations of the two mitrienls,
DRN amd TP recorded during the growth and decline
ol the 1994-5 and 19950 hlue green algal outhreaks
(Table 1 However, since the coneemismon of
dissolved wactive phosphoros s nol knowin, (hese
relationships must be reaied with caurion,

I'here were Tour oecasions (20 December 1944, 5
and 31 Janwiry 1995 and 18 April 19957 whep TP
concentrations wn Loch Lunuwere ab or above 0,36
mel ' aml DRN  was present even in low
eomcenmunons (e - 2.2 mgl ') Aher cach ol these
events there was o vise in dhe numbiers  or
eyvanobacterial cells.  October (995 (hiean 1H9 C)
there were foue TP concentriions belween 043 and
095 gl ! hur DRN was low or absent and ng cell
mulnplicanon develped

A pattern rebated e nriene availability and
femperatre. cane be o seen e corly 1996 Ader an
nervease 4o 3190 cells on 23 January 1996 the cell
mbers began to decling possibly die 1o very low
cotcentrations ol DIRN and Muctuabing values of TP
i the water colimm, The eyimobacieria populaion
reached 2ero on 14 May 199G The mean wainiee
femperature o that date was 13 C wloeh s vear the
minimome emperatire vange lor geowth ol many (e
lving cyanubueterio specivs,

From ithes dara obtainedd 1 tiis study i is sugzgesied
that outhreaks of cyanobacterigl Booms did ol
aceur i the stmmers of 19945 ;g 1995-0 hecause
there were mudequate concentrbions of TPl
PRN 1 the waler colimnn during the period ol
Livvourahle growth for cyanubacteria Trav Fram this
study imdigane that TP concentrandon abowie 0,86 gl |
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and DRN concentration al or above 4.0 mgl’ in the
wetland may provide tor continuous growth in the
Anabaena species.
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