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SUMMARY

The Murray-Darling river system drains one-seventh of the

Australian continent (>I x 106 km2), Yet carries onJy )'" of the a¡nuaf runoff

(21 run yr-l). The two rivers have distinctty different hydrologty, geology and

geomorphology, which reflect in physical, chemical and biological differences'

The Darling has peak flows resulting from summer monsoons in the north of the

basin, the Murray has peak flows in winter and spring following winter rains

ald spring sno\Ár melt in the south of the basin. Contrasts have been enha¡ced

by successive impoundment of the Murray and tributaries- The Darling is

relatively unimpounded.

This study investigated the plankton of the two river systems; the

limnoplankton of headwater reservoirs, plankton of lentic habitats on the

floodplain (billa-bongs) , and the potamoplankton of the lower ¡{urray below

the Murray-Darling confluence.

More t1¡a¡ 400 taxa of Rotifera, Cladocera, Copepoda and Ostracoda

were recorded from Murray-Darling waters. HaIf of these were new records from

the continent, wilJrl 22 taxa ne\^/ to science. Common rotifer genera l^/ere

cosmopolitan (e.g. AspJanclna, Brachionus, Keratefla, Filinia, Polgarthra'

Sgnchaeta), with endemic species in several genera- 90% of rotifers recorded

were cosmopolitan. Common cladocerans included the genera Afona, Chgdorus,

Bosmina, Ceriodaphnia, Daplnia (35% endemism). Copepods (e.g' BoeckelTa,

Cafamoecia, MesocgcTops) consisted of predominantly endemic or Australasia¡

cala¡loids, and cosmopolital cyclopoids.

physico-chemical features of ha.bitats investigated are given.

Discrete plankton assemblages were recorded for each of 23 reservoirs a¡rd

38 billabongs studied. Fluctuations in lirnnoplankton composition were related

to physico-chemical varia-lcles, storage depth and retention time. Long retention

time reservoirs (e.g. Eildon, Hume) had a stable tirnnoplankton dominated by

microcrustacea (dominants Bosmina, Diaphanosoma, BoeckeTTa, Calamoecia) - Short

retention time storages (e.g. Goulburn Weir, Mulwala) had an r:nsta-l¡Ie plankton

dominated by rotifers.



iii.

Limnoplankton densities were lowest in oligotrophic reservoirs (e'g'

Eucr:¡ribene, -x zoop!¡¡¡kton 13.O .Q,-I¡, high"st in seasonally eutrophic storages'

(e.g. BurrinjucL, i SOZ [-l). Species diversity was lowest in t]re latter

storages during dense algat blooms, highest in shallow impoundments with

marginal hydrophyte growth, i.e. a result of pseudoplanktonic incursions (e'g'

Goulburn lrleir). Although a small group of eurytopic and widely distributed

zooplankters \^7aS recorded from most reservoirsr on any sampling date there

were different species dominants, density and diversity in even adjacenÈ

hal¡itats, i.e. responses to local environmental varia.bles.

vlith few exceptions (e.g. Rocky Valley Dam), reservoirs supplied

plankton to downstream rivers, There was evidence of avoidance of outflows

by microcrustacea; rotifers dominated upstream and middle reaches of the

Murray and Darling tributaries. Dominant phytoplankters were, seasonally,

detached epibenthic diatoms, with Vofvox and blue-green algae most common in

slower flows of summer.

Inoculation from fringing hydrophytes and' billabongs occurred down-

stream. Billa-bong plankton and littoral microfaunal communities were the

richest yet recorded (>IOO rotifer and microcustacean taxa from a single

Goulburn billa-l¡ong), Murray billaþongs had less diverse conrmunities'

Differences \^¡ere related to mants interference. Plankton densitíes in

billabongrs were invaria-bly higher than in the nearby river or upstream

reservoirs. Donrinant species generally were not those of either habitat'

Shaltow meso- to eutrophic irnpoundments on middle reaches of the

Murray had features of both billa,bongs and lakes. From these, seasonal alga1

blooms accompanied by a lacustrine plankton moved downstream' The predomilanÈ

zooplankters were microcrustaceans (Al-ona, Chgdorus, Bosmina, Ceriodaplnia,

Daplnia, Simocephalus, BoeckeTla, CaLamoecia) -

In contrast, the Darling, unimpounded for 27OO kmrhad a distinctive

rotifer potamoplankton dominated by tropical species of Btachionus, KerateTTa,

FiTinia, \nrith up to 35 rotifer species present on any date. Phytoplankters
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\^/ere sparse, possibly due to characteristic high abiogenic turbidity.

Atthough continuously inoculated into the lower Murray, most pronounced

pulses of Darling potamoplankton occurred in:autumnri.e;floóds from summer

rains in the north of the catchment took several months to reach the Murray.

Seasonal fluctuations in plankton composition in the lower Murray

reflected the disproportionate contributions from the two rivers, i.e. a

predominantly microcrustacean limnoptankton from Murray flows, with blooms

of blue-green algae (Anabaena/Anacgstis) in summer, and diatoms (CgcTotel-7a/

MeTosira) in winter and spring, and a plankton dominated by typically

warm stenothermal pantropical rotifers from the Darling with, seasonally,

waters of high abiogenic turbidity and low algal biomass-

One hundred and thirty-three taxa \^rere recorded from the lower river

zooplankton; half of these \^'ere pseudoplanktonic or littoral incursion species

flushed in by fioods, or accompanying algal blooms. Of the dorninant potamo-

plankters, approximately hatf were endemic or Australasia¡r in distribution,

i.e. a characleristic and autochthonous Murray potamoplankton assemblage.

p1ankton density and diversity was markedly contagious both across the river

and longitudinally, with tocalised pulses in response to point source nutrient

inflows. Both density and diversity increased downstream. Mea¡ zooplankton

d.ensity recorded at Ma¡num, S.A,., \n¡as 119 [-1, average momentary species

composition was 14.4 rotifers, 6.0 cladocerans and 2.4 copepods. Correlation

coefficients derived by linear regressions of plankton density and dive¡sity

on measured environmental variabl-es indicated that temperature, salinity and

turbidity sigrnificantly influenced some of the predominant taxa- Most common

taxa were eurytopic, recorded over a wide range of water quality across the

basin. Most of the cosmopolitan taxa, particularly Rotifera, are regarded

elsewhere as indicators of eutrophy.
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". . . for the amount of work that has been

pubìished on the ecology of Australian rivers

and streams, ìimnologists outside Australia

might well be forgiven for thinking that no

running waters exist 'in Australia at all :"

Bayly c Williams (1973:135)
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I INTRODUCTION

I'lanrs dependence on rívers is documented from 3000 BC' when

the success or failure of settlement in the Nile Valley was

determined by the flood regime of the river. The EgypÈian calendar

revolved around the cycle of inundation and flood recession, and

the Nile was an integral part of secular arid religious life. The

first record of management of river water for irrigation is from this

period (E¡nery, l967), and the Nile has continued to meet the needs of

an increasing population for more than five thousand years. The river

has been progressively regulated by impoundments, so that by the 1970rs

ítr+asfully controlled and utilized (Hammerton, L972) '

similarly, other major rivers have been progressively exploited

by rapiclly increasing populations, particutarly following the

',technological revolution" of the mid-nineteenth century' Although

most present demands on water supplies are not fundamentally ilifferent

to those of agrarian societies, it is in the intensity of use ttrat

contrasts are seen. Rivers are used for abstraction, effluent

disposal, flood mitigation, po-hrer generation, transporÈ, biological

oçtoitätion, recreation, controls for hygiene and catchmenÈ

utilization - to name only the most important. The impact of these

often conflicting uses and their deleterious effect on water quality,

particularly on biotic co:nmunities, was neg]-ected by ecologists for

the first half of this century (whitton, L975). The attention of

ecologists has rnostly been on lakes and orily in the last twenty years

has river ecology become a rapidly expanding field of sÈudy'

In. the first major review of ecological studies on running

waters, Hynes (1970) stressed the increasing interest in rivers and'

streams, noting that half the literature had been published in the
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preceding decade. subsequent to Hynes' review, more than 650

publications on running waters appeared during L97O-L975 (Oglesby,

Carlson & McQann, L972¡ Ífhitton, 1975). Evidence that this growth

of lotíc studies continues ís given by the result of a search of

the literature during the present project. A file search (Lockheed,

Los Angeles, Sept. , Ig79) retriÛved more than 5100 river-study

citations for the decade 1969-1979 - more than twice the reported

works from the preceding century.

'The intensification of research stems from increasing

awareness that flowing waters are finite resources, and that poor

m¿magement, both of water quality and flow, has repercussions beyond

the predictive capabilities of engineers. With increased populatíon

growth, continued multi-purpose use of already stressed rivers has

necessitated a systems ecology (holistic) approach, particularly

with the increasing alitareness of possible ramifications of stream

disposal of biologically toxic chemicals and, in some countries,

radionuclide contamination (Nelson et a7., L972) '

At the same time, it should be stated logistic difficulties

of sanpling flowing waters often preclude application of holistic

methods to river systems. ThiS is not to say that they do not conform

to the concept of an "ecosystem" (cf. Rzoska, 1978, L979) as the

concept is presently used. Taken as a unit area, i.e. the catchment

and standing waters associaLed wíth the flowing component, any

particulal river can be seen to cycle matter and energy between bíotic

and abiotic compartments, and to have a longitudinal and therefore

temporal increase in diversity towards a dynamic equilibrium with a

definite trophic structure. The changes imposed on a riverine

ecosystem by variability of flow, or by impoundment, produce compensatory

adjustments within the system leading to a different stage of maturity
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or development. This is not necessarily a more mature configiuration

(lGebs ' 1972) .

Despite the difficulties of lotic ecosystem stud'ies, there is,

nevertheless, considerable information onthemajor rivers of most

continents. Of particular interest is the nature, derivation and

dynanics of the plankton, the suspended ptant (phytoplankton) and

ani¡nal (zooplankton) components of the riverine biota, and their

response to interference with the riverine regime by, for example,

nutrient enrichment, thermal potlution or impoundment.

A distinction has been made between limnoplankton (e.9.

Hutchinson, L967) and potamoplankton (e.g. Zacharias, 1898), the

pelagic faunal and flora1 components of, respectively, Iakes and

rivers. The com¡nsition of the potamoplankton differs both qualitatively

and quantitatívely from that of the limno^olankton, even when the

water derives from a lake source or reservoir in which a typical

limnoplankton is present; there ís selective elimination of some

components of the lacustrine plankton such that the dominant

phytoplankters of flowing waters are diatoms, particularly Mefosita'

CgcToteTTa and Asterionelfa, with\seasonal occurrences of blue-green

algae (particular:-y Anabaenat Anacgstis and Microcastis) and green

algae (e.g. scenedesmus). Hynes (1970) noted the frequent occurrence

of ostensibly benthic atgae displaced from the substratum into

open water.

The zooplankton component of the potamoplankÈon is generally

dominated by Rotifera (e.g. AspTanchna, Brachionust Filinia, KerateTTa'

Notholca, Sgnchaeta) with Cladocera (Bosmina, Chgdotus and, seasonally'

Moina) anå copepods (Cgclops, Ðiaptomus in the northern hemisphere,

MesocAcTops and BoeckeTTa in the southern hemisphere) occurring less

conunonly. As with lacustrine species assemblages, zoogeographical-
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differences in potamoplankton assemblages are evident when remote

Iocalities are compared.

It is appropriate here to review briefly the major potamoplankton

studies. Detailed reviews of some of these studies are given by

Shadin (1956), Hlmes (1970) and lÍhitton (1975) amongst others. A

number of recent studies on running waters are noted by Sladacek (1978).

Relevant studies on impoundments and lake sources of major rivers are

also mentioned briefly, as are the sparse references to floodplain

ecoloø-y (e.g. Welcomme, L9791 .

Most potamoplankton studíes are from North America and Europe.

They began in the late nineteenth century. Early studies in the

United States found that the travel time of water was important to

development of the plankton community (Kofoid, 1903, 1908), and that

temperature, current velocity and plankÈon development \^¡ere correlated

(Allen, Ig2O). In a three-month study of the upper l"Iississippi,

Galtsoff (I923) established that density and production of plankton

fluctuated both horizontalty and vertically in different parts of

the river, and confirmed Kofoid's finding that lakes added to the

plankton volume. Galtsoff also observed thaÈ the river fauna

occurred in tribuÈaries, sÈagnânÈ hraters, lakes and ponds, but the

proportions of plankton groups differed in the river. Also on the

Mississippi, Reinhard's (1931) study emphasized the plankton stability

of impounded and ofder waters. As in the earlier studies, the

dominant phytoplankters were diatoms (Ìfiel-osira, CgcToteTJa '

AsterioneTLa) a¡d the domina¡rt zooplankters rotifers (KetatefTa,

Bra.chionus) .

oaify use of potamoplankton as indicators of pollution was

discussed by Eddy (1934), who noted that the continuous progression

of species was not a "succession" in terms of lacustrine or terrestrial
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ecologry, but was more comparable to invasion and colonization of

barren terrestrial areas, rtrith continual production and replacement

of plankton as the water mass moved downstream. The deleterious

effects of high turbidity and increased water velocity l4tere also

noted.

A decrease in plankton downstream of lakes \ñIas noted by Chandler

(1937), \dho attributed this to non-setective straining by vegetation

and settlement of the plankton in association with detritus. The

plankton composition of a later study (Chand1er' 1939) on the Huron

River did not differ significantly from that of upstream lakes'

although quantitatively the river ptankton had a signifícantly lower

density.

An early suggestion of a detritus-based food chain cane from a

report on the Missouri River (Berner, 1951) ' where phytoplankton

production was limited by high turbidities (Secchi readings of 1 cm) '

A conseguence of this was low plankton densities and a predominance

of zooplankton over phytoplantkon.

Beach (1960), in the first whole-system study' examined the

planktonic Rotifera of the small (1OO km2) Ocqueoc River in lrfichigan,

and noted the deleterious effeÖt of current upon lacustrine forms'

many of which did not survive downstream of impoundments. 'The slow-

flowing and lake-like conditions of the lfontreal River system (Cushing,

Lg64l and the sacramento River (Greenberg, L964) \¡tere found, in

contrast to Beachrs study, to be conduciÙe to downstream plankton

procluction.

Similar increased production in slow1y-flowing reaches of the

River Canård, Ontario, was reported by Winner & Hartt (f969) and

Hodgkinson (1970). Succession of the ptanktonic RoÈifera was

associated with temperature and nutrient-availability in particular.
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A nr:¡nber of rotifer species were implicated as indicative of

eutrophÍc conditions. other studies in which particular aquatic

organisms have bçen considered in relatíon to the trophic status

of given systems are reviêwed by Sladacek (1973) '

of Europea¡r rj-vers, the Danube is one of the best studied

lfunnologicalty (Liepott, 1967). Its 1888 km drain 805,OOO km2 of 
"

twelve countries (Liepolt, Lg72). Thirty-two studies referring to

the Danube zooplankton are cited by Enaceanu (1967), who recorded

413 taxa (18.98 Protozoa, 47 -52 Rotifera, 12.82 Copepoda and 20'88

Cladocera). longitudinal variation in plankton species composition

a¡¡d biomass was noted, in particular increased plankton density in

spring in response to increased nutrient input. sixty per cent of

the biota recorded in the Danube studies vrere considered to be

incursions from the littoral and benthic communities, and were

termed pseudoplankton.

A simitar ptanktonic composition was reported from the Rhine

by arehm (1911). He observed the contribution of lakes and still

waters to the riverine biota, and questioned the validity of the term

potamoplankton. , 
'

Studies of longitudinal'and seasonal varíation in the zooplankton

of rívers of the U.S"S;R. include those bv Pírozhníkov & Shulga (l-957) on

the Yenisey and Lena, Romadina (1959) and Dzyuban (L979) on the Volga'

Monakov (|964) on the oka, a tributary of the Volga, and Petrova (1976)

on the Trgíz and Turgay Rivers ín Kazakhstan. construction of a

series of impoundments along the volga has profoundly affected the

biology of the river (Mordukhai-Boltovskoi, 1979). Vlhereas the plankton

of the otirer rivers was generally dominated by rotífers, the rheophilic

zooptankton of the Volga has been replaced by a crustacean limnoplankton'
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of African rivers, the Nile is hydrologically the best known'

but no comprehensive ecological study exists. The zooplankton of the

headwater lakes was examined by Green (1967, L}TL) and that of river

tracts associated with the impoundment of the vühite Nile by the Jebel

Aulia Dam and of the Blue Nile by the Sennar and Roseires Dams (Brook

& Rzoska, Ig54; Rzfska, Brook 6. Prohlse, 1955; Rzoska' 1961 ' l-968'

lg74' 1976, L978¡ Klimowicz, 1961; Abu Gideiri, 1969¡ Hammerton'

1972¡ !{ard & Stanford, LgTg). These studies estabtished that the

construction of the Jebel Aulia Dam provided conditions suitable for

the developmenÈ of a ljmnoplankton (i.e. reduction of current and

turbidityr and reduction of leve1 fluctuations). A typical lacustrine

phytoplankton dominated by blue-green algae and diatoms (Anabaena,

Lgngbga, MeTosira), and a zooplankton dominated by Cladocera (Daphnia,

Ceriodapbnia) developed. Below the dam, the zooplankton assemblage was

dominated ry notit.r". similarly, the pre-impound'ment zooplankton of the

Blue NiIe was rotifer-dominated, but with construction of Sennar and

nosjeires Dams a seasonal lOO-2OO-fold increase in zooplankton was
I

recorded which r¡¡as more typical of lacustrine conditions- Below the

junction of the Blue and white Nile the plankton assemblage is

maintained for more than 2rooQ'km. The rotifer component of thís

assemblage resembles that of eutrophic lakes elsewhere, and moderaÈely

saline water forms predominate (Ktimowicz, L96L) '

A similar increase in zooplankton development following

impoundment of the Niger River was described by Clarke (1978) from

Lake Kainji. Species of Bra:chionus (Rotifera) dominated the riverine

zooplankton, and cladocerans, particularly Bosmina dominated in the

lake. The dilution by floodwaters and low nutrienÈ status of the

Sokoto River were considered by Holden & Green (L962) to account for

the tow density and diversity of plankton. standing waters adjacent

to the river h¡ere more productive.
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Few studies have been reported from other continents.

LeÍmerman (1906) reported phytoplankton dominated by blue-green and

green algae from the Yangtze-Kiang. The absence of diatoms was

noted, as was the poor development of rotifers and predominance of

Crustacea, i.e. a plankton indicative of eutrophic, lacustrine

conditions. The Yamuna River gear Dethi was examined by nai (L974'),

who found changes Ín the potanoptankton inversely related to changes

in turbidity and discharge. Nutrient input from sewage pollution was

responsible for greater plankton development-

Elsewhere, Gessner (1955) recorded a diatomr/rotifer plankton

from the orinoco, venezuetå. Hauer (1965) a¡d Koste (1972, Lg74)

described rotifer assemblages from the Amazon plankton, and Paggi

& Jose de paggi (L974) and Jose de Paggi (fSZe) have made

preliminary studies on the plankton of the Parana River, Argentina'

es with the other South American studies, turbídity vlas found to be

limiting for plankton development.

It is clear from these studies on the potamoplankton of the

major rivers of the world that although individual rivers may differ

in response to local environmental conditions, the following general

statements apply. Rivers have'self-sustaining plankton with a species

dominated by diatoms and rotifers. The phytoplankton is usually

numerically dominant over zooplankton, although the converse may be

true where high turbidity is limiting. The potamoplankton assemblage

is derived from headwater lakes and impound.ments, backwaters and

tributaries, standing waters adjacent to the river, and. has an

autochthonous component (developing within the ríver). No single

factor appears to control development and maintenance of the

potamoplankton, but temperature, turbidity, flow rate, nuÈríent-

availability and water chemistry are implicated. Horizontal and
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vertical development of the plankton is not homogeneous, and "clouds"

of differing density move downstream. Plankton production increases

downstream and in regions of slower flow. Impoundment produces

conditions more or less resembling those of a lake, so that a

plankton develops which resembles a true lacustrine assemblage. The

response of the plankton to alterations in water quality may be

useful in the assessment of environmental impact.

It is notable that Australia's rivers are absent from the lists

of lotic studies given in the reviews cited earlier. Invertebrates

generally, and plankton partÍcular]y, have been neglected iri those

few riverine studies which have been made. OnIy Playfair (1914)

studied specifically the ptankton of the Richmond River in N.S.W.

Potter, Cannon & Moo:re(1975), however, did include the phytoplankton

in their study on the Moruya River, N.S.W., and Jolly & Chapman (1966)

mentioned zooplankton in their study of pollution in Farmerrs Creek

a¡d Cox's River, N.S.W. Incidental mention of riverine zooplankton

is made in the essentially estuarine studies of Arnott e Hussainy

'(Lg72l and Kennedy (1975, Lg78). Shiel (1979) has reported on the

species composition and seasonality of rotifers from the lower River

Ivlurray at Mannum, S.A.

Australian lacustrine and impoundment studies which include

ínfo¡mation on Èhe plankton are likewise few (e-9. Jolly, 1966¡

Thomasson, 1973; Timms, 1968, L969, I97O¡ May' 1978, L979; lfalker

e Hill¡nan, Lg77), as are studies on standing waters of the floodplain-

The latter, colloquialty termed "billabongs" in Australia (see Ch 6;

ShíeI I 1976, 1980) are generally shallow, densely-vegetated (i.e.

Iittoral) habitats closely associated with the river. They are

important breeding and, refuge areas for a complex assemblage of

organisms. Informatíon on the microfaunal composition of billabong

Þ
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coÍflrunities is given by Shiel (Ig74, Lg76) and Walker & Hillman (1977).

Simí]ar communities elsewhere are ox-bows, meander scrolls in the U'S'A',

Altwasser, Iônes, bras morts in Europer meander lakes, varzea in

South America (Hutchinson, 1957i Green, Lg72; We1comme, 1979) ' The

ímportance of these floodplain habitats to the river ecosystem is

díscussed by Íüelcomme (1979). q

This paucity of fundamental biological information on the

Australian riverine biota is particularty surprising in view of the

importânce of some Australian rivers to man. This applies particularly

to the Murray-Darling river system, the waters of which are used for

domestic and agrícultural supplies, fish production' recreation, waste

transport and purification, and wítdfowl production. It was against

this background of poor knowledge of an importa¡t regional river system'

and the interest of comparing the nature of Australian river communities

with those in rivers on other continents that the present study was

undertaken.

Constraints of time and resources did not permit comprehensive

study of the total biota, and the present study is restricted to a

comparative study of the plankton, particularly the zooplankton, of

the two most importa¡rt rivers öf eastern Australia, the Darling and

the Murray, including major impoundments and selected billabongs of

the Murray and a large tributary of it, the Goulburn River. Data on

species composition and. seasonal variation in the plankton of major

5mpoundments and rivers of the Murray-Darling systen were collected

to provide a basis for comparison with other rivers'

selected impoundments, two billabong areas and certain river

stations .¡o.r" and below the confluence of the two rivers v¡ere sampled

regularly. Data on physicochemical factors known from other studies to

influence significantly the plankton were also collected. These
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included water temperature, pH, dissolved oxygen, turbidity and ionic

composition.

In srxnmary, then, the specific aims of the present study lvere:

I. to provide a systematic account of the limno- and

potamoplankton of representative reservoirs and rívers of

the MurraY-Darling sYgten;

2. to compare the plankton assemblages of the two rívers and'

relaÈe dissimilarities, if any, to physical or chemical

differences, including those resulting from latitude or

altitude;

.3. to assess the contribution of the timnoplankton to the

downstream Plankton;

4. to characEeríze species assemblages of impoundments of

known nutrient status and thereby ena.ble comparisons with

work elsewhere on biological indicators ì

5.toprovideinformationontheplanktonofbillabong

communities and investigate its contribution, if any' to

the PotamoPlankton-

6. to collect synecological (community) data on the plankton

of the lower river,.including species diversity, density,

seasonality and derivation, and also autecological

information on the dominant species of the lower river

plankÈon.

7. to compare the potamoplankton of the Murray-Darling system

asawholewíthtlratoflargeriversystemselsewhere.
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2 THE STUDY AREA

2.L Introduction

Australia is a flat, dry tand. More than half of the continentrs

S,OOOTOOO kn2 ís less than 300 m in elevation, and only 6 per cent

exceeds 600 m. Mt. Koséiusko, the highest point of the Eastern

Highlands, reaches 2,25l- m. Average rainfall ís 42O mm, with a third

of the continent receiving ress than 250 mm (Fig'2'1)' Rainfarl arso

ie variable (Fíg.2-2)¡ the climate is characterized by long periods

of subnormal rainfall or drought, wíth occasionally exceptional falls

and flooding. Due to high evaporation rates only 13 per cent of

rainfall runs off as stream flow. lwo thirds of the continent has

less than 25 mm annual runoff (eWAC ' 1976).

Of the 12 principal drainage divisions (8jg.2.3), only four (I-IV)

have perennial streams. High rainfalls on the eastern side of the

highlands (average>4,300 mm in Qtd, 2,5OO mm in the Snowy Mountains

of N.S.!ù., and 3r5OO mm in Tasmania) result from summer monsoons in

the north and prevailing westerlies in the south. Rivers flowing

east to the Pacific across the narrow (< 2OO km wide) coastal plain

carry 988 of the runoff (1rO5O mm/yr). There is a rain-shadow on the

western side of the highlands; the rerùainj-ng 2 per cent of runoff

(21 mrn/yr) is carried by the westward-draining rivers of Division IV,

the Murray-Dar1ing system (see Fig.2.3).

2.2 The Murray-Darling system

The Murray-Darling Basin (Fig.2.4), with ¿ùn area of I,O72,gO5 J<rîz,

spans I3o of latitude lzaos-:Zos) and 13o of longitude (I38oE-151o8),

with an altitudinal range of O-2r251 m. The basin is therefore subjecÈ

to considerable climatic variations, particularly of annualprecipitation
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(Fig.l.s) and evaporation (rig.r.6) . Evaporation exceeds precipitation

over almost all of the basin; Iess than 2 pet cent of the basin (the

upper l"lurray catchment) supplíes more than 25 per cent of the runoff .

Seasonality and unreliability of rainfall is more pronounced in the

north of the basin, drained by the Darling, where the predominant

influence is surmner monsoons. The souf,h of the basin is influenced

by wilter low pressure systems; peak runoff derives from winter rains

and spring snow melt (ewnC , L976). Peak flows in the two systems do

not, às a rule, coincide.

The lvlurray and the Darling rivers, wÍth distinct hydrologic

regi:nes, are also geomorphologically and geologically different.

These differences are reflected in other physical and chemical

features and, as will be shown later, biological features. Human

settlement and development have enhanced the contrasts, particularly

by impoundment of the major tributaries of the Murray and by urban

and agriculÈural development. Of Australia's 342 principal reservoirs,

IO4 are located in the Murray-Darling catchment z 87 for water supply

and irrÍgation, 15 for hydro-electricity and two for recreational

use (AVüRC, L976) .

The two rivers above tlieir confluence and the ríver below the

confluence are treated separately in the foltowing resumé of their

characteristics. This separation is also used in later discussion

of biological features.

Federal and several State governments control allocation of

the Murray waters (The River Murray lrTaters Agreement) , æd although

considerable information on the hydrology and water quality of the

system exists, there is no futly comprehensive report. Many data

are íncluded in internal reports and are not readily accessible.
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fhe most comprehensive study to date is that of !{alker ç Hillma¡

(1977) on the River Murray in relation to urban development at

Albury-Wodonga. A concíse review of the extent and effecÈs of

impor:ndment on the Murray waters Ís given by Wa1ker (L979). Early

studies are revíewed by Frith & Sawer (1974), and aspects of the

geomorphology, hydrology, water EralitV and biology of the Murray-

Darling system are described in the proceedings of a recent symposium

(e.g. Dexter, 1978). Additionally, Èhere are several popular accounts

(e.g. Colwell & Finch, L978¡ Davis' 1978)

The following brief descripÈion of the two rivers includes

data from gnpublished reports by the Albury-f{odonga Development

Corporation (hereafter AWDC), the Engineerinq and t{ater Supply

Department of South Australia (E&WS), the N.S.W. V'Iater Conservation

and lrrigation Commission, later the lVater Resources Commission (I{RCN),

the River Murray Commission (RMC), the Snowy Mountains Hydro-Electric

Authority (SMA), the State Electricity Commission of Victoria (SEC)

and the State Rivers and Water Supp1y Commission of Victoria (WSCV) -

Much of the data in these unpublished reports is in the form of computer

printout with no further analysis. Part of the description below

therefore represents an originâI analysis of considerable amounts of

raw data.

2.2 The Murray and its tributaries

The l,Iurray rises in the Eastern Highlands near Mt. Kosciusko

(225L m) and with its tributaries has a catchment area of some

31O,0OO km2. Major tributaries (see fig.Í'Z) are the Murrumbidgee'

Mitta Mittar ovens, Loddon, Goulburn and campaspe Rivers. Average

annual runoff is approximately 29 mm, part of which is contributed

by snow melt during spring. Average annual runoff from the upper
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Murray catchment in the Snåwy Mountains ranges from 4OO mm (Murray)

to 1450 ìnm (tooma). Average runoff from the principal contributing

river, the Murrumbidgee, is 1375 mm. Maximum flows range frOm around

twice average a¡nual discharge (Kier{ta) to 5.5 times (Lachlan).

lfhilst the Murray, like the Darling, also is subject to the

vagaries of climate, flo\^rs are more reliable than those of the

Darling. The river has ceased to flow only four times since gauging

conunenced in 1909 (Hil1s, Lg74). The inherent seasonal variability

of diécharge, however, discouraged irrigated agriculture, so that

Iarge storages have been constructed on several of the upper tributaries

(see Table2.I). Additionally, the snowy l{ountains Hyclroelectric

Scheme, completed in 1958, provides for diversion of flows from the

eastward-flowing Snowy River into the Murray catchment. During L976-

1979 this diversion supplied 10-26 per cent of total inflow into the

Hume storage (RMC, 1976, L977, J-9'78, 1979).

It is interesting to note that,the Murray, which is the boundary

between N.s.w. and victoria, was not partitioned equally between the

two states, as is usual when a river forms a political boundary. In

this case the State border of Victoria is the south bank of the river'

which conseç[uently flows in N-'S-W-

River gradients in the Murïay above the Murray-Darling confluence

decrease from I m/km in the headwater streams to 14 cm/km near Albury'

with gradually decreasing gradients for some t5OO km to the confluence'

Downstream of A1bury, the meandering Murray has left anabranches'

abandoned channels and biltabongs on the floodplain. similar, but

Iess extensive, bitlabong tracts occur on the Goulburn, Murrurnbidgee,

ovens .rri ¡oitt. Mitta Rivers (see ch' 6 , also Dept' Nat' Dev' L974¡

shiel, L976, L979¡ RMC, L977¡ Walker & Hillman, l-g77). A profile of

the River Murray is shown in Fig. 2.8.



Table 2'lc Major storages ( > I x l-06 m3 ) in the Murray-Darling

basin. Darling storages ( * ) are sma1l, with retention

times of only several months. The larger Murray storages

have retention times of up to 2 years.

sources: A!{RC ( 1976 ); Baker & Vùright ( ]-:978 ), powling

( 1979 ); WRCÌ¡ ( 1978 ).
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As in the Darling waters, ionic dominances in the Murray

catchment are Na > MS I Ca > K and HCO3 > CI > SOa (VJaIker & HiIIman,

1977¡ Pow1ing, 1978). Most tribuÈaries have a pH range of 7.0-8.O,

with regional exceptions (e.g. 5.5 has been recorded from the Mitta

Mitta, 9.9 from the upper Murrumbidgee (sMA, I97l-¡ Graham et aJ.,

1978) ). Total dissolved sotids (TDS) of the upper rivers (with some

regional and seasonal exceptions) generally is less than I00 ppm, and

conductivities generally are less tÉan IOO 1.tS cm-r. Temperature ranges

of 5.5-24.g oc (Mitta-¡[itta) and, 6 .7-26.4 oC (Murray) are recorded by

V'Ialker & Hillna¡r (L977) -

Ranges of water quality characteristics in the liurray catchment

are smaller than those of the Darling. The most significant differences

between the systems result from the construction of the large storages

on the Murray and tributaries. Some effects of these dams on the

hydrology, water quality and biology of the rivers have been described

by Watker c Hillman (Lg77), Baker & lvright (1978), Cadwallader (1978),

Walker, Hillman & Vüilliams (1978) and Walker (1979) '

High flows of winter and spring are stored for refease over

summer and autumn, thereby reducing the incidence of flooding and also

flood peaks. but reversing the natural flow regime. Due to increased

evaporative loss from impoundments and increased availability of

water for abstraction, total runoff is decreased. Hypolimnetic release

from dams depresses downstream Summer temperatureS and released water

may be seasonally anoxic (walker, Hillman e Vtilliams, 1978¡

f.J. powling, wscv, pers. comm.). Lacustrine conditions with abundant

nutrients may promote nuisance algal blooms, particularly of blue-green

algae (May, 1978) which, because of reduction of downstream flow by

weirs and locks, persist into the lower Murray. Turbidity may be

limiting to algae in the lower river (Falter, 1978) '
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One feature of the impoundment of Murray-Oarling waters given

considerable attention is the effect on river salinities of increased

avaitabilÍty of vùater for irrigation. Salinity increases downstream,

a result of saline groundwater release from underlying marine sediments.

Although the river has long been subject to seasonal influxes of

moderately saline groundwater during flood recessiogt (cf. Collett,

1978), the problem has been exacerbated by some irrigation practices.

!{ith extensive irrigation contributing to elevated water tables in

flooclplain areas along, for example, the Murn¡nbidgee, Goulburn and

Riverland,/Riverina reaches of the l{urray, saline loads frequently

exceed'5OO ppm or'the 8OO EC (conductivity) unit maximum recoÍlmended

by the gfHo (Collett, 1978). In the lower river particularly,

salinities may exceed the maximum reconmended f.or much of the year

e.g. the average for Augrust, 1977 - April, L978 was 826 EC units,

with 1220 EC units recorded in I'[arch, L97A (RMC, 1978).

2.2.2 The Darling and its tributaries

The Darling River (Fis.l.{), wíth a catchment of some 6501000 km2,

ri¡ses near t6OO m altitude in the Eastern Highlands of N.S.Vü. and QId.

Initialty the Severn River, it joins the Macintyre, the Barwon and the

Darling. Tributaries include the Culgoa, Vrlarrego, Paroo, Gw¡zdir,

Moonie and Namoi Rivers. Average annual runoff over the eastern

tributaries varies from 3O.O mm (Gwydir) to 9.5 nm (I,Ioonie) and of

the northern tributaries from 6.0 mm (V'Iarrego) to 3.7 mm (Paroo).

Àverage annual flow of the Darling aÈ Menindee is 5.6 mm (VJoodyer'

1978) .

The headwater streams of the Darling are in Èhe highlands of

south-east pld and north-east N.S.W. South of the QId-N.S.W. border

the Darling flows south-west for c. 27OO km across flat plains with
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no sigmificant tiibutaries. Prior to completion of barrages at

Meníndee Lakes in 1goo, the river was entirely free of impoundments.

Several have since been constructed, e.g. at Keepit on the Namoi

(1960), at Burrendong on the t4acquarie (1967), at pindari on the

Severn (1969) and at Copeton on the Crrydir (1976) (!{RCN, I97B).

These have significantly modified the flow regime of the Dar1ing,

but not to the extent that the larger dams on the lÍurray system

have regulated that river. Most of the Darling storages are small,

with short retention ti:nes. Comparative fígures for the major

Murray-Dar1ing storages are given in TabIel.I.

Evidence of the variability of the Darling is provided by

records kept at Menindee. Here the river often has ceased to flow,

with the longest period without flows being 362 days (Ìùoodyer, 1978) .

At the otherextreme, flows in excess of 9 times the annual average

have been recorded (AVüRC , L976). FIow rate is notalrly low, a result

of the low declivity of the basin (<5 cm/km for more than 2,000 km

(Gilt, 1970) ) . Floodwaters may take several months to peak, the

floodplain may be inundated. for a similar time, and. travel-time of

floodwaters to the Murray-Dar1ing junction at lVentworth may be three

months or more. There is thus ä lag between rainfall in the north of

the catchment (summer) and peak ftows in the lower Murray resulting

from this input (autunn).

The characteristic turbidity of waters in the Darling results

from sparse vegetative cover in the catchment, extreme variability of

runoffr'and the nature of the v¡eathered substraÈe through which the

rivers flow. It is a suspended-Ioad stream, carrying suspensions of

silts and kaolinite,/montmoritlonite clays, 80-95 per cent of which are

finer than 2 ¡.tm (!ùoodyer, 1978). Further details of the geomorphology

and hydrologic features of the Darling catchment are provided by
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Bowler et aJ.., (1978), Butler & Hubble (1978), Riley & Taylor (1978)

and l{oodyer (1978) .

Chemically, the Darling has sodium bicarbonate dominated waters,

withcation dominance generally Na ) Ca > Mg >K (rarelyNa > Mg > Ca > K).

Ànions are typically HCOa > CI > SO+ > COs (rareÌy HCO¡ > SO¡+ > CI > CO )

(Williams, Walker & Brand, I97O¡ WRCN, 1976). Vthile þhe order of

cations is tlpical for Australian fresh waters (!{illiams, L967 i

I{illiams & Buckney , 1976), it is notable that anionic dominance differs

in that CI is never domina¡rt in waters of the Darling, suggesting a

geologic rather than oceanic origin. The same ionic dominance prevails

in waters of the Great Artesian Basin, over which the Darling flows

(wRcN, L976) .

pH is variable. Extremes of 4.8 (at Louth, 10.ix.65) and

9.2 (at Burtcmdy, 07.xi.67) have been recorded from the Darling

(I{RCN, 1976). pH of the lower river usually is between 7.5-8.5,

while the headwater streams reflecÈ geological differences in their

catcl¡nents. There are some slightty acid waters (e.9. Severn River,

pH 6.5) but most tri-butaries are alkaline.

o 
Total dissolved sotids (TDS) of the upper streams is commonly

between 80-200 ppm, with some'regional and seasonal exceptions

reflecting different land-use practices (e.g. in the Namoi, where

cotton is grown, the range is usually 2OO-4OO pprn TDS). The Darling

below Menindee typically has 200-300 ppm (vl(CN, L976). An average

of. 273 ppm was recorded from four stations on the Darling by

Williams, Walker & Brand (1970), which is considerably higher than

the value of 59 ppm given by Livingstone (1963) as the mean salinity

of Australian rivers. À conductivity range of. 5O-42O0 Us cm r,

representing a salinity range of 30-2520 ppm, was reported from

waters of the Darling by Lake (1967).
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River temperatures generally are in the range ¿.O-¡t.OoC

(Lake, 1967), and higher temperatures have been recorded from the

Darling than from rivers east of the Highlands. Although air

ternperatúres ¡nay exceed 5OoC in summer, river temperatures rarely

exceed 30oC (lVeatherley, 1967). This has been attributed to the

cooling effect of a high evaporation rate as a consequence of low n

atmospheric humidity (lrfeatherley, 1963) .

Intensive agriculture, made possible by irrigation from

headwater storages, is found only on the north-easÈern tributaries,

particularly along the Namoi and Gr4zdir Rivers. Irrigated areas are

small compared to the longer-established Murrumbidgee Irrigation Àrea

(MIA) and areas of the Goulburn and the Riverland irrigation districts

of the l'lurray VaIIey. The Darling downstream of the tributaries

flows through the most arid parts of the basin, where small and,

scattered settlements (population densitíes Z-5/t<nz) draw water for

domestic and stock supply. The principal land use is stock grazing.

2.2.3 The lower Murray

The lower River Murray in South Australia (Fig.l.?) has two

distinctive tracts. Flowing wåstward into S.A. from the junction

of the two rivers, the Murray has a floodplain characterized by

scroll pJ-ains and abandoned river loops. Extensive irrigation

occurs, with significant effects on water quality. At North l¡üesÈ

Bend the river abruptly changes course, flowing south towards its

outlet at Lake Alexandrina through a gorge 30-40 m deep and

600-1400 m wide (Twida1e et aL., L978). Geomorphological evidence

suggests that the pre-Pleistocene Murray extended further west to

a delta in Spencer GuIf, and was diverted by geologic faulting in

the Quaternary Period (!{illiams & C,oode , L978) .
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Gentle gradients (L-2 cmficrt) are a feature of the lower river,

with consequent low flow rates. A mere 1.8 mm of runoff ís acquired

from the lower catchment, which is 5.5t of the entire basin. Average

annual flow of the lower l"lurray is 2I mm (AVIRC , 1976). There are no

sigrnificant tributaries and no reservoirs, although a series of nine

Iocked weirs installed for navigation greatly impede the natural flow'

Flows in the lower Murray reflect disproportionate contributions from

the Darting and Murray (see Fig.l.IO), and while these inputs are not

usually coincident, excepÈions occur' as in 1956, when the river level

at lta¡mum, S.A. rose 7.2 m. The tulurray has been in flood throughout

its length in 1870, I9t4-I5 , 1956 and 1973-75 (Currey & Dole, L978¡

Twidale, LindsaY & Bourne' 1978).

physico-chemical characteristics also show seasonal variations

according to the relative contributions of the two rivers. Itlost

disti¡rctive is turbidity, which increases markedly (>120 NTU ) during

peak flows from the Darling, and the river has a characterisÈic

,'chalky-white" colour due to fine clay particles in suspension- lfhen

Murray flows predonr-inate, a19al blooms (diatoms or blue-green algae)

may contribute significantly to Èurbidity, creating problems forwater

users.

In the upper reaches, cation dominance is generally Na ) Ca ) l"Ig > K.

Anions sho\^r some seasonal variation, with higher chloride than

bicarbonate levels over Sunmer corresponding with increased use of

lrater for irrigation. At other times anions are HCo3 > cl > so¡

(E&WS, Lg75, LgTg). Salinity peaks in excess of 1,000 ppm are not

unconEìon. Prior to erection of barrages at Goolwa on the Murray

mouth (completed in l94o) marine incursions into the l{urray during

periods of low flow were recorded several hundred km upstream'

A record 9,460 nn* *å= measured at Murray Bridge in 1915 (Eews , Lg75) '

I
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Salinity increases in the lower Murray (about 6 EC units/year,

equivalent to river acquisition of 25,000 tonne,/year (Collett, 1978) )

pose problems for domestic and agricultural use, particularly in the

Iower reaches. Adelaide, for example, with a populaÈion of almost

one million, abstracts 40-80 per cent of its water supply from the

Iower l"Iurray (fçWS, 1978). Reports on salinity levels are given by

Gutteridge, Haskins a¡rd Davey (1970 , L976), E&WS (L976) and Collett

(1978) .

' Temperature ranges are less extreme in the lower river than

in the Darling. Water temperatures rarely exceed 28oC, a¡rd air

temperatures rarely exceed 4ooc.

The consequences of the fluctuations in flow and water quality

on the biota are litt1e studied. The effects of saline diversions on

the phytoplankton are mentioned by Falter (1978). Some information

on fish in the lower river is given by Reynolds (1976), and the

salinity tolerance of the introduced European carp is discussed by

Geddes (1979). Invertebrate groups studied in the lower river

include the River },Iurray crayfish (Euastacus arnatus) (raires , L9'79) ,

the yabbie (Chetax destructor) and freshwater mussels (eTathrgia

jacksoni and Ve-Iesunio ambisuui) (Jones & Walker, L979 ; tlalker,

L979'). The environmental ma¡ragement of the River Murray in

South Australia is discussed by l4aynard (1979).

2.3 Sampling stations

ft was not feasible to sample all selected rivers, ímpoundments

and associated waters with the same intensity. Accordingly, several

surveys were made d.uring early L976 to establish regular sampling

sites and determine possible sampling frequency. Sites were selected

to (f) enable latitudinal, longitudinal and altitudinal comparisons of
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species assemblages, Q) Permit comparative sampling of the downstream

t4urray at at reast rnonthry intervals, and (3) permiÈ seasonal

collections from large impounclmenb for which there was considerable

information on \ÁIater quality and hydrotogic data already available,

particularly Hume, a meso-eutrophic storage (Gutteridge' Haskins &

Davey,IgT4;!'IalkercHillman'Lg77)'andEildon'anoligotrophic

storage (powling, 1978). A unique opportunity was provided to study

plankton changes in the deepest Australian storage' Èhen under

construction (Dartmouth, I7O m deep) ' and altitudinal comparisons

weremadepossiblebyincludingRockyValleyDam(elevationI5g9m).

A series of billabongs on the Goulburn was included' one of

whichhadbeenstudieddutirnglgT4(shiel'Lg74'L976)'Aseries

ontheMurraywhichwasunderstudyby,andclosetothefacilities

oftheAV,IDCEcologyLaboratoryatWodonga\^'aSincludedforcomparative

purposes, as were billabongs on the Mitta Mitta and Ovens Rivers'

Severalotherstandingwatersofsmallsizeandassociatedwiththe

floodplains v/ere also sampled'' as were a few localities outside the

Murray-Darlinq drainage basin but supplying water by diversion' The

latterincludedtheSnowyMountainsHydroelectricAuthoritystorages

at Jindabyne and Eucumbene. Finarry, comparative sampres were

collectedfromsomebasinswithintermittentdrainagetotheMurray.

Theseincludedfresh-salinelakesnearKerang,Victoria,andthe

Loddon and Richardson Rivers of western Victoria'

AlI localities studied are shown in Fig'l'II and listed in

Ta-ble 2.1. Iî total , collections were made from 23 impoundments' 38

billabongs, 67 river sites arld 42 other localities' However'

intensity of sampling varied from weekly-monthly at Èhe closest

river sÈations, depending on flow conditions' to seasonally at the

furthest areas of the catchment' Sampling dates are indicated in

the relevant chaPters'
(t
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3 METHODS AND I"IATERIALS

In view of the wide range of aquatic ha-bitats in the study

area, uniform methods h¡ere necessary for effective comparison.

Sampling sites established at each locality were maintained

throughout the study. Single sites v¡ere sêLmpled at lotic stations,

with the exception of the lower Murray at Mannum, where a cross-river

ferry operated by the S.A. High\"rays Department was used on occasions

to obtain multiple samples. Several sampling sites were selected at

lentic stations, particularly the larger reservoirs.

During the first year of study a rubber dinghy was used to

sample from deep water at both riverine and lacustrine sites, but

a po\^rer boat was later used at several impoundments. At all other

sites collections \¡rere made from approximately I m depth, although

some billabongs were seasonatly less than I m deep.

The lower river sites were sampled at approximately the same

time on each visit (see Ch. 7). tn view of the variability of

physicochemical characteristics of fresh waters generally and flowing

waters particularly (Hynes, L97Oi lVhitton, L975; Ialelcomme, L979),

as weII as the possibility of deriving misleading interpretations from

regular sampling (I'lontgomery & Hartt, L9'14¡ Hel-Iawell , 1978),

comparative samples were also collected. earlier and later in the day.

Distant field stations generally were visited within daylight hours.

3.1 Physico-chemicaL methods

Surface water samples were collected in I 1, polyethylene

bottles and analysed in Ade1aide. Analysis of water samples from the

most freguently sampled Mannum site was generally within two hours of

collection. Initially, water samples from distant field areas were

(i
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preserved by acidification with HzSO+ (APHA, L975) and returned to

Ade}aide. Later, facitities were provided by the AV{DC' a¡rd water

samples from the floodplain and upper catchment sites were analysed

at V'lodonga within two-three hours of collection.

Water quality characteristics known to influence the plankÈon

and measured in the field or a laboratory are discussed below.

3. I.1 Temperature

Ambient and surface (i.e. t0 cm) water temperatures at all

stations were measured with a YSI oxygen meter tft{.,i"tor and a

mercury thermometer. The former was used to take vertical temperature

profiles in the lower Murray, biltabongs on the Goulburn and lvlurray,

and in seVeral impoundments (Hume, Eildon and Dartmouth) '

3.1.2 Dissolved oxygen (DO)

AI1 DO measuremenÈs h7ere made with a YSI 51B oxygen meter at a

depth of 1 m (or the deepest point in the case of shallow billabongs) '

Oxygen profiles \Á¡ere recorded in Èhe lower Murray in two

impoundments (Hume, Dartmouth).

3. I.3 Conductivity

Conductivity was measured from water samples with a Radiometer

CDM2e conductivitY meter.

3. t.4 Tota1 dissolved solids (TDS)

TDS were estjmated by evaporation to dryness of a 100 or 200 ml

cwater sample at 103
o
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3 .1.5 pH

Field measurements \^/ere made with a Metrohm E 488 portable pH

meter. Laboratory measurements at lùodonga were made wiÈh a Townson

& Mercer PT 75 meter within an hour of collection-

3.1.6 Turbidity

Water transparency \Á¡as estimated during the first field surveys

by Secchi disc. Later measurements of suspended particulate matter in

water samples were made with a Hach 21004 turbidimeter.

3.1.7 Major ion chemistrY

Cation proportions \^Iere determined by atomic absorption

spectrophotometry (Varian Techtron model 1250 A.A.S). Chloride

analyses were made using a Radiometer ABU 12 autoburette/TTT 60

automatic titrator. Other anions were not measured. Analysis of

major ions (of tlpologic value only) was not continued beyond the

first year of the study because of the availa-bility of comprehensive

data for many of the more-frequently sampled localities (e.9. AWRC'

1976¡ E&WS' 1976¡ RMC, 1976, Ig77; !Ùalker & Hillman, 1977)'

3.2 Biological methods

A feature of the plankton community which makes data collection

difficulÈ is its spatial and temporal patchiness. Few lotic plankton

studies include information on sampling techniques and, the methodotogical

problems associated with the heterogeneity. Rarely adequately treated'

they may be simply stated in procedures, with no consideration of

implications for, or constraints on, Iater conclusions. No comprehensive

review of the subject has been made, although some proble¡ns of plankton
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studies in general are described by Tonolli (197I), UNESCO (L974) ,

Bottrell et aI-,(L976), V'Ihite (1977) and Hellawell (1978) -

3.2.L Sampling

The aim of the sampling program was to obtain reliable estimates

of density and diversity of the plankton. Techniques i¡tvolving more

tha¡ a single operator, or complicated sampling gear with increased

likelihood of failure in the fietd could not be considered., and there-

fore several collecting methods t"t. atr"d during the first field

surveys . Several nets and two volume sarnplers were tested in a lake

(Jindablme) , a bittabong (Goulburn View, Alexa¡rdra) and a river (the

Murray at Mannum). The nets were cone nets of 18 cm and 30 cm aperture,

with mesh sizes of 23, 53 and t8O Um. Volume samplers $Iere a 5 .0 va¡r

Dorn sampfer a¡d a 30 .1, Patalas/Schindler perspex trap (rig' 3-1) -

Additionatty, 30 ,C of water was collected by ha¡rd in a 10 .1, potyethylene

bottle a:rd poured through 12 pm mesh. Table 3.1 gives representative

results-

The 2O 1-un phytoplankton net clogged rapidly, particularly in the

turbid r¡raters of the river, and was discounted from further use. AIl nets

ulogged in the biltabong, due to indiscriminate sampling of the tops of

submerged lgriophgTTum/frigtochin beds, so that detritus, macroinvertebrate

and. fish were collected. Howeverr' fitting a Birge cone of 6 nrn mesh

stainless steel partly overcame this problem, although it introduced

further resistance to throughflow. Ha¡d-poured samples a¡¡d perspex trap

samples underestimated copepods, which evidently were able to avoid the

containers. Nets undersampled nauplii, copepod.ites and rotifers - small

forrns which may pass through the mesh under pressure, or not enter the

net as a result of turbulence. AII sma1l forms were lost through the

l-80 U¡n mesh, which was not used further. The 53 Urn nets were used through-

out the study.

The va¡r Dorn sampler was less reliable in closing than the Perspex



Fig. 3.1: Vo1ume sampler; 30 .Q,

perspex trap (modified after

Schindler, L969).

Fig. 3.2 : fnterchangeable mesh

net (20 ym, 53 Um) enabled more

convenient handlinq of samples.



Tab1e 3.I: Comparative efficiencies (per cent capture) of several

sampling methods. All net tows 5 x 6 m, except cross-river tow

(3OO m). 10 mI aliquot sr:bsamples cognted. Trap sample total count.
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trap, was more awkward to handle than the Èrap, and was not subsequently

used. The I'atter was reliable in the river and lake, but less so

in the billabong, due to submerged vegetation. Filtration rate was

slo\^r, d.ue to clogging of the initial 20 Um mesh cone .net. This was

replaced with a 53 ¡-rm cone with a threaded PVC attachment to take a

120 nI pomade jar (rig.:-z¡ some loss of plankters through the

coarser mesh hras rrnavoidabls. Fig.3.2 shows the filtering arrangement

made for the subsequently modified trap. The net could be removed,

rinsed down with distitted H2O from a wash-bottle, and Èhe catch

removed by pipette. The problem of adherence to the net was minimised,

and handling reduced, as the smaller volume could be counted in its

entirety.

For qualitative comparisons, aÈ each station 5 x 6 m net Èows

were made, and the samples pooled. Short tows were made Èo decrease

the clogging effect (cf. Comita & Comita, L957). Formalin (42) was

added to make the total volume up to I2O ml' a data card showing date'

p1ace, time and method of collection included, and the outside of the

sample bottte labelled. On occasions, tows for phytoplankton were

made. These were treated with Lugol's iodine (Vollenweider, L974).

Replicate tows specifically for ostracods were collected from some

billabongs. These \^tere preserved with 703 ethanol .

To minimise cross-contamination between sampling localities all

nets \^7ere washed down with distilled water after collections were made.

Later in the study, nets were soaked in a modified I0.Q, polyethylene

bottle containing 70% alcohol prior to use at the next locality.

To determine the efficiency of the trap sampler, and thereby

establish the collecting effort required to produce reliable estirnates

of population density, multiple trap samples were collected at a river

station (Fig.3.3) and a lake station (FiS.3.4). Means and variances

are shown. The formula " = {+}'z (Elliott, f971) was used to
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calculate the number of sample units (n) required for a given relative

error (D) of the mean txl. A tolerated level of precision of 1o-40s" is

given by Cumrnins'(1975) for lotic macroinvertebrate studies (i.e.

D = O.IO-0.40). Substitution of these values into the a]¡ove formula,

using the multiple trap data from Mannum and Jindabyne, showed that,

for greater precision, considerably more samples were required than

could be processed. For an error of 10å (O = O.I0) with a probability

of 95å (E = 2l for the Mannum series, for example (1 = 2365.6,

S = 503-L2), n=I8.1. Hov¡ever, for aD= 0.40, n= 1.1.

In view of the contagious distribution of plankton in aII localities

compared (variance ) mean), acceptance of the higher level of precision

\das not considered warranÈed, and for the duration of the study 1-2 trap

samples were collected at each site, with the exception of vertical and

horizontal series noted earlier, and a 24.-lnour series at Mannum (Ch- 7) -

To determine the significance of the differences beÈween the

multiple samples, and therefore if one or t\^to traps could be considered

repïesentative, the non-parametric Kruskal-Wa1lis one-\^¡ay analysis by

ranks was applied to the data (rable 6) (siegel, 1956). The nuIl

hypothesis (Ho) was that all samples came from the same population,

and therefore there hTas no difference in mean leve1 between samples'

As k is distributed approximately as X2 with n-I degrees of freedom

(d.f.), 7.7 and 3.0 are beLow the respective 5% points (Sokal & Rohlf,

1973), therefore Hs was accePted.

Vlhen the cumulative number of species is plotted against number

of samples for the Mannum trap data, an approxímate exponential curve

is generated (cf. chutter & Noble, Lg66; Hellawell, 1978). Of Lhe 27

planktonic species (excluding copepodites) collected in the ten traps,

20 (':42) were present in the first trap. Only one or two species were

added for each of the following traps (Fig.3.5). Twenty-six of the 27

(i



Table 3.2: Kruskal-Wallis one-way ranking of Mannum trap series

(ris. 3. 3) .

Raw data

Trap #

I

2

3

4

5

6

7

I

9

10

Rotifera Cladocera Copepoda
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9 13 24 32 39 108 2976

10 3r 14 22 40 ro7 28,62-3

N=40
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=7.7

" 
Ri2 17856. 6ni
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species were collected in a net sample taken at the same time, i.e. TaTe

taxa missed by trap sampling were collected in larger vofume net tov¡s.

Throughout the study, the volume samples were,regarded as adequate

measures of population density at the point sampled (within the accepted

level of accuracy). The net samples were taken in a consistent manner

and therefore assumed to be qualitatively comparalrle. Some 1200 samples

were collected by aII methods during the study-

3 .2.2 Sorting

Because of the high density of plankters in many samples, or Èhe

presence of detritus or algae, corrnting of the entire catch was rarely

practical, and then only in the case of trap samples. Subsampling was

therefore necessary. Methods of subsanpling which provide reliable

poputation estimates are described, f.ot example, by Edmonson & Winberg

(1971), Venrick (1971) and Bottrell et al-, (f976).

Qualitative samples \^rere subsampled by agitating the sample

bottle to disperse the contents and withdrawing a IO mI aliquoÈ. The

aliquot hras run into a milled pàr"p.* counting tray (20 ml volume) which

was scanned sequentiatly. Plankters $/ere identified jn sjtu or removed

by micropipette or tungsten needles for later identification. A

minimum of 2OO plankters was counted for each sample, and the remaining

part of the tray scanned for additional species. usually one or two

additionat species only vfere recorded (noted as less than I per cent),

but in billabong communities 8-IO additional species \^rere not unusual-

Plankters adhering to the surface-fiIm, particularly Bosmina anð,

chydorid cladocerans, were enumerated separately.

Quantitative samples r^Iere counted in their entirety where the

sample volume was less than 20 mI. Otherwise, it was transferred to

a measuring cylinder and the volume recorded. Ten mI aliquots were
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withdrawn from the sample after agitation and enumerated as above.

The total count was then multiplied by the atiquot f,raction of the

original volume. Up to five aliquots were taken from test sanples,

and the X2 statistic used to compare aliquots. No significant

difference \^¡as recorded at the 58 tevel . Throughout the study'

2-6 aliquots hrere taken from each sample. Subsamples were taken

also early and late in the study to cross-check identifications,

obtaín individuals for measurements or to check breeding seasonality.

In each case the check-count v/as pooled with the initial count.

Phytoplankton counts from the ltlannum samples were made on

t mI aliquots from tt.p tampt"s. A Sedgwick-Rafter cell or a Lund

cell (Lund, 1959) were used on a compound microscope, and the a19ae

in 5-lO field areas counted by means of a whipple ocular grid'

plankton were tallied on a bank of counters. vital sÈaining

(cf. seepersad & crippen, IgTa) was not necessary to distinguish

zoopla¡kton live or dead on collection. During sorting and counting,

planJ<Èers which were dead on collection could usually be distinguished

by structural damage, loss of body contents, air bubbtes trappedwithin

the carapace, etc.

After counting, the contents of the counting tray were returned

to the sample bottle by pipette. To minimise cross-contamination of

samples, aII pipettes were kept in a measuring cylinder of distllled

water to which several d.rops of detergent were added and were rinsed

several times before and,after use in an adjacent L0 beaker of water'

Contamination of samples occurred early in the study when tap water

from the cíty reticulated supply which was used for rinsing pipettes

was found to contain ptankton, and dead plankters were subsequently

collected in a plankton net placed under the supply tap. AII water

for rinsing and dilution was thereafter from a distilled supply.

(i
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3 .2.3 Species

A major difficutty in working with multiple samples containing

large numbers of species is that of accurate identification' Confusion

of species and failure to recognize taxa is a common problem (Bullock'

1971). Taxonomic aspects, therefore, occupied a consíderable amount

of time, particularly since specific keys to many of the representative

taxa in the plankton of Australian waters do not exist.

Treatments for each taxonomic group and the literature used in

identification are given below. In aII cases microscopic identifications

were carried out on an otympus binocular dissecting microscope 1<40x)

and an Olympus binocular compound microscope (model FHT) using phase-

contrast condenser and objectives (10-I000x) '

(a) Phytoplankton:

Algae for identification \¡¡ere removed from samples by micropipette and

mounted on a slide in glycerine or PVA (polWiny]alcohol-Iacto-phenol)

mountant. Identifications were made to generic level using the keys of

Drouet (1959), Thompson (1959), Patrick (1959) and Prescott (I976:'J '

Some specific identifications \^¡ere made using descriptions and figures

by Viyakornvilas (Lg74), Bowles (1978) and Powling (unpublished)'

(b) Zoopla¡kton:

i. protozoa. whilst collecting and preserving tectueiques used

generally precluded sampting Protozoa, some taxa' particularly

Rhizopoda' were occasionally co1lecÈed. As far as possible Èhese

were identified to generic level using the keys of Jahn (Lg1Ig),

Pennak (I953) and Deflandre (1959).

ií. Rotifera. Individuals for identificaÈion were withdrawn from

samples by micropipette. species in which the lorica morphology is

of taxonomic significance were placed directly into a drop of

O
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glycerine on a slíde (or PVA if a permanent mount was to be made)

and a #r coversrip added. on occasions, to prevent distortion of

fragile specimens, small pieces of broken coversrip were praced in

the PVA prior to addition of the top coverslip, and the edges later

sealed with racquer. lfhere necessary, rotifers were treated for

10 minutes in Naocl in a well-sride to crear the gut, rendering

the trophi and mastax more visibre (Donner, 1956), and mounted as

above.

rdentifications were made at 4oox and looox using the keys of

Hyman (1951), Pennak (1953), Donner (1956), Voigt (1956/57) ,

Edmondson(1959) , sudzuki (L964), Kutikova (1972), Ruttner-Kolisko

(Lg74), and Koste (1978). AII measurements of 1orica, ¡oay ana

bristles were made with a Leitz ocular micrometer calibrated. against

a microslide-mounted 100 pm scare. A photographic head and 35 mm

camera (Oll.¡npus OM-I) were used for comparative taxonomy. Dark-field

phase contrast was found to be most efficient for transparent rotifers.

iii. cradocera. rndividuals v/ere removed from sampres by pipette, or

entomological forceps in the case of large taxa. V'7here disarticulation

'hras necessary, fine tungsten needles sharpened by dipping in boiling

NaNO2 were used. Initially, smaller species (e.g. Chydoridae) were

disarticurated in KoH (Megard., L964'). This technigue was found to be

time-consuming and capable of handling only small numbers concurrently.

By placing a thin smear of PVA (to which a sma1l amount of chlorazol

brack was added for contrast) on a slidêr up to 40 specimens courd be

ranked. The PvA was arrowed to dry slightIy, further pvA was ad.d,ed.,

then a coverslip. By rotating the coverslip it was possibre to roll

the specimens to give a dorsal view of the taxonomically-significant

head pores. Bosminids were also treated in this way. Taxonomic

works used include those of pennak (1953), Brooks (1959), Frey (1962) ,

(t
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Bayly, Bishop & Hiscock (L967), Fryer (1968 , L97L), Goulden (1968) ,

Korinek (1971), Smirnov (197I , 1916, L977) and Smirnov & Timms (in

press).

iv. Copepoda . CgcTopoida (99 ) were dissected and the appendages

ranked seguentially in a thin line of PVA run onto a slide wiÈh a

dissecting needle (Hamond, L969). Antennae and antennules (AI and

AIr), thoracic appendages (P1, PII, PIII a¡d PIV) and the urosome

and furca with pV and pVr intacÈ wåe treated in this way. The

preparation was allowed to air dry, further PVA vüas added, and a

coverslip. Initially, keys by Rylov (l-958), Pennak (1953) and

yeatman (1959) were used for generic identifications. Later, specific

identifications were possible using keys by MorÈon (L97'7) - Cafanoida.

The taxonomically significant fifth teg (PV) of male calanoids was

removed with dissecting needles and mounted as above. Identifications

were made using the keys of Bayly (196I, 1962, 1963a, b). Harpacticoida.

These were treated as for cyclopoids (Hamond, 1969) -

v. Ostracoda. These, if not preserved ín 75lz ethanol in the field,

\^/ere so treated. as soon as possible after return to the laJroratory-

They were sent for expert identification.

vi. Macroinvertebrates. The drift component of flowing waters and

macroinvertebrates collected during biltabong surveys are treated

separateJ-y (Chs.6 e 7) . Cotfe-cting methods precluded catching larger

macroinvertebrates; those commonly cotlected were nymphal stages of

insects, particul-írly Ephemeroptera, and glochidia of the River ì4ur-ray

mussel. In billabongs, small molfuscs, hydroids and a diverse assemblage

of arthropods frequently were present in net tows. Molluscs, mayfly nymphs

and hydracarinid mites were sent for expert identification; other taxa were

identified as far as possible (usuafly to family) using keys by C.S.1.R.O.

(1970) , H)mes (1978) , Williams (1980).
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3.2.4 Statistics

plankton studies rarely have included-statistical treatment of

the data. On occasions, inappropriate measures have been used, e-9- early

ínvestigators assumed normal distributions, and those few studies which

do report statistical treatment used parametric statistics based on

assumptions whictr were not measured (cf. Siegel, l-956). Negative binomial

distributions, i.e. contagious or patchy, were reported by Comita & Comita

(Lgs7)a¡rd Col-ebrook (1960), arnong others. Such patchiness in multi-species

assemblages renders difficuft effective comparisons between samples (cf-

Bullock, I7TL). In the present study, habitat heterogeneity cornpounded

this problem; analyses suital¡Ie for lake samples may not be suitable for

river samples.

comparative statistical treatments \¡rere given, for example, by

Elliott (1971), Soka1 & Rohlf (1973), Heck Q,976) and Hellawall (1-918)-

Nonpaïametric tests and diversity indices which do not assume normality

were used in this study. On occasions 1og tra¡rsformations \¡Iere necessary

(Elliott, l-7Tl-). In general, simple statistical procedures were followed;

the nature of the data did not justify more complex treatments. Several

treatments \^rere compared on early data, e.g- Eildon reservoir sarnples-

Subseguently, single coefficients or indices were used'

The standard y2 statistic and Kruskal-Wal1is' analysis by ranks

were used to deternr-ine the extent of contagion in the plankton- I\^ro

',community coefficients" were used; that of Jaccard (l-9I2) (CC =
c

a*b-c

where a is the number of species in the first sample, b the nu¡riber of specie

in the second sample, and c the species conüûon to both, a¡d that of

Czekanowski (f9f3) (C: tfr- ), where w is the sum of the lower of the two

quantitative values for shared species, a is the sum of all values for the

first community, and b the surn of aII values for the second. The Jaccard

coefficient compares species composition on1y, the Czekanowski coefficient

emphasize's nr¡nerical disparities.

Two diversity indices were compared; simpson's (:;g4gl ti= -¡=f ¡4pf
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and the Shannon-Vliener inforrnation theory function (Shannon, 19qg)

(tt'= -À(p¡,) (Iogzp¡), wlnere r and H' are indices of species diversity, S =

nrriber of species a¡d pi = iu}'e proportion of individuals belonging to the

ith species.

Despite some criticism of the use of H', indeed of "species

diversity" (cf. Hurlbert, L97L), ÌI' \uas convenient to calculate and

provided a consistent comparative measure. Species diversity was used in

the context of species nrmbers or richness, and the apportionment of

individuals among the species (evenness) (cf. Lloyd & Ghelardí, L964).

The inherent problems of the use of such indices must be taken into account

i.e. arnbiguity of measurement, nonrandom distribution, overesti:nation of

evenness, or differences in species number resulting from sample size or

stochastic variation (Goodman, L975i Peet, a975). Analyses of diversity

are considered further by Southwood (1966) , Peet (L974), May (L975) ,

Hellawell (1978) a¡d Krebs (1978).

Correlation coefficients, which must also be interpreted with

caution, were õlerived by linear regression of 1og species density on

measured environmental variabtes or by Spearman's rank method (p:1- #+' n -n
where d = difference in magnitude of the rank of each species for the

pairs of stations, and n = total number of species in the comparison. The

F-test (Elliott, I97Ll was used as a test of significance.

Problems in interyretation of test statistics are considered later

where appropriate. AIl calculations were performed on progralnmed Hewlett-

Packard calculators (HP-41C and HP-67).
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4. BIOTA

4. I General Introduction

Although interest is directed mainly at the zooplankton' phyto-

plankton, protozoans and macroinvertebrates are discussed briefly later.

Taxa considered pseudoplankters (i.e. incursions from the benthic or

littorat zones) in other studies also were frequently collected, particularly

as a resr¡]t of ftushing from billabongs or accompanying algal blooms in

rivers, and also are discussed briefly. All taxa noted in the planktonic

mícrofauna are listed here; they are considered further in Chapters 5, 6

a¡rd 7, which deal with cornmunity strucÈure-

To ease discussion, the study area is classified as follows: lakes

and impoqndments of the Darling River system (DL), billabongs and associated

standing waters of the Darling River (ÐB), the Darling River (DR) ' lakes

and impor:ndments of the River Murray system (MI) , billabongs of the River

Murray (¡4B), the River Murray above the Darling confluence (MR) and the

lower l{urray below the confluence (LM). These codes apply throughout the

thesis. In some instances, Iocalities not readily categorized are included

with the habitat type they most closely approximate. Lake Cullulleraine,

in north-western Victoria, for example, is filled from the Murray below

the Darling confluence, and the biota resembles that of the river' as does

the water quality. Lake cullulleraine therefore is included in the lower

Murray (I¡4) category.

Ranges of water quality characteristics are given for each taxon'

with the exception of several rotifer species which occurred in incidental

collections by the AWDC or WSCV for which water quality information is

not available.

4.2 Rotifera

4.2.I Introduction

Apart from comments on isotated collections (e.g. Berzins, 1953, L96O,
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1963; Russell, L957, 1961) and single-species descriptions (e.g. Sudzuki

e Tinuns, L977), the study of Australia's rotifer fau¡ra has lapsed for

more than fifty years. Ear1y workers (e.g. Thorpe, 1887, 1889; Shephard,

1889,1896, 1897; Colledge, 1909, 1911, I9I4, 1924) sampled near Brisbane,

Sydney and Melbourrìe on the east coast; othen¡ise little information

exists. Ir{ost early reports were simply species lists (e.g. Whitelegge,

1889; Shephard, 1911) with litt1e or no ecological information.

Recent advances in taxonomy, particularly with the recognition of

moqphological variability within species, ena-bled synonymies to be

established for marry of the early records. Of more tha¡r 450 rotifer

"species" recorded from the continent, only 282 are now considered valid

(Appendix 1). Several new taxa have been described by Koste (1979) and

Koste & Shiel (1980a, b), synecological information on the lower River

Murray Rotifera has been given by Shiet (1978, 1979), and a checklist of

the Australian Rotifera was given by Shiel & Koste (L979). VÍi1liams (1980)

includes a short account of the ecology of the rotifers of Australia's

inland waters.

An additional I34 species and subspecies of rotifers hrere recorded

from Murray-Darling waters during Èhis study. (Koste, L979, I980a, b; Koste

& Shiel, in press). Of these, twenty are new to science. A further twenty-

one taxa from waters outside the Murray-Darling basin has broug}:iu to 437

the number of recorded. rotifer taxa from the continent (Koste & Shiel,

l-980c) .

4.2.2 Taxonomy and ecology

Table 4.twhich lists the Rotifera recorded from the Murray-Darling

waters, follows the systematics of Koste's (1978) revision of Voigt (1956/

51). Some nomenclatural confusion persists among authors (e.9. Kutikova,

1972¡ Ruttner-Kolisko, L9l4¡ Koste, 1978), although electrophoretic and

SEM studies (e.9. Gilbert & I,{urdak, 1978) are resolving uncertainties.



TAßLI 4.1: Rotlfera recorded from the zooplankton and Iittoral nricrofauna of :

DL : lakes/impoundments of the Darìing Rlver and tributaries'

DB : b'ilìabongs and associated uaters of the Darling River system'

DR : rivers and streams of the Darìing River system'

ML : lakes/impoundments of the River Murray above'the Dar'ling confìuence,

MB : blllabongs and associated waters of the River Murray and trlbutaries above

the confluence'

MR: rivers and streams of the River Murray system above the confluence'

Ll4 : the lower River l4urray below the Darling confluence'

Note that alì taxa are listed systematicalìy, includìng varietal and form differences

below subspecific rank. Roman characters indicate undescrìbed taxa. An asterisk (*)

denotes the first record of a taxon from the Australian continent. Ranges of measured

water quality characteristics are given for localities from which taxa were collected.
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b?. ieÈ¡actis var

similis
(Stenroos) I898

BO

5-
80

46-
700

4.1 -
Ll. 6

6.2 -
a.4

8-0 -
29.O

aaoooIrichotria tetractis
(Ehrenberg) 1830

79

25067510.08.4r0. 5a

:AH. TRICHOTRIDAE

rÍttoTga spinitera
(tùestern) 1894

78

5-
67

38-
750

4.r -
1r. 0

7.L -
8.4

10.5 -
23.5

oaOInphocharls saTpina

(nhrenberg) 1834

77

3?-
67

620 -
1500

6 o-
9.4

7 1-
1-9

t9-5 -
22 -5

oooM. ventralis
(Ehrenberg) 1832

76

52404.L7.rt4.7o
*M. mucronata

(üüIter) I773

75

15008.87_420.oo

:AH. I"IYTILINIDAE

*ngtifina macracantha

(Gosse) 1886

74

622.96.225-5a
*Dipfeuchlanis

propatula
(Gosse) 1886

73

9.8?.315.5OE. triquetra
Ehrenberg, f838

72

6.3?.o13.2o*8. parva

Fousselet, I892

7L

r20 -
135

290 -
365

8.4 -
r0.0

7.O -
8.4

r0,5 -
17. 0

ooaE. oropha

cosse, 1887

70

<r-
22

60-
110

8.6 -
r0. 0

7.5
't .7

I3.0 -
24.2

oaaE. reneta

Myer6, 1930

69

17.546I0. 77.5L2-OoE. Tgra

Hudson, 1886

68

5.O -
22240

2.7 -
7-A

7.r -
7-3

13.5 -
l'l .5

aatE. incisa

Carlin, I939

67

62330l_1. 67.2r0. oa*8. diTatata f .unisetat¿
(I€ydig) 1854

66

:8 -
23-5

65-
1080

6.2 -
I3. O

9.O -
23.5oaaoa

*8. diratata t.
Iucksiana

(Hauer) 1930

65

8.6
7-L -

7.3

22.O -
22.5ao

*8. dilatata f. Iatga
(Kutikova) 1959

64

2-O -
235

52-
r250

6.1 -
to. 3

7.2 -
8.5

10.o -
25.4

oOoooooE- dilaxata difataxa

Ehrerìberg, 1832

63

4I4. 58.6
7.2 -

7.3
17.5 -

19. 6
a

FAH. EUCHLANIDAE

Euchlanis deflexa
(Gosse) l85l

6?

8.4 -
Io.2

7.1 -
4

I0.5 -
17.8

a*A. navicula
Rousselet, 1910

61

Turb
(NTrÐ

Cond
(rs )

DO

( ppm)pHTemo
(oc)LMMRileMLDRDBDLTaxonI



ïABLE 4. I (cont. )

67750
6,0 -

l-0. 4

7 2-
7.4

10.5 -
23.5o

L. arcuata

(Bryæ) l89l
r03

2457.427.Oo
*L. actleata

(Jakubskll 1912

102

483-06.225.Oa
FAH. LECANIDAE
*Iecane acrongcÌn

Harring & Myers, 1926

i01

4A8-O7.529 -2o
*HeterolepadelLa

ehrenberqi
(Perty) I850

100

7-O7,627.Oo
*L. rhonboides f

cariMta
(Donner) 1943

99

677506_O7.921.5o
L. rhomboides

(Gosse) I886

98

3-
62

320 -
to80

7.4 -
1r. 6

7-2 -
8.3

to.o -
23.0

oooL. pateTTa

(MüIIer) ]773
97

622.96.225.5o
*L. nonodactgTa

Berzins, 196O

95

96

7.O7.627.Oa
*¿. latusinus

videniformis

Koste & Shiel, 1980

677506.07.923.5oL, heterostgla
(Murray) 1913

94

8.87.420. oa
*L. heterodactgla

Fadeew, 1925

93

575

7.67.027 .Oa
*L. elliptíca
wulferÈ,.1939

9?

2I
7.6 -

11.27.O
8.5

21.O
O

*L, dactglisexa
(Stenroos) 1898

9l

677506.07-923.5o
*L, chengafathi

Koste,1980
90

8.87.42.Oo
*L. benjamíni

Harring, Ì916
89

677506-O7.923.5o
*L. apsicora

¡,lyers , l-9 34

B8

t51358.4 -
TL.2

'1.O -
8.0

8.0 -
17.8

oaoLêpadeLTa acumìnata

(Ehrenl:erg) 1834

87

1085
8.4 -

8.5

'1.2 -
8.0

Ì3.5 -
19. 9

oo
*Sqruatinelta mutjca

(Ehrenberg) I832

86

3-
2L

135 -
Ì08c

1.4 -
tr .2

7.2 -8.5 -
22.5

oooC. Dncinata
(MütIer) 1773

85

l5135tl. 27.O8.0aC. obtusa

(Gosse) lB86

84

2l-
67

575 -
750

6.0 -
LL.2

7.O -
7-9

8.5 -
23.5

oa

¡AH, COLURELLIDAE

*colû:fella adriatica
Ehrenberg, 183l

83

6'1750
6

7.O

7.5 -
7-9

23.5 -
29.O

o
Macrochaetus

sùbgùadratus

(Perty) I850

82

Turb
( NTU)

Cond
(us )

DO

(ppm)pH
Temp
(oc )

LMMRMBI'rLDRDBDLTaxonI



TABLT 4. I (corrt. )

39?alo.27-614.5o

FAH. PROALI DAE

*P¡oa-Ies daplnicoÌa

Thonpson,1892

126

23.5-
85

65-
250

9.8 -
13.8

7.L -
7.3

10.0 -
28. O

o
*L. ungulata

¿ust¡a-liensis

Koste, 1979

r25

40575r0. I8.411.0a
*L. stichaea

Harring, I9l3
L?4

50-
90

575 -
700

8.0 -
9-2

't.5 -
8-1

13.5 -
2r. 0

oo.L. stemoosi
(Meissner) 1908

r23

2260
5-
8.6

7.7 -
8.t

14.0 -
24.2

oo
*L. signiferd

p-IoenersÏ s

(voist) 1902

t22

9.0 -
r0. 4

7_5 -
7.7

11.O -
17.0

oo
*L- signiferâ

(Jemings) I896

tzt

8.87.420.oo
*L ¡utLnerì

Hauer,1937
120

5244.L7.rL4.7a
*L. pgrifornis

(Daday) 1905

119

37-
88

500 -
1000

6-4 -
9 7

7-r -
8.2

I7.O -
22.5

ao
L papuana

(Murray) 19I3

TlB

650
0

9.4

8.4 -
a-2

ro-2 -
l-6-0

ooL. ohioensis
(Herrick) 1885

u7

a,608.67-724.2a
*-L. ]ua¡is ctenata

(Harring) 19I3
Il6

25

31 --

1to0

6.3 -
I1. 0

4 2

8.4

6.0 -
r8. 5

ooOao
L. funaris
(Ehrenberg) I832

Ir5

.5 -
r35

60-
r00

7.4 -
t0.8

1.O -
4.4

10.5 -
29.O

aaaooooL. luna
(r{ürler) 1776

114

70-
245

7.4 -
TI. O

7

1.5

r8.o -
2'1 .O

oo
*L, inopinata

(Harring & ¡lyers) 1926

113

<r-
'67

85-
750

6.0 -
9.2

7.2 -
7_9

]9.9 -
29.O

o
*L. Lnrnenanni

(Ehrenberg) 1834

tlz

9.17.220-oo
t,L. handta

victoriensis
Koste & shiel, 1980

ul

4

23.5

65-
L500

r.5 -
r3.0

4.9 -
8.4

t0.5 -
20.o

oa
L. hamata

(stokes) I896

110

L7_5 -
40

46-
550

8.6 -
ro. 7

7.5 -
a.4

IO.5 -
22.O

oooo
*L. flexilis

(cosse) I886

109

9.r7-220.0O
*¿. e-lsa

Hauer, 193I

108

22608.6'7.724.2o
*L- crepida

Harring, 1914

107

310807.47.522.5o
L. crenata

(Harring) 19I3

106

3.0 -
67

750 -
15 00

6.0 -
t0-37 9

r5.5 -
27.O

ooL. cTosterocerca

(Schnarda) 1895

105

0.75 -
120

2-
1250

I.5 -
II. 3

7.O -
8.5

ro.2 -
29.O

aoOL. bUTIA

(Go66e) I85I

104

Turb.
( NTU)

Cond
(rs)

DO

( ppm)
pH

Temp
(oc)LMMRMBMLDRDBDLTaxonfl



TAtrtt 4.1 (cont.)

2209-47-A18. 0aC. gisTeni

Berzins. 1953

149

575 -
1000

4.4 -
]0. o

4.2 -
a-4

6,0 -
24.O

oaaoooc- gibba

(Ehrenberg) 1832

148

65-
85

8.5 -
10.6

't_r -
7.3

15.0 -
19. 9

aC- forficufâ
(Ehrenberg) 1832

r47
(b)

7.1L7.9o
*c. eva

(Gosse) 1886

t47
(q)

3Btl. o7.flo- 5a
*CephaTodelTa

biunguTata

wulfert,1937

746

10-47.2r2.0oo
Pl.eùrotrocha

¡retrongzon

Ehrenberq, 1830

145

52404.17.t].4.7o
*rtura ngersi

VJulfert, 1935

144

9.17.724.OooNoXomata sp. 2143

130a.77.419.0ONotomta sp- )-L42

505759.020aN. IÞchgura
(Gosse) 1886

141

2A8.97.Lr7.8a
*u. glgphura

wulfert, 1935

140

9.07.210-2o
N. cgrtopus

Gosse, 1886

139

2B8.97-I17.8oN. coFEUs

Ehrenberg, 1834

i3ú

o
NotoMta coffaris

Ehrenberg, I832

137

8.48.013. sa
Eosphora najas

Ehrenberg' l-830

136

52404.I?.L14 .7o
*Eothinia eTongata

Ehrenbèrg' 1832

135

5609.27.222.Oo
*M. cf.grandis

Tessin, 1890

134

9.1?.220.Oa
* Monomta arndtí

Reme, 1933

133

560
9.2 -

12.0

7

?.5

8.0 -
24.O

o

FAI'I. NOTOH¡,IATIDAE

*sca¡idi um Tong i caudum

(MülIer) 1786

132

L70
r7-

28

6.1 -
8.9

1

7.2

l_o.0 -
17.8

o
*L. torulosa

Dujarctin, lE4I
131

4ls49-O7.2LO.2o

FAII. LINDIIDAE

*Lindia deridderi

Koste, 1979

130

oP. wetnecki

(Ehrenberg) 1834

129

10.41112.0o
*P. fallaciosa

wulfert,1937
t28

?q64
t0.3 -

to- 7

1a-

7.6

to.o -
13. 5

oaP. decipiens
(Ehrenberg) l83l

t27

Turb.
lNTil I

Cond
(uS )

DO
( oom)

pHTemo
I or\LMl'1RMBMLDRt)BDLTaxoni

32

5-
92

10-
90

45



TABLT 4.1 (cont. )

115 -
t20

290 -
325

9.6 -
9.8

7.3 -
7.6

r4.o -
15.0

aaa
T. tigris
(uü1ler) l-?86

t72

135
IO.O -

II. 2

7

7.3

8.O -
II. 5

O
?. tenuiot
(Gosse) 1886

t7I

54-
68

23-
440

a-2 -
10. 0

7.5 -
8.4

to.o -
29 -O

aoooo
I. stglata
(cosse) l85L

t70

856-07-529.2o
*?. simiris var

Koste E Shiel, in press

169

o
*r. similjs grandis

(Hauer) 1965

168

5-
)a^

23-
3ro

6.5 -
1r. 6

6.2 -
8.1

7.2 -
26.O

aaooo
î. sini-lis
(Wierzejski) 1893

t67

<1 -
135

2A-
600

8.I -
12.0

7.0 -
8-3

8.5 -
I't.9oaO

*?, ¡ousse-leti
(voigt) 1902

166

3

67

135 -
1080

6.0 -
Lt.2

7-O -
8.4

8.0 -
23.5

oo
*T. rattus f.carinata

(Ehrenberg) 1830

165

15-
23 -5

65-

r35

6.2 -
11. 2

7.O -
8.4

8.O -
22.Ooo

1. lättus
(MüIler) I776

164

22-
100

60-
145

8.4 -
12-o

7.6 -
8.4

10.0 -
25 .0ooooo

T. pusilTa
(Jennings) 1903

163

5

T7

60-
r70

6.I -
LL.2

7.O

't.2
8.0 -

22.Oa
T. InrcelTus
(Gosse) 1886

162

8.9't -515-Oo
*?, mus

Hauer,1937/38

i61

8-
2T

50-
' 575

Ll -
It.2

7.2 -
9.O

8.0 -
27 5oa

f. Tongiseta

(schrank) I802

160

146 -
180

7.4 -
8.4

7 6

?o

L4.5 -
25.2ooa

*r. insignis
(Herrick) 1885

159

5609.27.2
20.0 -

22.O
oT. eLongata

(Gosse) 1886

158

<I
3r-

120

7.L -
8.9

7.o -
7.5

r7.5 -
oa

*T. chattoni
(De Beauchanp) 1907

157

<I7011.07.018.0o
*r. cavia

(Gosse) I886

156

2!575
6.I -

TL.2

7 0

7.5

8.5 -
29.O

oo
T. capucina
I{ierzejski & zac}Eriæ

r893

155

56.O9-27.222.Oo
iT. bidens

(Lucks) 19l2
154

23,5 -
43

65-
630

9.0 -
r3.0

7.3 -
8.4

8.0 -
tl.oooo

T. bicristata
Harring, l9I3

153

9.07.6l5 .0o

FAH. TRICHOCERCIDAE

*lrichocerca agnatha

Wulfert,1939
t5?

L245510. 34.915. 0o
*C. tinca
wulfert, 1937

151

252
6.1 -

9.0

7

4.2

I2.2 -
16. O

oa
ùC. mucronata

Myers,1924

150

Turb.
(NTU)

Cond.
(rs )

DO

( ppm)
pH

Temp
(oc )

Lli.lMRMBMLDRDBDLTaxont



lABt t 4. I (r orr t. )

4-
23 -5

65-
250

7.T -
13.8

6-9 -
7.3

r0.0 -
2A-O

oÀ. nu-lÈiceps

(schrmk) 1793

193

9.6 -
9.87.4

15-0 -
t7.0ooo

FAM. ASPLANCHN I DAE

lAspLanclnopùs
hgalinus

Itarring, .1913

r92

5-
110

23-
1100

t-5 -
12.0

6.0 -
a-7

7.2 -
29.O

ooaooo
P. vulgaris

Carlin, 1943

191

4.57-22L.4a
P. rewta

(Skorikow) 1896

190

453I8.97-Or7 .5a
P. Tongiremis

CarIin, 1943

189

t
L20

58-
440

6.5 -
tr. 0

6.2 -
a.2

7.0 -
26.O

aoooao
Þolgarthra

dolichoptera

(IdeIson) 1925

188

40355
9.2 -

r0. 0

Lt-
8.4

ro.5 -
16. 0

a
5. t¡ero-la

(MüIIer) 1786

187

656028-38.023.0oO
b. tavina

Hood,1893

186

r. 5-

tr0
60-

1100

7.O -
lt. I

7-0 -
8.5

8.0 -
27 .O

oooaooo
S. sÈylata

Ílierzejski,1893

l85

t8-
23

58-
to0010. 6

6.7 -
a.7

7.O -
29.Ooaoo

S. pecXínata

Ehrenbelg, 1832

184

32-
130

38-
600

6.2 -'
12.o

7.r -
8.5

9.0 -
14 .0oaoo

rs. obJonga

Ehrenberg,1831

183

58
27-

270

6.3 -
10.4

6.2 -
8,5

8.5 -
27.Oooaooa

*. tongipes

cosse, 1887

182

r549 0

9 2

7 2

7 4

ro.2 -
20. o

oo

FAH. SYNCHAETIDAE

*sgnc.baeùa -lito¡a-lis

Rousselet, J.902

181

I1908.O7.626 -Ooo
'A, saltans

Bartsch,1870

180

120759.47.6

r3.5 -
14. 0

ooo
*À, ovalis

(carlin) 1943

Û9

6.8 -
40

50-
550

8.6 -
IO-6

7.0 -
7.8

15.4 -
22.O

oo
Ascorrrpha ecaudis

(Perty) 1850

l78

I 5

7.5

64-
75

3- 3 -
lo. 9

7.6 -9.O -
r3.5ooo

G. stglifer
Inhof, 1891

t77

5609.2'l .222.Oo
G. tuinor

(Rousselet) 1892

776

L20759.47.OL4.O
a

FAH. GASTROPODIDAE

Gastropùs hgPtoPus

(Ehrenberg) 1838

175

rts
4.6 -

10. 2
7-L

rt.o -
12.4aa

*AsconørpheITa
volvocicola

(Platel 1886

174

23 .565
9.6 -

13.0

7 2

7.3

10.0 -
20.o

o
î. seberi

(Jemings) I903

173

T urb
(NTU )

Cond
(ls )

00
( ppm)pH

Temo
(oc)LMMRMBt4LDRDBDLTa xonI



TABLT 4. I ( cont. )

E-

135

75-
I950

6.4 -
12_O

'l.o -
4.7

3.5 -
27.O

oaoooa
Ponpholvx compfânata

Gosse, I85I

2t4

22Ì608-67_724.2o
*T. tridentata

Stnirnov,1931

273

23.5 -
67

65-
1500

L.4 -
13. o

7.L -
7-9

13.5 -
23.5

aa
T. patina

(Hemmn) 1783

2L2

9.r7-220- 0o
*T. parva

(Ternetz) 1892

2rI

7

9-8

'l-3 -
7.6

12.0 -
27 -O

aa

OROER GNESIOTROCHA

FAM. TESTUDINELLIDAE

* Testudinella
enarginuTa

(Stenroos) 1898

2r0

r6040010. 47-2t2 -oo
*.E. putorjus

!{ulfert, 1936

209

l?. 54610. 77-512. Oo
*8. grude

(Western) I89I
208

10. 07.712.oo
*Encentrun gibbosun

wulfert,1936
?07

9.O7-2ro.2a
*Aspefta psitta

Harring e Myers, 1928
206

B0-
90

370 -
420

a-4 -
8.8

8.0 -
8.t

13.5 -
22.Oao

* Dicranophorus sp. nov.

Shiel e Koste,in PreÞ

205

o
*D, uncinatus

(ìLilne) I886

204

3lo807.47.522.5o
*D. lùtkeni

(Bergenilal) 1892

203

45
3I-

36I

8.5 -
9.8

7.3 -
7.7

15.5 -
19.5

ao
*D. Ìraueriensis

t{isniewski, 1939

202

L7.54610.77-512-0a
D, forcipatus

(MüIIer) t?86

?01

9-I7.220.0O

*D. epicåaris

Harring & Myers, 1928

200

677506.07.923.5o
D. catdatus

(Ehrenberg) 1834

199

9.28.I16. Ooo

FAH. DICRANOPHORIDAE

k Dicranophorus aguilus

(Gosse) 1887

198

1-
50

2-
850

1.5 -
Ll. 3

6.0 -
9.0

7.0 -
29.O

oooooao
À. sieboldi

(Iæyclig) 1854

197

-5 -
80

46-
loo0

7.2 -
tI- 2

7.4 -
4.2

9.0 -
29.O

oooooaaA. priodontâ

cosse,1850

196

9265
t0.0 -

11- 4

7 1-
7.6

9.0 -
15 .0

oo
rA. gÍrodi

(De Guerre) 1888

195

.5 -
I30

55-
lIo0

6.4 -
r2. o

7.O -
a.7

8.5 -
26 -2

oaoooo
Asplancløa

brightvefli

Gosse, 1850

194

Turb.
( NTU)

Cond
(ls )

DO

( ppm)
pH

isälL r'11,1RHBMLDRDBDLTa xonfl



r/\bi [ ¿¡ I (conL. ,)

37-
110

270 -
830

6.4 -
10. 2

7 1-
8.4

10.0-
29.O

oaoao

FAH. HEXARTHRI DAE

*Hexarthra interredia
(wisniewski) 1929

236

.5 -
235

52-
1250

1.5 -
II.8

6-0 -
5

8.5 -
27.O

oooo
C. u[icornis

Rousselet,1892

235

22-
loo

60-
L350

8-4 -
IL.2

7.7 -
8-2

tr.o -
24.2oaOo

C. natàns

(seligo) 1900

234

r0-
80

850 -
1000

9-7 -
ro.2

7-5 -
a.2

13.5 -
18. 9

oaaa
C. hip¡ncrepis

(Schrilk) ].830

233

.5 -
275

t25 -
1350

1.5 -
!2.4

4.9 -
a.7

8-5 -
27 -5

oooooao

FAt4. CONOCHILIDAE

Conochil-us dossua¡ius
(Hudson) 1885

23?

60-
145

7 2

9.6

7-6 -
7-A

12.0 -
27 .5

oo
*L- ismaeToviensis

(eoggenpol) 1872

231

22608.67_724 -2oa
L- flosculosa

(Mülter) I758

230

3-
22

280 -
700

9

9.6

7 3

8-1

2.O -
29.O

oooo
Iacinularia elliptica
Shephard, 1897

2?e

2260a-67-724.2a
Sinantherina

semibulTata
(Thorpe) I889

228

9.67.A15. 0ooPtggura sp.227

4609-27-222.Oo
*P. veLata

(Gosse) 1851

226

<I858-57-r19.9o
*P. tacita

Ednonson,1940

22s

o
*P. neLicetta vax

mucicola
(Kellicort) 1889

224

677506.07-923.5o
*P. furciLfata

(Kellicott) 1889

223

15I35
4.2 -

11.2

7.O -
7.4

8.0 -
20 -3

oo
P. crystalTina

(Ehrenberg) 1834

?22

2885
8.5 -

8.97.1
II.9 _

17.8o
Ptygùra L¡rachiata

(Huclson) I886

22L

15-
50

60-
600

a.? -
It. 28-5

8.0 -
24 -2

aooa
F. ringere

(Limaeus) 1758

220

22608.6't -724 -2o
F)-oscu).aria jæus

(Hudson) 1881

219

2 5-

l2
95-

220

1.4 -
10. 2

6.9

7 2

11.0 -
t6. 5o

L. reTicetta
l{iesse,1848

2t8

67

85-
750

6.0 -
rl.2

7.0 -
8.1

8.0 -
23.5oaoo

Limias ceratophgTT!

Schrmk, 1803

217

8-
25

60-
95

8-5 -
l0-8

7.O -
7.7

8.0 -
24 -2

oa

FAI4. FLOSCULARI IDAE

Beauchampia cruclgeta
(tutrochet) 18I2

216

5-
t35

55-
r000

9.4 -
11.3

7.5 -
8.2

9.0 -
25.3

ooo
ÈP. sulcata

(Iìudson) I885
2t5

Turb
(NTU)

Cond
(¡s)

DO

( ppm)pllisäiLMMRMBMLDRDBDLTaxoni



TABLT 4.1 (cont-)

The follo.ring t¡xa were idc¡rlified afte¡ ccrç)-etion of Table 4-1.

ÀII were frc¡n Coulburn billaborrgs- They are rÐt in taxcncrnic order.

253 CeplÊ)odeLfa cateLf ina (o.F.l-1.,1796)

254 Dicrano¡>horus roùusÈus llarring & Myers, 1928

255 Eosphora sp. nov.

256 Eua.ltl¿rnjs ca)piclt Myers. 1930

?57 E. phrgne Myers, 1930

258 Hexarthra pÐlqodonta (Hauer, L957)

259 Restjcul¿ melandocos (cosse, 1887)

1500
9_4 -

9.6

7

4

r4.5 -
20. oo

FAT1. ATROCH I DAE

*Cu¡reJopagis vorax
(Leidy) 1857

25?

45810.47.414.0
o

Stepl)dnocetos
fimbri atus

(Goldfuss) I820

251

9.8 -
]I. 0

7.4 -
4.4

8.5 -
16. o

oo
*C . peJ aqica

(Rousselet) 1893

?50

22608_67.724.2oo
C. ornata

(Eìrrenberg) IB32

249

(-
I10

60-
350

7.4 -
10-0

?t_

8.3

14.0 -
2'7 -O

oooaa
*C- nttabiTis

(I{udson) l8B5

?48

LO.27.4r3.5oo
C. coronetta

(cubitt) 1869

?47

2-5rt5ro -27.rtr.0o

FAM. COLLOTHEC I DAE

coL f otheca campa nu f a t a

(Dobie) 1849

246

90

120

380 -
1000

8.6 -
I0.2

1.6 -
8.3

13.0 -
23.Oa

FAI4 TROCHOSPHAERI DAE

*Horaelfa brehmi

Donner,1949
?45

135

52-
L950

6.1 -
11. I

7.O -
8.7

8.5 -
25.O

oooo
*F. te¡mina-li.s

(F1.rte) lB86

244

IO

135

290 -
1I00

6-4 -
12.0

7.0 -
8.5

8.5 -
25 -O

ooooa
*r. pejleri grandis

Koste. f979

243

22

135

300 -
t0t0

6-4 -
12.0

?.o -
8.4

8.5 -
25.O

ooaoo
*F. pejieri

llutchinson, 1964

?42

20

130

290 -
1980

6.4 -
to. 28. ?

10.5 -
25.O

oooao
F. o¡roJìen-sìs

(Zacharias) 1898

?41

t
T2

380 -
700

8.5 -
r0. 2

'1 .6 -
8.1

13.O -
22 -O

oaaoooo
*F -' Ionqisetä v.pas-çä

(uülIer) 1?86

240

2

275

52-
1350

6.r -
l2-o

7.O -
8.5

8.5 -oaaoo
*F. austra-Iiensis

KosLe,1980

?39

]-25

280 -
1950

7.6 -
10. 7

7.3 -
a.7

to.o -
29 -O

ooooao

FA¡1. Ff LINIIDAT

I'ifi.nia Longiseta
(Ehrenberg) 1834

238

-5-
220

21 -
1950

6-0 -
10. 4

7 39-0 -
29.O

oaaooo
Hexartltra mira

(tiudso¡r) l87I
237

Turb
(NTU )

Cond
(rs )

DO

( ppm)pH
Temp
(oc )

LMMRMBMLDRDBDLTa xoni
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Of the 252 taxa ín 24 families and 60 genera listed, 103 (41 per

cent) vrere recorded only once (cf. 45 per cent of the Rotifera of Europe

recorded only once (Berzins, 1967)). 176 taxa (70 per cent) were of

resÈricted distribution, i.e. confined to one or two of the ha-bitats. Of

the remaining 76 taxa, 58 (23 per cent) were widely distributed throughout

the study area. Thirteen species (5 per cent) occurred only in tfie River

Murray waters and five species (2 per cent) were collected only from Darling

waters. Aspects of rotifer taxonomy and distribution, and where relevant

a brief discussion of ecological information from Table t"þ.1, are included in

the follo\^¡ing resumé of the Murray-Darling Rotifera. Species coltected

once only are not discussed further. Data on breeding and seasonality

are given later in the discussion of species assemblages and. communities

(Ch,5,6,7) and also in the appendices.

ORDER BDELLOIDA

The bdelloid rotifers are adapted to a benthic or littoral habit in

close association with the substrate, occur infrequently in open water

(Hyman, 1951; Donner, 1956), and hence were collected rarely during this

study. In the a.bsence of narcotization those whlch were collected usually

were contracted ar¡d unidentifiable.

AII bdelloid.s identified were of the family Phitodinidae and, with

the exception of Rotaria neptunia, \¡/ere collected near submerged and

emergent macrophytes, particularly in billabongs. R. neptunja was the most

widely collected of the bdelloids, from a range of habitats. Its appearance

in the lower river usually ,coincided with summer turbidity peaks (Ch.7) .

The genus is reported elsewhere (e.g. Allen, I92O; Eddy, 1934) as a seasonal

component of the potamoplankton.

Bde1loids are not considered further here. The group has remained

unstudied in Australia since the 1900's (e.g. Murray, 1911). Bde1loida

recorded from Australia are listed in Appendix I.
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ORDER PLOIMA

ploimate rotifers were collected throughout the basin, except in

seasonally anoxic billabongs (Ctr.6). Taxa are treated on a family basis.

Fam. Epíphanidae

Four of the five species collected occurred only in billabongs,

and are considered littoral species (Koste, L978). E- cfavuTata, considered

by Koste as a semipelagic warm stenotherm, was facultatively planktonic

throughout the basin, occurring in clear, neutral waters of low conductivity

j..n. Murray billabongs) and highly turbid alkaline and moderately saline

waters of tJ:e lower Murray.

Fam. Brachionidae

Brachionids, typical of alkaline v¡aters (Hutchinson, 1967) ' h¡ere

the most widespread family, with the greaÈest number of morphological

variants and apparently endemic species. Three genera (pl-atvias, NothoTca

and À¡uraeopsis) \^/ere represented by onty four species from widely separated

localities. Nothol-ca squamuTa, a conmon potamoplankter elsewhere (lvhitton,

1975), was not recorded from the major Murray-Darling rivers, but was

present in isotated coliections from the predominantly internal drainage

areas of the Kerang Lakes and Richard.son River at Donald, Victoria (see

rig.l.ll). T\,ìro other genera, Brachionus and KeratelTa, \ntith 44 species a¡d

subspecies, comprised 18 per cent of all Rotifera collected. Aspects of

the taxonomy and ecology of the Australian representatives of these genera

are described briefly.

Brachionus: Of the 33 taxa collected, only two (8. angularis, B. faLcatus)

occurred in billabongs, l-akes and rivers. B. anguTaris (FiS.4.la) \^/as

collected seasonally in floodplain areas and perennially in the lower river.

A single variant, B. angularis bidens (Fi9.4.Ib) was recorded. from L. Mulwala.

B. falcatus (fig.4.lcrdre) occurred seasonally (autumn). Soft-water forms

of this species (fig.4.lc) Iacked the thickened and ornamented lorica of
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the lower river (bicarbonate water) forms. B. budapestinensis (FiS- A.Lf) ,

three of the four forms of B. caTgcífTotus (FiS. A.Lg,h,l), B. divetsÍcornis

(FiS. 4.Ik), B. urceolarÍs rubens (FiS. 4.11) and B. novaezeaTandía (FiS'4'Im)

proba-bly are more widely distributed than inilicated by table{'|, a reflection

of variation in sampling intensity. AIl above species are describeil by

Koste (1978) as thermophile or summer forms, widely distributed in tropical

and subtropical alkaline vlaters.

Other taxa of Brachionus were more or less restricted in distribution

to either the Murray or Darling basin, to a particular Èype of habitat, or

to sirrgle localitie!. B. bictentata occurred in L..Boort, a moderately saline

lake on the Loddon River ¡feefl¡¡Iain. Íhe typical form (Fig. 4.2a), f.

testudínarius (Fig. 4.2b) and f. jirovci (rig. 4.2c) co-occurred. Another

morph similar to f. testudinarjus but with an r¡nstructured dorsal lorica and

without forked marginal spines (FiS. 4.2d) was recorded from Lake Nillahcootie,

Víc.(27.ii.78). The typicat form occurred also in the River Murray at Ma¡num

(30.xi.78). A dwarf form of B. bidèntata (120-156 pm cf. f. typ. 153-578 Um)

also was collected from the R. Murray at Mannum (28.xii.77) . This was

regarded as a genetically distinct population (B- bidentata minor Koste &

Shiel, I98O) (FiS. 4.2e). Such dwarfing, in response to ionic composition or

salinity, has been reported in the rotifers of crater lakes (Green, L977) '

An undescribed varia¡rt of B. caTgcifTorus ("Dar1ing form", Fig- 4.fj)

was collected from L. Cawndiila (Menindee Lakes), from the Darling River, and

from the lower Murray. It was su.bsequently reported from the Macquarie

marshes (F. C. Crome, CSIRO Canberra, pers. comm.) and may be more widespread

in the Darling basin. Its excepÈional size (=75O Um), the largest lorica

measurement of any Braçhionus to date, and its unusually transparent lorica

distinguish this morph from others of the species-

B. caudatus (FiS. 4-2f), B. dimidiatus (r'ig. 4.ZS), B. Tegdigii

(rig. 4.zi), B. pTicatifis(FiS. 4.2tù, B. Tgratus (FiS. 4.2í), B. patuTus
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(fig. 4.2k), three of the four recorded morphs of B. guadridentatus (FiS.

4.21,m,n) | B. urceolaris berznini (FiS.4.3a) and B. variabi-Zjs (Fi9. 4.3b)

vrere recorded seasonally, generally in small numbers, from billabongs and

slow-flowing reaches of the Murray. A bloom of B. caudatus f. austtogenituè

(fig. 4.3c) (>2OO L-L), a pantropical thermophile typical of standing acid

waters (Koste, I97A), was recorded from the Murray at Mannum (pH 8.O, I7.xii.

76) .

B. Tgratus, described by Shephard (1911) from Victoria, but accorded

synonlrmy with B. anguTaris by subseguent authors (Harring, 1913; .Ahlstrom,

1940; Koste , L978),' was recorded from the Goulburn floodplain at Thornton,

Vic., the first record since that of Shephard. .8. dichotomus (Fig. 4.3d)'

also described by Shephard and relegated to synonymy wíth A. falcatus (Voigt,

1956/57; Koste , L978') , \¡ras collected from billa.bongs of the Mitta Mitta and

Grrydir Rivers. A dwarf ftrm, a. d.ichotomus recluctus (Fi9. 4.3e) occurred in

billabongs of the Mitta Mitta River. Both the f. typ, and the dwarf were

collected from L. Mulwa1a. B. dichotomus is probably widely distributed

in Australia; Sudzuki & Tinuns (1980) report the species from eastern N.S.W.'

and it occurs in billal¡ongs of the Magela Creek, N.T. (Sniet, unpul¡lished).

B. keikoa (FiS. 4.3f) was collected from the Darling and downstream

of the Darling confluence. fsolated occurrences in material from the

Macguarie River indicate that this distinctive species probably is widespread

in the north of the Murray-Darling basin. It occurred in dense populations

in extremely turbid waters (>250 NTU) of small dams near Cunnamulla' QId.

Records of Brachionus outside the study area are given in Appendix I.

Apparently endemic species are B. dichotomus, B- keikoa and B. lgratus (cf.

Pejler, L978¡ Koste, 1978) .

Keratell-a: Ttris genus was noted by Hutchinson (l-967) as more widespread and

from a greater variety of habitats than Brachionus. fttis was also the case

in tlre lvlurray-Darling basin. Seven of the eleven species of KeratelTa

recorded were widely distributed over the basin; K. austrafís (FiS, 4.Aa].
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K. cochlearis (FiS. 4.4b), K. procurva (Fig. 4.4c), K. guadrata (nig. 4.4d),

K. slacki (rig. 4.4e), K. tropica (FiS. A.Af)and K. valga (FiS. A.AS).

K. cochTearis var. hispída (Fig. 4.4h) a¡rd K. Tenzi (Fig. 4.4i) were recorded

only once, from the Goulburn River at Molesworth, Vic., and L. Mu1wala

respectively. K. shÍe7í (fig. a.Aj'l occurred seasonally (summer) in the

Iower Murray, but was not recorded elsewherei Koste (1979) suggested that

this species is endemic to the lower river.

A species of Keratel.-Za initially identified as K. serrulata (Shiel,

1978¡ Koste, L979'), which was reported from Australia by Russell (1957) , was

collected from waters in the Darling catchment (pH 7 -4-A.7). As this range

is not in accord with the published information on the acid water preference

of the species (Koste, 1978), collections containing K."serrulata" were

re-examined. The taxon was found to be a small variant of K ptocutva (=150 Um)

and sufficiently different in form (Tab1etl.$ and facettation of the lorica

(FiS. 4.4k,L) to be considered a new subspecies (Koste & Shie1 198Oc). The

two individuals figured show the range of variation seen in different ha.bitats.

Although K. procurva robusta did not co-occur with the typical form in

reservoirs (e.9. Keepit Dam), both were collected seasonally in the plankton

of the lower Murray (Cn-Z).

K. serrulata, although recorded by RusseII (1957) from QId, was not

collected during this study. Russell's record may be valid, but is proba-bIy

a misidentification of the variant of K. procurva, which it resembles.

Marked seasonal- variations in spine development were noted for

several species. Examples of such cyclomorphic variation from different

Iocalities are discussed further in section 4-2-3.

K. austraLis, K. procurva robusta, K. shieli and K. sl-acki probably

are endemic. K. cochfearis is cosmopolitan. The other species probalrly are

pantropical or pansubtropical, although records for the Southern Hemisphere

are sparse. Previous records of KeratelLa in Australia are given in Appendix

1-



(o)

(c) (d) (e)

(b)

(f) (s) (h) (i)

(j) (k)

(t) (m)

FIG 4 I Brochionus spp. from Murroy- Dorling wolers
(o) B.angularis (b)B.onguloris bidens (c)(d) I (e) morphs of B. folcotus

$) A. budopestinensÌs (g) (h)(¡) e (j) B. colycifloris ((g) f. typ (h) f . onuroeiformis (t)f onp,
(j) Dorling River form , ( k ) B. diversicornis l) B urceo/orls rubens
(m) B. novoezeolondio ( modified ofter Kosre 1978, 1979 ; Kosre I Shiel lgBO )

Sc¿rtar: Soittu

l
l

l



(o)

(s)

(b) (c)

(d) (f )
(e)

(h) (i) (j)

(k) (t) (m)

(n) Ir

I

FlG. 4 2 Brochtonus spp of restricted distribution
k) 8. bÌdentoto f. ryp (b) f . testudinorius (c) f jirovci (d) f testudtnorìus
( L. Nillohcootie) (e) A. b¡¿entoto minor ( Lower Murroy) (f ) B caudotus

h) B. dtmtdiotus (h) B. leydigr (i) B lyrotus (j) B potulus ft) B pllcotilts
(l) B. quodridentotus melheni (m) I brevispt'no (n) f cluniorb|culorts



(o) (b)

(c) (d)

(e)

(f)

FlG. 4 3 Brochionus spp ( continued )

(o) E.urceoloris bennini (b) B voriobilis (c) B coudotus Í oustrogenltus

ß) B. dichotomus (e) B dichotomus reductus (l) B kelkoo



(o) (b) (c)
\iri_/

(e) (f)

(d)

(k)

(h) (i) ( j)

FlG. 4'4 Kerotella spp. from Murroy-Dorling woters.
(o) K.ouslrolis, (b) K.cochleorb,(cl K. procurva, (d) K. quodroto, (e) K. slocki
lfl K.lroprba, (g) K.volgo, (h) K.cochleoris f hrþido, (il K. lenzi,
(j) K. úieli, (k) K.procurvo robusto, (ll K. procurvo robusto

(g)

(l)



Table 4.2 : Comparative morphology of K. procurva f. typ. and

K. procurva robusta (measurements in Fm) (Modifieil
after Koste & Shiel, 1980 ).

Posterior
spines

22-24 LefE
27-64 right

14-15 left
20-23 right

15-17
10-15
22-23

strongly
studded

82-90148 - 150
K. procurva

tobtsta

L9-20
17-22
30-40

smooth or
weakly gran-
ulated

8067\55 - 220f. typ.

Anterior
spines

Lorica
morphology

Lorica
width

Lorica
length
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Fam. Euchlanidae

Of the 13 species recorded, E. diTatata f. tlp. and f. Tucksiana

were widespread. Other species generally were confined to standing lvaters

and billabongs. 1fhe euchlanids are predominantly littoral in habit, and

are associated with macrophytes in standing and flowing waters. E'. díTatata

f. l-ucksiana is recorded as a pelagic form (Koste, 1978).

Fan. Mytilinidae

Mytilinids, also littoral with rare incursions into the plankton,

were collected on occasions from billabongs. Seasonal appearances (sununer)

also were recorded in the lower Murray.

Fam. Trichotridae

T. tetractis occurred seasonally throughout the study area. Other

tan<a were confined. to billabongs or associated with the Aufwuchs community

of lake margins.

Fam. Colurellidae

Predorn-inantly inha-biting impoundments or billaJrongs, l-4 of the l-8

colurellids recorded occurred only once, and were evidently seasonal.

Fam. Lecanidiae

The second most abrrndant group after Brachionidae, the leca¡¡ids

were represented by 25 species in the Murray-Darling system. Seventeen were

from singÌe collections, generally from the sheltered waters of billabongs.

Four species were collected regularly fron flowing waters: L. bu77a, L.

f7exi1is, Z. -Z.una and L. l-unaris. Of these, only L. bufLa occurred during

a1gal blooms. All were seasonal in occurrence.

Fam. Proalidae, Fam. Lindiidae, Fam. Notommatidae

T\,renty-three of Ehe 27 species recorded from these three littoral

families were collected from billabongs, usually in small numbers. Proales

daphnicoTa occurred as an epizoite on the lorica of B. urceofarìs rubens

(cf. Koste, 1978:276). A single species, CephaTodeTl-a gibba, noted as
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cosmopolitan, tolerant of a wide rançfe of conditions (Koste, L978), was

widely distributed.

Fam. Trichocercidae

Most of the 23 ta>ra recorded. from this family occurred in bi.Itabongs.

Only two species were widely distributed (?. simí7Ís, T. stglata); both

were contmon in the lower Murray, particularly during algal blooms. AIso

abundant during algal blooms (volvox) in standing waters was the parasitic

species AscomorpheTl-a volvocicola.

Fam. Gastropodidae

Recorded in isolated collections from standing waters, with a single

genus (Ascottorpha) accompanying a1gal blooms in the lower lvturray. This genus

is reported as planktonic in the littoral of lakes and ponds at the time of

Ceratium maxima (Ruttner-Kolisko, L974) .

Fam. Synchaetidae

Of the five species of Sgnchaeta occurríng widely in the study area,

S. oblonga was collected. only below 14.OoC (cf. De Ridder, Ig72). S. ¡>ectinata

occurred only in low turbidity waters. The other species occurred in a broad

r¿Inge of temperature and water quality. AIl five are noted as cosmopolitan

in tlre pelagic of lakes (Ruttner-Kolisko, L974). T\Àro additional species,

S. tavina and S. tremula were restricted to isolated collections from the

Darling and Murray respectively. ^5. tremuLa is a cold stenotherm from the

Iittoral (Kutikova, L972; Ruttner-Kolisko , L914) . S. tavina is recorded

from brackish water plankton in the Northern Hemisphere (Koste, 1978) .

Tr,tro speeies of PoTgarthra (p. doTichoptera a¡rd P. vulgaris) \^¡ere

widely distributed. P. vulgaris is cosmopolitan, eurythermal a¡rd tolerant

of a wide salinity range. P. doLichoptera is a col-d stenotherm mainly

collected at low 0z concentrations (Ruttner-Kolisko, 1974). Neither of

these conditions vras met during this study. P. Tongiremis and P. remata

were collected only from the littoral of single localities on the Murray

floodplain.
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Fam. Asplanchnidae

AspTanchnopus species were confined to Murray lakes and billabongs'

as was Asplanclna girodi. A. bríghtwetli, A. priodonta and ^4. sieboldj were

widely distributed. On occasions two, and rarely, .three species coexisted.

A distinct size separation of co-occurring species usual.ly.wás evident, with

A. priodonËa the smallest (=¿OO Um), À. brightwetTi (=700 Um) and å. sieboldi

(=1600 Um), Ruttner-Ko1isko (1974) noted the variability and overlap of all

features used to distinguish the various forms of what she called the girodi-

brightwelli group, however SEM studies, particularly of resting eggs and

trophi of, Asplanchna have shown species-specific morphological differences

(Gitbert & Wurdak , L978i Gilbert, Birky & wurdak, L979). In this study,

species could usually be distinguished by trophi structure.

Extremely large Reisenforms ("travelling folÍrs") of ¡. sieboldi

were collected on occasions from the turbid waters of the Ðar1ing, and were

the largest zooplankters present (2,OOO-2,500 Um).

Fam. Dicranophoridae

This family, benthic in habit, was represented by 12 species, usually

from gingle and widely separated localities.

ORDER GNESIOTROCHA

Fam. Testudinellidae

AII four species of Testudinella were of isolated seasonal occurrence.

PomphoTgx sulcata occurred only in the Murrayì P. complanata perennially

across tJre study area.

Fam. Flosculariidae

Members of the six genera of Flosculariidae collected were generally

confined to sta¡ding waters of the Murray system. Rare seasonal occurrences

(sununer) of Limnias ceratophgTTi, FToscuTaria ringens and Lacinul-atia

eTTiptica were record.ed from flowing waters, particularly the lower Murray.
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Fan. Conochilidae

C. dossuarjus was distributed throughout the basin, although it

was repraced in Murray bitlabongs by c. unicornis. c. hippoerepjs and

C. natans were collected only from the Murray catchment. All four species

occurred seasonally in a broad range of conditions in the lower Murray.

Fam. Hexarthridae

Both known species of Hexarthra occurred throughout the system, and

were occasionally collected. together from the lower river. Although not

present in faster-flowinq upstream t...n"", both species hrere present in

billabongs of the Murray and Goulburn Rivers.

Fam. Filiniidae

Recorded as conrmon components of the limno- and potamoplankton

efsewhere (Hutchinson, L967¡ Wlinner , L975), the genus Filinia was represented

by at least seven taxa in the study area. F. Tongiseta and a large form

resembling f - Timnetica occurred most widely. The latter \^ras found to be

a new species on the basis of trophi structure (28 pairs of uncus teeth

= 19 Um long vs. Iimneticats 22 pairs 32 1tm long) (Koste, 1980c ).f'. Iongiseta

a¡d F. austra-ziensis are shown in Fig. 4.5arb. TLre short-spined f. passa

(rig. 4.5c) occurred in sta¡rding waters, and seasonally in slow-flowing

rivers, across the basin, as did the pantropical F. pejleri (FiS. 4.5d). A

large, typically spindle shaped species (cf. Hutchinson, 1964) was identified

as a neI¡I subspecies of F. pejleri (Koste, L979) (fig. 4.5e). F. pejleri grandis

was collected only from Darling waters, as \^ras the pantropical F. opoliensis

(FiS. 4.5f). E. australiensis and r'. pejTeri grandis were characterised by

the exceptional length of bristles.

A species resembling the cold stenotherm ]l. terminalis (Fig. a.SS)

was colrtrnonly recorded from the Murray catchment, although at temperatures up

to 25 oC (cf. Ruttner-Ko1isko, L974). Comparative measurements of body length

and depth and bristle lengths were made (ra¡Ie 4.3). rn general moryhology

this taxon resembles F. terminalis, but is distinguished from it, and also
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Talrre 4.3: comparative measurements of Fiiinia terminal.is and an

unidentified specd-es (measurements in Um).

Table 4.4 comparative measurements of seven taxa of Filinia from
Murray-Dar1ing waters (measurements in pm).
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from F. p>ejleri by the insertion of the caudal bristle and by the gibbous.

ventrally flattened body shape. It is possi-bly a morph of F. Tongiseta, such

as described from Darling waters by Koste (1980c). Comparative measurements

are given in Table 4.4 and are discussed in section 4-2-3. Clearly, further

taxonomic work on this genus in Australian waters is necessary.

Fam. Trochosphaeridae, Fam. Collothecidae,

Fam. Atrochidae

Of the eight species in four genera representing these families,

only a single species , CoTTotheca muta" iTis, was collected widely from lakes

a¡d rivers of the system. C. pelagica occurred in Murray waters. Neither

pelagic form was recorded from billa-bongs, but three other species occu:rred

in isolated collections from standing waters.

4.2.3 DISCUSSION

Discussion here is concerned with taxonomic/morphological features

of individual- genera, with comments on factors controlling their distribution.

In this regard, conunents are restricted to a consideration of polymorphism,

the infl-uence of abiotic a¡rd biotic factors, lotic adaptations a¡il endemicity.

Qìantitative data on seasonality, species associations a¡rd community structure

are given later.

Vlith few exceptions, representatives of the 56 genera of ploimate

rotifers record.ed were collected from habitats in accord with their

autecological preferences noted elsewhere (cf. Ah1strom, L94O,1943¡

1957¡ Green, 1960, L967¡ Pejler, 1974; Ruttner-Ko1isko, 1974¡ Koste,

Broad habitat preferences of the 40 genera collected more than once,

other thal single localities, are summarised. in Ta-ble 4.5,

Hutchinson,

a978) .

or from

fhere is a notat'le preponderance of cosmopolitan eurytopic species,

i.e. tolera¡rt of wide ralrges in water temperature, salinity, alkalinity and

pH, with warm-water species dominating. A similar trend is seen in the

endemic species, with eurytopic forms (8. keikoã, K. austral-is, K. procurva

robusta, K. shieli and K. sTacki), and stenotopic warm-u¡ater species (e.9.
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B. dichotomus, B. Tgratus).

Sixty per cent of the genera listed in gable 4.5 are considered

elsewhere as inTrabita¡rts of shallow astatic or permanent ponds and lakes,

or littoral zones of tle latter, and occur infrequently as pseudoplankters

in open water. In this study, several of these genera (e.9. Euchlanis'

Co7ute77a, LepadeTTa) occurred frequently in open h¡aters of deep reservoirs,

and in rivers, apparently in response to algal blooms. These facultative

plankters are not considered further here; where possible, pelagic species,

particularly endemics, are given as examples in consideration of rotifer

morphology from this study. Brief comparisons are drawn from studies

elsewhere.

POLYIVTORPHISM

Spatial dl-fferences in morphology within a species, i-e- polymorphism,

and the seasonal or cyclic e>çression of such differences, i.e. cyclomorphism'

are not differentiated in this study. Assuming that phenotype is the

expression of the genotype in interaction with environmental determinants,

both expressions refer to the same phenomenon, with a temporal component

implicit in the latter (cf. 
"Hutchinson, 

1967; Sheppard, L967) -

Morphological variability within rotifer species was noted by early

authors (e.g. Lauterborn, 1898; Vlesenberg-Lund, 1900) and later studied in

detail by taxonomists and ecologists (e.g. Ahlstrom, L94O¡ Carlin, L943).

Spatially separated populations, or those from the same locatity but

temporally separated, showed cyclic variations in, for example, Iorica

moryhology, spine development, body length and overall size. This undoubtedly

contributed to the ensuing taxonomic confusion, with morphs of a single

species named as "foïm", variety, subspecies or given specific status (cf.

Kutikova, 1972). Early studies on cyclomorphosis are reviewed by Hutchinson

(1967), and recent studies (e.g. Gilbert, 1967, L977, L978; Pourriot, L974)

have elucidated some of the sti:nuti for and adaptive significance of such

Poll'morPhism.
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AspTancIna, Btachionus and KetateTTa are the most intensively

studiedpollrmorphicaenera.Cyclomorphicphenomenaobservedinsuccessive

generations include:¡decrease in size with increasing temperaturei

.di- a¡¡d trimorPhic PoPulations;

.changes in lorica lengÈhs, spine lengths and facettation

of the dorsal lorica (Brachionus, Keratel-La) in response

to temperature-related allometric growth or turbidity;

ospine development in Brachionus in response to secretions

by its Predator, AsPTanchna;

.theproductionofspinedindividualsfromrestingeggs

of unspined specimens and vice versa - a response of

geneticatly diverse populations to indeterminate

environmental factors (Hutchinson, L967) '

vÍhile cyclomorphic changes in direct response to single environmental

characteristics such as water temperature or pH are not always clear-cut

(cf. Hallcach, L}TO), and while the degree and combination of factors may be

important in determining form (Ruttner-Kolisko, L974), recent studies have

shown some direct relationships to biotic influences- lfhus, body size rnay

be controlled by diet (pourriot , 1965; Gilbert , lig75), iarticularly the

presence of tocopherol (vitamin E) and prey type (Gilbert, L977) ' Several

studies report spine induction ín Brachionus by Asplanclna (Gilbert' L967ì

Halbach, ]:9'1Q¡ Green & Lan, Lg74). The induction of a giant morphotype'

anaðaþtiveresponse to larger PreY, also is reported (Hurlburt et aL' 1972¡

Gilbert, 1973¡ Pourriot, Lg77), Other studies are given in King G977) '

Apart from the Brachionus-Asplanchna pair, there is little information on

other predator-prey relationships. Green (1980) suggests that Keratella

tropica may extribit similar adaptive spine elongation in the presence of

predatory diaptomid coPePods-

PolymorphÍc forms l¡lere recorded in several genera of lvlurray-Darling

Rotifera, notably Brachionus, KerateTla, Asplanchna and' Fifinia, exemplifying
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the moryhological variabitity which led to the profusion of synon)rms Ín

the early literature. As well as morphs of polytypic species documented

elsewhere (see Table 4.I)rlocal variants were recorded. fhese are described

below.

T{hree recognized forms oÍ B. bidentata (f. typica, f. testudínatius

and f. jirovcí) from L. Boort and a fourth from L. Nillahcootie are morphs

of a tittle studied variable species restricted to atkaline waters (7 -9-8.2) '

fhe dwarf form from the R. Murray (8. bidentata minor) may be a response to

high salinity, high temperature or low food supply, all of which prevail in

the Murray in summer, a¡d all of which may be implicated in rotifer dwarfing

(Green, L977). Salinity is impticated in this case. lftre dwarf form was

recorded only once (28.xii.77) ¡ in the following summer (30.xi-78) the

typical form occurred in waters of si:nilar temperature, pH, DO and turbidity,

but markedly lower conductivity (370 vs- 1,000 US) '

Morphs of B. caTgcifTo.rus commonly coltected included both spined

alld spineless individuals. The giant morph recorded from turbid waters of

the Darling R. shows a possible alternative strategy to spine production

in the presence of the predator, i.e. increased body size, precluding

handling by the trophi of the latter. Íhe unusuatly transparent lorica of

the giant form also is distinctive. While increased -size is a useful foil

to tactile predation, e.s. by AspTanchna, extreme transparency is not.

This may be a response to visual predation (cf- O'Brien, Kett1e & Riessen'

1979) .

Little is known of planktivory in Australian waters. Zooplankton

communities differ from those elsewhere; some common predators (Leptodora'

Itlesocgclops ed.ax) do not occur in AustraLía, Diaptomus is absent from Murray-

Darling waters and predatory cyclopoids are rare in lotic habitats of the

system. Notably, the largest zooplankton predator in most samples during

this study \,ras AsplancIna, and the largest formsf calnpanulate A'' siebofdi

(s25oo um) (cf. Gilbert, l-973, Lg76) were from turbid Darling waters,

cohabitant with the giant Brachionus- Size-induction in both predator and
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preyissuggested.Evidenceforthehandlingoflargerpreyisprovided

by trophi measurements for the large Asplanchna (22O-34O ¡rm cf' 80-90 Urn

for the species elsewhere) -

Other species of Brachionus in which variations in loríca/spine

morphology were noted include the endemic B. dichotomus, with a dwarf

suntrner-autr:mn birrabong form (Koste e shier, t98o q), B- farcatus and

B keikoa, both with heavily ornarnented loricas in turbid, higher salinity

waters of the lower Murray, and B. guadridentatusr with variable posterior

spine development.

Because of the marked seasonality, or isotated occurrence in low

nr:mbers, of the polytlpic Braclzionus species, variation was not analysed'

The more abr¡ndant species of KetateTla, some of which were perennial in all

habitats, vrere more amenable to Ineasurement and analysis, particularly the

endemics K. austlaljs and K. slacki, and the pantropical K- ptocu^¡a- These

species, and to a lesser exÈent K. cochTearjs and K. ttopiCa, showed

seasonar variations in torica and spíne length. K. quadtata, K- shiefi and

K. vaTga were of sporadiC occurrence; only a few specimens \^7ere measured for

comparative purposes. K. fenzi was collected only once' from L' ì4u1wa1a'

and is not discussed further-

Individuals for measurenent were drawn from collections from widely

separated areas of the basin, both temporally separated sarnples from the

same locality, and geographicatly separated localities on the same sampling

date. For each species present, lorica and spine measurements were taken

as shown in Fig. 4.6 (n=10-,6O). Table 4'6 shows frequency of occurrence of

each of the eight species in 317 samples which contained KerateTfa' repres-

entative measurements of mean lorica and spine lengths, standard deviation

and coefficient of variation. Size variation in the five common species is

shown in Fig. 4.7. seasonal variation is discussed in more detail later'

teastvariabilityisseenintheendemicK.shieli;however,this

species is of infrequent occurrence, and is represented by few specimens'
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Tab1e 4.6: Freguency of occurrence and representative measurements of eight species of KerateTTa

from Murray-Dailing \irraters. n=specirnens measured, s=standard deviation, CV=coefficient

of variation (per cent). Note that K. cochl-earis' single caudal spine is tabulated as

left spine, anól K. shieTi does.not have caudal spines (see fig. 4.8).
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Notab1y, atl specimens lacked posterior spines. In the type description

"short, very sharp caudal spines seated on a button- to cone-shaped base"

are noted (Koste, 1979:247). E'ig. 4.8 shows the interfacet sutures between

the trapezoid posteromedian facet or panel and each posterior lateral

panel are sufficiently raised to give the impression of spines.

Despite the infrequent occurrence of this species in the lower Murray, it

shows wide tolerance of water quality, with marked spring-sLuuner season-

ality (i.e. is a warm stenotherm). occasional winter collections of

ovigerous 99 suggests it may be distributed in the tropical north of the

basin and is transported by Darling flows; however K.shieLi was not collected

elsewhere.

Of the five conunon species, the cosmopoiitan plankter K. cochlearis,

perhaps the most comrnon and widely distributed of the Rotifera (Ah1strom,

1943), is least variable in the study area with respect to lorica and spine

Iength, although a greater degree of variation in lorica morphology was

noted. Forms with rudimentary foundation patterns (Fi9. 4.4b) were collected

from the lower Murray, a¡d extremely granulated hispida forms (Fig. 4.4}r)

occurred in the Goulburn River. The tatter are regarded as typical of shallow

turbulent waters; the strot'rg, granulateð, and/or spinulated lorica reduces

bouyancy (Ruttner-Kolisko, 1914) .

K. australis, K. quadrata and K. slacki are forms which have

consistently two posterior spines of similar variaJrility (Tab1e 4.6) .

K. procurva, K. tropica and K. vaTga show variabifity in both spines, but

considerably more for the left, which is sometimes even absent. K. vaTga

was of rare occurrence, and'was collected in insufficient numbers for further

discussion.

Polymorphism in K. tropica is well known (e.9. ATrlstrom, 1943; Green,

l-960, f980), and also in K. quadrata (e.g. Hutchinson, 1967). fn Green's

study of r. tropica in the Sokoto River. Nigeria, right spine and forica

length were positively correlated, but the left spine showed no consistent
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correlation. No correlations with environmental variables could be

determined..

Litt1e is known of variability in K. procurva. Apart from the

tlpical form descrjbed UV tirorp" (1891), the only evidence of variation

in this species is in the Para¡ra River, Argentina, where there is a series

showing reduction of the left spine (eaggi , \973). Similarly, litt1e is

known of variability in the endemics K. s-Zackj a¡d K- australis (cf. Koste

& Shiel, 1980¿ ). The former showed greatest variation in lorica morphologty,

a¡rd is given here as an example of cyclomorphic variation. Brief comparisons

are made with K. ausÉraJjs and K. procurva populations.

In Fig. 4'10 lorica tength is plotted against mean spine length for

25 K. sl-acki populations from widety separated collections. Speanrnanrs rank

correlation coeff icient

determine significance of both spine lengths against lorica length, with the

positive correlatio4 with lorica length; i.e. allometric arowbh ís involved

(cf. Pej1er, a962) .

Ttre mean lorica length rankings were then correlated with ranked

temperature, DO, pH, conductivity and turbidity data by Spearman's

coefficient and F-test. Ho was accepted for temperature, Do, pH and turbidity'

but rejected (P<.05) for conductivity. K. sfacki occurs as significantly

smaller individuals in sunmer collections from habitats with higher salinity

than at other times of the year. The species, although colfected from afl

habitat types (Tabte 4.1) is characteristically a "billahong form",

particularly of the Murray floodplain above the Goulburn confluence, where

it is a perennial breeder. Its life cycle is a¡ effective adaptive strategy

for the variable habitat conditions of billabongs (Ch. 6).

f=s t- --qj-d'- (Erliott, rgTL) was used to

nuII hlpothesis (Ho) that the two variables are independent. r" in both cases

was tested by the F-test ( F = 
(!-z)ra-=2r¡ (sokat & Rohrf , Lg73). Ho wasr-fs

rejected (p<.OS) (Ta-ble 54, Yamane, L967); Ieft and right spines show

Within any single habitat, K. slacki varies as shown in Fig. 4.\I,
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although a temporal shift may occur with latitude (i.e. depending on

climatic conditions). Comparison by t-test of the lorica data for each

pair of localities in which the species was collected indicatesthat

significant differences may exist between populations in close geographical

proximity, and that a lag in the developmental cycle occurs in the north

of the basin, where the dwarf "sunmer" form persists until May, and

probably into winter, depending on the timing of seasonal rainfall and

fil1ing of the billabongs.

In spring populations, distinct size classes appeared in some

billabongs (Fi9. 4.11d). Both amictic (parthenogenetic) and mictic

(sexually reproducing) ind.ividuals were present, the latter significantly

Iarger in lorica and spine measurements; l'ig. 4.J.2a shows a¡r amictic sulltrner

dwarf, and Fig., 4.L2b an amictic individual from the same habitat (a

billabong at Wodonga, Vic.) the followingr spring. The posterior loríca of

the rnictic individual (Fig. 4.J.2c), also in spring, carries three smaller

(n) resting eggs. Lorica length data for this population are plotted as

a scatter d.iagram (FiS. 4.13).

The significance of mictic egg production in spring during high

water levels and adundant food production is cl-ear when the life cycle of

a ploimate rotifer is considered. Resting eggs produced from mictic eggs

are resistant to adverse conditions. In the northern hemisphere many

species overwinter in the resting egg stage (Pennak, 1978) ' Under drought

conditions, on the other hand, such a resting egg would survive desiccation

of the habitat until the following wet season.

Intraspecific temporal variation as seen in K. slacki is reported

elsewhere for Keratel,fa (Ahlstrom, \943; Carlin, l-943) , Brachionus (Gilbert,

1963), Trichocerca (Pourriotr 1965), Notommata (Clement & PourrioL, L976)

and aspJanchna (Birky I Lg6g; Gilbert, 1975). A succession of genetically

distinct cl-ones, i.e. temporal genetic polyrnorphisrn, is described in

Euchlanis dilatata (King, Ig72). Ling suggests thaL a large genetic
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component is necessary to explain the adaptation of the species to

seasonal variation. Different clones may respond differently to changing

environmental characteristics. The form or clona1 tlpe within a polytlzpic

species which is best adapted to existing conditions is rapidly fixed by

virtue of short life cycles and parthenogenetic reproduction (Ruttner-

Kolisko, L974¡ Gilbert, L977). On the basis of electrophoretic studies

in which clones from the same collection demonstrated a large degree of

heterogeneity, King (L977:I99) suggested that " rotifer populations are

highly inbred and. structured in temporally restricted demes".

lhese concepts applied to the widely separated K. slacki populations

provide arr explanation of the parallel but temporally disptaced clonal

succession observed in isolated billabongs, buÈ do not clarify the

environmental cues which initiate such succession. Billabongs, even those

in close proxirnity which may be continuous in times of flood, are hetero-

geneous habitats in terms of both floral and faunal associations (Shiel,

L976, 1980; V'IaIker & Hillman, L977) and physico-chemical fluetuations (Ch.6).

lùhite increasing salinity is irnplicated as a cue, other environmental

variables, both abiotic, ê.g. throughflow of river water in winter-spring,

and biotic, 9.9. predator population density, also may be significant.

InterestinglY, maximum spine production in K. sl,acki coincided with Èhe

appearance of Asplanchna in billabongs in spring. The effect on trr"

predator of ingestion of long-spined forms is indicated in Fig. 4.I4¡

integumental penetration would probalrly be lethaI.

The correlation with water guality seen for K. sl-acki was not

detected. in the more wideJ,y dispersed K. austrafis and K. procurva

populations. Lorica length data for both species were analysed in the same

manner. Ho was accepted at the 5s" level for all measured water quality

characteristics. The two species are eurytopic, occurring in a wide rarge

of waters; K. austrafis predominantty in takes and rivers, rarely in

billabongs, and K. procurva ubiquitous throughout the study area. A greater



Fig. 4.L42 Long-spined K' sLacki ingested by

the predatot, A- siebofdi (V[ise's billabong'

07.ix.78).
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degreeofpolymorphismwasnotedfort}telatterspecies,withawide

variety of forms similar to those described elsewhere for K' ttopica' AL

opposite extremes are the exhuberant and spineless forms shown in Fig' 4'L5'

Dumont(1980)notesthatK.p7roc'l.îvaoccursinsrnallnumbers,alwaysin

the tropícs (neither of which is strictly true in the present study) ' and

that when tropica aJld procutva alfe co-occurrent, tropica is abundant'

procurva no:-. The converse \das found in Murray-Darling waters' and also has

been observed in African waters (H' J' Dumont' pers' comm')'

Polymorphic variation in other genera (e'g' Asplanchna a¡td fiTinia)

fg^ considered in more detail in laterciiq>lers on corìfnunity structure' as

the variations noted were subjectively correlated with habitat differences'

In the case of Asplanchna seasonal variations were noted in food tlpe and

availability within discrete habitats (based on grrt content examination

during progressive digestion with NaOCI) '

:rnFilinia(Table4.4),morphologicalvariants,particularlyof

bristle lengths, are characteristic of particular habitat types' T\^/o

species with the greatest bristle lengths yet recorded (F' austrafiensis

andF.pejletigrandis.)occuronlyintheriverplankton.Bristlesare

an aclaptation to a planktonic existence (Ruttner-Ko1isko , 1974) ' and their

extreme development in these species possibly reflects a genetíc response

to slow flow conditions of the river system. Intermediate in bristle Ìength'

F. Tongiseta and the undescribed species are limnoplankters, with seasonal

appeara¡ces in the river plankton. The smallest species' F' termínal-is and

Tongíseta passa occurred' in billabongs and smaller

Log-Iog plots of caudal bristle length vs' mear anterior bristle

length for all species (with the exception of the distinctive F' opoTiensis)

are given in Fig, 4.L6, which also gives comparative envelopes for European

repïesentatives of the genus. vfhile separation of popul-ations by this

method is used frequently (cf. Hutchinson, \964, 1961) overlap in populations

makes suspect the taxonomic use of bristle length measurements, even body

the short-sPined F.

standing waters.
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Fig- 4.r5-. Keratefl-a procurva variants from Murray-Darlíng

waters- a. f. typ., b. exhuberant form, L' Victoria'

Shepparton, Vic., c. spineless saline water form,

Richardson River, Donald, Vic-

c
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i-engthr/depth ratios as in Table 4.4. Ttre only satisfactory method appears

to be detailed study of trophi structure (Koste, t98ob). For this ïeason

the taxonomic status of several Filinia populations collected during this

study is not yet successfulty resolved. In particular, the undescribed

species overlaps the niches of both F. pejLerj and F. terminaTis, and

was not readily separated from them- Confusion of small individuals of

this taxon with ¡¡. terminafis accounts for records of the latter in waters

up to 25.0 oC. ¡;'. tetminal-is positively identified from Murray reservoirs

and bitlabongs $¡as collected at tempeiatures below 15.0 oC, in keeping

with its col-d stenothermal characteristics noted elsewhere (Ruttner-Kolisko,

Lg74). The undescribed species apparently is eurytopic, occurring in a wide

range of hábitats, and is widely dispersed across the study area- f,rttt"t

comments on the extent of morphological variation in Murray-Darling FiLinia

taxa are given by Koste (1980b).

This brief discussion of polymorphism in four genera of Murray-

Darling Rotifera exemplifies the range of variation seen in most widely

dispersed genera. Billabong forms in particular showed most variation from

!.he types at the subspecific or infrasubspecific level (cf. Koste, L9'19¡

198Oarb; Koste & Shiel, 1980 , i¡r press). These are mentioned' where

appropriate, in Ch- 6-

rHE TNFLI'ENCE OF ABIOTIC FACTORS

Correlations bet\'ùeen rotifers and water quality rarely are fully

documented. The difficulty of attributing morphological changes to single

factors is seen in the preceding discussion of potymorphism; a similar

situation is seen with regard to species distribution and population

dynamics. Pourriot (1965) showed that species distribution is not closely

related to existing values of single factors, e.9. temperature, pH-

Hofmann (1917) noted that single factor theories are r:nsuital¡Ie in evaluating

poputation dlmamics, which are governed by both abiotic and bíotic factors.

As will be shown in later chapters, abiotic and biotic factors were not
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readily sepaJrable in this study. Nevertheless, some general cormnents here

serve as introduction to later discussion of succession in the li¡rno- and

potamoplankton.

Rotifers, \^rith life cycles of less than 20 days (Ruttner-Kolisko'

Lg74), face the problem of temporal heterogeneity in the habitat; each

generation may be in a different environment. Other organisms of longer

generation time may physiologically regulate in a changing environmenÈ, or

tlrey may diapause at some stage of the life cycle (King, 1972; Chapman &

Lewis, 1978). As noted earlier, rotifers apparently carry sufficient

genetic information. from generation to generation to cope with any marked

environmental change. Such a change in temperature, dissolved oxygen'

ionic concentration etc. r flêy sti:nulate resting egg production (Wtritney'

I9I4¡ cf. GilJcert, I977a,b).

The influence of temperature, probalcly the single most important

determinant of occurrence, is weII known (e.g. Edmondson, I946t Pejl.er, a962)'

By influencing biochemical reaction rates. temperature affects aII aspects

of development, feeding and reproduction. Species-specific temperature

tolerance accounts for the seasonal succession of rotifers in rivers and

lakes (e.g. carlin, L943¡ Pejler, a962¡ Byars,1960; Hofma¡rn, 1977), or the

restriction of some species to particular habitats (cf. Hofma¡rn, f975) - In

the latter study, vertical migration of K. cochlea¡js a¡d F. termínafis

occurred from the epilimnion to the hypolimnion in response to changing

temperatu r e / ox-'¡ gen con ditions .

Extreme changes in habitat as a result of water utilization, i.e.

thermal- effects or eutrophicationr Bây elinr-inate rotífer species (cf- Horton,

GaIIup & Nursall, Lg'77) or allow colonization by species with different

tolerances. In the Loire River, for example, where a-l¡straction for cooling

nuclear reactors has raised temperatures in stretches of the river, tropical

rotifer species have been collected (Lair, 1980) -

A review of the influence of other abiotic factors on the dynamics
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of rotifer populations is given by ttofmann (L977),' suffice to note here

that temperature is regarded as the only factor operating directly on

ernbryonic development time and thereby directly influencing population

densities (Hofmann, p. 81). Dissolved oxygen, Iight, pH, ionic composition,

metabolites or other chemicals produced by biotic components of the

environment also may be important.

TIIE INTLUDNCE OF BIOTTC FACTORS

Reviews of studies on biotic influences on rotifer populations include

those of Edmondson (L946, L957), Hutchinson (1957) and.DumonL (1977). Recent

studies include those of Halbach (1970) , Green & Lan (1974), Anderson (l'977) ,

Gilbert (1977 , L978, 1980) , Gilbert & Litton (1978) , Miracle (1977), Ruttner-

Kolisko (1977), Clement (1980) and Starkweather (1980, in press) on features

of feeding behaviour, predation'on and by rotifers, and parasitism.

In this study, food prefererìceserere recorded for the predator

Asplanchna. Gut contents of approximately 120 specimens of the three a-bundant

species (e. nrightwel-Li, A.priodonta, A. siebofdi) were examined, either

during hypochlorite digestion to clear trophi, or after clearing in PVA.

Food items recorded included fragments of filamentous and cofonial chlcro-

phytes (including Eudorina and entire VoTvox colonies), diatoms, dinoflag-

ellates, various species of Brachionus, KerateLla, Sgnchaetat PoTgarthra'

Asplanchna, Fi7ínial copepod nauplii and copepodites, and Bosmina. Food items

are similar to those recorded elsewhere (e.g. Pejler, 1957, 4965; Green &

Lan, L974; Guiset, 1911¡ Salt, 1977¡ Salt, Sabadini & Commins' 1978), and

were correlated in this study with food availability. AsplancIna, for example,

is predatory by preference (J. J. Gilbert, pers. conm.), but wifl take a19al

material. In billal¡ongs with low prey densities AspTanchna species fed on

algae. A. brightweltj a¡rd A. priodonËa were more frequently recorded with

atgal material in the gut (25ø" and 17% respectively) than was Ä. siebofdi

(4?.) .

As noted earlier, where aII three species occurred together, a marked
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size separation vùas evident, suggesting a reduction of competition by

selection of different prey size. This also was seen for most other genera

in which congeneric associations were noted e.g. Tab1e 4.7 gives congeneric

associations of Keratella in 317 cotlections in which the genus occurred,

and Fig. 4.L1 a representative plot of frequency vs. lorica length for a

billabong corunun'i ty in which four species co-occurred- Small forms of

Ketatel-la are unable to handle large partictes, large forms feed less

efficiently on small particles (Gitbert, 1980); in this way the habitat is

ef fectively partitioned.'

The only other nota.ble record of food preference is that of Lindia

torul-osa, collected from a Goulburn billabong (Sheepwash, Yea, 22.víi'í'79) '

Fragments of Osciltatoria were present in the grut; this was the only record

of a plankter feeding on blue-green algae. Starkweather (in press) reports

Brachionus calgcífTorus feeding on Anabaena. Other planktonic rotifers vtere

assuned to have similar feeding habits to those recorded elsewhere, i'e'

predominantly herbivorous, taking in algal material, bacteria anð'/or detritus'

Only a few species are noted elsewhere as predacious (e.g. Dictanopho'Tus'

Trichocerca) (Ruttner-Kolisko, 1974; Pourriot, L977¡ Starkweather, l977, 1980,

in press; Koste, J-:978¡ Gilbert, 1980).

Predation on Rotifera v¡as recorded only for AspTanclna, but it is

probable, in billabongs at least, that carnivorous cyclopoid copepods are

significant predators, particularly Ìnesocgc7ops. Elsewhere, rotifers are

preyed upon by Qzclopidae, cladocera (Leptodota) , diptera¡ larvae (Cbaoborus) '

a¡rd Cala¡roida (Diaptomusl (Anderson, I972¡ Comita, I9l2¡ Hilbricht-Ilkowska'

Ig75). Of these, cladocerari and calanoid predators are absent from Murray-

Darling watersr and dipteran larvae are not conunonly collected in Èhe potamo-

plankton (Ch- 7). Chaoborus is widçspread in Australia (Williams, a966) and

is common in billabong's, but its preferred food is microcrustacea, particularly

ryclopoids (Swift & Fedorenko, 1975). Considering the low population densíties

of plankton in Murray-Darling waters generally, it is likely that predation



Table 4.7: Congeneric associations of Keratella sp. (n=317).

n t37 90 2060 7 3

No. of sPecies in collection

234t 5 6
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pressure on rotifers is low (cf. Dumont, 1977).
j

Parasitism on Rotifera is reported elsewhere (ndnonþon, L965¡
A

I"liracle, L976, 1977i Ruttner-Kolisko, L9'74, 1977¡ Pennak, 1978) but was not

observed during this sÈudy. Populations of rotifers parasitic on colonial

volvocales (AscomorphelTa volvocicoLa) were recorded from Burrinjuck Dam

(Ch.5) and Murray billabongs (Ctr.6). Tfhey were the most abr:ndant zooplankters

during VoTvox blooms.

Ttre influence of other biotic factors on rotifer populations, e.g.

fish, atgal blooms, particularly blue-green a1gae, is discussed by Dumont

(L9771. Fish predation effects on comrnunity structure, i.e. selective

removal of larger Cladocera and Copepoda, allowing increases in smaller

species and rotifers, were only inferred in isolated cases in this study

(Ch. 6). Frequent algal blooms and accompanying increases in species rich-

ness aré a feature of some Murray-Darting waters. Algal blooms may allow

littoral or periphytic species into the pelagic (cf. Carlin, 1943) by their

use of filaments or mats of algae as substrates. If not feeding directly on

the algae, €.9. blue-greens, rotifers may be using a decomposer shunt (Du¡nont,

1977) in that products of bacterial decomposition a¡rd bacteria within a bloom

may provide abu¡ldant food and thereby account for increases of rotifer

population density a¡rd diversity. This phenomenon is discussed later (Ch'7)

in reference to Osciffatoria, Anabaena and MeTosira blooms in the lower Mur-ray.

ADAPTATIONS TO A LOTTC HABIT

Few of the plankters collected, from Murray-Darling waters occurred

only in the rivers, with morphologicatly different forms occurring in the

headwater lakes (cf. FiTinia australiensis, F. Tongiseta). Most planktonic

for:rns from the reservoirs and rivers of the basin are adapted to a pfanktonic

mode as elsewhere, and readily distinguished from true benthic, epiphytic

or littoral species. Trhe adaptations of these true plankters are sunìmarised

briefly; taxa in which the adaptation is most pronounced in Murray-Darling

I
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\^¡aters are given in Parentheses.

Reduction of lorica thickness (e.g. B. caTgcÍflotus and "Darling

form,,) decreases specific weight, as does inflated volume (e.g. B. calgcifTotus

"Darling form" , Sgnchaeta, Asplancltnopus, aspTanchna) and the production of

an enveloping gelatinous matrix (conochifus) - Reduction or total loss of

foot and toes (F-i7inia, Sgnchaeta, Pompholgx, Asplanclna) and the development

of long spines and bristles (FiTinia) aid in flotation. Eggs may remain

attached to the female (Btachionus' KeIateITa, Pompholgx, FiTinia), have oil

droplets or increased surface area (PoLgarthra, Sgnchaeta) or vivipary may

reduce chances of egg loss (Asplanchna) (zuttner-Kolisko , J-974't ' As noted,

the development of some of these adaptations in Murray-Darling rotifers

exceeds any described elsewhere (i.e. bristle length, Iorica reduction,

increased volume).

ENDEMICITY

Rotifers inhabit most fresh waters, and have long been regarded as

at least potentially cosmopolitan. However, recent studies (e'g- Pejler,

Lg77) suggest that only some are cosmopolitan. Although this study

considerably extends the known distribution of most species recorded, it

shows also that rotifers with specific requirements or dispersal limitations

may have restricted distrilcutions.

pejler's (Lg77) review of brachionid distribution listed four taxa

endemic to Australia. Tvro, K. ahfsttomi and K. sancta' are in fact New

Zealand species, but K. austrafis and K. sfacki are Australian endemics'

Vüith the rediscovery of B. dichotomus and B. Tgtatus and the description of

several other taxa (8. baV|gi Sudzuki & Timms¡ B. bidentata minor Koste &

Shiet ¡ B. díchotomus recluctus Koste & Shiet ¡ B. keikoa Koste ¡ B - pl-icatiTi.s

eoTongulaciensjs Koste ¡ K. shie-Zi Koste and K. pÍocurva tobusta Koste & Shie1),

the Australian endemics of this family increase to ff. Vfith the exception

of B. bide:ntata minot and K. shieLi, known only from the lower River l"luIray'

all were recorded from small, isolated lentic habitats.
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From tÏre literature at least 34 taxa in other faruilies apparently

are endernic. !{hile endemicity is low (10*) compared with t}re rn-icrocrustacea'

i.e. cala¡roids >908, cyclopoids 608, cladocerans 35t (Bayly, 1964, 1979¡

Bayly & Morton' L9?a¡ Srnirnov & Timns, in press), only a fraction of

Australia has yet been studied. Early collections \^¡ere made near Melbourne'

Sydney and Brisbane, "r,å 
tn. present sÈudy was confined to the Murray-Darling

basin. 'Probably even more edemicity will become apparent after further work

(e.g. Koste & shiel, in press), so that the Rotifera are not excepted from

the distinctively Australian freshwater fauna (cf. vüilIiams, 1980) '

In summary, - then, the rotifer fauna of the Murray-Darling system

consists of predominarltly cosmopolitan, pantropical or Pancontinental

eurytopic for.nrs, i.e. tolerant of extremes of water quality (although alkaline

forms predominatè), wiÈh a small group of less widely distributed stenotopic

species of more stringent ecological requirements. on the basis of the

rotifer material described here, it is likely that a greater degree of

endemicity, species rictrness and conununity complexity than previously

considered exists for the zoogeographical region of Notogaea (Australia and

Tasma¡ria) .

4.3 CLADOCERA

4.3.1 fntroduction

TÏreCladoceraisoneofthemostfrequentlycollectedgroupsfrom

Australia,s inland waters (Williams, 1966), but their taxonomy and ecology

is not well studied. Much of the available taxonomic work on the cladocera

was published last century ,(e,g. Brady, 1850; King, 1853, L854¡ Sars, 1885'

18gg, l-889, 1896) with very little work over the following 50 years (e'g'

serventy, \g29). More recently, several small taxonomic works have been

published (e'g. Brehm, 1953; Petkovski, l:973a, b; Hebert ' A977; Smírnov'

l|g77) but as yet no comprehensive review of Australia¡r Cladocera exists'

Taxonornic,..confusion persists in some families, ê.g- the Daphniidae (cf'

Hebert, 1977¡ ¡Iitchell, 1978).
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EcologicalstudiesincludinginformationonCladoceraalsoarefew,

and restricted to lentic habitats (e'g' Jolly' Lg66; Timmst 1969' l97O' 1972¡

Bayly & Williams, 1973; Shiel, l:976). Little information is available on

the cladoceran potamofauna. Playfair (19f4) included the crustacean plankton

in his study of the Rictrmond River, N.s.w. ' as did Jolly & chapman (1966)

on tributaries of cox,s River, N.s.w. Brief mention is made of the fresh-

water cladoceran component of the Fíl¿zroy River estuary (QId) by Kennedy

(1978) , and.a species list and brief ecological information on ttte Murray-

Darling zooplankton was given by Shiet (1978) '

Morethanl25specièsofCladocerahavebeenrecordedfromthe

continent, with 44 species apparently endemic. 1rhis represents the highest

number of endemics from any comparable area (8. V. Tinrns' pers' cornm') '

Seventy-five species were collected from Murray-Dar1ing waters during this

study. Ten of these are nevl or ne\¡{ records, at least 16 are endernic to

Australasia. The known distribution of most species is considerably

extended (N. N. Smírnov, Academy of Sciences, Mosco\^/' pers' comm') '

4.3.2 TaxonomY and Ecology

The cradocera recorded from the ì4urray-Darling basin are Èabulated

according to the systematics of smirnov (Ig74, ag76) (ga¡te 4'8) ' of the

75 species in 6 families and 26 genera, 44 (598) were of restricted

distribution, i.e. single collections or one or two habitat types' of

these, 37 occurred only in Murray waters, 7 occwrred in Darling waters or

\¡rere associated with Darling floodwaters below the confluence' f\¡¡e1ve species

(16å) were collected widely across the Murray catchment, and 19 species (25%)

weïe comnon in a wide range of water quality across the study area'

Brief notes are given below on taxonomic and ecological features of

the recorded fanilies of Cladocera.

Fam. Sididae

Of the t\"¡o genera recorded., IatonopsÍs was noted as a rare component

of the littoral microfauna of lakes and billa-bongs. L. austtafis was a surtrner
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* Taxon DL DB DR l'lL ilß MR tM
remlj
(oc) pH

( ppm) (ls) (NTU)

47 *MonospiTus n-sP-2

unpublished

8.5 -
20. o

a
9.O -

12.08.3

530 -
130

46 oo
*Monospilus n.sP.l-

unpublished
22.Oo

7-5 -
8.3 135

43365 -
590

4.2 -
12.O

4s B, setigera

(Brehn) I931
oa

10.o -
2I.Oo 8.5

7.O - 85-
1250

r.4 -
t_I. 6

2-O -
130

4A rig )dicaudi sB

Smirnov, l97l
oo oo o 10.2 -

29-4 8.4

7-t -
TT.2

1.2 - 2-5 -
2'1

r25 -
650

43 B - mclocoPa

(sars) 1895
o 't.310.0 13. O 52 23 -5

B. fongiqua
Smirrrov, 1971

o 16-5 9.1 95

41 B- kendall,ensis

(HenrY) l9l9
o aoo 7-A

4-2 -6.0 -
22.5 11- 6

t-4 - 60-
1080

2.O -
62

40 B- kaÍta
(sds) 1862

o a o lo.0 -
29 .4

7.r - l-0 -
lo.B

2-5 -
t7

64-
245

39 B. inxermedia

(Sars) 1862
o 7.6I7. O 1789.3

-)Õ Biapertura aftinis

(Leydig) ls60
oo oo

l0-2 -
26.6

I-2 -
ro. 0

95-
?o0 90

4.5 -

)1 L- legdlgi
(schoedler) IB63

o LO-2
9-4 -

IO.0_ t'n

6.2 -
8.4

650 t2.5

36 L. cf.Leavis

Gurney, 192?
o 16. O 8.67.6

AE L. ciliata

Gauthier,1939
o 16. B a- l r3712 -2 I6

34 Iægdigía austraÌis

Sars, 1885
o o o 7.8

r4.o -
17. O

0

6't
t25520

33

Sars, lB96

CampLocercus
asstraf is oa a I0.o -

20-o 1.4

7 -r -
660

2.1 -
13.0 350

32 K. longirostris
(Daday) 1898

a 20. o 7.4 110o? 120

31 Korzia Tatiss;ma

(Kurz) 1895
a 11. 0 7_2 7-2 2392

?n craptofeberis
testud i nar ia
occidentafis

Sars, 190I

o o
10.0 -

26 -6 7.8

7-r -
9.8

t40 -
I 080 350

29
o r3- 5 IO.27.5

28 *Àlona n.sp.I

upublished

*ALona n.sp.2

unpu.blished

O 15.0 7.4 4459- 6 61

27 A- rectangufa

Sars, 1862
oaoa oo o

29 .4

7.4 - I.2 -
l.2.o

7

a-7 350

3'7 -
tt35

26 A- pulcheTTa

King, 1853
o o

r2-o -
Ì6. O 97

7-O - 220 -
460I0.2

25-
350

25 *e. poppei

Richard, 1897
o

10. 7 9-47.9 650

24 ùA. cf.inreticufata
Shen Chia-jui,1964

a t4_0 9.67.3 4.5500

?3 A. guttaLa

sars,1862
oo aa

8.5 -
29.4o

t.2 -
L2.Oa.4

7.4 - 0.5 -
130

I30 -
lo00



62
330 -

435

lo -2-
11- 6

7_2 -
7.5

10.0 -
13. 5

aSimocepla-lus n.sP

unpublì-shed

6B

r.0 -
220

38-
I 080

L.2 -
13.0

7.O -
8-529 -4

oooo.9. vetu-¿us

(¡4ü11er) 1776

67

2.5 -
35

52-
245

lr-

13.0
4.9 -

7.4

10.0 -
29.4as. exspjrosu-<

(Koch) Ì841

66

6.e -
220

50-
260

9.4 -
10. 67_O

15. 4
o

S imoce pha ) us
acutirostris

(Ki¡rg) 1853

65

0.5 -
130

31

Il00
4.1 -

t2-O

7.O -
8.1

7.4 -
3l-. 0

aoaoooD. lunholtzi

Sars, I8B5

b4

0.4 -
275

40-
1t 35

1.5 -
l-2.o

6.0 -
8_ 5

5.O -
29. O

aooaOa

FAH, DAPHNI IDAE

Daplnia carinata
s. l.

King, 1853

63

0.5 -
350

2-
r950

r.2 -
12. 5

6.2 -5.0 -
29 -4

oaoooa

FAM.BOSHINIDAE

Bosmina
meridiona f is

Sars, 1904

62

5

49

135 -
a27

I.7 -
II. 2

6.0 -
9.0

r2.5 -
27.5

oooaoM. tenùicornis
Sars, 1896

6l

0.5 -
3s01950

r.2 -
10. 9

7.r -
8.?

9.O -
29.4

ooooooo
N- mfcrulõ

Kurz, I874

60

I6I3'lt2 -28-1t6.8o

FAH. I.,10 INIDAE

Moina
austrafiensis

sars, 1896

<I0

130
54'.¿ -

60012 -o

7.O -
8.320. o

oooNeoLhrix arIÊLa

Gurney, 1927

58

221 -
4t5

9. B -
lo. 0

4-9 -
7.5

),2.O -
17.0

aoPseudomoina femae

(KÍnq) I 853

Ã-7

8.58.Il-4-0
oEchinjscd sp56

oE. hardingi
(Petkovski) 1973

55

aEchínisca capensis

sars, 1916

EA

t2 _5
15s -

250

a) -

13.8
7.r -

'1 -4

16.0 -
2A.O

oM. bTeviseta
smirnov,1976

53

2.O -
350

85-
75 C)

2.7 -
13.8

7-O -
8.4

7.8 -
28. O

oooooaaM. spinosa

King,1853
52

t0-
130

42-
850

8.6 -
lo. 64.2

r2.o -
18.0

o
Macrothrix

ài¡sutico¡nis

NomÐ&BradY, 1867

51

2-O -
350

85-
600

1.4 -
12.0

4_9 -
8.3

o-
25.4aaooI. spinifer

Herrick, 1882

50

35-
50

llo -
603

2.7 -
rt_0

6.9 -
8.5

6.5 -
23 -O

oaooooI. sordidus

(Lieven) 1848

49

I6r37t2 -28.016.8o

FAI'1 . HACROTHRICIDAE

*I fgocrgptts
brevidentatus

sars, 1909

48

Turb.
(NTU)

Con d
(ps )

DO

( pp*)pHTenrp
(oc)LMMRMBMLDRDBULTaxonil



TABLE 4.8 (cont.):

2-5t059.67-A15. ooceriodaphnia sp7s

3.558
LO-

10. 3

'7-O -
7.A

6-5 -
2I.3oo

C. roxunda

Sars, 1862

74

0.5 -
350

'2-
1950

L.2 -
13-O

4.9 -
8.5

5.0 -
29.4ooooOo

C- quadrançiuLa

(MülIer) t785

73

0.4 -
10

85-
155

8.0 -
10.4

7.1-
7.7

8.O -
22 -O

a
*C. Laticaudata

(¡rülIer) l-785

72

2.5 -
27

130 -
245

L.2 -
8:2

7.r -
7.2

1L.0 -
29.4

o
C. dubia

Richard, 1894

7t

1.5 -
320

8-

t250

r-4 -
I1. 3

6.0 -
a-7

9.0 -
2A.O

ooaaoao
Ceriodaplnìa

cornuta

Sars, 1885

70

5-
75

90-
435

6.6 -
10. 0

7.r -
8.3

11.O -
20.o

oaScaphoTeberis king)
Sars, 1903

69

Turb.
(rru¡

Cond
(¡s)

DO

(ppm)pH
Temp
(oc)LMMRMBMLDRDBDLTaxon#
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plankÈer in L. Mulwala. ftris species is recorded as a suÍlmer form from

QId (Tirmns, L967¡ Tinms & Midgley, 1969) and the present record ápparently

is the southernmost lirnit of its range. L. brehmi, reported by Petkovski

(1973) from Vt.A. and N.S.!{., was collected in billabongs of the Goulburn

River in spring and autumn. TrÀro species of Diaphanosoma were recorded

widely from the study areai D. unguicuTatum frequently as a li-mno- a¡rd

potamoplankter, D. excisum co¡runonly from shallow, weeded areasr a converse

ecological preference to that noted by Smirnov & Tinuns (in press).

D. unguicuTaXum v¡as a seasonal (sr-¡mmer) fonn in the lower lvlurray.

Fan. Chydoridae

The rnost abundant family of ctadocerans recorded from lr{urray-Da-r1ing

waters, chydorids were represented by 43 species. OnIy four of these were

widely distributed across the basin a¡d were perennially or seasonally

plarrktonic (C. sphaericus, A. rectangula, A. guttata, B. rigídicaudis). fhe

remaining species were collected, often in large numbers, from billabongs

and lake littorats, with occasional seasonal incursions of some pseudo-

planktonic species into the potamoplankton (e"g. À. davidi, B. affinjs).

Notably, two new species of Monospjfus were recorded from waters of the

Darling River (Srnirnov c Timms, in press). This genus was previously consider:

ed monospecific, with ì1. dispar recorded predominantly from the Northern

Hemisphere (Smirnov, 1971). Of the 68 chydorid species recorded frorn Australia,

25 are endemic (Smirnov & Tinrns, in press).

Fam. Macrothricidae

Eleven species of macrothricids in five genera \^¡ere recorded. Although

all are regarded as littoral in habit (Smirnov, L976) , I. sordjdus a¡rd

M. spinosa frequently were noted in the potamoplankton, the latter particularly

during algal blooms in the lower Murray (ch, 7). Four of the elevenspecies

are endemíc (u. breviseta, E. capensis, P. Temnae, N. armata)

Fa¡n. Moinidae

sþecies of l,Ioina commonly are recorded from smaIl, temporarlz bodies

of water (Goulden, 1968). All three species recorded in this study occurred
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in billabongs, but M. aústtalíensjs was the only one confined to this

habitat. tI. tenuícornis !{as more widely distributed in billabongs and lakes,

and M. micrura occurred across the basin, frequently in large nu¡nbers in

the lower Murray. This species showed marked seasonality (November-March),

with peak breeding in summer (cf. Geddes, L968¡ Ti¡runs, L97O) ' It is reported

elsewhere as the most widely distri-buted species of the genus (Goulden, 1968).

Fan. Bosminidae

A single species of Bosmínã, B. meridionalis, is recognized from Èhe

continent (v. Korinek, charles university, Prague, pers. coum;). It was

collected from all habitat tlpes across the basin, and was noted as a

perenniat breeder i¡r the lower Murray.

Fam. DaPhniidae

The nomenclatural uncertainty of several genera of daphniids in

Australia is not yet resolved, and it is possi-ble that more species are

involved than are listed in Table 4.8.

Ttre variability of Daphnia carinata !ìIas documented by Sars (1914)

a¡rd subseguentty reported by Jo1ly (1966) and Bayly c Williams (1973) ' This

seasonâl polymorphism or cyclomorphosis is noted to a lesser extent in

D. fumholtzi- VÍith publication of a taxonomic revision of the southeastern

Australian representatives of the genus, Hebert (L977\ elevated several

apparently cyclomorphic forms to specific status on the basis of unpublished

electrophoretic studies- Potymorphism and cyclomorphosis in a single

population subsequently were reported (Mitchelt, ]-978). In the present study

it was not possible Èo separate possible congeners of the D. catinata "comp1ex"

on the basis of morphofogi".f differences, and for the duration of the study

only two taxa were differentiated, D. carinata s-L. and D. lumholtzi. Both

species were widely distributed and often were collected' together' fhe

observation that D. TumhoLtzi ís a clear-water species a¡d D. catinata a

turbid-water species (Jotly, 1966) is supported. Atthough both species were

collected from lakes and billabongs (clear) and the lower Murray (turbid),
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D Iumholtzi occurred in large numbers and breeding populations only in

the former habitats.

Notably, D. catinata was'not collected from billabongs over sulltrner

(cf. Jolly, L952¡ Timms, L97O¡ Mitchell, Lg78) but was present in breeding

populations at higher altitudes .in Lakes Eucumbene and Jinda'b1me ' also in

deep waters of Dartmouth Dam (Ch.5) . ,rl*n.t temperatures in billabongs

(up to 40 0C) probably exceed D. carinatars thermal tolerance' Ttre species

\¡ras collected from waters up to ZgoC (cf . O. TumhoTtzí to S10C) '

SimocephaTus is.r¡nder review (H.J. Dumont, Ghent, Belgium, pers'

conm.). Four sPecies were distinguished during this study' With the

exception of two subspecies of s. vetuTus, which occurred in the plankton as

littoral strays during floods, a]l were littoral in habit, predominantly in

billabongs.

AsinglespeciesofscaphoTeberis,s.kingi,alsowascollected

from billabongs. A specimen from the Richardson River at Donald, Vic' ' had

Iong antennules characteristic of s. mucronata. A specimen identified as

S. mucronata from a Goulburn billabong (¡1. N. Smirnov, pers' conrm') may have

been a.variant of S. kingi; subsequent examination of the collection produced

individuals with the short, wide antennules characteristics of the latter

(Sars, 1903).

Five species of ceriodaplnia were identified from the study area'

c. cotnuta and c. quadtangala frequently were collected together a¡td were

r:biquitous throughout the basin. C. cotnuta is reported as most colÛnon in

sunmer (Timms, 1970) and to,prefer warmer waters (Smirnov C Timms, in press)'

Both observations were supported in this study. T\¿o other species, C' dubia

arrd c. Iaticaud.ata were confined to billabongs and shallow lake margins. A

taxon identified as C. totunda was recorded seasonally (autumn-winter) from

L. Mulwala. This species lacks the characteristic spines on the vertex (sars'

7A62¡ cf. Pennak, 1978:37I Fig. 269J), a feature which is not mentioned in

the description by Smirnov & Timns (in press). The latter description could

(r
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well be applied to C. pu7che77a, wh-ich is not recorded from the continent.

Indíviduais resembling this species were collected from billabongs of the

Goulburn River a¡¡d from L. Mu1awäIa . In head, and postabdomen development

(SarsI J-862, cf- Pennak, L977ß7L) the species more resembles C. pulcheTTa

than C. rotunda. Si:n-ilar1y, C. dubía could not consistently be dístinguished

from C. quadrangala ¡ the spinule row at the base of the postabdominal claw

of the former often isas not present. It is possible that these two taxa are

conspecific. Clearly, a thorough taxonomic revision of the genus is

necessary.

4. 3.3 DISCUSSION

Às for the Rotifera, general comments only are given on represent-

ative genera of Cladocera, i.e. on morphological variability and distributiona-l

features, and correlations with biotic and abiotic factors recorded during the

study. Quantitative data are discussed in Chs.S, 6 and 7.

POLYMORPHISM

Cyclomorphism is more conspicuous and better studied in the Cladocera

than any other group. Bosmína, Ceriodaplnia, Chgdorus and Daphnja have been

studied in particular. The phenomenon ib extensively reviewed by Hutchinson

(1967). In Daphnia, in which cyclomorphism is most distinct, inter- and

intraspecific e>çression of expansion of the anterior part of the head is

variable under different habitat conditions. Most strikingly cyclomorphic

forms appear in localities where there is a great temperature change between

sumner and winter. C)rclomorphism is less pronounced in ponds and shallow

lakes, where the degree of development is consistent from one individual to

a¡other. Much more variability is seen in large d.eep lakes. Increased

temperature is regarded as a primary stimulus; light intensity, day Ìength,

food supply and turbulence also have been implicated. Recently, the selective

value of increased development of less visible peripheral structures has

been related to planktivory by visual predators (Hrbacek , 1959; Brooks , L965,

L966¡ Jacobs, 196:-., L962,1966; Hutchinson, 1967¡ Zaret, 1972¡ Wetzel, 1975¡

(j
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Kerfoot, 1977') .

zateE (Lg72) distinguished two tlT)es of pol¡rmoryhism; a temporal

succession of temperate zone poputätions in which all members have similar

morphology, and a spatial polymorphism as seen in tropical regions in which

all morphs are present at the same time- Both t11pes are reported

simultaneously for populations of D. carinata in South Àustralia (l[itchell,

1978). In Murray-Darting waters polymorphism was noted ía Bosmina,

Ceriodaphnia and DaPInia.

Mplnia: In D. carinata s.I. (FiS. A.\la), the most commonly recorded species

of the genus in this study, cyclomorphosis involved elongation of the rostrum,

errpansion of the anterodorsal carina and variation in the length of the

posterior carapace spíne (cf. Bayly & V{illiarns, 1973; Mitchell, 1978) ' In

D. fumhoftzi (fig. 4.13b) variation was noted in the anterior carapace spine,

the Iateral spines of the fornices, and the posterior spine (cf- Green, J-9671 '

Individuals for measurement were removed from spatially and temporally

separated collections. Length and width hrere measured as shown in Fig' 4'18'

The posterior spine also was measured, but as this often was broken, did not

provide consistent data. Approximately 200 ovigerotis and ephippial adults of

each species were measured. Means (t1sD) are shown in Fig. 4-L9-

In both species, morphological variation often was aslmchronous in

adjacent habitats, and did not occur at the same time in successive years'

considerably more variation is seen in D. carinata (Fig" 4.L9a) thair ín the

smaller o. Tumhottzi (Fis. 4.19b)(cf. Bayly e Williams, L973) - In the latter,

the greatest development ocourred in late winter-spring in both lake and

bitlabong populations, alÌd was primarily due to production of larger

individuals with corresponding elongation of the afiterior spine' AII forms

\^rere [hefmeted", i,e. f . typica (sars, 1885). They vtere significantly larger

in aII seasons than the helmeted fonn reported from Lake Albert (Green, L967 z

190, Fig. 4).
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In its cyclomorphic development D. carÍnata exhibits several

contrasts to northern hemisphere species. Un1ike the cephalic development

recorded in Holarctíc DaphnÍa (Hutchinson, 1967), in this study cyclo-

morphosis in D. carínata i:rvolved expansion of the .ntefiorsal carina (cf '

Sars (1904) var. cephalata). In contrast, the populations descril¡ed from

Souttr Australia by Mitchell (1978) produced broad carapace "humps" (cf'

Sars var. magniceps) in animals over 2 mm in length. In this study all

instars of cyclomorphic populations had a¡tterodorsal carapace e>q)ansion' A

seasonal sequence showing morphologicat variability in a single habitat is

given in Fig. 4.2O-

Width,/Iength ratios for biltabong and lake populations are pJ-otted

against season in Fig. 4-2L. Maximurn carapace J-ength and anterodorsal

carina e>çansion ocqurred sj:nultaneously in the autunn. A second peak was

noted in billabong for,nÉ during spring, but was not seen j-n lake populations'

Northern hemisphere species undergo greates.t development over sunmer

(Hutchinson, 1967). Billabong populations were, in general, more extreme in

carina development than those of lakes, again in contrast to northern hemi-

sphere species (cf. Bayly O Williams, 1973). A single exception occurred

in Dartmouth Dam, which was atypical of lacustrine ha-bitats during filling

(see Ch. 5). Morphological variability in the Dartmouth population was

probably due to inocutation from a variety of discrete floodplain habitats

which v/ere submerged as the reservoir fitled.

The greatest variation in a single D. catinata collection (i = 4'06

mm, sx = o.|L, s*. = O-22¡ Fig. 4.L9a, September) was recorded from a billabong

at lrlodonga which was receiving effluent as a waste stabilization pond.

Several morphs occurred concurrently, as \^las reported in l4itchelt's (1978)

study; this may be characteristic of waste stabilization ponds in general'

Similar co-occurrence was not noted for adjacent "natural" billabongs.

Ceriodaphniaz Morphological variants of severãl species were recorded' With

the exception of a single population of C. cornuta in which atl individuals
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\^7ere of the ',horned" variety (FiS. 4.22arb¡ cf. Rzoska, 1956¡ Zarei-, L972) 
'

variation was in síze. Several populations \^¡ere recorded with consideral¡le

reduction in eye size. This is considered later in relation to biotic

influences. Because of taxonomic difficulties encountered with some species

of the genus, comparative measuremenËs \^rere made only of the two readily

identifiable species, C. quadrangula and C. cotnuta (FiS. 4.23). Both

species occurred as larger individuals over the colder months.

Bosmina,Chgdorus:Isolatedpollrmorphicpopulationsoftheseplankterswere

collected. Variation involved dorsat "rç.rrtion 
of the carapace over winter

to produce a pronounced hump in B. merìdionalis, with a less pronounced

dorsal bulge in C. sphaericus.

TTIE INFLT]ENCE OF ABIOTIC FACTORS

Vlhile environmental variables such as temperature and salinity

clearly may limit the distribution of species, their influence on

morphological variability of the species may be indistinct. Mitchetl (1978:

573) notes that high temperatures seem to play a role in cyclomorphosis in

D. carinata, although the correlation is not clear from his study. In both

D. Iumholtzi and D. carinata in this study there \¡ras no significant correlatio

between any measured water quality characteristic and cyclomorphosis (Spearma¡

rank, F-test). The apparent inverse relationship between temperature and

body size ín Ceriodaplnia, with larger individuals over winter and in higher

altitude waters in suruner, \^7as not significant-

TTM INFLTIENCE OF BIOTIC FACTORS

Fo11owing Brooks' (l-965) hypothesis of the influence of planktivorous

fish on helmet size in Daphnia, i.e. increased helmet size aíÍords protection

from predation, considerable information from field and laboratory studies

has extended the predator-pressure hlpothesis to include invertebrate

planktivores and prey genera other than Daphnia (e.g- Dodson, a974) -

Íhe influence of predators on Cladocera is little studied in Australi¿

Mitchellrs (l-979) waste stal¡ilization pond study suggested invertebrate
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predators such as aquatic insects and raptorial cyclopoids may affect

D. carinata populations, but the intensity of such predation \^¡as not

determined. Correlations between the a.bundance of crested D' carinata

populations and notonectid predators was reported from South Australia by

Reynolds (1980), who also demonstrated the induction of cephalic crests in

laboratory poputations of Dapltnia in the presence or. Anisops deani. similar

cephalic induction hTas reported in pond populations of D. carinata var'

cephaTata subject to notonectid predation (o'Brien & vinyard, L978) '

In the same variety of D. cati.nata in Murray-Darling \nraters, maximum

carapace development (spring) corresponded with the greatest density of

macroinvertebrates, particularly predatory dytiscids, notonectids and

odonates (see Ch. 6), and, in some biltabongs, with dense populations of

mosguito fish (Gambusia affinis\. Incidental observations on billabongr

G. affinis maintained in a laboratory aquarium during 1976 exemplify the

selective value of increased carapace size to the cladoceran - live

D. carinata returned to the laboratory over an g-monÈh period were select-

ively preyed upon by the físh, which took juvenile instars and left larger

(> 3.0 mm) adults.

such size selective predation accounts for the removal of size

classes from billabong communities in the presence of Ganibusia (and

presumably the fry of other fish). Alteration of community structure

in this way is described in Ch. 6¡ suffice to note here that under temperate

Australian conditions predation pressure is less seasonal than is recorded

for Holarctic studies (e.g- Hutchinson, 1967), and may' in part' account

for the contrasts seen in cyclomorphic variation'

Variants also \,tere recorded ín Ceriodapltnia' The horned variety of

c. cornuta recorded from a billabong of the Barwon River near luurgindi,

N.S.vl. co-occurred with Garitbusia- Polymorphism in C'''cornuta"in riesponse to'

fish predation is described by Zaret (L96g, l:g7f-, Ig72), who notes that the

species is able to decrease its visibility to predators by reducing the

heavily pigrmented area of the compound eye. Fig. 4.24 stlouts comparable eye
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reduction in some billabong forms of c. quad.ranguTa. The smalr_eyed
form occurred only with dense populations of fish fry (G. affin¿s and
unidentified spp')' Adaptations in prey species to foil visuar and tactile
predators are considered further by Dodson (rg74) , zaret & Kerfoot (1975)
and O'Brien, Kettle & Riessen (Ig7g).

As in the Rotifera, where severar species of a genus co_occurred,
there normally was marked size separation. Congeneri_c associations were
conmon ín Daphnia (o- carinata > D. r_unhol_tzi) , ceriod.aphnia (commonly
c' quadranguTa ) c- cornuta, arthough in Goutburn billabongs c. J_aticaudata
> c' cornuta occurred, and rarely c- laticaudata > c. guadrang',a ) c. cornuta
ot c' quadrangttfa > c'?puTcheTra > c- cornuta. The latter congeners are
shown in Fig' 4'25), Biapertura (commonry 4-5 speciesi B. kendar-l_ensis )
B' setigera > B' affinis > B. karua) and.A-Zona (e. davidi ) A. rectanguTa )
A. guttata). such size differences effectivery reduce competition for resources,
and' as wirl be described in chapter 6, the extent of such resource
partitioning in Goulburn billabongs is greater tha¡r yet recorded from any
freshwater habitat (cf. Shie1 , Lg76).

Food preferences and feeding behaviour of the cradoceran prankton
were not assessed' Food was not considered to be rimiting in most Murray-
Darring habitats; only in oligotrophic headwater reservoirs were low ar-gar
densities recorded' Elsewhere, algae ald organic detritus v¡ere a-br:ndant,
zooprankton densities were low. These features, in reraÈion to trophic status
of the reservoirs, are consid.ered later. The influence of food type and
density on zooprankton conununities was reviewed by Hutchinson (1967) -

4.4 Copepoda

4.4.I fntroduction

of the three orders of copepoda, the caranoid.a has been most
intensively studied in .Austratia. Taxonomicarry, the group is reasonalcly
werl known (Bay'y, 1961, 1962,1963, 1966, 1967, r97g), but less so
ecol0gicarly (cf' vrirliams, L966¡ Bayly & tùilliams, L973¡ Timms , rg79¡
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Vûilliams, I98O). Thirty-five species in three rnain genera (Boeckel-La'

Hemíboeckej.l.a and Calamoecia) are known from Australian inla¡d waters

(Bayly, 1979). Ttrro species of Dìaptomus also are recorded, and one or two

species of GLadioferens are known from coastal freshwaters (timms, L97?¡

Bay1y, 1979) .

With the exception of Diaptomus, the Australian freshwater cala¡roids

are of the family Centropagidae, and most genera are restricted to the

Southern Hemisphere or Australasia (eayly, 1963, 1966). Most species are endemi

Until recently (Morton , Ig77). an.'ao"tt"fiut C)zctopoida were less

well known. As yet, no comprehensive taxonomic work has been published'

although isolated single-species descriptions exist, (e.g. Nicholls, L944 ì

Bay1y, 1971). The cyclopoids also are neglected ecologically; only brief

mention is made of the group in several recent studies, (e.9. JoIIy & Chapman,

1966 ; Timms, l97O; Shiel, L976; Morton & Bay1y, 1977). Forty-four species

of Cyclopidae are known from Australia, 60Z of which are endemic (Bayly c

Morton, 1978).

TLre least known of the copepods from Australia, the Harpacticoida,

has been the subject of isolated taxonomic descriptions (e.g. Henry' I9l9'

L922¡ Brehm, I953; Hamond, Lg7L, L972,1973) but littte ecological informatio:

is available. A forthcoming revision (R. Hamond, University of Melbourne,

pers. cortrn.) should clarify both taxonomic and ecological features of the

Australia¡r farrna.

4.4.2 Taxonomy and ecology

4.4.2.1 Calanoida

Sixteen species of cala¡oid were recorileil during this study (seven of

BoeckeTTa, one of HemiboeckeTTa, six of Calamoecia and two of Gl-adioferens) -

Of these, onJ-y one, B - triarticuTata, was ubiquitous ac-ross the basin. Three

others, B. fluviaTis, C. ampaTTa and C. Lucasi were relatively widel-y

distri-buted, while the remaining species occurred only from single collections

or one or two habitats- Taxa, a¡il the ïanges of \,sateï guality in which they
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was recorded, are listed in Table 4.9 and discussed briefly below. Generaf

observations on taxonomic and distributional features are given here; further

information on ecological features, including quantitative data, is given

in later chapters. Taxa are considered in the sequence of Table 4.9.

Genus : BoeckeTTa

B- defica1a: The singte Australian record for this species given by Bayly

(1964) was from Lake Eucumbene, also the only habitat from which breeding

populations \^rere collected in the present study, although isolated individuals

occurred downstream in the Murrumbidg.ä ata Burrinjuck Dam. B. de7ícata

proba-b1y is perennial in Eucumbene. It also is reported from L. Vüyuna, near

Cooma, N.S.lù.(Timms, L979). This population has morphological differences

indicative of a pond-like habitat , i.e. stouter body, shorter antennules

than populations in the limnetic zone of deeper lakes.

B. fluviafis: Bayly (L964) noted that this species was al¡sent from most of

Victoria, but was distributed widely through Queensland and N.S.W. A record

from Seymour billalcongs during this study is the southernmost to date (I.A.E.

Bayly, Monash University, pers. conun.). B. fl-uviafis was widely distributed

across the basin, in a wide range of water quality. It was, however, a rare

component of the reservoir limnoplankton, occurring in autumn each year in,

for example, Hume, Burrinjuck and Eildon reservoirs. The species was more

corrnon in the limnetic region of small lentic habitats, and was ttre

predorninant and perennial calanoid in Murray billabongs. It also was perennial

in small m¡nbers in Goulburn Vteir, but was nota-bly rare in upstreðtr Goulburn

bíllabongs; The ocqurrence of B. ffuviafis in reservoirs coincided with high

autr.unn flows; the species possibly was washed in from floodplain habitats"

fsolated records, generally from smaIl, shallow reservoirs, are given by

Jolly (1966) and Tirmns (1970a, b, 1973) .

B. major: This large species (>:.0 rnrn) was recorded only once, from a

billabong near Vtoclonga. Previous records are from small bodies of water in

southern Victoria a¡rd Tasmania (Bay1y, a964).

B. minuta: Predominantly from floodplain habitats, B- mínuta was a colnmon
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calanoid from Goulburn billabongs. Although recorded as the most conunon

calanoid in artificial impoundments in riortheastern N.S.vI., (Tirrns, I97O),

it was rare in the large Murray-Dar}ing storages, e.9. Eildon (spring-srumer),

Hume (surmner), I\,Iu1wa1a (autumn). only in the small Kiewa River storage'

Junction Dam, were bmall breeding poputations recorded (autumn).

B. pseudochaele : Until now characteristic of small temporary waters and

occurring in late spring (Bayly, 1964 and pers. conun.), this species is

restricted to isolated habitats along the Eastern Highland.s' In this study

it was recorded in late summer Lg16-77 and spring 1977 from Rocky Valley

Dam, with the congener B. tríarticuTata. Presence of large breeding

populations of B. pseudochaele suggested that it was established in the

storage rather than washed in. Rocky Valley Dam is relatively small, alrd

possibly has features of a temporary habitat resulting from extremely rapid

Ievel fluctuàtions producecl by drawdown for power gencration.

B.sgmnetrica: This species was recorded only once' from Ryan's billabong

at Vfodonga. Bayly (1964) regarded the species as widely distributeil (!{'S'?l',

Vic.,Tas.,S.A.), and it is like1y that populations of this species were

missedri.e. by the patchiness of the sampling program, or by its seasonál

ocsurrence (spring) in small n'unibers, and particularly if present with the

congener B . t riarticula'ta, which it superficially resembles.

B . i:riartìculata : The most co¡runon and widely distributed of the calanoids,

this polymorphic species occurred perennially in most reservoirs, and was

the only calanoid to occur perennially in the lower Murray (Ctt. 7). It was

not conrnon in Murray billabonçJs, and occurred sporadically (autumn and spring)

in those of the Goulburn. It was recorded in a greater range'of water quality

tha¡ were other species of the genus, i.e. is eurytopic. It also was most

r¡ariable in size, and in structure of the taxonomically significant dP5.

In a summer collection from Rocky VaIIey Dam, for example, mean sj:ze of dd

was I.82 mm (¡:20) (05.i.77). The following autumn, mearl size of dd tas 1-38 nun

(n=2, no other ówere present in the sample). While this 24s variation i¡¡

size is close to the range reported for other species of the genus (Bayly'
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1964), the di:ninution in size over the colder months is converse to the

normal situation. Possible reasons, including the presence of two congeners'

B. mínuta and B. pseudochae-Ze are considered later'

An eighth .and r:nfamiliar species or Boeckella was recorded (Goulburn

View billabong, Alexandra, 22'vííí'7Fj) ' A single d was collectecl' and sent for

e>çert identification. Thà slicle was broken in transit, ancl part of the

taxonomically sigmificant p5 was lost. The species possibry was B' montana

Bayly, which occurs at high altitudes in the Eastern Highlands (I' A' E' Bayly'

pers. comm.)- Flood t::ansport would .ð"oont for the Goulburn billabong

record.

Genus = Hemiboeckella

Ofthreeknownspeciesofthisgenus'onlyone''E['seatTi'was

recorded in this study. It was probably perennial in small numbers in a

billabong of the Goulburn River (cf' Shie]' ' 1974) '

Genus z CaTamoecia

Most species of this Australasian genus are small (d <1'0 mm) a¡d

typically occur in permanènt waters (Bayly, 1961) ' In this study' species of

Cafamoecia were...conmonly the smaller member when two or more species of

calanoid were associated. Four of the six recorded species were of restricted

disl-Íibution; only C- ampuTTa a¡rd C' Tucasí were eurytopic'

c. cTiteTTata: one of two known halobiont species , c. cliteffata was identifiec

frorn a collection taken by wscv officers from Lake william, one of the saline

Keralg Lakes, and is the only record in this study. The species occurs in

saline takes across 'S-n. Australia, 'a]so in hlestern Australia (Bay1y' 1979) '

c. canberra= Also from a single record, this species occurred in a temporary

roaclside pool (22o C, pH 8.0) near Cunnamulla Qlil (see Fig' 2'2) ' which is

within the tria¡gle shown by Bayly c Williams (1973:1L4,8íg' 6'4) for the

known distriloution of the species.' It apparently is an opportunist; rains

sorne 6-8 days earlier hail been the first in severar months, Yet adult caranoid

vrere present. OtÏ¡er plankters present were juvenile anostracans ancl daphniiil
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clailocerans.

c. austraTica.z A smaIl population occurred in Burrinjuck Darn (18'v'77)' Slight

differences from the tlpe (sars, l-9o8)a¡tdfrom the clescription by Bayly (L9621

were notecl, e-g. 7 spines rather than 5 on the left endopoilite' This taxon

may have been washecl into the dam from a small floodplain habitat'

c. lucasi: 1rhe moét widely distributed species of the genus, c' Tucasj was

perennial in Lake Burley-Griffin, occurring seasonally (autumn-winter) in

otherstorages.è-9-EildonrGoulburnWeir',andwascommoninGoulburn

bitlabongs. It replaced C. ampuTTa "L 
lot"t temperat'res, i'e' altlough

eurlztopic, túe species possiJcly has a slightly lower temperature tolerance'

c- expansa: previously known from a few low C.**' acid/ìruraic waters of s'E'

Victoria a¡d Tasmania (Knott & Lake ' Ig74i see also Bay1y ' ì-962) ' C' expansa

v¡asperennialinGou]lcurn!Ùeir,Nagambie,withawintermaximum.Italso

\¡ras recorded from upstream billabongs. Vfhile these habitats were not acid

or humic, they were 1o\^r in Ca*+ (<3-O mg .0-I). The species occasionally was

the dominant (and largest) calartoid' with smaller congeners C- lucasi or

C. ampuTTa sr¡bdominant.

C.ampulTa:}lidetydistlÍbutedint}rebasin,C.ampu.T'lawascommoninDarling

River reservoirs, and was the predominant calanoid in Burrinjuck' Eildon' Hume

Niltahcootie and Lake victoria. Maximum abrrndance was over spring-sunrner a¡d

early autulnn. In Goul-burn Weir there was an autumn-winter maximum' C' ampuTTz

was perennial in Mulwala during L976-77, but lÀ7as replaced by C' lucasi in

autumn 1977 ancl was not recorded ágain. The species was eurytopic' tolerant oJ

raisecl salinities, ánd occurred sporadically in the lower Murray'

Genus: Gladioferens

,,his Australasian genus was considered by Bayry (1963) to be restrict

to coastal waters, i.e. less ttran 60 km from the sea' Trhre occurrence of two

species in Murray-Darling waters was therefore of interest, and possibly

represent introductions tÌrrough manrs activities'
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G. pectinatus: Recorded as the dominant zooplankter in the Brisbane River,

and from coastal localíties in Eastern Australia (Bayty. 1963), this

extremely euryhaline species was collected once from the Murray at Mannum'

and was possibly transported in bilgewater by power boat from coastal

waters, ê.9. Lake Alexandrina, some 70 river km south.

G. spÍnosus: Similarly, a record of this taxon from Eildon Reservoir was

clearly an example of such transport. It was recorded in the Jerusalem Creek

boat harbour (southern arm of the reservoir). Less c1ear, however' was a

record from the Darling River at pooncarrie, from the Murray below the

Darling confluence, and the presence of a perennial breeding population in

Lake Cullulleraine, i.e.> 500 km from the Murray mouth. G. spinosus subsequentll

was identified from collections made in the late 1960's near the site of

the proposed Chowilla Dam (Lindsay River) upstream of Renmark (T. A. E. Bayly,

pers. comm.). The species possibly was introduced into these waters from

coastal localities by boating, and became established there, or may have

become established prior to constmction of barrages and locks when marine

incursions rú/ere apparent considera.ble distances upstream (see p.2l-). In any

event, G. spinosus, regarded as a true freshwater species essentially littoral

in habit and frequenting aquatic pla-nts at the edges of lakes or sluggish

rivers (Bayty, 1963), is now well established in L. Cullulleraine.

Diaptomus. two species of which occur in northern Australia, was'

not recorded in the north of the basin, although its distribution overlaps

those of Boecke-Zfa and CaTamoecia, and D. austrafis has been recorded in

northern N.S.W. (Henry, Ig22). The genus is considered further by Bayly (1966).

4 .4.2.2 Cyclopoida

Cyclopoids were poorly represented in the plankton of lakes and

rivers of the lvlurray-Dar1ing system, but were conmon in billabongs and

other small lentic habitats (cf. Hutchinson, 1967) i.e. species collected

were essentially littoral and benthic in ha-bit. Eighteen species were

recorded. These are listed in Table 4.9 and discussed briefly below. Due
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to taxonomic difficulties, particularly lack of published keys to the

Australian cyclopoids, maly taxa in early collections hlere identified only

to genus; distributions shown in Tabte 4.9 therefore are incomplete, and

considerably more species probably were present.

Genus: MÌcrocAcToPs

Fourteen species of þlictocacTops are known from Australia, eleven

of these apparently are endemic (Bayly & Morton , 1978). Only two species

were positivety identified from Murray-Dar1ing waters, both cosmopolitan.

M. dengizicus: Widely distributed across the basin in small lentic habitats'

this species is reported as restricted to moderately saline waters (O. W.

Morton, pers. conm.,cf- De Deckker & Geddes. 1980). White some of the records

in this study were from saline habitats (e.g. the Kerang Lakes), otJ:ers were

from low salinity pools and billabongs (e.g. a roadside pool, Gilgandra, N-S.Vü.,

24.v.78,65 ps). l,L dengizicas vras collected also frorn Lake Burley Griffin

(I5.xi-.77, 280 ¡rS) .

M. varicansz Common in Goulburn billa-bongs (summer-autumn maxima) and some

Murray billabongs, this species occurred also in the plankton of Eucumbene and

Eildon, and sporadically in tJ:e lower Murray over a wide range of water

quality. It was not recorded from Darling waters.

Genus: EctocacTops

A single species, E. medÍus, a typically þenthic form (Ry1ov, 1948),

r^¡as coÍtrnon, although in small nr¡nbers, in Goulburn a¡rd Murray billa-bongs.

Genus z MacrocgcTops

Itr. aTbidus, a eurytopic littoral species, v¡as cortrnon and perennial

in billabongs, and was collected sporadically as a littoral stray from lake

margins, e.9. Eucumbene, Eildon.

Genus: I4ësocacTops

Two of the tJrree recorólecl species were restricted in distribution;

IrI . decipiens probabJ-y was perennial in Goulburn billabongs (autumn maxima)

ancl some lllurray billabongs. It r,vas limnetic in some reservoirs, €.9. Dartmouth
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(suwner), Mulwala (sununer-autumn). It rtras eurytopic, notably tolerant of

very low dissolved oxygen concentrations in billal¡ongs over sunmer.

II. hgalinusz Recorded over a narro\^7 range of water quality in the limno-

plankton of Burrendong (autumn L977) and Dartmouth (summer I977-78r.

M. Teuckartiz The most widely distributed of the cyclopoids, thís eurytopic

cosmopolitan species was perennial in small numbers in Mulwala and Eildon,

and seasonal in other storages, ê.g- Dartmouth, Hume. It was present in all

Darling River storages, \^/as perennial in most billabongs, and seasonal (spring

-sunmer 1976, sunmer-autunn 1977) in the lower Murray.

Genus: AcanthocgcToPs

A. vernalis, another cosmopolita¡¡ taxon, was colnmon in billabongs,

and occasionally pseudoplanktonic in Goulburn lrleir and Dartmouth.

Genus z TtopocgcToPs

Four taxa were recorded, aII new species (D. w. ,Mortonr pêrs. comm. ).

One was limnetic, eurytopic and widety distributed in lakes and billa-bongs of

the Darling and Murray. The remaining species were restricted to one or t\^¡o

small lentic habitats, €.9. Rocky VaIIey Dam.

Genus: EucAcTops

Trøo species were identified; E. agiTís, a cosmopolitan and eurytopíc

limnoplankter recorded occasionatly in some reservoirs, e.g. Eucumbene, and

in several rivers, including the lower Murray, and a new species. The latter

was widely collected in Murray waters, but not from the Dar1ing. It apparently

was eurytopic.

Genus = ParacAcToPs

Trro species of this tlpically benthonic forrn were collected; P. affinis

(cosrnopolitan) anil P. chiltoni occurred in plankton tows from billabongs and

lake margins in the Murray catchment, P. cltiftoni sporadicatty in the lower

Murray.

Genus: nov.

A preliminaqf report on a new cyctopoid genus containing two species
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was given by Bayly & Morton (f978). Both species were widely distributed

in the basín, and occasionally were co-occurrent (e.g. Eildon). One species

\^ras perenniat in the Eildon limnoplankton, possibly also in Dartmouth, and

both species were recorded from the lower Murray. The large size of the taxa

(i.e. > MacrocgcTops) suggests thaÈ they may be carnivorous.

4.4.2.3 Harpacticoida

Essentially benthic in habit, harpacticoids hrere recorded in samples

from billabongs and lake margins. Seven taxa were identified; several others,

collected as single ind.ividuals, were not. One halobiont species, iftesochra

bagTgi, occurred in Lake Charm (Kerang Lakes area) and the Richardson River

at Donald. CLetocamptus cf. dietersi, recorded from the River Murray at

Mannum, apparently also is a halobiont (cf. Hamond. 1973). The most widely

recorded taxa were AtthegeTTa australjca and the cosmopolitan ELaphoideTTa

cf. bidens, both of which apparently are eurytopic.

4.4.3 Discussion

Because considerable information was available on morphological

variability in the Austratia¡ Calanoida, and because the taxonomically

difficutt Clclopoida and Harpacticoida were under revisíon, less attention

was given to quantitative assessment of morphological variability in these

groups. Nevertheless, some general comparative observations are possible

prior to consideration of comrnunity structure in the following chapters.

Í'Iith few exceptions, copepods were recorded from similar habitats to

those in other Australian studies.. Within each group only one or t\^lo species

were widely distributed and eurytopic (e.g. B. triar:ticulata, B. fluvialis,

C. ampu77â, C. lucasi, M. Teuckarti, M. varícans, A. austraTica, E.cf.bidens).

AII the calanoids were limnoplankters, most more conmonly found in billabongs

and small lentic habitats. OnIy the polymorphic B. triarticu-7.ata persisted

in breeding populations into the extremely variable habitat of the lower

Murray. Cyclopoids generally were minor components of the limnoplankton of

reservoirs, but as will be shown in Ch. 6, were extremely important in
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billabong cormnuníties. OnJ-y a single-species, the cosmopolitan I,l . Teuckarti,

was ubiquitous. Harpacticoids were collected only as strays from littoral

areas.

POLY}IORPHISM

fl¡ere usually arè marked differences in size between closely related

calanoid species occurring in the same habitat (cf. Hutchinson, I95I, L967).

Some species have strong sexual dimorphism (cf. Bayly, 1964, 1967). This is

more pronorrnced in temporary waters, and may enhance particle size separation

in feeding (Bayly, 1978). Intraspecific morphological variation may be

seasonal, or a response to habitat tlpe (cf . Timms , J-979) .

In the present study, intraspecific wariation in the few populations

of which measurements were made generally was within ranges reported in other

studies, i.e. 3-4% mean coefficient of variation between sexes, to =2O%

temporal variation (cf. Bay1y, J-962i Timms, 1967¡ Geddes, 1968). The r:nusuall'

small population of B- triarticuTata in Rocky Valley Dam (p.77) may have been

a response to competetive pressure, i-e. B. minuta and B. pseudochae-le were

co-occurrent, and the small B. triarticu1ata was intermediate between these

two in size, although there vras some overlap in 99 of the three species. Ther

may have been a selective pressure for smaIl size exerted by some visual

predator-

While co-occurring calanoid species conmonly were different in size,

records of sirnilar sized congeners or coexisting genera v¡ere not unusual.

These íncluded B. fl-uviaTis/B. triarticuTata, B- triarticulata/B. sgrnnetrica,

C- fucasi/C. ampuT-ta and B. minuta/C. fucasi. Co-occurring calanoid species

r^7ere more cortrnon in lakes than i-n billabongs. In 82 collections from Goulburn

billabongs, for example, 40 contained one calanoid species, l0 contained two

species, three had three species, one had four species and a single collection

contained five coexisting calanoid taxa. Common associations were: B. fTuviaT

) B- mínuta, C- expansa > 8. mjnuta, H- searii ) B- minuta, B. fluviaTis >

C- l-ucasi, B. fTuviaTis > B- triarticuTaxa (note tÌ¡at billabong populations
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of B. ffuvialis usually were larger in body size than coexisting

B- triarticutata); less coÍlmon were B. ffuviaTis > B. triarticufata ) C' Tucasi,

B. fl-uvia-Zjs > B. minuta > C. Tucasi, C. *pansa > C. fucasj ) C' ampuTTa'

B. fTuvialis > C. e/xpansa > C. -i-ucasi and rarely B. fTuviafis > C. expansa >

c. fucasi > c. ampuJ.la ¿¡¿ B. ffuviafis > B. triatticufata > c. ?N'pansa >

C. Iucasi ) C. ampulTa. Calanoid associations from Australia and New Zealand

are listed by Bayly & Williams (L973:106, fal¡Ie 6.3) and considered further

in later chapters. Also considered later are the influences of abiotic and

biotic factors on individual taxa

4.5 Ostracoda

Ostracods are predominantly benthic or littoral in habit. They were

colfected infrequently in this study, generatly from billabongs or lake

margins in close proximity to vegetation. only a single genus occurred in

the limnetic region of lakes (cgpretta spp.) or occasionally in the potamo-

plankton. Characteristically, ostracods from open water had elongated swimming

appendages and were adapted to a planktonic hal¡it. Taxa, and the rangesof

water quality from which they were collected, are listed in Table 4'10, and

considered in more detail in Ch. 6.

4.6 Conclusions

The first aim of the study was to provide a comparative aicount of

the limno- and potanoplankton of representative reservoirs ancl rivers of the

rvturray-Darling system. The extent to which this has been realized will be

more apparent from later chapters. The large area of the basin and iliversity

of habitats precludeil an exhaustive treaEnenti indeed, in view of the extreme

habitat diversity, it is doubtful if any of the reservoirs or rivers coulil

be considereil representative.

Clearly,fromthesystematicaccountgiwenhere,thepaucityof

infonnation on the plankton of Australian waters reflects a lack of workers

rather than a lack of material. AIso, îany of the published stuilies

represent single coll-ections or a fe\^7 visits to a particular habitat' so
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that a large proportion of seasonally occurring species were missed. This

also was a problem in the present study, in part overcome by more intensive

sanpling of some habitats, and by extending the sampling time over several

years.

Of 409 taxa recorded (260 rotifer taxa, 76 Cladocera, 41 Copepoda a¡d

32 Ostracoda) , =l7O (422) were new species or new records from Australia. Many

of these were from small lentic habitats, predominantty isolated billabongs.

As relatively few billa-bongs r¡rere sampled, it is like1y that a considerable

proportion of the littoral and planktoñic microfauna of these habitats is

unknown. The greatest morphological variation within species' particularly

Rotifera, \^/as recorded in billabongs. Less variability was observed in

lacustrine and river plankters.

In sumary, the plankton of Murray-Darling waters consists of a small

group of cosmopolitan eurytopic specics, a sma1l group of pantropical warm

water taxa, a block of endemic eurytopic forms, and a large proportion of

taxa of more restricted distribution and specific requirements. There was

evidence of tropical forms confined to the north of the basin, i-e- the

Darling River and nothern Murray tributaries, with a mixture of tropical and

temperate forms in the southern (t'turray) catchment. Approximately l0å of

the Rotifera are endemic, as are some 28% of the Cladocera, =9OÈ of the

Calanoida | 60% of the Clzclopoida, and (probably) most of the Harpacticoida

and Ostracoda. The contribution of each of these groups to the plankton

assemblages in particular ha-bitats is considered in subsequent chapters.
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5. PLANKTON COMMUNITY COMPOSTTTON ABOVE THE I,IURRAY-

DARLING CONFLUENCE

5.1 General Introduction

In discussing the plankton cormnunities of the study area, the

separation of the two discrete rivers is continued. For convenience, the

Iirnnoplankton of reservoirs and the potamoplankton of downstream river

stations are treated seguentially. This permits assessment of the effects

of impoundment on the riverine biota, 
"rr1 

of the influence of each reservoir

on the river below the dam- For logistic reaÈons, considerably mo-re attention

was given to ttre lr{urray system: 20 of the 23 impounùnenÈs sampled are on

that systeln, as are most of the river st-ations. Discussion of plankton

cormnunity structure and changes in response to water quality is based on

data from Murray waters-

Tntroductory sections for reservoirs include pertinent information

on morphometry and physico-chemi-cal limnology. Biological observations

largely are confined to the zoopl-a¡rkton. The species composition of the

limno- and potamopla¡kton of each locality is described, as are spatial and

ternporal changes in community structure. Responses to fluctuations in water

quality are considered. Comparison of community structure between impor:ndments

and rivers of the basin is made in the final section of the chapter.

5.2 The River Murray system

The River l{urray a¡d tributaries above Yarrawonga weir (i.e. Lake

-IrÍu1wala) are regarded as the upper Murray. The river between the weir and

the Darling confluence i-s considered. here as the middle reaches and below

the Darling confluence, the lower Murray. Ptankton assemblages are considered

in the following sequence: headwater storages and river reaches a.bove Hrune

reservoir, limnoplankton of Hume, and that of storages and river reaches below

the dam.

5.2.L The upper Murray

Ten ri:npoundments and 15 river stations \^rere sampled in the upper
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catchment.RegularsamplingstationsareshowninFig.5.I.Tt¡¡oSMA

storages on the Eucumbene and Snowy Rivers, i.e. putside the Murray-Darling

watershed (Lakes Eucumbene and Jindabyne), supply up to 4oB of flows by

diversion to Hume reservoir, and nrsss included to determine their

contribution to the upper Murray plankton'

5.2.I.L Lakes Eucumbene and Jindabyne (Fig ' 5'2)

Eucumbene, corçleted in 1957 with the construction of a 116 m dam on

the Eucumbene and upper Murrumbidgee Rivers. permits diversion of water by

tunnel into the Tumut River, a tributary of the Murrumbidgee- Diversions

also can be made from Eucumbene to Jindabyne. Jindabyne, completed in 1967

with a 72 m dam on the snowy River, allows diversion of snowy waters by tunnel

into the swampy Plain River, a tributary of the upper Ivlurray. Generation of

hydro power and. supply of irrigation water into the Murray-Darling basin are

the principal uses of the diversions. Details of the sno\^7y Mountains scheme

and diversions are given in the u.rrnorì reports of the snowy l4ountains Hydro-

Electric Authority (L952- ), and by the River Murray Commission' In the

present study, each reservoir was visited six times'

Physico-chemical features :

Ranges and means of some physico-chemical features measured by the

SMA are given in Table 5.1. Measursnents made during this study are in

Tabre 5.2. waters of both reservoirs generally were of high transparency

(Secchi readings 3-6 m), low conductivity sodirun bicarbonate type' similar

in arr measured characteristics, anél refrecting high rainfall (>l-500 rrun)

ancl snow melt on the Kosciusko catctunenÈ'

Biological features:

phytoplankton. Irt the Eucumbene samples, only in the winter 1978 collection

wasthereanappreciablenumberofphytoplankters.Atottrerti:nesphyto-

plankton was sparse. Predominant genera throughout the study were ?Tictasterias

(u. hatd.gi), Staurastrum and other des¡nids' i'e' a phytoplankton assemblage
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FiS. 5.2b: View of Lake Eucr¡nbene (facing north), Snowy

lrlountains, N.s.w. (1 kn east of clan, above site 1).
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indicative of oligotrophy (cf. Hutchinson , 1967). These genera also were

dominant in Jindabyne, with peals noted in summer. Colonies of VoTvox al-so

occurred in sununer. Representative densities from aliquot subsamples ( I mI)

counted in a Lund cell under high power are included ín Tab1e 5.2.

Zooplankton. Twen ty-two zooplankton taxa were identified from each reservoir

(9 Rotifera, 6 Cladocera and 7 Copepoda from Eucumbene, J-1 Rotifera, 5

Cladocera a¡rd 6 Copepoda from Jindabyne). The number of species, percentage

of each group, zooplankton density.Q,-l and community diversity for each

sampling date are included in fable 5.2. Temporal variation in commr:nity

composition is shown in Fig. 5.3.

On any sarnpling date, the zooplankton of both impoundments was

dominated by microcrustacea, although the same species were not domina¡rt in

both storages. fn Eucumbene, rotifers comprised less thal 10å of the limno-

plankton. Onl1z two species, ?. simifis (sununer) and Z. ismaeToviensis (springr-

autumn) were collected more than once. Cladocera were subdominant to calanoid

copepods; in only a single collection (sununer 1977) did B. meridionalis

predominate. Other subdomina¡rt cladocerans h¡ere D. unguícu7atum, D. carinata

and C. quadrangula (suruner-autr¡nn). Calanoid copepods made up 70-94 I of

the other collections, with up to three species present. The most comnÌon

calanoid was B. delicata. The similar sized congener, B. tríarticuJ.ata and

the smaller C. lucasi were co-occurrent. Cyclopoids were rare.

In Jinda-byne, a higher proportion of rotifers was noted. Several

ocourrecl more tha¡ once, i.e. probably were perennial, ê.9. C. dossuarius,

P. doLichoptera had an autr¡nn maximlun, anil Il . mira occurred in spring-sufltrner.

The same cladoceran species as in Eucr:rnbene were present, although at any time

they made up a greater proportion of the plankton, and apparently were

perennial. Calanoids also were perennial in the smaller storage, but notably

B. del-icata was absent. B. tríarticulata, C. l-ucasi and an unidentified

harpacticoid copepod were perennial.

Ternporal variations in zooplankton density were si:nilar in both storaçfes,

with highest densities in sum¡irer-autumn, Iowest in winter-spring. Densities
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were 1o\¡¡er than in any other Murray-Dar1ing impoundment (<30 g-l) - Community

diversity generatly was highest in sunmer-autumn, lowest in winter-spring in

both impoundments. Mean diversity was higher in Jindabyne than in Eucumbene

(i s' 2.0 vs. 1.59).

Temporal changes in the limnetic zooplankton communities of each

storage were compared by two community coefficients (Table 5.3). There was

greater disparity in species composition between samples from Eucr:rnbene than

between thosè from Jindabyne. I"lost si-rnilar assemblages were in spring-summer

collectíons from Jindabyne. CzekanorrXi's coefficient emphasized the numerical

disparities; there was littte similarity in population peaks or species

compositíon. Average momentary species composition was 2.0 rotifers, 2'A

cladocerans and 3.0 copepods in Eucumbene, and 3.0 rotifers, 3.5 cladocerans

and 3.3 copepods in Jindabyne, cf. Timms (1968, 1970) figures of 1-f and 2.0

Cladocera, 2.3 and 2.2 Copepoda for lentic habitats also on the eastern side

of the Highlands.

Environmental factors :

The influence of measured environmental factors on population densíty

of the dorninant plankters was investigated by linear regressions of species

density on each variable. As population density values could not be assr'rmed

to be normally distributed, densities v¡ere transformed to logaritluns (Elliott,

1971). Correlation coefficients (r2) , i.e. the proportion of variance

accounted for by variations in ternperature, DO, pH, conductivity anil turbidity

are given in Tal¡Ie 5.4. spearman rank (p) and F values also aÏe shown.

Variations in measured environmental varíables generally accounted

for little of the variance in density of the dominant species lin tfre impound-

ments. Of only five 12 values exceeding A,4O, i.e. accounting formore Lhan

4Ot of the variation in density, three were not significant (P>.05) ' The

abundance of D. ungaticulatum was positively correlated with temperature' A

significant correlation was found between D. carinata ajld pH.

The plankton data from these storages must be interpreted with- caution
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in view of the, Iow sampling frequency and lack of comprehensive data on

environmental variabtres. More freguent sampling would be necessary to detect

significanÈ changes in Èhose variables which were measured; such changes

were effectively missed by the timing of sampling. Even for reservoirs

from which monthly data were available, è.g. Hume and Dartmouth, fluctuations

in the zooplankton could not readily be aËtribute¿t to sinily'e factors-

other important determinants of zooplankton composition, e.9.

pred,ation, vrere not assessed in this study. Titzey (l-972 and pers. comm.) '

for example, reported that Cladocera (¿aphnia sp.) in Eucurnbene were heavily

cropped by rainbow trout, while copepods were not. He noted that smaller

fish were caught as food became limiting, a result of increasing fish

populations and a stable food supply. If this trend continued after Tilzeyrs

¡-11TO-71, study, trout predation could account, in part, for the temporal

variation in the Eucumbene limnoplankton, and for the disparity between

Eucumbene a¡d Jinda-byne populations.

Unfortunately, no accurate comparison of plalkton densities can be

made between the present study and that of Titzey. He noted densities of

the order of 40,OO0-125,OOO/n2 of lake surface. Depth was not specified-

The present samples expressed in the same units give a range of 41000-46'000

individuals/m2 at site 1 near the dan, however it is doubtful, in wiew of

the extreme contag.ion of the ptankton in all reservoirs sampled, if a single

measurement of densityr/m' i" *..t ingful.

While similarity of species composition was higher than for any

otlter connected reservoirs (.64s of all species shared) , it is Èhe

dissimitarities which are notable, particularly since the storages are less

than 30 km apart. The a.bsence of B- de7Ícata from JindaJryne is of interest-

Bayly (1964) noted that the known distribution of the species was rernarkably

discontinuous; it was recordecl from two New Zealand lakes, with the only

Australia¡ record from Eucuribene. As the latter storage had only recentÌy

fi11ed at the ti-me of collection (1960), Bayly suggested that the species

probably inhabited small bodies of water in the vicinity. This has been
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verified by Tinuns (1979). In the present study, records of B' delicata

downstream and in Burrinjuck Dam probably resulted from flood transport

from higher altitudes. It is likely that the species does not survive

transit through the tunnels of the Snowy Scheme , e-g. into Jindablme'

although it may be more widespread in the Eastern Highlands' Its distribution

probably is temperature related (Bayty, 19641.

A similar disjunct distribution is seen in other plankton species,

e.g. the new cyclopoid genus, recorded also from Eildon, on the Goulburn

River, occurred perenially in Jindulyt", but was not recorded from Eucumbene'

Several Rotifera occurred also in one reservoir, but not in the other'

V,lhen the community composition of both storages is compared to that

of other impoundments (described later), an expla¡ation for some of the

temporal variation is suggested. Those impoundments which are less frequently

drawn down for irrigation or other purposes tend to have a more stable

plankton, with greater similarity between sampting dates. This is seen in

Jindabyne, but not in Eucumbene. The latter is used more intensively for

irrigation supply into the Murrunrbidgee River than is Jindabyne, which is

maintained at a more stable level (RMC weekly reports, 1976-79) '

In sunrnary, the two SI"IA storages hrere more símilar in water quality

and in zooplankton species composition than any other pair of Murray-Darling

reservoirs. Vfith the exception of a singte high-attitude species, the

predominant zooplankters were of wide ecological tolerance and distríbution'

Population densities \^Iere lower and in general more variable than in other

storages. Fish predation was possibty a significant influence on the

Eucumbene plankton, less so in Jindalryne. Diversions for irrigation along

the-Ilurnlnlcidgee vlere possibly of greater influence on the stability of the

Eucumbene ptankton than were those into the upper Murray on the plankton of

Jindabyne.

plankton assemblages downstream from each dæn are discussed

separately; that of the upper Murray is srurunarised below, that of Eucurnbene
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diversions with the Murrumbidgee R. (5.2.6).

lltre Swampy Plain River (Station 73, Fig. 5.I)

Dates of sampling were as for Jindabyne. In only a single sample

(O7.i.77) were live ptankters recorded, (K. australis, B. meridionaTis,

Tro¡ncAcTops sp.). Of these, only B. meridionaLis -\,,'as recorded from the

reservoirs above. Exoskeletal material was present in all collections, as

were nymphal stages of macroinvertebrates (Chironomidae, Plecoptera,

Ephemeroptera). On aII sanpling dateç, velocity (>I m s-1) and turbüIence

were inhibitory to plankton.

Kha¡rcoban pondage (FiS. 5.I)

A shallow weir at Khancoban regulates flows in the Swampy Plain

River. Comparative collections only were taken during sunìmer, autumn and

winter L978. I\¡elve plankton species \^rere recorded from the pondage (7

Rotifera and 5 Cladocera) . Densities in all collections \¡¡ere Ìess than 10 .C- l.

Greatest diversíty was in the summer collection (H'-2.35), Ieast in the winter

(H'=1.56). Rotifera dominated the summer plankton (e. ørignI:we77i, P. cf .

Tongiremís, K. cochfearis, K. tropica). None of these was recorded from the

SMA storages. B. meridionaLis and C. quadrangul.a occurred in Khancoban pondage

and Jindabyne concurrently. The plankton of the autumn collection consisted

largely of cala¡oid nauplii and copepodites, that of the winter collection

a few chydorids flushed into open water from fringing reedbeds (B-kendal,Tensis,

C. australis, C. sphaerìcus). fhe plankton of the pondage persisted in the

river below the weir in the summer samples, but no live plankters were

collected in autumn and winter. Velocity and turbulence were inhibiting.

River Murray, Tom Groggin (Station 36, Fig.5.1, Frontispiece)

Four seasonal samples (O7.í.77,18.iv.77, 15.xi.77 and 24.viii.78)

were taken from the Murray at Tom Groggin, on the western slopes of Mt.

Kosciusko. The following physico-chemical ranges \^rere recorded: water

temperature 8.0-18.0 oc, pH 6.g-7.5, Do 9.6-11.0, FS 38-1OO and turbidity

(NTU) O.2-1.7- Alt collections contained exoskeletal material and detritus,



94-

but only in the surtrner 1977 collection were live plankters recorded. Seven

zooplankton species v¡ere present; three rotifers (an unidentified bdelloid,

K. tropicaandå. brightweTli), two cladocerans (8. merídionafis, C. dubía\

a¡rd two copepods (8. triartículata, TropocgcTops sp.). Densities were low

(<I .[-t). As in the nearby Swampy Plain River, plankters vlere collected only

during low summer flows. At other times, flows were greater than 1rn s-1,

and turbulence in the shallow stream would have been deleterious to any

planktonic microfauna.

River Murray, Corryong (Station 34, Fig. 5.1)

A single collection was made at corryong in sununer (28.ii.78)

i:nmediately below the Swampy Plain River confluence to compare the species

composition with that of the lúrancoban pondage. Few phytoplankters were

present (illicrasterias, Staurodesmus, Cosmarium). Nine species of rotifers

\^rere recorded, including a}l four present in Ktrancoban pondage (additionally

E. cfavufata, L. Tunaris, Sgnchaeta sP., P. vuTgaris and ?. simiTis, í.e.

several littoral species as well as true plankters). Microcrustacea víere

absent.

River Murray, Tintaldra (Station 35, fig. 5.1)

Thirty km downstrearn from the Swampy Plain confluence, the Murray

is approximately 20 m wide, anõ[, cluring the study, 7-.6-2.0 m deep. Sampling

dates \¡rere as for station 36. On each wisit f low rates were lower ttran at the

upstream station (0.6-0.9 m s=1) and a greater density and diversity of

zooplankÈon $/as present. Nineteen species were collected, of which 6 (322)

hrere recorded upstre¿tm. Table 5.5 shows physico-chemical features and

plankton present on each sampling date. Only in surnmer were sufficient

plankters present to record per cent composition.

Dominant river plankters were rotifers, notabJ-y species of. Brachionus

planktonic in still waters of billabongs adjacent to the upper Murray

tributaries (Ch.6) and species of Keratel-l-a recorded from Ktrancoba¡r pondage.

Other rotifers were littoral in habit. OnIy in summer were microcrustacea
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abundant; the ubiquitous B. meridionaLis and a species of TropocgcTo¡ts

were dominant. In the other collections, pJ-ankton density was low, a result

of dilution and turbulence in high flow conditions. Seasonality was evident

wiÈh the replacement of species.

' ttris seasonal variabíIity in the plankton of the upper Murray probalrly

is characteristic, and is reflected in compositional changes in the limno-

plankton of the northern ar:rn of Hrrme Reservoir, into which the Murray flows

some 100 km downstream from Tintaldra.

5 .2.L.2 Dartmouth Dam (station 72 , Fig. 5. f )

Dartmouth Dam (Fig. 5.4), completed in 1978 below the confluence of

the Dart and l"titta Mitta Rivers, will be Australia's deepest reservoir when

filled (171 m). The dam was built to provide greater reliability of flows

for irrigation in the Murray Val1ey.

Features of the dam and catchment are described in an envirorsnental

study report (S.n.& VÍ.S.C-,1978) and by Powling (1980). Pertinent infomation

is included in Table 5.6. In sr¡nmary, the catchment drains the western slopes

of the Bogong High Plains (ca. 2300 m) in north-eastern Victoria. Precipitation

exceeds 1,OOO ,*o yr-l over most of the catchment, with >24oO run yr-lat Mt.

Bogong, 25 krn south west of the darn. Highest falls are in spring. Average

an¡rual runoff from the Mitta Mitta River is 325 run. Average monthJ-y

temperatures at Mitta Mitta range from 6.0 oc(July) to 2O.O oC (Januarlz) 
"

Geology is largely granitic, geomorpholoqy that of narrow, V-shapecl valleys.

Both of these features are important in determining the chemistry ancl behaviour

of the water mass. Vegetation is native eucalypt forest, little of which

was cleared from the area of su-bmergence. La¡d r:se is predominantly forest

grazíng and logging, with agriculture on the floodplain below the damsite.

In the present stucly, to provide basic information on the microfauna

of the filling reseryoir and of lentic habitats on the Mitta Mitta floodplain,

Dartmouth was regrularly sampleil during construction, as vrere the river a¡¡cl

several billa-bongs below the ð.arnsite (Ch. 6 ) " Collections also \^tere taken by
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officers of the wScV.

Sænplingr stations:

Three sites were s¿trlplecl during the stuéty (Fig. 5.4)- sites -l- and

2 (Fig. 5.5) were in open wateï approximately 150 m and 1-5 lm rrpstrearn of

the dau. Depth at these stations increased frc¡o <l-O m to 120 m cluring 1977'

80 as the storage filleil . Site 3, 2 tsn southwest of the èlan on Eight Ilile

Creek inlet, was a shallow area below the borrow pits, frc¡m which clay was

extractecl for the dan. WSCV samples generally were taken in the vicinity

of sites 1 and 2. The two open watet åit.= rnrere sampled to compare the plankton

abor¡e aeration facilities (site 1), which were instalted when the reserrzoir

became anoxic, with that of the::pstrean station-

Physico-chemical features :

Ranges a¡rcl means of measurecl characteristics are incluiled in Table

5.6 anil Fig. 5.'l f:or Èhe period. 197'1-80. Most clistinct changes were those in

turbidity, pH and dissotved oxygen, largely due to subnergence of the.natirre

vegetation. Several weeks after filling corrtrnenced, the water.was highly

colourecl ilue to releaseal pigrnents and organic aciÉls, particularly tannic

acids from eucalypts. Decornposition of the submergeil wegetation resulted in

anoxia, and IlzS \^7as ¿letectecl three weeks after dam closure (Powling, l-980) .

By early March, irg'18, the reseryoir was anoxic to the surface (then 33 rn deeþ).

Aeration was ccntrnencecl above the outlet to improve water quality to the

township of Dartmouth, below the dam. In this study, DO ler¡els of O.6mg 9'-1

$reïe recoïded below Èhe riparia¡r outlet (03.iii.78). HzS was evident: Thirty

metres clownstrean 2.8 mg ß-1 was recorded, and by 2 km downstreamrturbulence

hað increased DO levels to approximately 80% (7.6 mg 1,-1). In the first

hundred metres below the outlet fish were seen leaping from the water, possibly

in response to the low DO levels.

Anoxia recoriled in the first sunner did not subsequently reoccur,

although depressed winter DO leveIs followeil increasecl nutrient inflows-

furbidity also increasecl with the first winter rains (1978) as runoff from

the borrow pits and construction area carried in clays and suspendeil particles-



Fig. 5.5 : Dartmouth Dam, Mitta Mitta River' View

westfromsite2tositel,justupstreamofthe
retaining wall.



Tab1e 5.6 Hydrologic, morphometric and physico-chemical
features of Dartmouth Dm (frm powling, 1980 and pers.
con¡n. ) .
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! (n=32)
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T'he reservoir was still filling (120 m deep) and had not sta.bilized when

sampling for this study ended in April, 1980. It was subsequently noted

(f. ¡. powling, VüSCV, pers. conm.) that the dam did not overturn after summer

stratification, a fesult of deep basin morphometry. Other features of the

filling stage were theinitj-attyhigh nutrient Ievels, i.e. eutrophy' and

the concomitant algal blooms, and increasing turbidity with depth, as

suspended particles settled out.

Biol-ogical features:

phytoplankton. Unlike the relatively stable, seasonatly cyclic phytoplankton

populations of other large storages, ê.g- Hume, Eildon, those of Dartmouth

reflected the insta-bility of the reservoir. Following the appearance of

the colonial flagellate Sgrwra late in J-977, several other flagellate and

blue-green algal genera appeared in the dam. Predominant of these was VoTvóx,

which appeared briefly in the autumn L977 coLlections, and occurred in bloom

proportions through autumn Ig7g. Up to 220 colonies .0-1 t.t" recorded at

this time, r^¡ith significant vertical differences in density, Although

chlorophyll levels were not consistently measured, it is apparent that a1ga1

biomass increased through L978, parLicularly after winter nutrient inflows'

to a peak in summer-autumn J978-7g. A chlorophyll maximum of 42 pg .0,-1 was

rec<¡rded in summer, but probabty was higher during i'lne Vofvox bloom. Bloom

conditions diil not occur the following summer, presumably as a result of

nutrient depletion, i.e. by algae and sedimentation. It is like1y that the

phytoplankton composition of the dam witl remain unsta.ble as filling continues

and the vast amount of submerged organic material decomposes. Vlhen the da¡n

eventually stabilizes it is probable that a desrnid-diatom plankton similar to

that of Eildon, i.e. an oligotrophic assemblage, will develop.

Zooplankton.

Cornmunity Composition: Sixty-one zooplankton species were identified from

Dartmouth (38 species of rotifer, 15 Cladocera, 7 Copepoda and one ostracoil) -

The nr:¡nber of species in each group, pêr cent composition and diversity for

each sampling date are shown in Fig. 5.8. Density is shown only for samples
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collected by Schindler trap. Most of the WSCV samples were vertical hau1s,

i.e. qualitative rather than quantitative, and density could not be calculated.

Temporal variation in community composition is shown in Fig. 5.9.

The most obvious feature of the Dartmouth zooplankton distinguishing

it from that of other reservoirs was the change in conmunity composition as

the impoundment filled. As in the phyÈoplankton, rapid changes occurred in

zooplankton species composition in response to environmental fluctuations.

The microcrustacean community which developed after closure of the dam was

replaced by a rotifer assemblage, with seasonal pulses of copepods. In

autumn and spring each year nauptii and copepodites of B. t riarticuláta

h¡ere numerically al¡rrndant.

Despite the varia.bility imposed upon the plankton community by the

instability of the limnetic environment, dístinct seasonality was apparent

in both limnetic species and in the high proportion of non-limnetic incursions

from sta¡ding waters. Forty-two per cent of Dartmouth zooplankters (more than

for any other reservoir) were considered to be littoral or epibenthic in

habit. Of the true limnoplankters, only a single species was perennial

(D. carinata). This cladoceran is more typically an inha-bitant of shatlow

lentic habitats such as billabongs. The initial similarity of the developing

plarrkton fauna in the darn to that of a billa-bong assemblage is not surprising

in view of the wide range of habitats submerged by the filling reservoir, and

from which it was colonized.

The relative rapidity of compositional changes in the zooplankton

cornrnunity make difficult any generalizations across the study period. For

comparative purposes, however, trends are consialered for each qroup in the

same sequence as for other reservoirs.

Of the 38 rotifer species recorded, l-6 (42 per cent) were of littoral

origin. These appeared in isolated collectionS or seasonally in small nranbers,

e.g. Iecane spp. The true Ij:nnetic rotifers were dominated initially by

L. ìsmaeToviensis andC. unicornis, both colonial forms which occurred in
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sunmer and autunn. Species of Sgnchaeta and PoTgaÍthta later predominated.

Hexarthra míra r¡vas perennial during L979, with a winter maximum. Seasonality

was evident in the three species of Sgnchaeta which occurred; S. pectinata

appeared in autumn, the cold-adapted S. obTonga in winter, and S. Tongipes

in spring.

The contribution of the Rotifera to the Dartmouth plankton was

variabLe. Rotifers \¡¡ere sparse in early collections; even in the autumn 1978

samples when large numbers of individuals were present, few colonies were

represented. Each colony of l. ismaefoviensis contained from 60-170 individuals

In general, only single species were numerically domina¡tt in any collection,

although up to 14 species occurred in single samples. The greatest number

of species and also dominance by rotifers occurred in winter-spring 1978-79

and. summer 1980.

Fifty-three per cent of the Cladocera recorded (8 spp.) were littoral

in habit. The common limnoplankter of other Murray storages, B. metidionaTis,

was abundant in the first collection, but r,rras sparse thereafter. D. carinata

hras numerically abrrndant the first summer, and persisted in 1ow numbers

throughout the study, with peaks in suruner-autumn. Exceptionally large

specimens (-4.5 mm) were collected from all depths during the period of anoxia

in summer I97l-78. They were bright red in colour, and hail bubbles beneath

the carapace. The production of haemoglobin under low oxygen óoñditions has

been recorded elsewhere (e.g. Hoshi et a7.,19'18). After the summer 1978 peak

of. D. carinata, cladocerans rarely comprised more than 308 of the plankton;

from mid-winter 1979, fess than 58. C. quadranguTa was the only other

cladoceran of frequent occurrence.

Copepods were poorly represented in Dartmouth. B. triarticuJ.ata was

the only calanoid recorded, a¡rd was probably perennial. Ad.ults were not

collected during winter-spring 1979. Several littoral cyclopoids were of

rare occurrence. l"I. Teuckarti appeared in autumn each year, coinciding with

population peaks in nearby billa-bongs. This species, as D. carinata, was not

corunonly present in the lirnnoptankton of other reservoirs.
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Temporal variation as measured by the coefficient of communíty

is shown in Table 5.7. OnIy the,faccard coefficient (CC) was used, as

collections and counts from WSCV samples were made on a qualitative rather

than guantitative basis, and use of tJ:e Czekanowski coefficient was not

justified.

The rapid changes in species composition between sampling dates are

clear; low CC values reflect replacement of species. Most similar assemblages

were from consecutive or temporally close samples- Some evidence of

seasonality is given by higher values in the same season each year; in some

cases this was asynchronous , reflecting community insta-bility. In general,

greater disparity in species composition existed between the Dartmouth samples

than between those from other large impoundments. A noticea-ble trend towards

the end of sampling (spring-summer 1979-80) was increasing sinilarity of

species composition as rotifers became predominant and persistent.

Average momentary species composition was 5.3 rotiferst 2.9 cladocerans

and 1.8 copepods. Species diversity rnaxima (fig. 5.8c) hrere less clear-cut

in Dartmouth tha¡r in other reservoirs. Greatest diversity occurred in sununer

1977, autumn and spring 1978, a979 and again in summer 1980, with a probable

autrunn 1980 peak. Although less distinct, the bimodal spring-autu¡nn increases

in diversity followed the pattern in other storages, ê.g. Hume, Eildon. Lowest

diversity in Dartmouth occurred during the sunmer l-980 anoxia. Mean diversity

(Ifr=1.8) was lower than for other large storages. only Burrinjuck (p. )

had a more simple plankton assemblage.

Maximum species nu¡nbers occurred also in spring and auturnn, as did

maximum population densities, coincident with seasonal breeding of most

plankters. Densities ranged from 24-l-73 .q,-1(i 73 9,-L ) (Fis. 5.8b), although

these values represent only surface samples (n=7) and provide litt1e evidence

of vertical or horizontal variability in limnoplankton density. Population

densities probabty \^7ere considerably higher during the rotifer pulses in

winter 1979 and surtrner l-980.





101.

During the period of oxygen depletion in sunmer 1978 and again in

mid-winter 1978, several vertical trap samples were taken to compare plankton

density and diversity at depths in the storage. A comparison also was made

between the plankton above the aeration facitity (site 1, 36 m deep) a¡rd the

upstream station (site 2, 25 m deep) during the summer series. Trap samples

were taken at t m intervals to 10 m, at 15 m and at 20 m at both sites

during sunmer (FiS. 5.10). During the winter series only two samples were

collected (15 m and 20 m); a door was lost from the trap during I0 m sampling.

Several vertical hauls were taken to peimit at least qualitative comparisons-

In the summer samples, plankton densíties decreased with depth at

site 1. Mean zooplankton density over the water column was 34.6 9.-L. Mean

Vofvox density was 4I.5 .q,-1, hrith a maximum at 2-3 m. The zooplankton was

most abundant (52 9,- l)-t I m, most diverse at 2 m (12 spp.,Hr=I.95). Most

a-lrundant plankters hrere K. ttopica and copepodite stages of. M. Teuckatti-

The same taxa predominated at site 2, but other zooplankton were depauperate,

with few species in each trap, and a mean density of only 12 'C-1. Greatest

density and diversíty was at 2 m (7 spp., 21 9"-1, H'=1.91). I/ofrzox was

considerably more abundant at site 2, again with a maximum at 2 m (183 [-l)

and a mean density of 80 C-1. Biomass decreased to 10 m, then increased

steadily to 20 m.

Light inhibition is probable in the upper 2 m of the water column

(cf. Eildon). Differences in species composition \^tere attributed to low

oxygen levels at site 2 inhibiting the zooplankton, and turbulence at site

1 (a result of aeration) depressing the algal population. fncreased a1gal

densities with depth at site 2 probably resulted from passive sinking-

Maxima of diversity and density around 2 m at both stations is possibly a

trophic effect; phytoplankters grazeð. by the herbivorous zooplankton occurring

maximatly at this depth, or may reflect diurnal vertical migration.

Failure of the volume sampler prevents comparisons other than those

of qualitative features as in Figs. 5.8 and 5.9. Thé two traps which were

collected in winter contained 61 plankters l,-1 (15rn) and 18 L-a (ZO m) . These
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saniples, and those collected by vertical hauls from several depths' were

dominated by calanoid copepodites, i.e. despite a.greater number of species

and greater density than in t].e sunmer samplesr very low Ht values were

recorded.

Environmental f actors :

sixteen taxa were collected frequently enough for regression analysis'

Table 5.8 shows only those taxa for which more than 4OB of the variance in

log density could be attributed to variations in measured environmental

characteristics. For onry seven taxa were linear relationships suggested. of

these, four were significant (P<.05) . H. mjra and 14'feuckarti were negatively

correlated with DO levels, while copepodite stages of B. ttiatticulata were

positively correlated with DO. A negative correlation also existed between

L. ismael-oviensis and conductivity. Apparent relationships betrveen log

density of several species and temperature and pH were non-significant'

There \^rere no significant correlations (att r2<O.tO) between overall community

diversity (H') and any water quality characteristic, including Por+ ' Nog-N

and chlorophyll.

Although correlations may be interpreted in terms of individual

speciest habitat preferences, some caution is neccssary, e'9' L' ismaeToviensis

is regarded as cosmopolitan (Koste, l-978). It was found over a very Testricted

salinity range in the study area, and may have a low tolerance to changes in

salinity. The ecology of the species is little known. The inherent problems

of suggesting causal relationships on the basis of a few correlations are

c1ear. Many more environmental detemina¡rts than those measured may influence

sigrnificantly the dynamics of the plankton, particularly so in Dartmouttr'

where a rapidly fluctuating and complex envirorunent resulted from interactions

between the water mass and the submerged basin. Patchy knowledge of such

interactions may produce quite misleading interpretations of apparent

correlations (cf. Dumont, 1977). Clearly, habitat complexity and relative

infrequency of sampling preclucle a more than superficial treatment of the

plankton of this unique storage.



Table 5.8: Regression of log population densi-ty ot dominant limnop)-ankters rn

Dartmoutl on measured water quality characteristics( 12> O'40 only are sho"¡n)'

Taxon

69- 30 1r.96 0- 50

p:0-69,F:II-O2
P < -05

Calanoitl
ccpePodites

22-7L -5.20 0-45

p:-0.32,F:0.94
P > .05

Clcfopoid
æf'epodites

96.79-29.46 0-46
p: -0.6 8, F: ? .9 4

P< -05

6.70 -0. 34 0. 5 3

p: -0.59 'F: 3.77
P> -05

H. feuckarÈi

6 -87 -0.30 0.41
p:-0- 35,F: I.59

P>-05

C. quadrangula

94.32 -11.35 0.70
p:-0-75,F:14-58

P<.

2L.24 -6.01 0.42
p:-0-43,F:2-51

P>.05

E - mird

?r.71 -rr.59 o.4s
p:-0.89,F:22.48

P< .05

L -largefoviensis

72-27 I0.o1 0.46
pzO.22,F:2.1I

P>.o5

LL.27 5 . t0 0.6 3

p:0.49,F:I.19
P >.05

P .¿tol lclroPtera

-3-41 7 -70 0.40

p:-0.35, F: I.59
P>.05

S- oblonga

NlU
a br t'¡rs

ba t'DO
ba t'Ër

b t'a
$
ba t'

(j
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In sumnary, the Dartmouth plankton was a mixed community of true

linnoplankters and billabong species. Rapid environmental fluctuations in

the filling storage enabled rapid replacement of plankters by species of

different ecologícal tolerance- There was evÍdence of increasing sta-bility

towards the end of sampting, however the species dominants at that time

(rotifers) were a transitory assemblage, i.e. indicative (in other storages)

of low retention time and unst¡ble habitat. It is unlikely that a micro-

crustacean dominatèd limnoplankton will develop in Dartmouth for several years.

Even when the reservoir fills the planËton may take years to stabilize.

The Mitta Mitta River below Dartmouth

Collections \^/ere taken at several sites between the dam and Eskdale,

some 40 km downstre¿rm. Ttre effects of construction activity were apparent on

each sampling date (o7.í.77, 20.v.77, Ls.xí-77, 2.íj-j-.79). For several km

below the damsite extreme turbidity resulted from silt and larger particles

in suspension, particularly after increased runoff from the spitlway constr-

uction area. Settling of this material on the gravel and stony substratum

of the stream had promoted dense algat growth (MeTosira, OsciTTatoria,

?Lgngbga), which'persisted for 15 km berow the dam. Deposition of the

suspended load resulted in decreased turbidity by Eskdare.

The effect of the substrate change on the benthic farrna of the river

was d.escribed by Blyth & St. Clair (l_978) and Blyth (f9go) . There was

a considerably greater impact on the downstrea¡nbiota than originally predicted,

with complete eradication of most major groups, reiluction of diversity and

do¡ninance by a few species capable of utilizing the new substrate anól algal

mats. Of these species, only chironomid larvae were collecteil during the

present study, and then only one oï two individuals in summer A977. No

plankters were coll-ected, although exoskeletal material was present. Survival

of plankters probably was prevented by turbidity, i.e. abrasion by large

particles, ald by turbulence.

There was, however, a complex plankton in billabongs ölownstream from
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Mitta Mitta, where the river meanders across a narrow (1-2 km wide) flood-

plain. Íhe billabong communities are described in chapter 6. Suffice to

note here that under normal seasonal (spring and early summer) flooding

these communities would provide an inoculum of limnetic a¡rd littoral species

into the river and thence into Hume, 50 km downstream of Eskdale. High

flow conditions were not recorded in the river in this-study, however some

indication of the seasonal contribution from the floodplain community is

seen in the compositional fluctuations in the southern arm of Hume Reservoir,

described later- Construction of Dartnìouth Dam, by reducing seasonal flood

peaks and thereby timiting water (and nutrient) replenishment of the swamps

and billabonçJs, wilt undoubtedly have a devastating effect on the biology

of the Mitta Mitta floodplain. Even in peak flows the cold water regime

imposed by the dam will disrupt the environmental cues necessary for breeding

in aquatic invertebrate and vertebrate populations in the l[itta Mitta valley
(cf. Smith et al. 1978) .

5.2.1.3 Hume Reservoir (station 32, Fig. 5.I)

The original dam, at the confluence of the upper Murray and Mitta

Mitta rivers, was begun in 1919, and the first stage was sealed in l-936. The

dam was enlarged in 1961 to form the present Hume reservoir- The storage is

used to regulate flows for irrigation in the Murray valley, also for domestic

and industrial supplies to the nearby cities of A1bury and Vüodonga (population

52,000) .

During L973-I976 Hume and the Murray f.or 230 km d.ownstream to and

including Yarrawonga Vteir (L. MulwaÌa) were the subject of an intensive

ecological study. The principal objective of the study, whích was reported

by vüa1ker & Hillman (1977), \^ras to determine possibte impacts on the ecology

of the nearby R. Murray of urban development in the two cities. Baseline

ecological ínformation so collected. would provide a fou¡dation for future

comparative environmental monitoring.

comprehensive background information is given in the report. simply
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stated, the study was primarily concerned with physico-chemical features,

particularly nutrient loadings, and their effect on phytoplankton develop-

ment. Secondarily, invertebrate and fish fauna vrere surveyed, and biological

monitoring studies were carried out. Due to time constraints and taxonomic

problems, study of the zooplankton r,r¡as less comprehensive than that of the

phytoplankton. A preliminary species list and estimates of microcrustacean

zooplankton densities were provided in the report.

In the present study, the expertise of the AVTIDC Peter Till Environ-

mental Laboratory staff was made freefy available, and invaluable assistance

was provided in sampling. AIl plankton collections from the early study

were made available for comparative purposes. In additíon, a large number

of col-lections made from the AVIDC survey area during L976-79 were specifically

for the present study; their analysis here represents original work.

The AVüDC sampling stations are sho\^/n in Fig. 5.11. Although only

Hume Reservoir is considered here (i.e. stations 3, 4 and 5), the same

numbering also serves in later discussion. Several of the AWDC sites \^rere

sampled in the present study, in addition to the sites shown in Fig. 5.1.

Hydrologic and morphometric data for the reservoir are given in Ta-b1e 5.9.

Compared to the other large storages, Hume is relatively shallow, with a

shorter retention tíme.

Physico-chemical features :

l¡,tater quality data for the three reservoir sites are suntrnarised in

Table 5.10. Hume water, as for other upper Mu-rray storages, was of low

salinity, sodir¡m bicarbonate type. Vüith the exception of NO3-N, ranges of

measured characteristics were similar at the three stations, iranonnh there

were significant differences between stations on sorne sampling dates [walker

& Hillman, a977). The extreme range of NOs-N at station 4 possibly resulted

from the more intensive lancl use of the Mitta lrlitta floodplain-

On the basis of annual nutrient loadings, which were varia-ble, Vüalker

& Hillman noted that Hr¡ne cou1d. be classified as meso-eutrophic, i.e. the
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Table 5.9: Hydrologic and morphometric features of Hume

Reservoir (fron lValker & Hillman, 1977; Croome, 1980).

L47007.8

3600r, s

L5,275

193.8

250

3.07 x IOG

15.2

14.2

o.75

Latitude and longitude

Catchment area (km2)

Elevation (m)

Shoreline (km)

Capacity (MI)

Max. depth Tm)

x depth (m)

Retention time (i yr)

Tab1e 5.10: Ranges of some water quality characteristics
for three stations in Hume Reservoír (abstracted from

Vùalker & Hillman, 197'7, Appendix 12.3).

8.9-26.4

78-I20

6.8-8.5

I.2-L4.O

40. 8-6I. 0

<5-60

24-36

17.O-23.O

.oo2- -L40

. 005-. 021

7 .4-26.2

83-118

6. 5-8.05

1.8-51.0

30. 1-75.0

<5-60

18-45

LO.O-27 .O

.002-r85.0

. 005-. 020

7 .2-26.O

72-I2I

6.8-8.05

1. 3-5 7. 0

34.2-53.A

<5-60

20- 35

10. 8-18.6

. o02-. 330

.oo5-.o24

Temperature (oC)

Dissolved oxygen
(3 saturation)

pH

Turbidity (NTU)

Conductivity (pS)

Colour (Hazen)

TDS

Alkalinity (rng .Q,-r

CaCOs )

NO3- N

Orthophosphate

Station 5
behind dam

Station 4
Mitta arm

Station 3

Murralr arm
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reservoir frequently had a totat-P concentration above 20 mg m3.

Biological features:

Phytoplankton.

Ttre phytoplankton of Hume was studied by viyakornvitas (1974) a¡rd

reported by Vlatker & Hillman (1977), who tisted I42 species from the impound-

ment (cf. Eildonr P. ). During the AWDC study, and during the presenÈ

study, the dominant algae were diatoms (MeTosira, AsterioneTTa), with st'tb-

dominants íncluding Vo|vox, TracheTomonas' .Ãnabaena and Anacgstis' There

were marked differences in relative a.bundance and peaks of algal species at

the three sites during 1974-76, the reasons for which were not clear'

Sirnilar1y, there \^rere complex fluctuations in atgal biomass and chlorophyll

which r^rere not readily correlated with environmental factors. Mean biomass

(*r3/*3)and chlorophyll 1mg,/m3) for the three stations were as follows:

station 3, 742/7.O8¡ station 4,LAIg/]lO.I5¡ station 5, 855/4.55. Differences

at station 4 probably relate, as \¡Ias noted a-bove, to land use practices in

the Mitta Mitta valleY.

Zooplankton.

Community ccmposition: Identifications and density estimates of the Hume

microcrustacean zooplankton l¡¡ere given by !'Ia1ker & Hillman (L977) ' The

dominant plankters during the AV{DC study were copepods (.8. triatticufata'

C. ampulla and M . l-euckarti) , with cladocerans su.bdomina¡rt (A. nÊridionaTis '

C. quadranqtla, D. ungujcufaËum and Daphnia spp.). Quantitative variations

in the zooplankton during 1974-75 are shown in Fig. 5.A2- Although rotifer

density was not estimated in the A{¡VDC survey, data on the microcrustacea

provide a basis for comparison with data from the present study, and enal¡le

a more comprehensive treat¡nent of temporal diversity in cornmunity structure'

In this study 44 species of zooplankton were recorded from the

reservoir (26 Rotifera, 10 cladocera, 8 copepoda). Compositional data are

sunmarised in Figs. 5.13 and 5.14; breeding seasonality is included in the

latter. Predomina¡ce of copepods is evident in Fig. 5.13b. On most occasions

the Hume limnoplankton was dominated by the perennial c. ampulla-
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B. triarticuJ.aËa also was perennial, with the cyclopoid Jvr. l-euckarti

seasonal (sununer-autumn). of the Cladocera, B. meridionaLis was perennial.

D. unguiculatum probably also was perennial. C. guadrangul.a was absent over

sunmer. Other cladocerans were seasonal, ê.9. M.micrura(summer) , D- carinata

winter-spríng). Rotifers h'ere notably depauperate; on only two occasions did

they comprise more than 208 of the limnoplankton. In súmmer l-977-78 there

h¡ere successional rbloomst of A. priodonta and K. cochl-earis. Seasonality

was evident in several species, ê.9. K. cochLearis, p. vulgaris (summer-

autumn) , S. obTonga (autumn) , C. dossu-ii.r" (autumn-winter). The absence of

rotifers from winter-spring colrections is possibty due to dilution.

A single species (C. ampull,a and copepodite stages) comprised from

50-90% of the prankton on most sampling dates, with generarry ony two or

three species making up more than 90% of the plankton. Average momentary

species composition \^tas 1.8 rotifers, 3.3 cladocerans and 2.4 copepods, i.e.

fewer rotifers and more microcrustacea than in Dartmouth.

Species diversity (Fig. 5.1-3c) was more stable than that of Dartmouth.

Very low diversities recorded in spring 1976 anð,1978 are attributed. to

dirution and reduction of plankton density. Diversity, as in Eirdon, was

greatest in winter. Mean H' (1.99) was greater than in either Eildon or

Dartmouth. Maximum species nurnbers (FiS. 5.13a) occurred in su¡uner, with

maximum population densities in autr¡nn. Excluding the dinoflagellate, Ceratium,

which on occasions was the numerically dominant plankter, with densities in

excess of 2oo .0-r, prankton densities were low (range 4-L23 L-7 , I 44.4 9,-1) .

Densities of the same order of magnitude a-re given for station 5 during the

AWDC study (nig. 5.I2).

In contrast to the wariabitity of the Dartmouth plankton, in which

pseudoplankters and littoral incursions were freguent, that of the mid-reservoir

station in Hurne (station 5) was relativety stable during A976-79, and comprised

true plalkters. Non-planktonic incursions vrere, however, frequent in collections

from the two anns of the reservoir. Differences in commrrnity composition
*.

notecl furing the AVüDC study also were apparent during the present study.
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Comparative data for the three stations are given in Fig. 5.15. Station

4, ort the Mitta Mitta arm, had a lower average biomass than either station

3 or 5, but the species diversity was higher, with more billabong species

represented, e.g.Btachionus spp. rK. slacki-

Evidence of the relative stability of the Hume limnoplankton is

given by the CC values in Table 5.II. Species composition generally was

more símilar between collections than for any other reservoir, and distinct

seasonality also r^ras more apparent, with synchronous occurrences of major

species at approximately the same time each year. Bimodatity was evident in

some species, i.e. autumn-spring maxima. Low species numbers in winter-

spring collections accounted for low CC values at these times.

Environmental factors:

During the AWDC study, little correlation was found between measured

environrnental characteristics and trends of phytoplankton biomass- Zooplankton

biomass tended to be highest at stations with the lowest phytoplankton bíomass

(Irfalker C Hillman, Lg77), suggesting a trophic relationship. In this study

there was litt1e correlation between log population density of any species,

or overall species diversity, and environmental factors (a11 12 values <0.30) '

Fluctuations in nutrient status probably account for the differences in planktor

composition in the north arid south arms of Hume (cf. Eilclon), hohrever no

relationship was detected in this study-

As will be discussed in more detail 'later, the lack of correlations

make doubtful the value of {Spfankton species as biological indicators- In

Hume, at least, the generalization that eutrophy leads to a decrease in

diversity but an increase of tolerant species does not hold. Although Hume

was at times eutrophic in terms of nutrient load, expecËed a19a1 responses

to these loads were inhibited by adverse environmental conditions- This

inhibition appears to follow through to the gtazj:ng zooplankton, resulting

in generally low popu.lation d,ensities and greater community diversity than

othenn¡ise would be expected. In some cases, however, the predicted sequence
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accompanying eutrophy does occur, e.g. Buurinjuck Dam.

The composition of the species assemblage, can, however, be a useful

indicator of localised or point source eutrophication. In both Hume and

Eildon the influence of seasonal nutrient enrichment from camping areas

resulted in blooms of particular "indicator" species, particularly protozoans,

dinoftagellates and smatl rotifers. Thus, these marginal areas had a

zooplankton numerically dominated by rotifers, while tÌ¡e mid-lake plankton

in both reservoirs was characteristically a microcrustacean assemblage (see p.

Irq).

In brief , the Hume limnoplankton, predorn-inantly microcrustacea,

showed greater stability and community diversity than the limnoplankton of

other large storages. The effects on the plankton of fluctuations in nutrient

status hrere suggested, although no linear relationship could be detected.

Such changes of plankton composition r^rere more marked in the shallo\^l arms of

the storage, and were ascribed to pseudoplanktonic incursions and littoral

taxa flushed in by influent streams. These inocula did not persist into the

mid-lake plankton, which provided the major source of plankters into the

Murray downstream of the dam. Two other sources, the Kiewa and Ovens Rivers,

are considered below.

5.2.L.4 Rocky Va11ey, Pretty Valley and Junction Dams,

Kiewa River (Figs. 5.1, 5.16)

The Kiewa River rises a few km from the Mitta Mitta headwaters in

the Bogong High Plains, N.E. Victoria, and flows north to join the Murray

some ten km downstream from the Hume Dam. The upper catchment, much of

which is above 15OO rn, receives >2rOOO mm precipitation annually, largely

as Sno\,i¡. The area is snow covered for 4-5 months of the year, limiting

land use to grazing. Snow grass and sparse snol^r gums are the principal

vegetation.

To utitize the high runoff. for hydroelectricity production, the

Kiewa Hydroelectric Development was constructed d.uring the 1940's and 1950's.
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the project was described by Rufenacht (196I). A system of aqueducts and

pipelines diverts water from 3OO km2 of the catc¡ment through three power

stations. Rocky val1ey Dam is the major storage; Pretty Valtey, Junction

and Clover Dans (FiS- 5-16) are regulating pondages' Following greater use

of the High plains for ski.ing, domestic water supply is of increasing

importance. Fatls creek ski village is supplied from the hypolirnnion of

Rocky VaIIey Dam. Pertinent information on the upper dams is included in

Tab1e 5.L2.

Downstream of Mt. Beauty there is intensive horticulture (tobacco,

hops, nuts)ì, dairying a¡rd beef cattle gtazíng (l,and Cons. Council, Vic' ,\974) '

The floodplain widens to several km, and is more intensively utilized than

that of the nearby Mitta Mitta River. In the last 50 km extensive meandering

has produced numerous anabranches and billabongs (Walker & Hillman, J-9771 '

In the present study, seasonal samples were collected from Rocky

valley and Pretty valley Dams, Junction Dam at Bogong village' lvlt' Beauty

pondage, and at several river sites between Mt. Beauty a¡d the Murray at

Ba'dia¡ra. colrections made from several billa-bongs are described in ch' 6 '

Rocky Valley Dam (Fig. 5.16 c,d)

Nopublishedinformationexistsonwaterqualityorbiological

features of this storage. Some incidental information collected by the WSCV

a¡d SECV is contained in internal reports'

Physico-chemical features :

Only six visits were rnade to the dam' Sanplinq dates are given in

Fig. 5.1-7. Ranges were as follows: Water temperature 0.0-23.0 oC, pH 6"9-

7.g, DO 8.0-9.8, conductivity 2-58 uS, turbidity o.5-1.0 NTU. Nutrient levels

were checked from the su¡roer 1978 sample (orthophosphate '014 mg L-1' TotaI-P

.028 mg L-l, NOs-N .O21mg.[-1). Nutrient input into the reservoir derives

from grazing in the catchment, indirectly from runoff and directly by cattle

defecating into the aqueduets. otherwise the high quality dilute Ìtater' on

occasions of lower conclucÈivity than lab-distilleil water, Ïeflects sno\¡¡ melt
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Table 5.f,2¿ ,Cornparative . features of Rocky Valley
ancl Pretty VaIIey Da¡ns. Temperature ranges are given

only for the forrner.
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and raínfall on the catchment.

Rocky Valley is dimictic, stratifying during summer and under thick

ice (to 1 n) in winter. It is probably the only dimictic lake on the

Australian mainland, although several,are known from Tasmania (P-4. Tlzler,

University of Tasmania, pers. comm.). Vlinter ice cover and prolonged

stratification produce anoxic conditions and problems of water quality in the

Fatls Creek Ski Village supply. Destratification of the hypolimnion \¡las

carried out by the ITISCV during Lg76-77 (WSCV unpublished report). Tce cover

prevented effective sampling during thìs period, however a winter sample was

obtained the following year when ice cover was not as thick.

Biological features:

phytoplankton: A typical oligotrophic desmid-dominated assemblage was

present in all collections, although ptankters were sparse. The major

genera r^7ere z Docidium, HgaTotheca, SpondgTosium, Staurastrum, Staurodesmus

(desnids) ; Eunotia, FragiTaria, Surirella, Sgnedra, TabefTaria (diatoms).

AdditionalLy, SphaerocAstis (chlorophyte) , Petidinium (dinoflagellate) and

Osciffatoria (b]ue green alga) occurred in summer, possibly in response to

increased nutrient levels.

ZgoplqEton: Excluding protozoa.ns, 20 species of zooplankton were recorded

from the ¿am (11 Rotífera, 5 Cladocera and 4 Copepoda). Species composition,

density and diversity for each sampling date are shown in Fig. 5.I7. With

the exception of tfre sprinn irrl assemblage, the plankton was dominated by

the calanoid B. triarticufata (66-100%), with a larger congener, B. pseudæ

chaeLe co-occurïent in summer u{a =nting 1977, qnil a third species , B' minuta,

present in spring. The only plankters present in the winter sarnple were

cala¡roid nauptii and copepodite stages. Rotifera dominated the plankton only

in spring (A- sieboldi, K. procurva, S. pectinata, P- doTichopteta) - At other

times Claclocera comprised 11-3OB of the plankton and several species

apparently were perennial (8. metid.ionaTis, C. quadrangala, D. carinata) '

C. sphaericus apparently was seasonal (autrmrn and spring) '
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The small block of perennial species accounted for the generally

low similarity in species composition between sampling dates (Tabte 5.13).

Most similar assemblages were those cl-osest in tíme. Dissimilarities resulted

from single occurrences of several species, some of which were littoral

incursions e.g. Ptggara sp'., MactocgcTops . Mean species diversity was low

(H'=I.52), with spring L977 anð, sunmer 1979 maxima. Density also was lower

than forao¡Þ other storages(IO.O-71.7 plankters .C-l), rith maximum density

recorded from the summer 1979 collection. Momentary species composition \Àtas

3.2 rotifers, 2.3 cladocerans and I.7 äopepods.

Pretty Valley Dam (station 66, Fig. 5.16a)

Unlike the larger dam, which frequently is drawn down for power

generation, the small pondage at Pretty Valley, some 3 km from Rocky Valley,

is maintained at full supply Ievel. Although only two comparative samples

were taken from the pondage, in suruner 1978 and 1979, contrasts with the

plankton of Rocky Valley were clear.

Physico-chemical features :

Temperature, DO, pH and turbidity on both visits were similar to

those in Rocky Valley Dam. Conductivity was slightly higher (1,2.5 ¡:S vs.

8.0 ¡rS in 1978, 21.0 ¡rS vs. 10.5 ¡rS in 1979). Nutrient levels also were

slightly different in the single suntrner 1978 sample (orthophosphate .02O mg

P .0-1, total P .o24 mg [-1 and Nog-N .oO7 mg N ¿-1).

Biological features:

Phytoplankton: There was a more complex phytoplankton than in Rocky Valley

Dam. In addition to all genera listed for that storage, the following were

recorded: Closterium, CTosteridium, Dinobrgon, Euastrum, Pediastrum, Mefosiza,

several species of .gtaurastrum, and TripTocerca (I . J. Powling, pers. corun.).

Phytoplankton also were more abundant in Pretty Valley than Rocky Val1ey,

possibly a response to higher nutrient IeveIs.

Zooplankton:

Conununity composition : Data are summarized in Fig. 5.J-7. Sixteen plankton
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species were present (9 Rotifera, 3 Cladocera, 4 Copepoda). The zooplankton

of pnetty VaIIey \ôras more complex than that of Rocky Valley in the sulItrner

1979 collection. Diversity was fower in both years due to predominance of

a single species (C. dossuarius, 7O4. and 82t respectively). Rotifers were

quantitatively most abundant in both years, with a single species in 1978

and nine species in 1979. Several of these were pseudoplanktonic, indicative

elsewhere in the basin of small lentic hal¡itats, €.9. B. patulus, T. simí7is,

T. tetractis. B. triarticu]ata was subdominant in 1978 (38*), but was sparse

in 1979. Non-planktonic Cladocera and" Copepoda also were recorded (Biapertuta,

MacrocgcTops and AtthegeTTa), reflecting the greater littoral influence in

the smaller dam. Zooplankton densities, as for the phytoplankton, were

considera.bly higher in Pretty Valley than in Rocky Valley oam (79 0-r vs- 10.¿-:

in 1978, 227 9, I .rc. 72 9. I in tgzg).

Environmental factors: Sampling of the high altitude dams was inadequate

for other than subjective comments on environmental influences. The most

significant factors probably are perturbation of Rocky VaJ-ley due to drawdown,

low winter temperatures, and the seasonal effect of nutrient influx due to

cattle grazíng activities. Catchment area and storage volume would be

expected to influence the latter, e.g. the sr:rn¡ner L978 nitrate leve1 in

pretty Valley was one-third that of Rocky Valley. Whether this difference

was due to a lower input, or depletion by algae, is not clear, although the

latter is tikely. A trophic effect would account for the significaltly higher

zooptankton densities recora"a tro* Pretty Valley. A1so, the predominance of

small rotifer species may reflect nutrient clifferences, or alternatiwely, a

short retention time in the srnaller storage, i.e. predominance of short life

cycle species, \dith insufficient time for the develo¡xnent of a microcrustacean

assemblage.

As noted earlier, the occurrence of B. psendochaele is of interest.

Although considerecl a temporary pool species, it was not founil in pools

adjacent to Rocky Valley, or in Pretty Valley. Breeding po¡rulations l^7ere

present cluring Ag':-7, possibly also in surtrner 19'18, when a single I of a larqe
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species htas collected. The species is possibly established in the dam'

rather than ftushed in from the catchment, and its persistence may be

related to the rapid fluctuations in storage level, i.e. ephemeral nature

of the habitat. Drawdown, up to 17 m,'may be extremely rapid (SECV, Mt'

Beauty, pers. corwn.). No distinction could be made between naupliar stages

of the two coexisting calanoid speciesi oven^Iintering nauplii may have been

one or both species. No adults \¡/ere collected. The strategy of overwintering

rrnder ice cover is reported for diaptomids (ttutchinson' L967).

Vlith the exception "{ B. pseudochaele, all plankters were relatively

widely distributed in the study areai in terms of species composition there

was little to distingnrish the two high altitude dams from other storages.

Poputation densities in Rocky Valley Dam l^rere, however, appreciably lower'

Junct.ion Dam, Bogong Village (station 67, Fig- 5.16b)

Some fourteen km downstream and ) I,OOO m lower in altitude, Junction

Da¡n is a small regulating pondage below the confluence of the Rocky Valley

and pretty Valley branches of the East Kiewa River. Its purpose is to

provide a head for Clover Pohler Station and to supply domestic water to

Bogong Villaþe. Five coltections \^lere made from the pondage to determine

if plankters survived from the upstream storages. Sampling dates are given

in Fig. 5.I7.

Physico-chemical features :

Ranges recorded were as follows : Temperatu re 2.O-2I .O oC, pH 6- g-7-7,

DO 8.0-11.0, conductivity 20-40 US, turbidity 0-5-1.0 NTU, i'e' similar

water quality to the dams. i

Biological features:

Phytoplankton: In only one collection (Jan. L977) was there any algal

material. This consisted of shredded, unidentifiable cells, with some

inileterminate organic matter.

Zooplankton: Species composition, densiÈy, diversity and temporal changes
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in the Junction Dam plankton are incl-uded in Fig. 5.L7. Seventeen

zooplankton taxa were recorded (9 Rotifera, 4 Cladocera, 4 Copepoda). Of

these, ten (598) \^¡ere ptresent in the upstream dams. All collections vrere

depauperate in live plankton, and, with the exception of the sununer L978

sample, contained large amounts of carapace and other-exoskeletal material.

only 2-5 species were present in t}.e 1977 collectíons. B. minuta and

B. meridionalis predominated, with littorat strays also present (ÍTgocrgptus,

MacrocgcTops). Densities were less than I 1-r. rn the summer 1978 sample,

rotifers predominated. Five species mäde up 508 of the plankton, with

C. dossuarjus most abundant, coincident with the same species peak in Pretty

Valley Dam. Subdominants were M. mícrura and B. triarticuTata. Density was

.J 10 ¿-r. Few plankters occurred in winter Lg78. In the summer of L978-79

the pondage was drained.; no collection could be taken.

Environmental factors: The pincipal influence on the plankton of this impound-

ment is the regulation and use of water for power generation. Pressures of

53 kg srn2 and velocities of 3380 km hr t .r" reached in the pressure tunnels

leading to McKay Creek Power Station (SECV, McKay Creek, pers. conun.).

Explosive decompression would account for the exoskeletal material found in the

downstream pondages. Survival of the plankton downstream of the headwater

reservoirs would be simil-arly low in the streams, where velocities would be

inhibitory.

Downstream of Junction Dam, water is impounded in Clover Dam for

further power,generation prior to pondíng at Mt. Beauty to regulate release

into the Kiewa River. Three seasonal collections were taken duríng a977

from the pondage and from the Kiewa River at Mongan's Bridge (station 69,

Fig. 5.1) (dates as for Junction Darû). No live plankters were collected frcm

the pondage in January or May- Exoskeletal material was present. Live

pJ-ankters occr.rrred in spring (5. pectinata (42'¡ , .8. meridionalis (25?) 
'

C. sphaericus (492) , S. vetulus (22) anÈl calanoid copepodites (20e"). Density

was low (tl 9"-1¡. A depauperate plankton, with low density and diversity,

probably results from extreme habitat fluctuations. Similarly, velocity and
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turbulence in tJ:e river downstream precluded plankton development. Plankters

were absent from the summer a¡rd spring colÌections, and in the autumn a

single Bosmina, an unidentified rotifer and three copepodites were recorded

from a five minute tow. Macroinvertebrates were present in all collections 
"

It seems like1y that the contribution of the limnoplankton of the

Kiewa system to the Murray plankton was negligible during the study. The

upper reservoir plankton was self-sustaining, and with few exceptions, composed

of widely distributed, eurytopic rp."i.". Survivat of this fauna into the

downstream river was l-ow. On the floodplain, at times of overbank flow,

inocul-ation from a diverse plankton assemblage from the billabongs would be

expected. During the study, however, flooding was not recorded along the

Kiewa River.

Downstream of the Kiewa conf luence, tl:¡e Murray floodplain widens

to several km, and extensive anabranches ancl billa-bongs occur. Some of

theFe are described in Ch. 6. During the study these areas v/ere, on occasions,

ftooded by reJ-eases from Hrlne, and typical billabong plankters were recorded

from the river and downstreann L. Mulwala. Water quality in the river

reflected the influence of Hr¡ne (cf. Wa1ker, Hillman & williams, l-978). The

river stations were sarnpled for comparison with nearby billalrong plankton

assernJclages, and are considered in more detail in Ch, 6. Suffice to note

here that seasonal collections during A977 and. l-978 from the Murray at Wodonga,

V'Iahgunyah a¡d between Corowa and L. Mulwala were numerically dominateil by

rotifers. At Wodonga the species all were present in Hume (e.g. K. cochleatis,

K. procurrza), whiÌe do\nmstream stations had a¡ increasing proportion of species

associated with fringing weed.beils (anit billabongs) . SimilarÌy, microcrustacea

in the river at Wodonga all were founil in Hr:me (Bosmina, BoeckeTTa, MesocgeTops)

while billabong species were more freguent ilownstreann (e.g. Biapertura, Daphnia)

Densities were low (< ZO [-1). Species diversity increaseil downstream, a

resul-t of the higher proportion of pseudoplanktonic incursions.

Clearly, the Hume limnoplankton constitutes a major, but seasonally
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variable proportion of the input to the L. Mulwala ptankton. The only other

major input to the plankton of the impoundment is from the Ovens River,

which enters L. MuIwaIa at the eastern end.

5.2.1.5 Lake Buffalo (station 60, Fig. 5.1)and the ovens River

The Ovens River was not systematically sampled, although incidental

collections were taken during 1977. These were from L. Buffalo, an impound-

ment on the Buffalo River, a tributary of the Ovens, and from river sites

at Bright, Myrtleford, V'tangaratta and just before L. Mulwala. General

observations on these collections are pertinent to later discussion of the

Mulwala plankton assemblage.

The small headwater storage (24.OOO MI, 29 m deep) was sampled in

summer, autumn and spring L977. Phytoplankton was predominantly a desmid-

diatom assemblage, with some VoTvox and filamentous chlor-ophytes in sun¡ner.

The zooplankton in summer a¡rd autumn was dominated by microcrustacea, with

the numerically abundant plankter B. metidionaTis. Other cladocerans were

sparse (e.g. Chgdorus, Macrothrix). M. feuckarti was the only copepod

present, and A. siebol-di the only rotifer. In spring, a diverse rotifer

fauna (9 spp.) was present, with B. meridÍonaLis and cyclopoid copepodites

the only microcrustacea. As in Rocky VaIIey Dam at the same time, the

dominant rotifer \^ras P. dolichopterarwith P- vuTgaris co-occurrent. K.cochlearit

also was abunda¡rt. Other rotifers vrere common species elseÍ¡here (E'. diTatata,

T. Tongiseta, T. stglata, S.'Tongipes, A. priodonta, A. sieboTdi). A dense

population of unidentified protozoans also was present in spring. Density

of plankters \¡¡as low (4-28 [-1). Diversity was highest in spring (n':2.48).

The seasonal compositional changes observed suggest the influence of

low retention time (several days). Throughflow is greatest in winter-spring-

The spring rotifer-dominated plankton consisted largely of species of short

life cycle.

Below the dam, samples from the Buffalo River contained plankters only

in the slow flow conditions of sr¡uner a97-l (8. meridionalis and E. diLafata)-
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Larvae of Baetis and chironomids also were present. similarly, onry in low

flows were plankters colLected from the ovens belciw the Buffalo confluence
(littoral- rotifer taxa, e.g. Lecane, Euchranjs and the ubiquitor¡s B. meri&

ionafÍs) ' At other times plankters probabry were rimited by flow conditions
at the upstream ovens stations. At vilangaratta, prankters were few. rn
addition to P. doJichoptera and B. merid.ionalis, a few líttorar taxa were

recorded (".g. Encentrum, Dicranophorus, ALona, Neothrix) .

Below vtangaratta, a town of 15rO0O which discharges treated sewage

into the ovens (warker & Hitrman, rg77), the river was sampred onry at the

inflow to Mulwala- The respective infruences of nutrient input, racustrine
conditíons such as flow reduction, and the presence of beds of val-Lisneria
combined to produce an extremely complex rotifer-dominated plankton. up to
32 species v/ere present in some collections. This 1ower ovens plankton

assemblage is described with the L..Mulwala plankton. Nota-bly, the predominant

limnoprankters were not those of the other major input, the Murray.

5 .2.I .6 Lake Mulwala (station 29 , Fig. 5.1)

This shallow impoundment provides a head for irrigation canals. Table

5'14 gives morphometric data. Features of the storage and some details of
its biology are given by lrlarker & Hilhnan (Ig77) - During the A!ÍDC study,

fluctuations in the water quality of L. l4ulwara were monitoreil, a¡d estimates

were made of phytopla¡rkton production. A preliminary list of zoo-oì-a¡kton was

provideil, and similarities witrr the Hr¡me zooplankton noted.

rn this study, two stations weïe sampred seasonarry (rig" 5.r-g); one

near the Yarrahronga Yacht Club (AI^IDC station 13) and one at the Ovens arm

near the Goulbr:rn valley Highway bridge. Additionally, AVSDC collections,
some made specifica]-ry for this stuily, were macre avairabre.

Physico-chemical features :

Ranges of water quality characteristics \Arere as follows: Temperature

8'5-25'0 oc, pH 6-9-8.4, ilissolved oxygen 8.4-11.2 ppm, coniluctivity 57 -145 11S,

turbidity 0.4-30 NTU. vüith the exception of the conductivity of 145 us



Table 5.14: Hydrologic arid morphometric features of
Lake Mulwala (from Vlalker c Hillman, 1977; WSCV Pers.
conm.).

36001's
146005,8
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2.9-L3.8

Latitude & trongitude

Catchment area (}cn2)

Elevation (n)

Shoreline (km)

Capacity (Mt)

Max. depth (n)

t'lean depth (m)

Retention time (range
' L974-76, days)
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(4.ií.79) all measurements were within the ranges reported by Wa1ker c

Hillman (L977). The AVTDC study gives comprehensive information on fluct-

uations of water quality in Mulwala, particularly nutrient loadings. The

lake was considered to be eutrophic,. however problem algal blooms were

prevented by high turbidity 1eve1s.

Phytopl-ankton: One hundred and twelve phytoplankton taxa are known from

Mulwala, of which 848 also are known from Hume, which strongly influences

the downstream plankton (v'falker c Hillman, 1977). During the present study,

the dominant algae in L. Mulwala r"r" Lr.ao*= (MeTosira spp.) with sub-

domina¡¡ts from the genera Anabaena, AnacAstis, Asterionefl-a, Crgptomonas,

Micrasterias, Trachel-omonas and VoLvox. A mean atgal biomass of l-584 *.37m3

\¡/as recorded during the AWDC study (1974-16), higher than for Hune (station 5,

5,855 t*37r3) and a mean chlorophyll level of 9.6I mg/m3 (cf . station 5, 4.55

mg¡m3). Seasonal fluctuations in community composition a¡rd biomass were

complex, and could not be correlated with any of the measured environmental

characteristics. In the present study no guantitatiwe assessment of phyto-.

pl-ankton density was mad.e. Predominant genera \^rere recordeil , and bloom

conilitions noted-

Zooplankton:

Corununity composition : Ninety-eight taxa \^/ere recorded frorn -Ir4ulwala L6f of

Rotifera, 2r of cradocera and 8 of copepocla), more than from any other

impoun&nent. Fig. 5.19 shows bpecies present, relative proportions of each

group, density and.iliversity.on each sanpling date, f ig.5.20 the percentages

of each tæ<on anil tonporal variations in corununity composition. Breeding

seasonality also is shown for each taxon.

Seasonal trends were apparent, but less clear than in other reseryoirs

due to Mulwala's shci¡rt retention time ancl rapi-l leve1 fluctuations. The

influence of extensive beils of llalTisneria and shallow morphology tended also

to mask population changes in the open water plankton. Non-planktonic

incursions comprised 598 of the ta-a recorcleõI, a higher proportion than for

any other storage.
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Of the Rotifera, less than half (30 spp.) were true plankters. of

these typically limnetic species, only nine occurred in more than two or three

collections over the study and apparently were esta.blished in the storage

(8. angulatis, K. australis, Kz cochleatis, S. pectìnata, S. stgTata, P.

vuTgaris, A priodonta and C. dossuarjus). Notably, with the exception of

K. austraiis, all are cosmopolitar¡ eurytopic species, tolerant of extremes of

water quality. All probably were perennial in MuIwaIa. The remaining 2I

taxa of limnetic forms occurred in single collections, in several collections

with no apparent seasonality, or were lare seasonal components of the plalkton,

e.g. A. 'bighbreTTi (sprd-ng-summer) , P. compTanata (autumn-winter). Other

rotifers were ostensibly billabong forms, littoral or epibenthic species, ot¡

as K. slacki, limnetic in shallow waters of billabongs.

The high proportion of these taxa, 55å of recorded rotifers, exemplifies

the strong littoral influence. While collections in proximíty to hydrophytes

would be expected to contain littoral strays, several species occurred

commonly in open water. B. quadridentatus, K. sfacki and E. dilatata were

facultatively planktonic in lvlulwala, the latter predominantly in autr:mn. Other

non-planktonic taxa were distinctly seasonal in occurrence, apparently

dislodged from macrophytes, e.g. E. flÊneta, .11. ventraLis (sr¡runer), N. coTTaris

(winter).

A similar trend is seen in the cladoceran assemblage. Five of the

23 species recorded (229.1 hrere considered limnoplankters, with only two of

these probably perennial ¡ C. sphaericus, which is reported elsewhere as

facultatively planktonic accompanying a1gal blooms (Hutchinson, a9671. and

B- neridionaTis, the predominant cladoceran in Hume. D. fumhoftzi occurred

in large nruribers in winter-spring a977 anô. !978, D. unguicuTatum in suluner

1978 and a979, a¡rd C. quadrangu-Za in autunn I97'l and summer a978. A further

18 cladoceran taxa were of sporadic or seasonal occurrence, generally in

small nr¡nbers, e.9. chydorids.

Six of the eight copepoil taxa recordeil are limnetic in habit.

B. triarticu-l.ata and C. ampuTTa were collecteil most frequently, but in low
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nudbers. During the AVIDC study, c. ampu-zla was dominant' B' mjnuta and

c. rucasi v¡ere rare. M. reuckattÍ, common in billabongs' was common in the

plankton, but was absent in winter. A single pulse of -ltl' decipiens occurred

in suruner 1978.

Temporalvariationinptanktonassemblageswasmorepronouncedthan

in other storages. During !976, rotifers dominated all except the spring

colrection, with one or two species numericalty abundant, comprising 40-60?

of any sample. Succession was evident.in changing species dominants' Early

tn 1977 an abrupt change in composition was evident, with complete loss of

alt limnetic species during late autumn, and only sporailic occurrences until

the following auturnn. A coincident increase in cyclopoids (adults and

copepodites) was noted. The latter were subdomina¡rt during late 1977 to

D- TumhoTtzi and, B. meridionaTis, which made up 60-90% of the plankton'

Rotifers again predominated in spring 1978 and sufluner 1978-79'

Lowsimilaritiesbetweenthespeciescompositionofsuccessive

collections and between cotlections made in the sane Season in successive

years (Table 5.15) emphasize the j-nstability of the Mulwala zoopla¡kton

assemblage. The greatest Community similarity was between collections from

the same point closely approximated in time, with a suggestion of auttlnn-

spring pulses in some species. In general, however, the Mulwala conunrrnity

assemblages l¡¡ere less si:nilar temporally than in any other storage'

spatial heterogeneity'also was more extreme than in any other impound-

ment, e.g. an AVùDC sample from station 13 (I8,v-77) and samples from three

other sites collected during the present study (2O-v'77) are compared in

Tab]e 5.15, as are two summer samples (4-11 '7g)' There v¡as a greater ilisparity

inspeciescompositionbetweenspatialtyseparatedthanbetweentemporally

separated samples, emphasizing the strong littoral influence a¡rd habitat

heterogeneitY.

Population densities were low during the study (5-25 plankters e.-l | ,

Iower tha¡r for any other stoïage. Maximr¡n densities were 25 L-a in June
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Lg76, and,24.Q,-l in April 1978. Similar densities during 1974-75 were

reported by V'lalker & HiIIma¡r (1977), who related the low biomass to Mulwala's

low retention time. Biomass \^ras an order of magnitude less than in Hume (cf.

Fig. 5.1-2 and 5.2I) -

Environmental factors: Linear regressions of log density of ten common

zooplankton species on temperature, pH, dissolved oxygen, conductivity,

turbidity, total-P a¡rd nitrate nitrogen indicated only two linear relation-

ships: the density of S. stglata was negativety correlated with dissolved

oxygen (r2=0.4g), and the density of r. cochfearis varied according to pH

(r2=O.51) - While the correlation with pH was significant (p:0.76, î:7.98,

P< .05), that with dissolved oxygen was not (p=-0.25, P>.05). AII other r2

values were less tha¡r 0.30; little of the variance in 1og density of the

plankters could be attributed to variation in measured physico-chemical

factors.

A biotic influence \¡Ias suggested, i.e. the autumn increase of

raptorial cyclopoíd copepodites, which persisted through J*977 and 1978.

During this time rotifers were notably depauperate in the plankton. Direct

predation was likely, however regression analysis of log density of predominant

rotifer species on log density of cyclopoids indicated little correlation

(r2=0.11 , p=-0,36, F=3.13 (F 5e"=4.32),n=32). There was tittle fluctuation

in the storage level during autunn L97'1, i.e. it was not drawn down, and

no physico-chemical or biotic stimuh.ts was apparent which could account for

the loss of rotifers from the plankton.

Unlike the phytoplankton, the zooplankton of Mulwala did not closely

resemble that of Hume. While 50% of species recorded from Hume occurred also

in the downstream storage, they represented only a2OZ of the MuIwaIa assemblage;

species dorninants largely were dissimilar and there \¡ras a higher proportion

of non-Iimnetic species in lulu1wala. In effect, Mulwala acts as a "biological

sink" for disparate inputs, particularly the Ovens and Murralr, the zooplankton

assemblages of which are quite distinct. That of the Ovens has a species-

rich, largely pseudoplanktonic cormnunity. a result of nutrient and other
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water quality differences, slower flows, and more extensive marginal

hydrophyte co¡nnunities, while the Murray has a relatively depauperate zoo-

plankton consisting of Hume limnoplankton and inocula from billabongs and

marginal habitats. The latter tend to predominate in Mulwala, i.e. the

cornbined influences of shallow morphometry, a wide littoral zone, submerged

trees etc. have produced a habitat essentially more "billabong" in terms of

microfauna, with a flowing component introducing potamoplankton. Because of

its short retention time, a stable limnoplankton is not able to develop in

the impoun&nent.

5.2.2 The River Murray belo\^/ MuIwaIa: the middle reaches

The only major tributaries between MuIwaIa and the Darling confluence

are the Goulburn and Murrumbidgee Rivers. Of these, the Goulburn was sampled

more intensively in the course of a billalrong survey (Shiel' l-980).

Comparative collections were taken from the Murray at Cobram (below Mulwala) '
Echuca and Swan HilI (below the Goulburn) and Mitdura (below the Murrrunbidgee).

Logistics precluded comprehensive sampling of these stations, nevertheless

scnûe seasonal comparisons are possible.

R. Murray, Cobram (station 30, Fig. 2.II)

V'Iater quality on each of three visits (11.viii.76, 30.íx.76, 20.tr.77)

closely approximatecl that of MuIwaIa. Phytoplankters were sparse in all

collections. Flucùuations in the R. Murray phytoplankton at Cobram were

describecl by Bowles (1978), who noted the following seasonal succession:

AsterioneTla, Nitzschia (spring) , MeTosira, Crgptomonas (late spring), centric

diatoms and Anabaena (.sr¡wner) , MeTosíra (late surtrner-early auttunn) , RhizosoTenia

and Atthega (late autr:¡nn) and small centric diatoms (winter). The pèrsistence

of these group into the lower Murray will be considered in Ch. 7-

Zooplankton at Cobram consisted almost entirely of microcrustacea, with

AspTanchna the only rotifer also in tr¡tulwala to occur in the river on the

sampling clates. ftre species composition otheiwise resernbled that of the

t'Iulwala microcrustacea. Predominant ta:<a were B. tria¡tic'a7ata, C. am¡ntTlat
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M. Teuckarti, B. meridional-is, C. sphaericus and D. Tumhoitzi, with 1ittoral

strays (e.g. r. sordidus) in winter, Low densities were noted. (<S,Q,-l¡ in

each sample, Diversity was not calculated.

The Goulburn River (Fig. 5.22)

The Goulburn River flows west from the Eastern Highland.s. It is

impounded at Eildon (hydro-electricity and irrigation supply). Abstraction

for domestic suppty occurs at several towns. Diversions for irrigation are

controlled from Goulburn Weir, a shallow impoundment at Nagambie. From the

nearby !{aranga storage basin some 4OO km of channels carry water to semi-arid

western Victoria. From Goullcurn Weir, the river flows north through Shepparton,

where a small impoundment, "Lake" Victoria, is used seasonally for recreation.

The Goulburn enters the Murray just upstream from Echuca.

During this study, samples were collected fron Eildon, Goulburn Weir,

Lake Victoria and five river stations. Additionally, Lake Nillahcootie, a

small impoundment on the Broken River, a tributary of the Goulburn, and the

Broken River at Benalla were sampled.

Sugarloaf reservoir was constructeil in L927 below the confluence of

the Delatite and Goulburn Rivers- The present Eildon dam was constructecl just

downstream from the original weir, which was submerged when the storage filled

in 1956. The southern (Goulburn) anu of Èhe catchment provides 9OE of the

inflow to the reservoir; major flows are from the Goulburn ancl Big Rivers,

príncipally from winter rains and spring snornr melt. The remaining inflows

arefrom the rrndulating northern (oelatite) catctunent, much of which has been

cleareÉl for grazíng. Most recent recreational developrnent, i.e. holiõlay homes,

houseboating facitities anil carnping grounils, has been on the northern argn of

the reservoir, with conccmitant problens of r^rater quality with more intensive

5.2.2.1 Eildon Reservoir (station 55, Fig. S.22)

use.

A bacteriological ancl limnological study cafltrnence in 1969 by the ?[SCV
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culminated in restrictions on houseboating and development in the catchment'

As a result of this study there is considerable information on the chemical

and physical limnology of the reservoir, and on phytoplankton composition'

Little is known of the composition or dynamics of the zooplankton'

sampling sites (rig. 5.23): Early in 1976 a powerboat was used for collections

from ten sites in the reservoir, five along each arm to include the deepest

pointrmajorinletsandnutrientinflowpointsourcesre'9'BonnieDoon

caravan park. subsequent sampling generally was from a single station

adjacent to the retaining walr (=ro m ä""p), v¡ith incidental comparative

collections from the Delatite arm at Bonnie Doon' Additionally' two sites

were sampled in the pondage below the power station, and seasonal collections

were made from inflowing streams at Howqua and Jamieson'

Physico-chemical features :

A sulrünary of the morphometric, physical and chemical feaLures of Eildon

is given in Table 5.16. AIl means and ranges refer to the 1969-76 WSCV

stud.¡ period (Powling ,.L972, |g.t|, 1980) . Measurements made on each sampling

date are given in Table 5.I7. With the exception of a low temperature of 6'2 oC

all are within the ranges reported by the VISCV'

Eildon is a warm monomictic reservoir which stratifies in septernber-

october(spring).StratificationbreaksdowninJr:ne-Jul1r(winter).The

hypolirnnion does not become anoxic due to instability caused by sununer release

of hypolirnnetic water, nevertheless''-oxygen levels below the power sÈation

outlet may falÌ below 50? saturation for several months over sln[Eoer' surface

water temperatures range from l-O ¿0-26.0 
oC. Bottom temperature' and that of

releasecl water, usually is l-O.O-a2.0 oC. Transparency generally is high'

with secchi readings of 3-5 m. Turbidity after rains is highest in the northerl

arm of the storage. Salinity is low (1 Zl-O mg L-r), with higher TDS in the

northern arm. NHg-N generally is less than O.1O m9 'C-1 in the southern arm'

up to O.23 mg .0-1 in the north- Total.-P ti O.O3 mg U-:¡is slightly higher

in the northern arm.
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Delatite a:rn, station 3 to left behind

retaining wall'



Table 5.16: Morphometric, hydrol-ogic and physico-

chemical features-# eifaon Rese:l¡oir (from Pow1ing,

1e8o) .

Latitude and longitude

glevation (m)

Catchment area (kn2)

Shoreline (km)

Capacity (M1)

MÐ<. clePth (m)

i depth (m)

Retention time (Yt)

Cation ólominance

Anion clominance

pH (i an¿l range)

TDS (rng [-1)

Colour (Pt-co)

Turbiclity (JTU)

Alkãlinity' (CaCo¡)

No3-N'.'{rrl L-') (;)

Total-P (rng .e,-1) (I)

37011's
145054'E

292

3,885

466

3.4 x 106

76.2

23.9

2

Na>ìIg>Ca

HCO3=ç1¡gO,*

6.9 ,6.6-7 .5

42, 34-54

15, 5-50

4 , 1-42

18, a6-22

0.03

0. 025



Temperature (oC)

Air

Water

Dissolved
o],<lfgen (ppm)

pH

Conductivity
(¡rs)

NTU

26.O

22.O

8.9

7.2

37

0.5

18. ii

24.0 2t .0 17.0 15. 0

20.0 22.O 20.O r9.0

8.7 8.6 8.6 8.8

7.L 7.3 7.2 7.3

50 6L 2L 40

1.0 27 .5 2.5 2.O

03.i. 04.í.7,2.Lv.7,4.x.
I977

23.0 30. 5 6.0

17.0 25.5 . 6.0

9.1 8.9 12.5

7.t 7.2 7.O

56 6L 73

3.2 4.O 36

07.i. 2'l .íi-. 22.vj-jj-
a978

15.0

13.0

9.9

7.O

105

11

2I.v.
1979

20.o

18.4

9.2

7.O

56

r.4

16. iv.
1980

Tab1e 5.17: Physico-chemical measurements taken from Eildon during 1976-80.
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Biological features:

TheWsCVstudyinvestigatedsourcesoffaecalcontaminationand,

followingamassiveMicrocgstisblo-ominlg6g,possiblefactorsstimulating

such blooms. Faecal coliform counts were correlated with areas of intensive

recreationalactivityoversunmer,andhighcountsafterwinterrainsinthe

northernarmofthereservoirwereattributedtoanimalorigin.Little

information is available on the cause of the 1969 algal bloom, however the

drowning of subterrafiean clover which çJreI¡I on land exposed during a drought

in 1967-68 is imPlicated'

ton: Some 150 taxa of phytoplankters frorn the reservoir are

listed by powling (1978), including 70 species of desrnids' 24 of diatoms' 27

of flagellates and three of blue-green algae' on the basis of the desmid

dominated phytoplankton and low nutfient levels, the reservoir is described

as oligotrophic. There is a sr:mmer maximr:rn standing crop (green atgae) with

aperiodofdiatomdominanceinwinter-spring.Predominantgreenalgalgenera

aresphaerocgstis,staurastrum,staurodesmusandCosmariumoversulllloer.

Dinobrgon is perennial with a winter maxjmr¡¡n' Dorninant diatcr¡ns are lleTosita'

sgnedra, RhizosoTenia, Atthega and cgcloteTTa. Sr:rprisingly' there has been

no interpretation or analysis of the algal data base collected by the vtscv' so

Iitt:le is known of stimuli for changes in phytoplankton composition in Eildon'

In vier"r of the low densities of phytoplankters in early collections

fromthemid-Iakestation,nocorrntsweremade.onlyasinglemid-lake

collection (07.i.78) \^tas numerically dominated by phytoplankters' predcminantly

green algae (staurastrtmt pingUe, EuëIotina elegans, Atthega zacha'ríasi and

ltlelosira granuTata) . Most co,rtrnon genera on all sampling ilates are giwen in

Table 5.1g. Greater densities of phytoplankters were present in srlflmer

collections from both Bonnie Doon and Howqua inlets' principa\Ly 7/o7vox and

Spiroggra.

zooplarrkton: Zooplankton l^Iere neglected in the !{scy study' although the

superabunclance over surtrner of a ¡rurple ciliated protozoan (cf ' cl-imacostotmm)

wasnoted,particularlyinnorthernbays,wheredensityoftheorganisms
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coloured the water black. Similar blooms are reported from Hume (Walker e

Hillman, 1977). The suÍtmer appearance of medusae of Ctaspedac-ustQ. sowetbgi

also was recorded. (cf . Hr¡ne) .

Analysis of epitimnetic collections early in this study showed minor

percentage composition changes along each arm of the storage, hrith greater

densities of the dinoflagellate Ceratìum and the rotifer K. cochlearis f-

tecta-at shallower stations 5 and Il. Differences, however, were not

significant (P>.05).

Community composition: Excludi,ng testate ntrizopoda, other protozoans and

dinoflagellates, a total of 48 zooplankton taxa were identifieil from the

reservoir (22 eotifera, 13 Cladocera, It Copepoda and 2 Ostracoda). Zooplankters

.0-1, number of species in each group, percentage comPosition and community

diversity for each sampling date are given in Fig. 5.24. Temporal variation

in corununity composition is shown in:Fig. 5.25. Presence of ovigerous 99 in

each taxon also is included.

The limnetic zooplankton of Eildon was dominated by microcrustacea

(77-1OO%), predominantly a block of perennial multivoltine species, €.9-

B. meridionalis, B. triarticulata, C. ampu77a, M. Teuckatti, with other species

perennial and univottine (D. unguiculatum) or markedly seasonal in occurrence'

e.g. M. nrictuta, D. carinaxat D. TumhoTtzi, c. cotnuta (summer), othet

microcrustacean species probably also were perennial, but were of tow density

and not collected. in some samples, e.9. C. sphaeticus.and the new cyclopoid.

Rotifera made up 0-232 of mid-take collections. Perennial species

included K. cochlearis, P. ctol-ichoptera, C. dossuarius, A. brightweTTi' others

v¡ere seasonal, e.g. ¿. eTTiptica, T. simil-is(sununer-autumn) , K. ptocurva

(spring-sunrner). only in collections from northern inlets did rôtifers

m:merically dominate samples. Two such samples are included for comparison

in Fig. 5.25 (4-i.77, Howgua inlet, and 21 .tt-79, Bonnie Doon inlet). Notably'

the rotifers of the shallow inlets were occasionally of different species to

those in mid-lake, e.g. P. vuTgatis and P. suTcata in inlets, P. doTichopteta

and P. complanata in mid-Iake-
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CC values for the Eildon samples are shown in Fig. 5.19. The block of

perennial microcrustacean species was stable over the study, occurring in

nearly all samples. Seasonal succe-s,sion, e.g. the replacement of C. ampuTTa

by. the colder water species C. fucasi, rare seasonal species, ê.9.

B. calgciflorus, B. diversicornÍs, B. fLuvialis, B. mÍnuta, and pseudo-

planktonic incursions accounted for the generally low similarities in species

composition over time. Greatest differenceswere seen in collections from

marginal bays and mid-Iake, or from collections widely separated ín time.

Diversity generally was higher in mid-Iake than in inlets, with

greatest diversity over winter 1978, lowest in sununer 1978 and autr¡nn 1980.

On any sampling date two or three species comprised 60-808 of the zoopì-ankton.

Average momentary species composition during the study was 4.8 rotifers, 3.9

cladocerans and 3.9 copepods. Zooplankton densities were lower (<60 .q,-l)in

mid-lake than in inlets (LIO-274 9,-t) - Most al¡rmdant plankters in these shatlol

waters were Ceratiun (2OO+ .0-l in summer, ]:g78) and the unidentified ciliate,

estimated to be in excess of 2 .OOO .Q,- 
r at the sa¡ne time, although no count was

made of the latter.

Hydracarinid mites (piona sp.) were recorded from mid-lake sarnples in

sunmer-autumn, and, freshwater mussel glochidia were noted in the suruner 1978

collection.

Environmental factors: Little of the variance in density of dominant species

coulcl be attributed to variations in measured physico-chemical characteristics.

Values obtained by linear regression of species density on each varial¡Ie are

given in Tab1e 5.2O. AII factors accorunted for less than 36å of the variance.

A single signifícant negative correlation between B. meridíonafis and

conductivity is possibly an artefact due to the srnall nurnber of d.ata points;

as shown in Tab1e 4.8, this taxon occurred over a wider salinity range than

any other plankter, and.was eurytopic.

The above observati-ons on thè Eildon limnoplankton apply only to the

epilimnetic plankton corununity. Vertical samples r^rere not taken. Powling
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(1978) noted that maximum phytoplankton populations occurred at 2.5 m depth

(cf. Darünouth), and suggested photoinhibition as the cause. It is like1y

that the limnoplankton of deeper wa-ters may be different in both density and

diversity to that of the epilimnion. Vertical species straÈification is

reported elsewhere (e.g. Berzins, 1958; Nilssen, L976). Inferences a-bout the

hlpolimnetic conununity from collections taken immediatellr below the power

statÍon are discussed later.

The phytoplankton component of the Eildon limnoplankton, while not

readily ca:cegorized into Hutchinson's i.nUÐ classification , clearly is an

oligotrophic desmid-diatom assemblage (cf. Bayly & Vlilliams, 1973). Seasonal

changes in trophic status of the northern bays are suggested by sununer blooms

of protozoans and dinoflagellates. Large populations of small rotifers, the

diet of which is largely bacteria, organic particles and srnàtl algae' accompany

these blooms, €.9. K. cochl-earis f. tecta, P. sulcata, P. vuTgaris. Elsewhere,

these species are considered to be indicators of eutrophy (S1adacek, a973i

Ruttner-Kolisko, lrg74). NotablY, E. cofj counts of up to 3100/100 ml were

recorded in summer samples from Bonnie Doon inlet (Powting, 1978) -

The microcrusÈacean mid-lake plankton is less readily cat.egorízeô as

of.
an oligotrophic assemblage, due to the dominance ubiquitous B. meridionalis,

D. ungaiculatum, B. triarticu-l.ata a¡¡d C. ampu7|a. As in otigotrophic

reservoírs elsevrhere, however, population densities vlere exceptionally low'

Calanoid copepods, some of which are more efficient feeders in ililute food

conditions than are cladocerans (McNaught, ag75), generally were predcminant'

Several of the mid-take rotifers, ê.9. P. dol-ichoptera and-the long-spined

form of K. cochlearis, are reporteõl elsewhere as cold-stenothenns indicative

of oligotrophy (Vùetzel, ag75). In Eildon, these species haëlmaxima in spring

and autr¡nn respectively, at touperatirres arouncl l-soC.

Although sampling frequency was inaclequate for detailed cliscussion of

population,,dynamics of the reservojr limnoplankton, several trenëls were

c1ear. Maximr¡n breeding of mitl-lake microcrustaeea was in spring an-l suruner,

with maximum population densities in summer accompanying green algal peaks.



130.

Several pseudoplanktonic species occurred also in open water at this time,

e-9. E. diTatata, L. l-unaris, A. rectanguTa, M. spinosa, M. aTbidus. Greatest

population densities of the predatory cyclopoid, M. TeuckartÍ, occurred d.uring

su¡nmer, as did density of the new cyclopoid genus, which probabry arso is

predatory-

Synchronous population peaks each, year, possibly a trophic effect,

and synchronous seasonal breeding suggests a more stable plankton assemblage

than in other storages. The Eildon assemblage was a "truê" Iimnoplankton, i.e

relatively few pseudoplanktonic to. r.r" recorded compared to othen dams.

The establistruent of a littoral microfauna in Eildon is precluded by the

absence of fringinçf macrophytes (except in shallow northern bays), a result

of great flrrctuations in level. It is likely that species richness of the

Eildon limnoplankton was greater than recorded here; seasonal species of

short life cycle possibly vrere missed. Sampling infrequency also prevented

aclequate assessment of the infruence of changes in water quality.

Downstream of Eildon

The plankton of the downstrean rirtrer was of interest following ""\
earlier study of a Goulburn billabong (Shiel, l-:g74). OnIy

microcrustacea \^rere present in Eildon, cf. 608 of the pond

from an upstrean lake reported by Elgmork (l-966) - As ).9'14

fl-ood year, the apparently low surviwal of plankters below

been simply ùue to clilution.

5% of the billabong

zooplankton derived

was an exceptional

the dam rnay have

Background information: A shallow pondage (3 m deep) extends lor 4 l<rn below

the dam. The pondage gates regn:late wariable flows frcrn the power station,

thus controlling the fl-ow of the river. Hypolirnnetic release (offtake at 52 m)

of uniformry cold water (9-11 oc, annuar range only 2 oc in the pondage)

depresses sufitrner temperatures for rttore than ]-50 ]sn clownstream. Above the dam,

stream temperatures range from 3-27 oC (pow1ing, ),978). only on raïe occasions

has epilimnetic water been releasecl from the spilh^ray, e.g. during floods in

Igf 4-15, when surface water temperature ('1 .5 oC) was coléler than hypolimnetic
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water (9.0 oC), water temperature in flooded billabongs 30 km downstream

reached only 8.O oC (Shiet, lg74). The plankton of the pondage and river

below the dam is subject, therefore, to low temperatures, some seasonal

oxygen depression, and, importantfi, "*tt"me and rapid variations in flow

rate and volume.

Sampling sites: Seasonal collections were made from the pondage and three

river stations between Eildon and Nagambie (FiS. 5.22), viz. Thornton, 15 krn

downstream, Molesworth, 55 km downstream and seltmour' 130 lcn downstream'

Resutts and Discussion: Physico-ctremicat and biological features for each

site on each sampling date are given in Ta-ble 5.21. The influence of the

reservoir is clear, with depressed temperatures as far as Sefmour, and

uniformly low conductivity and turbidity. Plankton composition also was

influenced by the dam; the most significant factor appeared to be discharge

volume. Only in low- flow conditions (suruner autumn) were plankters present

in appreciable numbers. Phytoplankton densities were low, and diatoms

predominated. The most corurnon of these was Ðiatoma eTongatum a benthic

form, which occurred in relatively large nt¡nbers only in sumrner a978- other

plankters, generally also benthic species' were sparse-

Zooplankton density and dirzersity were Iow, with a maximr¡n (spring

1976) of less than 20.Q,-1 recorded from the pondage. Seventy per cent of the

plankters in this collection \^rere not present in the reservoir, but were

pseduoplankters from the more stable conununities of fringinq hydrophytes in

the pondage. Few zooplankters were collected during high flows, a Iesult of

dilution ancl also high mortality due to turbulence, i.e. exoskeletal material

\^ras moïe abundant during w-inter and spring. The more diverse zooplankton

collecteil during low flowsr e.9. suntrner a978, was clominated by pseudoplanktonic

taxa. Less than 40 per cent of reservoir limnoplankton persisted ólownstream

of the ilam; antl densities generally were less than l- .0-1 . Rotifers 'notalcly

were,.absent. The only Rotifera recoriled (e.g. 12.i-tt.7-l) were incursions from

standing waters adjacent to the river (see Ch. 6).

In sr.umnary, the contribution of the reservoir to the clownstream



Table 5.21(next page): Physico-chemical and

biotogical features recorded from four Goulburn

River stations downstream of Eildon Reservoir,

r976-79.
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plankton was l-ow during the study. Plankters survived passage through the

power station or, following earlí.er epilimnetic releases, vrere estal¡lished j,n

the pondage, where hydrophyte beds_provided some shelter from the effects of

variable discharge. Linnetic plankters and pseudoplalkters from marginal

habitats and billabongs contributed a greater diversity of species to the

Goulburn plankton than did the reservoir. Contributions from all sources'

while varia-ble, appeared to be greatest over summer-autumn. This assemblage

constituted the major input into Goulburn Vüeir, some 165 km downstream from

Eildon.

5.2.2.2. Goulburn Weir, Nagambie (station 47, Fig. 5.26.1 .

This smal| (25,500 Ml) shallow (14.3 rn) impoundment provides a head

for irrigation supply to western Víctoria and domestic water to several towns.

Nagambie is the largest of these, and a centre for seasonal recreation on the

storage. The impoundment has a short retention time (2\-25 days) anil is drawn

down seasonally for irrigation. Extensive areas of hydrophytes are present,

particularly on the western margin. Collections were made with the aim of

comparing the plankton of a shallow storage subject to great seasonal perturb-

ations with that of a large storage of long retention time (nildon).

Sampling sites: Open water col-lections \¡rere taken from a jetty adjacent to

Nagambie Caravan Park, in approximately 4 m depth. A second site on the

western margin was sampled in spring 1976 to compare the littoral and limnetic

plankton of the storage.

Physico-chemical features :

Ranges of aII measured characteristics are shown in Tabl-e 5. 22. I{ith

the exception of temperature, a1I ranges were greater than those in Eildon.

Gïeater ïanges reflect morphometric and catchrnent ilifferences, i.e. shallow,

exposecl to wind action, intensiwe agricultural lancl r:se, higher turbidity

runoff. Ileasursnents maile in the present study are given in fable 5'23'

Biological features:

phytoplankton: A greater variety of desmids and diatoms occurs in Goulburn
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Table 5.222 Ranges of some physico-chemical features measured

in Goulburn Weir (WSCV ,rrrp-rr¡fi"fred data) .
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Weir tha¡ in Eil-don (I. ,J. Powling, pers. comm.). A representative list'

from a collection in May L976, is given in Appendíx 2. During the present

study, few phytoplankters were found.'in open water collections. Most common

were a few colonies of Volvox (<5 1,-l) or filaments of Spiroggra. Small species

(Cosmatium, Eudotina, Staurodesmus) occurred in a spring i1976 collection, but

density was low. In view of the high zooplankton densities in spring and

surrrrner collections, grazing pressure probably was high; only large, not readily

assimila-bte phytoplankters remained.

Zooplankton:

Community composition: Sixty-five species of zooplankters were recorded (28

of Rotifera, 24 of Cladocera, 1I Copepoda and 3 Ostracoda) . Of ttrese, 33

species were present in Eildon [ 5O% of rotifers (14 spp-) , 50% of claélocerans

(12 spp.) and 73+ of copepods (8 spp.)]. Species composition, density anil

diversity of zooplankton on each sauupling clate are shown in Fig. 5.21 . Temporal

variation in corununity cornposition is shown in Fig. 5.28. A sinqle littoral

sample (2g.íx.76) is shown for comparison, but was not incluéled in calculation

of i H'.

On most sampling dates, rotifers \^rere the preclominant limnoplankters;

in only for:r collections \¡rere juicrocrustacea nl:rnerically abunclant. At ottrer

ti:nes, up to l-5 rotifer species comprisecl 56-95 per cent of the limnoplankton,

with different specd-es dominants in successir¡e collections, ê.9. in spring

),976, p. vulgaris |6nZ L-t) and C. dossuarius (a6O.Q,-1) comprisecl almost 70

per cent of the plankton. The fottowing autmn they were replaceÉI by snaIl

numbers of P. doTichoptera anil C. unícornis, with K. cochfeatis (42 L-a)

nunerically dominant. The spring a977 assemblage was dcminated by K. cochfearis

S. Tongipes a¡rd P. doTichoptera. Although no single species was Pjresent in all

collections, several probâb1y !ì¡ere perennial , ê.9. K. cochleatis' K- ptoçuwa,

S. Tongipes, C- clossuatíus. Other species vrere Seasonal , but not necessarily

at the same time each year, or showecl no clistinct seasonality, occr:rring in

small nunbers i¡r several consecutirze collecÈions. The influence of marginal

macrophyte growth is seen when species composition of 1iÈtoral and open water
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samples are compared (FiS. 5.28, 29.íx.76). Although more species were

collected from C'oulburn Weir than Eildon, a greater proportion of them (322

vs. 148) were pseudoplankters, i.e. epibenthic d-n.habit.

Of the Cladocera, only a single species was of frequent occurrence.

As in Eildon, n. meridÍonalis hras perennial, although it was not collected in

the spring 1-977 sample. Examination of the grut contents of one of several

small (<1 cm) fish fry which were collected suggests predation as the cause.

Identifiable exoskeletal fragrments of Bosmina (i.e. mucrones) and a lorica of

K. cochTearis were distinguished. oth; cladocerans were neither abundant nor

frequently collected in open wateri no other species occurred in more than 50%

of collections. For this reason, seasonality was less distinct in the limno-

plankton than.in Eildon. Excluding the spring 1976 littoral coll-ection, ín

which several littoral cladoceran species were abundant, seasonality was

apparent only in D. lumholtzi (spring-suruner) and C. rotuncla huturnn-winter).

C. quadranguTa apparently had spring and autu¡o.n maxima.

Up to five calanoid and three cyclopoid taxa were present in single

samples. Only two, B. fl-uviaLis and C. ex^pansa probably hre.re pexennial . The

unusual occlrrrence of the latter species in the low Ca** waters of Goulbr:rn

Weir is d.iscussed on page 79. The coexistence of more than three species of

calanoids is rare in Australian waters (Bayly c ltitliams, 1973). On two

occasd-ons in a976, four species coexistecl in Gorrlburn Vleir, and five species

(three CaTamoecia and two BoeckeTTa) were collectecl in autunn L977 " Non-

equilibritmt conditions at the end of a seasonal succession cycle are the

likely reason for such co-occurrence. As noted earlier, a ruarked size

difference \^/as apparent between congeners ancl between geneïa, i.e. B. Í1uvialis
-> B. triatticuLata > C. edpansa ) C. Tucasi > C. ampu77a, which suggests

particle size separation in feeding, pennitting niche parE.itioning by closely

related taxa.

Cyclopoids were not abundant. The most corunon was the cosmopolitan

II. LeuckarÈi, with a single surtrner appearance of ll. decipiens.
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Table5.24showsCCvaluesforGoulburnüIeirsamples.Temporal

changes in community composition were greater than those in Eildon' reflecting

instability of commrrnity structure.-- A= in Eildon, the greatest disparity

was between littoral and open water collections. Greatest similarity in

community structure was between the spring 1976 and srunmer 1978 plankton'

Mean species diversity was greater than for Eildon (itl' 2'O2 vs' 1'96) '

Greatest diversity was recorded from the 1iÈtoral sample (H' 3'45) ' the species

assemblage of which resembled the chydorid dominated browser community of

billabongs (cf. Shiel , 1976). Species diversity in open water \¡¡as greatest

in autumn and winter, while maximim population dqnsities were in spring and

sunmer. poputation peaks of over 4OO 9,-l t"t" due to "blooms" of small

rotifer speciesrê.9- K- cochfearis, P' vulgaris' P' doTichoptera and

c. dossuarjus. Average momentary species composition was 8'o rotifers' 3'4

cladocerans and 3.8 copepodsi more Rotifera and fewer microcrustacea than in

Eildon. Average density l-t (¡=10) was 209'7 (cf' Eildon 42'31 '

Environmen tal factors: Regressions of tog population density on hrater

temperature, dissolved oxygen, pH, conductivity and turbidity were calculated

for the six most frequently collected plankters (Tabte 5'25) ' These factors

accounted for littre of the variation in density of the dominant plankters'

B. meridionaTis and tr:rbidity were negatively correlated''

shallowness, the presence of marginal reedbeds and the short retention

tjme of Goulburn Weir (cf- Mulwala) are the major influences on plankton

development. The reed.beds prowide abundant hal¡itats for a cliverse littoral

plalkton and, to some extent, protection from throughflow' strays from the

littorar account for the higher proportion of pseudoplankters than were found

in Eircton \^raters. Relatively rapid changes in species composition resulteil

from seasonal ctrawdown for flood mitigation or irrigation' This is clearly

seen in the winter-spring collections of )-976, when, over a six week perioil'

the composition of the plankton community chalged frorn a microcrustacean

to a rotífer limnoptankton. A predominantly microcrustacean cormunity was

not recorÉled again r¡ntil surtrner ag7g - fluctuations in water qualiÈy did not
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account for these changes.

Records of Goulburn Weir openings kept by.the VüSCV showed that during

the week ended 25.íx.76 local flooding caused an increase in outflow from

l,OOo MI day-t to 13,734 ML d"y-l (f . J. powling, IVSCV pers. cormn.). The

suscepti-bility of plankton to water movement through the impoundment, i.e. to

Ioss by flushing, would account for the observed compositional changres. Short

life-cycle opportunist species survived in the modified conditions, with

successional changes in response to the instal¡ility of the ha-bitat. Low

population d.ensities suggested by gayfi c V{illiams (1973) as a feature of

such impoundments clearly are not a feature of the Goulburn Weir. plankton.

Dilution accounts for low population densities over winter, with negatiwe

effects of high turbidity and increased flow. In other seasons zooplankton

densities were higher than in any other l4urray-Darling reservoir.

Although no data are available on nutrient loadings in the impound-

ment, it seems that relatively rapid fluctuations in trophic status woulcl be

characteristic. Variability due to inflows from Eildon or from catctsnent

runoff is seen in measured \^rater quality. Presrtrnalrly similar fluctuations in

nutrient levels occur, as in Mulwala, particularly in spring and sr¡runer with

increaseil agricultrrral and recreational r¡se of the Weir. High population

ilensities of 0-mesosaprobic rotifers (cf. Sladacek, L973) at these tirnes are

inclicative of nutrient infhÐ(es.

In st:rtlrnary, the limnoplankton of Goulburn Weir was more diverse ¿rncl

.morre a-bundant than that of the upstream reservoir. The temporal disparity

in co¡rununity composition between sampling dates was extreme, with fnore rapid

replacenent of species than woulcl be expected by seasonal succession. The

dissimilarity in species cornposition between the lveir and Eildon is a direct

result of instability due to ler¡el fluctuations. Whereas the plankton of

Eilclon was dorninateõl by a stable block of relatively long generation time

microcrustacea, opportunists (partisularly short generation time rotifers)

predominateÈl in the srnaller impoundment. In this context, the perenníal

misrocrustacea in Goulburn Weir, B. meridionaTÍs, B. ffuvia-Zis ancl C. exspansa
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probably are acting as opportunists.

Downstream of Goulburn Weir

Approximatety 60 krn downÁãream of C,oulburn Vüeir is a srnall storage

filleil from the Goulburn, Lake Victoria at Shepparton. For logistic reasons

it was not possible to sample this impoun&nent as often as those upstreann,

nevertheless, collections which were made cover all seasons, and generally

were within an hour of sampling Goulburn Weir. Some comparisons of the plankton

of two distinctly different habitats are therefore possible.

5.2.2.3 Lake Victoria,shepoarton (station 46, Fig. 5.1)

This small impoundment is maintained at fulI supply level all year,

principally for aesthetic uses, e.g. recreation over suntrtrer. A singrle site

adjacent to a camping area in Shepparton was sampled. There \^¡as no marginal

vegetation; water depth was stable at 1.5 m.

Physico-chemical features :

The following ranges \^reïe recordeil: water temperature 9.0-25.0 oC,

pH 7.4-7.6, DO 7.8-11"0 ppm, coniluctivity 120-335 pS, turbiility 2OO-275 NTU,

(n=5). E-treme turbidities r,'rere characteristic of the storage. In surtrner,

turbulence due to speed-boating maintains a suspension of clay and organic

particles. In wilter, high turbiclities are due to runoff after heawy rains.

Other physico-chernical differences between this storage anõl Goulburn lrleir

were due to its smaller si'ze, lack of riwer ttrrough-flow, also to sampling

later in the clay (e.g. slightly higher temperatures on each visit).

Biological features:

Few phytoplankters \^/ere recorded. In auturnn a97f a few ileshids

(Micrasterías) and diatoms \4'ere present, also Ceratium. A large population

of the rhizopocl ?DiffTugia was noteél in sr:nrner 1978. lwenty-one zooplankton

species were recoïðed from the impounchnent (l-0 Rotifera, 7 Claclocera, 3 Copepoda

and l- ostracod sp.). Fiwe of these (242) were irot recorileël from Goulburn

V'Ieir. Species composition a¡il ternporal changes therein are shown in Fig. 5.29.
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Rotifers wére notably rare in all collections, including those of summer

1978 and autumn 1979 in which C. unicornis comprised =308,of the plankton.

This represents individuals; only 1-2 colonies 1,-l lu"t. present' No rotifer

species were perennial. Seasonality is suggested, e.g. C. dossuarius (winter-

spring), C. unicornis (summer-autr¡nn) -

In aII collections, a depauperate microcrustacean plankton predominated'

notably the most widely tolerant and widely distributed species- Two to four

species of Cladocera were present on each sampting date, but only D' unguicuTatu

was perennial. Other species "pp.t"ntty 
Seasonal were M- micruta, C' c'otnuta

(sr:runer) , D. carinata (spring-sr¡runer) and C. quadtanguTa (spring-autumn) ' Two

species of calanoid were perennial, B. triatticu1ata and C. ampuTTa' Adu1t

cyclopoids \¡/ere not recorde¿l.

cc values are shown in Table 5.26. Species composition was, in-

general , more si:nila-r between sanples than in C'oulburn Weir or Eildon. Greatest

ilisparity was between samples most wiclely separated in time.

Mean species diversity (H' 2.0) was lower than in Goulburn lrreir. As

in the upstream impounólments, diversity was greatest in a-utrnnn, with the

highest population density in sr¡uuer. -fltean population'density was 32.5 'C-1 .

Enviroruoental factors: Stable levels in this impoundment, anil lack of through-

flow, have favoured development of a microcrustacean limnoplankton' LosI

density and diversity during the stuily possibly were due to dilution over

wi¡rter and turbulence caused by recreational actir¡ities over sultner. Regressiont

of species density anél diversity on measureõl variables indicated a negative

relationship b.etween both parameters and turbiclity lt2=O.33) , however this

was not sigmificant (P>.05). sampling probably was inadequate to iletect

significant envirorunental stimuli.

5.2.2.4 Lake Nillahcootie, Broken R. [station 58 r Fig. 5.22)

The headwaters of the Broken River are on the northein slopes of the

Highlands, some 15 km from the Eildon catct¡ment. The river flows north-west

to join the Goulburn south of Shepparton. Nillahcootie Dæn was constructed
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in 1967 to form a small impoundment (40,000 Ml) regulating flows for

irrigation in the Goulburn valley. The river also is dammed by a small weir

at Benalla, a35 km downstream, for-:,""thetic purposes. Plankton samples were

collected from the dam and from the river at Benalla for comparison with that

of the nearby Goulburn impoundments. Comparative statistics for the dam are

given in Table 5.27.

Physico-chemical features :

Ranges of some measured physico-chemical features from Lake Nillahcootie

are included in Table 5.27. Ranges in this study were: water temperature

8.0-25.3 oc, pH 7.O-7.9, Do g.6-12.4, conductivity 55-J-24 US, turbiility I2-2J-

¡1g (n=4), i.e. similar to Goulburn lrleir. Ranges from the river were :

water temperature 8.O-27.0, pH 7.O-7.7t DO 7.O-aI .2, conductivity l'l 0-575 }tS,

turbidity 20-24 NTU (n:5). Differences between the two sites were due to

morphometry, time of sampling, and catctunent use.

Biological features:

Phytoplankton: Algrae v/ere sparse in most collections. In the darn, the sr:runer

1977 phytoplankton was similar to the northern bays of Eildon, and to that of

GouLburn lileir, í.e. Micrasterias, Spiroggra, Vofvox- A large population of

Ceratium also was present.

Zooplankton: Thirty four taxa were recoriled from the darn t19 Rotifera, l0

Cladocera, 4 Copepda.,J- ostracocl). Seasonal changes in the Nillahcootie

plankton are shown in Fig. 5.29. Microcrustacea, principally Clailocera, h7e-re

predcxninant in three of the collections. No rotifers \^rere present in winter

A918. In auÈuun 1-979, rotifers comprised 7aÈ of the plankton;, 13 of the 14

species recorcleõl were true limnoplankters. Of the Clailocera, B. meridionaTis,

and probably also C. quadrangaTa, $/ere perennial" The perennial copepoÉls,

B. triarticu1aÊa and C. ampuL7a, \^rere cortroon in the other impoun&nenÈs.

The plankton corununity of Nillahcootie was more similar to Goulburn

Weir (24 spp. in conrnon, fl,Z of Nillahcootie plankton) and Eildon (23 spp.1688)

than to ðlownstream Lake Yictoria (14 spp., Aaz). Average momentary species
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composition was 7.0 rotifers, 3.8 cladocerans and 2.5 copepods. Species

dominants showed similar seasonality in Nillahcootíe to those in Eildon and

Goulburn Vfeir, although the smaller''_storage had a greater plankton diversity

(i g' 2.5, max. 3.86 in autumn). No quantitative samples v¡ere taken from the

dam, and no further analyses made.

Similarly, samples from the river at Benalla were qualitative. The

influence of variable current flows and fringing hydrophytes r,ttas apparent in

the shallow weir (3-4 m deep). of 81 taxa collected from open water (53

rotifers, 14 cladocera and 4 copepods), *or" than half were littoral or

epibenthic in habit, occurring as strays during low flow conditions over

sunmer, when the weir resembled a pond, or flushed from reedbeds in high

flows of autumn-winter. Plankton density and diversity were similar in the

downstream weir (i H' 2.7, max. 3.09 in summer) to that of Nillahcootie

(n=5). Average momentary species composition \¡ras I0.6 rotifers, 2.8 cladocerans

and O.8 copepods. There was least similarity in the rotifer component of

the river station plankton to other sites, ê.9. 12 spp. shared with Eildon

(232), 16 with Goulburn Weir (3Ot), 4 with Lake Victoria (84¡ and 9 with Lake

Nillahcootie (178). A greater proportion of cladocerans were common to all

sites (i.e. 43% Lakes Victoria and Nillahcootie, 7Lz Eildon, 952 Goulburn Vüeir)

À1I of the copepods from the river site were present in Eildon and Goulburn

lrleir, two in Lake Victoria, and three in Nillahcootie. No further analyses of

the Broken River collections \¡/ere made; they serve as a comparison with

collections from slow-flowing reaches of rivers in the north of the basin, e.g.

the Gwydir, where a similarly rich plankton dominated by rotifers \^las recorded.

The R. Murray downstream of the Goulburn confluence

Below the Goulburn confluence, collections were taken from,the Murray

at Echuca and Swan HilI. General comments only are given.

R. ¡lurray, Echuca (station 28, Fig. 2.D.)

In spring (29.íx.76) high flows precluiled development of the river

plankton. A few individuals of K. quadrata, A-priodonta, A. rectanguTa,
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B. meridional-is and B. ttÍattícuTata were recorded. Considerable amounts

of detritus and suspended organic material were present. In summer (08.ii.78)

rotifers r,'¡ere numerically domínant 
-!66å), 

predominantly T. agnatha austraTien-

sis and ¿ecane sp. Subdominants were K. cochleaÍist K. quadrata, Sgnchaeta

sp. and FiLinia sp., i.e. a mixed assemblage of true plankters and facultative

forms. B. merídionaLis was the only cladoceran present l24Zr. Species

diversity was high (H' 3.02), a result of a dense bloom of Mefosira which

prevailed in the river (cf. Mulwala) - Large amounts of detritus trapped in

clumps of alga1 filaments provided suitäble substrates for non-planktonic taxa.

Slow flow conditions over sunmer undoubtedly contributed to the maintenance

of this assemblage. Population density was low (=I2 9,-r).

An autumn sample (25.v.79) also had a high diversity (H' 2.78) and low

density (6.7 9"-L). Phytoplankters were sparse. Microcrustacea comprised

56% of the plankton, with a littoral species, A. rectanguTa, dominant. Large

amounts of suspended organic debris nossibly facilitated its survival.

B. metidionalis was sr¡bdominant. Six taxa of rotifers occurred, predominantly

P. doTichoptera, B. anguJa¿ris and K. cochleari.s f .tecta. The influence of

releases from the Goulburn is suggested; the same species dominants were

present in Goulburn Weir, and the form of K. cochfearis present was typical

of Goulburn waters. It was not collected in the Murray upstream of the Goulburn

confluence.

R. Murray, Swan Hill (station 27, Fig. 2.L1)

As at the upstream station, a depauperate plankton assernblage was

recoriled in spring. .Diversity also was low (H' 1.80) - B. meridiona-Zjs was

the only abundant plankter (622). Other species weïe as at Echuca, with

C. sphaericus and. EucAcTops n.sp. also present. Low ilensity and diversity

were probably due to high spring flows. Samples in autr:mn (L,6.v.77, 25-tt.'19)

and sr¡runer (08.ii.78) showed similar trencls to those from upstream stations,

although species composition was slightly different. In sunmary, ttre auturnn

a977 plarrkton was dominated by microcrustacea (68%), with B. meridìonafis

predominant. Diwersity was higher (Ht2.23) than in spring. In srmner 1978,
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rotifers were most abundant during the MeLosira bloom (63*, Sgnchaeta

predominanti H' 2.98). The autumn 1979 sample was dominated by micro-

crustacea, v¡ith tittoral species (!;^ur*uta, I. sordidus' 86È) most abundant

(H' 2.83). The river at this time was Iow, flow rate was J-ow, and turbidity

was high (Secchi reading 2.0 cm). Densities in all samples were < 20 L-r,

with 10-12 species present in the plankton.

CIearIy, although few samples were taken, flow rate and source of

river flows were important in determining plankton compositíon. The greater

diversity in the plankton accompanying algat blooms from Mulwala probably is

characteristic, as are the seasonal compositional changes in plankton

assemblages. The respective contributions from these upstream sources is

reflected in community structure in the lower Murray plankton (Ch. 7).

The Murrumbidgee River (fig. 5.30)

The Murrumbidgee River drains west from the Eastern Highlands,

supplying irrigation needs in the Murrumbidgee lrrigation Area. Burrinjuck

Dam regulates flows. Diversions into the river from the Snowy Scheme enter

via the Tumut River downstrea¡n of Burrinjuck.

In this study, plankton samples were collected from Lake Burley Griffin,

an impoundment on the Molonglo River ( a tributary of the Murrtunlcidgee) and

Burrinjuck Dam. Seasonal samples were collected from the Murn¡¡bidgee at

Jugiong, above the Tumut confluence, and Gundagai, below the confluence.

I;{yangala Dam, on the Lachlan River, a northern tributary of the Murru¡ubidgee,

also was sampled.

5.2.2.5 Lake Burley Grif f in (Fig. 5.30, inset) !

Constructed in the early 1960's for recreation and aesthetic use

in Canberra, A.C.T., this smaIl, shallow storage impounds waters of the

Molonglo River, which joins the Murn-unbidgee below Canberra. Teatures of the

+ .é+
-stõ?ä!e weîe-ieported by Hillman (1974,1980) following a stuily of zi-nc

pollutíon ancl primary productivity in the lake. -l4orphometric and other cletails

of the lake are given in Tab1e 5.24.
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Tab1e 5.28: Morphometric and other features of
Lake Bur1"" 
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Physico-chemical features :

. $later quality measurements made during this study were as follows:

water temperature 9. o-25.o oc, pH 7--.3-7.8, dissolved oxygen 7.9-IO.O,

conductivíEy J-25-200 uS, turbidity 2-23.O NTU. In terms of nutrient levels

thè lake was considered to be marginally eutrophic (Hillman, 1974), but

nuísance algal blooms were prevented by the characteristically high abiogenic

turbidity, i.e. shallow morphometry and exposure to wind action.

Biological features:

Only the zooplankton was examined in samples from the lake. Phyto-

plankton densities generally were Iow.

Community composition: twenty-eíght taxa of zooplankton were recorded from

the impoundment (15 Rotifera, I Cladocera, 5 Copepoda). Species composition

and seasonal chq.nges therein are shown in Fig. 5.31. On any sampling date

there were 10-l-6 species in the plankton, with one or two dominant species

comprising 40-80%, one or two species subdominant, and the remaining taxa

represented by few individuals. Some seasonal trends were apparent: in spring

L977 aLL groups were represented equitably, and diversity was highest (H' 2.59).

Rotifera predominated in sununer 1978 (Asplanclna spp.) r copepods in autu¡nn

(8. triartícuLata), rotifers in winter (Sgnchaeta spp.) and B. triarticulata

again the following suruner. As in Hurne and Mulwa1a, sumrner blooms of the

dinoflagellaÈe , Ceratíul?r, h/ere noteil. It was the nr¡uerically îost abunclant

plankter in 1978, second only to copepodites in 1979.

Species diversity was higher in Burley Griffin than in Burrinjuck

(i u' 2.13 vs. I.2) and more species \^rere present on any clate, although lower

densities were recordeðl (7-43.1,-1 vs. 12-567 [-1). with the exception of

K. sTaeki and P. Temnae, which are characteristic of shallow littoral haJritats,

other plankters in Burley Griffin were true limnoplankters, i.e. 93å, a

greater proportion than from any other imporrndrnent. With a few exceptions,

'e.9. A- girodi, recorded only from Burley Griffin, these taxa were the most

widely distributeil and er:rytopic forms, ubiquitolls across the study area, anil

exhibiting similar seasonality as in othei storages, ê.9. M. míetura (surnmer).
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CC values for Burley Griffin samples are given in Tab1e 5-29.

Environmental factors: No correlations were found between environmental

variàbles and density of zooplankton ,taxa (all r2 values <0.20). Sampling

was too infrequent. The artificial nature of the Burley Griffin basin probably

has the most profognd effect on plankton composition, i.e. absence of a fringing

littoral zone (which is activety discouraged by weedicides) ' preventing littoral

and pseudoplanktonic incursions which are a feature of other impoundments-

Greater diversity and lower population densities, with different species

dominants than were recorded from Burrin¡uctc possibly reflect nutrient

differences. Contributing factors in Burley Griffin are the shallow morphometry

ánd exposure to wind action, and maintenance at fuIl level, i.e. fewer

fluctuations than in an imporrndment used for irrigation or generation of

hydro-electricity.

5.2.2.6 Burrinjuck Dam (station 42, Fig. 5-30)

This storage has received attention in recent years due to nuisance

bloo¡ns of AnacAstis and Anabaena resulting from eutrophication. Nutrient

enrictunent occurs from the upstrearn Murrunbidgee and Yass Rivers, which drain

populated areas around Canberra. There is tittle published infor:nation on

physico-chemical or biological features of this large dam (1.03 x 106 MI,

< 60 m deep). May (1978) includes some data from unpublished reports, and

info::nation on water quality and biology is included in an A.C.T- water

quality survey report (l:{.C.O.C.,1978) .

sampling sites: site 1 (rig. 5.3o) was 1.5 1sn upstreem frcrn the dam, in

approximately 3 m depth. Site 2 (1 m deep) was on the Ì'¡Jurn¡nbiilgee arrtr

adkacent to the Good Hope caravan park. Sampling dates are included in Fig-

5.3ljc.

Physico-chenical features :

'''"-\ ¡ surface ternperature range of IL*25 oc tas reported by May C1978) -

In the present stuõty a rançJe of 8.0-31 .O oC was recorileõl at site 1. Secchi

transparenci es of a few crn to 5 m were reporteól, with lowest transparency
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during spring flooding. In this study, turbidities of 1-40 NTU were recorded,

with the highest turbidity d.uring a VoTvox bloom in summer 1977. Higher

nutrient levels, lower dissolved oxygen and higher bacterial counts occurred

in the northern arm of the reser.roir tfr"¡r in the southern (May, 1978) (cf.

nildon). Other ranges recorded in this study v¡ere: pH 7.O-7.6, dissolved

oxygen 7.0-10.6 ppm, conductivity 93-190 US.

Biological features:

Phytoplankton: Thirty-one species of algae are recorded from Burrinjuck

(May, 1978) (cf. Hume, Eildon). In summer \977 a VoTvox bloom at site 2 was

estimated to have more Èhan 5 x 103 colonies.l,-1, with an accompanying pulse

of AnacAstis cAanea. Both genera also \¡rere present at site 1, but in low

nurnbers, with .gtaurast¡um spp. predominant. Bloom conditions of ttre latter

were noted in summer 1979. In other cotlections algae were not abundant.

Most frequently encountered genera were Cosmarium, Cgc7ote77a, EugTena (spring-

suruner) , MeTosira, Micrastetias (autr¡nn-winter) , Sphaerocgstis and Spìroggra

(summer) . Ceratium r¡ras present only in i.he 1977 collections.

Zooplarrkton:

Conrnunity composition: Thirty-three taxa were id.entified (17 Rotifera, 9

Cladocera, 7 Copepoda) - CompositionâI clata are shov¡n in Fig. 5.31b. Approx-

imately 50% of these occurred also in Bur1ey Griffin. Thr=e was no apparent

synchrony of appearance. l]nlike the Br:rley Griffin lirnnoplankton, non-

planktonic or facultativety planktonic taxa Ì¡reïe present in all Burrinjuck

samples (9 spp.), indicating the influence of littoral areas. Strays were

more freguent at site 2 than site 1, which had a rocky beach with no ernergent

vegetation.

The most frequently collecteil rotifeï was P- ãofichoptera, but the

most a-bundant in any collection was åscømorpheTTa voTvocicoLa, a parasite of

VoJ-vox. In the sunner a9-17 7lolvox blocnn, 608 of colonies containecl single

-, -" "\
rotifers. No accurate count coulél be macle, but frcrn the esti:nate of 'lloLt¡ox

density, with 6oE parasitism, at least 2-3 x 103 inðiviiluals &-l were present.
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This is the highest density recorded from any collection during the study.

Other Rotifera were fewi eleven of the species recorded were from single

collections.

Simitarly for the microcrustacea, few taxa occurred in consecutive,

or more than one or two samples. Most cortrnon taxa were B. metidionaTìs,

C. quadranguTa, B. ttiarticu-Z.ata and C. ampu77a. The occr:rrence of four

species of calanoid in the autr¡nn 1977 sample was of interest. B. delicata

may have been washed in frcm higher altitude. C. austral-ìca was co-occurrent,

and was not recorded elsewhere durinn in" study. As mentioned earlier,

specimens differed slightly in morphotogy from the t1pe. It is like1y that

an isolated population, perhaps from a billabong, \^/as flushed into Burrinjuck

with high autumn flows. Several taxa conunonly found in billabong littorals

also were present (e.g. A. rectanguTa, 7I. spinosa).

Copepoda were preilominant through a977, cornprising 84-962 of the

plankton (cf . Eildon) . Rotifera \^/ere nmerically abunclant in winter l-978 ancl

surwner l-979 (67ø" and 71% respectively) . Zooplankton ilensity in site 1 samples

is shown in Fig. 5.31b. Mean density was an orðer of magnitude higher at

site 2 than at site 1 6 SøZ 9--1 , n=4, -I/s. 66 9'-7, n=6), althoughmuch of

this disparity reflects the single suntrner pulse of A. tzoivocicofa (O8.i.77).

-llean density for the three other collections \^¡as 90 L-l , i. e. the same orôler

of magnituõle as reporÈeil in the N-c-D-c (1"978) study' Greatest clensities

occurred at both sites in sr¡uner a¡rcl autr¡nn J:977. LowesL density G2 [-1 )was

recordeil at site 1 iluring high autunn flows [25.v.78). Low densities

prevailed in the winter l-978 anil sturutreï 1979 samples. Vlith the exception of

the autr¡¡nn J-978 sarnples, densities were higher than in Burley C'riffin.

Species diversity was Io\^reï than for ary other storage (I ¡r' )-.241 ,

with lower diversity at site a (o;91) than at site 2 (1'87)' Greatest cliversity

was at site l- in autr¡nn 1978 (2-4), lowest at site 2 cluring L}rle Volvox bloom

'(o.44',) .

CC values for Burrinjuck and Burley Griffin samples are comPared in

Table 5.29. Although the plankton of both storages showeõl generally low



Table. 5. Ð ccnr¡arative cc values for Burley GriffiJ¡ and Burrinjuck:

Br:rley Griffi¡r'

Br:rrinjuck

L5.xL77

r. iii- 78

25.s¡.78

24.víií.'78

.iv.77

.v.77

.xi.77

.v.78

.vfl-t.
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4T
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.45

.58 .40 .44

f .iii.78 25.v.78 24.:tiíí,78 03.ii.79

.36

.36

.46

.13

.20

.06

.06

.14

.33

.43

.36 15

12

.27

.12

18.v.77 lr5.xi.77 25 -v -78 24.vüL'78 3.ü.79
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similarity between sampling dates, higher values for Burley Griffin reflect

the greater stability of its plankton assemblage'

In stxNnary, Burrinjuck was,the only storage in which dense algal

blooms were recorded. Às in highly eutrophic waters elsewhere, there was a

marked decrease in zooplankton diversity with maxímr:rn algal biomass, with a

single zooplankton species achieving bloom proportions. While diversity was

Iower éturing such blooms than in any other storage' mean zooplankton density

was the greatest recorded. The predominant influence on the Burrinjuck lirnno-

plankton is nutrient enrichment from uistream sources into the northern a:-n'

The habitat heterogeneity so produced has led to a heterogeneous lirnnoplankton

assernlclage. Clearly, more intensive study than was possible in the plesent

sarupling program would be necessary to clarify species and corsnunity relation-

ships in this reservoir.

The Murrumbidgee River downstream of Burrinjuck Dam

samples were collected from the Murrumbidgee below Burrinjuck on

1O.viii.76, o8.L.77, l:9-v.77, 25.v.78 and 3.íi.79. Sites were as shown in

Fig. 2.ilJ'. On all occasions, plankton r¡¡as sparse (<f 1,-r¡. In winter 1976,

for exænple, C. splnerìcus, B. metidionaTis and B. triatticul-ata were present

in the river at Bal-ranald. Most plankters were dead on collection, although

viable eggs (Bosmina, BoeckelTa) hatchecl in a laboratory aguarirm. At Hay,

B. Tegdigü anil cyclopoid copepoctites were recorded, apparently flushed from

standing waters or marginal hydrophyte becls. No live plankters were collected

at Narranclerah, Vlagga Wagga or Gtrndagái. AI1 sanples contained a-br:nilant

suspendecl silica anôl organic detritus. High winter flows precludeël plankton

develo¡xnent.

In lower flow conditions of sr¡¡uner ancl autr¡nn a mo:re dir¡erse assernblage

occurrecl in the -Ivturn¡nbidgee plankton, although densities !üere low- In autr¡nn

j,gTj six-nine taxa were recoïaleal at all stations, preilixninantly B- triarticulata

and C. annpt77a, with tittoral strays (A. rectanguTa, f.'sordidusL' In autrunn

),9-lB 7.6 taxa were recorðleõl at Gundagai. Only ttrrèe of these were presènt in
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Burrinjuck. Rotifers domínated the river plankton (12 spp.) and most were

true plankters (e.g. K. cochfearÍs, S. Iongìpes, S. obTonga, S. pectinata'

F. TongÍseta, p. complanata) . Cladocerans r¡¡ere sparse (8. metídionaiis,

A. tectanguTa) as were copepods (8. triartícu7ata, c. Tucasil.

The paucity of plankton in the Murn¡nbidgee during this study apparently

was due to low survival in the turbulent high pressure hypolimnetic releases

from Burrinjuck, and similarly low survival due to turbulence in the major

triJcutary, the Trmut River. OnIy during low flows was a relatively diverse

potamoplankton present, the dominant rp".i"" of which were not those of the

upstream reservoir. VÍhile sorne of these t.*. *ete pseudoplankters, flushed

from fringing vegetation, most were true limnoplankters, with breeding

populations in the river. Their origin is not clear, although backwaters and

sluggish reaches may allow development of arr autochthonous plankton (see Ch- 7).

5 .2.2.7 Vüyangala Dam (station 82, Fig. 2.LL)

Northernmost of the Murray basin tributaries, the Lachlan River flows

south west to join the Murrumbidgee ::100 km upstream from the Murray-

Murrumbidgee confluence. Wyangala Dam was constructed in 1936 (enlarged in

1971) to regulate flows for domestic, stock and irrigation supply downstream

(IIIRCN, 1978). In this study, samples were collected from a single site in

Wyangala (fig. 5.32), below the dam from the Lachlan at Cowra, and from a

tributary, the Boorowa River at Boorowa. Morphometric and other features of

the lVyangaÌa storage are given in Table 5.30. The dam was sampled only three

timesi seasonal data therefore are incomplete, and are presented in surunary

for comparison with Burrinjuck Dam, some 100 km south.

Physico-chemical features :

The fotlowing ranges \^rere recorded: \¡rater temperature 9. O-27.0 oC,

pH 7.2-7.8, Do 7.5-9.8, conductivity 180-245 US, turbidity 0.5-1.0 NTU. v{ith

the exception of.conductivity, which was slightly higher in Wyangala, measured

water quality was similar to that in Burrinjuck. On the basis of total-P

leve1s (.016-.028 mg.0-r, wRcN,unpublished) (cf. Hume), it is like1y that
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Tab1e 5.30: Morphometric and other features of

I{yarrgala Dam (WRSN, !978¡ unpublisheil)

Latitude and longitude

Elevation (m)

Catchment area (k¡n2)

Surface area (ha)

Capacity (MI)

Max. depth (m)

Reteirtion time (Yr)

Cation dominance

Anion dominance

33o 58' s

1480 57'E

380

8,29O

5 ,300

1.22 x ]:06

72

<1.0

Na>Ca)M9

HCO3 > CI>SO¡+

I
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Wyangata is seasonally eutrophic.

Biological features:

OnIy ín the autumn 1979 samþle were phytoplankters abundant, with

dense clumps of OsciTLatorÍa filaments present. Zooplankton density in this

bloom was low (I8.2 1,-l). Trtenty-seven zooplankton taxa were recorded from

aII collections (16 Rotifera, 5 Cladocera, 6 Copepoda). Species composition

of the limnoplankton on each sampling date is shown in Fig. 5.33. AII sampJ-es

were numerically dominated by calanoid copepodites (8. ttíatticulata, C.

ampulla). Rotifers comprised only 5t of the autumn 1978 sample (7 spp., with

K- cochTearis, K. procutva, P. vuJgaris and H- mita most abundant) , 244 of

the spring collection (7 spp.; predominantly S. Tongipes' P. vulgaris,

C. unicornis), and 374 of. the summer 1979 sample (11 spp-, S- Tongipes,

P. vuTgaris, A priodonta and rl- mira most conunon)' cradocera were sparse'

As in other storages, B. meridional-is hras perennial . Ð- excistzn, coluuon in

billabongs, h¡as present during the blue-green algat blocm. As in other storaget

Ð. l-umhoLtzi occtrred over su¡ttrner.

Several congeneric associations were noted, e.g. three species of

Ketatel-l-a in autumn (K. cochfeatis, K. procurva, K. tropical , thto in sr"nmer

(K. procurva. K. vaTga). Three species of Lecane, an ostensibly epipþÈic

genus, occurred in sr¡wner¡ L. acufeata and L. inopínafa, both Lropical wa:m

stenothe:ms recorded frcrn the continent for the fi-rst time (the fo:rner only

in t'Iyangala), a¡d E. 7una. C.quadranga-7.a and C. coznata hreïe co-occuffent in

sunmer, a¡rd tÌ¡ree calanoicl species vrere present in all samples; B; fluviaTis

and B. triarticuTata, with C. ampuTTa in auÈr¡nn, an-l C. Tacasi in spring anil

suntrner,

,Etean zooplankton ilensity was 57 &-1, mean diversity r.¡-as 2.1-. Both

density ÇLi.2 9"-t) anél cliwersity (.H' 2.37,1 were highest in sr:¡uner. The

Vtyangala species assonblage \{as closer in composition to ihe -Darling storages

(-56% of tæ<a in ccuunon). than to those of the llurray (e.g. 44?^ of.'taxa shared

with Burrinjuck). Preilo¡ninant zooplankters were those of wide dist-ibution,
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with a small block of restricted forms (e'g' T' chattoni' recorded only

from l,{yangala and Lake Eucumbene; .L . inopinaËa only from lrlyangala and Lake

Menindee).Inviewofinfrequencyofsænpling,nofurtheranalysesTô¡eremacle.

Ttle Lachlan River below WYangala

Qualitatiwe tows were taken frnrn the Lachla¡t at cowra to cletemine

the contribution of the reseryoir plankton to the riwer' OnIy three samples

h¡ere possi5le, anil only general observations can be given'

With the exception of temperatùre, which \^¡as some l-O.OoC lower in

spring ancl surmer than at the surface in Wyanga1a, water quality was sjmilar'

very low itensities of plankters c<5 [-1 ) were present in all saruples, with

considerable anounts of organic detritus, particularly Bosnina exoskeletons'

only a snall proportion of the dan assemblage occurred in the rir¡er, i'e"

were limiteil by cr:rrent welocity and turbulence cluring release. In autr:¡un

fg78, B. meridionaTis, B. ffuyia-|is and c. ampuTTa were present (12O *" of

the ctasn taxa), hr-ith littoral strays B. kendaflensjs anil juvenile ostracoôls'

In spring, only copepo-t nauplii were recorded' As in other rivers' a lnore

diwerse assemblage was present during slow flows over sultrûer f7 spp'' 5

rotifers, a clailoceran, 1 copèpo-l), however only K. ptocurva and B. triartic'

ufata also were in the dan. The oth.er taxa (7Oà of the river assernblage)

were littoral strays (e.g. E. proximã, Ð. hauetÍensis, L. cfosterocercal.

Itew of the wyangala limnoplankton surrryirred into the river.

collections frorn a tributary, the Boorowa Rir¡er, containeil a plankton

more sj¡ilar to that of a billabonq than a river, i.e. dominated by micro-

crustacea, \ntith a high proportion of Tacroinr¡ertebrates in open v¡ateT' In

autlntrn, for exarnple, the plankton was clominated by B. ffuviilzjs anil c' Tucasi,

with B. meridionaTis, S- yetitrlus and AI .TeuckarÈj subdominant' Ttre inflrrence

of shallow morphcrmetry ancl fringing rregetation was apparent, with l-4 taxa of

macroinvertet¡rates collected in 5 x 6m tows'

Logictics precluded sampling of the Lachlan below cowra' It is tikely

that this river nrovides a transport corridoÏ for species found in the north
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of the basin, e.g. B. keìkoa, MonospiJus spp. were recorded downstream of

the Lachtar¡-Murrumbidgee confluence, but othen¡rise occurred only in Darling

waters.

The River Ivlurray downstream of the Murrumbidgee confluence

Seasonal coltections were taken from the Murray at Euston and Mildura

(stations 25 and 24) , wiiutr incidental collections at Boundary Bend (station 26,

Fig. 2.I]-). Similar trends were apparent to those recorded at Swan HilI, and

are presented here ín summary.

In winter L976, the ínfluence of Murrumbidgee fJ-ows into the Murray

\Áras apparent. At Euston and Mildura plankton densities were <5 L-r ¡ only

A. priodonta, C. sphaericus and B. meridional-is \^rere recorded. Boeckellid

exoskeletal debris was abundant, and was present in collections from several

points along the Murru¡nbidgee, apparently due to releases from Burrinjuck. On

the same day, at Barmah, on the Murray, calanoids were not recorded; B.

meridionalis predominated. Plankton densities were fow.

The spring assemblage was'considerably more rich in species than at

upstream stations, for example at Mildura 11 rotifer species (33%) 2 c1aôlocerans

(66%) and 1 copepod (18) accompanied a localised Mefosira bloom. B. meridionaLis

predominated, with K. cochlearis, K. slackÍ, K. tropica and F. Tongiseta passa

subdominant. Densities were patchy, possiJcly a result of urban runoff anil

nutrient inflows at Mildurêr ê.g- i,84 plankters 1,.-l occurred at l{ildura, while

<5 .Q,-r were collected at Euston. Some reduction of flow at -tvlifdura due to

Darling inflows also may have contribuÈed to increased. density and diversity,

Low densities prevailed over suntrner 1976-77 during a second pulse of

I,Ielosira (<20 plankters L-1). Rotifers predominated (1 2Z), v¡ith four species

of FiTinia nr:merically abundant, i.e. different species dominants to upstream

stations. B. meridionaJ.is was the only cladoceran recorcled.

. The autr:rnn zooplankton at Mildura was less diverse than at upstream

stations (H' 1.75) although more species were recorded. A single rotifer

species (f'. terminalis) comprised 69c. of the plankton. A further 14 rotifer
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taxa made up another 25*, rnrith three cladocerans and two copepods making up

only a small proportion of the plankton (p.l4t).

The plankton of the middle.-reaches of the Murray is influenced strongly

by the shallow impoundments at Mulwala and Goulburn Weir. The species compositic

of the river plankton reflected the seasonal variability of these storagtes.

Seasonal algal blooms, particularly of MeTosíra, produced a more diverse

zooplankton. At any point in the river different species dominants occurred,

depending on local cond.itions. These longitudinal compositional changes were

characteristic of most slow flowing r"."tes of the Murray, and as will be

shown in the next section, the Darting rivers. More or less discrete slugs

of water move downstrearn, the plankton community apparently maintaining its

integrity within the water mass. Spatiat ald temporal variation in the

potamoplankton will be considered further in Ch. 7.
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5.3 The Darling River system

It is inilicative of the climatic -yariability of the north of the

basin that of five fielil trips along- the Darling Riwer and tributaries, one

(autr¡nn 1977) yielclecl little material , with no flow recordeil in the river,

and littte stancling water on the floodplain, buf the following autrmn=winter

the riverwas inaccessible due to prolonged flooding. Consequently stations

on the Darling rivers and reservoirs were s¿unpled only three times, in autr:mrt

and sr:nrner. A seasonal series was possible only at Wentworth, above the

Murray-Darling confluence. Data are tfreretore treated in surunary only,

with a brief consideration of the reservoirs and clownstrearn river reaches,

and general observations on the plankton assernblages recordecl.

5.3.1 The reservoirs

Physico-chemical features :

Of the four major storages on the Darting R. heaclwaters, Burrendong

Reservoir on the Macquarie R. is the largest (7,-67 x aO6 MI), then Copeton

on the Gwyilir (1.36 x 106 Ml), Keepit on the Nænoi (-42 x 1O5 MI) and Pindari

on the Severn (37 x 103 MI). AII were constructeil during a96O-'16 for stock,

domestic and irrigation supply. There are no major dams downstream, although

32 low weirs impede flows on the cotrrse of the Darling. A further series of

weirs and barrages at Menindee fo:r¡us forrr shall-ow (= 3 m deep)'lakes' (I.79

x 106 MI) , also for stock, õlomestic a¡rd irrigation supply, ancl as a fÌushing

supply to atleviate high salinities in the lower -llurray (see Ch. 7l -

Although basic water quality has been monitored (approximately bi-

monthly) by the ITIRCN at an extensive series of riverine and lasustrine stations,

not until 1-979 were nutrient levels rneasurecl in the reservoi-rs. Litt1e

biological info:guation is available. Features of the physico-chqnical

lirnnology of the three reservoirs samplecl in this stucly are sunmarised in

.Tab1e 5.31 anit dissussed briefly below. Retention times are baseil on storage

capacity and annual regn:Iated flow õlata, and are, at best, subjectiwe-

Data on NOg and total-P levels are from three dates only (early a9'19).



Ta-bre 5.31: Morphometric, physico-chemical and other features
of Keepit Darn, Burrendong Dam and Lake Menindee (abstracted frorn
unpublished !{RCN data) .
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The order of ionic dominance ¡¿ I Ca > Mg > K, HCO3 > SO* > CI > COg

is typical for Murray-Darling waters. The calcium bicarbonate waters of

Keepit Dam reftect geologic origin,_.increasing Na levels at Menindee the

influence of saline groundwater. The headwater reservoirs are commonly

alkaline, of relatively low conductivity, TDS and turbidity. High turbidities

in the Menindee storages result from shallowness, riverine influence, and

exposure to prevailing winds. The limited nutrient data available show

variable NOs and P levels within the ranges reported from Lakes Hr¡me and

Mulwala, i.e. indicative of meso/eutrophy (V'lalker c Hillman, 1977) ' The

range of water temperature is greater than that of Hr¡ne or l4ulwala, reflecting

latitudinal dif ferences.

Biological features:

Zooplankton composition of the three reservoirs (sr:¡uner & autunn only)

is shown in Fig. 5.34. Measured hlater quality, relative proportions, density

and diversity of the zooplankton are shown in Table 5'32 and discussed briefly

below. In view of lack of seasonal data, only general observations are

possiJcle.

5.3.1.1 Keepit Dam, Namoi River (station 109, Fig. 5.35)

All samples were dominated by rotifeTs, predominantly eurytopic species'

and copepodites. Species of llexaTthla' Sgnchaeta, Polgatt?rra and ConochiTus ,

true 1imnoplankters, \^rere numerically abrrndant. Two species only, S. Tongipes

ancl P . vulgarís were present in both sunìmer and autrrnn collections ' Sev-eial

species coÍtrnon to shallow waters elsewhere in the basin I¡IeTe collected

(8. quadrid.entatus, K. sTacki, E. diTatatal . Relatívely few adult micro-

crustacea vrere present. B . triatticuTata was present in all collections,

princípaIIy as copepoilites. other Îicrocrustacea were wiclely distributeil

eurlztopic species r e.9. C . sphaericus , 1¡1 . leuckarti '

. seasonality, even with limited sampling, was evident in the change in

species corqposition. A1tho-qgh clensity ancl cliversity were comparable for each

sample, only three of the species collected in autr¡nn a9-J7 wete present in
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Table 5.322 Physico-chemical and biological features

recorded during 1976-79, Keepit, Burrendong anil Menindee

storages.

water temperature (oc)

pH
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surtrner Lglg. plankton densities were low, with a sunmer maximum of only 32 'Q,

The high proportion of small roÈifer species and copepodite stages

suggests that retention time is a major influence on the Keepit plankton, i'e

microcrustacea, with longer life cycles, are not able to develop. Those

which were recorded apparently are short life cycte opportunists.

5 Burrendong Dam, Macquarie River (station 97, Fig'

The limnoplankton of Burrendong, some 230 km south-west of Keepit,

was markedty different in composition. Copepods (C- ampu77a, B. triarticulata)

comprised 44-t;62, Idith cladocerans (8. meridìona7is, D. excisum and in summer,

M. mícrura) subdominant. Rotifera were aþundant only in summer (3L% of zoo-

plankton). Vlhile >70% of the rotifers in Br:rrendong were present also in

Keepit, asynchrony of occurrence was apparent. P. vuTgarjs was the only

species with coincídent pulses in both dams, however low population densities

suggest some taxa probably were missed. Simitar asynchrony of occurrence

\^ras apparent in the microcrustacea common to both dams (4 spp. , 338 of the

Burrendong assemblage). Comparison of averaçte momentary species composition

ernphasizes the disparity in the limnoplankton , i.e. 3.7 rotifers, 2.7

cladocerans, 1,3 copepods in Burrendongr vS. 6.3 rotifers, 1'3 cladocerans'

0.7 copepods in KeePit.

Population densities in Burrendong were considera-bIy higher than

in Keepit (i t:Z vs. 22 L-7),but diversitiès were lower due to the predominance

of one or two taxa (I for Burrendong v¡as I'69, -x H' for Keepit was 2'32) '

Seasonality was less evident than in the smaller storage. The same taxa did

not consistently appear in successive years.

Differences in water quality lrere not considered adequate to explain

differences in plankton composition between the two storages. The most

significant factor possibly is retention time. The plankton of Burrendong

resembled that of the larger Murray dams (cf. Hume, Eildon) of longer

rctention time; short retention time favours the development of short life

cycle, rapid breeding species (r strategists, cf- Miracle, L977). In this

3.L.2
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resPecttheplanktonofKeepit\^¡asmoresimilartotheshortretentiontime

Lake Mulwala and Goulburn Vteir assemblages' described earlier'

River reaches above the Menindee Lakes

Duringtheearlysurveysofthecatchment(ch.2),incidental

collectionslveretakenfromtributariesoftheDarling,ê.g.theVtarregoR.

at cunnamurla, erd (sÈation roo, Fig. 2.LL), the Baronne R' at st' George' Qrd

(stationlo4),theMoonieR.nearThallon,gld(station106),theMacintyreR

at Goondiwindi, gld (station IO5), the"cwydir at Moree, N.S.w (station 107),

theNamoiR.atGunnedah,N.S.w(stationIOS),theBarwonR.atMungindi,

N.S.v{ , the Castlereagh R. at Gilgandra, N.S;W, the Macquarie R. at Wellington'

N.S.W, (station lrl), and the Bogan River at Nyngan, N.S.W. (station 95).

Darling R. sampling stations were at Bourke (station 94) and wilcannia (station

e3) .

Itv¡asnotfeasibletosampleatlstationsaftertheearly'collections;

seasonalsamplingthereafter\^TaSonlyfromtheriverstationsimmediately

belowKeepitandBurrendongandthetwoDarlingstationsa.bovetheMenindee

Lakes.Itisworthwhile,however'tomentionthefeaturesoftheseheadwater

reaches which promote a species rich plankton, predominantry tropical forms'

which persist into the lower Murray'

Most Darring R. heailwater rivers were highry turbid (so-l'00 NTU)

whensarnpled,urilikethoseofthellurray.Watertemperatureswerewithinthe

range L3.5-22.0 oc , pH 1-'l-a-3, dissolved oxygen -l'5-g'2 pp¡n and concluctivity

110_450 pS. Rivers.usecl for irrigation (e.g. Balonne, Gvydir, Ban.lon, Namoi)

usuarry were most sarine. Becamse of gentre gradients, flow rates generally

were Iow, althoughspateconditionsoccurredintheWarregoandBalonneRiverl

in autunn agf}, with a reôuction

Nutrient levels were not measure-l'

in density ancl diversity of the plankton'

however data from the VüRCN indicated that

sorneoftheheadwaterriverswereseasonallyeutrophic,e.g.total.Pranges|

I976-78t from the l4acquarie R' were '016-'060 mq 'l'-f ' anil from the Næoi ' 030

.8OO mg .0-1 (I^rRcN, unpubtished data) '

The combination of slow flows' nutrient enrichment and moderate
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60 plankters ,[--l were recorded. Eleven species were present (4 rotifers, 4

cladocerans and 2 copepods), with C. cornuta comprising 65t of the plankton-

Díversity was low (H' L.62). The river was highly turbid (I25 Nru' cf. Fig'

5.37) and flow was minimal. fn. foifo*ing auturnn, with relatively high flows,

rotifers predominated. Fourteen rotifer ta:<a made up 95S of the plankton,

with p. complanata, S. obTonga and B. caTgcifto-rus "Darling form" predominant.

Nine cladoceran and one copepod species also were recorded. lüith the exception

of B. merid.ionaiis, all cladocerans were littoral in habit (Al-ona, Bìapettura,

.l'IonospiTus, Macrothrix, ScaphoTeberis spp.) . Densíty and diversity both were

Iow (<5 1,-1, ¡¡, I.26). There was a similar roiir.t plankton with littoral

microcrustaceans in the Darling at Bourke, although, as in other Darling

rivers, there were spatial ilifferences in species composition.

The plankton composition of Darling waters above the llenindàe lakes

reflected Èliverse origins, with predominantly cosrnotropical ancl cosmopolitan

Iinnetic assemblages dominated by rotifers transported by the northern

tributaries, and mixeÈl pseudoplanktonic,/true plankton corum:nities introduced

from the smaller-tributaries which flow west from the Highlan-ls. While tÏ¡ere

hTas a high proportion of eurytopic, wideJ-y distributed opportunist species in

all headwater rivers sampleil, each river containecl a cliscrete block of taxa of

restricteil clistribution, such that the plankton of each influent was distinctive

This heterogeneous assernblage is ìmpounded in the I'4enindee Lakes.

5.3.1.3 The -tr4enindee Lakes (stations 91 ,92,Fí9. 5-38)

SampÌing sites in the tr4eninilee Lakes area a.re shown in Fig. 5-38.

I.ir¡e of the lakes weïe samplecl during initial surveys. Su-bsequent samples

were taken near the Lake Ìtenindee oltlet bairier. MorphcmetriJ, pnysico-

chemical and other information is incluiled in TäbIe 5.31 and zooplankton

composition in Fig. 5.34.

In summary, conditions in Lake Menindee more resemble a river than

a lacustrine habitat, i.e. shallow morphometry, tlrrou.ghflow, wind action,

little emergent vegetation. In consequence, the plankton does not develop
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into a lacustrine assemblage, but retained the features of the Darld-ng R.

community, i.e. dominated by rotifers and calanoid nauplii. In autumn 1978,

for example, of 23 taxa collected, 18 were rotifers, comprising 878 of the

plankton. Four species of Eitinía'r"r" numerically abundant, with B. angularìs

and K. austra-].is subdominant. As in the river, cladocerans present were littoral

tæra (Àlona, BÍapertura, MonospiTus, ITgocrgptus). Copepods (8. ttiarticul-ata'

C. Lucasi) were sparse. The following sulttrner, K. austta-Zis a¡rd Fi-ZinÏa spp.

predominated.

Diversities were uniformty high (e.g. -I H' 2.7,6 f.or Lake lilenindee), a

result of mixing by currents and wind action. Population densities were low

(<30 g-l) in collections from most lakes. A single exception was tr4aIta Lake

(Black cate Sanctuary, Fig. 5.38), where a shallow (10 crn) pool was left when

water was released on 22.v.78. A dense population of B. calgcifTorus "Darling

form" and B. novaezeaTandia tinged the water white. High turbidity (220 NTU)

largety was due to the rotifers. Shaltowness prevented collection of a volume

sample. Neithei species occr¡rred in other nearby lakes at the same time.

The Darling River Downstream of Lake Menindee

Seasonal collections were taken from the Darling at Pooncarrie and

lfentworth. The following physico-chsmical ranges we.re recordeél from !{entworth:

water temperature 10.5-18.5, pH 7.A-8-4, dissolved oxygen 9-0-l-0.O, conductivity

l-90-230 pS, turbidiby 22O-35O NTU.

phytoplankters were sparse in alt collections, and possibly were

limiteil by high turbidity. Zooplankton density was greater than phytoplankton

density at both lower Darling stations I I zooplankton density at Pooncarrie

was 45 .0-i, and at !{entwort}r 62 9"-i (n=5j1 . Densities were unifo:rnly higher

than in Lake Menindee, ancl increaseil further ilownstream.

The species composition of the lower Darling plankton lr¡as exceptionally

diverse, al-l ress¡nb1ed that of Lake trIenindee a¡d ttre rrpstreain reach-es, i':,e. arì

assmblage õlnminated by rotifers. In spring 1976, for exam,pl-e, K. aastralis

ancl C. dossuarìus ccmprised 54å of túe plankton. In autr-unn ag77 , releases and
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high flows from the lakes decimated the plankton; only one or two individuals

of B. meridìona7is, I'I . spinosa and B. triarticulata were recorded.. In the

autumn of 1978, 33 taxa were co11""_!-9a (27 rotifers, 69? ¡ 5 cladocerans, 5eoi

I copepod,2T*) with S. Tongiyns, F. australiensis and F. Tongiseta dominant,

K. australis, P. vuTgaris and copepodites subdominant'(density 44.2 9"- l, H'

3.18). In spring 1978 K. ausÈraLis again \^ras numerically dominant (8 spp. in

plankton, 27 9,- l, H' I.g7). Autumn 1979 collections produced 42 taxa in the

Darlingplankton: 32 rotifers (with 5 spp. of. FiTinía,6 spp. of Brachionus'

2 of Hexarthra and 2 of Sgnchaeta numerically abundant) made up 74å of the

plankton, copepodites made up 249., and cladocerans were a minor component

(density 80 .Q,-1, H' 3.66) .

In srmmary, the potamoplankton of the Darling River is derived from

headwater reservoirs, sluggish reaches of tributary streams, and from floodplain

bodies of water in time of flood (see Ch. 6). Slow flows and minimum turbulence

enable this diverse assemblage to persist into the ¡/turray. The influence of

barrages, weirs and short term impoundment in the Menindee lakes apparently

was minimal on the composition of'the potamoplankton. Because of slow flows

and moderate conditions, it is likety that several generations of plankters

would occur between the headwaters and the confluence, i.e. there was an

autochthonous and distinctive Darling R. zooplankton, a typically riverine

assemblage dominated.by Rotifera, the principal species of which were endemic

eurytopic forms and cosmopotitanr/cosmotropicál warm water taxa. The paucity

of phytoplankton was possibly due to characteristically high turbidities,

which in turn could account for the absence of obligate herbivores from the

river plankton, i.e. those species which persist can utilize the high levels

of organic detritus in suspension which vrere characteristic of Darfing flows.

As in the Mr:rray rivers, density and diversity of plankton increased downstream,

as incursion species were flushed into the river. In general, densities in

the Darling hrere lower, and. diversities higher, than in the uuLray. The

selective loss of some of these taxa in the lower Murray is considered in

ch. 7.
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5.4 Concluding remarks

Thetimnoplanktonofselectedimpoundments,andtheriverplankton

downstream of them, has been considered for rivers of the Murray and Darling

basins. Although the size of the sampling area precluded intensive sampling

of all reservoirs, the distinctive nature of each storage is apparent' The

contribution of the headwater reservoir limnoplankton to the potamoplankton

wasvaria.blerbutgenerallysmall,dependinglargelyonvolumeflows'i'e'

velocity, turbulence and hllpolimnetic release from deep storages \^rere inhibitory

tothepotamoplankton.Aselsewhere,slowflowingreachesandshallow

impoundmenÈs downstream allowed the plankton to reconstitute'1 The plankton

of the Murïay tended to resembte a limnoplankton. while that of the Darling

was a true riverine plankton. In both rivers, colonist species often were not

those of upstream impoundments, but limnetic species from marginat lenÈic

habitats, ê.9. billabongs. These taxa persisted in downstream storages such

as MuIwaIa and Goulburn weir. A high proportíon of these colonisers were

pseudoplankters, non-Iimnetic taxa occurring in open water during algal blooms'

These blooms, particularly of diatoms, supported a diverse zooplankton

assemblage. Densities generally were low, although comparable to those reportei

elsewhere (discussed further in Ch' 7) ' Greatest density and diversity in

most habitats occurred in spring and autumn. Depending on releases from the

upstream impoundments, the contribution of the Murray system to the lower

Murray varied from a lacustrine plankton dominanted by microcrustacea' to

a plankton dominated by Rotifera. The latter assemblage comprised true limno-

plankters and facultative forms which predominated in the shallow storages'

The mixing of this reservoir plankton with the riverine plankton from the

Darring is considered in ch. 7. The nature of the billabong prankton and

its contribution to the river system is considered further in ch' 6'

posTSCRIPT: Data on L. cullulleraine was to be included in ch' 7' As it is

more approproate to include here, the plankton assemblage of the ]-ake is

given in Fig. 5.39 for comparison only. species dominants were those of the

Iower Murray, from which the storage is filled (K' austraLis' B' meridionalis)'
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6. FLOODPLAIN HABITATS TIIE PLANKTON OF BTLI,ABONGS

6-L Generatr fntroduction

Ihe first major revíews of studies on river ecology made scant

reference to the importance of the floodplain to the river ecosystem (e.9.

Hlmes, L97O¡ !ùhitton, L975). fn a review of riverine fisheries, Welcomme

(1979) sununarised morphological, hydrological and biological features of

floodplains. Despite the wide range of examples given, Australian rivers

were not included.

Welcomme classified perennial rivers as flood or reservoir rivers,

noting that maly of the former had been Èransformed into reservoir rivers

by impor:ndment. Irltrite few of the Murray-Darling rivers are perennial , their

morphological features and hydrologic regrimes are those of flood rivers.

Impoundment, of the Murray particularly, has irreversibly modified these

features (vüalker, 1980), with concomitant effects on plants and animals

adapted to a flood-drought regime.

A feature of flood rivers is their variability of flow, with seasonal

submergence of the fringing floodplain and, occasionally, scouring and

flushing of adjacent lentic habitats. Abrupt and extreme fluctuations in

water chemistry may occur. Such varial¡ility is pronounced in Èhe Murray

rivers, where vagaries of climate lirnit the seasonal cycle seen in other

temperate river systems. Droughts of several years may be followed by peak

flows and flooding for extended periods. The exceptionally low declivity of

the basin prolongs floods, decreases flow rates and thereby minimises the

scouring effects of increased volume flows. Marginal lentic habitats along

the Murray rivers tend, therefore, to be slowly inundated, and deleterious

effects of ttrroughflow are reduced.

Although a discussion of morphological features of floodplains is

beyond the scope of this thesis, ia i-= worthwhile noting here that the

habitats studied during this project are all of one tlpe: cut-off meanders

or ox-bow lakes, colloguially termed billabongs. This term, of aboriginal
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derivation, includes also backwaters of perennial rivers, pools left in the

bed of ephemeral streams, and natural depressions in the floodplain filled

by receding floodwaters.

Such ha¡¡itats adjacent to rivers are distinctive for their morpho-

Iogical, physico-chemical a¡rd biological heterogeneity (füalker & Hillma¡r'

L977¡ cf. Vüelcomme, 1979¡ Shiel, 1980). They have in common their dependence

on the flood regime for water a¡rd nutrient replenishment, although some may

be below the water table, derive water from seepager'arid be relatively

permanent. Manipulation of the hydrologic regime by impor:ndment may have

devastating effects; the floodplain is lost for spawning and breeding'

hydraulic, temperature a¡rd flow regimes are altered' and major changes may be

induced in erosion and deposition cycles and vegetation patterns (cf' ûIe1conune,

LgTg). The disruption of environmental cues to aquatic organisms may have

profound effects on the ecosystem-

prior to the AWDC study (Ch. 5), Iittle was known of the effect of

impoundment on the flood-dependent ecology of Australian rivers' Obstruction

to fish movement f¡ras noted by Langtry in 1949-50 (Cadwallader, L977) . The

deleterious effecÈs of lowered temperatures and regulated flow on downstream

físh populations were described by !,Ieatherley & Lake (J-96'7) and Lake (L967 ,

;-1gi;.) provided. evidence of the adaptations of riverine fish species to flooding'

which stinnrlated reproductive behaviour- Spawning occurred in the billabongs

and sheltered waters of the floodplain, and these !{ere nursery aleas for the

developin¡ fry (see also Butchêr, L966¡ V[i1liams, 1967¡ Cadwalladet, 1978¡

Dexter, 1978).

Other studies on the biology of the extensive billabongs tracts are

few. There are naturalist records of frogs breeding in response to flooding

along the DarlinÇ¡ Ri¡¡s¡ (Russell, 1886; Fletcher, 1893). rn a study on ttre

ecology of ducks associated with't'furray waters, Frith (1959) showed that

plankton production.in inundated areas of the floodplain !ì¡as proportional to

the area flooded. frlith reduced flooding, concomitant decreases in ttre density
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of plankton adversely affected planktivorous fish. Plankton communiÈies of

a flooded billabong on the Goulburn River were described by Shiel (L974, 1976) '

Density and diversity of the plankton increased in proportion to inu¡rdation'

breeding apparently r¡Ias triggered by flOoding, and plankton communities were

remarkably little affected by prolonged throughflow. Flow rates vlere Io\¡t'

and cormnunity stability htas preserved by sheltering reedbeds. In contrast'

high velocities in biltabongs of ttre Magela Creek, N.T. v/ere deleterious to

the zooplankton, which was flushed out during the wet season (n. O. Tait,

Pancontinental Mining Ltd. rDan¡in, pers.comm-). During the AV'IDC study, the

importance of billabongs as breeding and refuge areas ' was noted (!'Ialker e

Hillman, Lg77l. Extant information on billalrongs of the Murray-Darling

system was reviewed by Shiel (1980*).

To provide comparative information on the microfauna of billabongs and

its relationship to the riverine plankton, two billabong tracÈs of the River

Murray system were sampled during this study- fn addition' samples were

collected from billabongs on floodplains of Darling tributaries. Several

collections made outside the Murray-Darling basin permit comparisons with

latitudinally separated conununities. Studies on,the plankton of floodplain

habitats elsewhere include those of Ho1den & Green (1960), Green (L962' I972a'

b), Binford (1978) and Marsh, McGraw & Harrel (1978). Others are ciÈed by

Welcomme (L979).

6.2 BilJ-abørgs of t]¡e: River Mr:rray between Hrme Reservoir and Ya:ravronga

6.2.L Tntrcduclion

The floodplain below Hume Reservoir near Albury-Wodonga (Fi9- 6-I)

has more extensive anabra¡ches and billabongs than most other Australian

floodplains. At least 190 discrete billabongs occur between Hume and Mulwala'

a distance of 200 river km (Shíel, 1980). Many of these have been markedly

influenced by the modified flow regime following construction of llume Dann,

and others have been subjected to a variety of stresses: draining and filling

* this paper is bound in support, Appendix 3' p.235-
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for urba¡r or agricultural use, for effluent disposal, stock, agricultural

and domestic water supply, a¡rd use as waste stabilization ponds. Dísruption

of conrnunity ecology due to establishment of intróduced species also is

apparent (Walker & Hillman, 19771 .

. The AWDC study stressed that the billa-bonçJs are an integral part of

the river ecosystem, serving as breeding refuges for most of the riverine

specíes, and habitat for a protific variety of organisms. Some preliminary

information Waq reported, b,ut- there .was no detailed study.

In ttre present study, a series of billabongs lrlas sampled to character-

ize the planktonic and littoral microfauna, and to relate changes in community

structure to environmental variables. Of particular interest were the

interactive association with the river and the influence of habitat management.

Plankton collections taken during the AWDC study were made availa-ble. Further

collections a¡rd environmental measurements were made during L977-79, enabling

a more comprehensive treatment of the microfarrna than was possible during the

AIùDC study, or would otherwise be feasibte in this study. Comparison with an

earlier study (Shie1, L976), with the longer termAWDC progra¡n and with work

on floodplains elsewhere would help clarify the ecological character of

billabongs. Also, although interest was directecl specifically towards the

plankton, incidental observations were made on aspects of morphology, hydrology

and biologry-

Because of variation in sarnpling intensity it is convenient to treat

the billabongscomparatively. ihree relatively r:ndisturbed billabongs monitored

during the AWDC program were sampled more intensively during the present study

(Wan's I and II and Snowdon's). These are given as examples, with cornparisons

drawn from other billabongs to emphasize the environmental and biological

heterogeneity encountered within and between individual billabongs.

6.2.2 Sampling sites ¿

The sixteen billabongs sarnpled are shown in Fig- 6.1. Narnes are

generally those of the property ovûter. Proximity to the AV,IDC laboratory
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facilitated sampling several billabongs in the Bandiana area between Hume

Dam and the Kiewa confluence.

6.2.3 Billabong morphology and d.istributíon

General views of some of the sites are given in Fig. 6.2, wi1.u}r

comparative outlines shown in Fig. 6-3. Proximity to the present river course

also is shown. All billabongs sampled were less than I km from the river-
I

T\,ro (Johno's Swamp a¡rd tlise's) were connected to the river at times, but there

was no major flooding during Lg76-79. Most have the tlpical elongate crescentic

form of cut-off mea¡rder loops, up to several km long, but generally less than

100 m wide. Those with macrophyte growth across the bottom (e.g. Snowdon's)

were less ttran 2 m deep. Seasonal die-off of such macrophyte growth contributes

to the filling of the billabong; in some cases the bottom material consisted

of 50-80 cm of black organic mud or fine silt. Eventually swamplands form,

as along the Lachlan River and the eastern coastal plain (Goodrich, L97O), and

the billabongs may fill completely. Their outline may, however, still be

evident in aerial photographs.

photographs were used to calculate the surface areas of billa-bongs aJld

river tract in the 10 l<rn section between Hume Dam and the Kiewa confluence-

The sirnple expedient of tracings on squared paper was used. Some 51* of the

water surface lvas occuPied by billabongs, with a range of 35-5OB for

representative floodplain tracts downstream. In comparison, a range of 5-598

of the flood area of African floodplains is occupied by permanent water

(I{elcomme, LgTg). The ecologicàI significance of this large area of sheltered

waters will be discussed later. Contrasts with Goutburn billabongs (see 6-3)

relate to differences in floodplain morphology and river hydrology.

6.2.4 Physico-chemical features

As for smal1, shallow habitats elsewhere, there is considerable

environmental variation within 
"r,á"'-O.a*"en 

individual billabongs (Shie1 , I976i

t{alker & Hillman, Lg77l. Contributing factors include proxÌmity to a¡¡d

differences in hydrologic and hydraulic effects of the parent stream, differences



Fig. 6.22 Comparative views of two of the Albury-wodonga

billábong series. Top: Ryanrs I; Bottom: Snowdon's'
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in latitude, altitude, climate, flood frequency and seasonality, catchment

size, vegetation, nutrient sources and land use. Cattle grazíng, for example,

can provide a sigrrificant proportion of allochthonous nutrient inflow to a

billabong (cf . Shie1, L976¡ filelcomme , L9791. Examples of some of these

ínfluences are given in the following sections, which follow the format of

Shiel (1980). A summary of water guality data from ttre billabongs is given

in Tabte 6.1. Seasonal fluctuations in some physico-chemical characteristics

in Snowdonrs, Ryan's I and Ryanrs II are shown in Fig- 6.4-

6.2.4.L Light penetration

Billabongs are typically clear, with light penetration to the bottom,

unlike farm dams, which generally have clay surrounds a¡d are subject to high

turbidities (Tait, L976¡ Timms, L977, 1980). Marginal vegeÈation and grassed

floodplains tend to reduce parbiculate inflow, although floodwaters may reduce

transparencies (Shie1, 1980). Considerable variation in transparency occurred

between billabongs on any sampling date; in general, more exposed billabongs

with little marginal vegetation or subject to stock use, e.g. Mildren's, were

more turbid than sheltered bilta-bongs with extensive macrophyte growth, e.g.

Snowdon I s.

Biogenic influences accounted, for most seasonal increases in turbidity

in the three principal study sites (nig. 6.4a). Suruner atgal bloorns occurred

ín L976-77 and L977-7A. Blooms in Ryanrs I and II were aslmchronous, and

consisted of the blue-green alga Anacgstis cqanea. Volvox was the predominant

alga in the December 1917 pulse^in Snowdon's.

6.2.4.2 Temperature

Water temperatures tended to follow air temþeratures. Slight differences

between adjacent billabongs (cf. Fig. 6.4b) generally were attributable to

differences in sampling time. Depressed temperatures resulting from river

inflows were recorded from JoTrnö'*-Swamp, below Hume Dam, and Wisers billabong,

near MuIwaIa- Slight horizontal temperature differènces within a billabong

(0.5-2.0 oC) were due to the insulating effects of vegetation. Ranges (Tab1e 6.1)



Table 6.I: Ranges of some measured water guality characteristics

from Murray billabongs (present study and AWDC unpr:blished) -

3. 0-17 .5

3.L-44.O

3.4-54.0

2.6-31.0

5 .0-52 . 0

50-180

62-224

r33-1978

226-A27

]-45-324

5- 135

1s-133

9-L32

9-I09

15-r04

7.2-7 -9

6.A-9.25

4.2-9.O

6. 8-7.8

7rL-7.6

I0. Li20. I

7.2-27.7

6.0-28.0

6.8-25.0

9.O-24.5

19

9z

88

83

10

Hawksview

Ryanr s I

Ryan|s Ir

Snowdonr s

Mildren I s

NTUusDOtPH9cn
Billabong
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were in accord with those reported. elsewhere for similar habitats (Shiel,

L976¡ tlalker c Hillma¡r , L977') .

6.2. 4.3 Dissolved. oxygen

DO levels were not consistently recorded. during the AlrlDC study,

nevertheless Fig. 6.4c shows the extreme variability of oxygen concentrations

between adjacent billa-bongs and within a single billa-bong over time. Extreme

Iocal conditions may result in anoxia in one billabong, while another, less

than 50 m ahray, may have supersaturation. Within a shallow billabong there

may be anoxia at the mud/water interface, with supersaturation at the surface

below a floating ezolla/Lemna layer (see 6 -3.4.3) . Algal blooms account for

supersaturation levels, die-off and decomposition result in anoxia.

6 .2.4. 4 Cond.uctivity

Fluctuations in salinity related to rainfall, flooding and drl,ing

out over strtüner. Autumn and winter rains produced small increases in salinity

in most billaJrongs sampled. Marked increases occurred over the drlr suruner

of L97l-78 (Fig. 6.4d) when several billabongs dried ouÈ (e.9. Ryan's II).

Ryanrs I was maintained at fult level over this sunmer by pumping from the

river; fluctuations were minimal. At other times localised differences in

conductivity possiJrly resulting from land use differences, were apparent, e.g.

Snowdon's was consistently the most saline (cf. Walker & HiIIman, 197'l).

6 .2.4. 5 pH

With few exceptions, pH was in the range 7.0-8.0. Only in Ryanrs I

and II were extremes recorded (Ëig - 6.4e1. During lJne AnacgsÈis bloom in

A976-77 the pH rose to 9.0, with a lag in R1'anrs If coincident with the later

algal peak. Similar aslmchrony occurred the following spring-sununer, althougth

somewhat earlier, with a pulse in Ryanrs I followed by a pulse in R1'anrs II.

The latter'billabong dried out over the sr:nuner of 1977-78. Following autt¡nn

rains, the pU (4.21 was the lowest*_recorded for any billabong in the study

area. Release of organic acids from decaying macrophytes is a possible cause.

fhe subseguent two slxüners were comparatively wet, blooms were less pronounced,

and fluctuations in pII were le.ss markeil .
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6 .2.4.6 Major ions

Cations generally were in the order Na > K ì c. > l'tg, anions in the

order HCO3 > CI > SOa. Adjacent billabongs often had marked differences in

ionic proportions (cf. Table 6.1). ãrr" cation dominances generally were

tlpical for Australian waters (!{itlia¡ns , 1967), anions were not; bicarbonate

waters were relatively common (cf. Williams & Wan, L972) '

6 .2 . 4.7 Nutrients

Nitrate and phosphate levels were monitored in Snowdon's and Ryan's

I and II during the AvfDC study (FiS. O.dl. Fluctuations in total-P 1976-79

are shown in Fig. 6.4f. Nutrient levels over the four years were extremely

variable, e.g. a range of <2-302 mg tt/m3 occurred in Snowdon's, with Èenfotd

increases in summer 1976-77 anð,1977-79. Corresponding values for Ryart's I

a¡rd II ç,sas (2-915 and <2-529 mg tt/m3 respectively, 'with peaks ln autumn-

winter. phosphorus levels were as follows: Snowdonrs II-67A mg e/m3, R1'anrs

T, 40-624 mg p,/m3 and Ryanrs II 48-979 mg p/m3 (aWOC unpu.blished). Maxi:na were

in summer, with a¡r additional peak in Ryan's II in 1978 following fi11in9.

Nutrient levels at most times were indicative of eutrophy (I,{alker e

Hi1lman, Lg77'). Both allochthonous factors (local rainfall, differing intensity

of cattle grazing/Iand use, pumpi.nS from tJ:e river) and autochthoirous factors

(concentration by drying over suntrner, algal and macrophyte die-off) contributed

to the high and variable nutrient levels. Similar general trends were apparent

in other biltabongs in which N and P levels \^rere measured during A979 by the

AWDC, e.g. Rushy, Hawksview (AWDC, unpublished data) -

Notably, no sigmificant correlations could be found between rainfall

and any measured variable.

6.2.5 Biological features

6.2.5.1 Phytoplankton

There has been no compïehensive survey of the phytoplankton of

billabongs. A preliminary list of genera from a Goulburn billalrong was

provided by Shiel (1980)- This is expanded in section 6.3.5.1- The AVIDC
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study noted. only the occurrenci,e of Anacgstis blooms in Ryan's billabongs-

Sirrilarly, in this study, the only taxa identifiecl from Murray billabongs

were those producing blooms. AIgaI conwrunities of Goull¡urn billabongs

apparently were more complex; these are discussed in more detail later-

Additional to the sruruner blooms of. Anacgstis in Ryants I and fI,

blue-green blooms wele noted in 8-leile Creek, Norman's and !{ise's

(autunn, LgTgl - VoTvox blooms in excess of 103 colonies 0-l occurred in

autumn 1976 (Ryafi's I), autumn 1977 (Mildren's), sPring L978 (Snowdon's,

Hawksview) and sunrner 1979 (I4ildren's). In Hawksview, the bloom was localised

near an influent from a trout hatchery; colonies were sparse elsewhere in the

billabong.

pulses of Spitoggta were recorded in autumn-winter 1976 tn Snowdonrs

and Ryanrs f, and a pulse of filamentous diatoms occurred in Ryanrs II in

spring L977. Other phytoplankters identified were largely of the same genera

as recorded from Goulburn billabongs, although species composition differed

(see 6.3.5.1). Autr¡nn pulses of Ëhe dinoflagellate Ceratium occurred in

several billa-bongsr ê.9. L977,\978 (McFarland's) a¡rd 1979 (l"lildren's).

6 .2.5.2 t{ydrophytes

The variability of hydrophyte development in billabongs is seen in

Fig. 6.2. Adjacent billabongs may have different species dominants' community

structure and seasonal successíon. Neverthetess, there is characteristically

a diverse assemblage of emergents (e.g. Eleochatis, Juncus), submergents

(e.g. MgriophgTTum, Va7lìsneria) and free-floating plants (e.S. Azo77a' T.ernrta,

Riccia). Contrasts in conrnunity composition are shown in fable 6.2' which

lists 19 hydrophyte taxa recorded from a Goulburn billa-bong (Shiel, L9761

a¡rd 19 from Snowd.onrs and Rlran's billabongs (Wa1ker & Hillman, L977). Only

three species were conìmon to both areas, despite relatively close gteographical

ProximitY (= 160 km).

Although different in species composition, these hydrophyte communities

provide si:nilar resôurces of living space for micreand macrofar:na. Niche



Table 6- 2Macroph¡es associated with billabongs at Wodonga and Alexandra. + presenr

Species Common name Wodonga Alexandra

Agrostis avenaceoe
Alternanthera sp.
Azolla filîculoÍdes
A. pinnala
Brasenia schreberi
Callitriche umbonata
C. slagnalis
Cerat ophyllu m dem ersu m
Chara auslrolis
.Crossula helmsíi
Cynodon doclylon
Eleocharìs sphacelala
EIodea canadensís
Gahnia clarkei
Juncus ingens
J. subsecundus
Lentna minor
I-olium rigidium
Ludwiþio pepliodes
My riop hyl lum propinq u um
M. elalinoides
Nitel/o sp.
Polygonum minus
P. Iopathitolium
P. strigosum
Polamogelon ochrealus
P. tricarínalus
Ranunculus rivuloris
Riccio fiuitans
Ricciocarpus notans
Triglochin procera
Senecio øquaticus
Spirodela olígorrhizo
Utrícularia sp.
Vallisneria giganlea

bent grass
alligator weed
Pacific azolla
ferny azolla .

water-shield
starwort
common starwof
hornwort
stonewort
swamp Crassula
Bermuda grass
tall spike-rush
Canadian pondweed
saw-sedge
rush
rush
common duckweed
rye grass
waler pnmrose
common waler milfoil
coarse waler milfoil
muskgrass

willow smartweed

blunt pondweed
floating pondweed
small r¡ver buttercup
Iiverwort

water ribbons
marsh ragwort
thin duckweed
bladderwol
eel grass or ribbon weed

+
+

+
+

+

+
+
+
+

+
+

+
+
+

+

+

+

+
+

+
+

+

+
+

+

+
+

+

+
+

+
+
+
+
+
+

+
+

(-from ShieIr l-980)
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specificity in such communities has been demonstrated by Quade (1968, J-g'll-) ,

Shíel (L976) and I'Ialker & Hillmarr (L977r. In the latter study, distinct

microcrustacean assemblages lvere associated with different macrophytes in

Johnors, Ryanrs and Snowdonrs billal¡ongs, and r^¡ere not recorded from open

water. Conversely, the open water plankton did not occur in weedbeds.

Límnetic species conunonly occurred in flooded reed.beds during Shiel's study,

i.e. were sheltered by vegetation from the effects of throughflow.

Clear1y, the direct relationship with hydrophyte species diversity

and abundance accounts, in part, for the contrasts between billabong zooplankton

conununities. In billabongs with a diverse assemblage of hydrophytes (> 20

spp.), the array of spatially discrete microhabitats available for colonization

is immense. Predictably, therefore, billabongs support a diverse, if not

unique, assemblage of rnicro- and macroinvertebrates-

6 .2.5.3 Zooplankton

Collections of zooplankton from open water in billabongs invariably

contained littoral species, due to the occurrence of floating and submerged

vegetation. Summer collections particularly had a high proportion of "strays".

At ti¡nes open water \^ras not present, and nets sarnpled submerged vegetation.

Of necessity, therefore, Iittoral and pseudoplanktonic taxa were included in

counts and diversity calculations from open water collections, which makes

difficult generalizations about a specific limnetic conrnunity. There was,

however, a readily distinguished "block" of limnoplankters in each billabong,

with varying proportions of .ro.lplanktonic incursions depending on the

proximity to, and conumrnity complexity of, fringing hydrophyte beds.

The discrete nature of each habitat is reflected in the structure of

the zooplankton community. On any sampling date there were different species

dorninants, population densíties and conurr:nity diversiÈy in even adjacent

billabongs. rn the larger billabofr-s ¡ ê.g. Snowdon's, such differences were

apparênt in different hydrophyte beds. Fig. 6.6 shows corununity composition

of the open water plankton in 13 billabongs on the same day (05.ix.I978).
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Ttre number of species in each group, pêr cent composition and [It are shown.

Ostracods, which occurred in small nu¡nbers in several samples, are not

included. Raw data from:al]- .col-lections are included in',appen-lices..i

Table 6.3 includeS pertinent information.

Although the following observations refer specifically to the

comparative data in Fig. 6.6 and Table 6.3, sinilar trends were apparent in

most billabongs. Spatial heterogeneity in cormm:nity composition hras marked.

Although rotifers tended, to be most abundant in species numbers, they were

not always numerically domina¡rt. Rotifer species nrmbers were higtrer in

the four billabongs in which throughflow could be detected on the sampling

date (Ryafr's I, 8-MiIe Creek, Cookrs and Vlise's). The influence of current

is apparent; a higher proportion of non-planktonic taxa tha¡r in billabongs

without flow were recorded in three of these. lìtise's had little emergent or

submerged vegetation at that time; all 15 rotifer species present (948 of the

plankton) were pelagic in habit. Similarly for microcrustacea, a higher

proportion of littoral species occurred near weedbeds- In the absence of

hydrophytes, true limnoplankters were numerically alrrrndant (8. metidionalis'

C. quadrangula, D. Tumholtzi, M. Teuckarti, B. fluviaLis) '

' There rras a remarkable disparity in species composition between

bitlabongs. Eighty-five taxa occurreil in the spring 1978 samples, but only

six of these occurred widely. These were the eurytopic K- australis'

K. procurva, K. slacki, B. meridjonaljs and c. quadranguTa, and the more

restricted cala¡roid, B. fluviaiis- Several other taxa occurred in 3-5

bitlabongs, but most were recorded from single habitats. Congeneric assoc-

iations were common, e.g. 3-4 species of KetateTTa. Although the same genera

\,{ere present in most billabongs, species composition differed, accounting for

the generally low sinúlarities shown in Tab1e 6-4,.which gives CC values for

the September 1978 data. e simil-a=r-. disparity in species composition between

adjacent habitats is reported from meander lakes of the Rio Suia ì4issu, Brazil

(creen, \972).
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Diversity was highest in ttre biltabongs subject to throughflow, again

with the exception of Wise's, where a large population of C. hippncrepis

resulted in a lower Hr value. Lowest diversity occurred in Snowdon's and

Hawksview coincident with Volvox blooms' This is converse to the increased

diversity noted during Melosira blooms in the nearby'river.i Volvox colonies

would noÈ provide the same substrate potential as MeTosíra filaments'

Tempor aI heteroqeneity: Temporal differences in open \^Iater plankton in

Snowdon,s, Rlran,s I and Ryan's If are included in Fig. 6.7. Typically, the

plankton consisted of 2-L3 rotifer species, I-6 cladocerans and 1-5 copepods'

Extremes were recorded from other sites, e.g. a single cyclopoid was collected

from 8-t4i1e Creek billabong during aî AnacvsÉis bloom (18'iv'79), and 33 taxa'

including 22 rolífer species, f¡¡ere present in a summer tow from Mildren's

(26.LL.lg'). Considerably higher species ntrmbers and diversity were recorded

from billabongs in the north of the sampling area, and from bitlabongs in

Èhe Northern Territory (Shiel, unpublished), where a diverse tropical plankton

assemblage of 40-60'spp. was common-

rn snowdonrs, Ryan's I and Ryanrs Ir the following seasonal trends

were apparent:

Snowdon's: Calanoids (8. mínuta, B. fTuviaTis) were dominant from wintet L976

to autumn Ig77. A. siebol-di and ,1t4. tenuicotnis occurred over suÍtrner' with the

calanoid pair breeding again in spring L977. Dominants over summeL I9TT-78

were B. urceolaris rubens, M. tenuicornis and /r4. decipiens' The latter

persisted as dominant through airtumn. S. 7ìtorafis and C- quadrangula occurred

in winter ::977. Apulse of rotifers (G- hgptopus, G. stVliferl occurred in

spring Lgl}. In autumn LgTg B. fluvialis was dominant, with A' sieboldi su'b-

dominant. M. tenuicornis and M.decípiens !ìIere again dominant in summer 1979-80'

other common limnoplankters in Snowdonrs were: B. vatiabiTis, K- procutva,

K. sTacki, F. TongiseËa var. pass?-.B. metidionaTis, D. carínata.

Momentary species composition in open waÈer was 5.4 rotifers, 2.8

cladocerans and 2.0 copepods (cf. Dartmouth Dam), i.e. greater than recorded
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for farm dams, reservoirs or lakes in other Australian studies (e.9. Tait'

L976¡ Timms, L97Oarbr1980) . Meari diversity was 1.45 (cf. H' 2-33 i¡r an adjacent

Juncus bed. See Fig. 6.7) - Lowest diversíty occurred during summer-autumn

L976-77, when B. minuta comprised >90% of the plankton. Greatest díversity in

sr:bsequent years was in autumn-winter.

Ryan's I: In autumn 1976 C. hippocrepi.s comprised ) 8Ot of tfr" pf.ttton.

B. fluviatjs and B. minuta, as in Snowdonts, occurred over winter, and were

predominant in early autumn 1977. A pulse of rotifers (8. urceolaris, B-

caTgcifTotust B. quadtidentatus melheni) was recorded in late autumn. None of

these occurred j¡r Snowdonrs. In summer 1978 M. micrura was abundant (762').

Peaks of both calanoids, also D. lumhoLtzi and B- meridionalis were recorded

through winter 7978. A second peak of rotifers occurred in sununer l-979-80

(8. budapestinensis 72%, B. quadridentatus 15å). Average momentary species

composition (n=8) was 4.9 rotifers, 3.8 cladocerans and 2.6 copepods. Ivlean

diversity was 1-68 (cf. 2.61 in a weedbed). Lowest diversity occurred during

autu¡nn 1976 and summer 1978 and 1979. Greatest diversity was recorded ín

autumn 1977 a¡d spring 197A.

Ryan's If : Submerged vegetation ljmited open water sannpling in this billa.bong;

only at high water leve1s over winter were limnetic assemblages adequately

sampled. fn consequence, "open water" collections contained a greater

proportion of littoral strays than in the preceding hal¡itats- In autumn 1976

the dominant species was C. sphaericus, with B- fluvia1is a¡d D- Tumholtzi

subdominant. Other dominant taia were B. quadridentatus, E. diTatata,

M. TeuckartÌ (summer 1976-77, , B. fTuvíafis (autunn 1977, 1978, a979) ,

A. btightweTTi (winter 1977) , M. Teuckarti (spring 1977 - autr:mn 1978). Average

momentary species composition (n=8) was 6.4 rotifers, 4-6 cladocerans and 3.1

copepods. Mean H' was I.96 (cf. 2-76 for a nearby MgriophglLu¡n bed). Greater

species numbers and higher diversi!1t relative to other sites reflect the

littoral influence, in particular the more complex habitat partitioning (i.e.

microniches) provided by the finely divided leaf surfaces of MgriophgTlum.

creater stability also is suggested by the distinct seasonality of several
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taxa; this was less apparent in other billabongs-

Temporal variatíons in the limnoplankton of other billa-bongs htere

comparable to those noted.above, with marked dífferences between habitats in

specíes composition and community dominants-

Similar temporal variations in density were apparent. Although

time constraints and problems of volume samplers clogging prevented consistent

quantitatíve sampting, several comparative 30 .[ trap samples were taken from

the Albury-tr{odonga a¡rd Mitta Mitta billabongs. Densities of 200-3OO 1,-r were

usual, with a range of ( lO g-l d.uring blue-green algal blooms (tya¡t's) to

> 2,OOO .0-l in spring:-summer (Mildren's, 26.íí.79) . Notably, this latter

bloom was dominated by .4. voTvocicoTa, Etre parasite of Volvox (cf . Burrinjuck

pam). Densities generally were more than tenfold those of nearby Hurne

Reservoir.

fn sunrnary, the limnoplankton of the Albury-lrlodonga billabongs was

variable between habitats, but r¡¡as composed largely of true li:nnetic species.

With the exception of a few eurytopic widely distibuted taxa mentioned earlier,

the dominant limnoplankters generally were noÈ those of either the upstream

reservoir or the nearby river, e.g. the calanoid dominants in Hume' C- ampuTTa

and B. triarticu-Z.ata were replaced in the billabongs by C. Tucasi and the

congeners B. fluvia-Z.is a¡rd B. minuta. The cyclopoids M. albidus and

M. Teuckarti were common in the biltabongs, but not in the reservoir. Of the

rotifers , B . falcatus and B. quadridentatus, abrmdant in the billabongs, did

not occur at all in ttre r"=er.toir. K- cochfearis and F. Tongiseta were Hume

Iimnoplankters, while K. sTacki andF. Tongíseta passa \¡rere conmon in the

billabong plankton. Some evidence that such habitat preference occurs in

other groups is provided by distribution records of freshwater mussel taxa in

the AWDC study areai Velesunio ambígaus is ttre billalrong fonn, while ATathgtia

jacksoni occurs in the river (!,Ialkqr, in press).

The contribution of this biltabong limnoplankton to the downstream

corunqnity would depend on the flushing effects of floodwaters, as would the

contribution of the upstregm limnoplankton to the biltabong conuuunities.
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Although major flooding was not observed during the study, higher ri'rater

Ievels and direct connection to the river occurred in several billabongs, e.g.

lifise's. On these occasions, the donrinant limnoplankters were those of Hume.

From all billabong samples, however, only l.gt of the 170+ taxa recorded were

present in the reservoir, while 40% of the billabong microfarrna occurred in

downstream Lake MuIwaIa. The nature of this inoculum is described in ttre

following section.

6.2.5. 4 Littoral microfauna

General observations on the compositioá of the invertebrate

conununities of billa-bong littorals were made by Shiel (1980) . Predictúly,

an extremely diverse assemblage of rotifers and microcrustacea occurs in

fringi¡g hydrophytes, apparently the greatest microfaunal diversity recorded

frornany freshwater habitats (Shiel, 1976). Ta-b1e 6.5 shows the species

composition of each of the Albury-Wodonga billabongs (pooled samples), nr:rnber

of samples, species in each group, total species (sr) and mea¡r diversity (H').

Raw data for Snowdon's, Ryan's I and Ryan's II are given in Appendíx6.2-

including sampling dates, species composition, count/IO ml aliquot, breeding

seasonality and physico-chemical measurements -

Conununity composition: As for the open water plankton, there was prorlounced

spatial and Èemporal heterogeneity in the littoral microfauna. A sma1l "core"

of eurytopic opportunist species occurred in most billa-bongsr 9.g. B- quadrid-

entatas mefheni, KetatelJ.a spp., C. dossuarìus, D. excisum, C. sphaeticus,

G. testud.ina1ia, B. metiilionalis, D- carinata, D. tumholtzi, S- vetufus, with

several copepod species conunonly collected in r^¡eedbeds. A larger grouP

occrrrred in about hatf the billabongs, 68 taxa Ln 2-4 biltabongs, l'¡hile 67

ta:<a (4os) were collected only once or from single habitats.

Spatial heterogenel-ty: On any sampling date, net collections from hydrophyte

beds contàined 2-L4 totífertaxa, f-íz 
"tuaocerans 

and 2-8 copepods' l4icro-

crustacea usually weie nunerically a-bunda¡rt. The average momentary species

composition for Snowdonrs, for exarnple, was 5.2 rotifers, 7.5 cladocerans and
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TABLE 6.5 (conÈ. ) :

TABLE 6.5: Limnetic and littoral microfauna recorded from 16 Murray
billabongs. n=number of samples, IR, ICl, Ico= nunber of species of
Rotifera, Cladocera and Copepoda respectively, Sr=tota1 species, IH'-
mean diversity.

û
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4.3 copepods, í.e. fewer rotifers and more microcrustacea than in open water'

There usually were marked differences in domina¡rt species and community

composition within and between billabonçts. Three sites were sampled

concurrently in Snowdon's (Fi9. 6.3) during \977. In autumn, a sr:bmerged

MgriophgTlum bed at the northern end (site 1) was dominated by chydorid

cladocera¡rs (a. rectangaTa and A. clavid'i) and cyclopoids (E' agilisl ' Site 2'

a Juncus bed, had a community numerically dominated by D. classa' C. sptnericus

and cyclopoid copepodites. At site 3, in open water' 98ã of the plankton was

cyclopoid copepodites. At the same time, the littoral farrna of Ryan's I ïIas

predominantly chydorids (A. ilavidi, B. karua, C. sphaericus); Ryanrs 1I

copepodites and A. rectangulai Hawksview C. eutgnotus¡ McFarland'rs B' metid-

ìonaTis and C. quad.rangula¡ Rgshy M. Teuckartj and B. fluvialis' These

differences in cormmrnity composition were probably related' to the discrete

nature of the hydrophyte conmunities in each habitat'

Greater species diversity \^ras recoïded from littoral collections in all

billabongs than from open water (r'ig. 6.7) - A higher mea¡t diversity (Table 6'5)

was recorded from those billa-bongs with dense hydrophyte growth, e.g- Ryan's

II, than from those with sparse vegetatioll' e.g- Moodemere. Ðiversity generally

was highest in autumn-winter, although seasonal fluctuations were less apparent

than in reservoirs, reflecting greater community stability in bitla-bongs'

High díversity and frequent congeneric associations suggest considerable

habitat partitioning, e.g. the occurrence of 5-7 species of Biapertura ot 4-5

species of. Kerate-Z-Z.a in a singlà hydrophyte bed was not uncommon' Calculation

of an equitability index (Lloyd & Ghelardí, 1964\ ena-bles comparison of the

nurnber of species recorded with the nurnþer expected in a sample of the same

diversity divided according to MacArthur's (1957) broken stick model' Table

6.6 gives representative data for several billabongs. The oçected number of

species is derived from Table 1 in_lloyd c Chelardi (1964).

In at1 cases, more species \¡¡ere present than MacArthur's non-overlapping

niche model predicted ( i.e. e < 1.0). Species nr¡nbers and diversity were



Table 6.6: Diversitlrã *rttåbility of mic:ofar¡ra frc¡n

scnre l'luray bilJabongrs. S=r¡o. of species;Hr4ivensity; S'-
e><pected no. of species;e=Equitabilitlr ccrçonent (S',/S) .
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greater than recorded from Brazilian floodplain habitats by Green (1972, a, b),

although a similar lack of fit to the MacArthur model was noted. Green

suggested some niche overlap in the cladoceran and rotifer conmunities of the

meander takes. This is clearly so in tJ.e billabong conìmunities, i-e- the

billabong habitat is heterogeneously diverse (llutchinson, 1958); there is an

abunda¡rce of microniches, and the co-occurrence of closely related species

is possible. In such hal¡itats the available resources are probably large in

relation to the requirements of the species (cf. King, 1964). Morphological

adaptations of individual species (cf. Fryer, 1968, 1971) enable habitat

partitioning on a fine scale.

Temporal heterogeneity: Temporal changes in ttre littoral microfarrna of the

three main billa,bongrs are shovun in appendix 6.2- In Snowdon's, for example'

the winter L976 assemblage r¡ras numerically dominated by copepods (EucgcTops

sp., B. mínuta and, ElaphoideTTa sp.) with chydorids subdominant. The

following autumn, chydorids predonr-inated (A7ona spp.) with ^5. vetulus and

M. spinosa sr.rb{ominant. In spring L977 and, suntrner 1978 copepods again

predominated in the weedbeds (rotifers were a-bundant in open water), and

subdominants were D. catinata and lV. spinosa. Copepods, predominantly as

juveniles, persisted through winter 1978, and rotifers dominated in spring

(two species of Gastropus). Si:n-ilar trends, although involvinq different

species doraina¡rts, were apparent in other billabongs- Commonly, one or tv¡o

taxa made up 60-70å of the rnicrofaunal assemblage at any time, with 2-4 taxa

subdomina¡rE (25-25?) and the remainder made up by 5-20 taxa'

Environmental factors: No significant correlations could be found between

log population density of any species, overall species ricturess or diversity

(H') and fluctuations in a¡ry measured variable (aI] .r2 values < O'25) in

Snowdon's, Ryanrs I or Ryan's II populations. Vühile temperature a¡rd salinity

changes possibly are important environmental cues in the billabonçfs' comrnunity

responses were not detected.

Contributions to the downstream microfauna: As noted earlier, billabong
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plankton and tittoral ta:ia comprised an increasing proportion of the potamo-

plankton with increasing distance downstream fromllume reservoir- Hume ta>ra

invariably predominated in collections from the Murray at lfodonga, with up to

]OOB of the plankton limnetic rotifers' e.g. K. cochleatis, P. vuTgaris'

There generally was a sigrnificantly lower proportion of microcrustacea than

in the lake assemblage, evidence of the avoidance of the outflow by more active
l

copepods; and cladocerans. The microfauna of. Val-Tisnetia beds at the same

point, consisted of a diverse assemb]age of littoral rotifers, e'9' L' Tunaris,

C. uncinata, E. putorius, P. pettomgzon, E. d'i7ataËa, ostracods and cyclopoids'

These and otTrer littoral incursions comprised 15-20å of the riverine plankton

in collections from Wahgunyah, near Coro\rfa, while 30-40% of the ríver micro-

fauna adjacent to trùise's billabonçJ' near Mulwala, were littoral forms' The

survival of billabong species in the ríver and in Mulwala was apparent, in

particular when collections from lr|isers, the river and the eastern end of

the storage rdere compared. In spring 1978, for example, long spined forms

of K. sTacki occurred only at these three sites. some 83å of ttre taxa

recorded from Vtise's occurred also in Mulwala, a higher proportion than from

any other billabong, reflecting close proximity of the two habitats, and

direct inflows and flushing by the river-

In view of the differences in sampling intensity, cc values \^Iere not

calculated. for all bilÌaI¡ongs and the two storages. There was generally low

similarity between the rnicrofar:na of Snowdonrs, Ryan's f and II and that of

Hune, while the species composition of the downstream billabongs closely

resembled that of MuIwaIa. Billabong forms flushed into the river were able

to survive into the impoundment, and abundant niches apParently were available

in the marginal hydrophyte beds for their maintenance'

ftre diverse microfaunal assemblages of billabongs from which the

downstream impoundment is inoculalgd account' in part, for the relatively

rapid fluctuations in conununity composition noted on pJ21. In a si:nilar

manner to its function as a nutrient sink, Mulwala acts as a biological sink

for the upstream plankton and liùtoral microfauna. Gentle gradienÈs and slow
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flows of the Murray, with few rapid or scouring floods, enables persistence

of incursion species, hence the similarity of the l"lulwala community to that

of a billabong. To a lesser extent, the upstream fauna of the Goulburn River

and floodplain reaches Goulburn !,leir, which, in terms of microfarrnal assemblages,

also is more characteristic of a billabong than a lake'

6.3 Billabongs of the Goulburn River between Eildon Reservoir

and. Goulburn !,Ieir

6.3.1 Introduction

Differences in floodplain morphology and ftow reqime of the Goulburn

River have resulted in billiongs quite dissimilar to those of the River

Murray. The break of slope with the Eastern Highlands is at a higher elevation

near Eildon than is that of the Murray near Wodonga, the floodplain is

naïrower (2-3 km), a¡d more rapid current flows, substrate and hydraulic

differences have produced tighter loops in the meandering stream than on the

Murray floodplain. A consequence is a greater density of billabongs than on

the Murray (cf. Plate X\II, Appendix6-L, which shows a section of the Goulburn

floodplain near Alexandra, Victoria). The proximity of many of the marginal

billabongs to relatively steep slopes has important consequences for runoff

and water supply from high water tables, i.e. most billabongs contain

permanent water. The intensity of land use is greater on ttre Goulburn flood-

plain, predominantly horticulture and dairying. The billabongs are subject

to varying nutrient inputs from these activities, with marked effects on their

biology.

Less is known of the biologry of the Goulburn floodplain than that of

the Murray. A single study of microcrustacean conum:nities of a billabong

near Alexandra (Shiel, Lg76l est.ablished the extreme species richness of these

ha.bitats, but no further r¡Iork has been pr:blished. To provide comparative

data on the Goulburn billabongs a-series was sampled early in this study, and

regular sampling was. continued at four of these. In the followinq section

the disparities in conwn¡nity composition between Goulburn and Murray billabongs

are illustrated by reference to the four principal sÈudy sites.
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6.3.2 Sampling sites

eualitative collections were made early in 1976 from nine billabongs

and one flooded gravel pit on the floodplain between Eildon and Nagarnbie. Fig.

6.8 shows sampling sites, which are named after the property or nearest town-

Continued sampling was from Seymour I & II (n=15), Acaciars (n=7), Sheepwash

Lagoon (¡=13) and Goulburn View (n=9). Fig. 6.9 gives comparative views of

main sampling sites.

6.3.3 Bitlabong morphology and distribution

Goulburn billabongs are, in genèral, s¡naller than those of the Murray,

less than 50 m vride, rarely more than a few hundred metres long, arld usually

less than 2 m deep. AII of those sampled were small (<100 m long, < 2 m deep)

and densely vegetated. AJ.J. were at ttre margin of the floodplain several lsn

from the present river "oor=", and were presumably the longest estabtished-

None was crescentic in outline, although the original meander pattern could be

determined from aerial photographs, and the filled loops they occupied were

apparent. The scale of aerial photographs did not permit calculation of Èhe

respective surface area of river and billabongs as for the !'Iodonga series.

Subjectively, a higher proportion of the water surface (i.e. >50%) \^Ias

occupied by billa-bongs.

6.3. 4 Physico-chemical features

Ranges of measured water quality chaiacteristics recorded from several

billabongs are shor,.In in Table 6.7. Measurements for all sampling dates are

given in Appendix 4.

6.3.4.1 Light penetration

As for the Murray bitlabongs, there was considerable variation between

habitats on a.ny sampling date. More sheltered billabongs usually were highly

transparent, with liqht penetration to Èhe bottom (e.g. Sheepwash). Exposed

habitats were, on occasions, extremely turbid, particularly with autumn and

winter runoff, e.g. several of the Selnnour billabongs exceeded 300 NTU in

autumn 1977 (Secchi readings < 2 cm). Biogenic influences vlere less apparent
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-F'ig. 6.9 : Comparative views of Goulburn billa.bongs

Top: Goulburn View, Alexandra, Bottom: Acaciatsr near

. 
Trawool, Vic
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Fig. 6.9 (cont): Sheepwash Billabong near

Yea, Vic.
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Tab1e 6.7: Ranges of depth and sorË physicæchenrical measurenents i¡r fo{:r Gcnrlburn billabcngs

Depth (m)

0. 30-1. I

2.O-2.7

0.45-1.3

0.5-1. 7

ruÉ. Nnr)

5.5-36 . 0

oL2-L7.O

0.5-10.5

3. -350

ms (pgn)

]-36-266

90-100

130

183-500

Cond. (pS)

85-250

55-200

60-175

135-1080

Do(ppn)

1.4-13. I

6.1-r0.4

8.6-11.4

2.7-rL.6

pH

6.8-7 .2

7 .O-7 .7

7.O-7.4

7.O-7 .5

renp. (oc)

6],2- 28.O

10.0- 21,5

]-O.O-22.0

8.0-25.0

Billabong

Goulburn View

Sheepwash

Acaciat s

Seymolr
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than in Murray billabongs; algal blooms were not recorded.

6.3.4.2 Temperature

Temperatures wer€) similar to those record.ed from Murray billabongs,

i.e. within the rang'e 6.0-30.O oC, wittr occasional surtrner maxima of 34-36 oC

in shallow AzoTla covered billabongs. Alt billabongs sampled were shallow, a¡rd

were isothermal to the bottom. Slight horizontal differences in temperature

were attributed to effects of vegetation, or in winter, to ttrroughflow.

6.3.4.3 Dissolved oxygen

- DO levels were extremely varial¡le, but generally were within the

range 50-100ã saturation. Only in autumn were low values recorded (i.e.<IO?).

Supersaturation $ras conmon in sununer beneath floating Azol7a and. Lenna, e.g.

in Goulburn View' (27.ií-78) 13.8 mg Oz L I ras recorded at the surface

(L772 saturation). At the bottom (0.30 m), the Do level was 1.8 mg .Q,-t (zz*r.

Elevated oxygen levels lqere more coInmon in Goulburn billabongs than in the'

Murray series, and w'ere a feature of the more heavily vegetated billabongs.

6.3.4.4 Conductivity

Although of similar varia-bility between sites, the Goulburn billabongs

were of lower conductivity thal those of the Murray- Most were <200 US, e.g.

those with direct inflow from the water table (Acacia's and Sheepwash).

Goulburn View and. Selzmour, with grazing and horticultr¡ral land use to the

billabong marginsr.were more variatite. Seymoux was consistently more saline

(cf. Snowd.onrs). Extreme peaks in conductivity and TDS, related to local land

use practices, were colnmon (cf. Shie L, 7976) .

6.3 .4.5 pH

Ranges of pH were less extreme tha¡r in the Murray bitla-bongs, i.e.

6.8-7.7. Contributing factors possibly were greater stability of level and

of algal and hydrophyte conununity structure, also the influence of ground-

water inflows.

6.3.5.6 irfajor ions

Cations generally were in the order Na > Mg ) Ca > K, although Sheepwash
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!.¡as distinctive with Mg > Na ) Ca > K. Anions corunonly were HCO3 > Cl > SO+.

Orders of domínance were not typical of Australian waters, possibly a result

of local geologic influences (cf. 6.2.4-6),. This also may account for detect-

able leve1s of Fe, Mn and Zn in some billa-bongsr ê.9. Goulburn View, Sheepwash'

6.3.4.7 Nutrients
Nutrient levels were not measured. Extrinsic characteristics, i.e-

catchment síze, intensity of land use, inflow of grorrndwater or river water

d.erived from Eildon (oligotrophic), and intrinsic factors' e.g. diverse algal

and hydrophyte conrnunities, suggest that the Goulburn billabongs h¡ere less

eutrophic than those on the Murray, Differences in trophic status are

reftected in the biological features of the billa-bongs.

6. 3.5 Biological features

6.3.5.1 Phytoplankton

An extremely diverse phytopta¡rkton assemblage occurred in most

collections, with up to 30 taxa of diatoms, desmids anq green algae present.

B1ue-green algae were sparse (cf . 6.2.5.1). Each billa-bong had a character-

istic phytoplalkton community, e.g. volvocales and diatoms typically were

predominant in Goulburn View, while desmids were abuñdant in Sheepwash. Of

68 taxa identified. from Shee¡xrash (Appendix 5. ) 40% were desmids. Cornmon

genera r¡rere Cosrna tium, CTosterium, lúictasterias and sÊaurastrum. Congeneric

associations v¡ere frequent, with two or three species in several genera

present in most collections. Species \ârere, in general, not those of Eildon

reservoir, of the nearby river, or of the lvfirrray billabongs. Taxa indícative

of oligotrophic soft waters and eutrophic hard waters co-occurred (cf. -t"loss'

Ig72). Although assemblages could not readily be fitted to Hutchinson's (1967)

classification, most abundant genera were those of Hutchinson's meso- and

eutrophic groups. Overlaps between desrnid, diatom and chlorococcal assemblages

were evidenÈ. Clearly, considerablã.scope exists for study of phytoplankton

assocíations under Australian conditions; generalizations made elsewhere are

not necessarily applicable.
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6 .3.5.2 Hyd.rophytes

!{hile superficially similar in appearance, the hydrophyte conununity

of each bitlabong was, at times, composed of different species dominants- In

Goulburn View, for example, some 19 taxa of aquatic plants r¡¡ere identified

(Table 6.2). Seasonal changes in the hydrophytes of this billabong were

described by Shiel (L974). During the present study, the principal emergent

was Juncu s ingens; Chara ausXraTís and I'IgriophgTTum propinquum vrere dominant

submergents, and Riccja fluitans, Ricciocarpus natans, Azolla fiTicuToides

a¡rd T-emna spp. at ti:nes covered the entire billabong surface. In contrast,

Sheepwash had a marginal bed of Juncus sp., dominant su.brnergents were

VaTTisneria spiralis, MgriophgTTum el-atinoides, CeratophgTTum demersum a¡rd

Catlitricåe sp. Floating hydrophytes (A.zoL7a spp.) ÍIere sparse- Similar

disparity in species composition was noted for other Gou.ll¡urn billabongs, cf -

Fig. 6.9. As for the Murray billabongs, these corununity differences account

for the discrete microfaunal assemblages found in each billabong. That the

commpnities of the Goutburn series were more complex, with a greater degree of

habitat partitioning than in the Murray billa.bonqs, ís suggested by the greater

species rictrness a¡rd conununiÈy diversity of the microfauna collected from them-

6.3.5. 3 Zooplankton

Limnetic assemblages in Goulburn billa.bongs contained a higher proportion

of strays thair in the Murray seriesrdue to shallow morphology and more extensive

hydrophyte cover. Goulburn View, for example, had lhgriophgllum to the surface

during most of the study. OnIy ^in Sheepwash, the deepest of the Goulburn series

sampled, was there extensive open water (1-2 m deep). Open water collections

from Sheepwash contained 2-L6 rotífer taxa (seasonal dominants¡ K. cochLearis,

K. proculva, K. va7ga, P- vulgarisr S. pectinata, S. stglata)r 1-6 cladocerans

(C. sphaerícus, B. meridionaTis, D- IumholtzÍ, C. cornuta, C. Taticaudata) and

2-4 copepods (M. Teuckarti, TtopocgcTops spp.rB. mínuta)- Ostracods were common

only in Goulburn View, and then t"ãt" in open water.

Rotifers generally were numericatly dominant. !,fith few exceptions, ê-9.

K- va7ga, C. Taticaudata, TropocgcTops spp., limnoplankters were the widely
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distributed eurytopic taxa of billabongs elsewhere. Usually, one or t$ro

dominant taxa were confined to single habítats, ê.g. II. searli in Goulburn

View. As in other billabongs, species diversity was lower in open water thart

in adjacent reedbeds (H' 1.88 vs 2.65 in Sheepwash, n=8) - Species composiÈion,

countsr/Io mI aliquot and breeding' seasonality for the limnoplankton of the

four main Goulburn billa-bongs are included in Appendix 6.

6. 3. 4. 5 Littoral microfauna

Seasonal fluctuations in the littoral microcrustacea of Goulburn View

billabong were described by Shiel (Lg74,ítrr). Discrete specíes assemblages

r^rere associated with dif ferent hydrophyte beds. The frmctional morphology

of individual species (cf. Fryer, 1968, 1971) was importa¡rt in maintaining

niche specificity. An example of variations in cormnunity composition in a

Juncus bed in Goulburn View is given in Appendix 3 (Fig. 50). Fifty-nine

taxa of microcrustacea h¡ere recorded from the billabonçf over one year. I4ost

of these, and a further 53 taxa (41 rotifersr'6 cladocerans, 5 osÈracods and

1 copepod) were collected from the same site during 1976-79. Table 6.8 lists

species recorded from thè Goulburn billabongs, also number of collections (n) '

total species (Sf) andmean diversity (1 H') for pooled samples. Raw data are

included in Appendix 6b and sumrnarised beIow.

Of 195 taxa from 52 collections, i.e. 120 rotifer taxa, 41 cladocerans,

12 ostracods a¡rd 22 copepods (cf. 175 taxa from 85 Murray collections), 35

species of rotifers (I8B) and 6 of microcrustacea ( 3 *) were recorded only

from Goulburn billabongs . níneieen of the rotifer Èaxa and one cladoceran

were first records from Australia, and notably, several of these (e.g M. atndti,

D. Tutkeni, D. tobustus, E. phgtne, C. faticaudata) are considered Palearctic,

Nearctic or North American in distribution. The possibility of introduction into

Australia is considered later to explain this remarkably disjunct distribution.

Fifty-two per cent (101 taxa) of the Goulburn microfauna were recorded

only once or from single habitats. only 21 species were widely distributed

(see Tal¡le 6.8).
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Spatial heterogeneity: The same species generally were not dominant in

different hydrophyte beds within a billabong.. In Goulburn Víew, for example,

on 17.iv-76, 32 taxa were collected from a ilgriophglfum bed (northern end, [Il

2.84r, with cyclopoids (9 spp.) numericalty abundant (7eZ). In a Chara bed

(southern end) only 7 species were collected (H' 1.57) with C. sphaericus

predominant (65%). Comparative data for O4.i.77 and L4.x.77 are included in
I

Fis.6.10.

on any sampling date, net collections from hydrophyte beds contained

2-2L roEífer taxa, 4-15 cladoceran tæ<a and 2-9 copepod species. There were

seasonal extremes, ê.g. 58 taxa, including 42 Rotifera were identified from

a s1¡1¡ner 1978 sample from Acacia's bitlabong. Microcrustacea generally were

numerically abundant. Average momentary species composition, for the billalrongs

ü/as as follows: Goulburn View (¡=12) 6.8 rotifers, 8.5 cladocerans, 4.6

copepods and I ostracod; Sheepwash (¡=15) 8.6 rotifers, 5.1 cladocerans, I'9

copepodsi Acacia's (n=g) 18.3 rotifers, 7.2 cIað,ocerans, 5.2 copepods; Seymour

(n=17) 7.0 rotifers, 10.7 ctadocerarts, 4.2 copepods, i.e- greater community

díversity than in the R. Murray billabongs. Further evidence of this more

complex conununity structuïe is given in Tabte 6.9, which shows e values for

seasonal samples from the four main billabongs. In most cases there were

considerably more species present than predicted by the MacArthur model- Spatial

heterogeneity apparently was more pronounced than in the'Murray billabongs (cf.

Fig. 6.6), with habitat partitioning by a more complex assemblage leadinq to

multiple niche overlaps.

Temporal heterOgeneity: Successional changes were not slmchronous between

billabongs, although seasonal reoccurrence of dominant species was recorded

is successive years in single habitats, ë.9- Fig. 6.10 compares seasonal

changes in species composition and diversity in Goulburn View and Selanour

billabongs. The former tended to be numerically dominatecl by copepods, the

latter by cladocer¿rns. In S"ytorrlillabong, for example, th" ".""o""t

sequence was as follows (dominant species in parentheses): autunn 1976, 70t

of ttre microfauna were cladocerans (S. exspinosus, S. vetulust D. unguiculatum) i



Table 6.9: Diver:sity and equitability of nicr:ofauna j¡t

representative saq>les frcn for¡r Goutburn billabongs.
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winter, 5I? chydorids @. setigera, P. gTobosus), spring, 82å copepods

(A- triarticulata, B. fTuvía7is) i autumn L977, 67t cladocerans (C. cornuta,

C. quadrangala, chydorids); spring, 6Ot cladocer¿uts (8. affinis, D- catinata)¡

suntrner-autumn 1978, g7z cladocerans (C. cotnuta, C. quadtangala); winter, 80t

chydorids and copepoditesi sunmer-autumn L979, )50å rotifers (7-25 species)-

lrtean diversity was higher for the Goulburn series than for the Albury-

Wodonga biltabongs (Table 6.8). As in the latter, maximum species nu¡nbers

occurred in autumn and spring. Diversity maxi:na tended also to be in autu¡nn

and spring, but this was variable. Hr values for each sanpling date are

included in Appendix 6.3.

Environmental factors: Regressions of log density of predominant taxa a¡td

species diversity in- eactr of the four billabongs on measured variables gave

only two 12 values > o-2o, both in seymour billabong, which had the greatest

variation in salinity. - There was a positive correlation between the abundance

oÍ. C. quadrangu-Z.a a¡rd conductivity, however this r,rras non-significant (¡2=O-56,

F=1.36, P >.05. A sigmificant negative correlation existed between species

diversity and salinity (r2=0.44, t:7.86, P <.05). Extremes were not recorded in

other billabongs; as in the Murray series, detection of environmental cues

probably was precluded by the patchy sampling program-

Contributíons to the downstrearn microfauna: During prolonged flocding by the

Goulburn in A974, only 5t of the raicrocrustacea recorded from Eildon reservoir

were collected from Goulburn View billabong (Shiel, 1976). Low survival may

have been due to turbulenc", ot^simply to dilution- In the present study, 91?

(40 spp.) of the Eildon lirnnoplankton assemblage was recorded from floodplain

habiÈats downstream, representing some 20t of the total microfauna iderìtified

from them. l4ost of these taxa were eurytopic and widely distributed-

As in the Murray, the proportion of the potamoplankton derived frorn

floodplain and marginal habitats rí-as directly relaÈed to increasing distance

downstream. Fifty-oñe taxa recorded from billabongs (262) occurred in

Goulburn Weir, i.e. 82t of the Goulburn Weir assemblage. The lower proportion
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of billabong taxa persisting in Goulburn Weir than in Mulwala possibly reflects

river flow differences, or hydrophyte comnunity diversity,/stabitity differences.

Greater ni-che partitioning in GoulJcurn billabongs suggests individual taxa may

have more stringent requiremerrt" rnl"n are not met in the rapiilly fluctuating

environment of the downstream impounùnent, i.e. they are specialists rather

than generalists. Only opportunist species with broad tolerances survive.

The billabongs sampled also were further from the river than were those

on the Murray. fnflows from the Goulburn were not recorded during t]:e study,

although the floodplain between Eildon LU Alexandra was inundated for most of

L974-75. Billabongs closer to the river did not have the diverse hydrophyte

development of the marginal series, and fringing vegetation along the river

margils was sparse. Incursions into tå.e potamoplankton from these habitats

would be expected to supply a less diverse rn-icrofauna.

6.4 Other billabongs

Comparative collections were taken from billabongs on the lvlitta Mitta,

Ovens, Murrumbidgee, Namoi and Moonie Rivers. A single series of collections

was made from billabongs of the Magela Creek, a tributary of the Alligator

River, N.T. for comparison with the plankton of the River Murray billabongs.

Species assemblages and trends of seasonality and diversity in the

Ovens, Murrumbidgee and MiÈta Mitta biltabongs were similarly varia.ble to,those

of the Murray. OnIy the lfitta Mitta billaJrongs are discussed here; they were

of interest in relation to Dartmouth Dam, and quantitative samples were taken

from them

6.4.I l{itta }fitta River billalrongs (Fig. 6.11)

Four small billabongs on the western margin of the -ltitta Mitta flood-

plain below Eskélale (Fig. 5.1) were sampled a976-79. All were (2 m deep, with

extensive open waÈer. Physico-chsnical features were si:uilar to those of the

.Iulurray series, i.e. low concluctivity, soclir¡n bicarbonate \árater, pH 7.2-7.5,

of high transparency. Algal corununities were diverse, with èles¡niddiatcm

assernblages coïtrtron. Fringing hyólrophytes were less extensive .ttran in the



Fig. 6.-1 't: The Mitta Mitta Riwer flooðp1ain'
view south towards the Bogong High PLains.
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Murray or Goulburn billabongs.,Limnetic zooplankton assemblages also were

dissimílar to those of either the Murray or the Goulburn billabongs. The

Mitta Mitta series was similarly heterogeneous; on any sampling date different

species domina¡¡ts and subdominants were present in adjacent billabongs, and

seasonal successíon in these communities was asynchronous. A síng1e billabong

near Eskdale (36028' s, 147ot5r E)is given here as an example.

fn surruner 1977 , 46E of the zooplankton \^las a species of TropocAcTops '

wiÈh B. faTcatus making up a further 249.-. Neither species coincided in

Murray billabongs. B. meridionaTìs (7t) ana B. quad.rid.entatus were sr¡bdominant,

with 1I Èaxa, predominantly limnetic rotifers, making up the remaining percentage.

Density was I12 [-1, Ht 2.23.

Throughflow in autumn caused a reduction in plankton density and diversity

B. minuta comprised 998 of the plankton, with only three other taxa recorded

(8. anguTaris, D. Lumhol-tzi, TropocgcTops spp.). Density was 42 9--l n' O.22.

In:spriúg L977, a diverse rotifer plankton occurred (H' 3.46), wíth

three species of KerateLJ.a dominant (438) and Ð. TumhoTtzi subdominant. No

collection \A/as made the following suÌtrner or autumn. In winÈer 1978 cladocerans

predominated. B. meridionalis, C. guadranguTa and D. Tumhol-tzi comprised 538

of the plankton, B- minuta 324 and IO taxa of rotifers I5t (7g 9,-t,H' 2.7O').

In suruner L978, although two species of TropocgcTops \¡/ere recorded,

they were insigrnificant in the ptankton. Twenty-nine taxa of rotifers, including

three new taxa (cf. Koste & Shiel, 1980b) made up 489. of the conununity, with

a further 488 made up of copepodites. Cosmopolitan eurytopic rotifers were most

abundant (K. cochlearís 244, P. vulgaris L2?" and K. tropica 8%1. Notably, nine

taxa of Bracltionus coexisted. (anguTaris, bud.apestinensis, caTgcifTotus, c.

anuraeifotmís, dichotomus, dichotomus reductus, falcatus, Jgratus and

quadridentatus melheni): and six of. Trichocerca. Approximately 24tå of. Eaxa

recorded, from this cotlection ürere not recorded elsewhere. Notable also was the

occurrence of medusae of Craspedacusta sowerbgi, the first record from a billâhong

The species is known from Hume Reservoir (Walker & Hillman, 1977).Zoop1ankton
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densíty (672 9,-r) and diversity (Hr 3.56) were ¿rmongst the highest recorded

from all habitats during the study. Similarty high densities occurred during

autumn 1979 (482 9,- r), rith K. cochlearÍs, K. quadrataandP. vulgaris (598)

dominant, B. merÍdionalis (20t) subdominant.

Similàr trends, with different species dominants h¡ere recorded from

other billabongs on the Mitta Mitta floodplain. The distinctive nature of the

microfaunal assemblage of each community was evident, comparable to that of

the Murray and Goulburn billabongs. The Mitta Mitta billabongs apparently were

the least "managed" of the billabong r"rr"r, at least prior to construction

of Dartmouth Dam; some were inaccessible to stock, not used for water supply,

and generally little touched by human interference. The Goulburn billabongs

v¡ere second in terms of community diversity, although some of the more "natural"

billabongs had extremely complex communities, and the Murray billabongs, with

the greatest huma¡r interference, had the lowest diversity. The effect of

interference with billabong communities is considered later (see also Shiel,

1980) .

6.5 Billabongs as refuges

As noted earlier, billa.bongs have long been noted for their importance

as breeding refuges for an assortment of vertebrates, particularly frogs, fish

and waterbirds. More than half of the availabLe water on the floodplain may

not provide appropriate conditions, i.e. the river itself, and other standing

waters, e.g. impoundments, are both rare and either inaccessible or inhospitable

to the species involved. Clearly, the shelter afforded by these shallow eutrophic

habitats e'¡tenèls Èo t; microfauna a¡d macroinvertebrates, not only to the

cliverse vertebrate assecnblage recorded in othe.i stuilies.

In this stucly, of more than 400 zooplankton and littoral microinr¡ert-

ebrate taxa recordecl from lvlurray-Darling waters , 452 of the Rotífera (117 taxa) ,

37? of the Cladocera (28 taxa) , 23* of the Copepoda (9 taxa) an€t 758 of the

Ostracocla (24 taxa) were òonfined to billaboags or hTere collected from adjacent

shallow waters, apparenÈty flushed from the billabongs. I'or rnany of these taxa,
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breeding popurations ri/ere recorded orrr) ,ro,n birlabongs, i.e. at reast a third
of the recorded species find suitabte conditions only Ín these shallow, often
ephemerar habitats' some'of the rea.s-ons are apparent from earrier discussion;
abundant microniches, moderate physico-chemical conditions, limited effect of
throughflow due to sheltering by hydrophyte beds, seasonal nutrient input from
the floodplain, etc.

Given the heterogeneity of such conditions between bitrabongs, it is
not surprising that disparate mÍcrofaunal" communities have evorved to firr the
availabre niches' while it is not yet appropriate to discuss the evolution of
such co¡nmunities under Austral-ian conditions, i.e. so rittre is known of them,
this study has provided considera-bre evidence that birlalrongs are centres of
speciatión. This was suggested forlowinq an earr.ier study of billabong
microcrustacea (shier, 1976), but no further work has been published.

of sixteen new taxa of Rotifera recorded during this study (see Table
4'r),11 were from birtabongs and five from the rower Murray. Three of the
latter possibly are billabong or sharrow water forms (8. bidentata minor,
8' kei'koa and K' shÍelÍ) ¡ they occurred in Darling floodwaters, and may have
been flushed from lentic habitats on the Darring froodplain. Four new cradoceran
taxa were recorded (ta¡te 4-6) - r\¡¡o were billabong inhabitants, and two species
of Monospiius recorded from Darting waters possibly also were fLushed from
the floodprain' At least three new harpacticoid copepods were recorded from
Gourburn billabongs' and at least six new ostracod species occurred in Murray
and C,oulburn billabongs (p- De. Deckker, pers. comm.).

Notabry' a small group of species confined to billa-bongs downstream
of Eildon were northern hemisphere, particurarry North American, in affinities.
Kurzia was ídentified during the 1974 study (Shiel , 1976) , C. Jaticaud.ata was
recorded early in the present study, as v/ere a variety of L. ungurata (var.
aubtra-ziensis) ' the tlpical form of which has not been recorded from the
continent,

hemisphere)

H' poTgodonta, and severar widely-distributed (in the horthern
rotifer species recorded from Australia for the first time.
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These remarkably discontifuous distributions suggested that introduction

had occurred, and the most likely method could have been transport on hearry

earthmoving equipment imported into Australia in 1954-56 by the Utah Construction

company to build the Eildon DaÍ¡. ffrlr.rr"port of resting stages in dried mud

is possíble; stringent requirements for steam cleaning were not then enforced

(Dept.Agric., Alexandra, pers. comm.). Although this is only conjecture, it

is relevant that the Goulburn (and indeed the R. Murray) was in flood along

its length in 1956; diapausing eggs or ephippia may have been carried from the

construction site and colonised downstredm billabongs. These isolated

populations have in some cases evolved minor differences to the typical fo:=ns,

but are the only representatives of the taxa in Australia. In any event, they

are now established in restricted area of the basin, viz. bíIlabongs between

Eildon and Yea.

6.6 Concludinq remarks

The major flooding recorded along ¡4urray-Darling rivers during 1974-

75 did not reoccur during this study, thereby precluding an assessment of the

effect of flushing on the billabong coÍmrunities. However, comparative

information from a range of billabongs enables the following general statements

to be made: The plankton of billabongs was considerably more variable between

habitat.s tha¡ was the limnoplankton of the relatively more homogeneous

impoundments. Vühile genera were conunon to both lentic hal¡itats, the species of

billabongs generally were not those of lakes, although a small group of eurytopic

ta><a was widely distributed. Interchange between the plankton of upstrearn

reservoirs, billabongs'a¡d downstream reservoirs !{as evident, wíth an increasing

proportion of the potamoplankton downstrearn of dams derived from fringing or
'+

lentic habitats on the floodplain. Most marked differences between lake and

biltabong plankton conununities h/ere due to the high proportion of non-U:nnetic'

i.e. littoral, epiphytic and epibenthic taxa occurinq in the open water of

billabongs. Community diversity was therefore considerably greater in billabongs,

Plankton densities generally were two-tenfold higher than in nearby reservoirs,

indicating the eutrophic nature of billabongs. High diversities, high average
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momentary species composition and large nr:rnbers of total taxa collected suggests

that, in terms of community complexity, billabongs are the most diverse small

aquatic habitats yet recorded, a unique product of climate, hydrolog'y and

biology.
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7. POTAMoPLANKToN oF THE LoWER RTVER MURRAY

7.I fntroduction

Below the Murray-Dar1ing confluence the river flows for 315OO km

to Lake Alexandrina. River water is used extensively for irrigation'

particularly in the S.A. Riverland (Berri, Loxton, Waikerie) (Fig. 7.L),

and for domestic supply to riverside towns and., by pipeline, Adelaide

(80 kn) and rnore dista:rt centres on Spencer GuIf (>300 I<m).

In the irrigated reaches, soils are saline or sodic, and ground

water generatly is more saline than the river (ncwS , a978). Irrigation

returns increase river salinities, thereby creating problems of water

quality for d.ownstream use. As mentioned earlier (2.2.3), salinities may

exceed acceptable üfHO levels for much of the year. Additionally' high

turbidities, high nutrient leve1s and accompanying algal blooms, and,

contaminants from multiple use, e.g. faecal pollutants and pesticides, may

cause further deterioration of \,vateï quality. Filter clogqing, taste and

odour problems are contrnon.

Most available information on hydrology and chemistry has been

collected by water supply authorities, and has therefore been biased towards

guality of water for a.bstraction, particularly into Adelaide's water supply

reservoirs. Biologicaf infonnation is sparse (see 2.2.3); the only data

on plankton prior to this study concerned nuisance algal bloorns in relation

to water quality (eoWS unpublished, see also Fa1ter, 1978). A preliminary

report on l,[urray-Darling zooplankton communiÈies (Shiel, 1978) included

infomation on lower Murray assemblages, and the lower Murray Rotifera were

reportedby Shiel (1979). fhe latter studies (see also Ch. 5) noted the

biotogical consequences of disproportionate and highty variable flows frorn

two discrete river sysÈems. The potential for faunal dispersal between tJ:e

two systems because of differences in timing of flooding was noted by Smith

(1978), who regard.ed the systems as a transportation corridor. The distrib-

ution of northern Australian mollusc species vras considera-bly extended by
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7.3 Physico-chemical features

During the study the following were measured: air and water temperature,

pH, dissolved o><ygen, conductivity, TDS and turbidity. Major ions were measured

during 1976. This was discontinued in view of the availa-bility of more

comprehensive daÈa from the E.& !{.S. Dept. Nutrient data also *jr" 
".r"ilable

from t}te E.& W.S. Dept.

The Mannum data exemplify the variability of physico-chemical conditions

in the lower Murray, with comparative information from other sites where

relevant. Fluctuations in measured water quality are shown in Fig. 7.3 (full

data are in Appendix 7.1) and discussed below. An example of diurnal variation

is given in Fig. 7.4.

7 .3.1 Temperature (Fig. 7 . 3a)

Air temperature at Mannum ranged from 4.0-31-.0 oC (i L7.7 oC), water

temperature from 8.5-25.5 oc (* 16.g oc). vtater temperature followed air

temperature reasonably closely, a result of shallow river morphology a¡rd slow

flow. Longitudinal variations of several degrees on a sampling date were due

to differences in sampling time as well as variations within the water mass, i.e.

3-4 oC differences in surface temperature across the river, and 4-6 oC lower

temperatures at I m depth in midstream were recorded at Mannum. Horizontal and

vertical temperature differences were more pronounced in spring and suruner than

in autumn or winter. Fig. 7.5 includes a¡r example of such horizontal and

vertical variation. There were no major temperature changes with passage of

Darling floodwaters.

7 .3.2 pH (Fig. 7 . 3b )

A pH range of 7.0-8.8 (i 7.95) was recorded. A relatively rapid

change accompanied alkatine Darling floodwaters in autumn L977, witJ' a less

pronounced increase during the smaller 1978 flood. Highest pH levels were

recorded. during a late sununer 1976-77 blue-green algal bloom (Anabaena circinaTis
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7 .3.3 Dissolved oxygen (Fig. 7. 3c)

DO levels rarely were below 90& saturation (range 6.4 - 12-00 ppm'

I g.q ppn). Supersaturation occurred in winter, possi-bly due to turbulence'

Lowest levels \irere recorded during-€he âutr¡¡nn a977 Darling flood, when organic

detritus accounted for the high turbidities; decomposition may have resulted in

the slight oxygen depletion. DO levels were correlateil with temperature (r2=

0.65, P< .05).

7.3.4 Conductivity & TDS (Fig. 7.3d)

fncreasing salinities, Iargeþ due to modifications of the ì4urray flou

regime and irrigation practises, aïe reqarded as the major threat to water

quality. Hiqhest satinities occur over sunurer when flows are lowest and

abstraction and irrigation returns are greatest. frrigation returns show as

more saline slugs travelling downstream. An average of 3000 tonnes of salt

passes downstream daily (scwS, Ag77). During dr1' summers flushing flows may

be released from upstream reservoirsr ê,g. Lake Victoria, Fig. '7.L, to alleviate

excessive salinities. Lake Victoria was drawn down in late summer \976-77¡

diluting flows passed Mannr:m in late February. Flows were lower during 1977-78'

and salinity correspondingly higher. A peak of 1950 FS qm-l tt" recorded at

Ma¡mum on March 9th, l-978. The following suÍtrner higher flows were maintained;

salinity increases were less pronounced. Mean conductivity over the study

was 930 ¡rs cni I , *"an TDS were 409 ppm.

7 .3.5 Turbidity (Fi9. 7 . 3e)

The lower river was characteristically highly turbid (range 78-225 NTU, ; 70).

OnIy during tate summer-autumn was there relatively high transparency- High

turbidity Darling flows were apparent during autumn-winter each year, i'e'

typically chatk coloured due to suspended clays. A dense bloom of -MeTosira

contributed to high turbidities in winter-spring 1978. The sigrnificance of

high turbidities and algal blooms are considered later.

7.3.6 lvlajor ions and nutrients '

Major ion,dominances during 1976-79 r{ere as follows (ranges and means

in mg.0-r), cJions - l¡a (32-L74, I gzr> ca (15:55, ; zs)l Ms (8-28, I rz)l r
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(2.6-9.3, i 6.0); Anions - rrcog (67-Lag,I r¡z)? cr @6-290, i tso)> soq

(8-38, i ¡t), i.e. marked differences from world average fresh water, also

from tlre pre¡ljcted proportions for.Australia¡ fresh water (cf. williams, 1967¡

Bay1y c lfilliams, L973¡ Buckney, 1980) particularly for bicarbonate levels.

Íhe influence of saline irrigation returns was apparent in the marked increase

in NaCI levels over summer.

PO'f-P (0.03-0.29, -x O.13) and NOg-N (O.I-2.7, I 0.8) leve1s generally

were highest in winter-spring, lowest in sununer. Utilization by algae in

suntrner is suggested. Similiarly, sifica, important for diatom growth, was

highest in winter-spring, lowest in surmner. (1-19, i g.:) coincident with

CgcTotella and MeTosira blooms. Nutrient levels were considerably higher for

much of the year than upstream levels reported by Walker & Hillman (1977), and

generally were indicative of eutrophy.

In sununary, the major factors likely to influence the plankton were

temperature, turbidity and salinity. The lower river, with few physico-chemical

extremes, provides a habitat with features of both lotic and lentic environmenÈs:

Iow flow rates, shallow morphology, seasonally high turbidity, salinity and

nutrient levels, i"e. some features conducive to the development of a diverse

plankton assernblage, others acting to reduce diversity. These influences \^Iere

not readily separable, i.e. as noted earlier, theie are inherent difficulties

in attrilcuting compositional changes to single factors. In tJ".e following

section on plalkton composition, more attention is given to the effects of

environmental variables on the zooplankton; the phytoplankton is considered

briefly.

7.4 Phytoplankton

During L976, 30 .C trap samples taken with a 20 Um mesh were sr:bsampled,

and phytoplankters in 1 mI aliquots vrere enumerated in a Lund cell. AIgaI

counts were discontinued from January.L977 when access was provided to

comprehensive quantitative data from Mannurn (E&wS, rrnpublished). Predominant

genera and relative abundance only were recorded thereafter. Part of the E&WS
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data was recorded in Areal Standard Units. These vrere converted to cells ml-r

by appropriate conversion factors (C. gelt, E&wS, Bolivar, S.A. pers. comm.).

In view of taxononic difficulties, phytoplankters usually were identified

only to generai ín some cases bloom species were sent for expert identification.

Thirty-five genera were recorded during 1976-79, with possiJcly twice as many

species i.e. congeners rilere common in several taxa, e.g. CgcloteTTa, MeTosíra.

Table 7.1 lists genera and gives relative abundance, i.e. the percentage of

samples i¡r which the genus occurred. Data on commrmity composition, density

and seasonality are shown in Fig. Z.O ata described briefly below.

7 .4.,L Community composition

Although 6-15 atgal genera \Ârere present in any sample, only one or

two usually were numericalty abundant. Vüith few exceptions these were diatoms

(Cgc7ote77a, Ggrosigma, MeTosíra, Sgnedra), with seasonal pulses of green algae

(Closterium, Hormidium, oocgstis) and blue-green algae (Anabaena, Anacgstis,

oscilTatoria) . Occurrence of all genera is shown in Fig. 7.6a.

Seasonal fluctuations $¡ere as follows: during 1976 diatoms predominatèd'

with a small pulse of the chlorophytes ClosÊerium and äormjdium in spring.

AIgaI densities were low (i ¡Of ml-l). A tate suntrner pulse of Homidium and

OocAstis(262') and .Ana.baena/Anacgstis (672) (cf . Fig.7.6b) reacheil 5000+ cells

mt-r. Diluting flows from Lake Victoria flushed this bloom from the lower river

in Fehruary L977, and atgal densities remained low (< 2OO cells ml-r) until

the following surwner. No phytoplankters were present during spring-surtrner 1977.

There were three major blooms during I97g¡ CgcToteTTa in autumn (>4'000 cells

ml-l), a small pulse of MeTosira in winter (=2iOOO celts ml-l) and a large

trIelosíra bloom in spring-surtrner (; 5038 cells mI-1, max. 25t636 cells ml-r).

IleTosira densities declined through summer-autumn 1979, when a small pulse of

the ftagellate Crgptomonas \das recorded. MeTosira Íncreased to a peak of

9,OOO cells m1-1 by winter, when sampling ended.

Clearly, altTrough the lower Murray phytoplankton assemblage is a

typical riverine diatom-dominated community, there is considerable variation





Table 7.I: Phytoplankton genera recorded from Èhe River Murray

at Mannurn. Frequency of occurrence is shown as ++++ >503 of
samples, +++ 30-498, ++ IO-298, + <108.

ls cgcToteTTa
2o Ggrosígma
2L MeTosira
22 Nìtzschia
23 Pinnularia
2 4 SurireTl-a
2s sgnedra

Dinophyceae

26 ceratium

27 Gfenodinium

Euglenophyta

2 8 EugTena

29 Phacus

3o TracheTomonas

Cl¡anophyta

3 I Anabaena

3z Anacastis

3 3 Osciflatoria

Others

3 4 GeLel-ie7l-a

3 s Crgptomonas

++++

+

++++

+

+

+

+++

++

++

+

+

+

++

+

+

+

++

I

Chlorophyceae

Chlamgdomonas

Cl-osterium

Coelasttum

Eudorina

Hormidium

OocAstis

Pandorina

Pediastrutà

Scenedesmus

ro schroederia
1t Sphaerocgstis
r 2 spiroggra
l3 Staurastrum
| 4vofvox

Xanthophyceae

L 5 Botrgococcus

Chrysophyceae

l6 Sgnura

BacillarioËhvceae

17 Actinostrum
| 8 AsterioneTTa

+

+++

+

+

++

++

+

+

+

+

+

+

+

+

2

3

4

6

7

8

9

+

+

+
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pulse (=2OO [-l) of herbivorous zooplankters, particularly M. micrura,

B. meridionaljs and B. triarticulata. Possible trophic relationships are

considered later.

Argal densities were in ,"";", within the ranges found in other

turbid rivers, e.g. the NiIe had a mean algal density of 5828 cells mI-l

during I95I-53, with a MeTosira bloom (27,84O cells mI-r) in November- (Rzoska,

Brooke & Prowse, 1955). Unlike slower Murray ftoods, those of the Nile

decimated the p1a¡kton. Considerably lower densities occurred in the highly

turbid Missouri River (tota] plankton ø1.¿ *-'l (Berner, 1951) . Contrilcuting

factors were high turbidity, high current velocity and lack of adjacent lentic

habitats. Lower algal densities also are reported from, for example, the

Mississippi (=5 x IOa ce1ls ,Q,-r) (Reinhard, 1931) , the sacramento (2-LO x 103

cells 1,-1) (Creenberg, itg54) a¡rd the polluted River Yamrma (34-48 x 103 celts

1,-1) (nai, Ig74). Comparisons with rnany other earlier studies are impossible

d.ue to the use ,of settled volumes or areal units in alga1 biomass esti:nates-

CIearIy, as in studies of river phytoplankton elsewhere, a complex

of abiotic and biotic factors influence algal development in the River Murray-

AtÈTrough these could not adequately be assessed in the present study' the

following generalizations apply: the same genera' and in some cases the same

species, occur in the Murray as are found in other rivers, and diatoms

predominate. Temperature, turbidity and nutrient levels are major influences

in controlling a]ga] blooms, which conunonly occur in winter, spring or sttlltrner.

Because of varia.bility in water quality, the same species may not bloom at the

same time in consecutive years.

7.5 Zooplankton

133 taxa of zooplankters were identified from LM coll-ections. 86 were

Rotifera, 32 Cladocera, 13 Copepocla and 2 Ostracod.a. As for the phytoplankton'

there was considerable longitudinal varial¡ility in conunu¡ity composition on any

date, ald, on occasions, markeil conununity differences across the river. ft is

pertinent, therefore, to surunarise data from the 1976 sarnpling series for
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comparison with other studies. The remainder of this section considers

temporal variation in the potamoplankton at Mannum, including diurnal fluct-

uations in conununity composition. 
_The 

extent of spatial variability across

the river also is considered briefly to emphasize some of the problems

encountered in sampling a moving, heterogeneous water mass.

7.5.1 Longitudinal variability in community composition

Fig. 7.7 shows variations in zooplankton density (plankters .C-1) at

8 LM stations during 1976-77. For logistic reasons sampling was not carried

out for the full year at aII station". 
"".r"rtheless, 

the foÌlowing trends are

clear: high winter flows were ini:ni"-f to plankton development; densities

were uniformly low. Marked increases in density arrd diversity occurred in

spring. These generally were greatest in the Riverland reaches, where locks

impede flows and higher nutrient levels promote algat blooms (cf.. Falter,

1978) .

Although similar species assemblages occurred at each station, there

were marked differences in relative proportions, diversity and density. On

27/28.íx.76, for example, the d.ominant plankter at Mannr¡n was B. meridionalis

(442), with K. australis (35%) and F. Tongiseta(148) subdominant. Density was

28.3 t-t ("f. a19a1 density 186 x 103 .0-r) and H' 1.90. Just upstrearn at

[rlalker Flat, B. meridionaTis comprised 582, K. austraJ-is 21å and F. Tongiseta

8å (density 4'7.5 L-r, H' 1.86). At Loxton, the order of dominance was

B. meridionalis (43%) , F. pejTerí (23e") (F- Tongiseta \¡¡as present, but not

more than 2%) and K australis (158) (density 350 1,-r, H' 2.I4). No atgae were

present; detritus apparently was an important f"ood source. Rotifers were

observed feeding on and in the large anount of suspend.ed. organic debris,

particularly microcrustacean remains. At Berri, B. tteridìonalis comprised

341 of the plankton assemblage, C- dossuarius 23%, F. pejterÍ L94 a¡rd K. austrafi

LAz (density 328.6 9'-L, 1¡' 2.35). At Renmark the dominant plankter was a

rotifer, B. urceolaris (52*), with B. meridionafis (118) , K. ausXralis (9t) and

C. quadranguTa (72) subdominant (density 23.7 9,-t, ¡¡' 2-461 -

Vtith reduced flows over suÍ[ler there was more þronounceil ilisparity
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in species assemblages between stations, with blooms of some species recorded

only at single sites, ê.g. on 17.xíí.76, 32O plankters .C-l o..utt"d at Mannum,

(H' I.67). of these, 74¡a were B. cawdatus f. austrogenÍtus, a pantropical acid

water species (pH 5.8-6,4) typical of standing waters (Koste, J-978 and pers.

conun.). pH of the river at the time was 8.0. This pulse l¡ras the only record

of the taxon during the study. Downstream at Wellington on the same day the

dominants were P. complanata (438) and copepodite stages of B. triarticuTata

(39t) (15,8 plankters [-r, H' 3..06) . B. caudatus was not present in samples

from Vùellington, or from cotlections upstream at Walker Flat.

A marked decrease in plankton density early in 1977 may have resulted

from releases from Lake Victoria or an upstream Murray reservoir, i.e. increased

turbulencer/velocity and reduction of the plankton, or it may have been due to

a slug of "plankton-dilute" floodwater preceding the main Darling flood, which

reached Ma¡num in March. An abrupt peak in plankton density \¡/as recorded at

the three southernmost stations. At Mannum, for example, on 3.J_j-l-.77,

B. triarticulata predominated (422) , with B. metidionalis subdominient (33%)

(density 65 .Q,-1, H' 2.7I). A peak of 267.[-l occurred on S.iii.77 (copepodites

672, K. austraTis 10*, F'. pejlerí 98, H' 3.18). On 16.iii.77 t-here were 93

plankters 1,-r, with the same three dominants. This pulse apparently passed

Taile¡n Bend around,22-iií-77, essentially litt1e changed in composition.

During 1977-78 and 1978-79 sampling was primarily at Mannr.un, with

comparative samples taken at both upstream and downstream stations. The

influence of irrigation downstream of Mannun was apparent; higher densities

anil diversities similar to those of the Riverland were common at TaíIem Bend.

In general, trends vüere as fot 1976-77, alLhough the same taxa did not occur

synchronously each year. Environmental influences are considereël with the

Mannrm data.

In sr¡unary, the lower Murray zooplankton asse¡nblage was more conplex

than that of the upper and miólclle reaches. Densities anÉl diversities generally

were higher, particularly in the irrigated reaches. As reportecl in other

potamoplankton stuclies, there were cliscrete "clouëls" of zooplankton which
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maintained their integrity as they moved downstream. Seasonal pulses occurred

in:regi-ons of slow flow, possibly ín response to increased nutrient levels and

flow reduôtion. Nutrients, particufarlV in the form of organic d.etritus, lnaY

have been responsible for increases in plankton biomass accompanying floodwaters.

Distinct pulses followed spring and summer phytoplankton blooms. In some years,

high winter flows reduced plankton density. Darling floods produced rapid

changes in zooplankton composition, introducing into the lower Murray an

assernblage dominated by tropical Rotifera.

7 .5.2 Cross-river variabitity

Considera.ble differences in species composition between marginal and

mid-river zooplankton assemblages were apparent durirrg ttt" earty sampling

program. To assess this variability quantitatively, the cross-river ferry at

Mannrm was used to take trap samples from 2 m and 5 m depths at 30 m intervals

across the river in summer, autumn and spring, 1977. A winter series was

a-bandoned when high current velocities prevented lowering either the Schindler

trap or a v¿rrr Dorn bottle.

Least varia-bility occurred in autumn (20.iv.771,suggesting greater

homogeneity produced by the mixing effect of Darling floodwaters. Greatest

variability occurred in spring (30.xi.77). Table 7.2 shows compositional

differences in the spring zooplankton assenlclage along a transect at Mannum.

Counts ïepresent 10 mt aliqouts from 3O .[, trap samples made up to 40 ml with

dístilled water.

Of the 31 taxa collected in a series of traps, 11 were colllrnon. The

remainder \^rere rare conponents of the potamoplankton, occurring in only one or

two samples in low numbers. All 31, and an additional 4 rotifer species, were

present in a cross-river tow sample taken iruneéliately after the trap series-

To detemine the extent of variation in observed proportions from that expected

if each of the relatively a.bundant species was uniformly distributed, species

numbers at each site were treated as sampling units and arranged in a contingency

table (11 coh¡nns, 9 rows). lTo vras that each sampling unit was in the same
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proportion at each site. Expected values were calculated as in Elliott (I97f).

Observed and expected values \4rere compared by the standard X2 test. Ho was

rejected at the I8 leve] (X2=100I.92, with v:(I1-1)(9-1)=80 degrees of freedom).

Although all common taxa were contagiousty distrilcuted (variance)mean),

significant X2 values were found onty Í-.or B. meridionaTìs, C. quadrangula'

M. micrura and calanoid copepodites. AI1 were considerably more abundant in

midstream than at the margins. Overall ptankton density was 2-3 times greater

in midstream, and apparently greater at 5 m than at the surface.

Given the longitudinal and cross-river contagion in the potamoplankton,

subsequent sampling at Mannum clearly \Àras a compromise. Cross-river to\^¡s were

accepted as representing proportional composition adequately, and one or t\^¡o

trap samples as representative of density at the sampling site, with (seasonally)

two- or three-fold differences in density across the river. Order-of-magnitude

differences were recorded from longitudinal samples, but not from cross-river

collections.

In the following section, the species composition and dynamics of the

zooplankton at Mannum is described, the influence of environmental variables

is assessed, and features of the autecology of dominant species are considered.

The River Mì-l-rray potamoplankton is then considered in relation to that of other

major rivers.

7 .5.3 Temporal variation in the lower Murray zooplankton

Fl-uctuations in plankton composition, density and diversity are

sununarized in Fig. 7.8 anit described below. Raw dataareincluded in Appendix

7 .2.

Corununity cornpo s ition

In terms of species nr¡obers (Fig. 7.8b) r Rotiferà > Cladocera ) Copepoda

was the usual sequence. Average anomentary species composition at Mannrln was

14.4 rotifers, 6.0 cladocerans, 2.4 copepoils and 0.1 ostracocls (¡¡=421 . .l4axj:nr¡n

species nu¡nl:ers occurred in autr¡nn and late spring each year, witTr up to 35

species present in the potamoplankton. Minimrm species nr¡nbers (11-15 taxa)
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were in winter and early spring. Zooplankton density (fig. 7.8a) (range 16-

993 .Q,- 
I , * ttg .Q,- 

I ¡ was highest in autumn and spring associated with Darting

floodwaters and Murray alga1 blooms, lowest during winter and summer. Trends

were similar to those of the phytoptankton (cf. Fig. 7.6a), suggesting a

trophic relationship. This is considered later, as also is díversity.

Plankton composition ffuctuated each year (FiS. 7.8c), e.9. during

Iow flows of tate 1976 and throughouE 1977 cladocerans predominated, with a

pulse of rotifers introduced by Darling flows each autumn. In the higher

volume flows of 1918-79 (cf. Fig. 2.10), rotifers predominated, with cladocerans

largely insignificant. There was a marked synchronous pulse of copepods each

summer. Species composition and. trends in the potamoplankton community are

considered briefly below.

B. meridionafis comprised =75% of the plankton through winter 1976,

with A . brightweTTi (10%) and B. triarticuLata (5%) subdominant. Some twenty

other taxa were rare. Densities were low (<40 g-1) . In spring, B. metidionaTis

(44e") still dominated, with K. austrafis (35%) and F. Tongiseta (I4Z) sub-

dominant (density 28.3 [-1). In suruûer 1976-77 a bloom of B. caudatus f. austro-

genitus occurred along the western margin of the river (noted earliern density

32O 9,- 1¡, 
"ith a distinctly different midstream community, i.e. B. meridional-is

(36%) and four other taxa of Brachionus(32|) predominant (52 L-t). Six rotifer

taxa were recorded from midstream, while a diverse assemblage with 16 taxa

occurred in the western margins.

A tate suÍuner pulse of microcrustacea (8. meridíona7ìs, B. triarticuTata)

occurred in February 1977, and comprised 78% of the plankton. Twenty-three taxa

made up the remainder of the potamoplankton. These two dominants persisted

through autumn, with an appearance in March of M. micruta accompanying a

Hormidium/Anacgstis bloom. Density (267 9.-L) and diversity (H' 3.1,2) were high-

An initial flush of Darling floodwater in autumn brought a copepodite-

rotifer pulse (copepodites 46%, 43 L-7, rotifers, particularly K. austral-is

and F. terminafis,36a, 93 9"-7). This pulse of calanoid copepodites passed
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Mannum in mid autumn, to be replaced by a very diverse (H' 3.55) rotifer

plankton (23 of 33 taxa recorded, 698) with tropical Darling forms predominant.

e.g. B. calgcifTorus Darling form, f. anuraeiformís, B. budapestínensis,

B. falcatus). The most abundant cladoceran was C. cornuta. This assemblage

was replaced in early winter, and for the remainder of L977, by B. metidionalis

and C. guaclrangu-la dominants, with a late spring-summer reoccurrence ot M. mictur¿

The latter persisted over suÍtmer (32+r, with B, triarticulata, largely as

copepodites, predominant. Densities \^rere considerably lower over the 1977-78

srrrrner than previously (<2o 9" 1¡, but high diversity was maintained (H' 3-26) -

The late surm-ner asselnblage was dominated by rotifers and copepodites ' with 12

taxa of rotifers camprising 588 of the plankton in mid February.

The auturn ftush from the Darling was less pronounced in 1978, althougÏr

there !üas a distinct pulse in density and diversity of the potamoplankton.

Rotifers comprised 741 of the plankton by winter 1978, with P. complanata (434),

F. terminaTis (15%) numerically abundant, B. meridionalis subdominant in,July.

and K. australis and K. cochl-eatis sr:bdominant in August. An increase in

dèrrsity and diversity accompanied the mid winter l"IeTosira bloom, e.9. on 14-viii-

78 there were 35 species, 113 plankters .0-1, diversity 2.76. Rotifers comprised

>75% of the spring assemblage (18 of 35 species present in September, 15 of

24 species collected in October, and 25 o1. 35 in November). On each occasion

a single species, P. compLanata, was nurnerically abundant. This species was not

abundant the preceding year, when K. austral-is was the most cómmon rotifer.

Rotifers comprised 95% of the summer I97A-79 plankton. An abrupt peak

in diversity accompanied the dense bloom of Mefosira in November-December,

although, as in other blooms. density dropped to =50 .Q,-1. rhe bloom apparently

was flushed from the lower Murray by Darling flows, which contained a rotifer-

copepodite assemblage, e.çJ. in January-February P. complanata, B. anguTatís,

F. pejTerj and H. mira comprised 75c" of the river plankton, with a further 1I

rotifer. species present. In Marchr lg species of rotifers occurred, with Il. míra,

F. Tongiseta, F. opoTiensis and F. pejleri making up 33%. As in Dar1ing flows

in other years, there were considerable amounts of suspended organic debris'
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and low a1gal densities, although high zooplankton densities (=3OO [-r)were

recorded.

The summer copepod peak and occurrence of M. micrura was delayed until

April, when microcrustacea dominated (92*). Plankton density dropped from 88

.C-rin April Lo 23 9,-r in May following the first Darling flows, then increased

steadily with the onset of the winter bloom of. MeLosíra. In ,fune, rotifers

comprised 66? of. the potamoplankton (4 species of Brachionus, 4 of KerateLLa

and 4 of Fil-inia were abundant). The single most abundant plankter was

B. meridionaTí's (70 .R-i). Both density (2I5 .Q,-t) and diversity (H' 3.08)

were high.

The Me-|osjra bloom persisted until sampling for the study ended in

August. Zooplankton density increased steadily over winter. with five rotifer

species comprising >50ç" of the plankton (P. compTaÌtaÈa > F. tetminaLÍs >

K. cochfearis ) K. austra-7.js > S. Tongipes). B. meridionalis (30?) once

again was the only abundant microcrustacean. Diversity remained high (2.7-2.9)

through the bloom.

A 24-hour sample series was collected during this bloom (August 16-17 '

LgTg) to determine the extent of diurnal variation in the potamoplankton.

Resul-ts are shown in Fig. 7 -9. (Collections h¡ere taken from =3 m depth I0 m

from the west ba¡k; physico chemical measurements (fig. 7.4) were taken

concurrently). There was little change in water quality over the 24 hours-

passage of a slightly more saline slug of water may have accouflted for the

decrease in conductivity between 2OOO and 2lOO hrs, while respiration and

cessation of photosynthesis account for changes in dissolved oxygen concentratio:

and pH. Turbidity (not shown on Fig. 1.4) was relatively constant around

15.0jI7.5 NTU.

Of the 4! zoopLankton taxa recorded, only the six mentioned above

were abundant. These, and K. tropica, were present in aII hourly samples.

Several othersr e.9. K. procurva, î. Tongiseta, B. triarticul-atal were

relatively alrundant but apparently patchily distributed. There was litt1e
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change in species composition over t,he 24 hours, but there vlas a marked

fluctuation in plankton density. At 2OOO hrs, density was 2I7 9'-L. After a

stight rise, plankton density fell to <2O L l around midnight and fluctuated

between 1OO-3OO .0-r until dawn. Density then steadity increased to a

maximum of 993 .1,-l at dusk (I8OO hrs), after which it declined.

This peak was the highest recorded from the river during the study,

and initially was attributed to passage of a discrete slug of plankton-rich

water. However, the striking similarity of the density changes to those

described from alkaline waters by Bayly (1963b) , cf. also Hutchinson (1967),

Bayly c Williams (1973), suggests that the river plankton may undergo reversed

diurnal verticai migration. This phenomenon would account for density difference

recorded on several occasions at greater depths across the river (p. 2O5).

Although all plankters apparently were involved, more pronounced density

changes occurred in the population of the rotifer, ,5. Tongipes.

The river plankton may be behaving in the same manner as pond and lake

plankton, €.9. vertical migration was recorded from a shallow pond in Victoria

(Geddes, 1968). Time constraints did not permit further study of this phenom-

enon. Considerable research clearly is necessary to determine if vêrtical

migration is characteristic of the River Murray plankton; indeed, of rivers

generally.

Environmental factors

The influence of measured environnental variables on overall density

and diversity of the river zooplankton hras investigated by linear regressions

of J-og density Q-l on water temperature, pH, d.issolved oxygen, conductivity,

turbidity, nutrients and log aIgal densityml-l. Data are shown in Table 7.3.

À single significant negative correlation (p< .01-) was found between

1og density and temperature during i-l978, when rnean water temperature was =3.0 oC

lower than the preceding year. This is considered later in the context of

changes in species composition. A weak correlation (p< .05) existed between

log density and dissolwed oxygen, however the latter is not independent of



Tab1e 7.3: Regression analysis of Mannum zooplankton data 1976-

Ig7g. Dependent variable: log zooplankton density 9--r.

L976
L977
1978
r979

4
15
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-o. 3890
19.4500
34.6929
23. A204

9.26L9
-0. 3218
-9.6889
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10.03
0. 01

l_6. I0**
0.38
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.0002
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.0016

. o020
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2 .47
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34.10*
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.1321
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Water
temperature

(oc)

pH

Dissolved,
oxygen (ppm)

Conductivity
(ps)

Turbidity
(NTU)

TotaI-P

NOg-N

Log algal
density mI-t

n Intercept Regression
coefficient

F value
R2

Independent
variable

* significant at 53 level
** significant at 1% level
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temperature. 1,. ¡;os;it.ive correlation betweeu zooplankton and algaI i.¡iomass

\,ùas recorded only for the 1976 samples. This may be an artefact of smaff

sample nwdbers (n=4), or a trophic effect, with Bosmina, a filter feeder,

increasing in proportion to atgal biomass. No other significant correlations

were detected.

Similarly for diversity (Table 7.4) , correlation coefficients indicated

little correlation between overall species diversity and measured variables-

There \¡ras a negative correlation between temperature and diversity for the 1976

samples, again possibly an artefact of the sma1l nuniber of samples, or biased

by the bloom of B. caudatus f.austrogenitus in summer, i.e. causing a marked

reduction in diversity. High abiogenic turbidities during Darling flows in

autumn accounted for the negative correlation between diversity and turbidity

in 1977. The apparent increased diversity during Mel-osira blooms was

insignificant. PuIses of individual taxa accounted for the negative correlation

between diversity and zooplankton density .0-i in 1978.

In terms of density and diversity the l-ower Murray zooplankton was

little affected by changes in measured water quality. Most marked changes were

in species composition. The influence of environmental- variables on the

predominant species in the lower river potamoplankto¡r is considered below.

Only r-rue potarnoplankters are considered further, i.e. of 133 taxa recorded

from the l-ower river, more than half were non-planktonic in habit, anel occurred

in sma1l nr:¡nbers in the river as a ïesult of flushing during altumn Darling

flows and winter-spring Murray flows, or during algal bfooms. Ra\" data in

Appendi:r 7.2 are stnnnarised in Table 7.5, which indicates frequency of

occurrence of each taxon, including predominant habit and seasonality in the

lower river. For convenience, the corrtrnon potamoplankters are listed separately

(Table 7.6) and discussed serjatim below.

B. anguJaris-, One of the most cofimon brachionids in river studies elsewhere,

this species was perennial in s¡nalt nunbers in the lower lvlurray', with an

autumn pulse accompanying Darling River flows, an-l a more prolonged pulse in

spring-srnruner from Lake Mulwala releases. Breeding seasonality similarly
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Ta-ble 7.5: Frequency of occurrence of rotifers, cladocerans and

copepods in the River Murray at lvlannurn: ++++ occurred in >508 of
samples (n=48), +++ 30-492, ++ J.O-292, + <10å. Ha-bit is shown by

P=commonly planktonic in lakesr/riversi L=commonly in shallow waters,

either in open water, epibenthic or epiphytic, i.e.littoral. Season

is indicated by Su=summer, A=autumn ,W=!ìtinter, Sp=spring rP=perennial .
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was b1modal-. Occurrence and density of B. angu)at-is rl'âs ilot significanLìy

correlated with any measured environmental variable'

B. keikoa: AIso perennial in low numbers, B. keikoa was abundant during

low flows of sruruner 1976-77 arLd. Ig77-78. Initia1ly collected only from

Darling flows (p. 42) , íL was subsequently found in the Murrumbidgee below

the Lachl-an confluence, and was possibly transported from the north of the

basin. No significant correlations with environmental varia-bfes were detected.

K. austral-isz This pancontinental endemic was the most widely distributed of

the rotifers recorded, from the greatest physico-chemical ranges- Although

present in upstream lakes it generally was sparse, reaching high population

densities only in rivers, parÈicularly the Darling below L. Menindee' Pulses

at Mannum were asynchronous. Maximum breeding populations occurred ín sunmer

1916-77, with a large pulse in winter 1978 accompanying Murray flows. The

latter peak was significantly negatívely correlated with temperature (r2=O.64,

P<.01) .

K. cochfearis: This cosmopolitan limnoptankter was abundant in some Murray

reservoirs, but not in those of the Darling system' and was rare in rivers'

At Mannum, it occurred sporadically in autumn-winter, with a large breeding

population accompanying Murray flows in winter I97A. Although it apparently

had a lower temperature tolerance than other species of the genus (cf' K'

austrafis), no significant correlations were detected.

K. shie¡i: The spring-summer occurrence of this remarkably restricted endemic

(see p, 43) was strongly correlated with temperature (12=.80, P<.05) and, by

associatíon, with salinity (t2=.68, P<.05). Breeding individuals were abundant

only in the slower moderately satine flows of srunmer, at temperatures >20 oC'

K. tropica: Widely reported from rivers elsewhere, K. ttopíca was perennial

in thc lcr..,er ¡{urray, vrith maximum breecling peaks in autumn and winter- Vlhil-e

the species was widely distributed across the basin, it generally was not a

significant component of the limnoplankton, where it may have been outcompeted

by the similar sized congener , K. procurva (cf. p. 5l). No significant
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correfations with environmental variabfes were detected.

K. procurva: A widespread pantropical species, K. procu¡rla h/as primarily

a lentic species, occurring sporadically in smalf nu¡nbers in the lower

Murray, with a marked pulse during winter-spring 1978, i.e. passage of

releases from R. Murray catchments. There \^/ere no significant correlations.

A. bríghfrtte77iz Elsewhere considered as a¡¡ indicator of eutrophy in rivers

(Winner, L975), A. brightwefli was the only species of the genus commonly

collected from the Murray at Mannun. It rtras perennial during L976-77, but

subsequently of only incidental occurrence. It may have been limited by

high salinities, €.9. a negative relationship was indicated by regression

analysis of the 1976 samples (r2:0.83), but thís was insignificant in view

of the small sample size (n=4) . No other correlations ¡^rere found.

P. complanataz Ostensibly a heleoplankter, common in shal-fow lakes and ponds

(Ruttner-Kolisko, I974), this smal-I rotifer was of patchy occurrence through

L976-77, with a spring-suÍìmer maximum, but perennial- the followíng year r:nder

cond.itions of low fLow. It was the most abundant zooplankter from May-

November L978. Although recorded from Darling storages, P. compTanaÉa was

replaced in the river by P. sul-cata, which is tolerant of higher salinities

(Koste , 19'18). The l-ower Murray population therefore possibly derived from

the Lake Mulwala community. Densities were not significantly correlated with

any environmentaf variabl-e.

C. dossuarjus: AIso typical- of shalfow lentic habítats (Koste, L97A), and

cortrnon in billa-l¡ongs of the basin, this colonial- rotifer apparently was

perennial, although of patchy occurrence, in the lower Murray, with peaks

during slow flows of summer, No sigmificant correlations ÌÁ/ere found.

F. Jongisetaz Of distínctly seasonal occurrence (summer) , F. Tongiseta was

correl-ated witli temperatu::e cluriirg 7976-71 (r2=O.78, P<-05) , but under slower

flow condítions and slightly lower temperatures the following year, populations

were smaller, and no sigmificant correlations were for:¡d. There was, however,

a strong correlation between log density and turbidity, i.e. F. Tongiseta ís
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a microphagc)Lrs detritovore (Pourriot , L977), arrd its population peaks in

the lower Murray paralleJ-ed algal blooms. The rotifer may be utilizing

d.etritus and bacteria trapped in or released by decomposition of such bfooms

(cf. Dumont, L977). This could account, in part, for the greater density of

F. TongiseËa during surûner 197'7, when the bloom species was a blue-green

(Anacgstis), i.e. more detritus was availabte via a decomposer shunt than

in the following year, when conditions favoured a diatom (CgcLoteTJ-a).

Clearly, more subtle influences than simple temperature effects were operating.

F. austraJ.iensis: fntroduced into the lower river by autumn Darling floods,

this species succeeded the smaller congener, persisting through winter and

spring each year. Apparently it has a fower temperature tolerance than

r'. Tongiseta, i.e. ro.5-20.5 oc vs. l4.o-25.0 oc in the lower river. rt

is possiòly widespread in the basin. Althougþcommon in Darlingr waters, it

al-so was recorded from Dartmouth Dam. There were no apparent correlations

with environmental- variables, particularly turbidity or algal biomass. It

is likely that the species has similar dietary requirements to others of the

genus, and obtains these from bacteria and organic detritus suspended in the

characteristically turbid waters (cf. Cumrnins, L972) .

17. opoliensis: Also widespread in the north of the basin, occurrence of this

FiLinia was predominantly in spring-summer accompanying algal blooms. As in

F. Tongiseta, it was strongly correlated with turbidity (r2=0.62t P<.OJ-).

This species is smaller than F. Jongíseta, but may be utilizing the same food

resource.

F- pejleri: of spring-surtrrer occuffence, this pantropical rotifer was the

only species of the genus-significantly correlated (positively) wittr atgat

biomass (r2=O.77, P<.01), appaïently following ltleTosjra blooms. Tts largest

population coincided with the dense bLoom of surnmer 1978- Of simil-ar size to

its congeners, F. pejleri probalcly is also a detritovore.

F" pejLeri grandis: As F'. austraLiensis, this large subspecies apparently

has lower temperature tol-erance than F. pejTeri, and afso is endemic to

the Murray. Tt occurred seasonally (winter), but \das not sigmificantly



Tabl-e 7.6 : Zooplankton taxa abundant in the potamoplankton of

the l-ower Murray, with comments on ecology and distribution. t =

indicator of eutrophic conditions in rivers (cf. Vüinner, 1975)

Rotifera
B. anguTaris t

B. keikoa

K. austraLis
K. cochLearis I
K. procurva

shieLi

tropica

brightweTTi t

compTanata

dossuarius

F. Jongiseta I
F. austraLiensis

F. o¡roliensis
F. pejJeri

F. pejTeri grandis

F. terminafis

Cladocera & Copepoda

C. sphaericús

A. rectanguTa

M. micrura
B. meridionafis
D. carinata
D. Lunhol-tzi

C. cornuta

C. quadranguTa

B. triarticufata
M. Leuckarti

v

K

A

P

c

Eurytopic, common in alkaline waters,
cosmopolitan.
htarm stenotherm, ?euryhaline. Commonly in
Iower Murray, ñây be widespread in Darling
basin. Endemic.

Eurytopic, widely distributed in basin-Endemic-

Eurytopic, cosmopolitan

Eurythermal-, conmon in alkaline waters,
predominantly lentic in lvlurray basin- Pan-
tropical.
Warm stenotherm, euryhaline, alkaline waters-
Endemic.

Warm stenotherm, euryhaline in Murray.Cosmo-
politan.
lVarm stenotherm in Murray, ?euryhaline,
cosmopolitan.

Eurytopic, shallow water form el-sewhere.

Warm stenotherm, typical of shallow lentic
ha-bitats elsewhere.

lrtarm stenotherm, cosmopol-itan.

CooI stenotherm, moderately saline al-kaline
waters. Endemic-

Warm stenotherm, cosmopolitan.

Warm stenotherm, widely tolerant of salinity
and alkalinity in Murray. Pantropical.

CoId stenotherm in Murray, a1kaline, moderately
saline waters. Endemic.

CoId stenotherm, winter. See text.

Eurytopic, cosmopofitan.

Eurytopic, widely distributed.
? Eurytopic, cosmopolitan'

Eurytopic. J Australasia.
Eurytopic - cephalata form from Australia/asia'

Warm stenotherm. Australia /esia/xftíca -

Eurytopic, predominantly warm waters- Pantropical-

Eurytopic. ?cosmopolitan.

Eurytopic. Austrafia/asia.
Eurytopic, cosmopolitan.

Taxon Ecology and distribution
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correlated with any measured environmental varíable.

F. terminalis: Due to confusion with a congener, no analyses of densities

of this species were made. The taxon identified as F. terminafis abundant

during summer I976-77 possibly was the unidentified species mentioned in

Ch. 4. F. terminafis hras abundant during winter L978, aÈ temperatures in

accord with its known habit elsewhere as a co]d stenotherm-

C. sphaericusz This chydorid occurred sporadically in small numbers through-

out the study, with maximum densities during a1ga1 blooms (although no

significant relationship with algal biomass was detected). It was not

correlated with fluctuations in any measured variable.

I,I. micruraz Of common occurrence in permanent lakes and reservoirs of

eastern Australia (Timms, I97O) , M. micrura occurred seasonally (spring-

summer) in the lower Murray, v/ith autumn occurrences noted from the Darling

River. Although it is possibty temperature limited, no sigrnificant correlations

were fou¡¡d.

B.meridionalis: The most common cladoceran in the fower Murrayr and one of

the most widely distributed microcrustacea in the study area (cf. Jolly' L966¡

Tinuns, LTTO ), B. meridionalis was perennial, with an autumn peak, in the

lower Murray. Significantly lower densities ì^rere recorded each summer during

high satinities (r2=O.40, P<.05), and during the 1976 MeTo,sira bloom (tz=O.98,

P<.05). The latter negative correlation may have resulted frorn sma1l sample

size from that year, i.e. Bosmina densities were not significantly affected

by subsequent alga1 blooms. The widespread occurrence of bosminids in rivers

elsewhere is noted by Hynes (1970), wtro suggests some difference in feeding

mechanisrn favours their survival over other cladocerans.

D. carínata/D' fumhol-tzi: Neither species of Daphnia rn/as correlated with any

measured varialcle. The lower river D- carinata apparently was a cool water

form, while the upper ríver/bjÌlabong form (i.e. f. cephalata) was a warln

stenotherm. D. carinata occurred in small nurnbers throughout the study, with

breeding individuals recorded only in autumn and spring (cf. uPstream

reservoirs). D. fumhoLtzi occurred in smaff numbers only in autrrmn.
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C. cornuta= Common in tropical waters (cf. Ho1den & Green, 1960), C. cornuta

occurred over summer 1976-77, when its density !ùas negatively correlated with

salinity (r2=O.58, P<.05). During higher saLinities the following sunìmer

the species was rare.

C. guadrangula: Perennial, but of patchy occurrence. A single pulse of

this cladoceran was recorded in spring 1977. Ít subsequently was sparse in

the river pJ-ankton, and could not be correlated with arry measured varia-l¡Ie.

B. triarticuLata: Perennial, with greatest population densities of both adult

and copepodite stages during slower sunmer flows, B. triarticul.ata was the

most common and widely tolerant calanoid recorded in the study. There were

no detectable correlations with measured variables.

M. Ieuckartiz Occurring also in the slow flows of summer (cf. Tiruns &

Midgley, L969i Timms, 1973) accompanying alga1 blooms, the cosmopolitan

M. Leuckarti was the only cyclopoid recorded in breeding populations in the

lower river. There r^rere no apparent correlations with environmental varial¡Ies.

A further 40 taxa listed in Ta-ble 7.5 were plalktonic or facultatively

planktonic. Most r^rere sporadic, occurring in small numbers, or were disti-nctly

seasonal, e.g- B. budapestínensis, B. calgcifTorus, B. falcatus, and were

associated either with autumn flushes from the Darling, or winter-spring

Murray flows. Most of the common rotifers in the Murray potamoplankton are

considered elsewhere (Sl-adacek, L973; Vlinner, 1975) as indicators of eutrophy.

CIearIy, although statistical alalysis of the data is rudimentary, ald

more sophísticated techniques may detect more correlations than were apparent,

there \^/as a complex of factors operating on the lower river potamoplankton.

Temperature, salinity and turbidity were implicated as determinants of

seasonal succession in both the phyto- and zooplankton, with different species

responding to changes in water quality as the water mass moved downstream.

There was evidence of interaction between the phyto- and zooplankton, e.g.

density and. grazing effects, although these were not studied further. Analyses

were made difficult by the nature of the lower river, i.e. a heterogeneous,
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moving water massi by the relative infrequency of sampling, and by the

nature of the potamoplankton, i.e. predominantly eurytopic taxa' a high

proportion of which are indigenous and have evolved strategies to cope with

environmental extremes.

7.6 Concluding remarks

The seasonal varia.bility of flow from two disparate sources into

the lower Murray has contributed to the maintenance of a distinctive

plankton assemblage peculiar to the lower river. The Murray above the

Darling confluence supplies a diverse assemblage determined by seasonal

releases from upstream reservoirs. In low flows a limnoplankton dominated

by microcrustacea accompanies atgal blooms downstream of Yarrawonga, and

is inoculated from the Goulburn River by a similar (although different in

species composition) microcrustacean community from Goulburn Weir. Duríng

higher flows a rotifer limnoplankton predominates in the river- The

shallow and vegetated storages on the middte reaches of the Murray and

tributaries provide suitabte conditions for bitlabong species, i.e. more

typical of shaflow lentic habitats on the floodplain; these taxa persist in

the river and, in slow fLows, maintain breeding populations.

The Darl-ing above the confluence provides a predominantly rotifer

potamoplankton consisting of tropical species, i.e. warm stenotherms a¡d

eurytopic cosmopolitan species derived from the north and east of the basin-

Characteristic turbidities and low flow conditions selectively eliminate

some of the plankton, particularly microcrustacea. Absence of sigmificant

or deep impoundments prevents a timnoplankton from estabtishing, so that

the ptaakton which arrives at the Darling-Murray junction after, in some

cases, 2'OOO km of river fJ-ow can clearly be considered an autochthonous

Darling River plankton. Unlike more rapid. flows of rivers elsewhere, slow

flows of the Darling would permit considerably more generations of planktonic

speciesr e.9. rotifer taxa with generation times of 4-5 days at 24oC could

produce 18-20 generations during passage from.the headwater storages-
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Below the Murray-Dar1ing confluence a diverse plankton assemblage

is maintained by inoculation from the two rivers, with most marked changes

in potamoplankton composition produced by asynchronous seasonal flooding.

At other times of the year, the influence of Darling flows is apparent with

the occurrence of characteristic tropical Darling plankters in the lower

river, i.e. the river acts as a t.ransport corridor. The composite plankton

assemblage is distinctive in that the two rivers supply different species in

several genera, particularly Rotifera, and congeneric associations are common,

e.g. six species of Brachionus, five of Keratel-La, five of FiLinia were

not unusual in lower Murray samples. Other studies (e.g. Green, L96O¡ Rai,

L974¡ Rzoska, L976) reported up to eight Brachionus species, but only one or

two of KerateLLa. The occurrence of seven congeners of Keratel-J-a in the

lower river, which, with a single exception (K. shieLi) are widely distributed

throughout the basin, indicates the broad physiological and ecological

tolerances of local representatives of the genus. Further observations on

the lower river rotifer assemblage were given by Shiel (l-979).

Downstream from Mildura, the river is impeded by locked weirs, and is

subject to irrigation returns and nutrient inflows from towns. The response

of the plankton to this habitat heterogeneity is similar to that reported in

other studies. In regions of slower fLow there is an increase in density of

some taxa, and usually a¡r increase in diversity, i.e. point source nutrient

inflows apparently stimulate pulses of particular species, so that order of

magnitude differences are apparent in longitudinal samples. Halcitat hetero-

geneity also influences community diversity; more diverse assemblages in regions

of slow flow were often due to a higher proportion of pseudoptanktonic taxa.

On occasions, Iower diversity resulted from single-species pulses, although

a species-rich ptankton was present. In general, relative to upstream

reservoirs, both density and diversity increased downstream.

Densities of plankton in the lower Murray \¡¡ere comparable to those

reported from other river studies. Diversity generally was greater than

rgported from otl-rer rivers, a result of low flow conditions and the maintenance
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of lentic and littoral taxa. These assemblages moved downstream in discrete

pulses or "cIouds".

Although limiting factors could not adequately be assessed, and

community dlmamics v¡ere treated only superficially, factors implicated in

the lower river included temperature, turbidity and salinity. The deleterious

influence of high turbidities was not as pronounced as reported elsewhere

(cf. Hynes, 1970), possiJcly because high turbidities were not accompanied by

significantly greater velocities (cf . Berner, I95t). No analysis \^¡as made of

trophic relationships, however it was apparent that pronounced seasonal

fluctuations in algal biomass, particularly those resulting from flushes of

highly turbid Darling flows, influenced significantly some components of the

zooptankton. Food resource limitation may account for seasonal depletion of

microcrustacea in the lower river. Clearly, considerable autecological and

synecological work is necessary to clarify the effects of the two distinct

waters on plankton dlmamics in the Murray below the confluence.

In summary, the potamoplankton of the lower Murray consisted of a

predominantty diatom phytoplankton component, the genera a¡ld in some cases

species of which were those of rivers elsewhere, and a mixed rotifer-

microcrustacean zooplankton, approximately half of which derived from upstream

reservoirs and \¡ras essentially limnoplanktonic. Of the predominant river

plankters, some 40% were restricted in distribution, either endemic to

Australasia, or to the southern Hemisphere. The remainder were cosmopolítan,

eurytopic taxa , or pantropical species introduced by Darling flows. Most

of the Rotifera reported from river studies elsewhere occurred in the Murray

(with the notable exception of the rotifer genera Kel-Licottja and NothoTca) ,

and a high proportion of these are considered indicators of eutrophy in rivers.

The use of the zooplankton as indicators is considered briefly in the

concluding chapter.
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The Murray-Darring river system is distinctive. Evaporation exceeds
precipitation over most of the basin; although the rivers drain more tha¡r a
million km2, average annuar runoff from Èhe system is onJ_y two cm. River
flows are low and variable, arld as a result of low gradients, exceptionally
sl-ow' Traver time from headwaters to the sea may be two to three months.

The two rivers arso are distinctive from one a¡other. The Murray
fl-ows generally westward for 2,500 km from the Easteïn Highrands. There is
a werl--developed froodplain with numerous a-bandoned meanders (bil-l-al¡ongs),
many with permanent water- Peak flows fol-row winter rains and spring snow mert,
with more than 25% of frows derived from the Murray a-bove Hume reservoir (only
2s" of the catchment) . Greater reriabirity of r^rater supply in the Murray
basin led to intensive settl-ement and deveropment. Most major tributaries
have been impounded for domestic, stock and irrigation suppry. of more tha¡r
100 dams in the basin, gog" are on Murray tributaries. rmpoundment has
altered the flow regime of the Murray, decreasing winter flows, increasing
sunmer frows and reducing flood frequency, to the d.etriment of birlalrong
corrnrrnities.

The Darling frows south-west for 2,7oo km across te' degrees of
latitude' Maximum frows, which are extremely varialrle, forlow summer monsoons
in the north of the basin- on average, frows are rerativery smarr. peak
f]ows rarely coincide with those of the Murray. Billabong tracts are less
extensive than on the Murray; as a resurt of fl-ow variabirity permaaent waters
are less colnmon- Arso, the Darling cha¡ner is deepry incised. into the f.rood-
plain, which is less frequently flooded. Dams are few; those on headwater
rivers are for irrigation arong tributary varleys on the western slopes of
the Eastern Highlarrds. The Darl_ing is mostly unimpound.ed.

The lower Murray bel-ow the confruence of the two rivers is s,hject
to disproportionate flows from the two systems; Darling frows reach the
confl-uence in autumn, producing a rapid change in water quarity in the rower
river, i.e. increased turbity, decreased satinity.
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Contrasts between the two rivers have been enhanced by man's

activities. The Murray is now atreservoir riverr, with effects of impound.ment

apparent hu¡r'freds of kilometres downstream (lfalker, Hill-man & Vüilliams,

1978). In the reservoirs, alciogenic turbidity is reduced by settling, and

reduction of flow and appropriate nutrient lève1s stimul-ate aJ-gal blooms,

which persist downstream. Irrigation use sigr-rificantly alters water quality.

Salinities are increased by the return of saline groundwater. In contrast,

the Darling is an ephemeral river, typically with high abiogenic turbidity,

which supresses algal blooms, more alkaline (sodium bicarbonate) and of lower

conductivity than middle reaches of the Murray.

This study investigated the plankton composition, particularly the

zooplankton, of the Murray and Darling. The broad aim was to characterLze

the limnoplankton of headwater impoundments, the heleoplankton of billabongs

and the potamoplankton of river reaches, particularly that of the lower Murray.

and to relate differences to physical or chemical differences between the

systems.

Impoundments: Impoundment reduces flow variabili ty and modifies water quality

in the riverine system. Changes in water quality result from differences in

local soils, lart<1 forms, flow rate, basin morphometry and catchment use, i.e.

water quality differs between storages. The plankton which develops in these

waters is correspondingly heterogeneous, so that although a block of

ubiquitous a¡d eurytopic taxa r^ras common to most Murray and Darling reservoirs,

(e.9. Melosira, Staurastrum, Ceratium, Keratel-l-a cochl-earis, Bosmina meridional-is

Boeckel-l-a triarticul-ata), each storage had a peculiar plankton assemblage (cf .

Pejler, 1965¡ Hammerton, L972).

The zooplankton typically consisted of 3-8 rotifer species (commonly,

K. cochfearis, .9. stglata, S. pectinata, P. vulgaris, P- dolichoptera,

A. brighb,'relfi, A. siebofdi, C. dossuarius, H. intermedia, H. mjra and FiLinia

spp.) , 3-4 cladocerans (D- unguicuTatum, C- sphaericus, B. meridionaTis,

D. carinata, C. cornuta and C. quadrangula), and 2-4 copepods (common cala¡roid

copepods were B. triarticuLata, C. ampulla, C. Lucasi. Cyclopoid copepods were
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rare.

Low plankton density (< 60 ,q,-l) and high species diversity occurred

in oligotrophic storages (e.g. Eitdon). The converse was true of meso-

eutrophic reservoirs (e.g. Burrinjuck, >5oo .c-l). In shallow, turbid storages

(e.g. Mulwala), phytoplankton blooms were suppressed by high turbidities

(walker & Hillman, 1977). Zooplankton also was affected ; densities were

considerably lower than in less turbid storages'

Retention time was important in plankton development. Irnpoundments

of long retention time had a stable limnoplankton dominated by microcrustacea'

The li¡nnoplankton of short retention time reservoirs usually had an r¡nstable

limnoplankton dominated by Rotifera and copepodites'

Most reservoirs supplied a smal-l proportion of their plankton

assemblage to downstream rivers. Litt1e. if any. plankton derived from the

high altitude hydro-power storage (Rocky VaIIey); hypolimnetic-release storages

supplied a small proportion of species (<¡0"" of taxa present) but a considerably

reduced biomass. shallow impoundments or overflow reservoirs supplied most

of their limnoptankton assemblage, with a selective decrease in the microcrust-

acean component and proportional increase in rotifers. The phytoplankton of

more rapid reaches below dams consisted predominantly of detached benthic

diatoms, while slower reaches had a more diverse algal community with true

limno- and potamoplankton domina¡rts (seasonally, diatoms, green algae and'

blue-green algae).

The individuality of reservoir plankton communities has been reported

from other rivers (e.g. volga, rvile), and is a response to climatic

d,ifferences, retention time, stability of level, marginal vegetation, nature

of inflows, extent of eutrophication and agriculturalr/domestic pollution'

Billabongs: The floodplain is an integral part of the river systemt shallow

eutrophic bilta.bongs are important as refuges and sources of inocula for

downstream rivers and impoundments. In semi-arid inland Australia, with a

dearth of frestrwater lakes, billabongs may be the only availa-l¡le standing
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\^rater. Complex conrnrrnities have evolved in these habitats in response to an

extremely variable flood-drought regime, and their maintenance undoubtedly

ís dependent on seasonal or at least intermittent replenishment of water and

nutrients from the river a¡d floodplain. Impoundment of the parent stream,

by reducing flood height and frequency, Iimits replenishment. Billabongs not

fed by groundwater are lost to the system. Under the modified hydrologic

regime, the formation of further billabongs is unlikely. Alterations to the

floodplain in this \¡ray are apparent along tributaries of the Murray, and

along upper reaches of Darling rivers.

The ecol-ogical heterogeneity of reservoirs applies also to billabongs,

where interaction of exÈrinsic and intrinsic factors has produced distinctive

plant and animal communities in even adjacent bitlabongs. Those billabongs

which have been studied have more diverse plankton and microfaunal communities

than any yet recorded.

The plankton of billabongs invaria.bly consisted of limnetic and

Iittoraf species. Any collection contained 2-15 rotifer species (commonly

from K. sTackit K- plocuÍva, K. ttopica, S. stgTata, S. pectinata, A. priodonta,

A. síebol-di, F. Tongiseta passa), I-6 cladocerans (Ä. davidi, a- rectanguTa,

C. sphaericus, D. catinata, C. quadtangula) and 1-5 copepods (B' fluviaTis'

B. minuta, IrI. Teuckarti). Congeneric associations were conmon- Littoral

collections at the same time contained 2O-5O species of rotifer a¡d micro-

crustacean microfauna. Collections from Darling billalrongs usually contained

a greater diversity of both limnetic and littoral forms than did those of the

Murray, with tropical species predominating, i.e. a response to latitudinal

differences.

plankton species composition differed between billa-bongs, and generally

was unlike that of reservoirs, although the same genera were present- Densities

ín open water \^¡ere considera-bly higher than in most reservoirs (200-600 9'-L),

a¡d diversities were among the highest recorded in the study.

Floodplain habitats are little studied elsewhere. Clearly, as stressed

by Shiel (1980), there is a need to investigate these complex floodplain
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habitats and their importance to the river system. Loss of billabongs due

to impoundment or other interference may have profound effects on the riverine

ecosystem. A sigmificant proportion of the Murray plankton originates from

them, if not directly, by way of poputations esta-blished in shallow

impoundments on the middle reaches, e.9. Mulwala.

River reaches: As a resul-t of differences in gradients, soils a¡d land use,

headwater reaches of the two rivers were distinctly different. Those of the

Darting usually were highly turbid. Microcrustacea were sparse; each tributary

carried a characteristic plankton dominated by rotifers. This composite

assemblage persisted in the downstream Dar1ing, despite high turbidities.

Low gradients and a series of weirs, with consequent low flows and lack of

turbulence, contributed to the maintenance of this assemblage. High turbidities

inhibited phytoplankton. Retention in the shallow and exposed Menindee Lakes

did not favour development of a limnoplankton; the plankton in the lakes and

downstream of them typically was dominated by rotifers. This assemblage \^Ias

of low density but high diversity; predominantly detritivorous' warm steno-

thermal pantropical and endemic species (e.g. K. austraTis, K. tropica,

F. austrafiensis, F. oçn7íensis, F. pejleri).

Tributaries of the Murray characteristicalty were clear. Although

each had a peculiar plankton, a mixed assemblage was produced in reservoirs

downstrearn. The last of these had a diverse assemblage of limnoplankters

from upstream impoundments and adventitious forms from the floodplain. Reductior

of current flow in downstream storages permitted algal blooms in response to

nutrient enrichment. Bloom taxa commonly were those typical of other reservoir

rivers (Mel-osira, CgcTotelTa, Anabaena, Anacgstis). These blooms and

accompanying and characteristic zooplankton assemblages persisted downstream

into the lower Murray. Low gradients and lack of turbulence were contributing

factors. Plankton densities were higher, and diversities commonly lower, than

in the Darling-

Below the confluence of the two rivers. this mixed assernJclage of

plankters moved downstream in distinct pulses. Weirs further impeded flows,
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and nutrient inflows from towns stimulated pulses of some plankters, so that

there was longitudinal and cross-river heterogeneity of plankÈon development.

Most abrupt changes in the lower river plankton were produced by variable

autumn flood.s from the Darling. In general, plalkton density and diversity

increased downstream. There comrnonly were I0-25 rotifers, 5-8 cladocerans

and 3-5 copepods, with an average density over the study of 1I9 '0,- 
I . Only

rarely did zooplankton density exceed that of phytoplankton.

Although only the rotifer and microcrustacear, "o^pofrrents 
of the

{

limno- and potamoplankton are documented, a diverse assemblage of macro-

invertebrates was recorded from most open waters of billaloongs and rivers.

Conmon in headwater reservoirs were insect nymphal stages, particularly

Ephemeroptera, and hydracarinids were characteristic of some storages (e.9.

Hume). Species lists of both these groups are given in Appendix 8. The

greatest diversity of macroinvertebrates was recorded from billabongs, with

more than 30 taxa on occasions present in net tows. MosÈ of these were

dislodged from hydrophytes or were strays. Time did not permit analysis of

the material cotlected; it awaits later study. Similar1y, in the lo¡rrer river

only freshwater mussel glochidia r^/ere true plankters; other taxa recorded

were adventitious forms. Mussel glochidia \^rere recorded in all seasons in the

Murray at Mannum, commonly at densities < 1.[-1.

The Murray-Darling system has features in common with other rivers,

but clearly some features are unique. AIf rivers are characteristic entities,

i.e. the sum of their parts. Differences in climate, soils, etc. produce

d.ifferent physical and chemical conditions, flow rate and travel time, all of

which influence plankton development. As elsewhere, the river plankton is

derived from lakes (artificial), floodplain habitats, backwaters, and from the

river itself. This latter component is especially important in the Murray-

Darling system in view of exceptionally long travel times. The plankton has

sufficient time to develop and reproduce in the river. Travel tíme obviously

is prolonged by impoundment, permitting development of a lacustrine plankton.

In this respect the Murray-Darling as a system has similarities to the Nile'
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i.e. a riverine plankton has been replaced by a lacustrine microcrustacean

plankton fotlowing construction of dams on the White NiIe, while the less

impounded Blue NiIe retains a rotifer potamoplankton. Like the Nile tributaries,

the l"Iurray a:rd Darling flow for tong distances from their headwater storages'

with few tributaries, through arid and semi-arid country.

In summary, the Murray has a self-sustaining plankton derived from

diverse lentic a¡rd lotic hal¡itats. SIow flows permit maintenance of this

assemblage, although there is selective elimination of microcrustacea in

mixing with the highly turbid waters of the Darling. Below the confluence'

diatoms and rotifers usually are dominant, with seasonal pulses of blue-green

algae and microcrustacea. Genera and species of phytoplankton are those of

rivers elsewhere; zooplankton are more distinctive, with some cosmopolitan

genera and species, some pantropical forms, and more than half the common

potamoplankters apparently indigenous to the Murray-Darling basin or to

Australasia.

Temperature and turbidity are important environmental influences, a¡rd

were implicated as determinants of seasonal succession. Under appropriate

conditions in Èhe lower Murray. blue-green algae may bloom, but under different

conditions of temperature or turbidity various diatoms dominate. The soopla¡tkton

associated with bloom species is influenced accordingly. Seasonal succession

in the river zooplankton relates to temperature changes, differences in source,

turbidity and algal biomass. As expected in a river plankton which has evolved

in a variable environment, salinity and flow changes v/ere less significant

factors. Because of this variability, seasonal cycles of potamoplankton

described in other studies were less distinct in the Murray over the period

of the study.

The foregoing summarises the principal results of this investigation.

Some of the original aims await later study. In particular, a considerable

amount of taxonomic work is needed on the Rotifera and Cladocera, as is

autecological stud.y of species dominalts, both indigenous and cosmopolitan.

Under Australian conditions some of the latter clearly do not follow habitat
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preferences noted else\^¡here, Slmecologicat studies to determine the responses

of plankton assemblages to environmental change could be carried out in situ,

i-e. in a suitably fitted boat travelling downstream with the water mass.

perhaps of most immediate urgency is the need to characterize the ielation-

ship of the floodplain Èo the river system- to preserve some of these unique

habitats before they are irretrievably lost.
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APPENDIX 2

Representative phytoplankters recorded from Goulburn Weir, Nagaglcie,

Vic., (I. J. Powling, pers.comm.).

DIATOIIÍS: CoeTastrwn

Asterìonel-7a

Cocconeis

Diatoma

Eunotia

Gomphonema

Ggrosigma

MeTosira granulata

Navicufa

Nitzschia acicul-aris
Pinnul-aria

RhopaTodia

SurireTl-a

Sgnedra uTna

TabeLfaria

DESMIDS:

Arthrodesmus incus

Closterium graciTe

C. kuetzingii
Cosmatium moniliforme

Cosmarium sp.

Desmidium

Micrasterias
mahabuLeshwarensis

Pl-eu rotaenium ehrenbe rgi i
Spondglosium

Staurastrum gracile
S. nodufosum

S. pingue

S. tohopokaligense

S. victoriense
Staurodesmus euspi datus

Staurodesmus sp.

OTTMR GREEN A.I,GAE:

Cosmocl-adium

Gonium pectorale
HgaTotheca dissi-Z jens

H. undul-ata

Kirclneriel-l-a
llougeotia
Pediastrum

Sphaerocgstis

Spiroggra

Vofvox

Zggnema

FI,ÀGELI,ATES:

Dinobrgon divergens
EugTena

Ggmnodínium aeruginosa

IuIal-l-omonas

Perídinium
Sgnuta

TracheTomonas híspida
T- volvocina

BLUE-GREEN AIGAE

Anabaena

CoeTosphaerium

HoTopedium

Oscil-l-atoria

Actinastrum
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Williams (Ed.), An ecological basis for water resource management, (pp. 376-
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Appendix 4: Physico-chemical measurements from four Goulburn bill-abongs.

Date oC
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Appendix !
Yea, Victoria

Desmids:

Arthrodesmus

Cosmarium (hardgi, Tunula, ?IundeTli,
macuLatus, ?pseudobroomei,
?turgidum)

Cl-osterium (graci7e, kuetzingii,
lunatum)

Cosmocl-adium

Euastrum

HgaTotheca

Micrasterias (Iaticeps, 7ux,
mahabuleshwarensis, sol,
thomassiana, zegTanica)

Pl-eurotaenium

S¡nndgTosium

Staurodesmus

StaurasËrum (pingue, plagfair, rosei,
sexangttTare )

Xanthidium

Diatoms:

CgnbeTTa

Diatoma

Eunotia

Gomphonema

Ggrosígma

lfiefosira granulaXa

Nitzschia
Navicula

Pinnufaria
Rhízosol-enia

SurireTLa

Sgnedra (nana, uTna)

Green algae:

Asterococcus superbus

Botrgococcus

Bul-bochate

Coelastrum

Díctgosphaerium

Kirchneriella
Mougeotia

Algal genera recorded from Sheepwash billabong,
(I. J. Powling, !{SCV, pers.comm.).

Green algae (cont. ) :

Nephrocatium Sphaerocgstis

Netrium Scenedesmus arcuatus

Oedogonium

Pediastrum

Flagellates:

Ceratium

Dinobrgon divergens

Eudorina

EugTena

LepocincTis
Pandorina

Peridnium

Phacus

Trachefomonas (hispida,
Vol-vox

Blue-green algae:

vofvocina)

Anabaena

Osciffatoria
unidentified fine filaments
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Appendix 6 a: Aliquot subsarnple counts from collections
taken from Snowdon's, Ryants f and Ryan's II biltabongs.

Counts are semi-quantitatíve, i.e. proportional- composition

and comparable between sampling dates, but do not represent

absol-ute volume samples. * indicates the presence of
ovigerous ?9/individual-s.
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Appendix -6b.' : Subsample counts from Goulburn

billabong series. Physico-chemical measure-

ments a¡d community diversity are included.
* indicates the presence of ovigerous 99/

individuals.
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269.

APPENDIX 8a: Hydracarinid mites identified from Murray-Darling waters

(K. O. Viets, pers. comm.).

Austral-iobates
mufatus

A.Línderi

Cotticacarus
angulocoxalis

Frontipoda pectinata

?Geacarid.ae

Hgdrodroma monticol-a

Kal-l-imobates
australicus

Limnesia
TongigeniÈaLis

Piona uncatiformis

Píona sp. /

Piona n- sp. /

Sigthoria nilotíca

unionicola Tongiseta /

Tlnionicola n. sp. J
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APPE}JDIX 8 b
2'to -

Ephemeroptera recorded from pi-ankton collections from

Murray-Darling waters (p . J. Suter, pers.comm.).

Atal-onelfa sp.

AtaTophlebia austrafis /

AtaTophTeboides sp.

Baetis spp.

CoLoburiscoides
giganteus

Cfoeon sp.

Tasmanoceonis
tiTTgardi
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