
Limnology of Tasmanian Freshwater Coastal Dune Lakes 
with particular ref ere nee to the microcrustacea 

By 

Robert Graham John Walsh -
(BSc.Hons) 

University of Tasmania 

Submitted in fulfilment of the requirements for the degree of 

Doctorate of Philosophy (PhD) 

University of Tasmania 



DECLARATION 

This thesis contains no material which has been accepted for the award of any other higher degree or 

graduate diploma in any tertiary institution. To the best of the candidate's knowledge and belief, this 

thesis contains no material previously published or w1itten by another person, except were due 

reference is made in the text of the thesis. 

AUTHORITY OF ACCESS 

This thesis may be made available for loan and limited copying in accordance with the Copyright 

Act, 1968. 

Robert Walsh 

11 



ACKNOWLEDGEMENTS 

Peter Tyler, has studied the lakes of Tasmania for the past 30 years. This work provided an 

invaluable starting point for the present study. I am indebted to Peter Tyler for his boundless 

enthusiasm, encouragement, advice and support, for introducing me to Limnology, and more 

importantly for both his and Grace's friendship. 

The field work would not have been a success without the experience of Peter Tyler and Russ Shiel, 

and the willing help of Lynda Bellchambers, Louise Cherrie, Niall Doran, Graham Lush, Andria 

Marshall, and my two children Bevis and Amy 

Without Russ Shiel of the Munay Darling Freshwater Research Centre, little of the microcrustacean 

work would have been possible. Russ selflessly instructed me in techniques and allowed me free 

access to rampage through his reprint collection and personal library, and use of laboratory facilities. 

Jackie Dickson and Daryl Nielsen, of the Munay Darling Freshwater Research Centre, selflessly 

gave up much of their time to confirm taxonomic identifications of the Chydoridae and patiently 

guided me through the joys of statistical analysis. 

Alastair Richardson was invaluable for his support and encouragement dunng the study. His 

understanding and sympathy during a difficult year are largely responsible for successful conclusion 

of the study. 

Chemical analysis was performed by the staff at the Tasmanian Govemment Analytical Laboratory. 

My gratitude goes to Hany Cox who was instrumental in completing the analysis of samples. 

The Department of Zoology, University of Tasmania, headed by Robert White, has greatly facilitated 

the smooth execution of this project. I acknowledge the invaluable technical help and advice of 

Richard Holmes and Ron Mawby, and, Lee Johnston and Doug Madden from the Dept. of Plant 

Science, University of Tasmania. 

This project was generously supported by a National Estate Research Grant awarded to Peter Tyler, 

and grants from the Plomley Foundation to me, administered by the Queen Victoria Museum and 

Art Gallery, Launceston. In particular I thank Tim Kingston for his enthusiastic support of the 

study. 

My thanks to Eva Ruzicka for her patience and forbearance in typing and proof reading, and a 

constant stream of coffee. 

My family has been a source of incredible personal support and encouragement, without which I 

would never have been able to complete this study. My mother's stubborn desire not be an 

imposition, her self-sacrifice, sense of humour and courage are a constant source of inspiration. 

iii 



ABSTRACT 

Limnologically the dune lagoons of Tasmama are similar in character to other temperate 

mamland Australian dune lakes. They are of low-moderate salinity, moderate to high dystrophy and 

have a seawater ionic dominance Seasonal limnological character of dune lakes is dependent upon 

the seasonal water level fluctuat10ns in individual lagoons and basin morphometry. The 

degree/magnitude of these fluctuations is influenced by the timing and volume of winter rains, and 

the length and severity of the summer Shorelines are therefore often indefinite with exposure and 

reinundation of the littoral shallows. 

The microcrustacean faunal diversity of these dune lakes is dependent upon the 'stability' of the 

individual lagoon. Well vegetated, shallow lagoons with extensive areas of submerged and emergent 

aquatic macrophytes tend to have significantly higher species diversity. In contrast dune lakes which 

have relatively large areas of open water, which are deep relative to surface area and which have less 

aquatic macrophyte vegetation, have significantly reduced species diversity. Seasonal drying and 

reinundation of the littoral shallows of astatic and ephemeral lagoons also contnbute to habitat 

spatial heterogeneity and thus species diversity. 

The shallow, dystrophic coastal dune lakes of Tasmania with extensive littoral emergent and 

submergent aquatic macrophyte communities, subject to seasonally variable water levels are more 

biologically diverse than the relatively depauperate inland lakes. 

This study has demonstrated that the coastal dune lakes of Tasmania, based on their mode of 

origin, age, limnology and microcrustacean fauna! assemblages, differ from fue inland alpine lakes 

and wetlands of the island. The freshwater coastal dune lakes form a third limnological province in 

Tasmania. 
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CHAPTER 1 

INTRODUCTION: LIMNOLOGICAL CHARACTERISTICS OF COASTAL DUNE LAKES. 
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1.1 INTRODUCTION 

Tasmania is an island about 67,000 km2 in area lying between latitude 40<>:30'S and 44°S and 

longitude 144<>:30'E and 148<>:30'E (Figure 1.1). Physically Tasmama is part of the Eastern 

Austrahan Highlands, but separated from south-eastern Australia by Bass Strait, a shallow manne 

transgression over 240 km wide and between 40-85m deep. There are numerous offshore islands, 

some relatively large. A chain of island groups occurs on the eastern side of Bass Strait, including 

the Fumeaux, Kent and Hogan groups. On the western side, there are very few small islands; King 

Island is situated about half way between Cape Grim (north west Tasmania) and Cape Otway 

(Victona). Bruny, Maria and Schouten are larger islands off the east coast, separated by shallow 

water from mainland Tasmania. 

Topographically the main island of Tasmania is mountainous, and the coastal plains are 

generally narrow, except in the north and north-east Tasmama has a temperate maritime climate 

There is a strong precipitation gradient decreasing west to east across the island. Average ammal 

rainfall varies from 3600 mm in the west to 550 mm in the east. 

Tasmama's diverse topography and rainfall combme to offer a wide vanety of natural water 

bodies. Lentic waters range from highland and lowland lakes (mostly glacial in origin) to swamps 

and coastal dune lakes and wetlands of botl1 a temporai·y and pennanent nature. The limnological 

character of Tasmania's inland lakes has been well studied (Buckney & Tyler 1973a,b, Croome & 

Tyler 1972, 1973, 1975, Steane 1979; Bowling et al. 1986; Bowling 1988; Tyler 1992). The 

island has a broadly based edaphic divide, runnmg nortl1-south, based lai·gely on geology, vegetation, 

s01ls, and rainfall. As standing bodies of water reflect the geochemical, edaphic and vegetational 

characteristics of their catchments, tl1ere is a broadly based limnological discontmuity that largely 

follows the edaphic divide. This effectively separates the island into two distinct limnological 

provinces (Ling et al. 1989; Tyler 1992). The Eastern limnological province possesses a green 

underwater hght climate, is ohgotrophic, is located on Jurassic dolerite with a catchment of 

sclerophyllous woodland. The western limnological provmce possesses a red underwater light 

climate, dystrophic humic waters, and is located on button grass moors. Several authors (Neboiss 

1977; Swain et al. 1977; Smith & Kershaw 1981; Shiel etal. 1989, Fulton 1982, 1990) found 

that the aquatic biota of Tasmania could also be sepai·ated into biogeographical provinces For 

exainple, the microcrustacean zooplankton of natural inland lakes is typically monospecific, usually 

a calanoid copepod species, with different species in the two limnological provinces. Calamoecza 

tasmamca tasmanica, or Boeckella propznqua long1setosa are found in the Western Province, 

whereas Boeckella rubra or Calamoecia g1bbosa gibbosa ai·e found in the natural lakes of the 

eastern province. In disturbed waterbodies of the same province Boeckella symmetnca or 

Boeckella tr1art1culata are found (Walsh 1991) 

Lentic freshwater bodies m the narrow coastal margins of Tasmania have been less thoroughly 

investigated than highland lakes. A third limnological provmce withm Tasmania has been 

suggested, based on b10logical and limnological paraineters (Bowling 1988; Bowlmg et al. 1993, 

Shiel et al. 1989; Walsh 1991). Similarities exist in the age, origin and formation of the 

waterbodies within this province (Walsh 1991). 

Significant proportions of the narrow sandy coastal lowlands which fringe Tasmama contain 

freshwater dune lakes and associated wetlands. Many of these are perched above the general water 

table, in dune hollows created by wind action ai1d sealed by organically-cemented sand. Others are 
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surface expressions of the ground water table or shallow waterbodies impounded behind frontal 

dunes. Information on the coastal lakes, Tasmania's third limnological province (Croome & Tyler 

1987; 1988), has been reviewed by Bowling (1988), Bowling et al. (1993) and Walsh (1991). 

Limnological investigation of these water bodies show most to have an ionic composition 

dominated by Na+ and c1-, and to be characterised byhumic waters of low pH (Bowling 1988). In 

contrast to the dune lakes of mainland Austraha (Timms 1986a), the Tasmaman dune lakes are 

species rich and diverse of Illlcrofauna and microflora, many of which are unique to these habitats, 

rareand/orendemic. (Koste & Shiel 1987; Shiel et al. 1989; Tyler 1992, 1996; Walsh 1991). 

Generally, the microcrustacean zooplankton commumty is dominated by Calamoecia tasmamca 

tasmanica or Calamoecia gibbosa gibbosa (Bayly 1961, 1964a, 1979; Bayly et al. 1975, 

Baharuddin 1978; Walsh 1991). 

Many coastal lowland areas of eastern mainland Australia are fringed by plains of 

unconsolidatedsands and siliceous dunes resulting from quaternary geomorphological events, cover 

extensive regions of these areas (Coaldrake 1961) These dune systems often contain small 

freshwaterlakesand wetlands whose ongms have been broadly classified by Timms (1982, 1986a, 

1992). The term,' coastal lagoon', can have precise meaning (Barnes 1989), though Bowlmg et al. 

(1993) and Timms (1992) referred to all types of freshwater dune lakes in Australia as coastal 

lagoons. The latter practice is adopted in tlns study of Tasmania 

To date, research on coastal freshwater dtme lakes has concentrated on short term studies, often 

based on a smgle visit. Bowling et al (1992) believed that a lagoon found to be acidic and 

dystrophic on the first visit would remain so. However many coastal lagoons are ephemeral, or at 

least extremely variable in depth The majonty are shallow, so small changes in depth are matched 

with relatively large changes in smface area and volume The physicochernical character of 

individual lagoons is therefore diurnally and seasonally variable (Walker & Tyler 1984; Townley et 

al. 1993; Froend et al. 1993; Balla & Davis 1993, Davis et al. 1993; Walsh et al. 1995) 

In comparison to Tasmania, tl1e coastal lakes of tl1e Australian mainland, especially those of 

south-eastern Queensland and nortl1-eastern New Soutl1 Wales, have been more comprehensively 

studied, and exemphfy the limnology of this type of waterbody Most are located in the siliceous 

coastal areas in south-east Queensland. The most numerous and best examples are located on Fraser 

Island, which has more sizeable lakes per unit area than anywhere else in Queensland (Bayly 1966). 

Many of the Queensland lakes are of the perched dune lake type, however a few represent 

watertablewindows (Bayly 1964a). The New South Wales lakes are of a more diverse formation. 

Water colour vanes from clear and highly transparent in some lakes, especially the frontal dune 

ponds, to humic and strongly attenuating in perched dune lakes (Timms 1982; Bayly 1964a; Bayly 

et al. 1975). However, other tl1an Secchi disc measurements, the optics of these lakes have been 

little studied. Water transparencies, measured by Secchi disc, range from 0.35 to 8 20 metres 

(Bowling 1988). Most of the lakes are polymictic, without thermal, oxygen, or chemical 

stratification (Timms 1969; Bayly et al. 1975). 

The freshwater coastal lakes of Queensland are a homogenous group with respect to water 

chemistry (Bowhng, 1988). All are dilute, witl1 an average salinity of about 40 mg/l, with sodiUlll 

and chloride contributing almost 80% of the dissolved ions, although altitude and distance from the 

coast may cause vmiations (Bayly 1964a; 1984; Little & Roberts 1986, Timms 1986b; Bowlmg 

1988). The atmospheric supply of ions from tl1e sea 1s a major influence on lake water chemistry, 
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especially as the lakes lie on deep siliceous sands, so that the supply of ions by weathering 

processes is negligible (Bayly 1964a; Little & Roberts 1986). The silica content of Fraser Island 

lake waters is low, suggesting tliat their waters are derived mainly from local rainwater rather than 

from groundwater sources. This may be due to the lakes draining slowly but continuously into the 

main underground water body, thus maintaining their low salinities (Little & Roberts 1986) 

Bowling (1988) suggests that this is also possibly true for some Tasmanian coastal lagoons. 

The coastal dune lakes of north-east New South Wales are typically oligotrophic (chlorophyll a 

values <9 µgll ) and more variable in their physico-chenucal characteristics, due to their different 

types of formation. Some are humic, acidic, and of low sahnity, with iomc compositions strongly 

dominated by sodium and chloride. Others have higher conductivities, are less coloured and less 

acidic, and have calcium and bicarbonate as their major ions (Bayly 1964a; Timms 1982). 

The pH values of Queensland coastal lakes are generally below 6.0 (Bayly 1964a; Little & 

Roberts 1986, Timms 1986b; Bayly & Williams 1972). Coloured organic acids are the principal 

determmants of pH. Lakes with a pH greater than 5.0 are usually colourless, wmle those of less 

than 5.0 are hmnic, with pH decreasing as humus concentration mcreases. The pH values of New 

South Wales coastal lakes vary considerably, but the larger ones tend to be acidic (Timms 1982). 

A number of biological studies has been undertaken on Queensland and New South Wales 

coastal lakes. The main component of tl1e zooplankton is usually the copepod Calamoecia 

tasmanicatasmamca which has its highest population densities in the most hurnic lakes Other 

planktonic animals are less common, but the lakes have a richer and more diversified littoral 

invertebrate fauna Emergent plants are also common around the shorelines (Timms 1982; Bayly 

1964a). 

Victorian freshwater coastal lakes are also of diverse 01igins (Timms 1973, 1977). This 

heterogeneity is clearly evident in their chemical fCatures. Many in Gippsland show some 

dysti·ophy, are slightly acid, and dominated by sodium and chlonde; a few are alkaline and enriched 

with alkaline earth bicarbonates (Tinuns 1973) Those of tlie Portland region are alkaline, due to 

enrichment with calcium and bicarbonate, and have clear, ti·ansparent waters (Timms 1977). 

Coastal lakes in South Australia differ from those of tlie eastern Australian coastlme in that 

many are markedly saline, with salinities ranging from about half to ten times that of seawater. 

Sodium and chloride are tl1e dominant ions, and pH values are above 7.0 (Bayly & Williams 1966; 

Bayly 1970). 

It appears that freshwater coastal lakes in West Australia may differ considerably from their 

eastern Austi·alian counterparts (Bowling 1988). The wetlands of tlie Swan Coastal Plain (south

west Western Australia) have been tl1e subject of an extensive limnological and biological study 

(Townleyetal. 1993; Froend et al. 1993, Balla & Davis 1993; Davis et al. 1993). This was the 

first comprehensive study of the physical, chemical and biological attributes of a large group of 

coastal wetlands m Austi·alia and one of 01ily several world wide. The majority of lagoons were 

alkaline and carbonate-emiched, reflecting the fact tliat many are located on a limestone formation 

A number of lagoons also displayed sulphate enrichment, witl1 S04 >Cl Coloured lagoons had pH 

values greater than 7. The majority of the lagoons were fresh to slightly saline. Many were 

nutrient-emiched, affected by agriculture and urban development, witli up to one third of the lagoons 

classified as eutrophic. Seasonality of lagoons was an important factor detennining invertebrate 

failllal composition of a lagoon. The fauna of permanent and seasonal wetlands was generally more 
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sunilar within these categories than between them. Biological mvestigations highlighted the 

importance of aquatic macrophytes m promoting species diversity. Seasonal monitoring showed 

higher microfaunal species diversity in seasonal lagoons compared to permanent lagoons 

Many of Australia's coastal lagoons are under threat and many have been lost The great 

majority of Australia's population (80%) lives in the coastal margins. Smee European settlement, 

ilie majority of coastal wetlands, dune lakes and lagoons have been converted to oilier uses such as 

urban development and agriculture. Of those remaimng many are becoming badly degraded from 

such practises as indiscriminate clearing, stock grazing, cropping, tipping of refuse, extractmg of 

gravel, sand mining, and run-off from pesticides, fertilisers, herbicides, and mdustrial wastes 

Coastal Wetland losses include: 

Swan Coastal Plain, Western Austi·alia - 75% (Riggert 1974) 

coastal region New South Wales - 75% (Goodiick 1974) 

coastal wetlands of soutl1 east Soutl1 Australia - 89% (Jones 1978) 

coastal plain of Norili East Tasmania (Steane 1992) 

In conti·ast to ilie detailed biological studies of the Swan Coastal Plain, previous work on ilie 

freshwatermicrofaunaandflora of Tasmania has been spasmodic, piecemeal and disjointed in that it 

has followed ilie interests of individual researchers. What is known is often based on a single visit 

or an ad hoe sampling regime where individuals have made the most of an opportunity to grab a 

sample when visiting ilie lagoons for other purposes. Timms (1987) investigated aquatic micro

crustaceans in a bnef visit to Tasmania. He found several new and rare species, and concluded iliat 

much more research is warranted. Koste and Shiel (1986, 1987), Shiel and Tan (1990), 

mvestigating the rotifer fauna, concluded tliat tl1e coastal dune lakes of Ocean Beach on the west 

coast of Tasmania are tl1e iichest in species diversity yet recorded from Australia. The auiliors 

suggested iliat this is the result of a long and undisturbed evolutionary history. Tyler (1992), 

Bowling et al. (1992) and Ling et al. (1989) have found new, mrique and endemic algae in many of 

iliese coastal lagoons. A comprehensive limnological survey (a total of 323 individual water bodies 

sampled) of a key group in tlie Tasmanian aquatic micro-crustacean assemblage (Calanoida: 

Centropagidae) showed that many species (some endemic to Tasmania) are restricted in distribution 

and some only to coastal lagoons (Walsh 1991). 

To the best of the authors knowledge there have been few previous studies in Tasmama 

concentrating upon aquatic microcrustacea and tlris study is one of only several tliat have dealt with 

Tasmanian aquatic microfauna. Previous studies have been piecemeal with data often extrapolated 

from single samples. There has been almost no work completed on seasonal dynamics or species 

assemblages. 

Tasmania has lost substantial numbers of wetlands and lakes in coastal areas (Kirkpatnck & 

Tyler 1987; Steane 1992), particularly m tl1e northeast coastal plam of the island This flat, low

lying sandy coastal plain, extending in places up to ten kilometres inland, contained a complex of 

interdigitating wetlands, most located close behind and impounded by great barriers of coastal sand 

dunes. These included lagoons, marshes and swamps wiili plant comm1nrities ranging from floating 

and submerged macrophytes in open lagoons to paper bark swamps, sedgelands and herbfields. 

Many have beenclearedanddrainedfollowingWorld War II in the Soldier Settlement Scheme 

of the 1940-50's (Steane 1992). Another significant cause of loss was agricultural practices at tlie 
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time It is thought that up until then most of the dune systems were relatively vegetated and stable 

(Steane 1992) With agriculture and land clearing the dune systems became mobile, migrating 

inland, and a large number of lagoons and associated wetlands were obliterated or greatly diminished 

in size. Some have been bodily pushed inland (eastwards) by tlie sand. The few lentic wetlands that 

exist today between Bridport and Cape Portland "are a sorry remnant of the extensive and beautiful 

wetlands of fifty years ago" as a result of dune migration over the last 35 years (Steane 1992). 

On the east coast increasing demand for urban and shack development at popular coastal beach 

resorts, for camping facilities and for recreational use, have also had deleterious effects: 

There is increasing recognition of the importance of wetland ecosystems and of the threats 

posed to them. Wetland inventories are required to provide a basis for effective conservation and 

management. Information is needed in tl1e distnbution of, and extent of inundated areas, and, for 

ephemeral wetlands, on waterregime (penodandfrequency of mundation). Data on the distribution 

of plant and faunal communities are needed to evaluate and select wetlands or groups of wetlands for 

management and conservation. The development of such inventories in Australia is sadly lacking 

Microcrustaceans ( copepods, cladocera and osti·ocods) are vital links in Australian inland aquatic 

food webs as intermediate grazers between algae/bacteria and higher order consumers, eg 

macroinvertebrates and fish. Knowledge of their ecology in Australia is sadly lackmg due in part to 

lack of suitable taxonomic references or expertise (Green & Shiel 1992). Biological surveys of this 

faunal group in Australia (particularly the cladocerans) have been few (Walsh 1991; Balla & Davis 

1993; Davis et al. 1993). 

1.2 AIMS· 

Coastal freshwater lagoons from several localities around tl1e Tasmanian mainland and the Bass 

Strait Islands were investigated as an holistic study of tlie limnology and microcrustacean ecology of 

tills relatively neglected group of waterbodies 

The main objectives of this study are: 

- to describe themicrocrustaceanfaunaof freshwater coastal dune lakes from Tasmania and offshore 

islands. 

- to investigate the physicochemical lnnnology of pe1manent, markedly astatic and ephemeral 

lagoons. 

- to investigate the role of permanent and seasonal lagoons in supporting different microcrustacean 

species/communities 

- to determine biogeographical relationships in tl1e microcrustacean fauna of Tasmania, Bass Strait 

Islands and SE Australia. 

- to investigate life history and ecology of dommant species. 

- the classification of microcrustacean species into feeding groups by investigation of diet and 

feeding regimes to determine trophic relationships within these lagoons 

Combined, this information would be expected to add further evidence for the argument of a third 

limnological province in Tasmruria, and also provide baseline data for the management of fauna, 

water quantity and quality for wetlands within Tasmania. 
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CHAPTER2 

METHODOLOGY. 
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2.1 SAMPLE COLLECTING. 

Two sampling regimes were used in thts study. Biological and physicochenucal samples were 

collected at approximately three to four month intervals between August 1991 and September 1992 

from twenty wetlands between Cape Naturahste and the township of Bridport in the NE of 

Tasmania. This was mainly to provide an indication of the gross variation among the wetlands, 

largely covering a range of wetland types over the study area. This broad scale approach gave an 

indication of the gross seasonal changes and some indication of annual variability. This approach 

was essential to meet the objectives of this study, the classification of lagoons on the basis of their 

biota and physicochemical characteristics. 

However, a more intensive samplmg regime and/or experimental studies were required for a 

greater understanding of the dynamic processes occurring in a particular wetland. Cladocerans and 

copepods have short hfe spans, particularly during the warmer summer months, and hence 

formightly or monthly sampling would more accurately descnbe species assemblages and population 

dynamics. Therefore results of this study should be considered to be broad outlines only 

Furthermore zooplankton populations are neither uniformly nor randomly distnbuted in a temporal 

or spatial sense (Hutchinson, 1967), therefore difficulties anse in obtaining representative samples 

from a body of water. A phenomenon known as zooplankton patchiness may occur in the horizontal 

plane whereas vertical migration may cause zooplankton to accumulate at particular depths. 

A more intensive sampling program is essential to the understandmg of the seasonal and long 

term changes in individual lagoons. Therefore, based on the above reconnaissance, six lagoons were 

selected for more intensive samplmg. One of these lagoons (Cape Naturaliste No. 2) was abandoned 

not long into the study due to problems in accessibility The remaining five NE lagoons were 

sampled every four to five weeks between November 1993 to October 1994. 

The two samplmg regimes are essentially complimentary; the broad scale approach identifies 

the range of variation between lagoons and allows their categorisation; the intensive sampling 

allows a more detailed interpretation. 

On the west coast of Tasmama, west of the township of Strahan, between May 1991 and 

November 1994, eight natural lagoons and two artificial coastal fresh waterbodies were sampled on 

ten occasions. 

The Bass Strait Islands were sampled only once due to constraints in logistics, finance and 

facilities Twenty lagoons on King Island were sampled for biological and physicochemical values 

in December 1991. Sixteen lagoons from three islands of the Fumeaux Group were sampled in 

February 1993. A complete physicochemical data set was not obtained for Hinders, Cape Barren and 

Clarke Islands due to the loss, misplacement and late arrival of sampling and survey equipment by 

the freight carrier. 

The five Bruny Island lagoons were sampled several times during the period 1988-1992 

Unpublished information for 1977 was obtained from Baharudin (1978). Additional information is 

used from Bowling et al. (1993). 

2.2 LAGOON MORPHOMETRY. 

Morphometric characteristics of t11e lagoons were obtained from aenal photographs and 

1:25.000 topographical maps using a Tamaya Planix 7 planimeter. Geomorphological analysis of 

tile lagoons was based on aerial photographs, topographical maps, ground photographs and field 
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investigations. 

Maximum depth (Zmax) was measured by placing a graduated rope across the lagoon, between 

identifiable points on the ground and map, and measuring depth with both a plumb line and a hand 

held depth sounder from a small inflatable raft Tins procedure was repeated several times, depending 

on size and shape of the individual lagoon. From this information contoured bathymetric maps were 

compiled for many of the lagoons investigated. 

2.3 PHYSICOCHEMICAL SAMPLES. 

Water samples for physicochemical analysis were collected simultaneously with the b10logical 

sampling of the respective lagoons. Water samples for laboratory analysis were collected in acid 

rinsed, opaque polyethylene bottles from 10-20 cm below the surface following rinsing with lagoon 

water. Samples were stored in the dark and on ice until return to the laboratory and all 

measurements were made as soon as possible (2-3 days) after sampling. 

Water colour (gilvin) was measured at 440 nm (g440)(Kirk 1976). Samples were passed 

through 0.45µm membrane filters and the filtrate obtained was measured with a Cecil CE 292 digital 

UV/VIS spectrophotometer against a distilled water blank in 4 cm quartz glass cuvettes at 440 nm. 

The measured absorbance values were converted to a 1 m pathlength and multiplied by 2.303 to give 

the natural logarithmic absorption coefficients in m-1 (g440). 

Turbidity (Tn) was measured in a Hach 2100 nephelometric turbidimeter against fo1mazm 

standardsandvaluesexpressed in NTU (Nephelometnc Turbidity Umts) Turbidity values in NTU 

maybe taken to be approximately equal to the scattering coefficient (in units of m-1) of a natural 

water (Kirk 1986). 

Conductivity measured as K25 was obtained by laboratory and field electrometric 

measurements using a WTW LF191 electronic meter and a dip type probe 

pH was also obtained by laboratory electrometric and in situ measurements using a Metrohm 

E558 electronic pH meter (accuracy+/- 0 1 pH unit) and a dip type probe 

Water samples were collected for laboratory analysis of DOC, major cations (Na+, K+, Ca2+, 

Mg2+) and major anions (sol-, HC~ -, Cl} These were stored at 4 Oc until analysis using 

standard methodology (APHA 1971). 

Dissolved oxygen (D02) was obtained by field electrometric measurements using a WTW OXI 

191 electromc meter and a dip type probe, on two separate occasions for most of the wetlands dunng 

the reconnaissance of the North East lagoons in 1991-1992. When equipment permitted, during the 

intensive study, the North East lagoons were measured on each occas10n. Measurements on the 

shallow NE lagoons were taken at the surface (10 cm depth) and at the sediment and water interface 

(1.0-1.5 m depth depending on water level) The deeper lagoons of the West Coast were measured at 

the surface and one metre mtervals to dete1mine if they were subject to stratification and also to 

detennine the onset of turnover. 

Additional water samples for Chlorophyll a analysis were filtered through Whatman GF/C 

glass fibre filters and immediately afterwards the filters were extracted in 10 nil of 100% methanol, 

stored in the dark, at 4 °c for 24 hours The filtrate was then centrifuged at 3,000 rpm for 15 

minutes The supernatant was then withdrawn carefully so as not to disturb any sediment. Without 

delay and in subdued light the extinction of tl1e solution was measured spectrophotometrically at 
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E664 and E7 50 (Where E = absorbance at wavelengths at 664 nm and 7 50 nm). 

Chlorophyll a (C) was calculated by the equation 

C µg.11 =13.333(E664 - E750) 

corrected for volume of water filtered by the equation. 

µg chlorophyll a /1 = C/V 

where V = volume of water filtered 

Chlorophyll has an absorption maximum at 664 nm. An approximate correction for coloured 

compounds and for turbidity can be made by subtracting the absorbance at 750 nm where chlorophyll 

absorbs an insignificant amount of light. 

Major nutrients were analysed. Water samples were collected in acid linsed opaque 

polyethelyne bottles from the five NE lagoons intensively sampled between November 1993 to 

October 1994. These were immediately stored in ice and placed in the dark in the field. The samples 

were analysed for the major nutlients, Total Phosphorus (TP), Nitrate (N~) and Nitiite (N02) by 

the Tasmanian Government Analyst using standard methodology (APHA 1971) upon return to 

Hobart 

2.4 BIOLOGICAL SAMPLING. 

Zooplankton and phytoplankton samples were collected by single or several oblique tows in 

deeper lagoons and by hand held 20 µm and 200 µm conical nets in the more shallow pools and 

lagoons. All collections were preserved in 5-10% formalin, pending taxonomic identification. Nets 

were washed thoroughly before and after the sampling of each site m an effort to reduce the 

possibility of contaminants m the samples obtained. 

In the intensive study oflagoons on the North East coastal plain (chapter 6), six lagoons were 

sampled on each occasion with a 20 µm and a 200 µm conical net. The presence/absence of 

microcrustacea (identified to genera or species where possible) was recorded, with results for the two 

nets pooled. In addition a known quantity of water was filtered through a 200 µm net to obtain a 

quantitative lnicrocrustacean sample. The volume of water filtered depended on depth of the lagoon 

at time of samphng and vaiied from 20-40 litres of water and numbers for individual species per litre 

counted. All aimnals were sorted, identified to species if possible and counted. The sample was not 

sub-sampled so as to obtain uncommon species. Numbers of individuals were corrected to 

number/litre. 

2.5 TAXONOMY 

Taxonomy of the Crustacea·Calanoida:Centropagidae is based on tl1e morphology of the male 

fifth pair of thoracic legs. The males, distinguished by geniculate antenna, were transferred to a slide 

and mounted in polyvinyl alcohol, the male limbs were then carefully teased away from the body and 

identified using Bayly (1961, 1962, 1963, 1964b, 1992) as reference texts. Identification of species 

is only possible on the mature reproductive adult form. 

Reference texts used in the identification of the Crustacea:Cladocera were: Smirnov (1976) for 

the !lyocryptus sp. (now Ilyocryptidae, Smirnov 1992); Smirnov (1992) for the Macrothricidae. 
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Several references were used for the Daphnildae: Sergeev and Williams (1983, 1985) and Sergeev 

(1990) for Daphniopsis; Herbert (1977) and Benzie (1988) for Daphma; Flossner (1972) and 

Greenwood et al (1991) for Cenodaphnia; Flossner (1972) and Dumont (in Smirnov & Timms 

1983) for Simocephalus; and Korinek (in Smirnov & Timms 1983) for Bosmina. Several 

references were used for Chydoridae identificatloll" Smirnov and Timms (1983), Frey ( 199la, b ); and 

Shiel 1995. 

Methods used m the identification of the cladocera were those of Dodson & Frey (1991) and 

disarticulation after the methods of Megard (1964). Identification of the cladocera is based on the 

morphology of the head shield, shell valves, legs, antenules and postabdomen. Therefore, unlike the 

calanoids, taxonomic identification of this group was involved and time consuming. Many of the 

individual specimens required clearing of body protoplasm, and organic debns from the body surf ace 

andfrommtemal body chambers, to discern taxonomic features and for dissection. Several methods 

were used with varying success and some mdividual specimens were subjected to more than one 

process. 

(1) Preserved specimens were heated in 1-2 ml of concentrated KOH in microscope cavity 

slides over the flame of a spilit lamp for five to ten minutes. This was then inspected under a 

compound microscope, once the KOH had cooled and fumes subsided, to see if the specimen had 

been cleared sufficiently to allow identification and/or dissection Often a second or third heating 

was required. 

(2) This procedure was repeated usmg concentrated HCL for stubborn samples. Care was taken 

not to boil the KOH or acid to avoid spatteling and to prevent premature separation and possible loss 

of body parts 

(3) The specimen was left to stand in cold concentrated HCL or KOH for at least 24 hours 

prior to heating. Some specimens required being subjected to all three methods to varying degrees 

before clearing was completed. 

Once cleared, the chitinous exoskeletal structures of tl1e specilnen, such as the headshield, shell 

valves, postabdomen, labrum, mandibles and legs are still intact and loosely attached to each oilier 

The specimen was then removed from fue cavity slide whilst still intact, and mounted m polyvmyl

lactophenol mounting medium on a standard microscope slide. Under a Wild MS 6-50x dissecting 

microscope and using very fine tungsten dissecting needles, the exoskeletal components were 

carefully separated, and arranged m the correct 01ientation within the mountmg medium for 

taxonomic identification A covershp was then placed over the prepared specimen Identification 

was completed using a Zeiss RA compound microscope with bright field background. 

A major problem encountered wit11 samples from the NE lagoons was in the sorting of 

individual specimens. These often had to be individually untangled from a mucilage of Microcystzs 

and other blue-green filamentous algae before identification was possible. 

A problem encountered early in the study of the North East lagoons was ill fue time it took to 

sort tlrrough a sample, particularly in tl1e quantitative study. Samples were often "dirty" wifu 

filamentous algae, orgamc debris and fine organic particulate matter. Many of the dystrophic 

lagoons had very high loads of very fine suspended particulate organic matter, so that nets would 

become clogged in a single tow. Sorting of t11ese samples took from between 1-10 days each. 
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2.6 ANALYSIS OF DATA. 

Univariate analysis is often used to test for the level of significance between variables and 

categories. The program SAS version 6.06 was used to test the significance between differences in 

lagoon categories, physicochemical data variables and species richness. 

There are many multivariate statistical techniques that can be applied to ecological data 

Principal components analysis is one of the simplest. 

Principal Components Analysis (PCA) is a means of simplifying the data by reducmg the 

number of variables to those that explain the most variation in the data (Manly 1994). The best 

results are obtamed when the original variables are highly correlated, positively or negatively, then 

the number of original vaiiables can be reduced to two or three principal components (PC1-PC2-

PC3 .... etc.) that explain the largest amount of variation. PCA may be defined as maxiilllsing the 

variance of sample points along each axis, with variance decreasing from PC1-PC2-PC3 and so on. 

It is a useful tool for interpolation of data as PCl explains then% of total vai·iance in the ongmal 

sample. The % variance explained by PC3 is small therefore you may dispense with this PC, to 

give a two dimensional "ordination plane", smce PCl and PC2 account for a high % of total 

variance. This analysis is a way of accounting for the variation in data as concisely as possible. 

Principal components analysis (PCA) is sometimes referred to as a method of ordination. That 

is to say it is a method for producing a small number of axes against which a set of objects of 

interest may be plotted. The positions of these objects of interest are plotted in the multivariate 

space generated by many measmements onto a small number of axes. The relative position of these 

objects is then displayed in a way that is easily assimilated. The statistical program BIOSTAT II 

was used to analyse the envirollillental data for PCA 

In this study the environmental data obtamed for both of the North East studies and the West 

Coast was analysed. The data was standai·dised. Eigenvector values for each of the environmental 

variables for the first two principal components, PCl and PC2, were then plotted as X-Y coordinates 

to give a two-dimensional picture for ease of interpretation. The component scores for each of the 

respective sites were similarly treated and also plotted to determine the degree of clustering. 

The statistical package PRIMER was used to sort the respective sites, based on their 

community data, into similar classes. PRIMER uses the Bray-Curtis similarity co-efficient to 

group sites, based on community presence/absence data, into classes so that similai· ones ai·e in the 

same class. This analysis was done to define "true" groups and for data reduction. Conversely if the 

dendrograms produced, generate unexpected groupings, then this might in itself suggest relationships 

to be investigated. The interrelationships between sites ai1d sampling date where then mapped in an 

ordination by non-metric multi-dimensional scaling (MDS) 111 an attempt to visualize the 

community patterns. 

The PRIMER program SIMPER was used to analyse the pooled temporal community data for 

identification of key species for each of the lagoon groups. SIMPER calculates the Bray-Curtis 

dissilnilarity between all pairs of inter-group samples (-i.e every species in group one paired with 

every species in group two). The Bray-Curtis dissimilaiity is then averaged over all pairs and then 

broken down into the separate contribution from each species to the overall dissimilarity between the 

two groups. Indicator species were identified as those species which contnbuted the greatest 

percentage of dissilnilarity to separate fauna! assemblages of the three different groups oflagoons. 
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CHAPTER3. 

LIMNOWGY OF COASTAL LAGOONS IN NE TASMANIA. 
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3.1 ABSTRACT. 

The North East coastal plain of Tasmania contains many dune lakes occuning on siliceous and 

calcareous dunes. All are polymictic, span a range of nutrient states, are of variable depth and show 

strong seasonal trends Most have extensive submerged and emergent macrophyte communities. 

Physicochemically these dune lakes are similar m many ways to those in temperate parts of 

mainland Australia, Tasmania and the Bass Strait Islands, being of low to moderate salmity, 

moderate to high dystrophy and having a seawater ionic dominance They differ in that they are more 

alkaline than the majority of Tasmanian and mainland Australian lagoons, and markedly astatic 

relative to most Tasmanian lagoons 

3.2 INTRODUCTION. 

Significant proportions of Tasmania are fnnged by sandy coastal lowlands which often contain 

freshwater dune lakes and wetlands. The North East coastal plam of Tasmania contams many dune 

lakes occurring on siliceous and calcareous dunes (Figure 3.1). The origins of lagoons in the 

North East Tasmanian coastal lowlands differ depending upon whether they are on the leeward or 

windward coast witl1 regard to the prevailing westerly winds. Coastal ridges of parabolic and 

transverse dunes have formed on western facing shores and frontal dunes on shores with an easterly 

aspect. Interdigitating these ridges are a number of ephemeral, astatic and permanent freshwater dune 

lakes. The geomorphic origins of Australian freshwater coastal dune lakes have been broadly 

classified by Timms (1982, 1986a, 1992). Although perched dune lakes (type i) are the most 

common coastal lagoon in mainland Australia (Bayly 1964a, Timms 1982), in Tasmania lagoon 

origins are more diverse (Bowling et al. 1993). In the NE some are lowland dune lakes (type ii), 

surface expressions of the ground water table in small depressions located behind frontal dunes (type 

iii or vi). Others are dune contact lakes (type iv). 

Although Tasmania is generally more humid than continental Australia, much of eastern 

Tasmania is subject to sUlllffier drought and severe soil water deficits. In the Nortl1 East, rainfall is 

highly seasonal with more than 80% occumng between Apiil and October (Figure 3.2). The 

seasonality of rainfall has a significant influence on the limnology and ecology of the lagoons 

3.3 AIMS. 

The aims of this part of tl1e study were twofold: 

a) To investigate the physical and chemical aquatic environment of peimanent, markedly 

astatic and ephemeral coastal lagoon ecosystems, and 

b) To compare the degree of change in physical and chemical parameters in seasonally 

ephemeral and permanent lagoons respectively. 

Particular attention was focused on the role of the hydrological regime of markedly astatic and 

seasonally ephemeral lagoons. 

3.4 STUDY SITES. 

The lagoons studied lie on the relatively extensive, sandy coastal plain on the North East of 

Tasmania (Figure 3.1). Longitudinal dunes of Pleistocene siliceous sands cover approximately 

350 km2 in North East Tasmania. They are a result of changes in the climatic regime within the 

Pleistocene when Bass Strait was an exposed sandy plain of low relief. Holocene parabolic dunes of 
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calcareous sands up to 2 km in length, that occur in close association with the Pleistocene dunes 

have formed under wind influence since the manne transgression of Bass Strait (Bowden 1978), that 

separated Tasmania from theAustralianmamland. The sandy plain and the dune systems (Plate 1) 

fonn an unconfined aquifer draining the North East coastal plam (Bowden 1978). 

Cape Portland (Figure 3.la). Lagoons No. 1, No 2 and No. 4 are "type iv dune contact 

lakes" (Timms 1982, 1986a), lying between the dolerite outcrop of Charmouth Hill (53 m asl) and 

a 3.5 km long narrow foredune between 50-300 m wide and up 22 m high. A sandy soil mantle 

overlies the dolerite bedrock except for exposed, weathered dolerite boulders. Lagoon No 3 occupies 

a shallow deflation basin in sandy sod overlying dolerite bedrock, it lies less than 50 m from the 

sea and is extremely exposed to the prevailing wmds To the east the lagoon is separated from the 

sea by a 2 m high shingle bar between two small, low-lying dolerite hills. Seawater may overtop 

the shingle bar during storms. Lagoon No. 5 (Plate 2) is possibly a dune contact lake, sandwiched 

between active longitudmal dunes to the soutl1 and Charmoutli Hill to the north. Cape Portland 

Lagoon No. 6 is a "type i1 lowland dune lake" located between the trailing arms of an active 

parabolicdune(Plate 3). 

Tregaron Lagoons (Figure 3 la). Bowling et al. (1993) suggests that tl1ese are perched 

lagoons (Tinims 1982, "type i"), lying between a series of old vegetated longitudinal dunes baiTed by 

mobile transverse dunes. The lagoons are only several metres above sea level They may be better 

considered as "type ii" lowland lakes, i.e. smface expressions of the groundwater table, draining the 

low-lying hills 3.5 km to the east and Ringai·ooma Tier 1 km to the south (Plate 4 & 5). 

Cape Naturaliste (Figure 3.lb}. The siliceous sands of Cape Natmaliste form a narrow 

coastal plain 2-3 km wide and 14 km long between Mt. Williain (Plate 1) to the west and the sea 

to the east. These sands form a mantle overlying impermeable gramte and they form an 

unconsolidatedaquifer with drainage from inlai1d hills. This naffow plain contains many shallow, 

ephemeral swainps and lagoons, and is largely devoid of natural surface drainage. The Cape 

Naturaliste lagoons ai·e close to one another and 100-300 m from the sea behind a single foredune. 

The predominant vegetation is of low coastal heatli. The lagoons are only 2 m above sea level and 

fit the desciiption of Timms' (1982) "type ii lowland lakes" (Pia tes 6-9). 

Bowlers Lagoon (Figure 3. lc). This lies on the old flood plain of tlie Ringarooma River, 

between tlie base of Ringarooma Tier (120 m high) and the calcareous sands of Boobyalla Beach I 

km to the west. Ringai·ooma Tier is a 10 km escarpment, with waters draining this escarpment 

fonning an extensive region of intennittent swainps between tlie foredunes of Boobyalla Beach and 

base of the escarpment. The lagoon lies between the arms of an active parabolic dune (Plate 10). 

It is a remnant of a much larger waterbody ai1d is in the process of being obliterated as the dunes 

advance. 

The Waterhouse Lagoons (Figure 3. ld). Big Waterhouse Lake is located between two stable 

Pleistocene longitudinal dunes that support a eucalypt woodland with a low dense understorey The 

lagoon is fed by Sheepwash Creek draimng tl1e low-lying sandy coastal plain to the south east The 

lagoon has had an outflow to the sea, but tliis was dammed by an active transverse dune 

approximately twenty yeai·s ago, raising the level of the lagoon by approximately 1 m, and 

inundating large fringing marsh areas to the east and west of tlie lagoon (Plate 11). 

Little Waterhouse Lake (Figure 3.ld) is a dune contact lake The lagoon is long ai1d narrow, 

lymg between a longitudinal dune to the west, and abuts a small dolerite hill to the East The water 
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Plate I . The North Eas t Coastal Plain w ith Mt. William in the background. 

Plate 2. Cape Portl and Lagoon No. 5. Charmouth Hill is visib le in the background (centre) . 



Pl ate 3. Cape Portl and Lagoo n No. 6 showing the active parabo lic dune in the background . 

Plate 4. T regaron Lagoon No. I with a mobile transverse dune in the bac kgro und . 



Plate 5 . Tregaron Lagoon No. 5 . Inundation of the Tregaron Lagoon by a mobile transverse dune is shown. 

Plate 6. Cape Natu ra li te Lagoo n No. I . A Type II lowland lake. The fo redune i shown to the left of the pl ate. 



Pl ate 7 . Cape Natu rali ste Lagoon No. 2. A Type II lowland dune lake. The fo redunc is to the ri ght o r the plate. 

Plate 8. Cape Natu ra li ste Lagoon No. 4a (foreground - lc rt) & Lagoon No. 4b (backgro und - ri ght). 



Plate 9. Cape Naturali ste Lagoo n No. Sa. A Type II lowland dune lake. The foredune vegetated with low 

coasta l scrub is vis ible in the backgound . 

Pl ate I 0 . Bowlers Lagoo n No. I. Active parabolic dune is visib le in the di stant background . 



Pl a te 11 . Big W aterh ou e Lake . 



level of this lagoon has been raised by the constructrnn of an earthen dam across the oiiginal outflow 

to the sea, with the impounded water backing up between the dune and hill. 

Blackmans Lagoon (Figure 3. ld) is similar to Big Waterhouse Lake, lying between two old 

longitudinal dunes. Dune barnng by active dunes has provided a barrage, behind which the lagoon 

has formed. A number of agricultural drains, dissecting the flat low lying land to the south of the 

lagoon, lead into it augmenting the natural inflow. 

3.5 METHODS 

Water samples for physicochernical analysis were collected approximately at three to four 

month intervals between August 1991 and September 1992 from twenty lagoons between Cape 

Naturaliste and the township of Bridport. This broad scale approach was mainly to provide an 

mdication of the variation among the lagoons, coveiing a range of lagoon types over the study area, 

i.e. a reconnaissance. A detailed description of methods used is given in Chapter 2. 

3.6 RESULTS. 

3.6.1 Morphometry. 

Morphometrical data is presentedm Table 3.1. Surface areas of the water bodies vaned from 

<1 ha to > 1 km2. Big Waterhouse Lake is the largest of the lagoons with a surface area 1.26 km2, 

followed by Cape Portland No. 5 and Tregaron No. 1 both 23 ha in size. The remaimng lagoons 

were small with a smface area, when full, of between 1-6 ha The surface water area of the 

ephemeral Cape Portland and Cape Naturahste lagoons was dependent upon season and ramfall 

Maximum depths did not exceed 2.5 m, and most of the lagoons were 1 m or less m depth 

(Figures 3.3-3.5). The shallowness is reflected in the relative depths (Zr) of the lagoons. Zr is 

the relationship of Zmax to the mean diameter of the lake. The majority of t11e lagoons have values 

between 0.18%-0.44%. 

The lagoons vaiied in shape from nearly circular to very elongated. Shoreline development 

CDs) ranged from 1.04 CDs) m Cape Naturaliste No. Sa to values of 1.98 (Ds) and 2 1 CDs) for Cape 

Portland No. 4 and No. 5. The Cape Naturaliste lagoons are simple in shape. They are unbranched, 

circular to pennate, or triangular-. This reflects their orientation to the prevailing winds. In contrast, 

the Cape Portland lagoons and the Waterhouse series are branched lagoons with Ds values between 

1.5 and 2.41. 

3.6.2 Physico-chemical Pai·ameters. 

Limnological conditions are summarised m Appendix 1. The shallowness of the lagoons, 

the large surface area relative to depth, and exposure to frequent strong winds ensures thermal 

stratification is unlikely. 

The conductivities and salinities (Appendix 1) of most lagoons were moderate to hyposaline 

(Kz5 = 500-1500 µS cm-1 ), apart from t11e saline lagoons of Tregaron No. 1 and Cape Portland 

lagoons. As expected from the ephemeral nature of individual lagoons, K25 of the smface waters 

varied considerably between sainpling, due to strongly seasonal rainfall and evaporative concentration 

of salts. 

The g440 values of most of the lakes sampled indicates moderate (g440 1< 5.0 m-1) to very 

high dysti·ophy (g440 10<25.0 m-1 ), ai1d one, Cape Naturaliste No. 2, is extremely dysti·ophic or 
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Site Zmax(m) Zeu(m) Relative depth Surface Length of Ds Descnption Lake Type 

Zr(%) area (ha) shoreline (m) 
Cape Naturaliste Nol 1.50 0.25 0.94 002.00 650 1.29 Holocene Frontal dune on siliceous sands Lowland dune (type ii) 

Cape Naturaliste No2 100 0.10 0.79 001.25 525 132 Holocene Frontal dune on sihceous sands Lowland dune (type ii) 

Cape Naturaliste No4a 1.00 0.25 0.44 004.06 1100 1.54 Holocene Frontal dune on siliceous sands Lowland dune (type ii) 

Cape Natural!ste No4b 050 025 0.25 003.20 1075 1.69 Holocene Frontal dune on siliceous sands Low land dune (type 1i) 

Cape Naturaliste No4c 0.50 * 0.28 002.50 725 1.29 Holocene Frontal dune on siliceous sands Lowland dune (type ii) 

Cape Naturaliste NoSa <0.5 * 0.41 001.17 400 1.04 Holocene Frontal dune on siliceous sands Lowland dune (type ii) 

Cape Naturaliste NoSb <0.5 * 0.31 002.00 725 1.45 Holocene Frontal dune on siliceous sands Lowland dune (type ii) 

Cape NaturalISte NoSc <05 ~ 0.44 001.00 * • Holocene Frontal dune on siliceous sands Low land dune (type 1i) 

Cape Portland Nol <0.5 * * OOO.SO * * Holocene Frontal dune (type iv) 

Cape Portland No2 050 * 0.44 00100 550 1.55 Holocene Frontal dune +Dune contact (type 1 v &v i) 

Cape Portland No3 1.00 * 0.38 005.30 1350 1.65 Dune contact lagoon with dolente ? Dune contact (type v1) 

Cape Portland No4 0.50 0.92 0.18 006.25 1750 1.98 Dune contact lagoon with dolerite (type vi) 

Cape Portland NoS 1.00 0.63 0.18 023.10 3580 2.10 Parabolic & dolerite Dune contact (type iv &vi) 

Cape Portland No6 1.00 0.71 0.40 005.00 1175 1.48 Parabolic dune Lowland dune (type ii) 

Bowlers Lagoon Nol 5.00 1.90 071 039.10 5350 2.41 Transverse calcareous dune Lowland dune (type ii) 

Bowlers lagoon No2 250 2.22 1.01 00479 1125 1.57 Transverse calcareous dune Lowland dune (type ii) 

Tregaron Lagoon Nol 2.00 1.14 0.37 023.00 3200 1.88 Transverse calcareous + Longitudmal dune Lowland dune (type 1i & iii) 

Tregaron Lagoon No2 2.00 • 0.41 01900 3250 2.10 Transverse calcareous +Longitudinal dune Lowland dune (type ii & iii) 

Blackmans lagoon 4.00 • 0.95 014.00 2825 2.13 Parabolic sihceous dunes Lowland dune (type ii) 

Little Lake Waterhouse 400 * 1.25 008.10 2050 2.03 Dune contact lagoon with dolerite (type VI) 

Bil!Lake Waterhouse 4.50 * 0.36 12600 5300 1.32 Transverse calcareous+ Longitudinal dune Lowland dune (tvne ii) 

Table 3.1 NE Tasmanian site morphometry and site description 
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"blackwater" Seasonal variation in colour is apparent m all lagoons, particularly for Cape 

Naturaliste No. 2 and Cape Portland No 5 and No. 6. 

pH values are circum-neutral to slightly alkaline, predominantly between 6.5-8.0 reflecting the 

brackish and calcareous nature of the lagoons. The exceptions are the more dystrophic Cape 

Naturaliste lagoons and the alkaline Cape Portland lagoons which had lower and higher pH values 

respectively. All lagoons showed various degrees of temporal variation in pH. 

Na and Cl are the major ions in all the lagoons. Most of the Cape Naturaliste and Portland 

lagoons had a seawater ionic dominance of Na>Mg>Ca>K:Cl>S04?HC03 (Figure 3 6). The 

exceptions are Cape Portland No. 6 with higher concentrations of K (Na>Mg>K>Ca) and 

Cl>HC03>S04. Blackmans Lagoon and the Tregaron lagoons had a seawater cation order and an 

anionic order witl1 Cl>HC03>S04 Botl1 Bowlers lagoons and the two Waterhouse lakes had an 

ionic order of Na>Ca>Mg>K: Cl>HC03>S04. The bicarbonate enrichment of these lagoons is 

shown by pH values >7.5. Seasonal variation in the HC03 and S04 order of dominance was 

particularly evident in the Cape Portland and Cape Naturaliste lagoons. This is attributed to nse and 

fall in seasonal water levels and change in ionic stoichiometry as waters become increasingly 

concentrated (Buckney & Tyler 1973a) 

Chlorophyll values show that the lagoons spanned a wide range of trophic status, with some 

being oligotrophic e.g. the Cape Naturaliste lagoons, while others mesotrophic. Cape Portland No. 

5, on one occassion would be regarded as eutrophic. Visual observation of the lagoon noted water 

colour was that of a green apple. 

Dissolved oxygen was measured on at least two separate occas10ns for most of the lagoons. 

None of the lagoons sampled showed oxygen depletion of the sediment water interface. This is 

attributed to sufficient wind mixing of the shallow wetlands. 

PCA of the environmental variables (Figure 3.7) indicates the strong positive association 

witl1 PCl (axis 1) for tl1e ions Na, Cl, K, and Mg. g440 and DOC are positively associated and pH 

negatively associated with PC2 (axis 2) For the NE lagoons the first pnncipal component (PCl) 

accountedfor80-95%oftotal variance for Na, Cl, K, and Mg PC2 accounted for 60%, 65% and 

85% of total variance for pH, DOC and g440 respectively. When tl1e PCl and PC2 account for such 

a high % of in the data, a plot of the individuals (i e. the lagoons) against these two components is 

useful for looking for clusters PCl and PC2 component scores plotted as X-Y coordinates revealed 

3 groupings that were for ease of interpolation drawn on separate plots but usmg the same axis 

(Figure 3.8-3.10). These were the Cape Naturaliste lagoons, the Tregaron and Cape Portland 

lagoons, and the "Waterhouse" series of lagoons (mcl. Bowlers Lagoon No. 1 and No. 2). 

Due to the number of overprints amongst the "Waterhouse" series of lagoons, a PCA was 

performed on these lagoons alone (Figure 3.11). Each lagoon of this series separated out (Figure 

3 12). The ions Na, Cl and Mg had in PCl 93% of variance accounted for, and by PC2 between 82-

97% of total variance explained for the remaimng variables wifu the exception of K25 and S04. 

3.7 DISCUSSION. 

The chemistry of dune ground water is determined by the balance between humus input, which 

tends to make it more acid, and tl1e calcium carbonate content of tl1e sand, which makes it more 

alkaline. Groundwater may be high in nutrients from a variety of sources and wmds may provide 

nutrients in fue form of salt spray. Nutrient levels in dune groundwater are detennined by a balance 
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of five factors: (1) inputs from weatheling of minerals, (2) mputs from the atmosphere, (3) losses by 

leaching, (4) cycling by the fauna and flora, and (5) storage in the sediments. 

3.7.l Morphometry. 

The dune lakes on the North East coastal plain differ from those on the West Coast of 

Tasmania m their relative depth (Zi_.) and maximum depth <Zi-uax), and also in shoreline development 

(Chapter 7). These morphometric characte1istics of the North East lagoons have important 

implications for theirrespective hydrological regimes. 

Water level fluctuations in the North East lagoons are considerable, and are attlibuted to the 

strongly seasonal climate. There is a distmct summer "Dry" and a winter "Wet". Close to 80% of 

yearly rainfall occurs in the winter months May to September (Figure 3 2). Many of the shallow 

wetlands, i.e. those of Cape Naturaliste and Cape Portland, dry out each summer Deeper and larger 

dune lakes, such as the Waterhouse lakes, Bowlers Lagoon No. 1 and Blackmans Lagoon, may 

persist for decades However even these lagoons display some change m smface area and volume. 

Therefore the lagoons on the NE coastal plain may be placed into three categories: ephemeral, 

markedly astatic (lagoons that display large variation in depth and surface area) and permanent 

(Table 3.2). 

Table 3.2 Permanent and seasonal wetlands of North East Tasmania. 

Permanent 

Bowlers Lagoon No. 1 

Bowlers Lagoon No. 2 

Tregaron Lagoon No. 1 

Tregaron Lagoon No. 2 

Big Waterhouse Lake 

Little Waterhouse Lake 

Blackmans Lagoon 

Astatic 

Cape Naturaliste No. 4a 

Cape Portland No. 3 

Cape Portland No. 5 

Cape Portland No. 6 

Ephemeral 

Cape Naturaliste No. 1 

Cape Naturahste No. 2 

Cape Naturaliste No 4b 

Cape Naturaliste No. 4c 

Cape Naturaliste No 5a 

Cape Naturaliste No. 5b 

Cape Naturaliste No. 5c 

Cape Portland No. 2 

Cape Portland No. 4 

Water levels usually reach a peak by spling and tl1en progressively decrease until winter when 

substantial rams commence. The large seasonal mflows dming winter results 111 large changes in 

solute concentrations and conductivity. The degree of change 111 any particular lagoon will depend 

upon its depth, its depth relative to surface area, exposure to wind and sun, and height of the 

groundwater table. 

The water table in this region rarely exceeds a depth of 2 m and may rise to the surface after 

continuous heavy rain dming wmter months (Bowden 1978). Response to most showers of rain is 

rapid and usually occurs in a matter of hours. 

During summer and until late autumn, the coastal plain may lose up to two thirds of its 

lagoons/wetlands as a result of evaporation (Steane 1992) The timmg of refill of seasonal lagoons 

appears to be directly in response to rainfall, and is affected by the previous year's rainfall and the 
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previous year's maximum and mimmum water levels. In years of below-average rainfall the 

groundwater tables are lower, and therefore drying of seasonal lagoons occurs earlier. The timing of 

drying is primarily a response to the volume of ramfall, while the timing of refill is in response to 

timing of rainfall. The great variation m seasonal fluctuations in water level with concomitant 

changes in solute concentrations have important ecological implications, especially at the extremes 

of concentrations. 

In contrast the West Coast lagoons are mainly perched dune lakes, are much deeper and lack a 

well developed littoral zone. The West Coast lagoons also show, relative to the North East lagoons, 

httle seasonal amplitude in water level fluctuations, and as a consequence are relatively stable in 

physico-chemical characteiistics. The North East lagoons display closer limnological and 

morphological similanty to the lagoons of Bnmy Is (Chapter 8). 

3.7.2 Colour (g440) 

Bowling et al. (1986) classified Tasmanian lakes into a number of classes based on g440 On 

this criterion all of the NE lagoons would be regarded as moderate to highly dystrophic. Levels of 

both g440 (colour) and turbidity varied between the lagoons. Coloured compounds mostly consist 

of the breakdown products from plant matenal and phytoplankton, largely humic and fulvic acids. 

These can be formed within the lagoons or transported via surface or groundwater, with 

concentrations affected by local vegetation types, soil mineralogy and agricultural practices 

Coloured substances are generally in low concenti·ations in water draimng limestone-rich catchments 

(Kirk 1983). 

The very highly-coloured lagoons occurred in the silicious marine-sand landforms and most of 

the low-colour dune lakes are m the calcareous sands. Most of the highly-coloured lagoons, those 

with maximum g440 values greater tl1an 15.0 m-1, are also relatively small (<10 ha). The seasonal 

changes in colour m the wetlands are shown in Appendix 1. g440 tended to be highest m spring 

and sUllliller and lowest in winter, probably due largely to the effects of evapo-concentrat10n and 

dilution, as well as tl1e increased production and release of coloured compounds dunng the penods of 

maximum aquatic plant growth. External mputs of colour would also peak in late winter and spnng 

as groundwater and surface water mflows peak. 

Dissolved humic substances constitute the most important component influencmg the 

unde1water light climates of tl1e lagoons. Although tl1e lagoons are slightly to moderately coloured 

compared with similar lakes on the Bass Sti·ait Islands (Bowling & Tyler 1984), and for mainland 

Tasmania (Bowling et al. 1993) gilvin concentrations are sufficient to attenuate much of the PAR 

m the majority of the lagoons In this, the North East lagoons are similar to the freshwater coastal 

lakes of south east Queensland (Bowling 1988). 

3.7.3 Underwater Light Climate 

Although the underwater light chmate of the coastal lagoons was not measured, for non-turbid 

waters euphoric depth (Zeu) can be inferred from the g440 values (Tyler 1992). If the assumption is 

made that the empincal relationship between Zeu and g440 described by Bowling et al. (1986) 

applies to this system, then the following Zeu values may be estimated (Table 3.3). In general, 

the lagoons would have a predominantly red underwater light climate, witl1 spectral distributions 

similar to many dysti·ophic lakes in western Tasmania (Bowling et al. 1986). 
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Light limitat:lon of algal photosynthesis will only occur if the total depth of the water column 

exceeds the depth of the euphotic zone (Zeu)· If the ratio of total depth <Zruax) to that of the Zeu 

exceeds 1 then the wetland is said to be light-limited. The values for this relationship are shown in 

Table 3.3. In general those wetlands with a ratio greater than 1 will lack submerged macrophyte 

communities except in the shallow littoral fiinge where light is able to penetrate to sufficient depth 

to allow photosynthesis by these plants The majority of the lagoons and associated wetlands m 

this study have extensive stands of emergent macrophytes with photosynthetic stems above or 

floating on the surface. 

Table 3.3 Mean ratio of Zruax: Zen for selected wetlands. 

Wetland Zeu(m) Ratio 

Cape Naturaliste No. 4a 0.25 4.9 

Cape Naturaliste No 4c 0.20 2.5 

Cape Naturaliste No Sa 0.12 4.2 

Bowlers Lagoon No. 1 1.90 1.2 

Bowlers Lagoon No. 2 2.22 1.0 

Cape Portlai1d No. 4 0.92 0.4 

Cape Portland No. 5 0.63 1.2 

Cape Portland No 6 0.71 1 1 

Tregaron Lagoon No. 1 1.14 1.2 

3 7.4 Turbidity. 

The majority of lagoons have relatively low turbidities during penods of low wind, and usually 

there is little inflow of surface water to bring in allochthonous suspended matenal. There is no 

indication of external inputs of inorganic turbidity to the lakes, though a small fraction of the 

turbidity may be due to loads of sediment cained into tl1e waterbod1es dming the wmter inflows 

Large external sediment loads would not be expected for most of the lagoons, because they are found 

mostly in non-eroding landscapes 

The shallower lagoons tend to be more turbid because wind-mixing disturbs the bottom 

sediments. The two extremely high turbidities recorded were in Cape Portland lagoons No 5 and 

No. 6. Both are very shallow and with large exposed surface areas. Both lagoons ai·e located in an 

activedune system and possess a sandy substrate The shallowness of the lagoons and their fetch 

would ensure that even at low wind strengtl1, resuspension of coarse sands would occur. 

More moderate turbidities were obtained from the Cape Naturaliste wetlands. These are 

shallow and have very peaty sediments, so that fine organic paiticles are continuously resuspended 

by wind-induced mixing of the water colulllll. Temporal variation in turbidity may be attributed to 

strongly seasonal winds ai1d chance. Sand and organic particles would rapidly settle in the shallow 

lagoons on a calm windless day. If the lagoons were sampled before the morning or evening sea 

breeze, or ona calm day, turbidity would be correspondingly low. 

3.7.5 Stratificat:lon. 

The North East Tasmanian lagoons are too shallow and exposed to strong onshore winds to 
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allow thermal stratification to develop. The maJoii.ty of the North East lagoons are less than 2 m in 

depth and have a large smface area relative to depth, similar to lagoons of Cape York Pemnsula 

(fimms 1986b), North Queensland (Hawkms et al. 1988) and north eastern New South Wales 

(fimms 1982). This is in contrast to the small but deep lagoons of western Tasmania (Chapter 7) 

and the Jervis Bay region (N01ris et al. 1993). Zr values (Table 3 1) for the lagoons were low. 

The behaviour of wetlands of the Swan Coastal Plain, Western Australia (Davis et al 1993), 

suggested that most of the North East Tasmanian lagoons would be completely mixed by winds 

between 15-20 km h-1. Average wmd speed for this region is 25-30 km h-1 (Bureau of 

Meteorology; Bowden 1978). Wind mixing processes would therefore dominate the physical 

structure of these wetlands, preventing temperature stratificat10n In small dystrophic water bodies 

under relatively calm sunny conditions, daily cycles of tl1ermal stratification may occur (Jones & 

Arvola 1984; Bowling & Salonen 1990) Polyrnixis is a common phenomenon in coastal lagoons 

(fimms 1969; Bayly et al. 1975; Arthington et al. 1986, Bowling etal 1993). 

3.7 6 Chemical Limnology. 

The lagoons had Na and Cl as the major ions and most had a seawater order of ionic dolninance 

(Na>Mg>Ca>K: Cl>S04>HC03) and seawater 10mc proportions (Figure 3.6). This ionic order is 

found in the majority of coastal Australian lakes (Bayly 1964a, Buckney & Tyler 1973a; Timms 

1969, 1973, 1977, 1982, 1986a, 1986b; Bensink & Burton 1975; Outridge et al. 1989, Norris et 

al. 1993) and is characteristic of freshwater coastal dune lakes in Tasmania (Bowling & Tyler 1984; 

Walsh 1991; Bowling et al. 1993). The exceptions were Big Waterhouse Lake and Little 

Waterhouse Lake, and Bowlers Lagoon No 1 and No 2 with an ionic order of Na>Ca>Mg>K. 

Cl>HC03>S04 as these lagoons were located on calcareous sands. 

The major factors which influence tl1e salimty and ionic composition of freshwaters are the 

surrounding rock types, atinospheric precipitation and evaporat10n-precipitat10n processes (Gibbs 

1970). The overall dominance of Na and Cl, and tl1e proximity to the coast of the lagoons indicate 

that their respective ionic compositions are determined by the precipitation of airborne sea spray 

(Bayly 1964a, Wetzel 1975; Australian Department of Science 1978). In contrast, the relative 

dominance of Ca and Mg to each other is detennined by tl1e landf01m in which the particular lagoon 

occurs. Ca dominates in tl1ose lagoons found on calcareous sands (Big Waterhouse Lake, Little 

Waterhouse Lake, Bowlers Lagoon No I and No. 2). In the vicinity of these lagoons, distinct 

corridors of active, large, calcareous, transverse dunes lead mland from the beaches. The source of 

the calcareous sand is the present beaches, and the Holocene parabolic dunes. Those lagoons located 

on the calcareous soils also tend to be more alkaline with HC03>S04 than those on siliceous 

sands. More typical of the cation order in the lagoons of the Australian mainland and the West 

Coast of Tasmania, with Mg dominance over Ca (Bayly 1964a; Timms 1977; Walsh 1991), are 

those lagoons of Cape Naturaliste and Cape Portland, located on siliceous sands 

Cape Portland No 6, on all occas10ns, showed K ennchment with a cation order of 

Na>Mg>K>Ca. This is attributed to the existence of a clay-pan, the small size of the lagoon, 

exposure to wind, and its shallowness <Zr = 0.4) and constant resuspension of sediments 

The main source of the major anions Cl mrl so4 is from seaspray and rainfall Some degree 

of sulphate enrichment noted in Cape Natmaliste No. 1 may be attributed to oxidation of sulphides 

and organo-sulphur compounds contained in peaty soils, evapotranspirative concenti·ation in shallow 

21 



areas, or from burning of sun-oumling vegetation. 

Cape Portland No 5 and No. 6 also showed relatively high levels of S04. It was noted that 

these two lagoons supported an abundant and diverse waterfowl population. Tue consequent nutrient 

enrichment (i.e. P) of the lagoons by faecal matter from the avian population was noticeable. 

However the lagoons were often too turbid to support algal blooms as chlorophyll values were low 

or not detectable, although on one occasion Cape Portland No. 6 was noted to be a distinct apple

green colour. The deposition of organic matter and subsequent incorporation into the sediments 

would encourage microbial activity. The sediments of these lagoons were anoxic and when disturbed 

released H2S attributed to sulfate-reducmg bacteria The high levels of S04 are attributed to 

oxidation of H2S and diffusion into tl1e water column. Constant strong wmds to which the lagoons 

are exposed, would facilitate continual aeration of the water column, promoting microbial oxidation 

of H2S and regenerates S04 for furtl1er microbial reduction. 

The majority of wetlands were circum-neuti·al (pH 7.0) to alkaline (pH >7.0) and reflect the 

influence of the calcareous sands and their brackish nature. This is in contrast to many fresh water 

dune lakes of mainland Eastern Australia (Bayly 1964a; Timms 1986a) and Tasmania (Bowling et 

di. 1993) which occur on siliceous sand masses and are among the world's naturally most acidic and 

oligotrophic water bodies (Outridge et al 1989). pH values are similar to those obtained from 

lagoons on calcareous sands of tl1e Bass Sti·ait Islands (Bowling & Tyler 1984) and several lagoons 

(Hibbs Lagoon, Paradise Lagoon, Nye Bay Lagoon), m south west Tasmania (Bowlmg et al. 

1993). 

3.7.7 Dissolved Organic Carbon. 

The relatively high carbon content of dune lake waters is attributed to the extent of emergent 

and fringing vegetation combined with surface and groundwater flows above the B soil horizon 

(Reeve & Fergus 1982; W1igley et al. 1988) Shallow ephemeral lagoons subject to periodic 

drying may develop little aquatic vegetation to contnbute decaymg organic material. In the case of 

the ephemeral lagoons of Cape Portland such vegetation was non-existent Because they are located 

amongst active dunes, there would also be little contribution of leached material from the soil 

entering the lagoons. Yet Cape Portland No. 5 and No. 6, two rather shallow lagoons, had 

exti·emely high levels of DOC, particularly dming tl1e late, hot months of summer (Appendix 1) 

These levels are attributed to an organic rich anoxic sedimentary layer, the result of enrichment by 

waterfowl. Microbial decomposition and biogenic activity, coupled with wind-mduced resuspens1on 

of sediments would encourage diffusion of organic carbon into tl1e water. 

The moderate to high DOC values of Bowlers Lagoon No. 1 and No. 2, and the Waterhouse 

lagoons is attributed to the extensive beds of aquatic macrophyte communities covering large 

portions of the respective waterbody and the fringing wetland. The decomposition of the littoral 

aquatic macrophytes and vegetation plus leachmg of organic matenal from the sandy soils (Wrigley 

et al. 1988) is a major source of carbon to these lagoons. 

This is in contrast to the ephemeral lagoons of Cape Naturaliste. The very high DOC and 

g440 values of tl1ese lagoons are largely attributed to the peaty substrate of the B soil honzon. 

Leaching of this organic material from the soil is tl1e major source of DOC (Wrigley et al. 1988) 

for these lagoons. Temporal changes in DOC in these dune lake waters are attributed to a large 

allochthonous mput from changes in overland flow, entering these lagoons and reinundation of 
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sediments. 

3.7.8 Conductivity. 

Conductivity (at 25 °q is influenced by the difference between water evaporation and inflow. 

The shallow lagoons of the North East have very large surface areas relative to depth (Zr), and 

consequently evaporate rapidly in summer, reaching lugh conductivities (Cape Portland lagoons -

Appendix 1). In addition, proxirmty to the coast also contributes to higher conductivity via sea 

spray, and in the case of Cape Portland No. 3, overtopping of the shingle levee occurs during 

particularly severe stom1s, though merom1xis is not thought to occur. The lagoon is so shallow 

(Zmax = 1.0 m) and exposed to prevailing winds, that any layer of seawater would soon be entrained 

in the overlying 'fresh' water. The intmsion of seawater into several Tasmanian lowland, nvenne 

(King & Tyler 1981) and coastal, freshwater lakes (Bowling et al. 1993) with resultant meromixis, 

is documented. 

The greatest variation m conductivity was evident in the ephemeral wetlands as these dry out 

during the summer. The larger permanent wetlands such as Big Waterhouse Lake only showed shght 

variations relative to the ephemeral lagoons The Cape Naturaliste lagoons, because they he on a 

leeward shore, may possibly receive less in the way of seaspray. This may explain in part the lower 

conductivities experienced by this group of lagoons 

3.8 SUMMARY & CONCLUSIONS. 

This study, though preliminary in nature, represents tl1e first investigation, at this level of 

intensity, of the physical and chemical attributes of a large group of wetlands in Tasmania and one 

of only a few studies in Australia. Such studies are becoming increasingly important to ensure that 

the ecology of plant and ammal commumties are preserved m habitats now recognised as of some 

importance. The collection of physico-chemical data has provided a quick assessment of the 

environmental status of the wetlands. With the b10logical data gathered (Chapter 4), this study will 

go some way to understanding wetland ecosystems and of the ecological processes within them. 

As sampling was carried out at approximately three monthly intervals, a more intensive 

sampling program would be desirable (Chapter 5). Therefore results of this study should be 

considered as a reconnaissance. 

Most of the lagoons are shallow and have extensive growths of submerged and emergent 

macrophytes. The relative amounts of plant biomass within the water colulllll is dependent upon 

light penetration, and the ratio between Zmax and Zeu· The great majority of lagoons were light 

restricted and tins is attributed to the degree of suspended particulate matter and dissolved humic 

substances. Seasonal changes in conductivity due to evaporative concentration followed by dilution 

during rainfall were evident in the shallower wetlands. Most were brackish to salme Ionic 

composition was dominated by Na+ and c1- The majon.ty of lagoons were circum-neutral (pH 7.0) 

to alkaline (pH> 7.0) and reflect the influence of the calcareous sand, similar to lagoons on the Bass 

Strait Islands, but in contrast to the dystrophic lagoons of tl1e West Coast and Bmny Island, located 

on vegetated and stable siliceous dune systems. The NE lagoons were too shallow and exposed to 

allow thermal stratification. Most of the Cape Naturaliste lagoons and associated wetlands possessed 

g440 values characteristic of moderate to ulti·a-dysti·ophic water bodies and are amongst some of the 

highest values recorded from Tasmanian freshwater bodies (Walsh 1991 ). 
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The lagoons of North East Tasmania could be separated into 3 groups based on limnological 

properties as influenced by their respective hydrological regimes. 

The dune lakes of the north eastern coastal plain of Tasmania are similar in mode of origin and 

age to other coastal freshwater dune lakes m Tasmama However, these dune lakes differ 

limnologically from those coastal freshwater lakes yet mvestigated. They differ, in that they are 

more alkaline than the majority of Tasmanian and mainland Australian lagoons, and markedly astatic 

relative to most Tasmanian lagoons. 
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CHAPTER4 

THE ECOLOGY OF THE MICROCRUSTACEAN FAUNA FROM NORTH EAST 

TASMANIA. AUGUST 1991-SEPTEMBER 1992 
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4.1 ABSTRACT. 

Reconnaissance of the ecology of the NE wetlands and preliminary survey of the invertebrate 

fauna has found microcrustacean assemblages not previously recorded lil the literature and of high 

diversity. The lagoons of North East Tasmania can be divided into 3 groups based on their 

respective hydrology and to a lesser extent on their microcrustacean fauna. In some lagoons the 

microcrustacean assemblage present shows affmities with the saline lakes of inland Australia (e.g. 

Lake Eyre). The well vegetated wetlands with submerged and emergent aquatic macrophytes tend to 

have a significantly higher species diversity. The aquatic vegetation provides a diversity of habitats 

which are not available in open water. Studies on the mainland of Australia have shown seasonal 

drying and reinundation also contribute to species diversity. The stability of the aquatic 

physicochemical habitat as influenced by the hydrological regime 

4.2 INTRODUCTION 

The North East coastal plain of Tasmania contains many lagoons occurring within siliceous 

and calcareous dunes. Many are perched above the general water table in dune hollows created by 

wind action and sealed by organically cemented sand (Bowling et al. 1993). Others are surface 

expressions of the ground water table or shallow waterbodies impounded behind frontal dunes. 

Almost all are polymictic, spanning a range of nutrient states, are of vanable depth and have strong 

seasonal trends. Physicochemically these lagoons are similar to those m temperate parts of 

mainland Australia and of tl1e Bass Strait islands, being of low to moderate salimty, high acidity, 

moderate to high dysti·ophy and a seawater 10nic character. Available physicochemical data are 

presented in Chapter 3 and in Appendix 1. The data show there is considerable seasonal variation 

in conductivity, turbidity, g440 and in DOC. 

Microcrustacean zooplankton are an important component of the aquatic ecosystem in the 

North East wetlands, as they feed upon detritus, bacteria and phytoplankton, and in tum form a 

sizeable portion of the diet of higher invertebrate and vertebrate predators As they have few intii.nsic 

regulatory mechanisms with which to counter environmental changes they are likely to be affected 

by habitat disturbance, botl1 natural and man made. These naturally occurring environmental 

changes in the temporary and astatic waterbodies of the North East coastal wetlands and flood plains, 

are probably the main reason for the high species diversity and change in species assemblages 

recordedhere. 

In contrast to those of Tasmama, the coastal lakes of the Australian mainland, especially those 

of south-eastern Queensland and nort11-eastem New South Wales, have been more comprehensively 

studied, and exemplify the limnology of tlris type of waterbody (Timms 1982, 1986a; Bayly 1961, 

1964a, 1979; Bayly et al. 1975). 

Previous work on the freshwater microfauna and flora of Tasmania has been spasmodic, 

piecemeal and disjointed in that it has followed the interests of individual researchers. In contrast to 

the dune lakes of mainland Australia (Timms 1986a), tl1e Tasmanian dune lakes have a diverse 

microbiota, many of wlrich are unique to these habitats, rare or endemic (Tyler 1992; Shiel et al 

1989; Koste & Shiel 1987, Walsh 1991; Walsh et al. 1995) Generally the microcrustacean 

zooplankton community of Tasmanian lagoons 1s dominated by Calamoecia tasmamca tasmamca or 

Calamoeciagibbosagibbosa (Baharuddin 1978; Walsh 1991; Bowling et al. 1993; Walsh et al. m 

press). Timms (1987) investigated aquatic micro-crustaceans in a brief visit to Tasmania. He found 
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several new and rare species, and concluded that much more research was wru.Tanted. The rotifer fauna 

has been investigated by Koste and Shiel (1986, 1987) and Koste et al (1988). Shiel et al. (1989) 

concluded that the coastal dune lakes of Ocean Beach had the highest rotifer species diversity yet 

recorded from Australia. The authors suggested that this is the result of a long and undisturbed 

evolutionary history. Tyler (1992) has found new, unique and endemic dinoflagellates in many of 

these coastal lagoons. A comprehensive survey (a total of323 mdividual water bodies sampled) of a 

key group in the Tasmanian aquatic nncrocrustacean assemblage (Calanoida: Centropagidae) showed 

that many species (some endemic to Tasmania) are restricted in distribution (Walsh 1991). 

4.3 STUDY SITES. 

All the sites are shallow, dystrophic, astatlc coastal lagoons, close to sea level and occupymg 

deflation hollows located in siliceous and calcareous dunes. The study sites differ physically ranging 

from large relatively exposed lakes to small ephemeral ponds, with depths of 4 m to <0.5 m, from 

open water bodies to those dominated and covered by emergent macrophytes. A detailed description 

of sites is given in Chapter 3 

Most of the lagoons have extensive growths of submerged and emergent macrophytes. The 

relative amounts of biomass within the water column is dependent upon light penetration, and the 

ratio between Zmax and Zeu· Almost all of the dominant species of aquatic plants were emergents 

Most of these lagoons have extensive emergent stands of Tnglochtnprocera R Br (Juncagenaceae), 

notably Bowlers Lagoon. Blackmai1s Lagoon and Big Waterhouse Lake have such stands fringing 

their shorelmes or growing from shallow areas. Big Waterhouse Lake has an extensive flat, low

lying shoreline vegetated with Baumea sp , Juncus pallidus and Potamogeton sp., which is 

frequently mundated by a variable water level. Little Waterhouse Lake occupies a long low lying 

basin with extensive open water and a narrow littoral fringe occupied with Typha sp Tnglochm 

procera, Leptdosperma longitudinale, Juncus articulatus (Juncaceae) and Juncus procerus 

(Juncaceae). Bowlers Lagoon is choked with Mynophyllum simulans, Wolffia and has extensive 

areas of Eleocharis spp and Potamogeton spp. 

4.4 AIMS. 

The aims of this part of the study were tlrree fold: 

a) To investigate the microcrustacean faunal assemblages of permanent, markedly astatic and 

ephemeral coastal lagoon ecosystems; 

b) To detennine if tl1e North East lagoons could be grouped into permanent, markedly astatic 

and ephemeral coastal lagoon ecosystems based on community data; 

c) To identify the key species which explan1 difference m community faunal assemblages 

between and witlnn peimanent, markedly astatic and ephemeral coastal lagoon ecosystems 

respectively. 

4.5 METHODOLOGY. 

4 5.1 Collecting. 

Both biological and physicochenncal samples (Chapter 3) were collected approximately at three 
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to four month intervals between August 1991 and September 1992 from twenty individual wetlands 

between Cape Naturaliste and the township of Bridport on tlie north east coastal plain This was 

mainly to provide an indication of tlie variation among tlie wetlands, largely covering a range of 

wetlands types over the study area. This broad scale approach mdicates the potenual conservation 

value of a wetland, as well as its cun-ent status in terms of specific critena. However a more 

intensive sampling regime and/or experimental studies is required for a greater understanding of fue 

dynamic processes occuning in a particular wetland. 

4.5.2 Taxonomy 

Zooplankton and phytoplankton samples were collected by single or several oblique tows in 

deeper lagoons and by hand-held 20 µm mesh or 200 µm mesh conical nets in fue more shallow 

pools and lagoons. All collections were preserved m 5-10% formalin, pending identificauon. Nets 

were washed thoroughly before and after the sampling of each site in an effort to reduce the 

possibility of contaminants in fue samples obtained. 

Identification of fue cladocera and copepods, and disarticulation mefuodology when reqmred 1s 

discussed in greater detail in Chapter 2. 

4.5.3 Data Analysis 

Community data was recorded as either presence or absence of species for each of the respecuve 

lagoons Using the same groupings of lagoons as in Chapter 3, fue number of taxa for each lagoon 

was analysed to determine if fuere was any difference in species nchness between fue tlrree lagoons 

groups of permanent (P), markedly astatic (A) and ephemeral (E). PaII WISe comparison of the 

different lagoon types A-P, A:E, and E:P were analysed by F test with SAS version 6.06. 

The statistical package PRIMER was used to sort the respective sites, based on fueu 

community data, into similar classes. Refer to Chapter 2 for PRIMER details The 

inteITelationships between sites and sampling date where fuen mapped in an ordination by non-metric 

multi-dimensional scaling (MDS), with and without the Tregaron Lagoons in an attempt to 

visualize fue community patterns 

4.6 RESULTS. 

Twelve calanoid copepod species m four genera were recorded. The cladoceran fauna was also 

diverse wifu 42 species 111 twenty one genera represented (Appendix 2). 

Generally the microcrustacean zooplankton community was dominated by Calamoecza 

tasmanica tasmanzca, Calamoecia gibbosa grbbosa, Cerwdaphma quadrangula s.l. or 

Ceriodaphnialaticaudatas.l.. Other species are discussed below. The littoral community was 

d01ninated by Simocephalus vetulus, Chydorus spp, Graptolobens testudinana, Camptocercus 

australis and Dunhevedia crassa. 

Statistical analysis of community data wifu pair-wise comparison of lagoons groups (Table 

4.1) showed no statistical difference in A.P and A:E in species richness or degree of variation In 

contrast E:P, whilst T values showed no statistical significance, F values showed tliere was a 

significant degree of variation in species composition between the two lagoon types with F = 

0.0082. In short there was greater degree of variation between ephemeral and permanent lagoons 

than between ephemeral and astatic, and between astatic and ephemeral lagoons. There was some 
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indication of more variation between astatic·permanent than ephemeral:astatic. This gives an 

mdication that the "stability" of the lagoon has a statistically sigmficant and ecologically important 

role in determining species richness on a seasonal basis. 

Table 4.1 Test of Significance in companson of species richness between lagoon types. 

FValue P A E TValue P A E 

p 0.1069 0.0082 p 0.4037 0.4674 

A 

E 

0.6269 A 

E 

0.2216 

Analysis of temporal community presence/absence data usmg all sampling dates for each site, 

using the Bray-Curtis similarity coefficient, resulted in three major groups and Big Waterhouse Lake 

(28/11/91) as an outlier (Figure 4.1) The later separated at ilie 5% level with three main groups 

separatmg at approximately 7%, roughly corresponding to ilie Ephemeral, Astatic and Permanent 

groups of lagoons. The initial groupings of sites mto Ephemeral, Astatic and Peimanent became 

somewhat blurred with the Tregaron Lagoons and Little Waterhouse Lake (28/ 11191) being mcluded 

in Group 2 containing predominantly Astatic lagoons, and, Blackmans Lagoon (19/8/91) and 

Bowlers Lagoon No. 1 included with the Ephemeral lagoons (Group 3) 

The same analysis was repeated without the community data for the Tregaron Lagoon sites 

(Figure 4.2). It was hoped that this would allow greater separation of sites in the dendrogram 

However this had little effect with little change to the classes 

MDS ordination of the temporal set of samples, with (Figure 4.3) and without the Tregaron 

Lagoons (Figure 4.4) was peiformed The graphical representation of community patterns was 

fuzzy wiili no clear delineation of sites, spatially or in time. Sites identified as Ephemeral, Astatic 

or Permanent also showed no discrete groupmgs with much overlapping of lagoon types. 

The community data for each sampling occasion was then pooled mto one presence/absence 

data set for each site, so that temporal vruiation m community composition was ehmmated. The 

pooled data set for each site was then analysed using the Bray-Curtis similarity co-efficient. The 

resulting dendrogram, when temporal variation is not taken into account, showed three main 

groupings of sites which closely agreed with the Ephemeral (E), Astatic (A) or Permanent (P) 

lagoon types (Figure 4.5) The Bray <;:urtis dissimilarity co-efficient between the above three 

groupings of sites, based on presence/absence of community data was calculated using SIMPER to 

determine the species responsible for these lagoon groupings If a species contributes much to the 

dissimilarity of 2 groups it is thus a good discriminating species The Bray Curtis dissimilarity co

efficient showed the groups were highly dissimilar wiili average dissimilarities of 88-91 % between 

the groups based on comparison of their commumty composition (Appendix 3). The first 8-10 

species (out of a total of 54) contributed approximately 50% of the dissimilarity in comparison of 

the lagoon types. 

The indicator species for Pennanent (P) lagoons were Daphma cannata, Simocephalus 

vetulus, Boeckella symmetrica and Ceriodaphma spp Indicators for Astatic (A) were the 
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Figure 4.1 Dendrogram resulting from cluster analysis of NE Tasmanian dune lakes 
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Figure 4.2 Dendrogram resulting from cluster analysis of NE Tasmanian dune lakes 

sampled 1991-1992. Not including Tregaron Lagoons. (AA/12 =Site I month of 

sample). 
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Figure 4.4 l\IDS ordination of NE Tasmanian dune lakes sampled 1991-1992. Not 

including Tregaron Lagoons. (AA/12 =Site I month of sample). 
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halophilic species Daphnwpsis pusilla, Calamoeciaclitellata and Boeckella triarticulata The 

ephemeral lagoons were characteiised by Boeckella ma1or, Boeckella propinqua, Calamoecia 

gibbossa, Calamoecia austrahs, Camptocercus austrahs, llyocryptus sp. There was some 

overlap between ephemeral and permanent lagoons, in that Simocephalus vetulus and Daphnia 

cannata present in ephemeral lagoons, were identified as indicator species which contiibuted to the 

dissimilarity between ephemeral and astatic lagoon types 

These indicator species for the three lagoon types were analysed using the Bray Curtis 

similaiity co-efficient to group the above using species rather than sites (Figure 4 6). As expected 

the species were separated into three classes The fust division at 5% were those identified as 

characteristic of Astatic lagoons D. pusilla, B. tnarticulata and C. clitellata. The division of the 

ephemeral and permanent indicator species occurred at 10% level, which in general, confirmed the 

species groupings. The exception being Simocephalus vetulus which was included m ainongst the 

ephemeral lagoon indicator species. The separation of the cladoceran and copepods mto subgroups 

within the ephemeral group at the 20% level was of mterest. 

4.7 DISCUSSION. 

4.7.1 Cladocera 

!lyocryptus cf. spmifer was present in most of the lagoons with extensive macrophyte 

communities. This species is a non-swimming sedentary, crawling and burrowing animal (Fryer 

1974). llyocryptus cf. spuujer was also present (at low relative abundances) in numerous open 

water sainples from many of the lagoons of Cape Naturahste. This is in keeping with the 

observations of Fryer (1980), who considered it to be a benthic species and tolerant of a wide pH 

range (3 5-8.5). The daphniid species Simocephalus vetulus in compaiison was a common 

species. Simocephalus though not numencally abundant, often formed a significant component of 

the zooplankton sainple. 

Species of the daphnnd genus Cenodaphma (C. quadrangula s.l. and C. laticaudata s 1) were 

found in those water bodies that expenenced httle change 111 water depth, relative to the more 

temporary lagoons (e.g. Bowlers, Blackmai1s and Little Waterhouse Lagoons) These species are 

variable in seasonal abundance and presence on the Austi·alian mainland (Smimov & Timms 1983). 

This appears to be the case in Tasmania with the genus mamly present in winter in permanent 

lagoons and, during or just following the 'filling phase' of markedly astatic lagoons. 

The daphniid Daphma carinata s.l., like Cerwdaphma, appears to favour the relatively more 

stable enviro1llllents of the permanent waterbodies. It is present tlrroughout the cooler months of the 

year in those lagoons from which it was recorded. This is in keeping with records from the 

mainland where populations die out dming the waimer temperatures of summer (Smimov & Timms 

1983). The shallow lagoons of the north eastern wetlands conti·act via evaporation dunng summer, 

with a reduced volume of water to heat, the lagoons expenence high water temperatures (in excess of 

25°C). This species survives in the respective water bodies as a sexually produced egg encased in an 

ephippmm. This 'resting stage' hatches when more favourable cooler conditions are present. 

Daphnwpsis pusilla, a halophile daphniid, is found in the relatively more saline lagoons of 

Cape Portland, were it is the dominant planktonic animal and found in bloom conditions The 

shallow lagoons fluctuate greatly in salinity, from slightly saline to concentrations 50% that of 

seawater. This encompasses fue optimum range for tlus species (Sergeev & Williains 1983). A 

30 



further factor that mfluences the number of ammals found is the bloom of filamentous algae that 

was noted. The colour of the water in Cape Portland No. 6 on two separate occasions was that of a 

green apple. These shallow waters, heated rapidly by midday temperatures, the constant 

resuspension of sediments and subsequent release of nutrients from them due to exposure to the 

constant coastal sea breeze, plus tl1e orgamc emichment of these lagoons from the large water fowl 

populations present, together combine to form conditions suitable for such blooms to occur. Such 

algal blooms would support the large numbers of Daphniopsis pusilla andBoeckella tnarticulala. 

TheMacrothricidNeothnx armata is a benthic animal and feeds on organic particles up to a 

quarter of its body length. It is not a filter feeder but mechanically handles its food with limbs I and 

II (Fryer 1974). The carapace surface is covered with bristles and these are believed to keep fue 

organic particles off the body surface. Neothrix armata has prev10usly been collected from 

Tasmanian dystrophic waters (Dr. R. Shiel, Murray Darling Freshwater Research Centre, pers 

comm) and is probably more widespread than present records indicate. 

Moina australzensis is a euryhaline species recorded from fresh to brackish waters. Believed 

to be widespread on mainland Australia with records from W.A , Qld, and Victoria (Sm1rnov & 

Timms 1983). This is the first record for Tasmania and though only recorded once from Cape 

Naturaliste No. 5a, it is probably to be found m coastal wetlands along eastern Tasmaman. 

4.7.2 Copepoda 

Calamoecia tasmanica tasmamca. The species is relatively widespread in Tasmania with an 

essentially coastal and western distribution. The distribution of this species falls within the western 

and coastal provinces of Bowlmg (1988). It was recorded intemnttently from several of the C 

Naturaliste sites and also from the Pig and Wlnstle Reservoir near Gladstone. The waters preferred 

by tlns species have iomc proportions similar to World Average Sea Water (W ASW)(Walsh 1991). 

Waters were typically low in calcium, magnesium, bicarbonate and sulphate, relative to the other 

ions. Departures from W ASW proportion are attributed to the astatic nature of the coastal lagoons 

and close proximity to the sea. The dystrophic nature of tl1e lagoons and inland waters occupied by 

this species is indicated by tl1e average g440 value of 16.590 m-1, and the range of results obtained. 

Turbidity was normally low, with only exposed coastal sites displaying high values. 

Calamoecia australis. This species has been recorded from only ten sites in Tasmania pnor 

to this study (Walsh 1991), wifu a dispersed distribution, two of which have since been inundated by 

L. Pedder (nova). Apart from L. Pedder and L. Gordon, in south west Tasmania, Calamoecia 

australis is found mostly in shallow quite highly coloured coastal lagoons. pH values varied from 

acidic to alkaline. Turbidity values were low to moderate. g440 values obtained in this study 

mdicate the dystrophic conditions this calanoid may tolerate. Previous studies showed this species 

favoured waters of low conductivity (Walsh 1991). However in this study C. australts was 

recorded from lagoons of moderate values, such as Big Waterhouse Lake and Walsh (1991) recorded it 

from D' Arcys Lagoon, Bruny Is. A lagoon of variable but high conductivity. This calanoid 

favours waters with ionic proportions approaching W ASW, high m sodium and magnesmm and 

with low calcium content. The anions present a similar situation, though high bicarbonate values 

were recorded from Big Waterhouse Lake. 

Calamoecia gibbosa gibbosa. The d1stnbution of this species is restricted to the east of 

Tasmania Walsh (1991) recorded this species in samples from coastal lagoons and inland, 
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permanent astatic lagoons. It was the most commonly recorded and widely distributed calanoid 

copepod in that survey. This species tends to favour circum-neutral to basic pH values (pH 6.5-8.5), 

with the lowest for C. Naturaliste No. 1 and No. 4a, and the highest Tregaron No. 1 (pH 8.4). 

Turbidity values were in general low to moderate with most lagoons in which C. gibbosa gibbosa 

was found below 4.00 NTU. Values for g440 varied, indicating the differences between the dissolved 

organic content of the lagoons of north eastern Tasmania. Values fell into a low/moderate grouping, 

and then there were those lakes of C Naturaliste with extreme dystrophic conditions (21.072 to 

50.000 m- 1). K15 and ionic values vaned according to proximity to the sea, the astatic nature of the 

water body and prevailing wind. Figure 3.6 showed that ionic proportions for the canons 

approachedWASW. The anions were more varied, but m most lakes had relatively high sulphate 

values. 

Boeckella symmetnca is a common species on the Australian mainland and also widely 

distributed m Tasmania Typically it is associated with small turbid farm dams and reservoirs 

Distribution is mainly restricted to eastern Tasmania (Walsh 1991). Values for pH were in the 

main circum-neutral to alkaline. This species tolerates moderate dystrophic waters as mdicated by 

the g440 values. K25 values indicated that the waters were relatively high in electrolytes, indicating 

a higher salinity tolerance range for the species. Previous studies (Walsh 1991) mdicate the species 

prefers high proportions of the cation magnesium and moderate levels of calcium. Anions tend to 

vary more, with a diverse range of relative proportions shown. Walsh (1991) found B. symmetnca 

tolerant of relatively great range of turbidity, ranging from clear to highly turbid (0.50-100 NTU) 

Boeckella tnarticulata. Tlns copepod species occurred m most of the Cape Portland sites 

sampled. In these lagoons B. tnarticulata was tl1e dommant planktomc copepod, present m 'bloom' 

numbers. The pH range was relauvely narrow, with mamly basic to circum-neutral values. 

Turbidity was low to moderate, with the lowest value of 0 4 NTU recorded for C Portland No 4 

and the highest of 70.00 NTU for C. Portland No. 5. K15 and ionic values vaned considerably, 

reflecting tl1e seasonal and ephemeral nature of these shallow hyposaline coastal lagoons 

Boeckellanyoraensis. This is a rare species, first found in 1912 by Searle (Bayly 1964b, 

1979) and recorded only tln·ee times since, in a coastal lagoon on the south eastern Australian 

mainland (Timms, 1977) and from D'Arcy' s lagoon (Bruny Is.) by Baharrudin (1978), and found in a 

series of four coastal lagoons on Bruny Island (Walsh 1991). B. nyoraensis was found in C. 

Naturaliste No. 5a, and is most likely prevalent in other lagoons m the immediate vicimty. I 

believe it is seasonal in its presence and is probably more widespread in its distribution along the 

coastal environs of Tasmania and Soutl1 East Australia. However only with more mtensive and 

frequent sampling, covering a wider area will this be proved. Boeckella nyoraensis is a large 

copepod measuring up to 3-4 mm. Its large size and relative low numbers are attributed to it being a 

carnivore. An interesting thing noted was that the extremely high proportion of females to male B. 

nyoraensis identified (60: 1). Identlfrcation was verified by (Dr. I. A E. Bayly, Monash Umversity, 

pers. corn.). 

Boeckella ma1or is a large copepod measming up to 5 mm m extreme cases. Its large size and 

relative low numbers are attributed to it being a cannvore, preying on other copepods, cladocerans 

and rotifers (Green & Shiel 1995). Boeckella ma1or is typically found in small temporary 

waterbodies, explaining its presence in the C. Naturaliste lagoons that experience periodic drying 

and/or large changes in volume. The only record for Tasmania prior to tllis study was a roadside 

pool at Mienna, Great Lake. 
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4.7.3 General Discussion 

To the best of the my knowledge there have been few previous studies (Brehm 1953) in North 

East Tasmania concentrating upon aquatic nucrocrnstacea. 

The microcrustacean species (especially cladocerans) occurring on the North East wetlands 

flood plain form a rich assemblage in companson to other studied areas of Australia This may, m 

part, be due to the relatively few studies carried out on the littoral Entomostraca m Australia For 

example, Smirnov & Timms (1983) recorded up to 10 cladoceran species per billabong from the 

Goulbum billabongs, while Shiel (1976), in a more detailed study of one of the billabongs, recorded 

31 cladoceran species. Nevertheless, the 42 cladoceran species and 12 calanoid copepod species 

identified from the North East wetlands constitute a rich assemblage of species, the copepods in 

particular forming one of the richest so far investigated in Australia (Dr. I A. E. Bayly, Monash 

Uni., pers. comm.). 

The majority of microcrustacean species found in this study occurred among aquatic 

macrophyte weedbeds. 42 cladoceran species (from 21 genera), 12 calanoid copepod species and a 

number of unidentified amphipod, ostracod, cyclopoid and harpacticoid species were found in 

weedbeds. Besides housing therare copepod, B. nyoraensis, the north east lagoons are nch sites for 

other species and thus are significant lagoons, similar to those m the Western Tasmanian World 

Hentage Area, Fraser and Morton Islands. Much has been made of the ecological significance of the 

lake districts of Fraser Is. (Bayly 1964a; Bayly et al 1975; Arthington et al. 1986); and Stradbroke 

Is. (Bensmk & Burton 1975; Lee-Manwar et al. 1980) and their associated biota. 

This species richness may be influenced by tl1e marked seasonal variation in the aquatic 

environment brought about by the seasonal clmiate. The expansion of the aquatic environment in 

the "Wet" season with the associated proliferation of aquatic macrophytes, creates an extensive range 

of physical sites that can be exploited by littoral microcrustaceans. The wide vaiiation in the 

morphology of vanous macrophyte species (compare Eleochans spp. or Tnglochm spp with 

Mynophyllum or Potamogeton spp.), along with differences m physical factors (eg. exposure to 

different turbidity, different water depths, etc.), provides a vanety of sites and microhabitats to suit 

different microcrustacean species (Pennak 1966; Campbell & Oark 1983; Irvine et al. 1990). 

As the "Dry" season progresses and water levels fall, many littoral weedbeds die back, and 

hence there is a reduction in suitable habitats for littoral microcrustaceans. This was noted 

particularly in Bowlers Lagoon No. 1, Cape Naturaliste lagoons and m Little Waterhouse Lake. 

Water levels of the ephemeral and astatic lagoons fluctuate considerably and as a result shorelines are 

rather indefinite, dependent upon season and severity of the Sllilllller. Water levels are determined by 

rainfall-evaporation relationships and the mternal seepage patterns of the lagoon basin and 

catchment. It is the exposure and reinundation of tl1e littoral fringes and shallows of these astatic

ephemeral lagoons that allows most disturbance to the stability of the habitats. In this, these 

lagoons fit the model of the Intermediate Disturbance Hypothesis (Connell 1978) Periodic 

disturbance, in this case exposure and remundation of tl1e littoral f1inges and shallows, enhances the 

number of coexisting species. 

The microcrustacean population densities observed in situ m this study should be treated with 

caution. The variation in population densities between samples from different weedbeds and the lack 

of truly quantitative sampling of linmetic microcrustaceans, limit the value of the observations 

obtained. They do seem to indicate tl1ough, that littoral microcrustaceans attam higher densities than 
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do limnetic microcrustaceans. The abundant epiphytic growth in the weedbeds is likely to be a 

significant source of food for littoral microcrustaceans, as is fine particulate organic matter released 

from decomposing macrophytes. 

The availability of suitable food and habitat is of maJOr importance in determining the presence 

and population densities of microcrustaceans. Tait (1982) states that particulate organic matter is the 

major food source for microcrustaceans in the open water areas ofbillabongs in wetlands. 

Dissolved organic carbon and phytoplankton levels are lowest in the Wet to Early-dry season 

and build up witl1 the progression of the Dry season (Morley 1981). Food may be a limiting factor 

for open water microcmstaceans in the early part of the Dry season even after water flow has ceased, 

though a further study would be required to determine this definitely 

Various open water species have been noted to have optnnal food particle size preferences For 

example, the filter feeders Moma m1crura and Bosmmopsis de1ters1 prefer smaller sized food 

particles than does Diaphanosoma exc1sum or the raptonal feedmg Diaptomus lumholtz1 

(Hutchinson 1967; Smirnov & Timms 1983). Generally calanoids are selective raptorial feeders 

whereas cladocerans are more general in diet. 

It is likely that tl1e diversity of microhabitats and food sources occuni.ng within the weed bed 

habitats contributes to the species richness of lillcrocmstacean communities in the study area. Shiel 

(1976) discusses tl1e concept of spatial microhabitat separation, where microcrustacean species are 

restricted to localised areas of a weedbed habitat or to particular weedbeds because of their differing 

food requirements, or because of their ability to move over or through a particular substrate. This is 

reflected in the highly vaii.able morphology of cladocerans (compared with copepods) which can be 

considered to be adaptations to a paiticular life mode For exainple, Fryer ( 1968) has observed that 

Graptoleberistestudinaria has tl1e ability to glide over tl1e smooth and slippery surfaces of v~ous 

macrophytes, consuming small particles ai1d bacte1i.a, while Biaperturakendallensis ingests large 

inorganic pai·ticles, diatoms and algae predominai1tly from the bottom layers, chmbmg up tlirough 

the vegetation only occasionally llyocryptus and Leydigia ai·e detritus feeders inhabiting the 

surface layers of mud (Shiel 1976; Hutchinson 1967). Macrothnx is also a detritus feeder (Shiel 

1976). Pseudochydorus globosus is found particularly ainongst littoral macrophytic vegetation. 

This species is a scavenger (Fryer 1968), feeding on the remains of larger animals, and usually 

occurs in low nUlllbers. Considerably more research would be required before detailed accounts could 

be given for the majority of species occuni.ng m the North East wetlands 

Deficiencies in the sampling of the program among aquatic macrophytes, i.e. the lack of short 

interval (weekly, fortllightly or at least montltly) sampling, created limitations in the description of 

littoral microcrustacean population dynamics. It is felt that the number of species obtained is an 

under representation of tl1e tiue nUlllber present in the wetlands With more frequent sampling (i.e 

shorter intervals between sampling) of both the littoral and limnetic zones and use of different 

sampling methods, a greater nUlllber of microcrustacean species will be identified from individual 

water bodies and tl1e wetlands as a whole. Also a more true picture of species seasonality, species 

assemblages and dynainics would emerge. 

4.8 CONCLUSIONS 

Fifty four microcrustacean taxa were recorded from the NE lagoons. The microcrustacean 

species (especially the Copepocla) occuni.ng witllin the coastal wetland of the North East Coastal 
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plain form a very rich assemblage in comparison with those of other areas of Australia. This is 

probably due to the marked seasonal variat10n m the aquatic environment of tlus region brought 

about by the wmter rainfall maximum. Approximately 80% of annual rainfall falls in a three to 

four month penod. The hydrological regime is similar to tl1e "Wet and Dry" of topical monsoonal 

North Australia. The expansion of the aquatic environment in tl1e "Wet season", with the associated 

proliferation of aquatic macrophytes, creates a wide range of physical habitats for littoral 

microcrustaceans. 30 cladoceran species and 4 copepod species were from littoral habitats. 

Common littoral species included Ilyocryptus cf spimfer, Camptocercus australzs, Dunhevedza 

crassa, and Chydorus spp .. 

As water levels fall with tl1e progression of the summer "Dry season", weedbeds decline and 

lagoons and other waterbodies contract or dry out on the coastal plains. Littoral species assemblages 

decline because of lack of suitable habitats, and open water species assemblages reform after 

cessation of the high water flow rates of the "Wet" season. A reduction in species was evident 

towards the end of the "Dry" season, particularly m smaller water bodies, where detenoration m 

water quality was more marked as they dried up. 

In view of their likely importance to the aquatic system of coastal wetlands, further 

investigation of both limnetic and littoral microcrustaceans is required to provide more detailed 

information of seasonal population dynamics and statistically verifiable population density 

estimates. Investigation of differences in the littoral microcrnstacean species assemblages between 

weedbeds of different macrophyte species would also provide an overall view of littoral 

rmcrocrnstacean populations in coastal wetland and in flood plam areas. 

As sampling was can"ied out at approximately three monthly intervals, a more mtensive 

sampling program would be more desirable, particularly amongst the macrophyte beds. Cladocerans 

and copepods have short life spans, particularly during tl1e warmer summer months, hence 

formightly or monthly sampling would more accurately describe species assemblages and population 

dynamics Furthermore, zooplankton populations are neither uniformly nor randomly distributed 

in a temporal or spatial sense (Hutchinson 1967), therefore difficulties anse in obtaming 

representative samples from a body of water. A phenomenon known as zooplankton patchiness 

(George 1981) may occur in the horizontal plane whereas vertical migration may cause zooplankton 

to accumulate at particular deptl1s. Therefore results of this study should be considered to be broad 

outlines only, i.e. a rec01111aissance. 

In an attempt to overcome this, six lagoons were chosen, including permanent and ephemeral 

lagoons to study in greater detail. These lagoons were sampled monthly for approximately 12 

months. It was hoped that with more frequent sampling and the use of different sampling 

techniques, a greater number of microcrustacean species would be identified from individual lagoons. 

Also a more true picture of species seasonality, species assemblages and dynamics would emerge. 
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CHAPTERS 

SEASONAL & DIURNAL LIMNOLOGY OF 5 NORTH EAST LAGOONS 
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5.1 ABSTRACT 

The seasonal hmnological character of coastal freshwater dune lakes in North East Tasmania is 

dependant upon indi v1dual lagoons water level fluctuations in responses to local and regional rainfall. 

The magnitude of these fluctuat10ns is influenced by the timing and volume of winter rams. Lagoon 

morphometry, relative depth and surface area, coupled with duration and severity of hot dry sUJllillers 

and cool wet wmters influence the physicochenncal character of freshwater dune lakes The annual 

sequence of seasonal change is predictable, only the length of the wet and dry seasons varies. In this 

the North East lagoons are similar to those from the Swan Coastal Plain, Westem Australia. 

5.2 INTRODUCTION 

The North East coastal plain of Tasmania contains many dune lakes occurring on siliceous and 

calcareous dunes All are polymictic, span a range of nutrient states, are of variable depth and show 

strong seasonal trends. 

To date, research on coastal freshwater dune lakes has concentrated on short term studies, often 

based on a smgle visit. Bowling et al (1993) believed that a lagoon found to be acidic and 

dystrophic on the first visit would remain so. However many of the North East coastal lagoons are 

ephemeral, or at least extremely vaiiable in depth. The majority are shallow, so small changes in 

depth are matched with relatively lai·ge changes in smface area and volume. Deeper and lai·ger dune 

lakes, such as the Waterhouse lakes, Bowlers Lagoon No 1 and Blackmans Lagoon, may persist for 

decades. However even these lagoons display some change in surface area and volume 

Water level fluctuations in the North East lagoons ai·e considerable, and are attiibuted to the 

strongly seasonal climate. There is a distinct sUDliller "Dry" and a winter "Wet". Close to 80% of 

yearly rainfall occurs in the winter months May to September (Figure 3 2). Many of the shallow 

lagoons, i.e. those of Cape Natmaliste and Cape Portland, dry out each SUilliller. As these lagoons 

wax or wane in volume there is a correspondmg change in the physicochemical character of the 

lagoons. The degree of change dependant upon dept11 and surface area of the lagoon. The shallower 

the lagoon basin the greater the change in volume as the lagoon fills or dries, and the greater the 

change in physicochemical character by dilution as the lagoon fills or evapoconcenti·ation of solutes 

as the lagoon dries. 

The physicochemical character of individual lagoons is therefore diumally and seasonally 

variable (Walker & Tyler 1984; Townley et al. 1993; Froend et al. 1993; Balla & Davis 1993, 

Davis et al. 1993; Walsh et al. in press). 

As sainpling was carried out at approximately three monthly intervals (Chapter 3), a more 

intensive and frequent sainpling prograin was undertaken to characterise this diumal and seasonal 

variability of lagoons. 

5.3 AIMS 

The aims of this part of the study were twofold: 

a) To investigate the seasonal and diurnal physical and chemical aquatic environment of 

pennanent, and ephemeral coastal lagoon ecosystems; 

b) To compare the degree of change 111 physical and chemical paraineters within and between 

seasonally ephemeral and permanent lagoons respectively 
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Particular attention was focused on the role of the hydrological regime of permanent and seasonally 

ephemeral lagoons. 

5.4 STUDY SITES. 

Four permanent and two ephemeral lagoons were selected to be investigated on a monthly 

basis for 12 months. One of the ephemeral lagoons Cape Naturaliste No. 2 was abandoned after 3 

months due to difficulty in access and logistics. The remaming five lagoons studied lie on the 

relatively extensive, sandy coastal plain on the North East of Tasmania (Figure 3. 1). The study 

sites Bowlers Lagoon No. 1, Big Waterhouse Lake, Little Waterhouse Lake, and Blackmans Lagoon 

have been described in detail in Chapter 3. Essentially these are permanent lagoons displaying 

relatively little seasonal amplitude in ilieir hydrological and physicochemical regimes. 

Cape Naturaliste No. 1, lies 100 m from ilie sea behind a single foredune The predominant 

catchment vegetation is of low coastal heaili. The lagoon is only 2 m above sea level and fits the 

description of Timms' (1982) "type ii lowland lakes". The lagoon is seasonally ephemeral, 

shrinking to a few small muddy pools in summer, and in some years may dry out completely. 

There are few aquatic macrophytes, and tl1ese are located in the centre and deepest part of the lagoon 

basin, where small pools of water may persist. 

5.5 METHODS. 

An accurate assessment of depth of each lagoon was made Datum points, one metre in height 

and graduated in 1 cm intervals, were established on each of the five lagoons to measure rise and fall 

in water level Rainfall data was obtained from tl1e Bureau of Meteorology for weather stat10ns 

closest to the lagoons. This will allow correlation of changes in physicochemical parameters with 

waterlevel. Sampling frequency will cover seasonal variations and be not more than one months 

interval (preferably less) 

Physicochemical and major nutrient samples were collected approximately at four to fr ve week 

intervals between November 1993 and October 1994 from five lagoons. These included the 

ephemeral Cape Naturaliste No. 1, and the permanent lagoons Bowlers Lagoon No. 1, the 

Waterhouse lakes and Blackmans Lagoon. Monitming of the limnology of the lagoons on a 

monthly basis included pH, turbidity, temperature, g440, conductivity (K25), the maJor dissolved 

ions, in addition to dissolved oxygen, phosphate and nitrate/nitnte measurements. This intensive 

scale approach was mainly to provide an indication of the variation within and between ephemeral 

and permanent lagoons for North East Tasmania. The great variation in seasonal fluctuations in 

water level wiili changes in solute concentrations have important ecological implications, especially 

at the extremes of concentrations. Monitoring on a monthly basis will provide a much greater 

resolution of ilie seasonal changes in physicoche1nical parameters. A detailed desc1iption of methods 

used is given m Chapter 2. 

Watertemperature was measured in the shallows near ilie shoreline at approximately 10 cm 

depili, ilien again deeper in the lagoon, at 0 5 m depending on ilie depth of ilie respective lagoon at 

time of sampling. Measurements were taken at ilie same sampling stations on each visit The site 

of tlie depth gauge was used for the deeper water temperature measurements. 

On two separate occasions Cape Naturaliste No. 1 was sampled diurnally for pH, Temperature 
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Site pH K25uS/cm Tn (NTU) g440 Na K Ca Mg Cl HC03 S04 DOC Chl'a' 

Big Waterhouse 7.80 745.64 1.14 7.85 81.57 4.40 24.50 15.56 132.21 53.11 41.86 22.59 1.85 
Blackmans Lagoon 8.24 2316.31 0.82 3.81 347.31 13.45 46.00 63.38 622.62 169.52 61.08 31.95 2.27 
Bowler's No. 1 7.33 1350.15 2.27 4.32 171.85 8.01 46.54 35.46 288.69 165.98 31.60 21.85 2.62 
Cape Naturaliste No. 1 6.55 1468.38 1.21 19.13 245.00 8.88 13.17 30.92 451.31 10.82 37.85 34.05 2.03 
Cape Naturaliste No. 2 5.67 811.33 1.00 38.40 126.67 4.87 20.87 21.33 248.33 144.33 26.33 32.33 8.03 
Little Waterhouse 8.11 2100.07 0.89 3.95 312.64 8.09 57.00 56.00 530.00 156.93 88.29 29.89 1.12 

Table 5.1 Mean values for physicochemical parameters of NE Tasmanian lagoons. 



(OC), K25 and D02. On one of these occasions the lagoon was sampled with 2 hourly 

measurements for chlorophyll a, nitrate, nitrite, ammonia and P04. Analysis of the major nutrients 

was performed on a Hach DR/2000 in the field to look at diurnal processes of this shallow lagoon. 

Principal Components Analysis (PCA) was carried out on the phys1cochemical data for the 

above five lagoons, including what data was recorded for Cape Naturaliste No. 2, as per Chapter 2 

and3. 

5.6 RESULTS 

Rainfall data from three meteorological stations close to the lagoons was obtained and monthly 

totals plotted (Figure 5.1). There was a distinct peak (250 mm) between November and December 

for the three meteorological stations, followed by a pronounced trough (<50 mm) for the "dry 

months" of January to April. During May there was another small peak in rainfall, and this was 

then followed by a return to monthly rainfall totals of below average rainfall of <50 mm. 

5 6.1 Hydrology 

The depth of each lagoon was recorded on each sampling occasion (Figure 5. 2). All lagoons 

showed a steady decline m water levels from an original "high" during the passage of summer, then a 

slight rise in depth over the winter months, followed by a decline again during the following 

summer months. 

Blackmans Lagoon showed a pronounced dechne in depth relative to the other lagoons towards 

the onset of the second summer that data was obtamed. 

Cape Naturaliste No. 1 was dry except for a small shallow pool when sampled 6/4/94-2/6/94. 

The depth gauge was completely exposed and srurnunded by dry sediment on 5/ 5/94. Zmax for Cape 

Naturaliste No. 1 was approximately 0.5 m 

Data for Big Waterhouse Lake was not obtained beyond 1/9/94 due to the removal of the datum 

point by persons tmknown However water levels may be approximated by comparison with Little 

Waterhouse Lake and Bowlers Lagoon. 

5.6.2 Physicochemical Results 

Limnological conditions are summaiised in Table 5.1 and in Appendix 4. The shallowness 

of the lagoons, large surface area relative to depth, and exposure to frequent strong wmds ensures 

long term thermal stratification is unlikely. However on a number of occasions water temperatures 

measured in the shallows of lagoons differed considerably from those measurements made deeper and 

away from the shoreline Appendix 5. 

The highest water temperature recorded was in Cape Naturaliste No. 2 (29.8° C) and the 

coldest in Bowlers Lagoon (2 9° C). Spatial variation in temperature was also highest m Cape 

Naturaliste No. 1 and No. 2 dunng summer, and in Bowlers Lagoon during winter. Seasonal 

variation was greatest in Cape Naturaliste No 1 and also in Bowlers lagoon. The least variable 

lagoon both seasonally and spatially was Blackmans Lagoon, w1tl1 little relative difference between 

the shallows and deeper portions of the lagoon. 

The g440 values for individual lagoons showed moderate (g440=1<5.0 m-1) to extreme 

dystrophy (g440=>25 0 m-1) or "blackwater". The ephemeral lagoon Cape Naturaliste No. 2 

showed extreme dystrophy on all occasions it was sainpled, as did Cape Naturaliste No. 1 on three 
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separate occasions. On all other sampling dates Cape Naturaliste No. 1 was highly dystrophic with 

g440 values 10-25.0 m-1. In companson the permanent lagoons; Little Waterhouse Lake, 

Blackmans Lagoon and Bowlers Lagoon were relatively constant with moderate dystrophy. 

Blackmans Lagoon showed little temporal variation in g440, as did Bowlers Lagoon except on one 

occasion had a value of 10.0 m-1. Big Waterhouse Lake displayed a significant degree of temporal 

vanation in dystrophy ranging from moderate to high dystrophy 

pH values for the peimanent lagoons Big Waterhouse Lake, Little Waterhouse Lake, Bowlers 

Lagoon and Blackmans Lagoon, are circum-neutral to alkaline, predominantly between pH 7.0-9.0 

reflecting the brackish and calcareous nature of these lagoons The ephemeral Cape Naturaliste 

lagoons were acidic reflecting their dystrophic character. All lagoons displayed to varymg degrees 

temporal variation in pH. 

Most lagoons showed a steady rise in K25 with summer then a fall with the onset of wmter. 

Most lagoons also showed a distinct drop in conductivity in January following lugh ramfall in 

December. This was then followed by van.able but slow increase in K25 as the year progressed. 

Cape Naturaliste No. 1 displayed the greatest temporal range as expected (570-2100 µS cm-1 ). 

Initially conductivity was low following high rainfall of the previous month, but became relatively 

quite high towards the end of March-early May. The largest of the lagoons, Big Waterhouse Lake, 

apart for an initially high value was relatively constant and displayed the least temporal 

variat10n(261-754 µS cm-1). The initial high reading of 2190 µS cm-1 is considered an anomaly. 

To a somewhat lesser degree Little Waterhouse and Blackmans Lagoon followed Big Waterhouse 

Lake. 

Na and Cl were the major ions in all of the lagoons The two Cape Naturaliste lagoons had a 

predommantly sea water ionic dommance of Na>Mg>Ca>K:Cl>S04>HC03. Cape Naturaliste No 

1 showed amon temporal variation with Na>Mg>K>Ca on two occasions and the cations 

Cl>HC03>S04 on one occasion Boili Big Waterhouse Lake and Bowlers Lagoon showed calcium 

bicarbonate enrichment with a predominant 10nic order of Na>Ca>Mg>K:Cl>HC03>S04 

Blackmans Lagoon displayed a sea water amon order of dominance but bicarbonate emiched cation 

order of Cl>HC03>S04 Little Waterhouse Lake showed variation in Ca and Mg with these two 

ions alternating in dominance and relative proportions. This lagoon had a similar cation order to the 

other permanent lagoons -i.e. Bowlers Lagoon, Blackmans Lagoon and Big Waterhouse Lake. 

Chlorophyll a values for the lagoons indicate the low trophic status of these waterbodies and 

basedonOECD (1982) values they would be classified as oligotrophic (chlorophyll a values <0-5 

µg/l). Though Blackmans Lagoon and Bowlers would have on one occasion each have been 

classified as eutrophic with chlorophyll a values > 10 µg/l. The ephemeral lagoons of Cape 

Naturaliste whilst predominantly oligotrophic showed a greater degree of temporal variation in 

chlorophyll a, displaying mesotrophy and eutrophy on occasion 

The major nutrients (Total P, NOz and N~) were analysed for the NE lagoons and returned 

values indicative of waters of high to very high trophic status (Appendix 6). General criteria for 

nutrient concentrations and trophic status for Australian lakes for Total P (Wood 1975) showed that 

all of the lagoons displayed varying degrees of Meso-eutrophy (i.e. Total P = 0 1-0 3 mg/l). 

Ordination of the environmental vanables (Figure 5.3) measured (not including major 

nutrients) indicates the strong positive association of Kz5 and the ions Na, Mg, K and Cl with 

principal component 1 (PCl). These environmental variables had 78-95% of variance explained by 

40 



0.25 
N 

c: 
0) 
c:: 
0 
0.. 
E TN 
8 0 
lij 
0.. 

'(j 
c:: 

·c 
\\~;'.::::;;;:::>·······"° ~: 

Cl, 

-0.25 
\\ s04 ····· ....... 

0 
Cl 

\\.._\ K 

g440 
\DOC 

-0.5 -+-------+----~-----~---' 

-0.2 0 0.2 0.4 

Principal Components 1. 

Figure 5.3 PCA of the Environmental Variables for the North East 
Lagoons studied intensively between Nov .1993-0ct. l 994. 

!o 
q 

J~"eo o4 o o 
D D oO : 0 

D D B d 0 ~ 
o- ······································r·················----·o·································· 

~ i. 0 Oo 0 

D 

0 

0 

... 
D IB ... ... 

Ell 
• 

Ell 

-2 - • • • 
0 

... ... 
IB ... 

• ... 
• 

... 
-4 I I I I 

-5 -2.5 0 2.5 5 7.5 

Principal Component 1 

Figure 5.4 Component scores for the North East lagoons intensively 
studied between Nov.1993 - Oct.1994. 

Big L. Waterhouse 

Blackmans Lagoon 

Bowlers Lagoon Nol 

C. Naturaliste Nol 

C. Naturaliste No2 

Little L. Waterhouse . 



PCl, with the exception of K (68%). Ca was less strongly positively associated with PCl (50%) 

and by principal component 2 (PC2) had 80% of variance explamed In comparison HC03 and pH 

were posillvely associated, and, g440 and DOC were negatively correlated with PC2. PC2 accounted 

for 50%, 62%, 55%, and 56% of total vaiiance for pH, g440, HC~ and DOC respectively. Tn and 

S04 were more closely correlated to PC3. 

PCl and PC2 component scores for each variable, plotted as X-Y coordinates (Figure 5 4), 

showed that the two Cape Naturaliste lagoons separated from the other four lagoons formmg a 

dispersed but distinct group. Blackmans Lagoon, Bowlers Lagoon and Little Waterhouse Lake 

formed another cluster. Big Waterhouse Lake foimed a third cluster with a relatively tight grouping 

and little overlap with the other groups 

5.7 DISCUSSION 

The five lagoons in this srndy ai·e smface expressions of a unconfmed aquifer and receive inputs 

from the groundwater and runoff from smface catchments (Bowden 1978) Outflow from these 

wetlands occurs via the grom1dwater and water is lost directly from the wetlands with evaporation and 

evapoti·anspiration. ThemediteITanean-type climate, with hot, dry summers and cool, wet wmters, 

in concert with the existence of the unconfined aquifer, profoundly shapes the character of tliese 

wetlands. The seasons are quite distinct in tenns of temperalllre and rainfall (Bowden 1978). There 

is a long decline in water quality through summer and aulllnm, an abmpt transition from drought to 

winter wet and cold, a relatively short improvement in environmental quality culminating in spring 

and a gradual change from spiing to summer. The mmual sequence of seasonal change is predictable, 

only tlie lengtl1 of the wet and dry seasons vanes In this tlie NE lagoons ai·e smrilai· to tliose of fue 

Swan Coastal Plain (Balla & Davis 1993). 

5.7. l Seasonal-montltly smnpling 

The smnpling period of tl1ese lagoons coincided witl1 one of the driest yeai·s on record for the 

North East of Tasmania This unseasonably dry year was evident in both number of monthly 

rainfall (Figure 5.5) and raindays (Figure 5.6) for the calendar year 1994 All three 

meteorological stations, Rushy lagoon, Gladstone and B1idport recorded the lowest annual totals on 

record (490.6 mm, 528.1mmand386.6 mm respectively). Companson of data from previous years 

shows that rainfall was down to a half of tliat regions yearly rainfall. The lack of rainfall had 

significant implications for fue physicochenncal chai·acter of fue lagoons when compared to fue more 

"normal" rainfall cycle of tl1e region (Chapter 3). Dunng the reconnaissance of the lagoons 1992-

1993, rainfall was more typical and as a consequence water levels usually reach a peak by spring, 

then progressively decrease until winter when substantial rains commence -i.e when some 80% of 

the years rainfall occurs. There is a distinct summer "Dry" and a winter "Wet" (Chapter 3). 

However during this penod of montltly sampling of the lagoons, fuere was little winter rain. Water 

levels m the lagoons fell as summer (1993-94) progressed, tl1ere was a slight nse in levels with the 

onset of winter, then a pronounced decline with the onset of the following summer (1994-95). The 

expected result was amai·kedincrease in depth of the lagoons wifu the onset of the expected winter 

rains during July-September. The relatively dry winter ensured this did not occur so already low 

water levels in tl1e lagoons were lowered furtl1er during the following summer of 1994-95. The 

slight nse in water levels observed dming the later part of the yeai· may in part be attnbuted to 
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recharge from groundwater. 

The magnitude of water level fluctuations is influenced by hydraulic parameters wluch vary 

from site to site. In years of high rainfall many of the ephemeral wetlands of Cape Naturaliste 

would not dry at all. In years of average or below average rainfall the length of the dry phase can 

vary from only a few weeks to several months For example Cape Naturaliste No 1, except for a 

small pool several centimetres deep, was dry on a number of occasions. The timing of refill of 

seasonal dune lakes appears to be directly in response to rainfall, because the dry phase ceases when a 

large volume ofrainfell and refill occmredrapidly. A rise in water levels of 2 2-2.8 cm/day is not 

uncommon in lagoons of the Swan Estuary (Davis et al. 1993) Cape Naturahste was observed to 

rise 2 cm in 4 hours following intermittent showers during the 24 hour sampling period 9/3/94. 

The timing of drying is affected by the previous years rainfall, and the previous years maximum and 

minimum water levels. In years of below average rainfall the groundwater levels are lower and 

therefore, drying of the seasonal wetlands occurs earlier. The timing of drying is primanly a 

response to the volume of rainfall, while tl1e timing of refill is primarily a response to the timing of 

rainfall (Davis et al. 1993). 

The below-average rainfall influenced both conductivity and solute concentrations of the 

lagoons. As expected the greatest influence was on the ephemeral lagoons Those lagoons which 

are very shallow and have a relatively large surface area -eg Cape Naturahste No 1, tend to 

evaporate rapidly in summer, reaching high solute concentrations. The years data for Cape 

Naturaliste No. 1 showed the greatest temporal variation Bowlers Lagoon recorded relatively high 

conductivity that coincided with high turbidity This lngh tmbidity was the result of livestock, 

observed wadmg m tl1e shallows and this encomaged the release from sednnents of mineral salts into 

the water column. Conductivity in all of the lagoons showed an increasing trend in the later half of 

the year as water levels fell due to below average ram.fall and onset of summer. 

All of the lagoons have Na and 0 as the donnnant ions with Cl> Na reflecting the proximity 

of these lagoons to the coast. The dominance of Na and Cl indicates the relative ionic proportions 

are determined by tl1e precipitation of airborne sea spray. Secondary cations are dominated by Mg or 

Ca. The relative dominance of Mg and Ca is determmed by the landform in which the lagoon 

occms. Those lagoons with Ca>Mg are associated with sands of high calcareous content 1 e. shell 

fragments and grit. The majority of the lagoons have high bicarbonate levels and this is reflected in 

the alkalinity of those lagoons 

The majority of lagoons have, by Australian standards, relatively low tmbidities, probably 

because there is little inflow of surface water. Large external sediment loads would not be expected 

for most of the lagoons, however, because they are found mostly in non-eroding landscapes. The 

shallower lakes also tend to be more tmbid because wmd-mixmg disturbs the bottom sediments. 

Turbidity in all lagoons was relatively high on 1/9/94. This is probably due to low water levels and 

windy conditions that are prevalent dunng tlus peiiod of the year. Bowlers Lagoon No 1 

experienced the the highest turbidity of tl1e five lagoons sampled tlrrough out the year. On the 

4/5/94 a value of 10.00 NTU was recorded. Tlns is attiibuted in part to windy conditions on the day 

of sampling, but also due to cattle moving through the lagoon shallows. Cape Naturahste No. 1 

experienced the greatest temporal range in turbidity, reflecting the shallowness of this lagoon, 

proximity to coast and exposure to prevailing winds with resuspension of sediments. This lagoon is 

very shallow and has very peaty sediments, so that fine particles are continuously being resuspended 
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by mixing of the water column. In comparison Blackmans Lagoon experienced the smallest 

seasonal range in turbidity. As water levels in the lagoons fell with progression of summer, coupled 

with the unseasonably low rainfall, turbidity of the lagoons would have expected to be more variable 

and also higher The low water levels would have decreased the amount of work required to mix the 

water column and disturb the sediments. Therefore, even at lower wmd speeds, turbidity would have 

been higher. 

Levels of g440 varied between the lagoons, and consist mamly of coloured compounds derived 

from the breakdown products from plant mateiial and phytoplankton, largely humic and ful v1c acids. 

These can be formed within the wetlands or transported via surface or groundwater, and their 

concentrations are affected by local vegetat10n types, soil mmeralogy and agricultural practices 

g440 generally tended to be highest in spring and summer and lowest in winter, probably due largely 

to the effects of evapoconcentration and dilution, as well as the increased production and release of 

coloured compounds dming the periods of maximum plant growth. External inputs of g440 would 

also peak in late winter and spling as groundwater and smface water inflows peak 

pH varied not only between lagoons but also within lagoons Seasonally Big Waterhouse 

Lake, Little Waterhouse Lake and Blackmans Lagoon were relatively constant. The value of pH 4.0 

recorded for Big Waterhouse is an anomaly and is considered to be a contaminated sample. Cape 

Naturaliste No. 1 was typically acidic witl1 pH predominantly <7 However the below average 

winter rainfall and shallowness of this lagoon saw a rise in pH as water level declined In 

comparison the permanent lagoons showed too much temporal variation to comment 

Nitrogen in water comes in several different forms; as dissolved N2 gas, as organic compounds 

and as the inorganic forms NH3, N02 and N03. All lagoons had levels of nitrate and nitrite below 

detectable limits. This may have been an artifact of methodology used and also due to the delay m 

time of sampling until analysis. Even though samples were stored in ice and dark following 

sampling, and presented to the Government Analyst immediately upon return from the field, 

sufficient time may have elapsed for levels of nitrate and nitiite to fall below detectable lunits 

Another explanation is that levels were low as available N had been utilised and the lagoons were N 

limited. No estimates of dissolved N2 or organic compounds were made N03, N02 and NH4 are 

inter-convertible through the processes of mtiification and demtrification. NH4 is largely derived 

from the mineralisation of organic nitrogen compom1ds by microbial activity. This is then taken up 

by macrophytes and algae, or converted to N02 and then N03 by nitrifying bacte1ia under aerobic 

conditions Nitiification, the conversion of NH4 to N0:3 is also inhibited by high levels of coloured 

compounds and low pH. This may also explain in part the low levels of N02 and N03 in the more 

dystrophic samples and particularly for Cape Naturaliste. N0:3 is usually the dominant form of 

inorganic nitrogen in wetlands (Davis et al. 1993). All of the five lagoons studied showed peaks in 

of N0:3 in May 1994 and this is associated with a flush of N0:3 as ground water and surface water 

inflows increase following mcreased rainfall. 

Phosphorus is often the nutrient limiting primary production Somces of P to.a lagoon are 

surface water, ground water, rainfall and dry atinosphenc precipitation. Losses are p1imarily due to 

sedimentation and ground water flow (Davis et al. 1993). The exceptions to this are Big 

Waterhouse Lake and Blackmans Lagoon which have artificial inflowmg drains and these may have 

altered the dynamics of P budgets to these two lagoons. Lagoons of tl1e North East Coastal Plam 

are poorly flushed in tliat tl1ey posses long water residence times Therefore nutrients that enter the 
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lagoon will tend to accumulate and eventually be incorporated in the sediments Thus, a large 

reservoir of nutiients is held in the sediments and under certain conditions may be released and 

recycled to the water column The exchange of P between the sediments and water is largely 

dependant upon pH and oxidative conditions. These are in tum controlled by microbial activity m 

the sediment surface layers In oxygenated conditions microbes use oxygen as an electron donor m 

oxidising orgamc material. If oxygen is consumed in the sediment faster than it is replaced by 

diffusion, the water immediately above the sediments becomes anoxic. Table 5.Z shows the 

reduction reactions and approximate Oz levels at winch they begin to be reduced in the sediment 

(Bostrom et al. 198Z) 

Table 5.Z reduction reactions & ciitical Oz concenti·ations. 

Reduction Reaction Oxvgen concentration (mg/l) 

N~ -NOz 4.0 

NOz -NH3 0.4 

Fe3 - Fez 0 1 

S04 -sZ 0.0 

In deoxygenated waters Fe3 is reduced to Fez and any P bound to it is released. This is 

thought to be the major source of P release from sediments. High levels of N~ in the water will 

inhibit P release as N03 will be preferentially reduced before Fe3. 

Two of the wetlands had bottom water levels of Oz less than 4.0 mg/l. Bowlers Lagoon 

consistently had bottom waters with low levels of Oz and once had anoxic conditions. Cape 

Naturahste No. 1 also had an Oz bottom water level of less than 4.0 mg/l on one occasion. No 

specific attempt was made to collect data on deoxygenation. Levels may well have been lower m 

these lagoons and frequently so Nevertl1eless, data that was obtained suggests that substantial P 

release from sediments, of the well vegetated lagoons such as Bowlers Lagoon, may occur due to 

deoxygenation of bottom waters Bowlers Lagoon had the highest levels of P of any lagoon when 

its bottom waters were anoxic or almost so. 

Table 5 3 Trophic status of a lake based on Chlorophyll a (OECD 198Z) 

Trophic Status 

Oligotrophic 

Mesotrophic 

Euti·ophic 

Chlorophyll a (ug/l 

0-4 

4-10 

10-100 

The trophic status of the lagoons vaiied depending not only on which classification scheme 

used, but also seasonally The definitive classification of trophic status of lakes is tl1at of the 

OECD (198Z) (Table 5.3) There are problems in applying this criterion globally, as this scheme 

is based lai·gely on data from Nortl1em Hemisphere alpine glacial lakes at high latitudes. Values 
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increase little past 100 µg/l rrrespective of nutrient loading due to self shading, and these boundaries 

are not fixed rigidly. Salias and Martinos (1991) developed a classification scheme to assess the 

trophic status for tropical warm-water lakes. This scheme has been applied to the lakes, lagoons and 

wetlands of tl1e Swan Coastal Plain with some success (Davis et al. 1993) Wood (1975) developed 

a scheme based on nutnent concentrations for Australian lakes (Table 5.4) The trophic status of 

the lagoons varied depending on which classification scheme used 

Table 5.4 Nutrient concentration (in µg/l) and trophic status in Australian lakes (Wood 

1975) 

Tro2hic status Total P Inorganic N. 

Ultra -oligotrophic <5 <200 

Ohgo-mesotrophic 5-10 200400 

Meso-eutrophic 10-30 300-650 

Eu-polytrophic 30-100 500-1500 

Polytrophic >100 >1500 

Individual lagoons fitted different categories depending on which scheme was used. Using the OECD 

(1982) criteria then all lagoons were oligotrophic with Blackmans and Bowlers Lagoons both 

eutrophic once on separate occasions. In contrast, using Wood (1975), then all lagoons were 

mesotrophic-eutrophic witl1 Bowlers Lagoon polytrophic on three occasions. 

The very high levels of P relative to Australian mamland lakes is attributed to natural 

eutrophication. The North East lagoons are relatively shallow, with fluctuating shorelines and 

during late summer large areas of sediment are exposed. As a consequence nutiients are highly 

evapo-concenti·ated and remam in the lagoon due to lack of outflow. The lagoons also have a low 

capacity to assimilate nutiients due to their relatively small size and depth. 

Vollenwieder (1968) established close correlation between Chlorophyll a and P concentrations. 

Since then there has been a very large number of models relating P loading to Chlorophyll a 

concenti·ations based on a nun1ber of different data sets (Dillon et al. 1988). There are significant 

differences between models based on the different data sets. Therefore accuracy of chlorophyll a 

predictions varies and is often low. This is due to use of different analytical techniques for 

Chlorophyll a and P, use of different parameters, variation in chlorophyll content of different algal 

species, physiological state of the algae, differing physicochemical environments, nutrient 

availability, sedimentation rate, and water residence time (Davis et al. 1993). 

5.7.2 Diurnal Sampling 

Dmrnal studies of ilie physicochemical processes of standing bodies of water have concentrated 

upon large deep water lakes, reservoirs and impoundments. There have been few on shallow or 

ephemeral water bodies The range in seasonal water temperatures is sigmficantly different both 

spatially and diurnally. Thin sheet ice was observed on a number of lagoons m the littoral margms 

The shallowness of Cape Naturaliste Lagoon No. 1 accentuates rapid heating during the 

daylight hours and cooling by night (Figure 5.7). The approximate times of dusk and dawn are 

45 



28.0 

26.0 
-----0--- - Temperature at Z = 10 cm 

·········<>········ Temperature at Z = 50 cm 
,--. 

24.0 "' :;j 

' (3 
Q) 

~ 
f:! 22.0 
a 
!:! 
<1) 
0.. 
E 20.0 <1) 

E-< 

18.0 

8 8 
00 0\ 

8 8 
,...... C'l ~ § g 

............ ...... ...... ...... ............ 

Time of sampling 

Figure 5.7 Cape Naturaliste No. l Temperarure 24 hr Series 9/3/94 

NB: Vertical bars indicate approximate position of Dusk and Dawn 

13.0 

12.0 -----0---- Temperature at Z = 40 cm 

11.0 ······- <>········ Temperature at Z = 10 cm 

,--. 10.0 
"' :;j 

' (3 
9.0 Q) 

~ 
<1) 8.0 ... a 
"' ... 
<1) 7.0 0.. 
E 
<1) 

E-< 6.0 

5.0 

4.0 

3.0 
0 0 0 0 0 0 0 0 0 

g ~ ~ s § 8 § 3 § 
Time of sampling 

Figure 5.8 Cape Naturaliste No. 1 Temperature 24 hr Series 27/7/94 

NB: Vertical bars indicate approximate position of Dusk and Dawn 



shown. Water temperatures in summer are twice that experienced in wmter (Figure 5.8). 

Comparison of the two dates 8-9/3/94 and 26-2717/94 highlight the temporal difference in water 

temperatures for Cape Naturaliste No. 1 Late summer water temperatures are high with a diurnal 

range between 17.9-23 8° C in 50 cm of water and 17.6-26 7° C in 10 cm of water. The spatial 

difference in water temperature in summer (8-9/3/94) is noticeable with the greatest difference at dusk 

of 3.5° C between the shallows and deeper water During the night temperatures fall to 

approxinlately the same level around 18° C In winter there is more rapid loss of heat and warming 

of the shallows (Figure 5.8) with temperatures in the shallows (10 cm) 4.0-12.2° C and 4.1-11.4° 

C at 50 cm. The difference in depth being only 40 cm highlight the possibility of thermal 

stratification on calm, windless days. 

The limited nutrient data set for the 24 hour sampling series of 26-27/7/94 is in general 

agreement with that known elsewhere for shallow wetlands. The spike in NOz and N03 (Figure 

5.9) may be explained by daylight nitrification, i.e. the conversion of ammonia NH3 to N02 and 

N03. Nitrification occurs only 111 an oxic environment. Photosynthetic release of 02 mto the 

water column stimulates the nitrification process (Risgaard et al. 1994). This retards the reverse of 

nitrification which is the process of Dissimilarity Nitrate Reduction, -i.e. the conversion of N03 to 

NH3. 

The fall in ammonia (NH3) occurs with a simultaneous rise in N02 and N03. This is 

consistent with an mcrease in nitrification dunng daylight hours The rates of niti·ification and 

denitrification are controlled by the availability of substrates. Therefore as N02 and N03 levels 

peak (at approximately 10.00 am) following when all available NH3 is consumed (ie at 9 00 am), 

the nitrification process is retarded, and NH3 levels then rise until both processes stabilize -i e. there 

is a steady state between nitiification and demtiification in the later hours of the day from 5 pm 

onwards (Figure 5.9). 

However the data for P04 argues against the above conclusion as P04 is released from the 

sediments under reducing conditions. The peak of P04during 10-11.00 am may be be due to algal 

utilization with an increase in available light and 111 water temperature (Figure 5.9). 

Chlorophyll a shows a peak during early afternoon centred around 2.00 pm. The peak in 

chlorophyll a follows a rise in pH, peaking at 12.30 pm The iise in pH, as expected, is consistent 

with a nse in photosynthesis during midday when temperatures are warmest and photosynt11etic 

available radiation is highest (Figure 5.9). 

002 was relatively constant tliroughout the sampling penod and changed little This may be 

attributed to Cape Naturaliste being a very shallow lagoon, with diffusion of 02 from the 

atinosphere and mixing by wind, ensudng ilie water column is well oxygenated. The shallowness of 

the lagoon ( <0.5 m) and lack of macrophytes ensuring little chance of deoxygenation. 

Temperature measurements taken over tlie same period showed a more rapid heating and 

cooling of the littoral shallows (10 cm depth) compared to the centre of tlie lagoon (0.5 m depth). 

5.8 CONCLUSION 

The five wetlands are a subset of tlie wetland types on the North East Coastal Plain. They are 

fresh to slightly saline lakes with areas of open water. They range in size from small (2 ha) to large 

(126 ha). Cape Naturaliste No. 1, except for a small pool dded completely, while Little Waterhouse 

Lake, Bowlers Lagoon, Blackmans Lagoon and Big Waterhouse Lake, contained water over most of 
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their swface area all year. 

The wetlands encompass a range of depths, pH, conductivities, nutrient levels and colour. Big 

Waterhouse Lake had tl1e lowest chlorophyll and nutrient levels (classified as mesotrophic), while 

Bowlers Lagoon was moderately enriched (eutrophic) on several occass10ns. Cape Naturahste No 1 

did not exhibit symptoms of enrichment, probably because of the dark colour of the water, and is 

more properly classified as dystrophic. Depending on criteria used the trophic status of the lagoons 

varied 

The range of temperature for each lagoon vaned diurnally and seasonally The range of 

temperature on a daily basis is dependant upon season and lagoon depth. Seasonal changes in 

conductivity and ionic proportions as a result of evaporative concentration were noted in all lagoons, 

but are more pronounced in tl1e shallow ephemeral lagoons of Cape N aturaliste. Whilst thermal 

stratification was not observed, compaiison of temperatures between littoral shallows and deeper 

waters within respective lagoons indicate that transient thermal stratification may occur 111 some 

lagoons on warm still summer days or very cold, still mid winter nights. The limnological 

character of each lagoon was dependent upon the hydrological cycle as affected by the strongly 

seasonal climate experienced in the Nortl1 East The annual sequence of seasonal change is 

predictable; only the length of the wet and dry seasons varies. In this the NE lagoons are similar to 

those from the Swan Coastal Plain 

Each lagoon is a dynamic system that may vary in many ways from even its nearest 

neighbour. Each lagoon is distinguished by a combination of features, including landform, 

morphometry and chemical composition of its waters which are a result of short and long term 

environmental changes. The seasonality of the lagoons has important ecological implications for 

the invertebrate faunas of these waterbodies. 
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CHAPTER6 

MICROCRUSTACEAN ECOLOGY IN 5 NORTH EAST LAGOONS. 
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6.1 ABSTRACT 

Microcrustacean community composit10n and population abundance showed temporal 

variations in each lagoon. The degree of change varied between each lagoon as community 

composition and different populations responded to differing degrees of natural disturbance 

Microcrustacean species diversity was highest in seasonal lagoons; or in permanent lagoons with 

fluctuating shorelines, possessing extensive, dense and complex aquatic macrophyte communities. 

The macrophyte communities provided diverse spatial habitat heterogeneity. Ecologically the 

lagoons represent an environmental mosaic of aquatic habitats in NE Tasmania. Each lagoon is in a 

constant state of flux and is a dynamic system in time and space discrete from its nearest neighbour. 

6 2 INTRODUCTION 

The microcrustacean species occmring within the coastal dune lakes of the North East Coastal 

plain form a very rich assemblage in comparison with those of other areas of Australia. This is 

attributed to the marked seasonal variation in the aquatic environment of this region, which 1s 

brought about by the winter rainfall maximum. The expansion of the aquatic environment in the 

'Wet season', with the associated proliferation of aquatic macrophytes, creates a wide range of 

physical habitats for littoral microcrustaceans 

As water levels fall with the progression of the smnmer 'Dry season', weedbeds declme and 

lagoons and other waterbodies contract or dry out on the coastal plains. Littoral species assemblages 

decline because of the lack of suitable habitats, and open water species assemblages reform after 

cessation of the high water flow rates of the Wet season. A reduction in species diversity was 

evident towards the end of the Dry season, particularly m smaller water bodies, where deterioration in 

water quality was more marked as they diied 

In view of the importance of coastal dune lakes to the aquatic system, further investigation of 

both limnetic and littoral microcrustaceans is required to provide more detailed information of 

seasonal population dynamics and statistically venfiable population density estimates. Investigation 

of differences in the littoral inicrocmstacean species assemblages between weedbeds of different 

macrophyte species would also provide an overall view of littoral inicrocrustacean populations in 

coastal dune lakes. 

Deficiencies in the sampling program among aquatic macrophytes (Chapter 4), i.e. the lack of 

short interval (weekly, fortnightly or at least monthly) samplmg, limited analysis of littoral 

inicrocrustaceanpopulationdynamics. It is likely that the number of species obtained is an under 

representation of the true number present in the wetlands As sampling was carried out at 

approximately three montltly intervals, a more intensive sampling program would be more desirable, 

particularly amongst the macrophyte beds. With more frequent sampling (i.e. shorter intervals 

between sampling) of botl1 tl1e littoral and lillllletic zones and use of different sampling methods, a 

greater number of inicrocmstacean species will be identified from individual water bodies and the 

wetlands as a whole. Also a more tme picture of species seasonality, species assemblages and 

dynainics would emerge. 

6.3 AIMS 

The aims of this part of the study were threefold: 

a) To investigate seasonal change in t11e microfaunal community of permanent, and 
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ephemeral coastal lagoon ecosystems, 

b) To compare the degree of change in the microfaunal commumty within and between 

seasonally ephemeral and permanent lagoons respectively. 

c) To increase knowledge of the ecology and life histories of microcrustacea. 

Particular attention was focused on the role of the hydrological regime of permanent and seasonally 

ephemeral lagoons. 

6.4 STUDY SITES 

fuvestigation of six lagoons occurred on a monthly basis during the 1993-1994 survey. The 

study sites Cape Naturaliste No. 1, Bowlers Lagoon No. 1, Big Waterhouse Lake, Little Waterhouse 

Lake, and Blackmans Lagoon have been described in detail in Chapter 3. One site, Cape N aturaliste 

No. 2 was abandoned early in the study due to problems with access. The Cape Naturaliste lagoons 

are ephemeral in nature, with mdefimte shorelines, fluctuating water levels and variable 

physicochemical characteristics. ill contrast the other lagoons are permanent lagoons displaying 

relatively little seasonal amplitude in tl1eir hydrological and physicochenncal regimes. All the sites 

are shallow coastal lagoons, of varying dystrophy, close to sea level and occupying deflation 

hollows located in siliceous or calcareous dunes The study sites differ physiognomically, rangmg 

from large relatively exposed lakes to small ephemeral ponds, with depths of <0 5 m to 4.0 m, from 

open water bodies to those dominated and covered by emergent macrophytes. 

6.5 METHODOLOGY 

6.5.1 Collecting: 

Biological and physicocheimcal samples (Chapter 5) were collected every four to five weeks, 

between November 1993 and October 1994 from five lagoons between Cape Naturaliste and the 

township of Bridport. This frequency of collection was mainly to provide an indication of the 

variation among the lagoons, largely covenng a range of wetlands types over the study area. This 

intensive sampling regime was required for a greater understanding of the dynamic processes 

occurring in a particular lagoon. 

Zooplankton samples were collected by one or more oblique tows with 20 µm and 200 µm 

conical nets in deeper lagoons, and by hand held 20 µm and 200 µm conical nets in the more 

shallow Cape Naturaliste lagoons. All collections were preserved in 5-10% formalin, pending 

identification. Nets were washed thoroughly before and after the sampling of each site in an effort to 

reduce the possibility of contaminants in ilie samples obtained. 

Identification of the cladocera and copepods, and disarticulation methodology when required is 

discussed in greater detail in Chapter 2. 

6.5.2 Data Analysis 

Community data was recorded as either presence or absence of species for each of tl1e respective 

lagoons. On each sampling date, ilie results from each of the three sampling techniques (20 µm and 

200 µm conical nets and quantitative samples), were pooled for each site. The taxa from tlie pooled 

data set, using all sampling dates for each lagoon, were analysed to determine if there was any 

seasonal difference in species richness between the five lagoons. 
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The statisucal package PRIMER was used to sort the respective sites by date, based on their 

community data, into similar classes. PRIMER uses the Bray-Curtis similarity co-efficient to 

group sites, based on community presence/absence data, into classes so that similar ones are m the 

same class. This analysis was done firstly to define "true" groups and secondly for data reduction. 

The inter-relationships between sites and sampling date where then mapped in an ordmation by non

metric multi-dimensional scaling (MDS), to visualize community patterns. 

The null hypothesis (Ho), that there was no difference m community composition between 

permanent and ephemeral sites, was tested by one-way Analysis Of Similarity (ANOSIM) 

ANOSIM is used to test the site to site differences in community structure before going on to 

interpret these differences m terms of their biology or environmental conditions. 

The PRIMER program SIMPER was used to analyse the pooled temporal community data for 

identification of key species in each of the lagoons SIMPER calculates the Bray-Curtis 

dissimilarity between all pairs of inter-group samples (i.e. every species in group one paired with 

every species in group two). The Bray-Curtis dissimilarity is first averaged over all pairs and then 

broken down into the separate contribution from each species to the overall dissimilarity between the 

two groups. Indicator species were identified as those species which contributed the greatest 

percentage of dissirmlanty to separate faunal assemblages of the five lagoons. 

6.6 RESULTS 

6.6.1 Species Diversity 

A total of 8 calan01d species and 27 cladoceran taxa were recorded from all lagoons over the 

course of the study. In addition 2 amphipod species, six ostracod species and three harpacticoid 

species were identified. A number of unidentified cyclop01d species were also collected (Appendix 

7-11). 

The most diverse group was the chydonds with 18 different taxa recorded. This is thought to 

be an under representation as several taxa were not identified below genera and are known to mclude a 

large number of species (- e.g. Alona, Alonella, Bzapertura) This was due to poor taxonomic 

resolution of these groups in Australia 

The lagoon with the most diverse microcrustacean fauna was Cape Naturaliste No. 1 

(Appendix 7) followed by Little Waterhouse Lake (Appendix 8), with 37 and 34 microcrustacean 

taxa respectively. The least diverse lagoon was Bowlers Lagoon (Appendix 11) with 22 taxa. 

Interestingly Bowlers Lagoon had only chyd01ids, daphniids and harpacticoids. It also had the most 

number of chydorid taxa (shared with Little Waterhouse Lake). Cape Naturaliste No. 1 was the most 

diverse m calanoids, macrothlicids and was equal with Little Waterhouse Lake in osu·acod diversity. 

Cape Naturaliste No. 1 was the only lagoon with llyocryptus that was analysedquanutatively. 

6.6.2 Statistical Analysis 

Temporal community data were analysed usmg PRIMER Bray-Curtis Similarity Coefficient 

(see Chapter 2) for each of the five lagoons. Analysis of tl1e seasonal community data mdicated that 

there was greater temporal similruity within a site than between the five sites (Figure 6.1). The 

sample dates for each lagoon clustered into distinct groups identifiable with each lagoon. 

Three outliers were readily apparent and separated early at 15-20%. Bowlers Lagoon No. 1 

(6/4/94) and (12/10/94), and Big Waterhouse Lake (12/10/94). All three were separated due to 
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depauperate species diversity rather than similarity in their respective assemblages. 

Little Waterhouse Lake (6/4/94) and (28/7/94) were mcluded with Blackmans Lagoon 

Comparison of fauna showed that for ( 6/4/94) Little Waterhouse Lake had few chydorids and none on 

(2817 /94 ). Blackmans Lagoon, m comparison to the other sites, had a depauperate chydo1id fauna for 

much of the sampling period. These two sampling dates for Little Waterhouse Lake were thus 

included with those of Blackmans Lagoon due to lack of chydorids and similarity in other cladoceran 

taxa present. In contrast Blackmans Lagoon (5/5/94) faunal assemblage showed snnilarity to that of 

Little Waterhouse Lake (9/1/94) and was clustered with that lagoons grouping. 

Similarly, Bowlers Lagoon No. 1 (5/5/94) had few taxa and those which it did were similar to 

the faunal assemblage of Blackmans Lagoon (2/6/94). The sampling dates (2/6/94 and 30/6/94) for 

Cape Naturaliste No. 1 were more similar in faunal composition to Little Waterhouse Lake than to 

other sampling dates for Cape Naturaliste This is attributed to the absence of Ilyocryptus sp. on 

these dates and similarity in the other cladoceran fauna present. Interestingly Ilyocryptus sp. was 

also absent in Cape Naturaliste No. 1 on 913194. This date was separated from the rest of the 

sampling dates for that site, but was still sufficiently similar as not to group it with another lagoon. 

In short, based on the Bray-Curtis Similarity Coefficient, Blackmans Lagoon was the least in 

sirmlanty to the other four lagoons, closely followed by Bowlers Lagoon No. 1 at 33% and 35 % 

respectively The next lagoon to be separated was Cape Naturahste No. 1 at 45% level The 

lagoons most similar to each other were Little and Big Waterhouse Lakes and were not separated 

from each other until tl1e 60% level. 

MDS ordination of the community data for tl1e five lagoons sampled over the period 93-94, 

showed that the individual sampling dates for each lagoon tended to group together with some 

overlap (Figure 6.2). All ordination methods are a compromise with dimensional data being 

displayed often in two dimensional planes. Therefore, tl1e simplest indicator to assess how well it 

succeeds in any particular case is the stress value, where r = sti·ess (Kruskal & Wish 1978). A low 

stress value mdicates a valid configuration has been found Clai·ke's (1993) rule of thumb for 

interpreting the stress value in MDS is that stress (r = <0.05) corresponds to an excellent 

representation witl1 little prospect of drawmg false mferences. Nevertheless, in this case the value r 

= 0 17 still provides a usable picture (Clarke 1993) 

Visually the different sites from the overall samplmg pattern appeared to have diffenng 

community composition (i.e. clusters) based on the variation within the sites. The MDS plot 

largely agrees with the dendrogram clustering of community data. Little and Big Waterhouse Lakes 

appear to be the most similar with overlapping and relatively tighter clusters. Bowlers Lagoon 

appeared to be tl1e most dissimilar to the other sites with a somewhat dispersed but separate cluster. 

Cape Naturaliste No. 1 formed a relatively tight group and differed from Blackmans and Bowlers 

Lagoons but with small overlap with Little and Big Waterhouse Lakes. Blaykmans Lagoon had 

some overlap witl1 Big and Little Waterhouse Lakes but distinct from both Bowlers Lagoon and 

Cape Naruraliste No. 1. 

The degree of dissimilarity between the five lagoons was detennined (Appendix 12). The 

SIMPER Bray-Curtis Dissimilarity coefficient (Table 6.2) showed the vegetated permanent lagoons 

ofBlackmans Lagoon, Big and Little Waterhouse Lake were the most similar to each other in 

community composition. Bowlers Lagoon was the most dissimilar lagoon to all the other lagoons. 
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Cape Naturaliste was very different to Bowlers and Blackmans Lagoons but more similar to Little 

Waterhouse in community composition than to Big Waterhouse Lake. 

Table 6.2. Bray-Curtiss Average Dissimilarity between the community composition of the five 

lagoons Nov 93 - Oct 94 

BO CN LW BW BL 

BO 76.92% 62.34% 7167% 80.99% 

CN 53.88% 62.45% 73.2% 

LW 51.81 % 52.28% 

BW 63.45% 

BL 

BO= Bowlers Lagoon, CN =Cape Naturaliste No. 1, LW =Little Waterhouse Lake, BW = Big 

Waterhouse Lake, BL = Blackmans Lagoon. 

The null hypothesis (Ho), that there is no difference in community composition between sites 

was tested by One-Way ANOSIM. The null hypothesis was rejected (Table 6.3), suggesting that 

there was a significant difference between all the lagoons in faunal composition, at the significance 

level p = 0.05 (r = 0.675). 

Table 6.3. Significance levels (p) from Pairwise Tests between lagoons community composition 

BO CN LW BW BL 

BO 0 OOO 0.000 0.000 0.000 

CN 0.000 0.000 0.000 

LW 0.000 0.0001 

BW 0.000 

BL 

BO= Bowlers Lagoon, CN =Cape Naturaliste No 1, LW =Little Waterhouse Lake, BW = Big 

Waterhouse Lake, BL = Blackmans Lagoon. 

NB: The significance levels in the pairwise tests ARE adjusted to allow for multiple comparisons. 

The null hypothesis was rejected at p = 0 05. 

6.6.3 Quantitative Analysis 

A total of 29,527 individual animals were sorted, counted and identified for three of the five 

lagoons sampled quantitatively (Cape Naturaliste No. 1=3,333; Blackmans Lagoon= 5,337; and 

Little Waterhouse Lake= 20,857). Totals for each taxa, on each sampling occas10n were then 

divided by the volume of water sampled (in litres) to give no.II. Constraints in time precluded 

completing the other two lagoons. The littoral community was generally dominated numerically by 

ostracods, in particular Kennethiacnstata and Newnhamia sp, and the amphipod Austrochiltonza 

spp. The zooplankton community, depending on lagoon, was dominated by the calanoids and/or 
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dapbniid cladocerans as per Chapter 4 

The copepod fauna in Cape Naturaliste No. 1 were not identified to species level The 

calanoids and cyclopoids are composite groups of different tax.a (Figure 6.3.A). The different peaks 

in numbers throughout the year possibly representing responses of different species within these 

taxonomic groups to environmental cues. In numbers the calanoids were codominant with many of 

the chydorid taxa. Amphipods of the genus Austrochiltoma displayed a bimodal temporal 

distribution with a spike in abundance m mid summer (7 individuals/I) and with an mcrease m 

winter (5 individuals/I), numbers falling in autumn and spring The cladocerans were represented by 

4 tax.a (Figure 6.3.B). Ilyocryptus, in low numbers, was transiently present in autumn, followed 

by Bosmma meridwnalts present only during mid winter and also in low numbers Cenodaphma 

andSimocephalus appeared to be mutually exclusive The rise and fall in the fom1er followed by 

those of the later. Six species of ostracods were identified from Cape Naturaliste No. 1. Numbers 

were too few to readily identify anythmg except for broad trends for three species (Figure 6.3 C). 

Limnocythere was present but only one individual was recorded on each occasion it was present 

Both Cypretta and Ilyodromus cf candonites were present throughout much of the year. In 

contrast Gomphodella sp. and Kennethia cnstata were present in 'high" numbers during winter, 

whereas Newnhamia sp. appeared to favour conditions in summer (Figure 6.3.D). All three 

species were transient and successive in appearance with Kennethia mcreasing in late spring-early 

summer and agam in late summer, followed by Gomphodella and then Newnhamia. The chydorids 

in Cape Naturaliste No. 1 tended to display distinct peaks in abundance. Alona spp. was present 

throughout the year in relatively low numbers, then increased m abundance during the summer 

months reaching a maximum of 4 individuals/I overlapping Ephemeroporus (Figure 6.4.A). The 

decline in Alona and Ephe1neroporus was followed by a rise in Rak. Alonella spp and 

Camptocercus austral is were present in low numbers with the former reaching a peak in abundance 

late spring and in early winter (Figure 6 4.B). In contrast Chydorus spp was present throughout 

the year in relatively significant numbers and "bloomed" during the summer months with a 

maxinium of 25 individuals/I (Figure 6.4.C). 

InBlackmans Lagoon the chydonds were present mainly during the autumn (Figure 6.5.A-B). 

Temporal ranges all overlapped and all taxa shared an mcrease in numbers during late summer to 

autumn, disappearing by the end of June. Camptocercus australis and Dunhevediacrassa were 

briefly present, but overshadowed by Pleuroxus sp. and Graptolebens testudmana. Alona spp., 

Alonella spp. and Chydorus spp. showed a similar temporal abundance witl1 numbers mcreasmg 

slightly during autumn and falling by winter. All of these taxa were present in very low numbers, 

<1 individual/I. In contrast to the chydorids, Boeckellasymmetrica and Austrochiltoma spp. were 

present in significant numbers (Figure 6.5.C). Both taxa displayed a numerically bimodal 

temporal increase in abundance within Blackmans Lagoon. Numbers of Austrochiltoma spp. 

peaked in autumn (17 individuals/I), then again in spring (>30 individuals/I). Boeckella 

symmetnca showed a similar rise and fall in late summer-early autumn (>25 individuals/I) and 

followed by a winter maximum of >45 individuals/I. The daphniids, Cenodaphma and 

Simocephalus (Figure 6 5 D) appeared to be mutually exclusive with the peak m abundance m 

the later (>4 individuals/I) occupying a trough of the former taxa. Daphnia seemed to be present 

throughout the year but m low numbers, whereas Mac10thnx was transient in appearance. Both taxa 

were recorded in low numbers ( <1 indi vidual/l ). 

Little Waterhouse Lake contamed six taxa of ostracods that were analysed quantitatively. 
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Numbers were too few to readily identify anything except for broad trends for some species (Figure 

6.6.A). Cypretta spp. was present but only one or two adult specimens were recorded on each 

occasion it was present. llyodromus cf. candomtes were present in 'high" numbers during winter, 

whereas Newnhamia sp. appeared to favour conditions in summer (Figure 6.6 A). All three 

species were transient and successive in appearance In contrast Gomphodella sp. (Figure 6.6.B) 

was transiently present in "moderate" numbers dunng wmter (>5 mdividuals/l), whereas 

Limnocythere mowbrayensis appeared to prefer conditions in winter Kennethza cnstata was 

present in "high numbers throughout the sampling period relative to the other taxa, progressively 

increasing in abundance during the study pe1iod, reaching "bloom" conditions of > 150 indi viduals/l 

at conclusion of the study. The calanoid copepods Calamoeczaaustralis and Calamoeczagibbosa, 

andMacrothri.x spp. were transient in appearance and few in number (Figure 6.6.C). In contrast 

Boeckella symmetrica, was present throughout the year, with numbers showmg a decrease in 

winter. Daphnia was present only during the later stages of the study, and also in low numbers. 

The chydorids Alona spp. and Chydorus spp. (Figure 6 7.A) were present through out the year 

with both showing a bimodal temporal mcrease in abundance Chydorus increased m number 

during summer then fell in number, showed a slight nse during winter, then mcreased again during 

the following spring. Alona sp. displayed a sinular profile but the initial increase followed the 

decline of Chydorus. In contrast to Alona spp and Chydorus spp., Alonella spp. showed a 

decline in summer, with an increase in winter (<12 111d1viduals/l), followed by a slight drop m 

number, but this second decline was then followed by a dramatic increase ((40 mdiv1duals/l) All 

three taxa in Little Waterhouse Lake showed an mcrease in number in October 94. In contrast, 

Dunhevedzacrassa and Graptoleberistestudmana (Figure 6.7.B) were more erratic in number, and 

appearance. The cyclopoids showed a dramatic increase in number during winter. Austrochiltoma 

showed an erratic but continual increase in abundance over the year (Figure 6.7 C) Both 

Cerwdaphma and Simocephalus showed a slight rise m number during February 94 (Figure 

6. 7.D). The former taxon was present during summer before becoming absent from the faunal 

assemblage. In contrast Simocephalus was present through out the year. Bosmma mend1onabs 

was both transient and dramatic in appearance. It was recorded only once in Little Waterhouse Lake 

but in high numbers (30 individuals/I). 

The microcrustacean population densities observed 111 situ in this study should be treated with 

caution. The variation in population densities between samples from different weedbeds and the lack 

of truly quantitative sampling of limnetic nucrocrustaceans, lilnit the value of the observations 

obtamed They do seem to indicate though, that littoral nucrocrustaceans attain higher densities than 

do limnetic Inicrocrustaceans. 

6.7 DISCUSSION 

When compared to the amount of work done on entomostracan zooplankton from open water 

habitats, little attention has been paid to the ecology of fauna withm aquatic macrophyte 

communities. Reasons for the lack of quantitative work on these organisms include the difficulties 

in sampling, and subsequent sorting, of these very heterogeneously distributed animals. Population 

studies of similar fauna are more readily made in the relatively simple habitat structure of open 

water. 

The well vegetated lagoons witl1 submerged and emergent aquatic macrophytes tend to have a 
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significantly higher species diversity. Thus these lagoons most closely resemble each other in 

community composition. The aquatic vegetatlon provides a diversity of habitats wlnch are not 

available in open water. The shallow littoral zone of these lakes is a heterogeneous environment 

where the presence of different species of aquatic plants creates a complex of adjacent and overlappmg 

habitats (Hillman 1986; Cyr & Downmg 1988; Irvine et al. 1990; Pontin & Shiel 1995) 

The majority of microcrustacean species found in tlris study occurred among aquatic 

macrophyte weedbeds. This species richness may be aided by the marked seasonal variation in the 

aquatic environment brought about by the seasonal climate Studies on the mainland of Australia 

have shown that seasonal drying and reinundation also contribute to species diversity (Mckaige 

1980; Watson et al. 1995; Pontin & Shiel 1995). This mechanism is put forward as a possible 

explanation for tl1e lrigh species diversity in Cape Naturaliste No. 1 In the shallow lagoons of the 

North East, the alternating water levels on a seasonal and yearly basis influence habitat 

heterogeneity The expansion of the aquatic environment in the Wet season with the associated 

proliferation of aquatic macrophytes, creates an extensive range of physical sites that can be 

exploited by littoral microcrustaceans. Plant morphology is highly plastic: Wide vaiiations in 

surface area to biomass ratios and in form of various macrophyte species ( compai·e Eleochans spp. 

or Tnglochin sp. with Myriophyllum or Potamogeton sp.), along with differences in physical 

factors (exposure to different turbidity, different water depths, etc.), provide a vai·iety of sites and 

nricrohabitats to suit different epiphytic and epibentlric microcrustacean species. 

Big Waterhouse Lake and Little Waterhouse Lake were t11e two most similar sites. Both of 

these lagoons had extensive areas of dense and complex stli.1ctured aquatic macrophyte communities. 

Water levels in these lagoons, t11ough variable, did not expose large areas of the littoral macrophyte 

sediments. Large dense stands of Myrwphyllum spp , Potamogeton spp., Typha sp , Eleocharis 

sp. and Triglochin sp. would have acted to reduce hmizontal water mixing ai1d transport of 

plankton between littoral and limnetic zones (Kairesalo 1980) The differing plant morphologies 

may also have influenced nricrocrustacean commmrity composition and species abundance 

Microinvertebrateabundancevaiiesbetweendifferent aquatic macrophyte species (Campbell & 

Clarke 1983, Cyr & Downing 1988). Plai1ts witl1 dissected branclring leaves and stems are generally 

thought to support lrigher species diversity ai1d abundance thai1 broad-leaved plants, as branched 

leaves provide more substrate and increased levels of periphytic algae, accumulate more particulate 

matter, provide more surface area, ai1d protection from predators. Microhabitat spatial heterogeneity 

may also be influenced by the density of the macrophyte community (Irvine et al. 1990) and leaf 

condition. Senescence of leaves has been shown to influence nricrocrustacean abundance (Campbell 

& Clarke 1983). 

Microcrustacean zooplankton are an important component of the aquatic ecosystem 111 the 

North East wetlands. They have few inuinsic regulatory mechairisms with which to counter 

environmental changes they are therefore likely to be affected by habitat disturbance, both natural and 

man made. These naturally occurring envi10nmental changes in tlle temporary and astauc 

waterbodies of tlie North East, are probably a major contiibuting factor for tlle lngh species diversity 

and change in community compositlon observed. Tlris is particulai·ly true for Cape Natural1ste 

Lagoon No. 1. This shallow astatic-ephemeral lagoon possesses a sparse macrophyte commumty, 

simple in stlucture, small in area, and resu·icted to the deeper pait of tlle lagoon basin. Its high 

species diversity but relatively low abundance is attributed to the "instability " of the lagoon 
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environment. As the Dry season progresses and water levels fall, many weedbeds die down, and 

hence there is a reduction in suitable habitats for littoral microcrustaceans. 

The lower species diversity and abundance (in partJ.cular of the chydorids) in Blackmans Lagoon 

when compared to Big and Little Waterhouse Lakes, may, in part, be attnbuted to the lower density 

and paucity of the aquatic vegetation, and thus increased honzontal mixing of the littoral water 

column in Blackmans Lagoon (Sollberger & Paulson 1992). Common littoral microcrustacean 

species m Blackmans Lagoon are poorly represented in the littoral zone which is lacking or has 

simple macrophyte communities. In such areas, species composition and abundance resembles that 

oflinmeticareas. (Smyly 1952; Smimov 1963; Straskraba 1964; Stolbunova & Stolbunov 1981, 

Lemly & Dimmick 1982a,b). This may explain the relative absence of ostracods and chydorids in 

Blackmans Lagoon. 

The low species diversity for Bowlers Lagoon and absence of calanoids, amphipods and large 

bodiedcladoceransmay be explained by several mechamsms. 1) Low 02 concentrations in water 

amongst the weed beds may have important sub-lethal effects. Depressed filtering rates 111 Daphma 

have beenrecorded for Daphnia in 02 concentratJ.ons of 3 mg/1-l. Bowlers Lagoon consistently had 

bottom waters with low 02 levels and once had anoxic conditions (Chapter 5). 2) H2S produced 

under anaerobic conditions in bottom waters where there is very dense submerged macrophytes and 

organic debris (as in Bowlers Lagoon) may be differentially toxic to differing species and may 

explain observed distnbutions (Kring & O'Brien 1976) 3) Physical conditions prevalent 111 dense 

submerged plant communities may be deti·imental to species through a reduction in available habitat 

space(lrvineetal. 1990). 

Variability m zooplankton horizontal distribution, however, may be greatly influenced by 

environmental conditions other than just aquatic vegetation Advection currents generated by wmd 

may concentrate plankton in down wmd areas along lake edges (George & Edwards 1976, Hart 

1976). This phenomenon was noted in the field for several of the Cape Portland Lagoons (Chapter 

4), and in particular Blackmans Lagoon, m tlus study. Blackmans Lagoon has a simpler and sparse 

macrophyte community than the other lagoons and has relatively larger areas of open water. 

Therefore the area of the littoral zone is smaller and with low structural complexity Wind generated 

currents may easily mix inshore and offshore waters, aiding in the transport and mixing of 

zooplankton communities. 

Fish predation can also influence zooplankton horizontal distribution. Limnetically associated 

taxa may occupy the periphery of a lake as a result of large numbers of predators and the ability to 

feed more efficiently in open waters than amongst macrophyte stands (Cryer & Townsend 1988). 

Blackmans Lagoon, Big and Little Waterhouse Lakes are all stocked with introduced salmomds, in 

addition to a number of native fish species. 

The availability of suitable food and microhabitat is of importance in determining horizontal 

distribution and population densities of microcrustaceans (Campbell & Clarke 1983; Sollberger & 

Paulson 1992). Different plant species may have leaves more "attractive" than others to organisms 

and therefore contribute to microhabitat spatial heterogeneity (Campbell & Clarke 1983). The 

abundant epiphytic growth in the weedbeds is likely to be a sigmficant source of food for littoral 

microcrustaceans. The condition of the leaf also has been shown to influence population abundance 

(Campbell & Clarke 1983). These authors found Cenodaphma prefers senescent leaves with low 

algal density, which is not unexpected as this cladoceran is a swimmer and filter feeds on 
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phytoplankton and small suspended particles. Simocephalus is also a filter feeder but when feeding 

attaches to substrates, including leaves, regardless of their microhabitat condition. Ephemeroporus 

sp., Alona sp., cyclopoids and ostracods preferred decaying or senescent leaves and this may indicate 

that these microcrustaceans feed on bacteria, protozoa, or plant debris associated with decomposing 

leaves. 

Abundance of zooplankton does not always correlate with the abundance of phytoplankton 

Zooplankton may be very abundant when phytoplankton are virtually absent (Moss 1980). Ciliates 

protozoans are believed to serve as an important link between microcrustacean plankton and bacteria 

in freshwaters (Porter et al. 1979). The concept of the "microbial loop" (Tranvick 1992) originally 

applied to marine waters, but is equally applicable to freshwaters with some differences Cladocerans 

and particularly rotifers are efficient bacterioplankton graziers (Boon & Shiel 1990), v1rtua1ly absent 

in marine waters but are ubiquitous in fresh waters Also DOM in freshwaters is in much higher 

concentrations in freshwaters due to allochthanous DOM released from the soil and run off. These 

humiclakes have a high bacterial biomass (Salonen 1981; Hessen 1985) and in Australia such 

humic lakes support a great diversity of rotifers (Shiel et al. 1989). The DOM-bacterial-protozoan 

pathwaywhenadded to the conventional food chain is to greatly increase the trophic levels witlnn 

fresh waters. 

In short it 1s likely that the diversity of microhabitats and food sources occurring withm the 

weed bed habitats contributes to the species richness and population abundance of microcrustacean 

commumties in the study area. Analysis of mdividual species diet would help to detemrine the 

degree of competitative exclusion. However though different species may consume a sinrilar diet, 

life style may reduce competition by temporal separation of the species 

The life history of cladocerans, and to a certain extent copepods, is shaped by their existence in 

shallow freshwaters wlrich may dry up (Hutchinson 1967) Cladocerans cope with the seasonal 

increase in water temperatures, drying of their envuonment or loss of food by producing resting eggs 

(following sexual fertilisation) which are surrounded by a thickened brood chamber called an 

ephippium. These resting eggs are able to resist desiccation and lie dormant until favourable 

conditions return. When their habitat 1s next inundated the resting eggs hatch, producing females 

which then reproduce parthenogenetically. As almost the entire population is composed of females 

that have the ability to produce viable mature offspnng, there 1s greater potential for rapid 

population growth during the relatively short periods when conditions are favourable. In the 

wetlands of the North East, short generation times are induced by the high summer water 

temperatures. When conditions deteriorate, males are usually produced and these fertilise eggs witlrin 

the ephippial females, which are then deposited in the ephippium. 

The daphniid Daphniacarmata like Cenodaphnza appears to favour the relatively more stable 

environments of the permanent waterbodies. It is present throughout the cooler months of the year 

in those lagoons from which it was recorded Tlus ism keeping with records from the mamland 

where populations die out dunng the warmer temperatures of summer. The shallow lagoons of the 

north eastern wetlands contract via evaporation dunng summer, with a reduced volume of water to 

heat, the lagoons experience high water temperatures in excess of 25°C (Chapter 5). Elevated 

temperatures common in these lagoons during summer pervade zooplankton ecology directly and 

indirectly, and have been reviewed by Moore et al. (1996). The species survives in the respective 

water bodies as a sexually produced egg encased in an ephippium. This 'resting stage' hatches when 

58 



morefavourablecooler conditions are present. Winter water temperatures vary from 4°C to 12°c 

(Chapter 5). 

Copepods rely on sexual reproduction which leads to slower population increase than 

parthenogenetic reproduction, because only half of the population can produce progeny. Eggs are 

carried in egg sacs attached to the urosome of the female, and hatch into small larvae known as 

nauplii. There are five to six naupliar stages and six copepodite stages before the adult form is 

assumed, in the sixth copepodite stage (Hutchinson 1967). Population growth in copepods is more 

dependant on the survival rates of various immature stages than on egg production. Although 

copepods have considerably slower generation times than cladocerans, copepods have an advantage m 

that the naupliar stages generally don't compete with their adult stages for food as they consume 

different-sized particles (Le Cren & Lowe-McConnell 1980). 

6.8 CONCLUSIONS 

Themicrocrustaceanspecies (especially the calanoids) occurring within the coastal wetland of 

the North East Coastal plain fom1 a very rich assemblage in comparison with those of other areas of 

Australia (Shiel 1976; Morton & Bayly 1977; Lake et al. 1989). This is probably due to the 

marked seasonal variation in the aquatic environment of this region brought about by the winter 

rainfall. 

Water levels of these lagoons fluctuate considerably and as a result shorelines are rat11er 

indefmite, dependent upon basin morphometry, season and severity of the summer. Water levels are 

determmed by rainfall-evaporation relationships and t11e internal seepage patterns of the lagoon basin 

and catchment. The expansion of t11e aquatic environment in the 'Wet season', with the associated 

proliferation of aquatic macrophytes, creates a wide range of physical habitats for littoral 

microcrustaceans. As water levels fall with the progression of the summer, weedbeds decline and 

lagoons and other waterbodies conti·act or dry out on the coastal plains Littor~ species assemblages 

dechne because of lack of suitable habitats, and open water species assemblages reform after 

cessation of the high water flow rates of t11e Wet season 

The taxonomic diversity of the microcrustacean community may be viewed as a paradox 

analogous to the "paradox of the plankton" identified by Hutchinson (1961), who showed a 

contradiction between theoretical population ecology (principle of competitive exclus10n) and 

empincal data (plankton generally comprise a large number of species, occupying the same niche). 

The paradox of high species diversity in this instance may be similarly solved. For competitative 

exclusion to occur, the competing populations are required to operate within constant environmental 

conditions. However the littoral environment is disturbed in different ways (temperature, turbidity, 

fluctuations in water chemistry and water level, variable conductivity) on a time scale short enough 

to alter the habitat of competmg microcrustacean populations before competitive exclusion occurs. 

Additional mechanisms such as differing life cycles, mortality rates, predation, growth rates and the 

occurrence of littoral microhabitats all encourage co-existence of populations. The spatial and 

temporal structuring of planktonic commumties into microzones of different niches would further 

compliment the parallel existence of different populations. 

Each lagoon differs from its close neighbour in community response to environmental cues 

expe1ienced in each lagoon. The NE shallow coastal lagoons are dynannc systems in a constant 

state of flux. 
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CHAPTER 7 

LIMNOLOOY OF THE WEST COAST LAGOONS WITH REFERENCE TO THE 

MICROCRUSTACEA 



7.1 ABSTRACT 

The dystrophic lagoons of the West Coast lack a well defined littoral zone, have relatively 

simple macrophyte communities, are deep relative to surface area and have stable waterlevels and 

relatively definite shorelmes. Therefore niche diversity, and as a consequence microcrustacean 

species diversity, is low. The West Coast lagoons are hydrologically stable habitats. Seasonal 

fluctuations in the hydrology of these lagoons do not affect their ecology to the same degree as the 

NE lagoons - i.e. a small change in depth is not associated with a large change in surface area and 

volume, nor with a concomittant change in the physical and physicochemical environment. This 

stabilit) would reduce niche and spatial habitat heterogeneity. The relative paucity of the 

microcrustacean fauna is m marked contrast to the rich assemblage of rotifer fauna (Koste et al. 

1988) and that of the microflora (Bowling et al. 1993; Tyler 1996), and is in contrast to that 

recorded for the microcrustacea in dune lakes of NE Tasmania. 

7.2 INTRODUCTION 

A notable cluster of coastal lagoons occurs in the Macquarie Harbour-Ocean Beach area of the 

West Coast of Tasmania, located north of the township of Strahan and inland from Ocean Beach 

(Figure 7.1). The coastline to the West and Northwest of Macquarie Harbour is an uninterupted 

curved beach 32 km in length (Plate 12). Ocean Beach, south of the Little Henty and Henty 

Rivers, is almost straight with a North-South aspect. There are small soaks draining the sand dune 

country to the east of the beach. The southern end of Ocean Beach curves sharply and continues into 

Macquarie Harbour. 

Behind the beach, extending up to 7 km inland, is a large, complex, vegetated, but eroded 

Pleistocene parabolic sand dune system. The source of sand for these dunes is believed to be 

silicoeus, glacial andglacifluvially-derived sediments from the granitic lower gorge of the Little 

Henty and Henty Rivers (Banks et al. 1977). A number of Holocene, unvegetated, active, 

transgressive dunes occur immediatly behind the beach, advancing inland at the rate of 17 m per year. 

The source of sand for these dunes is from the current beach and also from blow-outs of the older 

Pleistocene dunes. 

There is a distinct contrast in degree of soil development between the the unvegetated, active 

dunes behind the beach and the fully vegetated dunes further inland which rise to 145 m in altitude 

and have a height of 90 m north of the township of Strahan (Banks et al., 1977). Within the 

vegetated Pleistocene series tl1ere is a number of major dunes each with complex blow-outs and 

longitudinal ridges. These become progressively more complex and dissected to the south east of 

Ocean Beach, but north of Strahan. 

The progressive development and increase in depth of the soil profile witl1 increasing distance 

inland from the beach suggests a progressive increase in age of tl1e dunes. This implies a source of 

sand different from today, i.e. the Henty River. The age of dune building for Ocean Beach (Banks et 

al. 1977) is thought to be similar to that in North East Tasmania (Bowden 1978, 1983), King 

Island (Jenning 1959; 1961), Hinders Island (Kershaw & Sutherland 1972) and Bruny Island (Banks 

etal. 1977). 

There are a number of active dunes, botl1 vegetated and unvegetated, inland from the beach. 

Many of these are complex and interfere with one anotlier. It is believed tlie unpredictable nature of 

the wind direction may be in part responsible as Strahan records daily one of the widest ranges of 
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7.1 ABSTRACT 

The dystrophic lagoons of the West Coast lack a well defmed littoral zone, have relatively 

simple macrophyte communities, are deep relative to surface area and have stable waterlevels and 

relatively defmite shorelines. Therefore niche diversity, and as a consequence microcrustacean 

species diversity, is low. The West Coast lagoons are hydrologically stable habitats. Seasonal 

fluctuations in the hydrology of these lagoons do not affect their ecology to the same degree as the 

NE lagoons - i.e. a small change in depth is not associated with a large change in surface area and 

volume, nor with a concomittant change in the physical and physicochemical environment. Tlns 

stability would reduce niche and spatial habitat heterogeneity The relative paucity of the 

microcrustacean fauna is in marked contrast to the rich assemblage of rotifer fauna (Koste et al. 

1988) and that of the microflora (Bowling et al. 1993; Tyler 1996), and is in contrast to that 

recorded for the microcrustacea in dune lakes of NE Tasmania. 

7.2 INTRODUCTION 

A notable cluster of coastal lagoons occurs in the Macquarie Harbour-Ocean Beach area of the 

West Coast of Tasmania, located north of the township of Strahan and mland from Ocean Beach 

(Figure 7.1). The coastline to the West and Northwest of Macquarie Harbour is an uninterupted 

curved beach 32 km in length (Plate 12). Ocean Beach, south of the Little Henty and Henty 

Rivers, is almost straight witl1 a North-Soutl1 aspect. There are small soaks draining the sand dune 

country to the east of the beach. The southern end of Ocean Beach curves sharply and continues into 

Macquarie Harbour. 

Behind the beach, extending up to 7 km inland, is a large, complex, vegetated, but eroded 

Pleistocene parabolic sand dune system. The source of sand for these dunes is believed to be 

silicoeus, glacial and glacifluvially-denved sediments from the granitic lower gorge of the Little 

Henty and Henty Rivers (Banks et al. 1977). A number of Holocene, unvegetated, active, 

transgressive dunes occur immediatly behind the beach, advancing inland at the rate of 17 m per year. 

The source of sand for these dunes is from the current beach and also from blow-outs of the older 

Pleistocene dunes 

There is a distinct conti·ast in degree of soil development between the the unvegetated, active 

dunes behind the beach and the fully vegetated dunes further inland which nse to 145 mm altitude 

and have a height of 90 m north of the township of Strahan (Banks et al., 1977) Within the 

vegetated Pleistocene seiies there is a number of maJor dunes each with complex blow-outs and 

longitudmal ridges. These become progressively more complex and dissected to the south east of 

Ocean Beach, but north of Strahan. 

The progressive development and increase in depth of the soil profile with increasing distance 

inland from the beach suggests a progressive increase in age of the dunes This implies a source of 

sand different from today, i.e. the Henty River. The age of dune buildmg for Ocean Beach (Banks et 

al. 1977) is thought to be similar to that in North East Tasmania (Bowden 1978, 1983), King 

Island (Jenning 1959; 1961), Flinders Island (Kershaw & Sutherland 1972) and Bruny Island (Banks 

etal. 1977). 

There are a number of active dunes, both vegetated and unvegetated, inland from the beach. 

Many of these are complex and interfere with one another. It is believed the unpredictable nature of 

the wind direction may be in part responsible as Strahan records daily one of the widest ranges of 
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direction of strong winds of any Tasmanian coastal weather station. 

The West Coast of Tasmania expenences the brunt of the westerly wind regime with a cool 

and changeable maritime climate. Total precipitation is considerable (Figure 7.2), enhanced by 

topography of the western ranges which reach maximum elevations of 1200 m. Maximum 

orographic rainfall (3600 II1II1) occurs in these highlands, decreasing westwards towards the coast and 

eastwards to the inland of Tasmania. There is a seasonal variation in temperature and rainfall with 

an average annual rainfall of 1500 mm and average number of rain days per year of 240 for Cape 

Sorell at the mouth of Macquarie Harbour (Nunez 1983). 

7.3 AIMS 

The aims of the study of the West Coast lagoons were to provide a comparison with those 

lagoons located on the relatively extensive North East Coastal plam, and Bruny Island By 

compruing the lagoons from different regions around the state it was hoped to record limnological 

and biological similarities or significant differences in order to characterise the third hnmological 

province in Tasmania. 

7.4 STUDY SITES 

The lagoons of the West Coast are, in the main, perched lakes (Timms 1982, type i) lying 

within longitudinal or pru·abolic dunes on soils developed in the dunes or on mats of organic matter 

of low permeability. The South Strahan lagoons (Plates 13-14), Lake Garcia (Plate 15), Lake 

Bantic, New Lagoon and Lake Strahru1, fall into this catagory being perched 20-100 m above sea 

level in sand sheets or between dunes of a seiies of parabolic Pleistocene dunes just north of 

Macquarie Harbour . 

Lake Mallana is a dune contact lake (Timms' type iv). This lagoon is impounded on its 

seaward side by a transverse dune, but lies on more impermeable rock on its landwru·d sides 

The geomorphic origins of Lake Koonya ru·e not included in Timms classification scheme It 

is a slope-change lagoon where several tributaries draining surrounding dunes and Tertiary sediments 

emerge onto the upper end of a plain occupied by the lake (Bowhng et al. 1993). At this change of 

gradient the volume of water is more than the main stream can discharge, and so it backs up to form 

L. Koonya. 

Hibbs Lagoon on the south west coast, 80 km south of Macquarie Harbour, is likewise 

another lagoon type not included in Timms classification scheme. It was formed by the 

impoundment of the drowned floor of a nver valley by a coastal sand spit, which cut off the lagoon 

from the sea (Bowling et al. 1993). 

Parting Creek lake is an artificial lake (Plate 16). Water was impounded behind two earthern 

danis constructed across small creeks draining a button grass moorland. The lake is located within 

one kilometre of the township of Zeehan ru1d is 30 km mland from Ttial Harbour and 40 km North 

of Macquarie Harbour. The lake was 01iginally built ru1d filled in 1915 and was small m smface 

area. In 1925 the height of the dams was raised and the depth and the size of the articial lake 

increased significantly 

Lake Cumberland is also an artificial lake with an earthern drun constructed across a small 

subalpine creek draining a button grass moorland on the slopes of Mt. Cumberland, overlooking 

Trial Harbour. It was built in the 1890s to provide water for a tin mine and later (1927) for a small 
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Plate 12. Ocean Beach. The mobile dune systems of Ocean Beach, as seen from Mt. C umberland are shown 

to the le ft of the plate. Trial Harbour is located below the foothills pictu red at the right of the pl ate. 

Plate J 3. South Strahan Lagoon No. I. 



Plate 14. South Strahan Lagoon No. 2. 

Plate 15. Lake Garc ia. A perched coastal dune lake. 



Plate 16. Parting Creek Dam. A man-made reservoir showing inundated Eucalyptus scrub. 

Plate 17. Lake Cumberland . Small artificial lake with Mt Cumberland shown in the background. 



Site Zmax(m) Surface Description Lake Type 

area (ha) 

Hibbs Lagoon 8.00 * River valley and siliceous sands Natural impoundment ' 
Lake Bantic 7.50 * Holocene parabolic/longitudinal dune on siliceous sands Perched lagoon (type i) 

Lake Garcia 9.50 * Holocene parabolic/longitudinal dune on siliceous sands Perched lagoon (type i) 

LakeKoonya 4.50 002.00 Tertiary sediments and Holocene siliceous dunes Slope change 

Lake Mallana 4.50 001.00 Tertiary sediments and Holocene siliceous dunes Dune contact (type iv) 

Lake Cumberland 4.00 * Reservoir reservoir 

Lake Strahan 2.50 003.00 Holocene parabolic/longitudinal dune on siliceous sands Perched lagoon (type i) 

New Lagoon <1.0 001.00 Holocene parabolic/longitudinal dune on siliceous sands Perched lagoon (type i) 

Parting Creek Dam 5.50 * Reservoir reservoir 

South Strahan No. 1 1.50 002.00 Holocene parabolic/longitudinal dune on siliceous sands Perched lagoon (type i) 

South Strahan No. 2 1.50 001.00 Holocene parabolic/longitudinal dune on siliceous sands Perched lagoon (type i) 

Table 7.1 West Coast site morphometry and site description 



hydro electrical plant. The lake is at 450 m elevation yet only 2.5 kilometers from the coast (Plate 

17). 

The physicochemical and limnological properties of the natuural lagoons have been 

investigated by a number of authors, and their unique or restricted algal flora has been reviewed 

(Bowling et al. 1993; Koste & Shiel 1986, 1987; Shiel et al. 1989; Timms 1987; Tyler 1996). 

7.5 MEfHODS 

Physicochemical and biological samples were collected approximately at three to five month 

intervals between August 1991 and November 1994 from nine lagoons and two man-made lakes 

between the mouth of Macquarie Harbour and Trial Harbour, and south of Macquarie Harbour at 

Point Hibbs. This broad scale approach was mainly to provide an indication of the variation among 

the lagoons, covering a range of lagoon types over the study area. A detailed description of methods 

used is given in Chapter 2. 

The two man-made lakes, L. Cumberland and Parting Creek Dam, were investigated to give 

some comparison with the natural lagoons to see if mode of origin of the watf!r body had an 

influence on limnological conditions and in tum on the microcrustacean fauna. 

Morphometric characteristics of the lagoons were obtained from field observations, aerial 

photographs and 1:25,000 topographical maps using a Tamaya Planix 7 planimet~r. Maximum 

depth <Zmax) was measured by use of a graduated line and depth measured every 0.5 m interval with 

a plumbline and· hand held depth sounder from a small inflatable dinghy. Bathymetric maps of 

several of the lagoons were drawn using the methods outlined in Chapter 2. Geomorphological 

analyses of the lagoons was based on aerial photographs, topographical maps, ground photographs 

and field investigations 

7 6 RESULTS. 

7.6.1 Morphometry 

The lagoons of the West coast (Table 7.1) tend to be deep relative to surface area in contrast 

to coastal lagoc~s in other Tasmanian regions and the Bass Strait Islands (Fig!•re 7.3-7.5). L. 

Strahan (Figure 7.6) experiences a moderate degree of astaticity, particularly iD t)_,_<;: north-western 

comer of tl1e lagoon witl1 the exposure of an extensive, flat shoreline. Only the shallow South 

Stral1an Lagoons (Figure 7.6) and New Lagoon could be described as seasonal, markedly fluctuating 

in surface area and volume as tl1ey are augmented by rainfall or as they contract by evaporation . All 

tl1e natural lagoons have a very limited catchment area consisting of the lagoon surface area plus an 

immediate bordering area. Of the natural lagoons only Hibbs Lagoon, L. Mallana and L. Koonya 

have well defined inflow or outflow creeks. 

7 6 2 Physicochemical Parameters 

Limnological conditions are summansed 111 Appendix 13. The moderate deptl1 of many of 

tl1e lagoons, tl1e smface area relative to Zma'<• and light summer winds coupled with high summer 

temperatures highlight tl1e possibility of thermal stratification. L. Bantic and L Garcia have in the 

past shown thennal stratification (Croome & Tyler 1988; Bowling et al. 1993) L. Mallana, L. 

Cumberland and Parting Creek are of sufficient deptl1 that thermal stratification may also occur. L. 

Mallana in particular is rather deep relative to surface area and it is thought that stratification would 
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occur most readily in this lagoon. In contrast, the remamder of the lagoons are thought to be too 

shallow (less than 1 5-2.0 m depth when full) to allow a thermal gradient to develop. Polymixis in 

shallow lagoons has been recorded, though warm still days and cold windless nights have allowed 

transient thermal gradients to develop. 

Lake Bantic (2/2/93) and Lake Garcia (2/4/92 & 8/11194) show thermal straification of the 

water column (Figure 7.7). L. Garcia (17/5/94 & 16/6/94) possessed a physicochemical profile 

suggesting that autumn tum over of the dune lake had occurred with the water column now 

isothe1mal. The sharp and drastic increase in K.25 in the bottom waters, at the sediment water 

interface of L Garcia and L. Bantic is attnbuted to increased ionic conducuvity of interstitial waters 

of the lake sediments. Similarly the sharp drop m D02 in L. Bantic (16/6/92) is attributed to 

anoxic interstitial waters of the sediments rather than stratification of the water column. 

Physicochemical conditions in Lake Garcia (4/2/93) (Figure 7 8) are similar to those recorded 

in L.Chisholm (Bowling & Tyler 1988, Croome & Tyler 1988) Although the changes in total 

ionic concentrations across the thermocline were not great there was considerable physicochemical 

structure in the water column. The 4° C drop in temperature between 1 0 m and 2.0 m is indicative 

of a stratified lake. The D02 profile shows a significant drop in D02 just below the posit10n of the 

thermocline (1-2 m), followed by an increase in D02 content from 2.3 m to 5.0 m. This "bulge" 

was followed by a general decline in D02 content to the sediment, although bottom waters were sull 

oxic, but at low concenu·ations. 

Parting Creek Dam (8/10/91) physicochemical conditions showed a 2° C rise m water 

temperature within the first 0.5 m increase in depth (Figure 7.9). From this depth to the sediment 

the water column was iothe1mal. This profile is attnbuted to the loss of heat from the surface 

waters dwing the preceeding still, bitterly cold night, and is not taken to indicate a stratified lake 

The lake has a relatively large fetch and is not thought to stratify. 

The conductivities of all lagoons were low with most <250 µScm-1 (K.25), the exception 

being L. Strahan which on a single occasion had a conducuv1ty of 1364 µScm-1 This is believed 

to be a contaminated sample or the result from the use of an unequilibrated meter. The two South 

Strahan Lagoons, in contrast, consistently had higher conductivities than the other lagoons and are 

considered to be of moderate conductivity. There appeared to be relatively little temporal vanation 

within the respective lagoons. 

The g440 values of the lagoons sampled were indicative of moderate to ultra-dystrophy. 

Bowling et al. (1986) classified lakes with g440 values <1.0 m-1 as clear waters and on this 

criterion only L. Bantic would be regarded as non-dystrophic. Most are moderately to highly 

dystrophic with g440 values between 5.0-25.0 m-1 . The two South Strahan lagoons were, on all 

occasions sampled, ultra-dystrophic and "blackwater". L Su·ahan displayed the greatest relative 

vanatlon in dystrophy. The other West Coast lagoons were, in contrast, relatively stable and 

temporal variation in colour was insufficient to change the respective lagoons' classificat10ns. 

As expected from the dystrophic nature of tl1ese lagoons, pH values were usually less tl1an 5 0 

L. Koonya, L. Mallana and the Soutl1 Su·ahan lagoons were extremely acidic with pH values usually 

below 4.0. Parting Creek displayed the greatest temporal variation of the lagoons with a pH range 

of 4.5-5.95. 

Turbidity of all lagoons was low. Those values that were recorded are attributed to suspended 

fine particulate organic material derived mainly from peaty soils and with decomposition retarded by 
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the acid conditions within the lagoons. 

Na and Cl are the major ions in all of the lagoons most of which had a seawater order of ionic 

proportions. Exceptions were L. Garcia on one occas10n with a cation order of Na>Ca>Mg>K, and 

L. Cumberland, L. Mallana and and L Strahan on one occasion each with the ionic order 

Na>Mg>K>Ca. Faulty analysis is suspected for these occasions. L. Garcia displayed an aniomc 

order of Cl>HC03>S04 as did L. Bantic, L. Mallana, L. Strahan and Partmg Creek on one 

sampling occasion. In the majority of cases the enrichment by bicarbonate is accompanied by a rise 

in pH (>5.0). 

7.6.3 Biological Features. 

A number of lagoons have emergent stands of Eleochans sphacelata fnnging their shorelines 

or growing from other shallow areas. Tnglochmprocera is common in some lagoons, notably L. 

Garcia, Hibbs Lagoon, L. Strahan, and L. Mallana. The latter two lagoons were fringed by 

caespitose stands of Restw tetraphyllus, Baumea sp, Chonsandra sp., and also by Sphagnum 

spp. Chara was growing on the bottom of L. Bantic Generally the aquatic macrophyte 

commumty was restricted to a very narrow band around the littoral fnnge of most of the lagoons 

Appendix 14 lists the microcrustacean species found in the West Coast lagoons. The list is 

by no means complete but yet is a good representation of the microcrustacean species found there. 

Typically the true microcrustacean zooplankton commumty was monospecific consisting of 

Calamoecta tasmamca tasmamca. The exceptions were L. Bantic and L Garcia where 

Cerwdaphnia sp. was recorded in large numbers but subdominant to C. tasmamca In L. 

Cumberland the only planktonic species was Bosmma mendzonalis. B. mendwnalts also occmTed 

in Parting Creek as a subdominant to C. tasmamca It was of interest that this species was only 

recordedfrom the two artificial water bodies. Daphma was recorded only once, m L Mallana 

Chydorid species were either associated with the littoral macrophyte community or benthlc 

commumty with the total number of species varying from two to four Most belonged to Alona 

spp., Alonella sp. or Chydorus spp.. llyocryptus and Scapholebens were found in those 

lagoons with a fringing emergent aquatic macrophyte community In conti·ast Pseudomoma lemnae 

was most common in the more shallow lagoons experiencmg some astaticity and where the 

emergent macrophyte community was restii.cted to the central areas of the lagoon. The relatively flat 

shoreline is alternately exposed and inundated as water levels in these lagoons fluctuates 

7.7 DISCUSSION. 

7.7.1 Limnology. 

The West Coast lagoons are relatively deeper and less exposed to strong onshore winds than 

the North East lagoons, thus thermal stratification is more likely in those with sufficient depth and 

shelter such as L.Garcia, L. Bantic and L Mallana (Bowling et al. 1993), although strong transient 

temperature gradients may be present in others during calm summer conditions, as is frequent in 

dystrophic lakes (Jones & Arvola 1984; Bowling & Salonen 1990). 

The rapid attenuation of solar radiation characteiistic of dystrophic lakes leads to a sharp 

shallow thennocline in Lake Garcia. The colour and relative shelter from wind encourages early 

sti·atification in spiing and its perisistence until autmm1. This is in conti·ast to the clear waters of L. 

Bantic. L. Bantic, not dysti·ophic like its near neighbour L. Garcia, does not stratify untill later m 
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the summer, the clear oligotrophic waters of this lake not attenuating mcoming solar radiation to the 

degree as L. Garcia. 

The shallow lakes were isotheimal with bottom waters well oxygenated. The sharp drop m the 

OOz profile for L. Garcia ( 4/2/93) is attributed to the high biological Oz demand of a thin plate of 

flagellates and/or zooplankton in the metalimmon/thermocline. It is also possible that the increase 

or "bulge" in the D02 profile below the metalimnion/thermoclme is attributed to the photsoyntheuc 

activity of a plate of phytoflagellates. However this is thought not to be the case because of the low 

light levels at that depth. Microzonation by zooplankton is known from Tasmanian dystrophic 

waters. Copepod naupli and rotifers occur m the 1111xolimnion where they are concentrated in a 

narrow zone just above the oxic/anoxic interface (Miracle et al. 1991) In this instance the bottom 

waters of L. Garcia are still oxic and the zooplankton are thought to be concentrated in a narrow zone 

at the thermocline. 

Polymixis is common for coastal lagoons in the North East of Tasmania and in other areas 

(Timms 1969; Bayly et al. 1975; Arthington et al. 1986; Outridge et al. 1989), though Bowling 

et al. (1993) make the point that in Tasmama some lagoons (-i.e. L. Garcia) may be warm 

monomictic if depth and shelter are adequate (Bensink & Burton 1975; Green 1975; Longmore et al. 

1983; Kling 1986). As with Cape Portland No 3 on the North East Coastal plain, seawater may 

intrude periodically into Hibbs Lagoon. Compared to Cape Portland No 3, Hibbs Lagoon is deeper 

(7-8 m) so that it may be made meromictic for a period. In the case of Cape Portland No. 3 

meromixis is not thought to occur as the lagoon is very exposed to strong onshore winds and is very 

shallow (<1.5 m) so tliat any seawater would soon be mixed tfil·oughout the overlying water 

column 

The West Coast lagoons are considerably more dilute tllan those of the North East Coastal 

plain and also more so than tlJeir mamland com1terparts. The water chemistry of the West Coast 

lagoons is predominantly one of low salinity, moderate to high dystrophy, low pH and a seawater 

ionic order, as found by Bowling et al. (1993) These features dominate the limnology of western 

Tasmania, both coastal and mland, determined by the inertness of the underlymg Pre-Cambrian rocks 

and by a mantle of peat f01ming vegetation yielding organic acids (Buckney & Tyler 1973a, b). The 

chemistry of the Bruny Is. lagoons (Walsh et al., in press) and coastal lagoons on the East Coast is 

similar (Bowling et al 1993). Coastal lagoons on the North East coastal plain (Chapter 3) show 

higher proportions of calcium and bicarbonate than is usual for western lagoon waters along with 

higher pH's. This is attributed to the more calcareous nature of the Holocene dunes there in 

comparison to the relatively more siliceous Pleistocene dunes of the west coast. 

The limited seasonal coverage of the West Coast lagoons confirms the opinion of Bowling et 

al. (1993), for the West Coast at least, that though there is some variauon 111 water chennstry it is 

insufficient to change the general limnological character of the lagoons. i.e. the West Coast lagoons 

are stable in relation to their physicochenucal environment. This has implications for the general 

microcrustacean spatial habitat heterogeneity, ecology and diversity. 

7.7.2 Biology 

Microcrustacean species diversity was very low for the western lagoons. Only one species of 

calanoid copepod, C. tasmanica tasmamca, was present in these lagoons, though W. alsh ( 1991) also 

recorded Calamoecza australis from L Garcia and Gladwferens spmosus from Hibbs Lagoon 
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Cladoceran faunal diversity was also conespondingly low, consisting mainly of chydorids. 

Ceriodaphma was common in L. Bantic and L. Garcia where it was codominant or subdominant to 

C. tasmanica tasmanica. Bosmma mendwnalts was dominant in Lake Cumberland and also 

planktonic in character. 

Noted was the absence of ostrocods and harpactlcoids from the West Coast lagoons. This may 

be attributed to the paucity and low diversity of shallow littoral macrophytes and acidity of the 

lagoons. Though present in most samples, there were relatively few cyclopoids. Cyclopoids (and 

harpacticoids) in mainland Australian waters appear to prefer epibenthic or epiphytic niches; their 

scarcity or absence from the western lagoons may be a sampling bias towards planktoruc collections 

but this is unlikely. Hammond (1987) did not record any harpactlcoid species from the West Coast 

and from only two sites in the North West. It is also possible that with a more vigorous and 

frequent sampling regime of the narrow littoral fringe of the West Coast lagoons the microcrustacean 

species list recorded from these lagoons will be expanded. 

A possible explanation of low species diversity may be the simple aquatic macrophyte 

community found in the narrow littoral fnnge of these lagoons. Typically this commumty consists 

of a narrow band of Tnglochmprocera or Eleochans sphacelata. These plants morphologically 

are straight, unbranched stemmed and vertical, though the fronds of Triglochm procera may float on 

the surface. The low diversity in aquatic plants of differing morphology would provide a 

conespond111g low range in niche diveristy for the littoral cladoceran fauna 

A further mechanism to explain low species diversity is that the West Coast lagoons are stable 

habitats. The lagoons have a very narrow littoral fringe, are deep and relatively small in smface area 

and rainfall is year round. Therefore seasonal fluctuations 111 the hydrology of these lagoons do not 

affect their ecology to the same degree as the NE lagoons - i.e. a small change in depth is not 

associated with a large change in surface area and volmne, with a concomittant change 111 the 

physical and physicochemical environment This instability would facilitate the opening and 

closing of differing niches and spatial habitat heterogeneity. 

7.8 CONCLUSION 

Site species paucity of the microcrnstacean fauna is in marked contrast to the rich assemblage 

of rotifer fauna (Koste et al. 1988) and that of the microflora (Bowling et al. 1993; Tyler 1996), 

and is in contrast to that recorded for the dune lakes of NE Tasmania. The above named calanmd 

copepod species are all planktonic, whereas the diverse cladoceran fauna of the NE coastal plain 

generally live at the sediment water interface, bunow in the sediment floe or climb on emergent 

vegetation, i.e. they are littoral or epibenthic in habit or prefer shallow open vegetated waters. The 

lagoons of the West Coast have relatively large areas of open deep water, lack a well def111ed littoral 

zone, have relatively simple macrophyte communities, are deep relative to surface area and have 

stable waterlevels and relatively definite shorelines The high rainfall of the region ensures even 

shallow lagoons usually contain water Therefore niche diversity, and as a consequence species 

diversity, is low. 
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CHAPTERS 

LIMNOLOGY OF BRUNY IS LAGOONS WITH REFERENCE TO THE MICROCRUSTACEA 

(IN PARTICULAR BOECKELLA NYORAENSIS) 
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8.1 ABSTRACT 

The Bnmy Island lagoons house the rare copepod Boeckella nyoraensis. This copepod favours 

shallow, ephemeral waters of variable high to extreme dystrophy The Bruny Island lagoons are nch 

sites for other microcrustacean species and are significant lagoons, similar to those in the South 

WestWorldHeritageArea, and Fraser and Morton Islands They are located m close proximity to 

the sea and are on a siliceous substratum which contributes little in the way of ions by weathering. 

8.2 INTRODUCTION 

The occurrence of an extremely rare invertebrate fuat dommated the zooplankton assemblage in 

lagoons of Bruny Island is noted (Baharuddin 1978; Walsh 1991 ). The animal, Boeckella nyoraensis 

Searle (Copepoda:Calanoida) is described in Bayly (1964b, 1979). The organism is endemic to 

Australia and has been recorded only sparsely (Bayly 1979) 

It is a rare species first found m 1912 by Searle (Bayly 1964b) in Nyora near Westernport 

(Victona) and since recorded only in a coastal lagoon on the south eastern Australian mainland 

(Timms 1977) and from D'Arcy's lagoon (Bruny Is ) by Baharrudin (1978). However in a recent 

taxonomic survey of the calanoid copepod fauna of Tasmania, Walsh (1991) recorded this species 

from four of five sites investigated on Bnmy Island. Identification was verified by Dr. I. A. E. 

Bayly (Monash Um. pers. comm.). 

The aims of this particular study were to compare limnologically, the lagoons of the North 

East and the West Coast with Bruny Island, to give some insight into the ecology of Boeckella 

nyoraensis. 

8.3 STUDY SITES 

Bnmy Is. is an elongated landmass, lying nortl1-south, separated from the Tasmanian mainland 

by a narrow stretch of coastal waters occupymg fue drowned former course of the Derwent River. 

Bruny Is. is in essence two separate islands connected by a tombola produced by longshore drift 

forilllng a long narrow spit of siliceous dunes, within which are found a series of coastal lagoons 

(Figure 8.1). 

The dune system of the isthmus is poorly developed consisting of little more than a frontal 

dune beach ridge system. To the north of the isthmus this system branches with Adventure Bay 

possessing a single high foredune forming one limb of a bisected dune beach ridge system. The 

other limb is formed by the northernmost beach of Isthmus Bay. Adventure Bay has a well 

developed dune system to the north of the isthmus behind fue frontal dune system whereas the 

isthmus is poorly developed. These ridges and tl1e two arms of fue foreclune system fmm a barricade 

to a lagoon-marsh complex (Plate 18). 

The vegetation ranges from colonising grasses on tl1e dunes, through low Banksia dominated 

shrub to small pockets of mature Eucalyptus and Melaleuca in the swales. The area around Big 

Lagoon is predominantly heafu Adjacent Cape Queen Elizabefu, forilllng part of the catchment, is 

mainly grassland and herbfields. 

Almost all of the dominant species of aquatic plants were emergents. Most of these lagoons 

have extensive emergent stands of Tngloclnn procera R Br (Juncagenaceae), notably D'arcys 

Lagoon. Bains Lagoon ai1d Big Lagoon have such stands flinging their shorelines or growing from 

shallow areas (Plate 19). 
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Plate 18. Looking south-west along Adventure bay beach. Big Lagoon (Plate 19) centre; "the neck" , left 

centre; Little Lagoon, right fore ground. 

Plate 19. Big lagoon, Bruny island, looking south-east from the northern end of lagoon. 



100 

I 

/ 
/ 

-
,,,.

/ 
I 

l /\. \ 
' \ I 

r:; -'-...- /\ I I 
~ I I 
\I J 

.• I 1 I 
. I J I 

II I 
I I 
I I I 
(/ 100 

(/ 
I 1 
I 70 
\ 

50 

Figure 9.1. Coastline of Tasmania duting the Last Glacial. The lOOm isobath approximates 

the maximum loweri'ng of sea level during the height of the Last Glacial. The area within the 
lOOm isobath formed a peninsular landbridge to mainland Australia. 



Big Lagoon has an extensive flat low lying shoreline vegetated with Baumea sp., Juncus 

paUidus and Potamogeton sp , which is frequently mundated by a variable water level. Big 

Lagoon is the only site that contams water year r01md, and has an extensive emergent stand of 

Triglochmprocera in deeper waters (Plate 19). 

Little Lagoon, a shallow depression, is only 20 m from Big Lagoon and is separated by a 

small rise 2 m in height. Little Lagoon is 1 m higher in elevation than its larger neighbour. Little 

Lagoon is little more than a small sandy hollow with no aquatic macrophyte vegetation It is usual 

for this water body to contain water only dunng the wmter season or following ram events in 

summer. 

Gibbs Lagoon is ephemeral witl1 caespitose stands of Melaleuca scrub emergent from the 

lagoon and with extensive fringes of Juncus and Baumea. Gibbs Lagoon is actually an extremely 

shallow senes of small ephemeral lagoons, draimng an extensive marshy area, that join together 

forming one body during winter. In summer, with a drop m the water level, a series of shallow 

open pools develop that may completely dry by summers' end. Like Big and Little Lagoons it is 

subjected to the vicissititudes of unthinking recreational enthusiasts. 

Bains lagoon occupies a small hollow and is located witlun a corridor between old low lying 

dunes. This lagoon is tl1e most disturbed, being all but destroyed by the construction of a road 

adjacent to it. Much of the lagoon has been filled by tl1e road works. In addition much of the 

catchment has been cleared and converted to pasture. The lagoon is shallow and ephemeral with 

shrubby trees surrounding or covering the remnants of the waterbody. Bruns Lagoon is choked with 

Mynoplullum sunulans and has areas of Juncus pallidus, Villarsia remjormis and Jsolepis 

flwtans (Potamogetonaceae) Much of the surrounding littoral macrophyte vegetat10n shows 

evidence of disturbance by livestock. 

D' Arcys lagoon is second in size to Big Lagoon It differs markedly from the latter in being 

ephemeral in particularly dry years, occupying a large low lying shallow basin with no to little open 

water when inundated and is completely covered with Triglochin procera, Lepuiospenna 

longitudinale, Juncus articulatus (Juncaceae) and Juncus procerus (Juncaceae). In dry years it 

resembles little more than a reedy hollow. Like Bruns lagoon it is subject to agricultural disturbance 

by livestock, but more importantly, its major drainage inlet has been dammed to provide a h vestock 

watering hole, depriving the lagoon of a major water source. There is also the potential for 

destruction of tlie extensive macrophyte beds by livestock in dry phases of tlie lagoon, in addition to 

possible eutrophication Damage occurs by selective grazing and trampling of the macrophyte 

vegetation and also tlie introduction of exotic species in tlie outer parts of the littoral fringe. Unlike 

native marsupials, the hard hooved introduced grazers heavily disturb tlie ground surface and 

sediments of the shallows, increasing water turbidity, and aiding in the tlie spread of exotic 

macrophyte species many of which are opportunistic colonisers. Tnglochm procera is one 

dominant species that is often temporarily eliminated to tlie deptli to which cattle are capable of 

grazing (Kirkpatrick & Harwood 1983). Fire may also eliminate tl1e littoral macrophyte vegetation 

when tlie lagoons dry, at least in tlie short term. Nothing is really known of the effects this would 

have on tlie resting stages of tlie aquatic microfauna. 

8.4 METHODOLOGY 

The lagoons were visited several times dming tlie period 1988-1992. Unpublished information 
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for 1977 was obtained from Baharudin (1978). Additional information is used from Bowling et al. 

(1993). 

8.4. l Biological Collections 

Zooplankton samples were collected by single or several oblique tows by hand held 20µm or 

200µm conical plankton nets in Big Lagoon. All other lakes sampled were too shallow to conduct 

plankton tows. Instead samples were obtained by hand held plankton nets passed through the 

shallows. All collections were preserved in 5-10% formalin, pending identification. Nets were 

washed thoroughly before and after the sampling of each site in an effort to reduce the possibility of 

contaminants in the samples obtained. 

Identification of the cladocera and copepods, and disarticulation methodology is discussed in 

greater detail in Chapter 2. 

8.4.2 Physicochemical Collections 

Water samples were collected in opaque plastic bottle in open water from the littoral fringes of 

each lagoon at 20-20 cm depth. Methodology used in physicochemical measurements is listed in 

Chapter2. 

8.5 RESULTS 

8.5.1 Morphometric 

All the sites were shallow, astatic, dystrophic, coastal lagoons, close to sea level and occupy 

deflation hollows located in siliceous dw1es. The study sites differ physiognomically (Table 8.1) 

rangmg from large relatively exposed lakes to small ephemeral ponds, from depths of 2 m to <0.5 

m, from open water bodies to those dominated and covered by emergent macrophytes. Geomorphic 

and physiognomic data was obtained from topographic 1:25,000 maps of the island and from on site 

observations. 

Table 8.1 Physiognomic features of sites studied. 

Site ~ Environs Area (ha) Zmax(m) 

Big Lagoon lake sandy lowland between frontal & mland dunes 57.8 2.0 

Little Lagoon pond sandy deflation hollow 3 1 <1 0 

Gibbs Lagoons swamp sandy lowland between frontal dunes 54 0 <0 5 

Bams Lagoon swamp lowland between inland dunes 1.4 <0 5 

D'arcys Lagoon swamp vegetated lowland behind frontal dunes 17.5 1 0 

8.5.2 Physicochemical 

Lagoon Sediments: In situ observations on exposed bottom sediments during dry phases of 

Gibb's and D'Arcys lagoons, indicated both possessed a high organic matter content, resembling dark 

organic ooze. This is attributed to the extensive and intense macrophyte cover contributing a high 

amount of autochthanous plant material to the surface sediments. Sediments in Big and Little 

Lagoons had lower amounts of organic matter and were noticeably lighter in colour and sandier in 
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texture. Little Lagoon was noticeably sandier than its close neighbour Big Lagoon. In Big Lagoon, 

areas of moderate depth(> 1 m) were sandier than and had less organic matter than shallower, more 

frequently exposed areas on the western and southern fnnges of the lake The differences in Big 

Lagoon are attributed to the lack of aquatic macrophytes away from the littoral fringe which would 

have contnbuted autochthanous organic matter to tl1e surface sediments. 

The lagoons were too shallow to measure the underwater light climate, but these may be 

inferred from g440 values and from comparisons with other non-turbid dystrophic waters The 

lagoons would have a predominately red underwater light climate with spectral distiibutions sirmlar 

to many dystrophic Tasmanian lakes (Bowling et al. 1986). 

The limited results indicate that there is some variation in water chemistry within the 

respective water bodies with temporal variation in water level. The total salt in solution and its 

concentration may vary greatly as water volume changes occur in these closed astatic lagoons (Cole 

1968). This is evident in K15 values obtained for the lagoons (Appendix 15). Changes in 

relative iomc composition that accompany evaporation within basms have been described by 

Hutchinson (1957). Different ions precipitate out of solution at different rates as tl1e lagoon diies 

via evaporation during the sUilllller season (Williams 1987) - i e relative ionic proport10ns change 

as the lagoons dry -e.g. Gibbs Lagoon. However Bowling et al. (1993) believe such seasonal 

variation m Tasmanian coastal environments is insufficient to change the general limnological 

character of a lagoon. Nevertheless the results obtained mdicate that such changes may occur 

particularly with regard to pH and degree of dystrophy (Appendix 15) .. 

The concentrations of major ions are given m Appendix 15. The order of cat10mc 

dmninance in all lagoons was Na+>Mg2+>ca2+>K+ and anionic dominance was Cl>So42-

>HC03 - except Little Lagoon (23/ 12/92) where dominance was Na+>ca2+> Mg2+>K+, and on one 

occasion Bains Lagoon (23/12/92) where Na+>ca2+>K+>Mg2+. The Na+>Mg2+>ca2+>K+ 

pattern of cationic dominance is common to coastal lakes elsewhere in Australia (Bayly 1964a, 

Bayly & Williams 1973; Bowling & Tyler 1984; Bowling et al. 1993; Timms 1973, 1982). 

Anionic dmninance in Bains and Gibbs Lagoons respectively also displayed some temporal variation 

with Cl>HCo3->S042- and S042->Cl>HCo3-recordedon one sampling occas10n but not on 

others. This variation may reflect a seasonal difference depending upon time of year of sample 

collection. 

pH values ranged from 4 42 to 7.9 witl1 most circum-neutral. Gibbs Lagoon was acidic with 

little variation in pH and resembles the acidic and bicarbonate impoverished lakes of Fraser Island 

(Bayly 1964a). Big Lagoon, Bains Lagoon and D'Arcys Lagoon were all circum-neutral with the 

later two lagoons displaying some temporal variation. Little lagoon was the most alkalme These 

neutral levels are probably maintained by tl1e moderate salinities with concomitant moderate 

concentrations of bicarbonate providing buffering even in tl1e presence considerable amounts of 

gilvm. This phenomenon has been reported from otl1er coastal lakes in Australia (Timms 1973, 

1977) and also from the Bass Sti·ait Islands (Bowling & Tyler 1984) and from Tasmania (Bowling 

etal. 1993). 

8.6 DISCUSSION 

8.6. l General Discussion 

Only Big Lagoon had open water deep enough to permit sampling for pelagic zooplankton. It 
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is interesting that this lake was found not to contain B. nyoraensis. ril a study of the calano1d fauna 

of Tasmania (Walsh 1991), the large size of this species relative to all others recorded in the survey 

was immediately apparent. Cole (1966) in a study of calanmd copepods from permanent and 

temporary ponds found that cephalothorax lengths were greater in in the temporary ponds than in the 

permanent pond populations. Cole cites reasons for this as being either genetic and/or the result of 

superior food supply in temporary ponds. Humic compounds m dystrophic waters such as coastal 

lagoons may provide an energy source for the zooplankton (Prakash et al. 1975; Bayly 1964a, 

Salenon & Hammar 1986). It is noted that the lmmic content of these lagoons on Bruny Is. as 

measured by g440 are amongst the highest recorded for freshwater lakes. In addition, predation of 

large individuals by planktivores might select for the smaller individuals or species in permanent 

ponds (Brooks & Dodson 1965; Gardner 1981) This is put forward as a possible explanation for the 

absence from Big Lagoon which in the past has been stocked with trout. Trout, though not obligate 

planktivores and visual feeders, would readily remove a large brightly pigmented calanoid such as 

Boeckellanyoraensis (Hairston 1981; Byron 1982). The red colour is due to the presence of 

carotenoid pigments and its esters (Hairston 1976). 

The conservation status of B. nyoraensis is inadequate. Horwitz (1990) lists the I.U.N 

category of this species as rare (R), yet nothing is known as to its life cycle, habitat requirements, 

biogeographical range and general ecology. This species is worthy of further investigation as to the 

above pomts. On the basis of the lack of information pertaining to tllis species and disturbance and 

threats to its current habitat locations, it is proposed that the I.U.C.N. category of this species be 

changed from rare (R) to unknown (K). 

Table 8.2 

Site 

Big lagoon 

Little Lagoon 

Gibbs Lagoons 

D'arcys Lagoon 

Bains Lagoons 

B. nyoraenszs 

no 

yes 

yes 

yes 

yes 

status of site 

mtroduced salmomds, visited by fishermen, duck 

shooters and subject to recreational velucles 

subject to recreational vehicle. 

subject to recreational vehicles 

subject to agnculture activity and dramage 

almost destroyed by roadworks and agncultural activity 

Water levels of tl1ese lagoons fluctuate considerably and as a result of these fluctuations 

shorelmes are rather indefinite, dependent upon season and severity of the summer Such 

fluctuations are determined by rainfall-evaporation relationships and the internal seepage patterns of 

the lagoon basin and catchment. 

It is the exposure of the littoral fringes and shallows of these astatic-ephemeral lagoons that 

allows most disturbance to occur with the enthusiastic incursion of recreational vehicles and the 

other agencies described (Table 8.2). 

Of those sites in which B. nyoraensis is cunently found, only one is in Crown Land game 

reserves, Little Lagoon. This lagoon is only some 70 m from the largest of the lagoons, yet its 

absence from Big Lagoon being attributed to the presence of introduced trout, coupled witl1 tl1e lack 
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oflittoral macrophyte vegetation during periods of low water level which may provide a refuge for 

such organisms. Conversely it may be that B. nyoraensis reqmres periodic drymg and reinundatlon 

of its habitat to complete its life cycle, explaining its presence in the ephemeral lagoons and not Big 

Lagoon 

Besides housing the rare copepod, B. nyoraenszs, the Bruny Island lagoons contained a number 

of unidentified amphipod, ostracod, cyclopoid and harpacticoid species found particularly amongst 

aquatic macrophyte weedbeds. Bwpertura cf setigera was recorded from D'arcys Lagoon. Alonella 

sp. and Chydorus sp. from Big Lagoon. The calanoid copepod C. australzs was also present in 

D'arcys Lagoon and Bains Lagoon, and C. tasmamca in Big lagoon and Gibbs Lagoon. 

The microcrustacean diversity observed in this study should be treated with caution. The 

spatial variation between samples from different weedbeds, the lack of both replicates and truly 

quantitative sampling of lagoons, linnt the value of the observations obtained. The abundant 

epiphytic growth in the weedbeds is likely to be a significant source of food for littoral 

microcrustaceans, as is fine particulate organic matter released from decomposing macrophytes. It is 

likely that the diversity of microhabitats and food sources occurring within the weed bed habitats 

contributes to the species richness of microcrustacean connnunities in the study area. Shiel (1976) 

discusses the concept of spatial microhabitat separation, where nncrocrustacean species are restricted 

to localised areas of a weedbed habitat or to particular weedbeds because of their differing food 

requirements, or because of their ability to move over or through a particular substrate It is 

possible with greater frequency of sampling and a more ngorous sampling techniques that more 

species would be recorded from these lagoons. 

8.6.2 Limnology 

The Bruny Island lagoons are too shallow and exposed to strong onshore winds to allow for 

thermal stratification. The lagoons are polymictic and those with extensive open waters may be 

turbid with resuspension of bottom sediments. None of the lagoons has direct connection to the sea 

so water chemistry is principally one of moderate salinity, acidic to circum-neutral pH with Little 

Lagoon relatively alkaline, moderate to extreme dystrophy and a seawater ionic character. Most have 

an indeterminate shoreline attli.buted to the varying volume of the respective lagoons dependmg upon 

the time of year. 

Gilvin (g440)- the intense colouration of the water in D'arcys Lagoon and Gibbs Lagoon is 

mainly autochthonous in origin and is attii.buted to the macrophytic growth within the lagoons 

Little Lagoon's dystrophic nature is more characteii.stic of sedgeland waters of Western Tasmania 

(Buckney & Tyler 1973b) With almost no aquatic macrophyte vegetation to contribute to hUilllc 

material, the dystJ.·ophic nature of this lagoon is derived from allochthanous DOM from the 

surrounding coastal heath and sedgeland 

Bowling et al. (1986) classified lakes witl1 g440>c. 10.0 m-1 as highly coloured waters and 

on this cntena then all of the Bruny Is. lagoons fall into tlus category with several extremely 

dystrophic or 'blackwater'. Temporal vmi.ation in colour is apparent, particularly for the more 

ephemeral Gibbs, D' Arcys and Bains lagoons. Big Lagoon does not show the same degree of change 

as the others due to its larger volume and permanent nature. Bowlmg et al. (1986) and Bowling et 

aL (1993) made the point that in Tasmanian inland waters there was msufficient colour variation 

within a waterbody to change its classification. This may be true for inland permanent standing 
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bodies of water, but for ephemeral and astatic coastal freshwaters, it appears colour may vary by an 

order of magnitude. Such change is attributed to leaching of allochthanous DOM following rain 

events and a varying volume of water within the lagoon basin. 

8.7 CONCLUSION 

The presence of Boeckellanyoraensis in the Bruny Is. lagoons is attributed to the high levels 

of DOM. Similarly its presence in the highly dystrophic Cape Naturaliste lagoons (Chapter 4 & 6) 

is further evidence that this species favours shallow, ephemeral waters of variable high to extreme 

dystrophy. Limnologically, morphometrically and hydrologically the Bmny Is. lagoons are similar 

in many respects to the dystrophic Cape Naturaliste lagoon of North "East Tasmania. 

Besides housing this rare copepod, the Bmny Island lagoons are rich sites for other 

microcmstacean species and are significant lagoons, similar to those in the south west World 

HeritageArea, and Fraser and Morton Islands having in common the fact they are located in close 

proximity to the sea and on a siliceous substratum which contributes little in the way of ions by 

weathering (Bayly 1964a). Much has been made of the ecological significance and the biota 

contained within of the lake districts of Fraser Is. (Bayly 1964a; Bayly et al. 1975; Arthington et 

d. 1986); Stradebroke Is. (Bensink & Burton 1975; Lee-Manwar et al. 1980). Yet tlie ignorance 

and lack of interest by researchers in the diversity, richness of tlie microinvertebrate fauna of 

Tasmanian waterbodies is very apparent by the deartli of published material available. 

75 



CHAPTER9 

AQUATIC MICROCRUSTACEAN BIOGEOGRAPHY OF FRESHWATER COASTAL DUNE 

LAKES OF NE TASMANIA 
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9.1 ABSTRACT 

Disjunct population distnbutions of freshwater microcrustacean species in NE Tasmania and 

southern Australia may be explained by Miocene and Quaternary paleoclimatic change, a 

concomitant change in the hydrological/limnological environment and existence of the Pleistocene 

peninsular landbridge between Tasmania and south eastern Australia 

9.2 INTRODUCTION 

The biogeographical relationships between the microcrustacean fauna of the dune lakes of NE 

Tasmania are explored in relation to the fauna from the coastal dune lakes elsewhere in Tasmania and 

also with southern mainland Australia and the Bass Strait Islands. 

9.3 DISCUSSION 

Biogeography must be based on sound taxonomy and on reliable collect10ns. Such expertise 

in microcrustacea is sull not widely available in Australia (Green & Shiel 1992), and the state of 

taxonomy for many cladoceran groups is in some confusion. This places limitations on many such 

ecological studies and surveys including the present one For example, rapid changes of community 

dominants can occur in in a matter of days or less as condiuons change (Boon & Shiel 1990). 

\Vhile the zooplankton community is sensitive to and responds to environment changes, their use as 

indicators of change (natural or man-made, long or short te1m) depends on a good systematic 

knowledge Generally the zooplankton community of the NE lagoons investigated is dominated by 

C. tasmanica tasmamca, C. gibbosa gibbosa, or by Daphmopsis The littoral community is 

dominated by Chydorids, Cenodaphnia and Simocephalus 

Calamoeciagibbosa was origmally described from Tasmania m 1950 from Lake Dulverton. 

Subsequently it was recorded from eastern Tasmania, Bass Strait Islands and the far south east of 

South Ausu·alia A different form of this species was recorded from Western Australia and given 

subspecific status as Calamoecia gibbosa newmannensis (Bayly 1979), while the Tasmanian form 

is known as Calamoecia gzbbosa gzbbosa. Bayly (1979) proposed that C. gzbbosa extended along 

much of the southern margin of Australia during more pluvial times, and with tl1e onset of aridity 

these became isolated into eastern and western groups This vicariant geographic isolauon in the 

Pleistocene led to genetic divergence resulting in the marked phenotypic differences of the two 

subspecies. 

A parallel situation exists for Calamoecza tasmamca. This species was first described from 

Bruny Island, Tasmania by Smitl1 (1909) and subsequently recorded from freshwater coastal dune 

lakesandacidic-humicinland waters of Tasmania, the Bass Strait Islands (Walsh 1991) and the 

eastern coastal regions of mainland Ausu·alia. Forms of this species occur in W estem Australia and 

on the basis of several morphological distinctions the eastern (C. tasmanica tasmamca) and western 

Australian (C. tasmanicasubattenuata) f01ms are separated subspec1fically (Bayly 1979,1984). 

The subspecific divergence of C. tasmamca and C. gibbosa of eastern Australia from the WA 

populations may be explained by past climate change (Bayly 1984). Some 20 million years ago in 

the early Miocene, the southern regions of Australia experienced a humid chmate tliat penetrated far 

inland (Bowler 1982). Extensive freshwater lakes would have existed where salt lakes now 

dominate. Bowler (1982) considered tlie climate sufficiently moist to allow tlie lakes to exist year 

round. Such a climate would encourage populations of freshwater calanoids across southern 
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Australia. By the late Miocene, 6 imllion years ago, climate change with pronounced and intense 

seasonal aridity along southern Australia, separated the east-west continuum into two segments. By 

the late Pliocene, 2.5 million years ago, the present climate of Australia had developed and by one 

million years ago central Australia was dry (Bowler 1982). There was a penod during the late 

Pleistocene with a return to similar pluvial conditions described for the early Miocene 

Bayly (1984) regards the Western Australian populations of C. gzbbosa as rehctual, and a 

product of vicaiiant geographical isolation. The situation for C.tasmamca tasmamca m east 

Australia and C. tasmanicasubattenuatta in the west, while not unlike that of C. gzbbosa, is more 

complex (Bayly 1979). 

The separation of the Tasmanian freshwater calanoid copepod populations from the Australian 

mainland may be explained similarly Tasmania is separated from Australia by Bass Strait. The 

strait is approximately 250km wide and less than lOOm deep (Figure 9.1). During the late Tertiary 

and the Pleistocene there were a number of Ice Ages with marked oceanic eustatic changes. In 

glacial and interglacial periods levels reached up to 200m below and 40m above current sea level 

(Galloway & Kemp 1981) Dming periods of lowered sea levels there would have been a land 

connection between Tasmania and Australia Thus the flooding of Bass Strait would act as a 

vicariant event, and the exposure of the Strait would offer a mechanism for dispersal (Horwitz 1988). 

Dunng the last major global Ice Age between 75,000 ai1d circa 10,000 years BP, sea levels 

were probably 100-120m below present levels (Jennings 1971; Galloway & Kemp 1981). During 

this period Tasmania would have been the southern most part of a pemnsula linked to mainland 

Australia by a land bridge (Figure 9.1) The coastal north eastern portion of Tasmania would have 

formed the southern fringe of a large continental sandy plain of low relief with occasional gram tic 

outcrops, which is now essentially the floor of Bass Strait 

There is some evidence to suggest that wind conditions at this time were stronger than those of 

today (Bowden 1983), resulting in aeolian mobilisation of these contmental sand plams and in dune 

formation. These would have been conditions similai· to that which occurs in central Australia today 

On the basis of contemporary patterns, rainfall is more predictable and abundant in coastal 

regions. It is fair to assume that this phenomena occun·ed in the Pleistocene m coastal margms of 

southern Australia. De Deckker (1986) suggested that a chain of lagoons along the coastal margins 

would have provided a refuge for aquatic biota from increasing aridity. Lunettes, swamps and 

lagoons would have formed in the swales and gutters of the longitudinal dunes at the coastal margms 

of this sandy continental plain (i.e. Bass Strait). Such a system would have provided a corridor for 

the coastwise movement of some component of the aquatic biota from Australia to Tasmania and 

vice versa. 

The question of how the aquatic nucrobiota would have crossed the now exposed Bass Strait 

may be answered by passive diffusion (Pielou 1979) of resting stages by wind and waterfowl over a 

period of many generations. Inland, the arid conditions expe1ienced by this continental sand plain 

would lend to the possible fonnation of saltpans and lunettes that would favour more halob10nt 

species such as C. clitellata, Daplmiopsis australzs and Daphmopszs puszlla. 

Together these wetlands provided a contmuum of habitats from Tasmania to south eastern 

Australia for the freshwater fauna. Witl1 the change in climate and marine transgression of Bass 

Strait circa 10,000 BP, the populations of freshwater calanoids and cladocerans were separated into 

now disjunct distributions with the soutl1ern Australian mainland fauna, that of Bass Su·ait Islands 
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and that of north east Tasmania. 

The pronounced precipitation gradient from west to east across Tasmania is due to orographic 

rainfall from moist westerly air streams intercepted by the west coast highlands. When sea level was 

lower than that of today, Bowden (1983) and Colhoun (1978) argued that the west coast ranges, due 

to increased elevation relative to sea level, would have increased the precipitation gradient. This, 

coupled within increased continentality due to drainage of Bass Strait, would have increased the 

aridity of north eastern and eastern Tasmania, as this would have removed the source of moisture for 

the north westerly circulation patterns whose winds today bring seasonal and occasional rains to 

northeastern Tasmania. In addition, intense low pressure systems that currently move eastwards 

through Bass Strait and also bring moisture to nortl1 eastern Tasmania would have been similarly 

affected(Bowden 1983) 

The increased aridity and pronounced seasonality in rains of eastern Tasmania as a whole during 

this period of the Pleistocene would be reflected in the increased ephemerality, salinity and astaticity 

of the coastal freshwater dune lakes and lagoons, and in the inland shallow wetlands, swamps and 

lakes of eastern Tasmania dming this period All of which would have favoured the spread of 

halobiont species and those with lifecycles adap~ed to temporary waters. 

It is of interest that today in the lowland lakes (both coastal and inland) of eastern Tasmania 

the cladoceran and calanoid copepodfaunais dominated by species that possess strong seasonality 111 

their respective life histories and possess life cycle strategies to cope with seasonal temporary waters 

(Walsh 1991). 

9.4 CONCLUSION 

Thus the flooding of Bass Strait as sea level rose would act as a vicariant event, while the 

exposure of the Strait offered a mechanism for passive dispersal (Horwitz 1988) by diffusion of 

resting stages over a penod of many generations. Based on current population distributions and the 

relative abundance of B. nyoraensis, C. gibbosa and C. austrahs 111 Tasmania relative to mainland 

southern Australia the following questions arise: 

(1) Did these species spread from Tasmania to the southeastern region of mainland Australia, with 

C. gibbosa then extending from there to W estem Australia? 

(2) Did these species and C. tasmanica tasmanica extend from southeastern continental Australia 

into Tasmania via the Bass Straitlandbridge? 

(3) Or are these relict populations? 

Based on the prevalence of C. gibbosa in Tasmania and paucity of distiibution records for 

southern Austi·alia it is more likely tliat first option is ti·ue for this species. Conversely, due to the 

extensive distribution of C. tasmamca on the eastern Australian seaboard and across southern 

Australia, this species is felt to have dispersed to Tasmania from the mainland. Similarly, the most 

likely scenano for the halobiont species of Daphnwpsis alXl C. chtellata is also that they came 

across from southeastem continental Australia 111to Tasmania via the Bass Strait landbridge 

When the above species appeared in Tasmania is open to conjecture . These species are widely 

distributed over their respective ranges from Tasmania to southern Austi·alia. The land connection 

between Tasmania and the mainland has been broken and restored on numerous occasions since the 
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Miocene. There have been up to nine glacial-interglacial episodes in the Quaternary with periods of 

low sea levels. The inundation of Bass Strait would have divided the above fauna into two vicariant 

populations. Exposure of Bass Strait would have re-established contact allowmg gene flow between 

the two previously isolated populations. Successive appearances and disappearances of barriers (i.e. 

vicariant events) may lead to the concentration of numbers of species in the centre of the common 

range; in some cases however, as a result of local extinctions, the greatest number of species occur 

in some peripheral areas (Banarescue 1990). This may explain the high microcrustacean species 

diversity of the north east lagoons and of the calanoid copepod fauna for Tasmania as a whole, 

compared to mainland Australia. 

The paucity of records for many of the other microcrustacean species, due to poor taxonomic 

resolution and the few individuals working in this field, make comment on the remainder of the 

species difficult. 

The lagoons of north-east Tasmania provide a good hnmological subset of coastal freshwater 

body types in Tasmania. These lagoons are nch in diversity with biogeographical affinities to 

southern-eastern Australia and Western Australia. The lagoons of the north east coastal plain differ 

biologically in microcmstacean diversity from other freshwater coastal dune waterbodies of 

Tasmania. 
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CHAPTER 10 

SYNTHESIS OF DISSERTATION 
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10.1 GENERAL DISCUSSION 

This thesis documents a reconnaissance of coastal freshwater lagoons, providing baseline data 

for further work highlighting the importance of this otherwise little known "class" of freshwater 

bodies. Coastal freshwater lagoons from several localities around the Tasmanian mainland were 

investigated as an holistic study of the limnology and microcrustacean ecology of this relatively 

neglected group of Tasmanian waterbodies. The Bass Strait Islands were investigated but results are 

not detailed here. 

The main objectives of tlus study were: 

(1)- to describe the microcrustacean fauna of freshwater coastal dune lakes from 

Tasmania and offshore islands. 

The Microcrustacean fauna of freshwater coastal dune lakes from Tasmania and off shore islands 

are described in Chapter 4, Chapter 7 and Chapter 8 The study demonstrated that the 

microcrustacean species occuning withm the coastal lagoons of the North East Coastal plain form 

a very rich assemblage in comparison with tl10se of other areas of Australia. This is probably due 

to the marked seasonal vaiiation in tl1e aquatic environment of this region brought about by the 

winter rainfall maximum and summer minimum. High species diversity is associated with seasonal 

drying. The hydrological regime is similar to the "Wet and Dry" of tropical monsoonal North 

Australia The expai1sion of the aquatic environment in the "Wet season", with the associated 

proliferation of aquatic macrophytes, creates a wide range of physical habitats for littoral 

microcrustaceans. 30 cladoceran species and 4 copepod species were from littoral habitats. 

Littoral spatial and temporal habitat heterogeneity is influenced by seasonally fluctuating water 

levels, particularly within the aquatic macrophyte commumties of the more shallow, extensively 

vegetated lagoons. Seasonal changes in the aquatic physical and chellllcal environment influence the 

microcrustacean communities and possibly follow similar yearly patterns. 

(2)- to investigate the physicochemical limnology of permanent, markedly astatic 

and ephemeral lagoons. 

The physicochemical limnology of permanent, astatic and ephemeral lagoons is described in 

Chapter 3. Limnological reconnaissance of the North East Coastal plain revealed most of the 

lagoons to be shallow, polymictic, of variable dystrophy and to have extensive growths of 

submerged and emergent macrophytes Seasonal changes m conductivity due to evaporative 

concentration followed by dilution during rainfall were evident rn tlie shallower wetlands. Most were 

fresh to slightly saline. Imrie composition was dominated by Na+ and c1- . The majonty of 

lagoons were circum-neutral and reflect the influence of the calcareous sand; these conditions were 

silllllar to those in lagoons on the Bass Strait Islands, but in contrast to the dystrophic lagoons of 

the West Coast and Bruny Island, located on vegetated and stable siliceous dune systems. 

The dune lakes of the north eastern coastal plain of Tasmania are similar in mode of origin and 

age to other coastal freshwater dune lakes in Tasmania. However, these dune lakes differ in that they 

are markedly astatic relative to most Tasmanian lagoons. Water levels of these lagoons fluctuate 

considerably and as a result shorelines are rather indefinite, dependent upon basin morphometry, 

season and severity of tlie summer. Water levels are determined by rainfall-evaporation relationships 

and the internal seepage patterns of the lagoon basin and catchment. The lagoons of North East 
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Tasmania could be separated into 3 groups (permanent, astatic and ephemeral) based on limnological 

properties as influenced by their respective hydrological regimes. In this they are similar to the 

lagoons of Bruny Island (Chapter 8). 

(3)- to investigate the role of permanent and seasonal lagoons in supporting 

different microcrustacean species/communities 

Limnologically each lagoon is a dynamic system that may vary m many ways from even its 

nearest neighbour (Chapter 5). Each lagoon is distinguished by a combination of features, including 

landform, morphometry and chemical composition of its waters, which are a result of short and long 

term environmental changes. The seasonality of the lagoons has important ecological implications 

for the invertebrate faunae of these waterbodies. 

Permanent and seasonal lagoons supported differing nucrocrustacean species and communities 

(Chapter 6). The taxonomic diversity of the microcrustacean community may be viewed as a 

paradox analogous to the "paradox of the plankton" identified by Hutchinson (1961), who showed a 

conti·adiction between theoretical population ecology (principle of competitive exclusion) and 

empirical data (plankton generally comprise a large number of species, occupying the same ruche) 

The paradox of high species diversity m this instance may be solved similarly. For competitive 

exclusion to occur, the competing populations are reqmred to operate withm constant envuonmental 

conditions. However the littoral environment is disturbed in different ways (temperature, turbidity, 

fluctuations in water chemistry and water level, variable conductivity) on a time scale short enough 

to alter the habitat of competing microcrustacean populations before competitive exclusion occurs. 

Additional mechanisms such as diffenng life cycles, mortality rates, predation, growth rates and the 

occurrence of littoral microhabitats all encourage co-existence of populations. The spatial and 

temporal stiucturing of planktonic commumties into microzones of different niches would further e 

complement the parallel existence of different populations. 

Each lagoon differs from its closest neighbour in the commumty response to environmental 

cues experienced in each lagoon. The NE shallow coastal lagoons are dynamic systems m a constant 

state of flux. In contrast, the lagoons of the West Coast can be differentiated from the North East 

lagoons in species diversity and habitat stability (Chapter 7). 

The West Coast lagoons have relatively large areas of open deep water, lack a well defined 

littoral zone, have relatively simple macrophyte communities, are deep relative to surface area and 

have stable water levels and relatively definite shorelines The high rainfall of the region ensures 

even shallow lagoons usually contain water. The "stability" of the lagoons reduces temporal and 

spatial habitat heterogeneity Therefore niche diversity, and as a consequence species diversity, is 

low. Site species paucity of the microcrustacean fauna is in marked contrast to that recorded for the 

dune lakes of NE Tasmania. The West Coast calanoid copepod species are planktonic, whereas the 

diverse cladoceran fauna of the NE coastal plain generally Ii ve at the sediment water interface, burrow 

in the sediment floe or climb on emergent vegetation, i e. they are littoral or epibenthic m habit or 

prefer shallow open vegetated waters 

(4)- to determine biogeographical relationships in the microcrustacean fauna of 

Tasmania, Bass Strait Islands and SE Australia. 

Biogeographical relationships m the microcmstacean fauna of Tasmania and southern mamland 
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Australia are discussed in Chapter 9. While the lakes and lagoons of the coastal province may be 

separated from the other two provinces based on their common differences from these inland lakes, 

the water bodies in this grouping are by no means homogenous in character. The coastal 

limnological province is not continuous around the island and regional differences occur 

Physicochemically the lagoons of N.E Tasmania are similar to other freshwater coastal dune lakes 

of the Coastal Limnological Province of Tasmania. They differ, however, in planktonic 

microcrustacean biological diversity. This may be attributed to the ephemeral-astatic, seasonal 

nature of these lagoons. Disjunct population distributions of freshwater microcrustacean species 111 

NE Tasmania and southern Australia may be explained by Miocene and Quaternary paleoclimatic 

change, a concomitant change in the hydrological/hmnological environment and Pleistocene 

existence of the peninsular landbridge between Tasmania and south eastern Australia 

The littoral planktonic microcrustacean commumty tends to be dommated by cladocerans, 

especially in those lagoons with extensive fringing submerged and exposed aquatic macrophytes 

(5)- to investigate life history and ecology of dominant species. 

The life histories and ecology of several taxa are discussed in some detail in Chapter 4 and 

briefly in Chapter 6. In Chapter 6 species abundance and temporal and spatial distnbutions are also 

discussed in relation to habitat heterogeneity. The greater the spatial and temporal habitat 

heterogeneity, the greater the species diversity. 

(6)- the classification of microcrustacean species into feeding groups by 

investigation of diet and feeding regimes. 

This was not investigated due to constramts 111 time. This is an area worthy of further 

investigation mto the ecology, trophic relationslups and degree of competition within 

microcrustacean communities. 

10.2 ECOLOGICAL IMPORTANCE OF COASTAL DUNE LAKES 

The significance of these habitats is highlighted under the RAMSAR Convention with several 

of the NE lagoons being nominated as "Wetlands of International Importance." The qualifymg 

criteria relate to "wetlands" values in terms of uniqueness, value of biodiversity and as waterbird 

habitats. The RAMSAR Convention considers that a wetland qualifies as being of mternational 

importance if it meets at least one of its major criteria: 

1) Criteria for representative or unique wetlands 

2) Critena based on plants and animals 

3) Specific criteiia based on water birds 

The NE lagoons, as a group, meet all of tl1e above cnteria in that they are representative of 

natural and near natural wetlands characteristic of a biogeographical region, and play a substantial 

hydrological, biological and ecological role in the natural functioning of a coastal system; individual 

lagoons support rare and endangered species, and together the lagoons are of special value in 

maintaining the genetic and ecological diversity of a region because of fue quality and peculiruities of 

their fauna and flora; and their support of substru1tial numbers of individuals from particular groups 
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of water birds. 

10.3 CONCLUSION 

Limnologically, Tasmania is acclaimed by some (fyler,1992) as a 'lakeland' containing 

unique, rare and endemic microorganisms whose discovery has showed some insight into 

evolutionary pathways and biogeographical relationships. On the basis of mode of origin, age and 

limnological characteristics, the coastal waterbodies differed markedly from the inland waters of 

Tasmania. Tasmanian inland lakes are mainly of Pleistocene glacial origin and on Precambrian

Ordovician schists or Jurassic dolerite. The coastal lakes and lagoons are on Holocene aeolian 

siliceous or carbonaceous sands of marine origin. Limnologically the coastal lakes and lagoons are 

more dystrophic, have higher conductivities and levels of gilvin and DOC, are of variable pH, and 

are much more turbid than natural inland Tasmanian waterbodies. They also tend to be much 

shallower in depth, display distinct seasonal limnological trends and most are astatic in nature. 

This seasonality in limnological conditions and the differing degree of ephemerality of the 

lagoons is reflected in the biological diversity. Ecologically the coastal lagoons represent an 

environmental mosaic of differing aquatic habitat types. The speciose zooplankton assemblage of 

Tasmanian coastal lakes and lagoons differ from the monospecific calanoid copepod zooplankton 

assemblages of Tasmanian natural inland waters, with up to seven species of calanoid copepods 

present in the zooplankton assemblage. This diversity is also reflected in the cladoceran fauna with 

individual species replacing the calanoid fauna as the dominant plankton. This difference between 

inland lakes and the coastal lagoons is further evidence for the existence of a Coastal Limnological 

Province in Tasmania. 
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5tte Date 
Cape Naturahste No 1 1S s 91 
Cape Naturahste No 2 lS.S.91 
Cape Naturahste No 4a 1S 8 91 
Little Waterhouse 19 8.91 

Bowlers Lagoon Nol 23.9.91 
Cape Portland 3 23.9 91 
Cape Portland 4 23 9 91 
Cape Portland S 23.9.91 
Cape Portland 6 24 9 91 
Tregaron No 1 24.9.91 
Tregaron No 2 24 9 91 

Tregaron Nol 611.91 
Bowlers No 1 6.11.91 
Cape Portland No 6 (W er 6.11.91 
Cape Portland No Ga 6.11 91 
Cape Portia nd No 6 6.11.91 
Cape Portland No 4 6 11.91 
Cape Portland No 2 6.11.91 

Cape Naturahste No.1 13 1.92 
Cape Naturahste No.2 13.1.92 
Cape Naturahste No.4a 13.1.92 
Cape Naturaliste No.4c 13 1.92 
Cape Naturaliste No.Sa 131 92 
T regaron No.1 14.1 92 
Cape Portia nd No S 141.92 

~ Cape Portland No 6 141.92 
Bowlers No 1 14 1.92 

• Bowlers No 2 14.1.92 
~ Little Waterhouse lS.1 92 

Big Waterhouse 1S1.92 
Blackmans Lagoon 21.1 92 

Cape Naturahste No 1 16.3.92 
Cape Naturahste No 2 16 3.92 
Cape Naturahste No.4a 16 3 92 
Cape Naturahste No.4b 16 3.92 
Tregaron No.1 17 3.92 
Cape Portland No S 17.3.92 
Cape Portland No.6 17 3 92 
Bowlers No. 1 17 3.92 
Bowlers No 2 17 3.92 
Big Waterhouse 1S.3 92 
Little Waterhouse 1S.3.92 

1Blackmans 1S 3.92 

Cape Naturahste No Sa 13 7 92 
Cape Naturahste No Sb 13.7.92 
Cape Naturaliste No 4c 13 7.92 
Cape Naturahste No 4a 13 7.92 
Cape Naturaliste No 1 13.7 92 
Cape Naturahste No 2 13.7.92 
Bowlers No 1 14 7.92 
Bowlers No 2 14.7 92 
Cape Portland No S 14.7 92 
Cape Portland No 6 14.7.92 
Cape Portland No 2 14 7.92 
Cape Portland No 4 14 7.92 
Blackmans Lagoon 1S.7 92 
Big Waterhouse 15 7.92 
Little Waterhouse 1S 7 92 
rreciaron No 1 14.7 92 

\ll maJor 10ns and DOC in mg/I 
:h 'a' m µg/I 

APPENUIX l NE Tasmam.111 Dune Lake phys1cochem1cal data 1991-1992 

oH K2S u5/cm Turbidity ci440 Na K Ca Mg Cl 
62 490 2.00 10.47S 110 3. 1 lS 16.7 19 
6.S S70 4.00 s.sss lSS 4.6 20 22 245 
6.S S60 4.SO 14 S09 
8 1 1240 1 00 3 742 300 9 7S S1 S1S 

8 920 o.ss 6 218 18S 120 30 17.9 22 
8.S 11810 o.so 8176 2720 99 16S 33S sooo 
7.9 3240 0.40 12.9S4 SlS 18 76 GS 94S 
7.S 6460 070 7 83 1200 31 110 210 23SO 
8S 10800 0.90 13 702 2440 GS 71 3SS 1730 
84 S660 o.so 8.7S1 1140 40 100 210 19SO 
7.9 23SO 0.60 14 336 400 16.S 79 76 670 

8.6 6840 o.so 7.S99 1320 41 92 23S 2220 
8 1003 o.so 3 224 160 6 30 30 26S 

9S 134SO 2.00 6.276 4040 14S 40S S1S 73SO 
9.6 2S70 04S 10018 39S 19 lS 14S S4S 
9.3 13S30 0.9S 4.779 28SO 70 27 46S 4900 
89 S670 o.ss 8.463 2220 74 18S 29S 40SO 
s.s 13420 0 so 8.118 2SSO 10S 22S 34S S300 

65 8S3 0.4S 26.S42 16S S.9 11 22 330 
64 640 0 so 4S 71S 100 2.9 s 14 390 
6.7 8S7 3 00 lS 021 140 S.3 12 19 2SO 
6.1 14S6 1 00 13.242 35SO 82 240 640 6000 
47 13S9 4 00 18.136 230 5.5 1S 37 420 
87 S340 3 so 6.679 1830 S8 67 310 3230 
72 13120 70.00 27.291 315 10 13 41 47S 
8.1 1S4SO 3S 00 6.794 3900 100 S3 620 6600 
7.7 1091 1 so 4 203 160 7 52 31 2SO 
67 1011 0.40 4.606 18S 8 36 34 300 
7.7 1S07 2.00 4.03 310 8.S 67 so S10 
7.S 627 2.00 S.34S 90 6.3 26 16 14S· 
S 1 2360 0 SS 4.203 400 17.S 54 68 700 

7.S 1507 0 5S 22.742 270 8 15 32 46S 
6.5 1202 0.40 5020S 220 6.9 16 29 3SO 
64 1363 1 20 14 739 240 78 1S 32 39S 
62 2s10 1 20 20.554 435 12 49 70 810 
8.9 129SO 2.20 9.S4S 3210 96 90 530 ssso 
81 1 so 5 7SS 10000 230 SOO 1700 17600 
S5 12.00 15 94S 10500 265 6S 1600 17000 
S 1 1360 1 so 51S2 190 7 63 38 310 
76 14SO 0.60 6 218 210 7.S 49 45 360 
7.S 740 080 S.579 99 6.9 31 lS.S 160 
7.7 2300 0 55 3.397 360 93 76 61 620 
S.7 2710 1.25 3.512 4SO 21 52 S3 S10 

4.4 750 2.20 13.357 115 34 7.3 17 195 
s.s SOO 0.9S 11.S1S 130 2.S 62 1S 22S 
S3 6SO 2.60 16 S82 135 4 4.6 17 190 
6.3 S10 0.9S 10.S24 130 4.S 11 17 230 
6.4 720 0.66 20036 120 4 7.8 13.S 20S 
6.2 S90 0 63 26.71S 9S 3 1 73 11 160 
7.9 11SOO 0.70 3.91S 1SS S6 S2 32 270 
7.3 1000 0.34 1.1S2 11S 36 73 29 190 
SS 12100 2S 00 4.376 3000 79 220 S30 2070 
86 11400 6 so 6.21S 3040 77 60 470 S3SO 
S2 9200 0.70 S.982 2080 74 2SO 2SO 3980 
S6 S700 1.10 S.758 1140 36 120 16S 2020 
6.6 12300 1.60 16 S82 19S 69 26 3S 345 
6.S S40 1 2S 12 S97 S3 4 17 14 130 

s 1S80 O.S6 3 224 300 9 7S S1 S1S 
8.8 8400 1 20 7.139 1940 S2 71 320 3SOO 
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HC03 504 DO.C Chi 'a' 
11 SS 17 6 
2S GS 13.7 

25 3 
23S 130 41 3 

23S 16 
22S 70S 24.7 
2SO 170 41 
220 31S 29.4 
7SO 440 S3.6 
440 220 S8 7 
300 91 423 

S4S 240 44 s 
200 7.S 17.9 
290 3400 874 
810 16 40.1 
700 SOO 169.1 
31S 69S 407 
200 97S 41 6 

3S 34 708 0.16 
22 39 8S.S 0.00 
21 SS S0.7 0.00 

370 8SO SS.1 0.7S 
2 105 61 2 1 2S 

360 310 89 4 
2S 10S 260.S 0.00 

900 710 173 4 0.32 
240 <S 21.9 0.00 
17S 8.9 24.1 0.00 
1SO 100 31 

77 2S 24.1 1 23 
230 56 38 2 0.21 

: 

2S 51 10S 0 
29 46 108 s 
20 84 77 s 
20 21S 70.1 

430 S20 143 4 
4001 2300 11 s 6 

13SOI 1SOO 10S 7 1 

290 <S 26 3 
2SOI <51 30 2 

99 251 24 SI 
210 1101 3S s 
230 63 41 5 

l 
1.C 5SI 2S 1 0 11 
67 37 27 SI 0.16 
4S 37 31 2 1 0 00 
13 40 32 61 2 S5 
13 24 32 3 0 00 
13 15 37.1 0 11 

270 S.2 17 s OOO 
29S 19.7 11 2 OOO 
2501 S20 407 
760 S30 S6.S 1 23 
2SO 77S 25 6 0 03 
230 390 36 7 0 00 

60 74 36 7 
S7 24 28 1 

2SO 130 22.S OOO 
SSS 29S S2 s 0.13 



SPECIES 

CALANOID 
Boecke/la sp 
Boecke/la mator 
Boeckel/a nyoraensts 
Boeckel/a oromnqua propinqua 
Boecke/la symmetrica 
Boecke//a tnarticulata 
Calamoecta australis 
Calamoecta c/1ttelata 
Calamoecta gtbbosa gibbosa 
Calamoecta tasmanica tasmamca 
Gladtoferens pectinatus 
G/adioferens spinosus 
Hem1boeckel/a searli 
CLADOCERA 
Bosminidae 
Bosmina meridionalts 

IChydoridae 
'Alona sp 

Alona quadrangularis 
Archepleuroxxus baylyi 

Btapertura sp. 
Btapertura afftnis. 
81apertura longiqua 

Btapertura natdicaudis. 
Btapertura setigera. 
Camptocercus austra/is 
Chydorts cyprete//a 

I Chydorus SOD. 

Pseudochydorus sp 
Dunhevedta sp. 
Dunhevedta crassa 
Ephemeroporus cf. barrotsi 

Graptolobens sp. 
Pleuroxus sp 
Raksp 
Daphniidae 
Certodaphnia sp. 
Certodaphnta /aticaudata 
Certodaphma quadrangu/a 
Daphma cannata 
Daphntalongtcepha/a 

Daphntopsts australts 
Daphn10ps1s pustlla 
/lyocryptus sp 
llyocryptus sptmfer 
Scapheloberts king11 

Stmocepha/us sp 
Stmocephalus exptnosus australiensis 
Stmocephalus vetulus 

Macrothnc1dae 
<MacrothrtX sp A 
•Macrothnx sp B 
•Macrothnx breVtseta 

•Macrothrix capensts 
-Macrothnx cannata 

•MacrothrtX pectinatus 

•Macrothnx sptnosa 
•NeothrtX armata 
•Moinidae 
9Motna australtensis 

'N = Cape Naturaliste 
-;p =Cape Portland 
LW =Little Waterhouse Lake 
lLW =Big Waterhouse Lake 
lL = Bowlers Lagoon 
'REG= Tregaron Lagoon 

APPENDIX 2 M1crocrustacean fauna NE Tasmaman dune lakes 1991-1992 

CN 1 CN 1 CN 2 CN 4a LLW BMANS L BL 1 TREG 1 TREG 2 CP 3 , 

217190 18/8/91 18/8/91 18/8/91 19/8/91 19/8/91 23/9/91 24/9/91 24/9/91 25/9/91 

+ 
+ + 

+ + + + + + 
+ 

+ + 
+ + + 

+ 
+ + + + + + + 

+ + + 

+ 
+ + 

+ 
+ 

+ 

+ 

+ + 
+ 

+ + + + + 
+ I 

I 
+ 

I 
I 
I 

+ 
I 
I 

+ I 
I 
I 
I 

I 

+ 

I 

I 
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SPECIES 

CALANOID 
Boeckella sp 
Boeckella ma1or 
Boeckella nyoraens/S 
Boeckella propinaua propinqua 

Boeckella symmetrica 
Boeckella triarticulata 
Calamoecia austra/IS 
Calamoec1a c/1ttelata 
Calamoec1a g1bbosa oibbosa 
Calamoecia tasmanica casmamca 
Glad10ferens pectinatus 
G/adioferens soinosus 
Hemiboecke/la searli 
CLADOCERA 
Bosminidae 
Bosmma mend10na/is 
Chydoridae 

Alona sp I Alona quadrangulaf/S 
Archep/euroxxus bay/yi 

81apertura sp 
81apertura affinis 
81apertura longiqua 

Btapertura rigidicaudis. 
81apertura setigera 
Camptocercus austra/is 

Chvdof/s cypretella 
Chydorus spp 
Pseudochydorus sp. 
Dunhevedta sp. 

DunheveC:ia crassa 
Ephemeroporus cf. barroisi 

' Graptoloberis sp 

Pleuroxus sp 
Raksp 
Daphmidae 
Cef/odaphma sp. 
Ceriodaphnia laticaudata 
Cef/odaphma quadrangula 
Daphma carmata 
Daphma longicephala 
Daphmopsis austra/1s 
Daphmopsis pus1/la 
//yocryptus sp 
//yocryptus spinifer 

ScapheloLefls kingii 
S1mocephalus sp 
S1mocepha/11s expinosus australiens/S 

Simocephalus vetulus 

/.lacrothricidae 
•Macrothflx sp A 
•Macrothrix sp B 
•Macrothrix breVJseta 

•Macrothrix capens1s 
•Macrothrix carmata 
•Macrothnx pectmatus 
•fvfacrothrix spinosa 

•Neothrix armata 
'\!oinidae 
'\Jfoma australlens1s 

:N =Cape Naturaliste 
""'.P =Cape Portland 
·LW =Little Waterhouse Lake 
~LW =Big Waterhouse Lake 
.L = Bowlers Lagoon 
"REG= Tregaron Lagoon 

APPENDIX 2 M1crocrustaccan fauna NE Tasmaman dune lakes 1991-1992 

CP 4 CP 5 CP 6 TREG 1 BL 1 CP4 CP 6 BMANS L BLW LLW 
25/9/91 25/9/91 25/9/91 11/6/91 11/6/91 11/6/91 11/6/91 28/11/91 28/11/91 28/11/91 

+ 

+ 
+ + + + + + 

+ + 
+ 

+ + 

+ 

+ 

+ + 
+ 

+ 

+ 

+ + + 
+ + 

-t 
+ + + + + 

+ + + 

+ 
+ 
+ 

+ + + 
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SPECIES 

CALANOID 
Boeckella sp. 
Boeckel/a major 

Boeckella nyoraens/S 
Boeckel/a prop1naua propinqua 
Boeckella symmetnca 

Boeckel/a tr1art1Culata 
Calamoec1a austra/1s 
Calamoec1a c/1ttelata 
Calamoecra g1bbosa g1bbosa 

Calamoec1a tasman/Ca tasmanica 
GladIOferens pectinatus 
GladIOferens spinosus 

Hem1boeckella sear/1 

CLADOCERA 
Bosmimdae 
Bosmina mendionalis 

Chydoridae 
Alona sp 

Alona quadrangu/aris 

Archepleuroxxus bay/yi 

81apertura sp 

81apertura affmis 

81apertura longiqua 

81apertura ngid1Caudis. 

Biapertura set1gera. 

Camptocercus australis 

Chydoris cvpretel/a 
Chydorus spp 

Pseudochydorus sp 

Dunheved1a sp 

Dunheved1a crassa 

Ephemeroporus cf. ba"OISI 
Graptolober/S sp 

Pleuroxus sp 

Rak sp 
Daphnndae 

, Cenodaphma sp 

1 CerIOdaphma lat1Caudata 
'Cenodaphma quadrangula 

Daphma carmata 

Daphma long1Cephala 

Daphniops1s australis 

Daphn10ps1s pus1/la 

l/yocryptus sp 

l/yocryptus spm1fer 
Scaphelobens kmg11 

S1mocephalus sp 

S1mocephalus expinosus austra/iensiS 

S1mocephalus vetu/us 

Macrothricidae 
Macrothnx sp A 

Macrothnx sp B 

Macrothnx breviseta 

Macrothnx capens1s 
MacrothrlX cannata 

MacrothrlX pectmatus 

MacrothrlX spmosa 

NeothrlX armata 

Moinidae 
Moma austra/1ens1s 

-:N =Cape Naturaliste 
~p =Cape Portland 
,LW =Little Waterhouse Lake 
3LW = Big Waterhouse Lake 
3L = Bowlers Lagoon 
:REG = Tregaron Lagoon 

APPENDIX 2 M1crocrustacean fauna NE Tasmaman dune lakes 1991-1992 

CN 1 CN 2 CN 4a CN 4c CN Sa CN Sb TREG 1 LLW BLW BMANS L 
13/1/92 13/1/92 13/1/92 13/1/92 13/1/92 13/1/92 14/1/92 lS/1/92 1 S/1/92 21/1/92 

+ 
+ + 

+ + 
+ 

+ + 
+ 

+ + + + + 
+ 

+ 

+ + + 

+ 

+ 

+ 
+ + 

i 

+ 

+ 

+ I 
I 
i 

+ + + 
+ + 

-

+ + I + + 

+ 

+ + + 

Page3 of 6 



SPECIES 

CALANOID 
Boeckella sp 
Boeckella ma1or 
Boeckella nyoraensis 
Boeckel/a propmqua propmqua 

Boeckella svmmetrica 
Boeckel/a tnarticulata 
Ca/amoec1a australis 
Calamoecia clitte/ata 
Ca/amoec1a g1bbosa g1bbosa 

Calamoec1a tasmanica tasmanica 

Glad10ferens pectinatus 
N G/adioferens spinosus 

M Hem1boecke//a sear/1 

ICLADOCERA 
Bosminidae 

I Bosmina mendionalis 

~ Chydoridae 
Alona sp 

Alona quadrangu/ans 

Archepleuroxxus bavtv1 

, 81apertura sp 

'81apertura a ff1ms. 

81apertura long1qua 

· Biapertura ng1dicaudis. 

Biapertura set1gera 

Camptocercus australis 

ChydoflS cypretel/a 

Chydorus spp. 

Pseudochydorus sp 

Dunheved1a sp 
Dunheved1a crassa 
Ephemeroporus cf barrois1 

Graptolober1s sp 
Pleuroxus sp 
Raksp 

Daphnndae 
Ceriodaphma sp 
Ceriodaphma laticaudata 

Cenod3;1hma quadrangula 

Daphma carmata 

Daphma longicephala 

Daphmops1s austra/Js 
Daphmops1s pus1/la 

•'lyocryptus sp 
1/yocryptus spm1fer 

Scaphelobens kmg11 

S1mocephalus sp 
S1mocephalus expmosus australiens1S 

S1mocephalus vetulus 

IMacrothncidae 
•MacrothrlX sp A 

•MacrothflX sp B 

•MacrothrlX breviseta 

•MacrothrlX capens1s 
•NlacrothrlX cannata 

•NfacrothrlX pectmatus 

•fv1acrothr1X spmosa 
•flleothrlX a rma ta 

'\1oinidae 
''vfoma austra/1ensis 

:N =Cape Naturahste 
'P =Cape Portland 
L W = Little Waterhouse Lake 

•ILW =Big Waterhouse Lake 
.L = Bowlers Lagoon 
'REG = Tregaron Lagoon 

APPENDIX 2 M1crocrustacean fauna NE Tasmanian dune lakes 1991-1992 

CN 2 TREG 1 BL 1 BL 2 CP 5 CP 6 BLW LLW BMANS L CN 1 
16/3/92 17/3/92 17/3/92 17/3/92 17/3/92 17/3/92 18/3/92 18/3/92 18/3/92 13/7/92 

+ 

+ + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ --
+ 

+ + 

+ + ~ 

+ + --

+ + 

+ 

+ + + + 

+ + -

+ + + 

+ + 

l ·-
+ 

+ + + + 

+ 

+ 

+ 
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I SPECIES 

I 

CALANOID 
~ Boeckel/a sp 

1 
Boeckella maJOr 
Boeckella nyoraensis 
Boeckella prooinaua oroomaua 
I Boeckella symmetnca 
Boeckella tnarticulata 

1 Calamoecia australis 
Calamoec1a c/1ttelata 
Calamoecia gibbosa a1bbosa 

•Ca/amoec1a tasmanica tasmanica 
'Gladioferens pectinatus 
Glad1oferens spinosus 
Hem1boeckella sear/1 
CLADOCERA 
Bosminidae 
Bosmina meridionalis 
Chydoridae 
Alona sp 

Alona quadrangularis 
Archepleuroxxus bay/yl 

81apertura sp. 

81apertura affinis. 
81apertura longiqua 

81apertura flg1dicaudis. 
81apertura set1gera. 
Camptocercus australis 
Chydof/s cypretel/a 
Chydorus spp 
Pseudochydorus sp 
Dunheved1a sp. 
Vunhevedia crassa 
[phemeroporus cf. ba"oisi 
Graptolobef/s sp 
Pleuroxus sp 
Rak sp 
Daphmidae 
Ceriodaphma sp. 
Cef/odaphma laticaudata 
Cef/odaphma quadrangula 
Daphma carmata 
Daphma /ongicephala 

Daphmops1s australis 
Daphmops1s pus1lla 
l/yocryptus sp 
/Jyocryptus sp1mfer 

,5capheloberis kingi1 

!-1mocephalus sp 
51mocepha/us expinosus australiens1s 
'51mocephalus vetulus 

rt.1acrothricidae 
•/vlacrothnx sp A 
•MacrothflX sp 8 
•Macrothflx brev1seta 
•Macrothflx capensis 
•Macrothnx carmata 
•Macrothflx pectma tus 
•Macrothflx spmosa 
•Neothflx armata 
11Mom1dae 
'Moma austra/1ens1s 

-.:N =Cape Naturahste 
~p =Cape Portland 
LW =Little Waterhouse Lake 
lLW =Big Waterhouse Lake 

-\L =Bowlers Lagoon 
'REG= Tregaron Lagoon 

APPENDIX 2 M1crocrustacean fauna NE Tasmaman dune lakes 1991-1992 

CN 2 CN 4c CN Sa CN Sb CP 2 CP4 CPS CP 6 TREG 1 BL 1 
13/7/92 13/7/92 13/7/92 13/7/92 14/7/92 14/7/92 14/7/92 14/7/92 14/7/92 14/7/92 

+ + + 
+ + 
+ + 

+ + 

+ + 
+ + 

+ 
+ 

+ 

+ 

+ 

+ + + + 

+ + 

+ 

+ 
+ 

+ ·-r 
+ + + + 

+ + + 

+ + 
+ 

+ + 
~ 

+ 

+ 
+ 

+ 
+ 

+ 
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SPECIES 

CALANOID 
Boeckella sp. 
Boeckella ma1or 
Boeckella nyoraens/S 

Boeckella propmaua 11ro11mqua 
Boeckella symmetnca 
Boeckella tnarttculata 
Calamoecta austra/15 
Calamoecta c/1ttelata 
Calamoecia gibbosa gibbosa 
Calamoec1a tasmanica tasmanica 

G/ad10ferens pectinatus 
G/ad10ferens spinosus 

Hem1boecke/la searli 

CLADOCERA 
Bosminidae 
Bosmina mend10nalis 

Chydoridae 
Alona sp 

Alona quadrangulans 

4rchep/euroxxus bay/yi 

tapertura sp. 

'3iapertura affims 

Siapertura /ong1qua 

tapertura ng1dicaudis. 

• 81apertura setigera . 

Camptocercus austra/is 

Chydoris cypretella 

hydorusspp 

Pseudochydorus sp 

unhevedia sp 
unhevedta crassa 

phemeroporus cf. baffOIS/ 

-Graptoloberis sp. 

P/euroxus sp 

Raksp 

aphniidae 
.Cenodaphnia sp 

enodaphnia /attcaudata 

.Cenodaphma quadrangu/a 

aphma carinata 

Oaphnialongtcephala 

Oaphn10ps1s australls 
Oaphmops1s pus1/Ja 

•ffyocryptus sp 

f/yocryptus spinifer 

Scapheloberis ktngii 

S1mocephalus sp. 

S1mocephalus expinosus australlensis 

S1mocepha/us vetu/us 

"'3crothncidae 
·MacrothrlX sp A 

·<.tacrothrlX sp B 

•MacrothrlX brev1seta 

•Macrothrix capens1s 
MacrothrlX carmata 

Macrothrix pectinatus 

MacrothrlX spmosa 

NeothrlX arma ta 

~midae 

"1oma australlens1S 

:N =Cape Naturahste 
'P =Cape Portland 
.LW =Little Waterhouse Lake 

--ILW =Big Waterhouse Lake 
:L = Bowlers Lagoon 
REG = Tregaron Lagoon 

APPENDL'( 2 M1crocrustacean fauna :>IE Tasmaman dune lakes 1991-1992 

BL 2 BMANS BLW LLW 
14/7/92 1 S/7/92 15/7/92 1 S/7/92 

+ + + 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
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APPENDIX 3 Dissimilanty of commumty compos1t10n between ephemeral, astatlc and permanent lagoons 

group 2 group 1 
Species av abundance av abundance TERM RATIO % CUM% 

Daphniopsis pus1lla 0.64 0.11 11 .31 1 .06 12.47 1 2.4 7 
Boeckella triart1culata 0.36 0.21 7.23 0.76 7.98 20 45 
Daphnia cannata 0.09 0.43 6.08 0.81 6.70 27.15 
Calamoec1a clittelata 0.27 0.07 5.78 0.60 6.37 33.52 
Boeckella symmetnca 0.00 0.29 4.92 0.58 5.43 38.95 
Simocephalus vetulus 0.00 0.29 4.50 0.58 4.97 43.92 
Ceriodaphnia lat1caudata 0.09 0.25 3.98 0.62 4.39 48.31 
Camptocercus australis 0.18 0.14 3.72 0.55 4.10 52.41 

~m~mmmmmmm~~~mmmmm~mmmmmmmmmmmmmmmmmmmmmmmmm~mmm~mmmmmmmmmmmmmmmmmmmmmmm~m~~mm~~ 
AVERAGE DISSIMILARITY BETWEEN GROUPS 3 & 1 is 88.34% 

group 3 group 1 
Species av abundance av abundance TERM RATIO % CUM% 

Daphnia carmata 0.29 0.43 6.05 0.76 6.84 6.84 
Calamoeciag1bbosa 0.43 0.18 5.75 0.81 6.51 13.35 
Simocephalus vetulus 0.29 0.29 5.15 0. 7 4 5.83 19.18 
Boeckella triarticulata 0.19 0.21 4.34 0.61 4.91 24.09 
Boeckella symmetrica 0.05 0.29 4.28 0.60 4.85 28.94 
Cenodaphnia laticaudata 0.14 0.25 3.67 0.63 4.15 33.09 
Camptocercus australis 0.24 0.14 3.47 0.60 3.93 37.02 
Boeckella major 0.33 0.00 3.28 0.68 3.71 40.73 
Boeckella propinqua 0.24 0.11 3.15 0.60 3.56 44.30 
Chydorus spp. 0.19 0.18 3.13 0.60 3.54 47.84 
Bosmina merid1onalis '--~ 0.19 0.04 2.90 0.47 3.28 51 .1 2 

mmmmmmmmmmmmmm~mmmmmTimm~mmmmmmmmm~mmmmmmmmmmmmmmm~mmmmmmmrnmmm~mmmmmmmmmmm~m~~ 
AVERAGE DISSIMILARITY 

Species 
Daphniopsis pusilla 
Boeckella triart1culata 
Calamoec1a gibbosa 
Daphnia cannata 
Calamoec1a clittelata 
Boeckella major 
Camptocercus austrahs 
Boeckella propmqua 
Simocephalus vetulus 

}roup 1 = Permanent lagoons 
}roup 2 = Asatic lagoons 
:Jroup 3 = Ephemeral lagoons 

BETWEEN GROUPS 3 & 2 

group 3 group 2 
av abundance av abundance 

0.05 0.64 
0.19 0.36 
0.43 0.18 
0.29 0.09 
0.05 0.27 
0.33 0.18 
0.24 0.18 
0.24 0.18 
0.29 0.00 
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is 89.79% 

TERM RATIO % CUM% 
9.7 1.05 10.81 10.81 

6.08 0.75 6.78 17.58 
5.85 0.81 6.52 24.1 
4.91 0.57 5.47 29.57 
4.64 0.58 5.17 34.73 
4.07 0.78 4.53 39.27 
3.66 0.63 4.08 43.35 
3.56 0.64 3.97 47.32 
3.46 0.57 3.85 51.17 



Sue 

B12 Waterhouse 
B12 Waterhouse 
Big Waterhouse 
B12 Waterhouse 
But Waterhouse 
B12 Watcrtiouse 
B12 Waterhouse 
B12 Waterhouse 

B12 Waterhouse 
Bag Waterhouse 
B12 Waterhouse 
B12 Waterhouse 
B12 Watcrhousc 
B12 Waterhouse 

Blackmans Lagoon 
Blackmans La2oon 
Blackmans La2oon 
Blackmans La2oon 

Blackmans Lagoon 

Blackmans La.2000 

Blackmans Las:oon 
Blackmans Lagoon 
Blackmans La2oon 
Blackmam La2oon 

Blackmam La2oon 

Blackmans La2oon 
Blackmam La2oon 

Bo'""1crsNo 1 
Bowlers Nol 

Bowlers No I 
BowtcrsNo 1 
Bowlcra Nol 
Bo\\1crsNo l 

Bowlers No I 
Bowlers Nol 

Bowlers No I 
801,1,icrsNo I 
Bowlers No I 
Bowtcrs No I 
Bo.,.icrsNo l 

Cape Narurahstc No I 
C<1pe Narurallstc No l 
Caoc Naturahstc No l 
Caoc Naturahstc No l 
Caoe };arurahstc No I 
Cape Narurahslc No I 
Cape S'arurahslc No 1 
Caoc 'laturahstc No l 

Caoc Naturahste No 1 
Cape S'arurahstc No I 
Caoe Narurahslc No l 
Cape Naturahslc No 1 
Cape 'laturahstc No I 

Caoc Naturahstc No 2 
Cape Narurahstc No 2 
CaDC "'J'arurahstc No 2 

Cacc Naturahslc No 2 

Lmlc Waterhouse 
Lmle Watcrhousc 
Little Waterhouse 
Little Waterhouse 
L1ttlc Warcrhousc 
Lttllc Waterhouse 
L1t1lc Waterhouse 
L11tJc Waterhouse: 

Lllle Waterhouse 
Little Watcrholl'5c 

Little Walcrhousc 
Little Waterhouse: 
Little Waterhouse 

L111lc Waterhouse 

najor ions and DOC are expressed in mg/I 
:h "a• IS Inµ 

APPENDIX 4 NE Tasmanian Dune Lakes phys1cochcm1cal data Oct 1993 - Feb 1995 

Dale oH K2S uS/cm TnlNTUl 2440 Na K Ca MR Cl 

2311 9'3 810 219000 025 9788 3700 3 20 23 00 1900 12000 

1712.9'3 8.80 54300 030 13127 7100 370 18.00 1400 12000 

9194 400 26100 l 00 11170 5700 370 16.00 1100 9700 
92 94 730 65900 150 11395 6400 410 18.00 12.00 11000 
10394 780 61000 030 10651 6100 360 1900 12.00 10500 
6494 810 62000 030 8 291 7000 410 2000 13 00 11000 
5594 824 63400 300 7485 7700 420 21.00 15.00 14400 
2694 8.14 66000 025 6333 8000 450 2700 16.00 14000 
296.94 809 75400 020 5988 7900 450 2700 16.00 14000 
28.794 857 59500 040 7560 8100 440 2200 1700 14000 
1994 705 73400 500 3858 8700 460 3100 1700 15500 

131094 907 70700 030 4779 . 88.00 450 2700 1700 15500 
18.195 778 73200 055 4600 15000 650 38.00 1940 15500 
3 2 95 8.12 74000 2 55 4830 14000 600 36.00 1940 16000 

25 11 9'3 880 154000 050 3 684 29000 970 4100 5100 54000 
1712.9'3 870 210000 0 10 4261 30000 ll 00 4700 5400 57000 

9194 810 94200 100 2648 ll500 460 2100 2300 20000 
92.94 8.10 264000 125 4376 30000 11 00 45.00 5500 59000 

10.394 790 238000 045 3 512 31500 ll 00 3900 5700 59000 
6494 810 243000 025 4721 40500 1400 48.00 7500 70000 

5594 809 264000 095 4894 38500 1500 4900 6900 72500 

26 94 818 2560 00 020 3455 36500 1300 4700 6700 72500 

296.94 825 257000 l 00 3515 36600 1400 5400 7000 65900 

28.794 822 218000 100 3224 36900 1400 5200 7000 64000 

1994 828 259000 090 3 627 39500 1500 5200 7100 61000 

131094 872 272000 240 3686 42500 16.00 5500 76.00 69500 

18.195 765 282000 065 3910 48500 26.50 48.00 86.00 85000 

24 ll 9'3 820 89200 020 4203 15500 540 28.00 2400 28000 

18.12 93 640 114000 014 4030 19500 670 33 00 38.00 32000 

10194 720 57500 035 4318 13500 540 4400 3400 23000 

92 94 740 147200 l so 10997 11500 490 4000 28.00 20000 

10394 660 126000 070 3570 22500 820 1400 28.00 44500 

6494 710 132900 045 3684 17000 1000 5700 38.00 26500 

45 94 675 252000 1000 2 936 16000 7 50 6900 3700 260 00 

3694 767 157000 200 4261 165 00 840 56.00 38.00 30000 

306.94 853 144700 025 3 973 17000 7 50 5900 38.00 29300 

27794 682 118000 450 3109 16900 990 4400 38.00 29000 

1994 764 136200 300 3397 17000 710 5600 3700 27000 

131094 779 139QOO 040 3 224 18500 760 4500 4000 280 00 

1&195 711 141500 600 4500 22000 1550 6000 4300 32000 

25 II 93 570 70900 0 12 19979 12500 350 480 1500 24000 

18.12 93 540 1083 00 015 25045 24000 7 60 78~ 3100 48500 

10.194 540 57000 550 20785 12000 500 530 1600 21000 

92 94 630 208000 070 23721 24500 900 880 32.00 50500 

93 94 500 197400 0 10 16.466 20000 680 750 25 00 320 00 

6494 560 203000 025 12782 34500 1200 1000 4000 655 00 

4594 760 1392.00 2 50 11515 39500 1400 16.00 48.00 77000 

369'1 7 50 210000 041 11 :as 26500 1000 2100 3900 58500 

306.94 7 91 142900 070 13 012 21000 7 50 1500 29 00 392 00 
27794 712 127000 080 14566 22500 790 1500 31 00 41000 

1994 675 1242 00 2.SV 54121 19500 610 1200 2400 33000 

13 10 94 762 1525 00 l 00 13 991 25000 7 50 1400 3300 45000 

18.195 730 1685 00 100 11380 37000 1&50 3400 3900 51500 

18.129'3 570 48200 040 42606 12000 510 790 16.00 32000 

10194 540 42700 200 35754 13500 490 770 18.00 21000 

92 94 
93 94 590 1525 00 060 36.848 12500 460 4700 3000 215 00 

23 II 93 870 1388.00 015 3915 25500 480 4300 4100 44000 

171293 880 187900 010 3627 29000 600 4900 5300 52500 

10194 770 84400 I 00 3973 17500 410 4200 33 00 30000 

92 94 750 245000 090 6448 26000 500 5000 46.00 49000 

10394 740 212000 025 4548 20000 360 4400 3700 34000 
6494 850 218000 015 4030 35500 760 56.00 6000 60000 

55 94 783 2370 00 150 5124 35000 790 6000 6000 61500 
2 6 94 824 262000 015 3915 32000 630 5900 5700 600 00 
296.94 802 227000 150 3 570 31400 810 7100 5900 550 00 
28.794 808 196000 045 3512 31300 790 75 00 5900 53000 
1994 803 230000 400 3339 325 00 880 72.00 5900 49000 

13 10 94 884 233000 025 3 627 34000 860 6700 5900 59500 
18.195 776 235000 050 4830 43000 16.50 5500 82.00 69000 
32 95 810 234000 150 0806 45000 18.00 5500 7900 65500 

page 1 or 1 

HC03 S04 DOC Chl'a' 

7400 2000 1700 I 52 
6900 2100 21 00 071 

OOO 16.00 2000 181 
68.00 1600 22.00 117 
72.00 1700 2300 320 
8100 1700 22.00 181 
8700 2000 2180 480 

11000 2000 1960 299 
42.00 22.00 1590 
48.00 22.00 3000 
4400 24.00 3000 2 00 
4100 8100 2750 045 
270 14500 2340 107 
480 14500 2310 067 

21500 42.00 16.00 381 
22500 42.00 2000 016 
105 00 21 00 1400 032 
23500 4100 3100 128 
22000 4100 33 00 149 
26000 36.00 3520 064 
25500 4900 3550 12.26 
25000 48.00 3230 181 
105 00 4300 3230 
11000 3400 4400 080 
11000 4400 4300 280 
10500 4300 42.00 080 

870 31000 3700 I 07 

18500 240 1900 427 
19000 13 00 1000 061 
19500 1100 1700 021 
20500 250 3700 058 

1200 3300 18.00 320 
30000 070 2160 437 
33000 160 1750 085 
30500 410 1950 181 
115 00 3 70 18.30 
10500 420 2200 

11000 050 2350 093 
10000 005 4200 027 

570 33400 18.60 11 73 

1200 21 00 22 00 098 
510 4100 3600 164 
570 2400 3000 469 

1300 3300 42.00 0 21 
620 3000 3600 405 
7 50 4600 3150 075 

1200 59 00 4080 608 
25 00 6000 18.60 171 
710 3300 23 80 
6 60 3700 3300 
450 30 00 3700 l 07 
800 53 00 4700 048 

2&00 2500 4500 067 

190 00 1300 23 00 213 
1300 1900 3200 064 

23000 4700 4200 2133 

195 00 5000 2500 052 
21000 5700 1400 OOO 
17000 4300 2700 192 
21500 56.00 2700 085 
18000 4500 3000 181 
24000 6900 3150 139 
25000 6900 3140 2.45 

25000 7700 2490 117 

105 00 7300 3060 
11500 8500 3500 

10000 86.00 3900 040 

9300 8100 35.00 048 

4700 22000 3400 173 
2700 225 00 3400 067 



• emperature 1s 1n Celc1us 

APPENDIX S NE Tasmanian Dune Lakes Phys1cochem1cal Data (Nov 93-0ct 94) 
Temperature Oxygen 

Sllc Date Tcmn Tcmo 002oom 002% 

(Z=IOcm) (Z=50cm) (50cm) (50cm) 

Blackman.s Lagoon 25.11 93 192 192 II 0 1000 

Bu1 Waterhouse 231193 209 209 88 98.0 

Little Waterhouse 2311 93 212 16.5 88 96.0 

Capc Naturalistc No. I 251193 213 16.6 54 S70 

Bowlers No.I 241193 16.2 148 03 20 

Black:mans Laooon 171293 175 208 

Buz Waterhouse 171293 217 202 

Little Waterhouse 171293 205 18.6 

Bowlers No 1 18.1293 18.0 164 

Caoc Naturabstc No. l 18.1293 26.2 215 

Cane Naturalistc No. 2 18.1293 298 22.2 

Blackmans Laeoon 9194 

Buz Waterhouse 9194 16.1 205 

Ltttlc Waterhouse 10194 16.2 15.0 

Bowlers No.I 10194 158 150 

Cane Naturaltstc No. I 10194 15.6 143 

Cane Naturalistc No.2 10194 148 148 

Blackmans Laeoon 92.94 23.6 86 98.0 

B1e: Wat.erhousc 92.94 240 233 72 830 

Little Waterhouse 9294 23 9 222 49 540 

Bowlers No.I 92.94 201 193 00 00 

Caoe Naturaltstc No. l 92.94 22.6 199 22 25.0 

Blackmans Lagoon 10394 18.7 18.4 

Big Waterhouse 103 94 18.I 177 

l.Jttlc Waterhouse 10394 18.3 178 
Bowlers No.I 10394 176 171 

Cape Naturahstc No. I 9394 

Blackmans Lagoon 6494 178 178 

812 Waterhouse 6494 178 174 

Ltttlc Waterhouse 6494 18.1 178 

Cape Natural.istc No 1 6494 18.1 18.1 
Bowlers No.I 6494 16.1 

Blackmans Lagoon 5594 139 12.9 117 930 

811? Waterhouse 5594 154 155 102 92.0 

Little Waterhouse 5594 96 Ill 79 750 

Cape Naturalistc No. I 4594 12.8 

Bowlers No 1 4594 11-1 86 05 50 

Blackmans Laeoon 2694 125 12.7 95 910 

812 Waterhouse 2.694 119 116 93 850 

Little Waterhouse 2694 129 128 8.7 850 

Cape Naturahstc No.1 36.94 97 

Bowlers No I 3 6.94 117 115 

Blackmans Laooon 29694 95 91 

Btg Waterhouse 29694 99 
l.Jttlc Waterhouse 29694 8.2 84 

Cao.: Naturalistc No. I 30694 38 42 
Bowlers No.I 30694 29 -18 

Blackmans La2oon 28.794 98 
81f:! Waterhouse 28.794 108 

l..Jttle Waterhouse 28.794 93 
Cape Naturahste No. l 27794 115 

Bowlers No.I 27794 80 

Blackmans Lagoon 1994 

B11z Waterhouse 1994 

l..Jttle Waterhouse 1994 

Cane Naturahstc No I I 9 9-1 129 

Bowlers No.I 1994 

Blackmans Lagoon 131094 190 
Bu? Waterhouse 131094 16.7 159 
l..Jttle Waterhouse 131094 167 16.6 
Cape Naturahste No. I 131094 206 169 55 710 

Bowlers Nol 13 10 9-1 137 47 550 

)02 1s measured as ppm and % saturation. Page 1 of 1 

002~ 002%10cm 
(IOcm) (!Ocm) 

115 126 

76 83 

4.5 44 

93 102 

67 79 

15 21 

54 56 

88 83 

51 45 



.\PPE.t'<TI!X 6 NE Tasmaruan Dune Lake Nutncnt Data Nov 1993-0ct 1994 

Sue Date Total P Nitrate Nitnte 

B!ackmans Laooon 2511 93 005 <0 I <001 
812 Waterhouse 2311 93 003 <0 I 005 
Lattlc: Waterhouse 231193 005 <0 I <001 
Caoc Naturahstc: No.I 25.1193 004 <0 I <001 
Bowlers No.l 241193 001 <0 I <001 

Blaclanam Laooon 171293 004 <0 I <001 
Big Waterhouse: 171293 003 <0 I <001 
Lmlc Waterhouse 171293 003 <0 I <001 
Bowlers No.I 18.1293 0 01 <0 I <001 
Caoc Naturahstc: No. I 18.1293 006 <01 <00! 
Cape Naturabstc No.2 18.1293 005 <01 002 

Blackmans La"""" 9194 005 <01 001 
B1e. Waterhouse 9194 002 19 <001 
Uttlc Waterhouse 10194 002 <01 <001 
Bowlers No.I 10194 002 <01 <001 
Cape Naturabstc No. I 10194 007 <01 <001 
Cape Naturahstc No. 2 10.194 006 <0 I <001 

Blackmans Laooon 9294 004 <01 <001 
812 Waterhouse: 9294 003 <0 I <001 

Little Waterhouse 9294 006 <0 I <001 
Bowlers No I 9294 016 <0 I <001 
Cape Naturabstc No. I 9294 002 <0 I <001 

Blackmans Laonr.n 10394 003 <01 <001 
612 Waterhouse 10394 003 <0 I <001 
Little Waterhouse 10394 003 <01 <001 
Bowlers No.I 10394 003 <01 <001 
Cape Naturalistc No. I 9394 006 <0 I <001 
Cape Naturahste No.2 9394 014 <0 I <001 

Blackmam Laonnn 6494 002 <0 I <001 
812 Waterhouse 6494 002 <0 I <001 
Little Waterhouse 6494 003 <01 <001 
Cape Naturahstc: No. I 6494 001 <0 I <001 
Bowlers No.I 6494 003 <01 <001 

Blackmans Lal!OOll 5594 0028 <0 I <001 
Bu? Waterhouse: 5594 0025 <0 I <001 
Little Waterhouse: 5594 0013 <0 I <001 
Cape !-la1urabste No I 4594 0075 <0 I <001 
Bowlers No.I 459" 0175 <01 <001 

Bl•ckmans Laooon 2 694 0017 02 002 
Big Waterhouse: 2 6.94 0087 01 <001 
Liulc Waterhouse 2.6.94 0021 02 <001 
Cape Naturabste No. I 3 6.94 0032 0 I <001 
Bowlers No.I 3 6.94 0015 0 I <001 

Blackmans Lagoon 29694 0018 <0 I <001 
812 Waterhouse: 29694 0029 <01 <001 
l.rnle Waterhouse: 29694 0064 <0 I <001 
Cape' Naturabstc: No. I 30.694 0041 <0 I <001 
Bowlers No I 30694 0049 <01 <001 

Blackmans La2oon 28. 7 94 002 <0 I <001 
812 Waterhouse: 28.794 0024 <0 I <001 
l...ittle Waterhouse: 28. 7 94 0016 <0 I <001 
Cape Namrahstc No. I 27794 0027 <0 I <001 
Bowlers No.I 27794 0 102 <0 I <001 

Blackmans Lagoon 1994 0013 <0 I <001 
812 Waterhouse 1994 0012 <0 I <001 
Little Waterhouse 1994 002 <0 I <001 
Cape Naturahste No. I 1994 002 <0 I <0 01 
Bowlers No I 1994 0034 <0 I <0 01 

Blackmans La<>000 131094 0032 <01 <001 
Bu?. Waterhouse 13 10 94 0009 <0 I <0 01 
Lmlc: Waterhouse: 131094 0013 <01 <001 
Cape Naturahstc No I 131094 0016 <0 I <0 01 
Bowlers !'lo I 131094 0094 <0 1 <001 

JI measurements are in mg/I page 1 of 1 



APPENDIX 7 Cape Naturaliste Nol Fallllll sampled Nov 1993 - Oct 1994 

Date 25.11 93 17.12.93 101.94 9.2.94 9.3.94 6.4 94 5.5.94 2 6.94 30.6.94 27 7.94 , 9.94 13.10 94 

CRUSTACEA 
Ampbiooda 
AustrocJullorua SOD. . . . . . . . . . . . . 
Paracall,ope so . 

Corwonnda 
H"'"""'CUcmda 

Can1 . . . . . . 
Canlhocamn<m }renrva.. . 
sau,,,,,.ra so . 
Calan01da 
Boeckella so. . . . . . . . . . . 
Boeckella nvnraensrs . . 
Boeckella or~•n~m. . 
Calamoeaa austr alu . . . . . . . . . 
CalamoeCUJ eibbosa in • 

. . . . . 
Henuboeckell searlt . . . 
C'Vclon01da . . . . . . . . . . 

Cladocera 
Bosmimdae 
8osmuuJ mendionalis . 
Chvdondac 
Alanasoo . . . . . . . . . 
Alonella svv. . . .. . . . . 
Archeoleuroxus bavlu . 
Bwpertura spp. . . . 
Bw.oertura cf selo!lera . . . 
Camptocercus australi.s • . . . . . . . . 
Chwlorussw . . . . . . . . . . 
Dunhevedra crassa. . . 
E~merovorus SD 

. . . . . . 
Graptolt:'bens testudmarw .. . . . 

-
PletlTOXUSSD . . . 
Raksv . . . . . . . 

I 
·-

Danhrn1dac 
Cenodanhma sv. . . . . 
Sunocheoolus sv. . . . . . . . . . . . 
llvo,......mUdae 

llvocrvotus so. . . . . . . . . . 
Macrothnc1dae 
JJacrothnx _<mn . . . . . . . 
Atfacrothnx cf. annata . . 
Macrothru: cflnnPtse/osa . . 
Macrothnx cf. oectmatus . . 

Ostrocoda 

Cwreltasv. . . . . . . . . . 
G~nhodella so. . . . . . . . 
llvodronus cf candoru/es . . ' . . . . 
Keruretlua cnstala . . . . . . 

--
T 1mnnrvthere cf. nwwbraw:nsrs . . . . . 

·-
NewnJu:zmtLJso I . . . . . . . . . I• 

page 1 of 1 



APPENDIX 8 Little Waterhouse Fauna! Species hst Nov 1993 - Oct 1994 

Date 2311 9'3 17129'3 9194 9294 6-1.94 5594 26.94 29694 2&794 1994 131094 
CRUSTACEA 
Amphinoda 

Auslroclulloma SDD, . . . . . . . . . . . 
Co°"nnda 

Harn:tcUcotda 

CanJhnrnm""'-" aw1ralu:us . . 
CanlhoNmmtus he-~e . . . . . . . . . 

Scluwpera sp. . . . 
Calanotda 

Boeckella ~--·tnca . . . . . . . . . . . 
Calamoecr.a auslr alu . 
Calamoecia 111bbosa 111bbosa . 
Gladwferens SDutosus . 
Cvclnnotda . . . . . . . . . . . 

Cladocera 

Bosnumdae 

Bosnuna m.erulionalts . 
Owdondac 

Alonaspp. . . . . . . . . . . 
Alona dlQ1'hana . . . 
Alonella sp. . . . . . . . . . 
BIQ1'erlura cf affims . 
811J1'erlura cflon~m~ 

Buroertura n~rdtcaud:s . . 
Brapertura cf seh~era . . . 
Camptocercus austral~ . . . . . . . . 
Chydorus sp. . . . . . . . . . . 
DW'lhevedra crassa . . . . . . . . 
EphmuroDorus sD. 

Graptolebens testuduta . . . . . . . . 
Kiiroasp. . 
Pleuroxus sp. . . . 
Pseudochydorus Rlobulruus . . . . 
Raksp . 
Daolu111dae 

Cenodap/uua sp . . . . . . . 
Stmochepalus sp . . . . . . . . . . 
Dop/uuasp . . 

Marothncidae 

MacrOlhnx sp. . 
Ostrocoda 

Cyprettasw . . . . . 
GomDhodella so. . . . . . 
llvodronus cf candomt• . . . . . . . . 
Kennetlua cnstata . . . . . . . . . . . 
lunnocylhere moiWrayensis . . . . . . . . 
Newnhamra so . 
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APPENDL'( 9 Blackmans Lagoon Fauna Sampled Nov 1993 - Oct 1994 

Date 25.11.93 17.12 93 9.1.94 10.2.94 6.4 94 5.5.94 2.6.94 29.6.94 28.7 94 1.9.94 13.10.94 
CRUSTACEA 
Amoh1.....!a 

Austrodulloma snn. . . . . . . . . . . 
Cooeooda 

Harn::i.cucotda 
Cant"~'""'"u~ australicu: • 
Conlh~m..,,. ••n~ . 
Sc/uzpf"'M sn. . . . 
Calan01da , 

Boeclall.a .....,....,. .. tnca + + + + . + . + + . . 
Gladwfer<nS souwsus . 
Cvcloo01da . . 

Cladocera 
Clivdondac 

Alona so. . . . 
Alona d=hana . 
Alonello spp. . . 
BUJDertura cf setulera . 
Canwtocera.tS auslralis . 
Chwlnrus sw. . . + . . . . . + . 
Dunhevcdra cras.sa . + 

GraDlolebens testudllllJna . . 
Pleuroxus so. . . . . 
Danhm•dac 

Cenadanhnw so. . + . . . . 
Sunocenhnh-. so. . + 

Daohnwsp. . . . . . . 
Ostrocoda 

Gomnhodello sp. . 
Tlvndronus cf candoruJcs . 
Kerutellua cnstata . . . . . . . . + . . 
l .nnnnr.vthere m.olf.bravensis . 

Macrothncidae 
Macro<hnx so. . . 
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APPENDIX 10 Big Waterhouse Lake Fauna! species hst Nov 1993-0ct 1994 

Date 23 11.93 9.294 6494 5594 2694 296.94 28.7.94 1994 13.1094 
Crustacea 

Ampbloodll 

Austroclultonra soo. * * * * * * * 
Paracallrooe so. * * * * 

Cooeoodll 

Haroacticoula 
C0J1Wtocercus henP\...,., * * * * * 

Calanorda 

I Boeckella sp. * * 
Gladtoferens spmosus * * * * * * * * 

I Cvclono1da * * * * * * * 

Cladocera 

Bosm1rudae 

BosmJna mendionalis * * 

Chvdondae 

Alonasp * 
Alonella so. * * * * * * 
Brapertura cf affims * .. * 
8rapert11ra cf. lon111qua .. 
Cmnntocercua australt1 * * .. * 
Clnxlorus so. * .. * * * * 
Dunhevedta crassa .. .. .. 
Eohemerooorus so. .. * 
Graploleberu lesludrnana * .. * * .. .. 
Pleuroxus so. * 
Pseudochvdorus 2lobosus * .. .. .. 
Raksp. .. 

Danbn11dae 

Cenodaohnta so .. .. * 
Srnwcephalus sp * .. * .. * .. .. 

Macrothncidae 
lvfacro1/1rvc soo .. * 

Ostrocoda 

Cvorellasp .. 
KenneJlua cnstaJa * .. * * .. .. .. .. 
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AppendlX 11 Bowlers Lagoon Fauna sampled Nov 1993- Oct 1 994 

Date 24. 11.93 10.1.94 6.4.94 5.5.94 2.6.94 30.6.94 28.7.94 1.9.94 1210.94 
CRUSTACEA 

Amohlooda 
Austrochrlloma spp .. 

Copeooda 
J.1omocnc01da 

Canthocamotus henTWle .. .. .. .. .. .. .. .. .. 
Qic!OllQ!da .. 

Oadocera 
Q)ydondae 
Alona sp. .. .. .. 
Alona dllJfJhana .. 
Alone/la so. .. .. .. .. .. .. .. 
Brnpertum spp. .. 
Brnpertum cf afjims * * 
Brnpertum n.11uhcawhs .. .. 
Brnpertum cf S€ll}lem .. .. .. 
Camptocercus australis .. .. .. .. .. .. .. 
Chydorus sp. .. .. .. .. .. 
Dunhevedra cmssa .. .. .. .. .. 
Ephemeroporus sp. * .. 
Graptolebens teslUlbmrra .. .. .. * -
Pleuroxus sp. * .. * * 
Pseudoclrydorus .11/obulosus .. 

-
Da!1lm!1dae 
Simocherxilus sv. .. * * 
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APPENDIX 12 Diss1m1lanty of sites based on community compost1on 

i;J~1~~~l~!ig!11~~i~l{~m~n~~W~!~~1~1i~~8~~~1!~l!W!i;!Hl~i1~~:~~~Himmmmmi~m1!i!!m1l11immmHlm~m1mmmmmlmlmmmiimmm 
Group 2 Group 1 

TERM RATIO % SPECIES av abundancE av abundance cum % 
4.04 2.44 5.26 Canthocamptus henryae 0.08 1.00 5.26 
3.79 2.21 4.93 Austroch1ltonia spp. 1.00 0.11 10. 1 8 
3.66 1.84 4.75 Boeckella sp. 0.83 0.00 14.94 
3.41 1.97 4.43 Newnhamia sp. 0.83 0.00 19.37 
3.30 1.49 4.30 Calamoecia australis 0.75 0.00 23.66 
3.12 1.58 4.05 Cypretta sp. 0.75 0.00 27.71 
3.11 1.57 4.05 llyocryptussp. 0.75 0.00 31.76 
3.07 1.61 3.99 Cyclopo1da 0.83 0.11 35.76 
2.91 1.20 3.78 Simocephalus sp. 0.92 0.33 39.53 
2.60 1.08 3.38 Alona spp. 0.75 0.33 42.92 
2.48 1.07 3.22 Rak sp. 0.58 0.00 46.14 

Macrothrix spp. 0.58 0.00 2.40 1.12 3.12 49.25 
Calamoecia gibbosa 0.50 0.00 2.39 0.94 3.10 52.36 

mmmmmmmrnmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm~mmmmmmmmm~~m~mmmmmmmmmmmm~mmm~mmmmmmmmm 
AVERAGE DISSIMILARITY BETWEEN GROUP 3 & 1 is 62 .. 4% 

Group 3 Group 1 
SPECIES av abundance av abundance TERM RATIO % cum% 

Boeckella symmetrica 1.00 0.00 4.56 3.49 7.32 7.32 
Kenneth1a cristata 1.00 0.11 4.01 2.12 6.44 13.76 
Cyclopo1da 1.00 0.11 3.98 2.14 6.39 20.15 
Austrochiltonia spp. 1.00 0. 11 3.98 2.14 6.39 26.54 
Limnocythere mowbrayensis 0.73 0.11 3.03 1.26 4.86 31 .40 
Ceriodaphrna sp. 0.64 0.00 3.01 1.19 4.84 36.24 
llyodromus cf candonites 0.73 0.00 2.99 1.51 4.80 41.04 
S1mocephalus sp. 0.91 0.33 2.93 1.23 4.71 45.75 
Alona spp. 0.91 0.33 2.93 1.23 4.71 50.45 

~~Q~~~~~wj~~~1~~!~lt~m~H~~~~1~~1~1~~~~B~l~~~~~~~~~~1~~~~~;'.~![!~mm~mm~;m~.~j~:i~;;;;~;mj~~;jjj~j~j11;rn~1rn1~j~11iji1i;1~~Hlj~11imjmmm1~ilj1 
Group 3 Group 2 

SPECIES av abundance av abundance TERM RATIO % cum% 
Boeckella symmetnca 1.00 0.00 3.08 4.78 5.72 5.72 

-· Soeckella sp. 0.00 0.83 2.59 1.97 4.80 10.52 
Canthocamptus henryae 0.82 0.08 2.38 1.64 4.41 14.93 
Newnham1a sp. 0.09 0.83 2.31 1.71 4.29 19.22 
llyocryptus sp. 0.00 0.75 2.25 1.61 4. 17 23.39 
Calamoecia australis 0.09 0.75 2.21 1.42 4.11 27.50 
Ounhevedia crassa 0.73 0.17 1.92 1.30 3.57 31.07 
Graptoleberis testudinaria 0.73 0.33 1.74 1.12 3.23 34.30 
Rak sp. 0.09 0.58 1.73 1.08 3.22 37.52 
Ceriodaphnia sp. 0.64 0.33 1.73 1.04 3.21 40.73 
Macrothrix spp. 0.09 0.58 1.71 1.10 3.17 43.89 
Cypretta sp. 0.45 0.75 1 .68 1 .01 3. 12 47.01 
L1mnocythere mowbrayens1s 0.73 0.42 1.68 1.03 3.1 1 50. 12 

3roup 1 = Bowlers Lagoon 
3roup 2 = Cape Naturaliste 
'Jroup 3 = Little Waterhouse 
'Jroup 3 = Big Waterhouse 
'Jroup 5 = Blackmans Lagoon Page 1 of 4 



APPENDIX 12 D1ss1mlianty of sites based on community compost1on 

Group 4 Group 1 

SPECIES lav abundancE !av abundancE TERM RATIO % cum% 
Canthocamptus henryae 0.00 1.00 6.11 2.09 8.53 8.53 
Gladioferens spinosus 1.00 0.00 6.11 2.09 8.53 17.06 
Kenneth1a cristata 1.00 0.11 5.37 1.58 7.50 24.56 
Austrochiltorna spp. 0.88 0.11 4.28 1.63 5.98 30.54 
Cyclopoida 0.88 0.11 4.28 1.63 5.98 36.52 

Simocephalus sp. 0.88 0.33 3.67 1.21 5.12 41.64 

Graptoleberis testudinaria 0.75 0.44 3.17 1.00 4.43 46.07 

AVERAGE DISSIMILARITY BETWEEN GROUP 4 & 2 1s 62.L 5% 

Group 4 Group 2 
SPECIES lav abundance lav abundancE TERM RATIO % cum% 
Gladioferens spincsus 1.00 0.00 3.67 4.06 5.88 5.88 
Newnhamia sp. 0.00 0.83 2.92 1.99 4.67 10.55 
Calamoecia austrahs 0.00 0.75 2.79 1.52 4.47 15.02 
llyocryptus sp. 0.00 0.75 2.66 1.58 4.26 19.28 
Boeckella sp. 0.25 0.83 2.52 1.28 4.03 23.31 
Cypretta sp. 0.13 0.75 2.48 1.38 3.96 27.28 
Alona spp. 0.13 0.75 2.42 1.38 3.88 31.16 
Graptoleberis testudinaria 0.75 0.33 2.12 1.13 3.39 34.55 
Rak sp. 0.13 0.58 2.04 1.05 3.26 37.81 
llyodromus cf candorntes 0.00 0.58 2.03 1.12 3.25 41.06 
Kenneth1a cristata 1.00 0.50 2.02 0.93 3.23 44.29 
Calamoecia g1bbosa 0.00 0.50 2.00 0.94 3.19 47.48 
Gomphodella sp. 0.00 0.58 1.96 1.13 3.14 50.63 

1~~~i~~~1~H~i11~~/~~[~m~1~~~~~'.~~1~~~~~~~~;;~~;~;;~1;!~~1~i~1J~;~i~mm;i1mmi~i;~ii1;~~1i1~1~i~ii~~~~~~1~mi111~1i1i1i~i~~1~1~i~mmi~1~~i;:~mm~rnm1;~ 
Group 4 Group 3 

SPECIES lav abundanceav abundancE TERM 
Boeckella symme~~ica 0.00 1.00 3.83 
Glad1oferens spir•o:us 1 .00 0.09 3.52 
Canthocamptus henr;ae 0.00 0.82 3.13 
Alona spp. 0.13 0.91 2.86 
Limnocythere mowbrayens1s 0.00 0.73 2.74 
llyodromus cf candorntes 0.00 0. 73 2.56 
Cenodaphrna sp. 0.38 0.64 2.11 
Dunheved1a crassa 0.38 0.73 2.10 

Group 5 Group 1 
SPECIES lav abundancE av abundance TERM 

3roup 1 n ' 1 ~ s;.\lllJ.m.f>tnca 
]roup 2 =l<CamJ>l~~@enryae 
3roup 3 = Little Waterhouse 
3roup 3 = Big Waterhouse 
3roup 5 = Blackmans Lagoon 

1.00 0.00 7.42 
0.09 1.00 6.78 
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RATIO 
3.78 
2.35 
1.77 
1.80 
1.42 
1.51 
0.98 
1.06 

RATIO 
2.82 
2.02 

% 
7.40 
6.79 

. 6.04 

5.51 
5.30 
4.94 
4.08 
4.05 

% 
9.16 
8.38 

cum% 
7.40 
14.18 
20.22 
25.74 
31.03 
35.98 
40.05 
44.11 

cum% 
9.16 
17.53 



APPENDIX 12 Dissimilarity of sites based on community compostion 

Kennethia cristata 
Austrochiltonia spp. 
Camptocercus australis 
Alonella sp. 
Daphnia sp. 
Chydorus spp. 

-<Jroup l = Bowlers Lagoon 
·<Jroup 2 = Cape Naturahste 
·Group 3 = Little Waterhouse 
Group 3 = Big Waterhouse 
·Group 5 = Blackmans Lagoon 

1.00 0.11 
0.91 0.11 
0.00 0.78 
0.18 0.78 
0.55 0.00 
0.91 0.56 
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6.51 1.89 8.04 
5.88 1.60 7.26 
5.13 1.68 6.33 
4.59 1.34 5.67 
4.18 0.97 5.16 
3.75 0.83 4.63 

25.57 
32.83 
39.16 
44.83 
49.99 
54.62 



APPENDIX 12 D1ss1m1lanty of sites based on community compost1on 

Group 5 Group 2 

SPECIES av abundancE av abundancE TERM RATIO % cum% 
Boeckella symmetrica 1.00 0.00 4.17 4.41 5.69 5.69 
Boeckella sp. 0.00 0.83 3.51 1.92 4.80 10.49 
Newnhamia sp. 0.00 0.83 3.29 2.03 4.49 14.99 

S1mocephalus sp. 0.18 0.92 3.28 1.63 4.49 19.47 

Calamoec1a australis 0.09 0.75 3.02 1.40 4.13 23.60 
Cypretta sp. 0.00 0.75 3.01 1.62 4.11 27.70 

llyocryptus sp. 0.00 0.75 3.00 1.61 4.10 31.81 

Camptocercus australis 0.00 0.75 2.89 1.64 3.95 35.75 

Cyclopoida 0.18 0.83 2.87 1.50 3.93 39.68 

Alona spp. 0.27 0.75 2.59 1.18 3.54 43.22 
Rak sp. 0.00 0.58 2.38 1.10 3.26 46.48 
Daphnia sp. 0.55 0.00 2.32 1.04 3.17 49.64 
Kenneth1a cnstata 

AVERAGE DISSIMILARITY BETWEEN GROUP 5 & 3 is 52. 8% 

Group 5 Group 3 
SPECIES av abundance av abundance TERM RATIO % cum% 
Cyclopoida 0.1 8 1.00 3.70 1.85 7.07 7.07 
Canthocamptus henryae 0.09 0.82 3.33 1.57 6.36 13.43 
S1mocephalus sp. 0.18 0.91 3.28 1.66 6.27 19.70 
Limnocythere mowbrayensis 0.09 0. 73 2.98 1.33 5.69 25.39 
Alonella sp. 0.18 0.82 2.97 1.44 5.69 31.08 
Alona spp. 0.27 0.91 2.97 1.39 5.68 36.75 
Camptocercus austrahs 0.00 0.73 2.87 1.55 5.48 42.24 
llyodromus cf-candonites 0.09 0.73 2.76 1.40 5.28 47.52 

1lli~1~~l~~i~~i~~1l~1i~~~~~1~l1l1l1i1liiii1i1i11111i1i1~i·1i1;~mi1m1i~mi11l1~[ifl1~l1i1i1i~iH111m1miif;1~mrni1rn1mm11i~m1ii;1i1i1~m1i;i~~1'.~~iiiiii~rn1i~i1i1~hii~1~m1i~ 
AVERAGE DISSIMILARITY BETWEEN GROUP 5 & 4 is 63 . ..: 5% 

SPECIES 
Boeckella symmetrica 
Glad1oferens spinosus 
S1mocephalus sp. 
Cyclopoida 
Alonella sp. 
Graptoleberis testud1naria 
Daphnia sp. 
Ceriodaphrna sp. 
Camptocercus australis 

3roup 1 = Bowlers Lagoon 
.Jroup 2 =Cape Naturahste 
3roup 3 = Little Waterhouse 
3roup 3 = Big Waterhouse 
3roup 5 = Blackmans Lagoon 

Group 5 Group 4 
av abundancE av abundancE 

1.00 0.00 
0.09 1.00 
0.18 0.88 
0.18 0.88 
0.18 0.75 
0.18 0.75 
0.55 0.00 
0.55 0.38 
0.00 0.50 
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TERM RATIO % cum% 
5.70 3.00 8.98 8.98 
5.09 2.14 8.03 17.00 
3.95 1.61 6.22 23.23 
3.95 1.61 6.22 29.45 
3.49 1.31 5.50 34.95 
3.49 1.31 5.50 40.44 
3.19 0.98 5.03 45.47 
2.83 0.95 4.46 49.93 
2.52 0.98 3.97 53.90 



APPENDIX 13 West Coast Dune Lakes Phys1cochemical Data 91-92 

1te Date 1PH K25uS/cm Tn(NTU) g440(m-l) Na K Ca Mg Cl HC03 S04 TOC DOC 

1(1 bbs Lagoon 11 10.91 610 13900 100 10767 23 00 120 2.30 430 38.00 1400 560 133 1270 

•fi bbs Lagoon 1492 16000 

.ake Bannc 115 91 520 68.30 040 1267 1800 OOO 160 250 3400 600 370 00 OOO 

.ake Bannc 14691 570 93 00 035 0230 1800 0.53 076 220 3000 500 3 so 00 OOO 

.ake Bantlc 5991 570 10800 035 0921 2000 049 110 240 3100 2 80 400 97 1120 

..ake Bannc 1492 5.10 12200 050 0115 1800 057 083 210 3000 710 3 20 

,.ake Bantic 16692 520 11010 027 1382 1700 0 51 0.72 190 2800 440 3 10 670 

..ake Bannc 9.992 580 13800 025 1267 1600 055 072 210 2700 3 00 3 00 560 

..ake Bannc 31193 480 10600 045 1036 14.00 055 068 190 2600 230 2 70 

,..alee Bantlc 8693 540 13800 035 0518 1400 037 1.00 1 70 2200 140 550 113 

..ake Bannc 81194 5.88 11200 050 0000 16.00 051 1 00 240 2400 150 3 80 113 

..ake Cumberland 3 2.93 420 4790 150 10997 640 049 026 070 1100 070 120 

...ake Cumberland 8 11.94 471 73.00 050 2994 9.30 046 050 200 1200 430 OOO 1100 

..akeGama 11591 450 6980 030 6045 1400 041 150 180 2900 500 3.10 6.0 720 

...ake Garcia 14691 570 82 50 045 5009 1800 044 540 200 2900 780 1000 990 

..akeGama 5991 450 11800 0.40 8867 1800 062 092 210 2900 590 3 20 00 240 

...ake Garcia 2492 440 12110 050 4203 1900 057 081 210 31 00 530 3 50 65 710 

...akeGama 16692 4.50 11370 040 6448 1800 044 075 200 2800 100 330 67 790 

'...akeGama 9992 430 13600 100 6618 1700 049 078 190 2800 OOO 250 2400 

'...akeGama 4293 470 10500 1 00 10421 1700 0.64 078 200 29.00 080 280 

:..OkeGama 86 93 4.60 14600 030 6.276 1700 046 1 00 230 2800 480 OOO 1260 

..ake Garcia 81194 556 9700 0 so 3 915 1800 042 110 280 2800 490 1 70 12 90 

...akeKoonya 22.93 3 80 10700 100 28555 1600 038 056 180 2600 OOO 470 

...ake Koonya 20692 370 12200 052 27866 

Lake Mallana 12691 3 50 12100 060 19.576 2200 073 094 300 3400 OOO 690 19.5 19 50 

...ake Mallana 5991 3 90 13400 060 22166 2000 077 110 250 33 00 OOO 540 199 20 50 

Lake Mallana 10 10 91 3 80 13620 080 22512 194 2030 

Lake Mallana 20692 390 113 00 063 23 721 1900 075 080 240 3000 OOO 600 23.7 2240 

Lake Mallana 99.92 410 14600 075 15142 1600 089 070 210 2800 OOO 4.70 2400 

Lake Mallana 8693 3.90 16700 o 85 23 030 1700 069 060 430 1800 900 OOO 1600 

Lake Strahan 115 91 470 18900 065 8233 3600 099 1 10 500 6600 3 00 800 13 00 

Lake Strahan 12691 510 179 00 040 10 651 4000 110 120 500 6900 480 870 110 980 

...ake Strahan 5991 440 218 00 025 17 560 3700 086 110 450 55 00 070 7~ 180 1440 

...ake Strahan 101091 410 22500 o 60 21245 3600 094 1 20 420 5600 130 710 187 1630 

...ake Strahan 313 92 440 136400 100 6909 4800 140 110 580 8200 200 11 20 78 720 
Lake Strahan 21692 460 23000 050 17273 3600 0.87 110 450 6000 1 70 860 ! 6000 

·Lake Strahan 9992 470 32700 1 00 50493 5600 120 140 600 6900 090 990 I 23 00 
Lake Strahan 30 193 420 26200 045 24060 3600 130 1 00 490 7200 100 8 00 I 
Lake Strahan 8693 490 30400 025 11112 3100 110 120 490 6500 520 270 l 1230 

I 
I 

..;ew La.goon 12691 370 18600 040 29536 3600 035 1 20 550 63 00 090 680 3071 31 70 
'lew Lagoon 910 91 400 17600 o so 37711 I 311 i 2930 
-Jew l..a1?oon 31193 450 21200 200 35408 2800 080 072 3 80 5500 OOO 290 

; 

"artml? Creek 810 91 450 5960 070 12321 1100 039 079 130 1500 120 2 50 11 3, 12 70 
"artmg Creek 313 92 450 7600 050 7 542 1100 036 110 160 1900 1 70 210 11 51 1110 
2artmg Creek 20692 410 6000 063 14048 920 029 084 130 13 00 OOO 240 17 3! 16 90 
Parting Creek 3 293 4.60 5470 070 16121 730 032 088 130 1300 180 180 i 
"art!ng Creek 8693 440 8400 050 12091 880 023 1 00 180 1700 690 0 00 I 1790 

Parting Creek 81194 595 63 80 050 5670 880 023 120 140 1600 3 90 280 I 12 20 

i 
South Strahan 1 1110 91 410 281 00 040 42087 4600 2 20 250 500 7500 130 5 60 381 3740 

South Strahan 1 313 92 3 80 41100 o so 25160 7800 130 180 830 12000 OOO 8 50 273! 4760 

South Strahan 1 21692 3 60 30000 042 38460 4600 110 1 70 560 6800 OOO 1000 522 2640 

South Strahan I 30193 3 70 30600 045 44040 5400 150 280 640 88 00 OOO 410 I 
I 

South Strahan 2 111091 400 24500 035 42720 4000 1 70 2 60 440 6200 070 610 383! 3740 

South Strahan 2 313 92 3 50 390 00 150 41915 6500 180 120 780 105 00 OOO 1100 360! 3670 

South Strahan 2 21.692 370 27000 039 42606 4200 1.00 140 500 6400 0.00 730 s2.ol 50 20 

South Strahan 2 30 193 3 50 253 00 040 50263 3500 120 190 400 6400 OOO 410 I 

·0..11 major ions, DOC TOC expressed as mg/I Page 1 of 1 



APPENDIX 14 West Coast Dwie Lakes Fawia Data Sampled 1991-1994 
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Shaded areas indicate not sampled on that date Page 1 of 1 



APPENDIX 15 Bruny Island Phys1cochem1cal Data 

Site Date pH K25 Tn(NTU) 2440 Na K Ca Miz Cl HC03 S04 

uS/cm (Jleq/1) (µeq/l) (Jleq/l) (Jleq/l) (Jleq/l) (Jleq/l) (Jleqll) 

3ames Laizoon 199.90 • • • • 12,174 396 1,300 3,536 12,691 1,521 1,271 

23.1290 65 1,150 25 5234 10,345 56 1,018 4,089 15,371 • 363 

241.92 6.9 1,240 09 582 9,130 212 850 2,549 9,589 393 1,833 

- . 

31g Lagoon 2777 48 1,684 04 843 6,152 219 314 3,770 5,350 110 4,993 

23187 6.5 770 04 1485 5,565 161 40 1,382 6,515 133 562 

121088 . 1,286 • 1065 • • . • • • • 
19990 . • • • 18,261 448 1,700 4,488 20,583 295 2,500 

23.12 90 65 1,640 27 1836 26,583 588 1,667 7,436 * * * 
24192 66 2,690 1 1 13 07 21,304 499 1,950 5,592 23,973 524 3,021 

D' Arrcys Lagoon 27.77 68 811 19 53 30,708 155 496 1,398 26,800 450 6,109 

19990 49 * 0.5 346 5,000 128 825 2,549 4,930 64 2,813 

23 12 90 48 740 05 43 66 5,400 110 706 3,247 * • • 
241.92 68 444 5 53 66 2,783 123 415 1,110 2,479 320 1,125 

Gt bbs Lagoon 2777 44 484 17 714 18,300 52 202 678 1,370 176 17,686 

23 187 46 1,510 • 253 33 13,174 395 740 2,631 15,060 38 1,417 

19990 • • • • 38696 563 4,650 16,447 41,459 0 15,417 

23 12 90 42 2,510 95 105 59 32574 456 3,520 16,283 • * • 

Little Lagoon 19.990 57 8,900 275 2672 5,217 205 575 1,563 5,359 270 1,125 

2312 90 79 572 08 2775 5740 169 506 2,053 1.Dl5 • 40 

v1ajor ions are in µequ/I Page 1of1 


