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EXECUTIVE SUMMARY 

The Tuggerah Lakes are a series of three interconnected shallow coastal barrier lagoons 

that are open to the sea at The Entrance. An estuary process study was done as part of the 

NSW state governments estuary management program. The estuary process study was to 

describe the physical, chemical and biological patterns and processes operating within the 

estuary and identify management issues that would be the focus of the subsequent 

management study. In the past, community concerns about deteriorating environmental 

quality within the estuary have led to scientific studies and a number of management 

actions. Many of the studies were not done at appropriate spatial and/or temporal scales 

and were generally focused on issues surrounding the operation of the Munmorah Power 

Station and its effects on the estuary. The Tuggerah Lakes restoration program was a direct 

result of community and political pressure to do something about eutrophication within the 

estuary. The results of that particular management action have and continue to be 

questioned by the community and technical experts from various disciplines. The lakes 

restoration program may be considered a "bandaid solution" because it only treated the 

symptoms and not the ac ual cause of tlie problem. h) 
VJ ~ c 4 . f I _:_; 

The Tuggerah Lakes Estuary Process Study was to identify data gaps and key estuarine 

processes so that we had a clear understanding of how the estuary actually "worked". All 

the relevant scientific studies that had been done were examined so that a generalised 

description of the processes within the estuary could be used to assist with managing 

environmental issues. It became clear early in the study that many of the previous works 

were inadequate for describing estuary processes because appropriate spatial and or 

temporal scales were never examined. To help overcome this, a number of studies were 

done aimed at describing the estuary in terms of its important physical, chemical and 

biological components. ManY. of these studies are ongoing and are funded by Wyong Shire 

Council independent of external funding (e.g. water quality, macroalgae and phytoplankton 

monitoring). These programs will also be reported in annual state of the environment and 

technical reports and in the relevant scientific literature. 

The estuary was formed some 5,000 years ago when sea levels rose after the last ice age. 

Most of the geomorphological features of the estuary are relic i.e. they are no longer active 

except for the river deltas of Wyong and Ourimbah Creeks and the tidal delta at The 

Entrance. Sedimentary processes within the estuary were found to be slow, with no 

evidence for depth changes since the early bathymetry studies in the 1970's. There were 

however small-scale changes with some places becoming shallower around inflows whereas 

other places had become deeper due to the effects of mine subsidence. The Tuggerah 
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estuary is one of the slowest infilling estuaries along the NSW coast and at current rates 

would take over 1 000 years to completely fill. The flushing and mixing characteristics of the 

estuary were examined and tidal flushing contributes very little to its circulation and mixing 

patterns. Overall the bottom sediments within the estuary were relatively "healthy" apart 

from some small-scale problems in some urbanised areas. Initial investigations on pollutants 

within the sediments indicated very low levels of pesticides whilst some heavy metals were 

found in Lake Budgewoi although these levels were well below levels found to cause 

adverse ecological effects. The sediments within the estuary had high nutrient 

concentrations and studies on sediment nutrient fluxes indicated positive flux rates. Ambient 

nutrient concentrations within the water column were found to be above the ANZECC 

guidelines and the estuary could be classed as mesotroQhic (i.e. medium nutrient status). 

Phytoplankton populations within the estuary were low with occasional blooms whilst 

macroalgae assemblages experience periodic small-scale blooms (generally around 

developed foreshores). Macroalgae blooms during the 1980's and early 1990's were 

consistent with the estuary being eutrophic. With projected increased population pressure in 

the Wyong catchment these macroalgae blooms could return if appropriate management 

action is not taken. One of the major ecological issues in the estuary has been the 

defragmentation and loss of up to 85% of fringing saltmarsh and wetland vegetation. 

Saltmarsh and fringing wetlands play an important role in nutrient recycling processes and 

their removal has probably altered the way seagrass and macroalgae wrack are recycled 

through the estuary. Ecologically sustainable foreshore management will need to be 

addressed as part of any management plan for the estuary. Contrary to public opinion there 

has been a significant decrease in the extent of seagrasses within the estuary by at least 

500fo since the 1960's, probably due to increased turbidity within the lakes and by physical 

disturbance. Descriptions of ecologically sensitive habitats that will need to be considered in 

the management plan are also included. 
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Estuary management 1ssues were 1dent1f1ed m conJunction w1th the Tuggerah Lakes Estuary 

Management Subcommittee workshops and through commumty consultation The follow1ng 

key 1ssues Will requ1re further exploration m the estuary management study 

• Ecologically sustamable management of estuanne beaches and foreshores 

• Protect1on of ecologically sens1t1ve habitats, eg Budgewo1 Sandmass and Tuggerah 

Bay 

Manag1ng potentially elevated nutnent and sed1ment loads to the estuary from 

mcreased urbamsat1on and development m the catchments 

ldent1f1cat1on and management of those nutnents responsible for excess1ve aquat1c 

plant growth 

Implications of penod1c dredging of nvers and the tidal delta at The Entrance 

• Pract1cal and ecolog1cal 1mpl1cat1ons of a second entrance and/or break walls to alter 

ex1stmg estuanne m1xmg and flush1ng 

• The management of both recreational and commerc1al f1shenes 

• Potent1al ecolog1cal effects of mme subsidence 

• The feas1b11ity of usmg "B1omd1cators" to quant1fy whether management targets for 

the estuary are atta1ned 
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1. INTRODUCTION 

1.1. The Tuggerah Lakes Estuary 

The Tuggerah Lakes catchment represents around 80% of the area of the Wyong Sh1re 

(F1gure 1) The estuary 1s composed of three Interconnected lakes, wh1ch are open to the 

sea at The Entrance The study area, located on the central coast of NSW, compnses three 

shallow coastal lagoons, Tuggerah Lake, Budgewo1 Lake and Lake Munmorah (F1gure 2) 

The process study was not lim1ted to the three lakes but Included the1r foreshores, adjacent 

lands and major tnbutary nvers and creeks Land m the catchment 1s used m a number of 

ways, rang1ng from residential, commerc1al, rural, mdustnal, forestry and natural bushland 

The Tuggerah Lakes estuary has always been 1mportant to the Sh1re 1n terms of 1ts value to 

tounsm, recreat1on and f1shenes (Inter-Departmental Comm1ttee, 1979} 

1.2. Catchment and Landuse 

Wyong Sh1re IS approximately 100 kilometres north of Sydney (F1gure 1 ), bounded by Lake 

Macquane m the north and Gosford m the south and 1s approximately 826 km2 1n total area 

(WSC, 1997, 1999) The eastern part of the sh1re IS dommated by the Tuggerah Lakes, 

wh1lst the Wattagan Mountams dommate the western part of the sh1re (WSC, 1997) Wyong 

Sh1re expenences a m1ld temperate climate w1th an average temperature of 28°C dunng 

summer and soc dunng wmter The average annual ramfall m the catchment IS 

approximately 1200 mm The ra1nfall vanes throughout the year, w1th March the wettest 

month (140 mm) and August the dnest (70 mm) (WSC, 1997) Dunng the wmter months, 

the prevailing wmd direction IS from the south-west, whilst south-east w1nds prevail dunng 

spnng and early summer In late summer, north-eastly sea breezes prevail The geology 

and soil landscapes of the reg1on were descnbed by Murphy (1993), and a summary of those 

perta1mng to Wyong Sh1re can be found m Wyong Sh1re Counc1ls state of the enwonment 

reports (WSC, 1997, 1999) Over the last 160 years the natural enwonment of the reg1on 

has been mod1f1ed w1th many different types of landuse (WSC, 1997) In general they have 

1ncluded forestry, res1dentJal, commercial, mdustnal and agnculture Approximately 3% of 

the area of the sh1re 1s compnsed of Nat1onal Park A descnptJon and breakdown of the 

vanous landuse m the sh1re and a summary of the major changes that have occurred can be 

found m the state of the env1ronment reports (WSC, 1997, 1999) Wyong Sh1re Council's 

1998/99 state of the enwonment report (WSC, 1999) explores the pressures that population 

growth and assoc1ated landuse actJVJtJes have on the soc1al, econom1c and environmental 

components of the reg1on The central coast reg1onal planmng strategy IS to focus on 

managmg land development to ach1eve agreed econom1c, soc1al and ecolog1cal goals (WSC, 

1999) 
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1.3. Framework for the Estuary Management Plan 

The NSW state government's estuary management process requ1red that a management 

plan for the Tuggerah Lakes estuary be prepared (Estuary Management Manual, 1992) An 

estuary management sub-committee was formed to ass1st m the formulation of th1s estuary 

management plan (Appendix 1) The estuary management committee's ma1n objective was 

to promote ecologically sustamable development through the formulation of an estuary 

management plan, wh1ch accounted for all stake-holders 

The process of formulating an estuary management plan IS deta1led m the Estuary 

Management Manual (1992), wh1ch outlines a process leadmg to the 1mplementat1on of the 

plan based on pnnc1ples of ecologically sustainable development and management of the 

catchment The f1rst stage m the plan was to undertake a rev1ew of literature and to comp1le 

relevant data, these were, to some extent, done as part of the Adapt1ve Environmental 

Assessment and Management Program (AEAM) for Wyong Sh1re Council (WSC) The 

second stage, the process study, was to be followed by a management study and production 

of a plan of management for the estuary 

The Estuary Process Study was to prov1de an overall apprec1at1on of the vanous phys1cal, 

chem1cal and b1olog1cal 1nteract1ons occurnng m the estuary and to form the bas1s for a 

balanced, mtegrated managenal plan that Includes 1ssues relevant to all stake-holders 

The follow1ng 1ssues were 1dent1f1ed by the commumty as relevant to the estuary and 1ts 

catchment and prov1ded an 1n1t1al focus for the study It should be recogn1sed that, m 

prepanng such a list, the 1nclus1on and, 1n particular, the rankmg of particular 1ssues was 

subjeCtive. Many of the 1ssues were mteract1ve and mcluded the followmg 

• Entrance cond1t1ons and the1r 1mpact on tidal exchange and the flushmg of nutnents 

• A proposal for a second entrance 

• Flood1ng of foreshores 

• Water quality, especially adjacent to stormwater outlets 

• Impact of heated water discharges from Lake Munmorah Power 

Stat1on, espec1ally on growth of seagrass and macroalgae 

• The effects of seagrass and macroalgae growth on recreat1on 

• Accret1on of sed1ment at stormwater outlets and creeks 

• Dredg1ng of sed1ment, espec1ally to evaluate the effects of past foreshore dredg1ng 

and reclamation works 
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1.4. Adaptive Environmental Assessment and Management 

The AEAM program developed by Macquane Research Ltd, WSC and the Wyong 

communtty was used to help 1dent1fy areas of research for management of the estuary and 

catchment w1thm Wyong Sh1re The AEAM models were 1ntt1ally developed to prov1de a 

framework 1n wh1ch the bulk of the stud1es on the Tuggerah Lakes estuary were to be done 

The program was to develop a modeling tool that could offer potent1al management 

strateg1es to allev1ate the effects of an mcreasmg human populat1on (Walkerden and 

Gilmour, 1996) The AEAM wokshop proceedmgs, a1ms, methods and recommendations 

are summansed 1n Walkerden and Gilmour (1996) 

1.5. Peer Review and Community Consultation 

The Tuggerah Lakes Estuary Management Sub-comm1ttee oversaw the formulation of the 

process study and was mvolved at all stages and w1th scopmg of the 1ssues (Appendix 1) 
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All components of the process study were peer-rev1ewed by experts m estuanne ecology and 

enwonmental management, wh1lst a panel of techntcal experts cons1stmg of leaders m the1r 

respect1ve f1elds rev1ewed the f1nal document and reports (AppendiX 2) 

1.6. Literature and Data Review 

A great deal of the l1terature and data rev1ew for the Tuggerah Lakes system was done as 

part of the AEAM scopmg and workshop programs. A three-volume report outlines much of 

th1s work (Walkerden and Gilmour, 1996) In 1970, the State Government set up a 

comm1ttee w1th representatives from vanous authont1es w1th management respons1b11ity for 

the estuary Th1s comm1ttte was to closely examme the problems w1thm the estuary and 

make recommendations to overcome them (Inter-Departmental Comm1ttee, 1979) The 

Murray-Darling Freshwater Research Centre and the CSIRO were comm1ss1oned to rev1ew 

the ecology of the Tuggerah Lakes system but 1ts mam focus was on the effects of power 

stat1ons (CSIRO, 1990) Wyong Sh1re Council's, State of the Environment Reports, 

contamed 1nformat1on and relevant literature on the catchment and estuary and were used to 

gam bas1c mformat1on and prov1ded much of the background mformat1on requ1red for the 

process study 



1.7. Objectives of the Process Study 

The mam objeCtives of the process study were to develop a further understanding of a 

number of key 1ssues mclud1ng the follow1ng 

• Hydrodynamic and sedimentary processes operatmg m the estuary 

12 

• Water quality vanables of Importance to the "health" of the estuary and the1r m1xmg and 

flush1ng behaviours 

• Interactions between phys1cal, chem1cal and b1olog1cal processes 

• Ecolog1cal and b1olog1cal processes and charactenst1cs of Importance to the estuary 

• Location and nature of s1gmf1cant natural, cultural, phys1cal and sc1ent1f1c s1tes 

• Extent to wh1ch human act1v1t1es have mod1f1ed or disturbed processes 

• Add1t1onal data and stud1es necessary to a1d 1n prepanng the subsequent stages of the 

Estuary Management Study and Plan 

1.8. Scope of the Process Study 

The followmg 1ssues were 1dent1f1ed and considered 1mportant 1n affect1ng the long-term 

"health" of the Tuggerah Lakes estuary Fmal scop1ng of the patterns and processes 

Involved prov1ded the focus for undertaking the process study 

• Momtonng key phys1cal/chem1cal water quality vanables 

• Sed1ment/nutnent mteract1ons w1th b1ota 

• B1olog1cal md1cators of lake and catchment health 

• Nutnent sources and budget 

• Annual sed1ment loads and charactensat1on 

• Major catchment sources of pollutants and development of management opt1ons 

• Management of non-pomt source pollut1on controls across a vanety of land uses 

• Management of stormwater treatment zones 

• Ground water movement and 1ts quality and quant1ty 1n the catchment 

• Dredgmg operat1ons and effects on water quality and b1ota 

• Sed1ment/nutnent fluxes 

• Spat1al and temporal vanat1on m seagrass and macroalgae 

• Phytoplankton and zooplankton dynam1cs 

• Lake hydrodynamics and flushmg charactenstlcs 
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1.9. Patterns and Processes in the Ecology of Estuaries 

Simple models of how the physical, chemical and biological components of an estuary 

mteract were used to scope the process study (Figure 3) Any scientific research program or 

study begins simply with observations, 1 e we descnbe the patterns or phenomena that are 

observed Observations are generally followed by the construction of one or several models 

or potential explanations of the observed phenomenon To be able to d1scnmmate amongst 

several competing models that can be constructed to explain phenomena m nature, we must 

be able to make predictions and test these predictions In some measurable way This IS 

fundamental to basic scientific procedure and descnb1ng patterns of vanat1on IS the first step 

(Underwood, 1997) This study IS referred to as a process study, but It IS really only a study 

of patterns To be able to Interpret processes from observed patterns requires expenmental 

tests of hypotheses denved from competmg models (Underwood, 1997) When this study 

began, many significant gaps In our understanding of key estuanne patterns were Identified, 

makmg predictions and descnptlons of processes fundamentally weak Furthermore, the 

general ecology of estuanes IS poorly understood when compared to other ecosystem types 

(Constable and Fairweather, 1999). It must be kept In mmd that the formulation of an 

estuary management plan IS supposed to be a dynamic process As new mformat1on and 

data become available, they are added to the process of management Natural systems 

undergo fluctuations at greater temporal scales than those usually accomodated m budgets 

for research and therefore patterns are often descnbed at mappropnate scales 
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2. PHYSICAL PATTERNS AND PROCESSES 

2.1. Introduction 

Estuanes are complex, dynam1c and b1olog1cally nch environments largely dom1nated by 

phys1cal forces The Tuggerah Lakes estuary IS a senes of three Interconnected coastal 

lagoons, wh1ch open to the sea at The Entrance They mclude Tuggerah (the largest), 

Budgewo1 and Munmorah (the smallest) Tuggerah Lake IS approximately 5km w1de and 

13km long wh1st Budgewo1 IS 4km w1de and 4km long, and Lake Munmorah IS 2km Wide and 

4km long Large estuanne systems like the Tuggerah Lakes are most commonly found on 

low-relief coastal reg1ons Estuanes have not been a common feature of the earth's 

geolog1cal h1story, and the two most recent geolog1cal epochs, collectively named the 

Holocene, are known as the age of the estuary (Day eta/, 1989) 

All present day estuanes are less than 5000 years old, wh1ch represents the t1me smce sea 

level peaked near 1ts present level follow1ng the last 1ce age Humans have flounshed smce 

th1s t1me, often explo1tmg the nch resources of estuanes Present day estuanes like the 

Tuggerah Lakes are geologically ephemeral coastal features, wh1ch formed dunng the last 

mterglac1al stage as sea level rose to 120m, almost 15,000 years ago These glac1atJon and 

deglaciation events have occurred regularly dunng the past few million years and sh1fts 1n 

the pos1t10n of coastlines worldwide and locat1ons of estuanes have changed accordingly 

Once formed, estuanes tend to f1ll w1th sed1ments and eventually d1sappear The sed1ment 

sources Within estuanes are generally from nver-borne terrestnal matenals eroded from the 

catchments, wh1lst sand s1zed matenals are brought up from the contmental shelf From a 

geological po1nt of v1ew, the t1me scale of th1s Jnflllls extremely short and estuanes 1nf1ll at 

different rates, so that they are at numerous stages of geolog1cal development 

The type and rate of geolog1cal development of estuanes depends on many factors 

1ncludmg, glac1at1on cycles, sed1ment supply, chmat1c vanab11ity, reg1onal and local geology 

and vanat1on 1n energy mputs Estuanes can be class1f1ed on the1r shape, h1story, tidal range 

and salimty reg1mes Barner estuanes range 1n s1ze up to 1 00km2 and are charactensed by 

narrow, elongated entrance channels, somet1mes only mterm1ttently open to the sea Away 

from the channels the estuary 1s generally shallow, low 1n energy, and supports vast 

seagrass commun1t1es When young, the shores of barner estuanes are generally rocky and 

Irregular, but over t1me they f1ll 1n and become smoother Eventually, deltas and mud flats 



16 

develop, w1th long tw1st1ng channels and are qwte often non-t1dalm the upper reaches of the 

estuary 

To understand the processes that contnbute to the patterns occurnng w1thm an estuary 1t IS 

1nsuff1c1ent to solely focus on chem1cal and blolog1calmteract1ons The phys1cal nature or 

geomorphology of the estuary w111 have a great Influence on bas1c hydrodynamics mcludmg 

water c1rculat1on, strat1f1cat1on, m1x1ng and flush1ng rates The Tuggerah Lakes estuary can 

been class1f1ed as a barner estuary, formed dunng the Holocene/Pleistocene penod (Roy, 

1984) Of all three lagoons, Tuggerah Lake IS the largest (60km2
) and due to dredgmg, IS 

continuously open to the sea The estuary IS shallow w1th an estimated average depth of 

1 6m, wh1lst e1ghty percent of 1ts total area IS Situated between the depth contours of 2m and 

3m (Roy and Peat, 1973) 

2.2. Sedimentary Processes 

There IS the potential for large amounts of sed1ments to enter the Tuggerah Lakes estuary 

from the surrounding catchment These sedimentary processes occur naturally but, w1th 

mcreased urban1sat1on and development, mcreased rates could be expected Flow and 

sedimentary processes have probably been altered by anthropogenic disturbance mclud1ng 

dredg1ng, we1rs and stormwater dra1ns Therefore, 1t 1s necessary to prov1de a descnpt1on of 

sed1ment type, patterns of d1stnbut1on, rates of sed1ment accumulation, potent1al sources, 

and factors affect1ng the movement and deposition of sed1ment 

Sed1ments w1thm an estuary are pnnc1pally denved from the eros1on of land-based matenal 

(rock, so1l, organ~c matter), wh1ch enters the estuary pnnc1pally from nvers, creeks and the 

sea They can also enter estuanes from the surrounding catchment v1a wmd and surface 

water runoff The compos1t1on of estuanne sed1ments vanes from estuary to estuary and 

w1thm an estuary 

W1thm an estuary, there are a generally a number of sed1ment zones Areas of 

accumulation are places where f1ne matenals are contmuously depos1ted. These zones 

contam f1ne s1lts and clays With a h1gh organ1c content Areas of transportation are where 

fme matenals are deposited and then remob1hsed and result 1n a d1verse range of sed1ments 

rangmg from muds to sands Examples mclude tidal deltas such as The Entrance or nver 

deltas such as at Ch1ttaway Pomt 1n Tuggerah Lake Areas of eros1on are places where 

there IS little to no depos1t1on of f1ne matenals These areas are charactensed by bare rock, 

gravels and sands, e g shoreline areas around the north-eastern part of Tuggerah Lake 

(Tuggerawong) 
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The grarn s1ze of sed1ment 1s proportional to the energy of the water flowrng over the bottom 

Where energy 1s low, part1cles tend to be small (e g bottom of the estuary) Where energy 

1s h1gh, particles are larger, e g at the mouth an estuary The nature of the sed1ment w111 

therefore depend heav1ly on assoc1ated vanat1ons 1n energy Dunng penods of low energy, 

frne particles w1ll settle out of the water column whilst dunng higher energy flows these frne 

particles are re-suspended rn the water column and moved to other places Water veloc1t1es 

1n estuanes vary over short and long penods and therefore vanat1on rn sed1ment depos1t1on, 

eros1on and transport occurs Large flood events (50 -100 year) have an Important role rn 

sh1ft1ng matenal that would not otherw1se have been moved by normal flow events 

Sed1ments are Important components of the estuary because they are cruc1al to nutnent 

recycling and prov1de a hab1tat for a mult1tude of ammals and plants 

2.2.1. The Geomorphology of the Tuggerah Lakes Estuary 

2.2.1.1. Introduction 

The shoreline of the Tuggerah Lakes estuary can be categonsed rnto three phys1ograph1c 

umts, coastal sand dunes, bedrock h1lls and alluvial valleys The lakes have developed 

through the format1on of coastal sand barners linked by three bedrock h1ghs at The 

Entrance, Norah Head and Wybung Head (see F1gure 2) On the eastern s1de of Tuggerah 

Lake, a dunal system (North Entrance Pemnsula} reaches he1ghts of 45m These dunes 

support the well-developed red gum and blackbutt forests of the Wyrrabalong Nat1onal Park 

The barners adjacent to Budgewo1 Lake and Lake Munmorah are less developed and have 

been mod1f1ed rn the past by mrnrng 

Manne barners cons1strng of quartzose sand can be found depos1ted rn nearshore, beach 

and dune enVIronments These manne barners link the three bedrock outcrops ment1oned 

above and tend to w1den towards the north Alluvial depos1ts rnf1ll the valleys of Wyong and 

Ounmbah, and the western s1de of the estuary where deltaic depos1ts occur The Tuggerah 

Lakes are class1f1ed as a barner estuary, formed because longshore dnft progressively 

depos1ted sand along the three marn bedrock outcrops 
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2.2.1.2. Tuggerah Lake 

Tuggerah Lake ts shallow, generally less than 3m and flat-bottomed. The bottom beds are 

composed of soft black mud earned tnto the lake by creeks dunng floods and depostted from 

suspenston The stdes are generally formed of gently sloptng sandy banks The eastern 

stdes are shallow flat-topped banks, whtch are related to the dune barners 

In Tuggerah Lake, the bank adjacent to the north entrance penmsular expands oppostte to 

the entrance tnto a broad tidal delta Thts tidal delta has been modtfted tn recent years by 

dredgtng operattons On the western stde of Tuggerah Lake, fluvtal deltas protrude around 

1-2 km from Wyong Rtver and Ounmbah Creeks (Ftgure 4) Elsewhere tn the estuary, the 

penpheral sandbanks are composed of matenal eroded from the foreshores by wave action 

(Roy and Peat, 1973) 

There are stx dtsttnct morphologtcal zones wtthtn Tuggerah Lake (Roy and Peat, 1973) 

These tnclude the lake-bed, two nver deltas, a tidal delta at The Entrance, a barner bank 

along the eastern foreshore, rocky foreshores on the western stde of the lake, and two large 

embayments (Chtttaway Bay and Tuggerah Bay) 

The deltas of Wyong Rtver and Ounmbah Creek on the western stde of the lake are 

composed of sandy mud, wtth muddy lithtc sands restncted to the dtstnbutary mouths The 

Wyong Rtver delta protrudes around 1 ,000 m tnto the estuary whtlst the Ounmbah Creek 

delta protrudes around 2,500m Between the deltas, sandy mud extends well tnto the 

estuary beyond the 2m contour (Roy and Peat, 1973) 

The tidal delta at The Entrance ts a large depostt of manne quartzose sand, denved from the 

open coast and depostted when current veloctttes decreased upon entenng the estuary 

(Ftgure 4) The dtstnbutton of sand tn the delta ts complex due to natural dynamtc processes 

and from matntenance dredgmg The tidal delta ts no longer acttve because tidal veloctttes 

are too low to transport sand. Manne sand deposttton ts restncted to the seaward end of the 

channel and the surface of the delta ts flat-topped and sandy Sandy-mud/muddy-sands 

accumulate after floodtng along the slopes and tn the channels The tidal delta extends 

around 1 ,200m tnto the estuary (Roy and Peat, 1973) 

The barner bank ts located on the north eastern and northern stdes of Tuggerah Lake from 

the tidal delta at the entrance to the Toukley Bndge (Ftgure 5) It ts composed of aeolian 

quartzose sand denved from the North Entrance Pentnsular barner dunes Wave eroston at 

the base of the dunes has redtstnbuted the sand to form a flat-topped, steep stded barner 
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bank Th1s sand body 1s a relic feature and 1s no longer act1ve w1th the bulk of the sand 

denved from the adjacent sand dunes Ev1dence IS prov1ded by the fact that the bank IS not 

bemg eroded, and emergent macrophytes line the shoreline The barner bank vanes 

between 250 and 750m w1de (Roy and Peat, 1973) 

The rocky foreshores outcrop along the north-western shoreline, where the s1des are steeply 

slopmg The sediments adjacent to the rocky foreshores 1nclude an assemblage of lithiC 

fac1es Isolated depos1ts of lithiC sands occur m the heads of shallow embayments In deep 

water, narrow zones of muddy/lith1c/sand and sandy/lith1c/mud are JUxtaposed and grade mto 

muddy sed1ments (Roy and Peat, 1973) 

Two large embayments (Tuggerah and Chlttaway Bay) have formed due to delta pro

gradation and are dom1nated by muddy sediments w1th a lithiC sand fract1on (F1gure 5} On 

e1ther s1de of Ounmbah Creek delta, the embayments are shallow and seagrass beds slow 

wave energy Sed1ments m the shallow zones are pnmanly mud and sandy mud w1th a h1gh 

organ1c content (Roy and Peat, 1973) 

2.2.1.3. Budgewoi Lake 

Budgewo1 Lake 1s connected to Tuggerah Lake at Toukley and to Lake Munmorah by a 

narrow channel m the north The lake has a flat bottom compnsmg around 80% of 1ts area 

F1fty percent of Lake Budgewo1 IS deeper than 2m wh1lst the other 30% 1s shallower than 1m 

The slope between these areas IS between 1 and 2m (Roy and Peat, 1973) 

Four d1st1nct morphological units occur, the bed of the lake, penpheral sandbanks, rocky 

shelves, and the eastern sand flat (Budgew01 sandmass) The bed of the lake 1s composed 

of soft, black to dark olive-green mud The source of the mud 1s from depos1t1on of 

suspended matenal entenng from Wallarah Creek (see F1gure 2) 

The penpheral sandbank IS composed of lith1c sands, wh1ch surround the lake They are 

mostly sandy mud, lith1c muddy sand and clean lithiC sand The clean lithiC sand zone IS 

located agamst the shore m less than 1m The banks reach a max1mum w1dth of 300m 1n 

the northern arm of the lake These banks are very narrow or absent at the southern end of 

Budgewo1 Lake The eastern arm has an extens1ve bank of quartzose sand The lith1c 

sands m Budgewo1 Lake are texturally related to the rocky outcrops Gentle slopmg rocky 

shelves to 200m occur off the rocky pomts 1n the north These outcrops extend laterally less 

than 300m, before sediments overlay them (Roy and Peat, 1973) 
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The eastern sand flat IS composed of quartzose sands wh1lst soft black mud up to 1 5m th1ck 

occurs on 1ts eastern s1de wh1lst the surface of the bank IS compnsed of clean sand 

colon1sed by seagrass On the eastern s1de of the bank, the water depths are less than 

15cm and bare sand IS exposed at t1mes of low lake level Muddy sands and sandy mud are 

found along the northern edge of the channel Th1s sand body IS a relic Pleistocene tidal 

delta formed at the mouth of an entrance channel, wh1ch once connected Budgewo1 to the 

sea approximately 1-2000 years ago (F1gure 6) 

2.2.1.4. Lake Munmorah 

Lake Munmorah IS the deepest of all three lagoons and has four d1st1nct morphological umts, 

the flat lake bottom, the western penpheral sandbank, the eastern penpheral sandbank and 

the crescent shaped bank (F1gure 6) The flat bed of the lake 1s composed of soft, black to 

dark olive-green mud denved from Colongra Creek dunng floods and from Budgewo1 Lake 

Deep holes occur 1n the lake up to 3 5m 1n places wh1lst the bed of the lake occup1es 70% of 

the total area The western penpheral bank 1s composed of muddy and clean lith1c sands 

The lithiC sands are less muddy 1n the south than 1n the north, and the lith1c sediments 

possess a course fract1on, wh1ch 1s poorly sorted These sed1ments are related to the 

onshore outcrops of Munmorah Conglomerate eroded by wave act1on Colongra Creek 1s no 

longer act1ve because of the Munmorah Power stat1on commiSSioned 1n 1969 The eastern 

barner bank IS compnsed of clean quartzose sands of aeolian ong1n (coastal sand barner) 

L1th1c sands to the south-west merge w1th quartzose sands to the north There 1s a narrow 

zone of muddy sand and sandy mud, wh1ch occurs on the steeply slop1ng edges Water 

turbulence on the surface of the bank prevents accumulation of mud These submanne 

barner banks were formed by waves eroding the 1nner edge of the coastal dunes These 

depos1ts are considered rel1c features w1th little act1ve depos1t10n The crescent shaped bank 

abuts the shoreline near Elizabeth Bay at the northern end of lake It IS composed of clean 

quartzose-aeolian sand and merges With the barner bank on 1ts eastern s1de and fac1es 1nto 

lithiC sediments on 1ts western s1de Its top 1s composed of clean quartzose sand down to 

sandy mud and mud at 1ts base It IS probably a mod1f1ed rel1c of a former coastal dune 

system from the Pleistocene age (Roy and Peat, 1973) 
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Figure 4. Delta at the mouth ofWyong River (Top) and the tidal delta at The Entrance (bottom) 
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Figure 6. Budgewoi sandmass (Top) and Lake Munmorab (Bottom) 
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2.2.2. Distribution of Sediments in the Tuggerah Lakes Estuary 

2.2.2.1. Introduction 

The bottom sed1ments 1n an estuary prov1de one of the maJor hab1tats from wh1ch many 

s1gmf1cant ecolog1cal mteract1ons occur The 1nterect1ons that occur between the b1ota and 

the1r env1ronment and knowledge of the character~st1cs and d1str1butlon of the sed1ments 1s 

essent1al to understanding these processes Estuar~ne sed1ments strongly mteract w1th the 

over-lymg surface waters and can mod1fy phys1cal, chem1cal and b1olog1cal processes They 

are derived pnnc1pally from r1ver~ne sources although 1n some estuanes the sea also 

prov1des sandy material brought 1n dur1ng storms and by strong tidal currents The 

characteristics of bottom sed1ments are generally described by the1r part1cle s1ze d1str~but1on 

and for Tuggerah were f1rst exam1ned by Roy and Peat (1973} To be able to generalise 

about sedimentary processes w1th1n the Tuggerah Lakes estuary, D1ck1nson (1997) 

exammed the sediments at var~ous spat1al scales and earlier stud1es were used to assess 

potent1al changes to sed1ment compos1t1on and d1str~but1on (D1ckmson and Roberts, 1999) 

2.2.2.2. Methods 

The sed1ments w1th1n the estuary were or1g1nally mapped by Roy and Peat (1973) and 

reproduced 1n the report by the Inter-Departmental Comm1ttee (1979) (F1gure 7) In the 

present study, the estuary was arb1trar1ly d1v1ded 1nto s1x locat1ons based on 1ts flush1ng 

characteriStiCS to determ1ne 1f there were large-scale spat1al var1at1ons 1n the compos1t1on of 

sed1ments (F1gure 8} W1th1n each locat1on, two random s1tes were exam1ned and w1th1n 

each s1te four zones were sampled, three from w1th1n seagrass and one from w1th1n the 

deeper open water hab1tat Th1s was done to exam1ne whether any pattern of zonat1on 

occurred from the shore W1th1n each of these zones, three random cores were collected 

The samples were obtamed usmg a 50mm d1ameter core made of polycarbonate, wh1ch was 

mserted to a max1mum depth of 300mm The top 10cm of the sample was removed and 

homogemsed before bemg transferred to a conta1ner The sample was frozen to m1n1m1se 

further b1olog1cal or chem1cal act1v1ty The sed1ment samples were washed through a 

500mm s1eve to remove the larger material, wh1ch could damage the Instrument used to 

analyse part1cle s1ze Each sample was further homogemsed to ensure that the effects of 

settling were removed A random port1on of the homogen1sed sample was dosed w1th a 

chem1cal d1spersent to remove 1nter-part1cle forces 
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Figure 7. Bottom sediment types ofthe estuary (After Inter-Departmental Committee, 1979) 
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The sed1ment samples were analysed based on the diameters of the particles w1thm the 

sed1ment us1ng a MALVERN® Laser Part1cle S1ze Analyser. The output from th1s analys1s 

prov1ded 1nformat1on on the d10· dso and d9o part1cle s1ze d1stnbut1ons (D1ckmson, 1997), 

wh1ch refer to the percentage of matenal found below the reported d1ameter Analys1s of 

vanance (ANOVA) was used to determme differences m sed1ment part1cle s1ze between 

locat1ons, s1tes and zones (D1ckmson, 1997) 

2.2.2.3. Results and Discussion 

D1ck1nson (1997) found that for each of the three denved particle s1zes, d1 Q, dso and d90, 

no s1gn1f1cant differences could be found between the s1x locat1ons. There were s1gn1f1cant 

differences between s1tes nested w1thm locat1ons w1th open water sed1ments consistently 

hav1ng smaller part1cle s1zes than sed1ments w1thm seagrass hab1tats Th1s pattern was 

different 1n Lake Munmorah, where the shallow sed1ments were as fme as the deeper 

sed1ments (D1ckmson, 1997) There were no patterns of zonat1on m sed1ment part1cle s1ze 

w1th1n any of the seagrass hab1tats (D1ck1nson, 1997) 
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The part1cle s1zes of sediments w1thm seagrass habitats were generally un~form m the1r 

d1stnbut1on but generally larger than those found w1thm the open water habitats (D1ck1nson, 

1997) There were s1gnlf1cant differences between s1tes w1th1n a locat1on, reflectmg the 

chang1ng geomorphological charactenst1c at these small spat1al scales Submersed aquat1c 

vegetat1on (seagrasses, macroalgae and emergent macrophytes) can slow water movement 

allowmg suspended part1cles to settle The pattern of sediments at a particular place m the 

estuary reflected 1ts past and present geomorphology and the rates at wh1ch act1ve 

sedimentary processes were occurnng The flow of water between the seagrass habitats 

and open water m the estuary are not well understood and further work on thiS IS bemg 

done 

Stormwater can carry vanous quant1t1es of sed1ments mto the estuary depending on the s1ze 

and level of disturbance w1th1n 1nd1v1dual catchments The sediments close to stormwater 

and other Inflows should reflect the charactenst1cs of these catchments Catchments so1ls, 

wh1ch are predommantly clay and s1lt, are more likely to produce fmer sed1ments 1n the near 

VICinity of the1r discharge po1nts compared w1th those where there are sandy clay so1ls 

Coarse sed1ment be1ng conveyed 1n stormwater Will not encounter suff1c1ent velocity m the 

nearshore zones to transport 1t to the deep areas of the lake That IS, the nearshore zones 

act as an eff1c1ent sed1ment trap The only sed1ments capable of mov1ng through and past 



the nearshore zones are those with very low settling velocities (fine sediments). It is 

reasonable to assume that the nearshore zones will receive coarse sediment and the deep 

zones receive the fine sediments from a given stormwater load. This explanation fits with 

both the flow and sedimentation patterns known to exist in the lake. 
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Lake Munmorah is the deepest of the three lakes with the majority of the open water 

between 2.5 and 3.5 metres in depth (Dickinson, 1997). The shallow sand banks are not 

established as shelves, as they are in the other two lakes, i.e. the floor slopes more 

gradually from shallow to deep allowing better mixing. In Lake Munmorah, the system takes 

advantage of both gravitational settling and velocity settling. The gravitational settling will 

tend to support the sediment migrating from nearshore to deep areas given the more 

significant slope. Gravitational settling in the other lakes is negated by the presence of the 

almost horizontal nearshore shelves. 

Detailed sediment surveys were done by Roy and Peat (1973), and comparisons with this 

study provided a long-term assessment of changes in sediment distribution. The same 

classification scheme used by Roy and Peat (1973) was used in the comparison. Both large 

and small-scale patterns of change were evident with most nearshore sites around the 

estuary becoming muddier since 1973 (Figure 8). This trend was also apparent in areas 

where no development had occurred in the catchment (eg_ the eastern side of Tuggerah 

Lake, Wyrrabalong National Park). The action of wind currents in the resuspension of the 

floor sediments of the estuary may be responsible for these patterns. Once these fine 

particles (with very slow settling velocities) are resuspended, they will only settle out in areas 

with slow water velocities, i.e. seagrass habitats. 

The sediments within some seagrass habitats have become coarser over time and these can 

largely be related to localised disturbance, e.g. Chittaway Bay. This may be due to activities 

associated with the Tuggerah Lakes Restoration Project, where large amounts of silty 

deposits were removed and replaced with sand. These works involved the large-scale 

importation of sand, reshaping the shallow areas into a gradual slope and removal of 

seagrass beds. 

Two anomalies in changes to the nearshore sediments were found in Tuggerah Bay and on 

the northern shore of Ourimbah Creek. The Tuggerah Bay site recorded increasec fine 

sediments near the shore and increased coarse material towards the outer edges. The 

northern shore of Ourimbah Creek also recorded an increase in sandy material. These 

patterns do not fit with previous discussions relating to flow and landuse (Tuggerah Bay is 

almost completely untouched and the other site has not undergone development since the 
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1973 study) Further work on estabhsh1ng the source of these sed1ments would be requ1red 

to 1solate the reasons 

Two deep s1tes off the North Entrance penmsula have become sand1er smce 1973 As part 

of the Tuggerah Lakes Restoration ProJeCt, an ex1st1ng but relat1vely 1nact1ve channel was 

dredged, hnkmg the deep-water s1tes directly w1th ocean water exchange at The Entrance 

The two s1tes are m line w1th th1s channel and would rece1ve flow and correspondmg sand1er 

sed1ment loads from The Entrance channel Also, there IS constant eros1on of both the large 

tidal delta (relic for thousands of years) and the foreshore of North Entrance penmsula Both 

these geological features are sand dom1nated and wmd wave act1on can reasonably be 

expected to produce gradual eros1on These processes (as well as the local mfluence of the 

Canton Beach restorat1on work) may be responsible for produc1ng sand1er sed1ments at 

these s1tes 

The Munmorah Power Stat1on (act1ve s1nce the late 1960's) reversed natural flow between 

Budgewo1 Lake and Lake Munmorah, such that water was extracted from Munmorah and 

pumped 1nto Budgewo1 Th1s act1on IS responsible for relatively fast flow (m terms of normal 

lake veloc1t1es) past the Budgewo1 sandmass and 1nto Lake Munmorah Th1s process could 

be expected to erode the sandmass and transport the sandy matenal to the next pomt of 

slow flow m Lake Munmorah The result of the 1nteract1on of these processes IS a depos1t10n 

of coarser sed1ment mto Lake Munmorah's southern deep-water areas 

A number of generalisations can be made regard1ng the spat1al d1stnbut1on of sed1ments m 

the Tuggerah Lakes estuary 

• Sediments m seagrass hab1tats are much sand1er than m deep hab1tats 

• Considerable spat1al vanat1on occurs w1thm a locat1on due to catchment 1nput 

• No s1gn1f1cant differences were found m particle s1ze of sed1ments between locat1ons 
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2.2.3. Sediment Dynamics within the Tuggerah Lakes Estuary 

2.2.3.1. Introduction 

Estuanes generally act as a s1nk for sediments that are eroded from the catchment There 

have been many statements made about 1ncreased sed1mentat1on caus1ng the 1nf1lling of the 

Tuggerah estuary and public op1n1on 1s that the estuary IS much shallower than 1t was 20 

years ago In 1975, the NSW Department of Public Works (PWD) undertook a bathymetnc 

survey of the Tuggerah estuary 1n 1975 (F1gure 9) and compared 1t w1th earlier surveys to 

establish rates of sed1mentat1on (Inter-Departmental Comm1ttee, 1979) Estimates of the 

total amount of sed1mentat1on over the last 25 years were made by repeat1ng the survey and 

contrasting 1t w1th those done 1n 1975 (D1ck1nson and Roberts, 1999) to 1dent1fy areas of 

sed1ment accret1on and eros1on, and determ1ne sed1mentat1on rates (+ve or -ve) 

2.2.3.2. Methods 

The bathymetry of the estuary was establs1hed us1ng depth soundmgs recorded us1ng a 

RATHYEQN® DEMKII echo sounder (D1ckmson and Roberts, 1999) The un1t cons1sted of a 

transducer and trace recorder, wh1ch was calibrated at vanous stages throughout the survey 

The estuary was surveyed by runn~ng parallel transects 1n a north-west to south-east 

d1rect1on w1th each transect beg1nn1ng 1n shallow water generally at the edge of the seagrass 

meadow At the start of each transect, a Global Pos1t1on1ng System (GPS) f1x was 

recorded, to locate 1ts pos1t1on The surveys were done mamta1n1ng an approximate 

groundspeed of four knots to ensure good resolut1on on the trace The trace recordmgs 

were analysed to f1nd pomts where the recording crossed recogn1sed depth marks on the 

plot The resultant data were entered 1nto a Geographic Information System (GIS) 

GENEMAP, wh1ch enabled the pos1t1on of the depths to be plotted on a map of the estuary 

Natural vanat1on 1n the depth of an estuary occurs over geolog1cal t1me scales and smaller 

t1me scales affected by climatic events These events (generally w1nd, nver flow and tidal 

flux) have the potent1al to Influence the estuary on a da1ly bas1s For th1s reason, the 

recorded levels were adjusted to a base level of 0 2m AHD averaged over the last 5 years 

Th1s was also the value used 1n the 1975 survey Hourly records of depth were obtamed 

from Manly Hydraulic Laboratory (MHL) from gaugmg stat1ons at Toukley and Wallarah 

Creek and adjusted appropnately The error assoc1ated w1th the depths 1n the survey was ± 

0 05m, wh1lst the pos1t1onal error was± 1OOm The error associated w1th companng the two 

depths was± 0 15m For th1s reason, areas that accumulated sed1ment (s1nce 1975) at a 

rate of less than 6mm/yr were not reported as areas of S1gn1f1cant change 
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2.2.3.3. Results and Discussion 

Sediment accretiOn of 0 5m over 30 years was reported 10 the earlier bathymetnc stud1es 

(Inter-Departmental Comm1ttee, 1979), however there was little ev1dence of 10fllhng of 

sed1ments 10 the estuary based on the recent bathymetnc survey Some areas of depositiOn 

were found at the entrance to Lake Munmorah, w1th10 Tuggerah Bay and below Pelican 

Island 1n the southern most part of Tuggerah (F1gure 1 0} Small-scale scounng has occurred 

at vanous places 10clud10g Budgew01 Channel, Munmorah Power Stat1on 10let, Buff Po10t, 

Budgewo1 Sandmass, north of Tenlbah Channel and off Ounmbah Creek delta Th1s 

scounng vanes 10 magmtude from approximately 1m near the sandmass to 0 3m JUSt north 

of Budgewo1 Channel Significant 10creases 10 depth occurred 10 the northern area of Lake 

Munmorah (approximately 1m) and 10 the north-west sect1on of Budgewo1 Lake 

(approximately 0 5m) s10ce 1975 (F1gure 1 0) 

The pnmary a1m here was to quant1fy the amount of sed1ment be10g Introduced to the 

Tuggerah Lakes estuary It was thought that there would be an overall decrease 10 the 

depth of the estuary over the past 25 years g1ven the results prov1ded w1th the Inter

Departmental Committee (1979) report however the pattern of an overall reduction 1n the 

depth of the estuary was not found The most s1gmf1cant changes were those of 10creased 

depth 1n both Lake Munmorah and Budgewo1 Lake, wh1ch may be due to subsidence caused 

by coal m1n10g act1v1tles 

There were two areas 10 the estuary where depths had decreased s10ce 1975, both 1n 

Tuggerah Lake Tuggerah Bay decreased 1n depth by 0 3 - 0 5m w1th a calculated 

sed1mentat1on rate of between 13 - 22mm/year Th1s may be due to 1ts close prox1m1ty to the 

act1ve nver deltas of Wyong R1ver and Ounmbah Creek (D1ckmson and Roberts, 1999). 

T1dal flow from the entrance could also prov1de a source of sediments for Tuggerah Bay 

Extens1ve seagrass meadows occur 10 Tuggerah Bay, wh1ch could also cause entramed 

matenal to settle as water veloc1t1es decreased 

A decrease 10 depth of approximately 0 5 ± 0 15m was found to the south of the Ounmbah 

Creek delta, w1th10 Ch1ttaway Bay which equates to a sed1mentat1on rate of approximately 

22mm/year The InteractiOn of flow from both Ounmbah Creek and The Entrance could be 

expected to produce a Circulating flow pattern Water flows from the entrance channel to the 

south (past P1cmc Po10t) and cont1nues out 10to Ch1ttaway Bay, whilst the flow from 

Ounmbah Creek IS also south Both of these 1nflows would produce a current around the 

edge of the system, wh1ch would make central parts of th1s area of the estuary much slower 

and therefore more conduc1ve to sed1mentat1on 



33 

Erosion due to scour and dredging activities was evident at a number of areas around the 

estuary. There were significant increases in depth along the Terilbah Island channel due to 

dredging. Sediment erosion occurred along the northern shore of the large tidal delta at The 

Entrance, west of Terilbah Channel whilst scouring occurred at the mouth of Wallarah Creek 

and at the Munmorah Power Station inlet. The inlet in Lake Munmorah has been dredged to 

I 
I 
I 

ensure that appropriate flow conditions are maintained for the power station. A small area at I 
the mouth of Wallarah Creek has increased in depth since 1975, due to dredging. Areas 

around Budgewoi sandmass have increased in depth as a result of increased (above natural 

levels and direction) velocities moving through these areas. The channel running along the 

north-western shore of the sandmass has increased in depth by 0.8 ± 0.15m. The increased 

depth on the northern edge of Budgewoi Channel of 0.3 ± 0.15m is also linked to both the 

reversal and increased flows from the power station. The same jet like depositional process 

which may have produced the Pelican Island sedimentation area is likely to have resulted in 

the 0.5 ± 0.15m decrease in depth at the southern end of Lake Munmorah. Flow from 

Budgewoi Channel moves into a greater flow area, Which will slow the velocity and aid 

sedimentation. The material being deposited is likely to be sediment eroded from the 

sandmass. 

It is unlikely that the depths in the open water sections of the estuary would change because 

of development and corresponding stormwater runoff. Coarse (and therefore high volume) 

sediments readily settle under slow flow conditions whilst finer material will also settle in 

slower flow, though not as quickly. For this reason, sediments conveyed in stormwater are 

likely to be contained within the shallow seagrass meadows. Dickinson (1997) suggested 

that these habitats might be responsible for the deposition of fine material resuspended from 

the open water by wind action. 

In summary, The Tuggerah takes estuary does not appear to be experiencing significant 

sedimentation. The areas of deposition -are limited to the southern areas of Tuggerah Lake 

and are likely to be related to flow conditions and proximity to sediment sources (tidal and 

river deltas). Flows from the entrance channel, Ourimbah Creek and Wyong River are 

thought to interact and produce conditions that support deposition in some areas. These 

processes may be producing the depositional areas in Tuggerah Bay and south of Peli~an 

Island. There has been some scouring in areas around the estuary, which can be related to 

localised processes. Depth increases near the Budgewoi Sand mass, Budgewoi Channel 

and Munmorah inlet are attributable to the power station. The influence of development and 

resultant sedimentation is probably limited to shallow-seagrass habitats. The effects of 

stormwater on these shallow habitats will be the focus of ongoing work on sedimentation. 
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2.3. Hydrodynamics 

2.3.1. The Circulation of Water in the Estuary 

Water c1rculat1on 1s a phys1cal process that plays an 1mportant role m the ecology of an 

estuary Estuanne c1rculat1on 1s generally thought of as the 'average' flow patterns m an 

estuary 1mplymg that the short-term mot1ons such as turbulence and sporadiC flood-mduced 

flows occur m add1t1on to th1s average c1rculat1on The short- term turbulent mot1ons are also 

1mportant, as the mtens1ty of these mot1ons determ1nes the degree of m1xmg between 

adjacent water patches that are mov1ng w1th the c1rculat1on Computat1on of matenal fluxes 

(eg nutnents, pollutants, salimty etc) requ1res an understandmg of the water c1rculat1on and 

m1xmg charactenst1cs w1thm an estuary 

C1rculat1on can never be determined from a smgle set of Instantaneous measurements but 

represents a calculated quant1ty that requ1res systematic measurements over a number of 

temporal scales (KJerfve, 1979) The t1me-averaged currents that contnbute to estuanne 

c1rculat1on also vary dependmg on the locat1on m the estuary and the depth at wh1ch an 

est1mate IS made These Include, tidal currents, tidal residuals, grav1tat1onal currents, wmd 

dnven currents and non-t1dal flows (Day et at., 1989) 

The water c1rculat1on and m1x1ng charactenst1cs determme the res1dence t1me of a g1ven 

parcel of water The res1dence t1me prov1des a useful measure of the effects of c1rculat1on 

and m1xmg and can be read1ly compared to the b1o-geochem1cal t1me scales The ratiO of 

the res1dence t1me of the water to the b1o-geochem1cal turnover rates prov1des an 1nd1cat1on 

of the degree to wh1ch the hydrodynamics (c1rculat1on and m1x1ng) Influence the water quality 

and b10t1c response of the system (Day et at, 1989) Th1s rat1o w1ll typ1cally vary both 1n both 

space and t1me At locations where the rat1o IS small (residence t1me shorter than the biO

geochemical turnover rates) there IS generally good flushmg and hence little chance for 

accumulation of dissolved substances Conversely where the rat1o IS large (residence t1me 

longer than the b1o-geochem1cal turnover rates) there ex1sts good potent1al for the 

accumulation of dissolved substances and the associated trophic response 

As part of the adapt1ve environmental assessment and management program, Hunter (1996} 

used a hydrodynamic numencal model to Simulate the flows resultmg from a range of forcmg 

mputs S1mulat1on results for steady-state w1nd dnven c1rculat1on for different wmd speeds 

and d1rect1ons, as well as t1me dependent flows due to the tides were produced In add1t1on 

a "part1cle track1ng" algonthm was used to Illustrate the d1spers1ve charactenst1cs of the tidal 

flows The results demonstrated the complex nature of the flow patterns and c1rculat1on m 
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the system The steady state flow patterns were ach1eved only after a considerable spm-up 

t1me (weeks) of constant wmd, 1mplymg that the wmd dnven wculatlon rarely atta1ns a 

steady state because the wmds are changmg over shorter t1me scales (days) Furthermore 

the c1rculat1on w111 be a dynamic feature that 1s contmually changmg m response to changes 

m wmd speed and d1rect1on and the tidal currents 

2.3.1.1. Types of Estuarine Circulation 

External energy sources must be applied to the water to cause water movement The 

energy that dnves estuanne wculat1on 1s denved from solar heatmg, astronomical tides, 

wmd and fresh water 1nputs Solar heat1ng d1fferent1als and fresh water mflows can cause 

honzontal vanab1l1ty m the water temperature and salinity resulting m water dens1ty grad1ents 

that cause flow adjustments known as grav1tat1onal flows Ramfall effects estuanes by the 

energy and mass assoc1ated w1th fresh water Inflows from nvers W1nd stress on the water 

surface causes a range of flows and the tides cause penod1c mot1ons all of wh1ch contnbute 

to the general Circulation (Day eta/, 1989) 

The geometry and bathymetry of the estuary are also Important for mod1fymg the c1rculat1on 

patterns, however they are considered pass1ve processes (KJerfve, 1979) Human actiVItieS 

that may affect Circulation patterns mclude dredgmg, channel d1vers1on, breakwaters and 

regulation of the nvers and creeks entenng the estuary The three mam dnv1ng forces for 

water Circulation man estuary are grav1tat1onal (density differences between fresh and salt 

water due to heatmg or freshwater mflows), tidal (regular nse and fall), and wmd (large 

expanses of water, shallow depth, small tidal range and low freshwater mflow) In the 

Tuggerah Lake estuary, long penod oceamc water level osc1llat1ons may also form an 

Important contnbut1on to exchange w1th the ocean The resultant flows due to the forc1ng 

1nputs mteract to form complex Circulation patterns at vanous spat1al and temporal scales 

The flow patterns produced by each of these 1nputs IS discussed below 1n relat1on to the 

Tuggerah Lakes estuary 

2.3.1.2. Gravitational Circulation 

Grav1tat1onal Circulation patterns are caused by honzontal dens1ty differences resultmg from 

freshwater runoff entenng saline waters and/or temperature differences caused by spatially 

vanable rates of heating (eg shallow waters heat qu1cker and hence become warmer than 

deeper waters) In the absence of m1x1ng, fresh water w111 remam as a surface layer 
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because lighter fresh water w111 float on heav1er saltwater resultmg m a stable vert1cal 

stratification Similarly, warmer water JS lighter and floats over colder water Turbulence 

generated by tidal and wmd dnven currents causes m1xmg of the water column, resultmg m 

vert1cal exchange between surface and bottom waters GravJtatJonal cJrculatJon m an 

estuary JS therefore pnmanly related to 1ts salimty and temperature charactenstJcs 

GravitatiOnal cJrculatJon w1thm the Tuggerah estuary may therefore be Important m summer 

when temperatures are h1gh or 1mmed1ately after ramfall events (van Senden, 1997) 

Further, the grav1tat1onal Circulation vanes m space and t1me and hence th1s type of flow IS 

probably Important for water exchange between the followmg areas 

• shallow fnngmg areas and deeper central bas1ns, 

• between the nvers and the estuary dunng low nver flow, and 

• between the major basms and ocean follow1ng large freshwater 1nputs 

2.3.1.3. Tidal Circulation 

In the absence of density grad1ents and w1nd stress, tidal currents (tidal pump1ng) can 

dom1nate the CJrculatJon patterns The complex mteractlon between tidal currents and 

bathymetry produces non-tidal flows that may remam well beyond the tidal penod (Day eta/, 

1989) Bathymetnc vanatJons mteract w1th the tidal currents such that the ebb flow patterns 

are different to the flood flow patterns (both honzontal and vert1cal patterns) and th1s 

asymmetry of the tidal flows results m m1x1ng and exchange Th1s type of cJrculatJon IS highly 

pronounced 1n estuanes that are shallow w1th large tidal ranges 

In the Tuggerah estuary the flow through the entrance channel JS dnven by tides, longer 

penod oscillatiOns and dens1ty currents (van Senden, 1997) The flood tide bnngs heav1er 

saline water mto the estuary, wh1ch forms a density current that flows mto the deeper parts 

of Tuggerah Lake (van Senden, 1997) Dunng the subsequent ebb tide, only waters located 

near to the entrance are ejected and hence th1s effect IS qUJte effiCient at caus1ng exchange 

Even though th1s effect 1s qUJte effiCient, the low tidal range m the estuary (2-3 em) and 1ts 

large volume mean that 1t takes a large number of tidal cycles to exchange the estuary 

volume 

2.3.1.4. Wind-Driven Circulation 

Large expanses of open water, shallow depths, small tidal ranges and low freshwater mflows 

favour w1nd-dnven Circulation Wmd dnven Circulation IS often masked by gravitational and 
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tidal c1rculat1on Wmd 1s highly vanable and can change on scales from mmutes, days, 

weeks and seasons Where wmds are steady and tend to blow along-estuary, wmd stress 

w111 generate s1gn1f1Cant currents Hunter (1 996) found that m the Tuggerah estuary, the 

current tended to flow m the d1rect1on of the w1nd m shallow water and agamst the wmd m 

deeper water Furthermore, c1rculatlon was found to be dommated by honzontal movements 

however overturnmg was also qUite 1mportant Wmd dnven currents would m1x the estuary 

w1th1n about 12 days w1th a vert1cal m1xmg t1me of around 3 hours 

The wmd dnven c1rculat1on of m the Tuggerah estuary seldom ach1eves a steady state 

because of the complex temporal and spat1al vanatlons and the relatively long response t1me 

of the estuary to changes m the wmd f1eld Alterations from one type of c1rculat1on pattern to 

another w1ll change w1th vanat1ons m wmd stress, nver discharge rates, tidal ranges and slow 

changes to mean sea levels brought on by meteorological forcmg of coastal waters by 

atmosphenc pressure systems 

2.3.2. Mixing within the Estuary 

M1x1ng IS the process whereby ne1ghbounng water masses tend to coalesce or d1lute each 

other (Day et at, 1 989) There are two types of m1xmg (1) advect1ve (long-term) due to 

general c1rculat1on patterns and (2) d1spers1ve (short-term) due to turbulent mot1ons Sahmty 

IS the most commonly used md1cator of m1x1ng 1n an estuary because 1t 1s easy and 

mexpens1ve to measure and 1t 1s conservative and IS not changed by b1o-geochem1cal 

processes The energy requ1red to m1x estuanes 1s denved from several sources, tidal 

forcmg, wmd stress, wave mot1on and nver runoff T1dal forcmg IS the most Important as 

1nteract1ons between tidal currents and estuanne boundanes generate S1gn1f1cant turbulence 

on a regular bas1s In the Tuggerah estuary, wmd stress, at t1mes of moderate to strong 

wmds, w1ll be more Important than the relatively small tidal flows, as the estuary surface area 

IS large and shallow and hence a well developed sea state occurs w1th waves and white caps 

producmg turbulence 

Dens1ty differences man estuary can play two Important roles, (1) the honzontal grad1ents 

cause grav1tat1onal flows and (2) vert1cal strat1f1cat1on mh1b1ts m1x1ng and exchange because 

the turbulent mot1ons must overcome the potential energy of the strat1f1cat1on to cause 

overturning The degree of m1x1ng m an estuary 1s dynam1c and Important to ecolog1cal 

mteract1ons In the mam basm of the Tuggerah Lake, the estuary may be classed as bemg 

well m1xed, wh1lst m the nvenne port1ons the estuanne waters are partially m1xed 
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2.3.3. Flushing of the Tuggerah Lakes Estuary 

To be able to determine the flushing characteristics of an estuary, information on its 

circulation and mixing is required. The flushing characteristics of the Tuggerah estuary were 

assessed and the mechanisms causing water exchange described over a number of spatial 

scales (van Senden, 1997). Estimates of flushing in the estuary were derived from salinity 

data, collected by Wyong Shire Council (Figure 11 ), and found to vary over a number of 

spatial scales. 

For the shallow fringing areas, the important mechanisms for flushing were diurnal heating 

and cooling cycles and freshwater inflow from local catchments (including stormwater drains) 

that caused gravitational flows. The tidal and wind driven flows were also likely to be 

important, but there were few data collected that could be used to assess their relative 

importance. These dynamic features generate very small currents but still produce 

significant mass transport and exchange between the shallow fringing areas and the deeper 

waters. Flushing times for the shallow fringing areas were estimated to be around 5 to 1 0 

days. 

Flushing of the entire volume of the estuary by exchange between the lakes and the ocean 

is dominated by the combined effects of river inputs and the subsequent gravitational flows 

following large runoff events, tidal motions and longer period oceanic oscillations. The 

combined effects give a flushing time of between 60 and 1 00 days. Flushing between the 

three main basins is predominantly wind driven with an average flushing time of about 12 

days. 

During low flow periods, the lower parts of the rivers where deep holes occurred, there was 

some evidence of sustained periods of vertical stratification and the associated effects on 

water quality (low dissolved oxygen and higher nutrient concentrations). These observations 

indicated that the residence time of deeper water in these deep holes is longer than the bio

geochemical turnover rates. The actual volume of water subjected to these processes is 

relatively small when compared to the estuary and hence the occurrence of poor water 

quality confined to the localised areas in the lower rivers. 
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2.3.4. The Behaviour of Floods in the Estuary 

The Tuggerah Lakes estuary has a water surface area of approximately 75 square 

kilometres and rece1ves approximately 95% of the catchment's runoff whilst the rema1n1ng 

5% drams mto Lake Macquane (WSC, 1997) The Tuggerah Lakes estuary has a h1story of 

floods, wh1ch have been recorded e1ther 1n Tuggerah Lake or 1n the Wyong R1ver 

The amount of ramfall from the upper catchment 1s a pnmary determinant of the peak he1ght 

of floods m the estuary Manual records of ramfall events at Wyong have been kept smce 

1885 The first automatic contmuous ramfall recorder was mstalled at Bateau Bay m 1980 

There are now approximately twenty automatiC ram gauges and water level gauges m the 

catchment Rainfall data 1s collected on a da1ly bas1s from stat1ons located m and around the 

catchment, controlled by the Bureau of Meteorology, NSW Public Works, Wyong Sh1re 

Counc11 and the Department of Land and Water Conservation Smce the 1880's, s1gn1f1cant 

floods have occurred dunng every month of the year except September Monthly ra1nfall and 

the occurrence of floods have always been greater between January and June (Table 1) 

Table 1. Seasonal variation m ramfall and floods at Wyong 

MONTli JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC WHOLE 
YEAR 

NO OF FLOODS 1 3 4 5 4 6 1 2 0 1 2 1 ---
SINCE 1888 

AVERAGE RAINFALL 112 117 137 115 107 116 84 69 69 72 83 99 1196 
SINCE 1885 (mm) 

In the case of a one-percent, annual exceedance probability (AEP) flood, there would be 

approximately 1800 res1dent1al floors flooded m the near v1c1n1ty of the estuary wh1ch does 

not 1nclude areas upstream on the Wyong R1ver and other creeks For each add1t1onal 

centimetre of depth, approximately twenty add1t1onal floors would be flooded (1995 - 97 

surveys of floor levels w1thm the floodplam) Est1mated flow rates for the entrance and 

Wyong R1ver have been calculated for a 1% and 5% flood (Table 2) 

Table 2 Estimated flow for The Entrance and Wyong Rtver durmg 1 and 5 % floods 

LOCATION liN 100 YEAR FLOOD liN 20 YEAR FLOOD 
FLOW RATE 1% FLOW FLOW RATE 5% FLOW 

THE ENTRANCE 1500 cum/sec (Lawson 1200 cum/sec (WSC, 1992) 
CHANNEL and Treloar, 1994) 

WYONG RIVER AT 2200 cum/sec (Webb, 1400 cum/sec (WSC, 1992) 
WYONG McKeown & Associates, 

1991) 
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The major floods s1nce 1927 (Table 3), have ranged m he1ght from 0 4 - 2 1m above 

Australian He1ght Datum (AHD) Dunng normal dry weather, the level of the estuary 1s 

approximately 0.2 metres AHD The level vanes by approximately 0 05m due to da1ly tides, 

however 1t can range from 0 - 0 3 m AHD throughout the year dependmg on vanat1ons m 

ocean tides (WSC, 1994) 

Table 3. Estimated 1% flood levels for various urban localities m Wyong Shrre 

LOCATION 1% FLOOD LEVEL 

Tuggerah Lake, Budgewo1 Lake, Lake Munmorah 22m AHD 

Lake Macquane 138m AHD 

Tumb1 Creek downstream of Wyong Road 272m AHD 

Ounmbah Creek Downstream of Wyong Road 4 75m AHD 

Wyong downstream of the ra1lway 405m AHD 

Wyong upstream of the Pac1f1c H1ghway, Wyong 5 3m AHD 

Wallarah Creek at Spnng Creek Junct1on 22mAHD 

Banqalow Creek at Brush Road, Ounmbah 169m AHD 

Most h1stoncal references to floods around the Tuggerah Lakes estuary have been obtamed 

from newspaper art1cles and from mterv1ews w1th long-term res1dents Photographic 

ev1dence collected from long-term res1dents 1n the area covers floodmg h1story from 1929 -

1949 Th1s 1nformat1on was used for flood stud1es m the areas of Wyong R1ver and 

Tuggerah Lake The most severe flood1ng occurred dunng the years 1889, 1927, 1946 and 

1964 

The s1ze of floods of vanous dates IS known to be different at different locations because of 

the non-un1form amount of ra1nfall, wh1ch occurs across the catchment dunng any g1ven 

event For example, lower Ounmbah Creek was moderately flooded dunng 1992, whereas 

that particular storm event was not recorded elsewhere 1n the Sh1re Severe storm events at 

Wyong generally result m severe flood1ng events m the estuary, because Wyong R1ver valley 

constitutes a large proport1on of the area dra1mng 1nto the estuary 

Flood stud1es were done dunng 1978-94 to determ1ne the extent of floodmg w1thm the major 

catchments close to the estuary Upstream areas, such as the rural parts of Ounmbah 

Creek and Wyong R1ver were not mcluded m stud1es up to 1994 A study was completed for 

upper Ounmbah Creek, and an extens1ve study of Wyong and J1lhby Valleys commenced 1n 

1996 by COAL Pty Ltd All prev1ous stud1es were done by Wyong Sh1re Counc11 or the NSW 

Government 



2.3.4.1. Entrance Tidal Exchange and Flooding 

43 I 
I 

The connection to the sea at The Entrance is believed t9 be an important factor controlling 

the behaviour of floods in Tuggerah Lake. Under normal climatic conditions, the entrance to I 
the sea develops near the southern headland where the depth of potential erosion is 

restricted due to the bedrock formation. During floods, the sand barrier is scoured both 

vertically and horizontally. With a flood tide, the channel fills with an influx of marine sands, 

which leads to a gradual closure. Without dredging, this closure can last from several 

months to a year (WSC, 1993). The difference between peak flood heights with the 

entrance channel partially opened or fully closed would be small. 

2.3.4.2. Flood Fore casting System 

Wyong Council has established a flood forecasting system that uses data collected from ten 

automated stations around the catchment, as well as ocean tide data. The system uses a 

computer model to predict flood heights by approximately 12 hours in Tuggerah Lake, 

Wyong River and Ourimbah Creek. The Bureau of Meteorology system and Council's 

system would be utilised to assist the State of Emergency Services to plan any operational 

tasks during a flood event. Some instruments are programmed to automatically send 

warnings to the State Emergency Services in case of a flood. 

The rivers and creeks within the Shire tend to flood differently compared with the estuary. 

Close to the estuary, the State Emergency Services would have sufficient time to be able to 

predict the flood level for all properties. During flooding, up to 5000 properties could be 

affected to varying degrees. The duration of the flood may last up to one week, however 

there would be almost no velocity of flow and the immediate danger to people would be low. 

The major problems associated with flooding of the estuary would be waves caused by 

winds or by the wake of vehicles, closure of local roads and lack of amenity as sewer 

systems became inundated and overflowed. A further investigation into the management of 

public health during these times is required. Flooding in the rivers and creeks could be more 

serious as water levels could rise in hours rather than days, and warning times for 

evacuation would be much less compared with the estuary. 
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3. CHEMICAL PROCESSES AND INTERACTIONS 

The ex1stence and rate of act1v1ty of b1olog1cal commun1t1es 1n estuanes can be largely 

Influenced by the phys1cal and chem1cal processes that transport and transform matenals 

and energy between and w1th1n 1nd1V1dual organ1sms Sunlight IS transformed mto orgamc 

nch substances by photosynthetiC and chemosynthetic processes Th1s orgamc matter IS 

the fuel for b1olog1cal act1v1ty and as the energy 1n these substances IS used, 1t 1s d1ss1pated 

as heat As th1s occurs the chem1cals (or bu1ld1ng blocks) are taken up and released as 

orgamc matter, and changed from one form to another Therefore, energy tends to flow 

through an estuanne ecosystem from sulight, to orgamc matter, to heat, wh1le the chem1cal 

constituents of orgamsms are continually recycled through the water, sed1ments and 

atmosphere The compos1ton of fresh water (In terms of 1ts spec1es and dissolved 

substances) vanes considerably, wh1lst seawater 1s qUite umform 1n 1ts bas1c constituents 

When nver water m1xes w1th seawater the constituents are changed by d1lut1on or they 

undergo transformations 1n response to phys1cal, chem1cal and b1olog1cal processes Water 

and sed1ments are the med1ums 1n wh1ch most of these processes occur 

3.1. Water Quality 

Estuanes are complex ecosystems because they are the place where fresh water m1xes w1th 

seawater Floods can deliver large amounts of orgamc and 1norgamc matenal to the 

rece1v1ng waters of an estuary, and where there IS little water exchange w1th the ocean the 

estuary can become a smk for these matenals (Harns, 1996, Scanes eta/, 1997) Rural 

and urban development act1v1t1es have Increased sed1ment and nutnent loads entenng 

coastal waters however, 1t has been shown that these catchment contnbut1ons are ma1nly 

ep1s0d1c, and as yet, poorly def1ned (Harns, 1996, Pntchard, 1997) Ra1nfall, wh1ch has El 

N1no Southern Osc1llat1on (ENSO) as well as seasonal patterns, dnves these catchment 

contnbut1ons, w1th ENSO typ1cally responsible for up to 40% of the vanance 1n eastern 

Australian ra1nfall (Partndge, 1994) Flow regulation (water extraction, Impoundment and 

changes to flow reg1mes) further alters the vanat1on 1n freshwater mputs, 1mpact1ng 

processes and altenng the balance of external versus Internal loads and d1ffuse versus pomt 

sources of nutnents (Harns, 1996) 
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Nitrogen and phosphorous are considered key nutrients responsible for plant growth and the 

degree to which they are modified is largely determined by factors such as depth, flushing 

time, river flow, dissolved oxygen and a number of biological interactions at a number of 

scales (Boynton eta/., 1997). In shallow(< 20m) enclosed-systems, a large fraction of the 

incoming nutrients will be deposited to bottom sediments where they may become stored, 

transformed or recycled depending on sediment processes (Boynton eta/., 1997). Nitrogen 

cycling is more complex than phosphorous, with transformations occurring between the 

different nitrogen species (Eyre and Twigg, 1997). If there are surplus nutrients entering 

from the catchment, an estuary has the potential to become eutrophic (nutrient enriched) 

and develop plant biomass (usually algae) that can severely alter ecosystem structure and 

function (Boynton eta/., 1995). As well as the ecological consequences, reductions to 

commercial fisheries, diminished recreational amenity, and costs associated with nutrient 

removal can result in large economic impacts at local and regional scales (Fisher eta!., 

1992; Boynton, 1997). 

To preserve the health and integrity of the Tuggerah Lakes estuary, management strategies 

need to be developed to mitigate the potential effects of increasing human activities 

(Walkerden and Gilmour, 1996; Boynton, 1997). To be effective, strategies need to be 

based on a sound understanding of the key processes operating within the system, relative 

to perceived disturbances such as nutrient enrichment, increased levels of suspended 

particulate materials and flow regulation (Harris, 1996; Scanes eta!., 1997). Furthermore, 

they must pre-empt and proactively manage potential impacts to the system (Abal eta!., 

1998). The determination of the water quality, particularly its nutrient status, is an important 

aspect of any estuary management program (Coade, 1997). Water quality in the Wyong 

Shire has been measured in the past for a variety of reasons, including water supply and 

environmental quality. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
·I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

46 

3.1.1. Summary of Catchment Water Quality 

There have been a number of stud1es done on the water quality w1thm the Wyong 

catchment's nvers and creeks (Jones, 1993, Boake, 1991, Martm and Arago, 1997, Towell, 

1999) Boake (1991) found h1gh concentrations of nutnents m Burn1ng Creek, Spnngs Road 

(Ounmbah) and Durren Road (J1IIiby). H1gh levels of mtrogen at Spnngs Road were 

attnbuted to mtens1ve market gardenmg 1n the area Apart from market gardemng m the 

upper reaches of Ounmbah Creek, no link could be established between landuse and levels 

of nutnents 1n the water Boake (1991) suggested that phosphorus was the ma1n lim1t1ng 

nutnent w1thm the creeks Mart1n and Arago ( 1997) exammed the effects of turf farmmg m 

the Wyong R1ver and reported large-scale vanab11ity that would be expected m nvers due to 

changes m flow, runoff and other factors (The Ecology Lab, 1999) Towell (1999) exam1ned 

the water quality and mstream ecology of Tumb1 Creek, Ounmbah Creek, Wyong R1ver, 

Wallarah Creek and Spnng Creek w1th the a1m of quant1fymg the cond1t1on of Wallarah 

Creek pnor to major development 1n 1ts catchment Concentrations of total n1trogen and NOx 

were relatively h1gh m Ounmbah Creek whilst phosphorus levels were low at all s1tes 

compared to Tumb1 Creek Wyong Sh1re Council has been collectmg water quality data 

w1th1n the nvers and creeks m the upper catchments s1nce 1988 The Ecology Lab rev1ewed 

these data and other reports to document spatial and temporal vanab11ity m water quality 

vanables among s1tes sampled w1thm the Ounmbah and Wyong catchments The Wyong 

Sh1re Council data mcluded phys1co-chem1cal measurements and concentrations of total 

phosphate, orthophosphate and total ox1dlsable mtrogen (The Ecology Lab, 1999) The data 

revealed three major flaws 1n that samples were unreplicated, many of the s1tes were not 

sampled on the same occas1on and not all water quality vanables were measured on each 

occas1on The flaws m the data restncted the types of analyses that could be applied (The 

Ecology Lab, 1999) The rev1ew of the data suggested that there were potential problems 

w1th elevated n1trogen (Nox) m Ounmbah Creek and phosphorus (TP and OP) m Wyong 

R1ver (The Ecology Lab, 1999) It was highly recommended that the ex1st1ng mon1tonng 

program be re-des1gned to Incorporate current management objeCtives and that they be 

mtegrated w1th other sampling programs of stream flow, ra1nfall and mstream ecology (The 

Ecology Lab, 1999) Water quality momtormg w1thm the major tnbutanes creeks 1s now done 

at the same temporal scales as that done 1n the estuary 
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3.1.2. Summary of Water Quality in the Estuary (1963-1997) 

Data on the quality of water m the Tuggerah Lakes estuary has been collected smce 1963 

The results presented here are from surface water measurements only and have been 

compiled from vanous sources, pnmanly Kmg and Hodgson (1995) The data from 1963-66 

were compiled from H1ggmson (1971 ), wh1lst the data collected by Pac1f1c Power (formerly 

the Electnc1ty CommiSSIOn of NSW), as a result of 1ts power stat1on operat1ons on Lake 

Munmorah and Budgewo1 Lake, covered the penod from 1973-91 The 1993-94 penod, was 

summansed from Cheng (1996), wh1lst the 1995-97 penod, was summansed from data 

collected by Wyong Sh1re Counc11 It must be kept 1n mmd that pnor to 1997, most of these 

data were collected w1thout any estimates of spat1al or temporal error and therefore caut1on 

IS adv1sed mterpretmg these results 

Average water temperatures m the estuary have fluctuated smce 1963, w1th a general trend 

of mcreasmg temperature mall three lakes (F1gure 12) Budgewo1 Lake appeared to 

undergo greater temporal changes m surface water temperature, probably because of power 

stat1on operat1ons Kmg and Hodgson (1995) reported average surface water temperatures 

of around 12'C, wh1lst m summer they were as h1gh as 28'C The temperature of water at 

the bottom ranged from 13'C to 27'C respectively The cooling water discharged from the 

Munmorah Power Stat1on caused, on average, an 1ncrease of 7'C m the rece1v1ng waters 

The average water temperature for all three lakes has been around 20'C over the last few 

years (F1gure 12) The pH of the water 1n the estuary Increased from 7 9 to 8 1 over the 

1963 to 1997 penod (F1gure 12) Th1s mcrease IS relat1vely small and not considered to be 

of any concern to the ecology of the estuary S1gn1f1cant changes to the pH of water can be 

detnmental to aquat1c orgamsms, however these values were w1th1n the gUidelines 

recommended by ANZECC (1992) 

Long-term and large-scale fluctuations 1n salimty have occurred w1thm the estuary s1nce 

1963 (F1gure 12) Dunng the 1963 to 1966 penod, the salinity m the estuary was 

approximately 30ppt (seawater IS approximately 32ppt- parts per thousand) In the 1973-

1979 penod the salimty decreased to an average of 20ppt Over the next few years 1t rose 

and fellm response to the ra1nfall charactenst1cs of each penod. In general, the salimty has 

rema1ned around 30ppt smce 1993 Large fluctuations 1n salimty can adversely affect 

aquat1c organ1sms through d1rect tox1c1ty and by mod1fymg the structure and dynam1cs m the 

assemblages of plants and an1mals Long penods of relatively constant salimty w1thm an 

estuary w111 tend to SUit many estuanne orgamsms When floods occur, and salimty IS 

reduced, S1gn1flcant reductions m assemblages of many orgamsms may occur 
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There were significant spatial differences for dissolved oxygen (DO) concentrations within 

the three lakes and through time (Figure 12). The concentration of DO in the water is 

dependent on biological activity, atmospheric exchanges, salinity and temperature. 

Phytoplankton, macroalgae and seagrasses all produce oxygen during the day and remove it 

at night, which can result in considerable fluctuations in the amount of DO in the water over 

a 24 hour period. Due to these significant small-scale temporal interactions, single or spot 

measurements of dissolved oxygen in water are not that useful (ANZECC, 1992). 

The amount of available light for the primary producers is an important limiting factor in the 

ecology of any estuary. Estimates of the euphotic zone or the depth to which plants can 

grow can be a very useful management tool. In Australia, over 45,000 ha of seagrass 

meadows have been lost as a direct result of decreased light availability associated with 

increased turbidity, eutrophication and epiphytic algal growth (Walker and McComb, 1992). 

There is evidence to suggest that the seagrass meadows within the Tuggerah Lakes estuary 

have declined since 1963 (see Seagrass Section). The depth of light penetration, estimated 

using secchi disc transparency, decreased between 1963 and 1991 but since 1993, the 

average secchi depth in the estuary has increased to levels that were found prior to the 

1980's (Figure 12). The processes causing these apparent fluctuations in light regime are 

not known, but are related to fluctuations in suspended matter in the water column. Whether 

reduced clarity (measured by secchi depth) was due to increased suspended silt or 

biological material such as phytoplankton is unknown. The salinity regime during 1985-1991 

was generally much lower than previous years ( -20ppt), so maybe there was more 

suspended material in the water column from freshwater inflows. The amount of suspended 

material in the water column is currently estimated using a turbidity meter. Since 1993, the 

turbidity in all three lakes, at any one time, has been generally similar, but there were 

significant changes through time (Figures 12}. The turbidity can change by an order of 

magnitude from morning to afternoon and from one day to the next, through the action of 

wind mixing. 

Nitrogen and phosphorus are essential plant nutrients however, when they are found in high 

concentrations they can cause (given other factors are not limiting) nuisance growth of 

aquatic plants. The measurement of the concentrations of these nutrients within the water 

enables some determination of whether the estuary may be suffering from "over fertilisation". 

Nitrogen occurs in a number of forms with nitrates, nitrites and ammonia being those forms 

commonly available to plants. Phosphorus also occurs in water in both its dissolved and 

particulate forms. Nitrogen is generally the limiting nutrient available for plants in marine 

waters, whereas phosphorus is usually the limiting nutrient in freshwaters. In highly variable 

estuarine systems, it follows that nutrient limitation can vary both spatially and temporally 
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and between the different types of primary producer and different species. The question of 

which nutrient may be limiting the growth of macroalgae within the Tuggerah Lakes estuary 

is currently being investigated and will be reported in the management study. 

The historical nutrient data for the estuary is limited to temporal comparisons of the 

concentration of oxidisable nitrogen and ortho-phosphate, which are both biologically 

available to the primary producers. Oxidisable nitrogen and ortho-phosphate concentrations 

have fluctuated in the estuary since 1963 (Figure 12). The measurement of both these 

forms of nutrients is problematic since they can change very quickly in response to biological 

activity. The concentrations of these nutrients do not indicate the total amount of nutrient 

within the system because of the complex interactions that occur between the biota, 

sediments and the water column. Changes in nutrient concentrations within the estuary will 

be dealt with fully in the next section. 

3.1.3. Physico-chemical Water Quality Program 

A twelve-month program of monitoring physico-chemical water quality in the four major 

tributary creeks and within the estuary began in 1996 (Figure 13), to collect data for the 

hydrodymamic study (van Senden, 1997). Every two weeks, at fixed sites in the creeks and 

estuary, measurements of the temperature, conductivity, salinity, dissolved oxygen, pH, and 

turbidity were recorded using a Yeokal 611 data logger. At each site a secchi depth reading 

was taken whilst physico-chemical variables were measured at 0.5m depth intervals until the 

bottom was reached. The surface water data (0.5m) from each of four sites in the creeks 

and from most of the estuarine sites were summarised so that small-scale patterns over an 

annual cycle could be examined. 

The water temperature within the four tributaries did not vary, however there were 

considerable fluctuations over the year (Figure 14). The period between June and August 

1996 were the lowest for all four tributaries. Water temperature has a substantial influence 

on the chemical reactions and physiology of biological organisms as significant changes can 

affect the growth, metabolism and reproductive status of some aquatic organisms. The· 

water temperature changes within the estuarine sections of the tributaries were acceptable 

under the current ANZECC (1992) guidelines. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I ,, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' I 
I 
I 
I 

Creek 

Wallarah 

L22 

Chlttaway Bay 
e L9 

Tumb1 Creek 

e LlO 

Tuggerah Lake 

• 
• 

Ftgure 13. LocatiOn of phystco-chemtcal water quality sampling sttes (1996) 

51 

0 2 

Scale (km) 



52 

ConductiVIty and salinity were generally s1m1lar w1thm the estuanne sect1ons of each creek, 

however s1te 1 was generally h1gher dunng ra1nfall events because of 1ts prox1m1ty to the 

estuary (F1gure 14). Changes to the temporal patterns of these vanables can be assoc1ated 

directly w1th large ramfall events 1n each of the1r catchments For example the salinity and 

conduct1v1ty m Tumb1 Creek, Ounmbah Creek and Wyong R1ver were reduced after ra1nfallm 

August and September 1996, however Wallarah Creek d1d not expenence these events (1 e 

the ra1nfall m1ssed the catchment). All four tnbutanes expenenced a rap1d decline m 

salin1ty/conduct1v1ty due to heavy ramfallm December 1996 and January 1997 (F1gure 14) 

The salinity and conduct1v1ty of water IS Important to aquat1c organ1sms because many are 

stenohaline (1 e they are tolerant to small vanat1ons m salinity), however estuanne 

organisms, mclud1ng those found w1th1n the estuanne sect1ons of the tnbutanes, are 

generally euryhaline and can tolerate w1der salinity fluctuations 

The concentration of d1ssolved oxygen (DO) 1n solut1on fluctuated w1thm all four tnbutanes 

(F1gure 15) In Wallarah Creek and Wyong R1ver, the average DO concentration for the year 

was 6mg/L, wh1lst Ounmbah Creek and Tumb1 Creek were on average slightly lower 

(5mg/L). The concentration of DO m the water can be reduced by the act1v1ty of aerobic 

bactena wh1ch breakdown organic matenal Aquat1c plants use and make oxygen dunng 

photosynthesiS and changes to plant assemblages can cause oxygen concentrations to 

fluctuate at very small temporal scales, e g over a 24 hour d1urnal cycle In general, 

dissolved oxygen concentrations should not tall below 6mg/L, determmed over a number of 

diurnal cycles (ANZECC, 1992) 

The pH of the water 1n each of the four tnbutanes was m the range 6-8 (F1gure 15) In fresh 

water, a pH of 7 IS normal, wh1lst m manne waters 1t IS 8 2 The pH 1s controlled by the 

carbonate-bicarbonate buffer system and the buffenng capac1ty of water 1s related to 1ts 

alkalinity Manne waters are strongly buffered and small changes m pH can 1nd1cate 

problems The pH values that were recorded dunng the penod were typ1cal of lower 

estuanne tnbutanes, where freshwater IS m1xed w1th seawater (F1gure 15) 

The turb1d1ty of the water w1thm all four tnbutanes vaned both spatially and temporally 

(F1gure 15) Increased turb1d1ty was generally correlated w1th heavy ramfallm each of the 

catchments The turb1d1ty may 1ncrease when suspended sed1ments are washed m dunng 

ram events and because of the effects of m1x1ng by local currents and wmd Blooms of 

m1croscop1c organisms w1th1n the water column can also mfluence the turb1d1ty of water The 

ANZECC (1992) gUidelines suggest that mean seasonal turb1d1ty, measured by 

nephelometnc turb1d1ty un1ts (NTU) should not change by more than 10% 
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W1thm the estuary, surface water temperature fluctuated 1n response to a1r temperature and 

mflow of colder fresh water from the catchment and was SJmJiar at all s1tes w1th little vanat1on 

(F1gure 16) Temperature changes can occur naturally over d1urnal and seasonal cycles or 

through changes brought about by anthropogemc disturbance The fluctuatiOns that 

occurred to the surface water temperatures 1n the Tuggerah Lakes estuary are w1th1n normal 

ranges (ANZECC, 1992) The pH 1n the surface waters of the estuary (pH - 8) over the 

1996 penod showed little vanat1on from one locatiOn to another or through t1me (F1gure 16) 

Th1s would be due to the buffenng ab11ity of the near seawater salimty concentrations 1n the 

estuary over th1s penod (F1gure 17) There were some reduct1ons 1n salimty assoc1ated w1th 

fresh water Inflows however these reduct1ons were only for short penods of t1me (F1gure 17) 

Dissolved oxygen concentrations w1th1n the estuary fluctuated over the year however the DO 

between the different locations was fa1rly Similar (F1gure 18). DO concentratiOns 1n water are 

qUJte dynam1c and as prev1ousy ment1oned can fluctuate Widely over a diurnal cycle The 

turbidity 1n the estuary fluctuated SJQnJf1cantly through t1me and probably represents small

scale temporal fluctuatiOns on the scale of days rather than larger patterns assoc1ated w1th 

freshwater mflows of turbid water (F1gure 18) However, the mcreased turb1d1ty 1n December 

1996 and January 1997 (F1gure 18) was due to the large freshwater flow mto the estuary at 

th1s t1me (see F1gure 15) 

In summary, the physJco-chemJcal vanables measured 1n the lower estuanne sect1ons of the 

tnbutanes and the estuary fluctuated at vanous spat1al and temporal scales, wh1ch were 

considered to be typ1cal of waterways 1n temperate eastern NSW (ANZECC, 1992) 



:30 

10 

8 

=as 
4 

2 

-" 

Tuggerah Bay 
Tempera1Ure 

- -u 

OJFMAMJJASONOJF 

1996 

Tuggerah Lake 
Temperan.ne 

OJFMAMJJASONOJF 

1996 

Tuggerah Bay 
pH 

DJFMAMJJASONOJF 

1996 

T uggerah Lake 
pH 

OJFMAMJJASONDJF 

1996 

10 

10 

8 

4 

2 

10 

8 

4 

2 

Ch1ttaway Bay 
Temperature 

OJFMAMJJASONOJF 

1996 

Budgewo1 Lake 
Temperature 

DJFMAMJJASONOJF 

1996 

Chmaway Bay 
pH 

OJFMAMJJASONDJF 

1996 

Budgew01 Lake 
pH 

OJFMAMJJASONOJF 

1996 

Figure 16 Water temperature and pH in the estuary dunng 1996 

30 

0 20 
0 

10 

10 

8 

'as 
4 

2 

10 

8 

'§_6 

4 

2 

56 1 
The Entrance 

Temperature 

DJFMAMJJASONDJF 

1996 

Lake Munmorah 
Temperature 

OJFMAMJJASONOJF 

1996 

The Entrance 
pH 

DJFMAMJJASONOJF 

1996 

Lake Munmorah 
pH 
-- LT5 

I 
I 
I 
I 
I 
,f 

I 

I 
I 
I 

~I 

OJFMAMJJASONDJF 

1996 

:1-

I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 

' I 
I 
I 

I 
I 
I 
I 
I 
I 

Tuggerah Bay 
ConductiVIty 

- -" 

50 =~'-J 

40 
E 
~30 
E20 

10 

OJFMAMJJASONOJF 

1996 

Tuggerah Lake 
Conductrvrty 

50 f.---'~ 

40 
E 
~30 
E20 

10 

40 

30 a 
c. 

20 

10 

40 

3J 

8: 
20 

10 

OJFMAMJJASONOJF 

1996 

T uggerah Bay 
Salmrty 

DJFMAMJJASONDJF 

1996 

Tuggerah Lake 
Sahruty 

DJFMAMJJASONOJF 

1996 

50 

40 
E 

'*30 
E2o 

10 

Chlttaway Bay 
Conductrvrty 

--~ 

OJFMAMJJASONOJF 

1996 

Budgewo1 Lake 
Conductrvrty 

-.111 

50 ~ ---""'"""""' 
E40 

'*30 
E20 

10 

40 

30 a 
c. 

20 

10 

40 

3l 

8: 
20 

10 

DJFMAMJJASONOJF 

1996 

Chmaway Bay 
Salmrty 

DJFMAMJJASONOJF 

1996 

Budgewo1 Lake 
Sallruty 

- - Llt 

OJFMAMJJASONOJF 

1996 

F1gure 17 Salinity and conductivity in the estuary dunng 1996 

50 

40 
E 
~30 
E2o 

10 

40 

30 a 
c. 

20 

10 

40 

3J a 
c. 

20 

10 

The Entrance 
CondudJvlty 

- -" 

57 

OJFMAMJJASONOJF 

1996 

Lake Munmorah 
ConductMty 

DJFMAMJJASONDJF 

1996 

The Entrance 
Sabnrty 

DJFMAMJJASONDJF 

1996 

Lake Munmorah 
Salmrty 

- -LIS 

OJFMAMJJASONOJF 

1996 



50 

40 

~30 
z 

20 

10 

50 

40 

~:D 
z 

20 

10 

Tuggerah Bay 
DISSOlved Oxygen 

DJFMAMJJASONOJF 

1996 

T uggerah Lake 
DISSOlved Oxygen 

DJFMAMJJASONDJF 

1996 

D J F M 

-uo 

T uggerah Bay 
Turbidity 

A M J J A s 
1996 

T uggerah Lake 
Turbidity 

- •1,.11 

0 N D J F 

DJFMAMJJASONDJF 

1996 

10 

8 

~6 
E 

50 

40 

~31) 
z 

20 

10 

50 

40 

~:D 
z 

20 

10 

Ch1ttaway Bay 
DISSOlved Oxygen 

DJFMAMJJASONOJF 

1996 

BudgewOJ Lake 
DGsolved Oxygen 

OJFMAMJJASONDJF 

1996 

Ch1ttaway Bay 
Turbidity 

D J F M A M J J A s 0 N 0 J F 

1996 

Budgew01 Lake 
Turt>tddy 

D J F M A M J J A s 0 N D J F 

1996 

Figure 18. D1ssolved oxygen and turb1d1ty m the estuary durmg 1996 
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3.1.4. Water Quality Dynamics 

Desp1te several stud1es, wh1ch have collected data on the quality of water m the Tuggerah 

Lakes estuary (H1ggmson, 1971, K1ng and Hodgson, 1995, Cheng, 1996, WSC, 1995, 1997, 

van Senden, 1997), the quality of the data was considered to be limited (Kmg and Hodgson, 

1995) A ngourous program of momtonng was m1t1ated m June 1997 to quant1fy spat1al and 

temporal vanab1hty 1n the water quality at a number of scales (Cummms et at, 1999) 

3.1.4.1. Methods 

Spat1al and temporal vanab11ity 1n the water quality of the estuary was measured by sampling 

randomly between June 1997 and June 1999 (Cumm1ns et at, 1999) The estuary was 

d1v1ded mto s1x locat1ons (F1gure 19} based on e1ther the major contnbut1on of flow from 

ramfall events m the catchment, or the flush1ng charactenst1cs of 1nd1v1dual locat1ons Lake 

Munmorah (LM} and Budgewo1 Lake (BW) were considered to be two mdependent locat1ons 

wh1lst Tuggerah Lake was d1v1ded mto four locat1ons, Tuggerah Lake (TL), Tuggerah Bay 

(TB), The Entrance (TE}, and Ch1ttaway Bay (CB) Three s1tes were nested w1thm each 

locat1on and three replicate sub-surface water samples were collected for nutnent analys1s 

us1ng pre-nnsed 500mL PET bottles and then stored on 1ce Three replicate measurements 

of pH, temperature (0 C}, dissolved oxygen (mg/L}, sal1n1ty (ppt) and turb1d1ty (NTU) were also 

made at each s1te us1ng a Yeokal-611 water quality Instrument The four major tnbutanes 

entenng the estuary were also sampled but at a reduced spat1al scale Three replicate water 

samples and phys1co-chem1cal measurements were collected w1thm the entrance to 

Wallarah Creek (WC}, Wyong R1ver (WR), Ounmbah Creek (OC) and Tumb1 Creek (TC) at 

the same temporal scale as the estuary sampling (F1gure 19} 

Wyong Sh1re Council's Water & Sewage Laboratory analysed phosphorous spec1es, wh1lst 

AWT EnS1ght analysed the mtrogen spec1es Nutnent spec1es, abbrev1at1ons and analytical 

procedures are summanzed m Table 4 All results have been reported as concentrations of 

n1trogen or phosphorous m iJg/L For data analyses, nutnent concentrations less than the 

detect1on lim1t were ass1gned a value equal to half the detection lim1t. Results can be 

converted to iJM by d1v1dmg the concentration value by the appropnate atom1c mass value (N 

= 141Jg/1JM, P = 311JQ/1JM) 



Table 4. Nutrient forms, abbreVIations and analytical procedures 

Nutnent Form 

Total Phosphorous 

Ortho-phosphorous 

Total Kjeldahl Nitrogen 

Ox1d1sed Nitrogen* 

Ammomum 

Abbrev1at1on 

TP 

OP 

TKN 

NOx 

NH4 

Method (Source APHA, 

AWWA & WPCF, 1989) 

Persulphate d1gest1on 

Molybdate-blue 

Mercunc ox1de 

Cadm1um reduction 

Phenol hypochlonte 

Total N1trogen TN TKN + Nox 

* Ox1d1sed n1trogen = nitrate + mtnte, hereafter referred to as NOx 
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The catchment IS only partially gauged so freshwater 1nflow to the estuary could only be 

est1mated Ra1nfall (Bureau of Meteorology) and 'he1ght over we1r' (Wyong Sh1re Counc1l) 

data were exammed to g1ve an 1nd1cat1on of the t1m1ng and nature of ra1nfall events, and the 

vanat1on 1n freshwater 1nputs throughout the sampling penod 

Regress1on analys1s was used to mvest1gate the degree of linear assoc1at1on between 

selected nutnent forms and salimty, ra1nfall and 'he1ght over we1r' measurements TP, OP, 

TN, NOx, NH4 and salimty data were analysed us1ng analys1s of vanance (ANOVA) 

Differences between 1) estuary locat1ons, 11) tnbutary locat1ons and 111) estuary vs tnbutary 

locat1ons were exammed For the estuary model, t1me was treated as a random factor, 

locat1ons were f1xed and s1tes were nested w1th1n t1me and locat1ons For the tnbutanes 

model, t1me was treated as a random factor and locat1ons (1 e tnbutanes) were f1xed To 

ensure a balanced model for the estuary vs tnbutary analyses, results from one s1te w1thm 

each estuary 1ocat1on were selected randomly and then analysed w1th the data collected 

from the tnbutary locations T1me was treated as a random factor wh1lst locations were fixed 

Pnor to analys1s, the data were exammed for homogeneity of vanances us1ng Cochran's test 

(W1ner, 1971) and where necessary were transformed (Underwood, 1981) Where the 

transformation was not successful 1n 'correcting' the mequality of the vanances, analyses 

were performed us1ng the raw data (Underwood, 1981) 
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3.1.4.2. Results 

There were temporal and spat1al vanat1ons m many of the water quality vanables measured 

w1th1n the Tuggerah Lakes estuary and 1ts four major tnbutanes (Cumm1ns eta/, 1999) 

Ramfall measured at The Entrance averaged 4 4mm day"1 over the two-year sampling penod 

whilst monthly averages were highest m May 1998 (12mm day"1
, total = 378), August 1998 

(average= 13mm day"\ total= 390mm) and Apnl1999 (average= 15mm day-\ total= 

447mm) Coastal ra1nfall values were comparable w1th those measured at stations at the top 

of the sub-catchment areas The 'he1ght over we1r' data md1cated that between May 1995 

and June 1999, there were no freshwater mflows from Wyong R1ver and Ounmbah Creek for 

60% and 25% of the t1me respectively (Cumm1ns eta/, 1999) 

Temperature fluctuated through t1me w1th s1m1lar trends observed between locations (F1gure 

20) There were no S1gn1f1cant differences m salinity concentrations between locat1ons or 

through t1me (F1gure 20) Salm1ty ranged between 16 and 38ppt w1th an average of 27 ± 0 6 

ppt over the study penod The Entrance locat1on recorded the highest salinity (29 ± 1 8 ppt) 

due to tidal exchange, whereas Lake Munmorah (25 ± 1 7 ppt) and Budgewo1 Lake (26 ± 1 7 

ppt) recorded the lowest Salinity decreased w1th 1ncreased ramfall, reflectmg freshwater 

1nput to the estuary (F1gure 20) 

Generally, surface waters were well oxygenated probably due to wmd m1xmg of the water 

column (F1gure 20) and oxygen concentrations were above saturat1on dunng the wmter m 

1998, probably because of photosynthetic act1v1ty by phytoplankton (see Cummms eta/ , 

2000) The pH w1th1n the surface waters showed little vanat1on, both among locat1ons and 

through t1me (F1gure 20) Turb1d1ty vaned spatially and temporally w1th levels highest m 

November 1998 (F1gure 20) Ch1ttaway Bay had the highest mean turb1d1ty (12 7 ± 6), whilst 

Lake Munmorah had the lowest (4 7 ± 1) 

There were S1gmf1cant time x 1ocat1on 1nteract1ons for total n1trogen concentrations, wh1ch 

were highest m June and August 1997 (F1gure 21) Overall, Lake Munmorah had 

consistently higher TN concentrations (578 ± 98 iJg/L) compared to the other locations, 

whilst The Entrance had the lowest (375 ± 41 IJg/L) (F1gure 21) A s1gnif1cant t1me x locat1on 

1nteract1on was found for NOx and NH4 (F1gure 21) Generally, NOx concentrations were 

below the detection limlt((3=101Jg/L) however concentrations were elevated 1n Lake 

Munmorah m June 1998 (15 6 ± 1 9 IJg/L) and 1n Tuggerah Bay m August 1998 (27 8 ± 9 5 

IJg/L) (F1gure 21) Ammon1um concentrations were much more vanable than TN and NOx, 

w1th levels bemg particularly h1gh m alllocat1ons 1n January 1998 (F1gure 21) These 

concentrations d1d not appear to be due to ra1nfall Lake Munmorah had significantly higher 
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21) 

63 

S1gn1f1cant t1me x 1ocat1on mteract1ons were detected for TP and OP concentrations 

throughout the estuary (Cummms eta/, 1999} The concentration of TP ranged from 2 ± 0 3 

~gil to 41 ± 2 ~gil over the two-year penod (F1gure 21) w1th no cons1stent seasonal or 

ramfall related patterns SNK tests revealed that OP concentrations were s1gn1f1cantly h1gher 

1n January 1998, compared to all other t1mes (except August 1998) Concentrations were 

generally low, rang1ng between 0 3 ± 0 2 ~g/l and 11 ± 1 0 1 ~g/l (F1gure 21) 

Average water temperatures fluctuated seasonally, w1th general trends bemg s1m1lar w1th1n 

each of the four creeks (F1gure 22) There was s1gn1f1cant t1me x locat1on mteract1ons found 

for salin1ty, w1th levels bemg considerably lower dunng wmter 1998 (F1gure 22} SNK tests 

revealed that concentrations w1thm Wyong R1ver (11 3 ± 3 1 ppt) were s1gn1f1cantly lower m 

August 1998 than m Tumb1 Creek, Wallarah Creek and Ounmbah Creek, reflect1ng 

considerable freshwater mput from the sub-catchment (Cummms eta/, 1999) 

Concentrations of dissolved oxygen vaned between tnbutanes, dependmg on the t1me they 

were exammed (F1gure 22} Dissolved oxygen fell below saturation (6 mg/l or 80-90%) m 

Tumb1 Creek m January 1998 and Apnl 1999 and m Wallarah Creek m February 1999 The 

pH m Wyong R1ver dropped considerably 1n August 1998 (F1gure 22), wh1lst turb1d1ty max1ma 

(34 8 ± 16 8, 43 ± 4 5 and 40 2 ± 18 0) were recorded m Tumb1 Creek m January and 

November 1998 and February 1999 respectively (F1gure 22) 

S1gn1f1cant time x locat1on mteract1ons were detected for all nutnents exammed w1thm the 

tnbutanes (F1gure 23} SNK tests revealed that TN concentrations (1735 ± 349 5 ~g/l) 1n 

Wyong R1ver were s1gn1f1cantly h1gher than alllocat1ons (Cumm1ns eta/, 1999) Ox1d1sed 

nitrogen concentrations were generally below detect1on lim1ts (<10~gil} however, levels 

were s1gn1f1cantly h1gher m Ounmbah Creek m August 1998 compared to other t1mes (F1gure 

23). These concentrations were comc1dent w1th mcreased freshwater mput from the sub

catchments (Cumm1ns eta/, 1999) There were considerable vanat1ons 1n NH4 

concentrations, however levels were found to be s1gn1f1cantly h1gher for all creeks 1n June 

1997 (F1gure 23) Also notable were the h1gh values measured m the creeks m January 

1998 (F1gure 23) Both TP and OP concentrations showed considerable vanat1on between 

tnbutanes and through t1me (F1gure 23) Phosphorous concentrations were s1gn1f1cantly 

highest m Ounmbah Creek for both TP (99 ± 1 8 ~g/l) and OP (67 3 ± 2 7 ~gil} m January 

1998 (F1gure 23} 
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a) Total nitrogen b) Ox1d1sable mtrogen 
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3.1.4.3. Discussion 

Ambient nutrient concentrations within the Tuggerah Lakes estuary were found to fluctuate 

significantly both spatially and temporally. Typically, biologically available and total nitrogen 

concentrations were higher than the new guideline values recommended for estuarine 

systems by the Australia and New Zealand Environment and Conservation Council 

(ANZECC), whilst phosphorous concentrations were below the threshold nutrient criteria 

(ANZECC, 1998). When comparing these results to those compiled by the Environment 

Protection Author!!}~ on other estuaries within New South Wales (Scanes eta/., 1997), the 

Tuggerati t:akes estuarY. would appear to have 'medium' total nitrogen concentrations, whilst 

total ptiospfiorous concentrations were 'low'. These results give some indication of the 

nutrient status of the estuary however, there are some limitations as the guidelines are not 

system specific and estuaries vary significantly, in terms of their geomorphology and 

hydrological characteristics. For this reason it is also important to relate the concentrations 

of nutrients with observed responses by the plant communities (ANZECC, 1998). 

Nitrogen, particularly in its biologically available forms (nitrite, nitrate and ammonium) is 

generally regarded as being the limiting nutrient for primary production in temperate marine 

waters (Dugdale, 1967; Ryther and Dunstan, 1971 ; Nixon, 1981 ; Boynton eta/., 1982; Paerl 

eta/., 1990; Harris, 1996). Care must be used though, when interpreting water column 

concentrations as available forms are often low and total nitrogen concentrations are highly 

variable (Coade, 1997). Plants, particularly algae, can rapidly expand their biomass to utilise 

inputs of available nitrogen and irrespective of large total nitrog~n concentrations, it has 

been shown that for more than 95% of the time available forms can be virtually undetectable 

(Scanes eta/., 1997). 

Despite recording 'high' nitrogen concentrations, DIN:DIP ratios inCficated thatthe estoary 

was often nitrog_en limited (Cl.Jumins, eta/., 1999). This result would appear to conflict with 

the finding of high nitrogen concentrations, highlighting the importance of relating observed 

nutrient concentrations with the plant assemblages. In a number of estuaries where there is 

excess nitrogen, loss of species diversity and excessive primary production by phytoplankton 

and free-floating macroalgae are commonly obs~rved (Gray, 1992; Paerl eta/., 1990; ~allin 

eta/., 1993; Kinney and Roman, 1998). Some shallow areas of the Tuggerah Lakes have 

experienced excessive growth of green macroalgae (Inter-Departmental Committee, 1979; 

Cheng, 1980; King and Hodgson, 1995; Cummins eta/., 2000), and phytoplankton blooms 

have been recorded on a number of occasions (Cheng, 1994; 1997; Cummins eta/., 2000), 

rowever, 1hese blooms flave mostly been at small scales. It is thought that the diversion of 

sewage discharge, from the estuary to tne ocean outfalls at Norah Head and Bateau Bay, 
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Here and in previous studies, the major tributaries were shown to contribute significant 

nutrient loads to the estuary (Boake, 1991; King and Hodgson, 1995; Walkerden and 

Gilmour, 1996; Garofalow, 1998; Bourgues eta/., 1998). Nutrient inputs are quickly 

distributed within the system, probably as a result of wind-induced currents. Generally, 

spikes in nutrient concentrations reflected rainfall and freshwater inflows, however there 

were considerable variations at a number of scales. Harris (1996) states that the irregularity 

of flow events typified by Australian rivers and flow regulation activities exacerbate the 

problem of identifying any emergent patterns in system behavior. During this study, no flows 

were measured over the weirs for 25% and 60% of the time for Ourimbah Creek and Wyong 

River respectively. This has important implications for the transport of terrestrial materials to 

the estuary as it is likely that the pattern in catchment contributions of both nutrients has 

been altered dramatically due to the construction of the weirs and the drawing of water for 

urban, industrial and agricultural supply activities. Nutrient contributions from urban runoff 

are also likely to be important however, there has been some debate as to whether inputs 

are quickly dispersed or whether mixing is limited between the shallow vegetated areas and 

open waters (Walkerden and Gilmour, 1996; Bourgues eta/., 1998). Unpublished data 

collected by Wyong Shire Council and The University of Newcastle suggested that there was 

regular exchange between the two habitat types. 

As well as particulate and soluble forms entering and leaving an estuary via terrestrial and 

atmospheric inputs and oceanic exchange, contributions may be made from other pools of 

nutrients and elements present in sediments, plant communities, fish, zooplankton and 

bacteria (Harris, 1996). In shallow estuaries, sediments are the most significant store and 

strongly interact with the over-lying surface waters, regulating or modifying most of the 

physical, chemical and biological processes that occur within the entire system (J0rgensen 

and S0rensen, 1985; Boynton et al. , 1997). This makes the input of nitrogen associated with 

rainfall and stormwater run-off critical, as they replenish sediment stores, enabling them to 

continue releasing nutrients to the estuary during periods of low rainfall. A spike in the 

concentration of ammonium was observed within all estuary and tributary locations in 

January 1998, and this occurrence was not coincident with rainfall or riverine inflows. It is 

likely that the excess ammonium was produced by mineralisation of organic nitrogen (i.e. 

ammonification) associated with suspended or bottom sediments. In studies done by 

Bourgues eta/. , (1998a, 1998b) it was found that at both low (151!C) and high (252C) 

temperatures, and after a major flood event, ammonium was released from the sediments 

into the overlying water column. Dissolved oxygen levels in January 1998 were close to 

\ 
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saturation, confirming that ammonification was probably occurring in the sediments and not 

in the surface waters. 

A spike in the level of total and ortho-phosphorous was also measured in January 1998, 

coincident with the high ammonium concentrations. It is likely that the redox potential of the 

sediments was lowered enough to allow phosphorous to migrate into the over-lying water 

column. Phosphorous exchanges between the sediments and the water column are mostly 

ruled by redox-dependant chemical reactions and resuspension events (Day eta/., 1989; 

Bourgues eta/., 1998b). Inorganic phosphorous is often not available for biological up-take 

because it strongly sorbs onto charged particles such as clay, or it readily forms insoluble 

precipitates in the presence of metal oxides and hydroxides (Day eta/., 1989). Increases in 

salinity (ionic strength) may increase the flocculation of the particulate fraction of 

phosphorous, resulting in its becoming incorporated into the sediments (Harris, 1996). Work 

by Suttle eta/. (1990), showed that even at a range below laboratory detection limits, these 

phosphorous additions could be beneficial for primary production. Bourgues eta/. (1998b) 

recorded elevated phosphorous levels and stimulation in phytoplankton (diatom) numbers 

after a flood event in May 1998, however they assumed that at the scale of the ecosystem, 

the stimulation in biomass was still a response to nitrogen limitation and calculated DIN:DIP 

ratios for the time of the survey would seem to support this view. 

Turbidity levels within the estuary were highly variable, probably due to its shallow natur.e 

and resuspension of bottom sediments through wind action. Previous studies have indicated 

that the Tuggerah Lakes have high levels of turbidity, compared to a number of other 

estuaries within NSW, which include Lake lllawarra and Brisbane Waters (Doherty eta/. , 

1997). Turbidity is one means of assessing the amount of suspended particulate material 

within the water column and can be related to light available for plant growth. Plants require 

light for photosynthesis and light availability can determine the depth to which plants, 

particularly seagrass species can grow (Abal et a_l., 1994). Several studies have shown. that 

where light is a limiting factor, nuisance opportunistic algal species can become dominant 

(Gray, 1992; Abal eta/., 1994). Seagrasses, as well as providing important habitat and food 

for a number of biota, play an important role in the regulation of the total output of nutrients 

from the sediments. In Australia, over 45, 000 ha of seagrass meadows have been lost, as 

a direct result of decreased light availability associated with increased turbidity, 

eutrophication and epiphytic algal growth (Walker and McComb, 1992). There is evidence to 

suggest that the Tuggerah Lakes have lost extensive areas of seagrass meadows (see. 

Seagrass Section). 
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This study represents an important step towards quantifying the spatial and temporal 

patterns of a number of water quality variables within the Tuggerah Lakes estuary and its 

major tributaries. However, to have confidence in interpreting concentrations and ratios of 

nutrients, we must further seek to understand the processes that link the sources and sinks 

at a variety of scales (Harris, 1996). Harris (t996) states that in estuarine systems, the key 

parameter can become restdence times'"Of the water and the majoF elements, not ratios of 

concentrations. During floods, system processes operate at large scales (approximating the 

scale of catchment} and the impact to receiving waters varies depending on the timing and 

magnitude of the event. Drought and flow regulation allow shallow, enclosed waters time to 

equilibrate with the sediments and system functioning becomes dominated by internal 

processes (Boynton, 1997; Harris, 1996). Whilst the retention capacity of the Tuggerah 

Lakes has been calculated as between 65-100 days (van Senden, 1997; Walkerden and 

Gilmour, 1996), Harris and Baxter (1995) state that actual water residence times of materials 

contributed to an estuary during flood events can fluctuate between a few days and many 

years. Rainfall and associated runoff pulses will need to be examined from short-term (days 

to months) and long-term (annual) perspectives. Biological responses, at small (site

specific) and large (catchment) scales, will need to be examined to help interpret processes. 

Ultimately, thisi nformat1on will ass1st In the development of predictive models to help make 

management decisions reJating to sustainable loads of and the concentrations ot nutrients to 

the Tuggerah Lakes estuary. 

3.1.5. The Flow of Nutrients through the Estuary 

The Tuggerah Lakes estuary has a constricted entrance to the ocean, which allows only 

limited water and nutrient exchange. Nutrients enter or exit the system through surface 

water, groundwater, ocean, sediment, atmosphere, flora, and fauna. Modeling was used to 

calculate the flow and nutrient loads entering the system from the surface catchment 

surrounding the estuary. An average annual flow of 311 ,500 ML and an average annual 

nutrient load of 60 and 219 tonnes of phosphorus and nitrogen were identified, respectively 

(Garofalow, 1998). 

The immediate subcatchments (urban areas) contribute 37% of the total phosphorus and 

43% of the total nitrogen load to the estuary wheras high flow periods contribute almost 90% 

of the total nutrient load. Groundwater may also contribute significant quantities of nutrients, 

particularly during periods of low rainfall however, there was insufficient data to estimate the 

nutrient load (Garofalow, 1998). 
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Flushmg of the lakes 1s dnven by three mam processes, water pushed seaward by external 

flows, e.g. surface flow, groundwater flow, or d1rect ra1nfall, exchange of water due to 

differences 1n water he1ght (Barotropic flow), e g. tides, wmd dnven currents, long penod sea 

level fluctuations, and exchange of water due to differences 1n density (Barochmc Flow), e g 

differences 1n sahmty or temperature On average, the lakes would be flushed approximately 

4 2 t1mes per year, result1ng m 545,000 ML of water leavmg the entrance annually The 

average annual exchange w1th the ocean IS 234,000 ML, 1nd1catmg that around 43% of the 

flush1ng of the estuary 1s a result of water exchange through the entrance The average 

annual nutnent flux results 1n a loss to the ocean of 13 2 tonnes of total phosphorus and 258 

tonnes of total mtrogen 

Sediments act as a source or smk of dissolved 1norgamc mtrogen and phosphorus It was 

estimated that the lakes sed1ments could potentially prov1de 18 and 139 tonnes per year of 

phosphorus and mtrogen, respectively (Bourgeous eta/, 1998) The loss of nutnents 

through bunal and demtnf1cat1on was not mvest1gated however these processes could 

greatly reduce the net nutnent load from the sed1ments and result m the sed1ments act1ng as 

a smk Annual atmosphenc contnbut1on mto the estuary was est1mated at approximately 1 9 

tonnes of total phosphorus and 40 5 tonnes of total mtrogen per year 

Dunng 1996/97, Wyong Sh1re Counc1l mechamcally harvested 18,474 m3 of seagrass and 

macroalgae wrack from the foreshores surrounding the estuary resultmg 1n approximately 

4 4 tonnes of TN and 0 74 tonnes of TP be1ng removed from the system Nitrogen and 

phosphorus were also removed through commercial f1shenes, 11 5 tonnes of n1trogen and 

0 47 tonnes of phosphorus 

A total nutnent load of approximately 80 tonnes of phosphorus and 400 tonnes of mtrogen 

enters the estuary every year, w1th 125 tonnes of mtrogen (F1gure 24) and 65 tonnes of 

phosphorus (F1gure 25) available for pnmary production The mam mputs are from the 

surface loads and sed1ment fluxes and the pnmary loss 1s through the exchange of water 

through the entrance Demtnf1cat1on and bunal are also likely to result 1n s1gmf1cant losses to 

the system As the budget stands, 65 tonnes of phosphorus and 125 tonnes of mtrogen are 

available annually, w1th the pnmary 1nputs bemg from the surface load and sed1ment fluxes 

The annual nutnent loadmg for the Tuggerah estuary 1s est1mated at 0 12 tonnes/km2 for 

total phosphorus and 0 6 tonnes/km2 for total mtrogen 
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Ftgure 24. Annual nitrogen budget for the Tuggerah Lakes estuary 
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3.1.6. Groundwater Contributions to the Estuary 

There 1s very little mformat1on on groundwater cond1t1ons m the Wyong catchment and no 

groundwater stud1es have been completed m the area Immediately surroundmg the estuary 

(Kerry, 1998) A study of ex1stmg ground water quality and 1ts potential to contnbute 

nutnents mto the estuary was done (Kerry, 1998). The a1m of the study was to determme 

the relat1ve sJgn1f1cance of groundwater nutnent fluxes mto Lake Munmorah, Budgewo1 Lake 

and Tuggerah Lake 

Although little has been done m relat1on to groundwater stud1es m the Wyong catchment, 

geological stud1es have been completed for mfrastructure e g roads, pipelines and treatment 

works Th1s mformat1on along With the reg1stered bore logs available for the area, were used 

to 1dent1fy ten areas of Similar geology Approximately Sixty sampling bores were mstalled 

us1ng an expenmental des1gn that allowed generalisations about the nutnent contnbut1ons 

from groundwater sources around the estuary 

The expenmental des1gn for the groundwater study had the 1mmed1ate catchments around 

the estuary broken mto 10 d1stmct areas or locat1ons (F1gure 26) W1thm each locat1on, two 

s1tes were randomly chosen and three random bores sunk to a depth of 2m The locat1ons 

were chosen randomly from a number of potential subcatchments surrounding the estuary. 

From each borehole, a so1l sample was taken to establish 1ts pedolog1cal charactenst1cs 

The sampling program mvolved tak1ng water samples from each bore over a number of 

temporal scales and the ground water was analysed for total mtrogen, oxJdlsable nitrogen, 

total phosphorous and orthophosphate Physico-chemical water quality was also measured 

m each groundwater borehole 

Nutnents w1th1n groundwater around the estuary were found to be h1ghly vanable between 

locat1ons but were cons1stent over the two t1mes that they were sampled (Kerry, 1998) 

Generally, the h1ghest concentrations of groundwater nutnents were found m the San Remo 

and Charmhaven areas (F1gure 26) Total groundwater nitrate loadmg to the estuary ranged 

from 22 to 21,700 kg/yr (Kerry, 1998) Orthophosphate load1ng ranged from 13 to 12,600 

kg/yr wh1lst ammoma ranged from 200 to 196,100 kg/yr The a1m of th1s program of 

sampling was to est1mate the potential sources of nutnents that could enter the estuary from 

groundwater sources The ab11ity of these nutnents to actually enter the estuary needs 

further cons1derat1on and w111 be followed up as part of the management stud1es 
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3.1.7. Recreational Water Quality Monitoring 

3.1. 7.1. Introduction 

Wyong Counc1l's Health Serv1ce Sect1on mon~tors recreational water quality at both lakes 

and ocean bath1ng beaches throughout the Sh1re The a1m of the mon1tonng IS to evaluate 

recreational water quality at locat1ons where the community choose to use the lakes and 

beaches for recreat1on Th1s program was commenced m 1985 w1th a vanety of s1tes 
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located m recreational bathmg areas. The presence of faecal coliforms IS the cntena used to 

assess the water quality of lake and ocean bathmg beaches. 

3.1. 7.2. Methods 

Wyong Council uses the NH&MRC {1990) and the ANZECC {1992) Guidelines to assess the 

su1tab11ity of water for recreational use For pnmary contact {sw1mm1ng), the med1an faecal 

coliform content should not exceed 150 organ~sms per 100ml {cfu/100ml} Th1s med1an IS 

calculated from a m1n1mum of f1ve samples taken at regular mtervals not exceed1ng one 

month, w1th four out of f1ve samples contam1ng less than 600 cfu/100ml For secondary 

contact {boating}, the med1an faecal coliform count should not exceed 1 ,000 organ~sms per 

100 ml Th1s med1an IS calculated from a m1n1mum of f1ve samples taken at regular Intervals 

not exceedmg one month, w1th four out of f1ve samples contam1ng less than 4,000 cfu/100ml 

E1ght locations are currently sampled and tested for faecal collforms/100ml {F1gure 27, Table 

5} 

Table 5. Location of recreational water quality Sites and frequency of samplmg 

Location Variable Oct-April May-Sept 

Long Jetty Sa1l Club Faecal cohforms Weekly Monthly 

Tumb1 Creek Weekly Monthly 

Ounmbah Creek Weekly Monthly 

Canton Beach Weekly Monthly 

Toukley Aquat1c Club Weekly Monthly 

San Remo Weekly Monthly 

Gwandalan Pool Weekly Monthly 

Cham Valley Bay Weekly Monthly 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Ounmbah 
Creek 

Tumb1 Creek 

Tuggerah Lake 

Ch1tlaway Bay 

Figure 27. LocatiOn of recreatiOnal water quality sampling Sites 
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3.1. 7.3. Results and Discussion 

The results of percentage compliance for lake beaches in 1996 and 1997 are typical of what 

has been recorded since sampliing began in 1985 (Table 6). 

Table 6. Percentage compliance for recreational water quality in 1996-97 

1996 1997 

Location Primary Secondary Primary Secondary 

Contact Contact Contact Contact 

Ourimbah Creek 36 91 58 83 

Canton Beach 9 55 12 38 

Tumbi Creek 18 91 36 73 

San Remo 64 100 58 92 

Toukley Aquatic 64 100 67 100 

Gwandalan 73 100 92 100 

The lakes beaches generally perform poorly in terms of the criteria for primary contact, whilst 

secondary contact performance is considered good for Toukley Aquatic and Gwandalin 

locations. The other locations all failed the secondary guidelines at certain times. 

A major stormwater drain is the main source of faecal coliform contamination at Canton 

Beach, lnowever the sample location is only one metre from the mouth of the outlet drain. 

The most likely time that contamination from the drain occurs is after rainfall , however, this is 

not the only time that it occurs. The gross pollution trap at the exit of the drain acts as a 

reservoir for faecal coliforms both within the water column and within the sediment. Tumbi 

Creek and Ourimbah Creek both have significant rural landuse with urban development in 

the lower part of the catchment, whilst the other sampling sites have largely urban 

catchments. 

A study was commissioned into the use of faecal sterols to discriminate between the sources 

of faecal pollution within the Tuggerah estuary. The results of this study (CSIRO, 1998) 

i(ldlcaTed at human faecal matter is only a minor component of the total faecal pollution 
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3.2. Chemical Interactions with Estuarine Sediments 

Much of the particulate orgamc matter earned to the estuary by nvers, as well as that 

produced by biological orgamsms eventually deposits at the sed1ment surface Th1s matenal 

provides the pnmary energy source for organ1sms l1vmg m the estuary The respiratory 

processes of these orgamsms are called redox react1ons (ox1datlon-reduct1on) and are 

defmed as the transfer of electrons from one matenal to another Much of the energy flow m 

estuanne sediments 1s regulated by the ava1lab11ity of su1table electron acceptors Oxygen 1s 

the most Important electron acceptor but at the bottom of an estuary, far away from 

atmosphenc sources, oxygen can become very low Therefore, as we move mto the 

sed1ment, oxygen IS depleted and other electron acceptors (e g sulfate) become important 

The maJor product of sulfate reduction IS hydrogen sulfide, wh1ch occurs naturally m so1ls 

w1th low oxygen concentrations and causes an unpleasant odor There IS a natural 

predictable sequence of chem1cal processes, wh1ch change down the sed1ment prof1le The 

mteractlons that occur between nutnents, b1ota and the sediments are complex and we begm 

th1s sect1on by descnb1ng the current status of nut1rents w1th1n the bottom sed1ments of the 

Tuggerah estuary 

3.2.1. Nutrients in Sediments 

Nutnent cycling w1th1n the Tuggerah Lakes estuary IS not well understood and there IS 

uncertamty as to the actual mechan1sms and the associated 1nteract1ons that occur between 

the b1ota, sediments and the water column. The estuary acts as a smk for nutnents and 

sediments that enter v1a creeks and stormwater An understandmg of the way that nutnents 

cycle w1thm the estuary 1s essential so that appropnate strateg1es can be put m place that 

mm1m1se the nsks of enwonmental degradation (Walkerden and Gilmour, 1996) 

Ouant1fy1ng the concentrations of nutnents w1thm the sediments at a number of spat1al 

scales was the f1rst step m gam1ng an understandmg of the process Prev1ous studies have 

attempted to quant1fy the concentration of nutnents w1th1n the bottom sed1ments (see Kmg 

and Hodgson, 1995), however they were generally assoc1ated w1th power stat1on operat1ons 

and were therefore lim1ted m the1r spat1al assessment The ecological mteract1ons between 

the seagrass and deeper water habitats have often been the focus of speculatiOn and 

generalisation w1th respect to descnb1ng the ecology of the estuary It has been stated that 

there IS a s1gn1flcant degree of separation between the nearshore seagrass hab1tats and the 
Cl., 

o1... open waters w1thm the estury (Cheng, 1995) A study of the d1stnbut1on of nutnents w1thm 
A 

the sediments was therefore done w1th the a1m of quant1fymg nutnent concentrations at 

vanous spat1al scales 
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3.2.1.1. Methods 

Sed1ments were collected usmg a d1ver held core from w1th1n the lakes at a number of spat1al 

scales The sed1ments were analysed for total mtrogen, ox1des of mtrogen and total 

phosphorus. There was no temporal component to th1s study The expenmental des1gn had 

the estuary d1v1ded mto s1x locat1ons (F1gure 28) Both Lake Munmorah (Locat1on 1) and 

Budgewo1 Lake (Locat1on 2) were considered to be two mdependent locat1ons wh1lst 

Tuggerah Lake was d1v1ded mto four locat1ons, based on 1ts flushmg charactenst1cs Th1s 

study attempted to quantify the differences m nutnent concentrations w1thm the sed1ments 

between the s1x locat1ons and among the two hab1tat types W1thm each locatiOn, sampling 

was done m open water and seagrass hab1tat W1thm each hab1tat, two random s1tes were 

sampled by collectmg three replicate core sed1ment samples 

3.2.1.2. Results 

The concentrations of total mtrogen, ox1d1sable n1trogen and total phosphourus were 

generally h1gher m the open water sed1ments compared w1th the shallow seagrass 

sediments (F1gure 29) Lake Munmorah and Budgewo1 Lake recorded the h1ghest levels 

wh1lst Tuggerah Bay and The Entrance were the lowest There were no s1gmf1cant 

differences between seagrass locat1ons although s1te 1 m Tuggerah Bay recorded the lowest 

concentration (F1gure 29) Total ox1d1sable nitrogen or the mtrogen ava1lable for b1olog1cal 

act1v1ty was generally low (Roberts eta/, 2000) 

A temporal companson of the nutnent concentrations found w1thm the sediments m both 

shallow seagrass and deeper open water hab1tats was done by contrast1ng data reported by 

Kmg and Hodgson (1995) w1th those found m th1s study (Table 7). The data suggested that 

there were reductions m the concentration of total n1trogen and 1ncreases m total phosphorus 

m the open water s1nce 1988 In the shallow seagrass hab1tats however, there appeared to 

be a s1gmf1cant decrease m nutnent concentrations w1thm the sed1ments Caut1on must be 

applied because the data presented by K1ng and Hodgson (1995) were expressed w1thout 

any est1mates of vanat1on It 1s d1ff1cult to establish whether there was a s1gn1f1cant change 

m the total orgamc carbon m the sediments through t1me although generally 1t appeared to 

have decreased 
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Figure 29. Nutrient concentrations within the sediments of the Tuggerah estuary 
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Table 7. Compartson of nutrients m the sediments 1988-1997 

Open Munmorah Budgewo1 Tuggerah 

Nutrient 1988 1997 1988 1997 1988 1997 

Total N mg/kg 3400 2500 2500 2200 2400 1850 

Total P mg/kg 220 270 250 260 240 340 

Total OC (%) 5 28 27 29 37 2 

Sea grass Munmorah Budgewoi Tuggerah 

Nutrient 1988 1997 1988 1997 1988 1997 

Total N mg/kg 2111 220 2100 340 1555 230 

Total P mg/kg 112 40 170 45 262 50 

Total OC (%) 0 2-3 8 04 1 6-3 2 02 1-5 02 

3.2.1.3. Discussion 

Generally, the concentrations of nutnents w1th1n the sed1ments were always higher m the 

deep open water hab1tats compared to the shallow seagrass habitats The fme muddy 

sediments found m the deeper habitats are capable of retam1ng greater concentrations of 

nutnents (Tnmmer et at, 1998) Sed1ments w1th h1gh organic content have more "places" for 

nutnents to attach The organic content of sediments generally mcreases, as the sed1ment 

texture becomes fmer 

For the Tuggerah estuary, the mean total nitrogen concentrations m the sed1ments across all 

open water locat1ons was 2,040 5 (± 87 7) mg/kg, whilst total phosphorus was 344 47 (± 

10 6) mg/kg To place these results m some reg1onal context, Mann et at (1996) reported 

s1m1lar f1ne-gramed sediments from the Hawkesbury R1ver estuary w1th concentrations of 

total nitrogen and phosphorus at 3,900 (± 310) mg/kg and 1,035 (±40) respectively 

Furthermore, the bottom sediments of Sydney Harbour were reported as hav1ng total 

nitrogen and phosphorous concentrations of 2,200 mg/kg and 1 ,000 mg/kg respectively 

(Mann et at., 1996) The concentrations of nutnents m the Tuggerah estuary were found to 

be less than or s1m1lar to those reported by Kmg and Hodgson ( 1995) and from those m 

other local estuanes (Mann et at., 1996). The ecolog1cal S1gn1f1cance of these results 

contmues to be the focus of ongo1ng stud1es assoc1ated w1th the flux of nutnents from the 

sed1ments (Bourgues et at, 1998) 
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3.2.2. Sediment-water Fluxes of Oxygen and Nutrients 

Many chem1cal mteract1ons occur between the sed1ments at the bottom of an estuary and 

the water column Organ~c matenal 1s contmually deposited onto the bottom and therefore 

the surface of the sed1ment becomes an Important place where organ~c matter IS broken 

down and recycled When dissolved oxygen levels at the sed1menVwater Interface become 

low or drop to zero the potential for nutnents "locked up" 1n the sed1ments to re-enter the 

water column 1s greatly mcreased It 1s necessary therefore to quantify the contnbut1on of 

sediment-water exchanges to oxygen and nutnent cycling w1th1n the estuary (Bourgues et 

a/, 1998) The flux of dissolved oxygen and the nutnents ammomum, nitrate, mtnte and 

phosphate were quant1f1ed w1th1n the sed1ments of the Tuggerah estuary us1ng the core 

mcubat1on techn1que under dark cond1t1ons (Bourgues eta/ , 1998) The full deta1ls of the 

methods used are descnbed 1n Bourgues eta/ (1998) 

Oxygen was never h1ghly depleted from the water column, wh1lst 1ts uptake ranged from 9-75 

mmol m2 .d., and was enhanced by mcreased water temperatures (Bourgues eta/ , 1998) 

Ammomum fluxes vaned from 0 02-0 24 mmol m2 d., Ox1d1sable mtrogen fluxes were low 

and directed mto and out of the sed1ment at low temperature Phosphate fluxes were low 

regardless of the temperature The potent1al for sed1ments w1thm the Tuggerah estuary to 

act as a s1nk of mtrogen and phosphorus has probably buffered the system agamst 

1ncreasmg nutnent loads leadmg to eutroph1cat1on The presence of benthiC flora and fauna 

also help to remove nutnents from the sediments and ass1st 1n oxygenating the sed1ment 

water Interface It was est1mated that the sed1ments could potentially prov1de up to 1 00 

tonnes of mtrogen and 13 tonnes of phosphorus to the system per year 

3.2.3. Heavy Metals and Organochlorines in Sediments 

Heavy metals and organochlonne pestiCides can accumulate w1thm sed1ments and have the 

potential to cycle through the food cham These compounds can be tox1c to aquat1c 

organ~sms and can b1oaccumulate 1n f1sh, shellfish and humans These compounds enter 

estuanes from urban stormwater, atmosphenc fallout and mdustnal discharges An 

assessment of the current concentrations of heavy metals and pest1c1des 1n the estuanne 

sed1ments was done to ascertam any potential for b1oaccumulat10n (Roberts eta/, 2000) 

The mam objective was to quant1fy the concentrations of heavy metals and organochlonne 

pesticides m the sed1ments at vanous spat1al scales The hypothesis that there would be no 

S1gmf1cant differences of the vanous contaminants w1thm sed1ments between nearshore 

(vegetated) and deeper (open) zones at a number of spat1al scales was tested. 
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3.2.3.1. Methods 

Sediment samples were collected m-sttu us1ng appropnately prepared hand held corers and 

sealed conta1ners A total of 72 samples were collected for analys1s of the following trace 

metals, Arsemc (As), Silver (Ag), Cadm1um (Cd}, Copper (Cu), Lead (Pb), Mercury (Hg), 

N1ckel (N1), Selemum (Se), Zmc (Zn), Chrom1um (Cr), Iron (Fe), Silicone (S1) and a su1te of 

organochlonne pest1c1des The expenmental des1gn requ1red that the estuary be d1v1ded mto 

s1x locat1ons where both Lake Munmorah (Locat1on 1) and Budgewo1 Lake (Locat1on 2} were 

cons1dered to be two mdependent locations whilst Tuggerah Lake was d1v1ded mto four 

locat1ons based on 1ts flush1ng charactenst1cs (see F1gure 28) W1th1n each locat1on, 

sampling was done m fixed open water and seagrass habitats W1th1n each hab1tat, two 

random s1tes were sampled by collect1ng three (3} replicate core sed1ment samples 

3.2.3.2. Results and Discussion 

The concentrations of pestiCides w1th1n the sediments were below the detect1on lim1ts at all 

the spat1al scales exammed There were however, measurable concentrations of all trace 

metals exammed In general, there were greater concentrations of metals m the deep 

sed1ments compared to sed1ments w1th1n seagrass hab1tats (F1gure 30) Smaller sed1ment 

particles and h1gh total orgamc carbon w1th1n the deep hab1tats partly explam the h1gher 

concentrations of metals because they have greater surface area ava1lable for attachment. 

Sandy sed1ments generally have less s1te attachment potent1al Generally, the concentration 

of trace metals w1thm the Tuggerah Lakes estuary were below levels recommended by Long 

eta/ {1995} for adverse environmental effects w1th1n estuanne sediments A full descnpt1on 

of the contammants w1thm sediment results can be found 1n Roberts eta/ (1999) Tuggerah 

Bay generally had the lowest concentration of metals w1th1n the open water habitats, whilst 

cadm1um, copper, mercury and zmc were generally highest 1n Lake Munmorah and 

Budgewo1 Lake These relatively higher concentrations may be attnbuted to the operation of 

the Munmorah Power Stat1on A rev1ew by Batley et at. (1990) on heavy metal 

contam1nat1on w1thm the sed1ments of the Tuggerah estuary focused on the potent1al effects 

associated w1th power stat1on operat1ons Although the data used m the rev1ew were 

spat1ally lim1ted, 1t IS worthwhile companng these data w1th those collected 1n the current 

study (Table 8). The concentration of copper, z1nc and lead w1thm the sed1ments were 

generally lower 1n 1997 compared w1th those reported by Batley eta/ {1990) Batley eta/, 

{1990) prov1ded data on heavy metals w1thm the estuanne water column and suggested that 

the concentrations of zmc and copper from the cooling water discharge was a pnmary 

source of these metals to the estuary 



Table 8. Temporal companson of trace metals withm sediments 

Munmorah Budgewoi 

Metal 1990* 1997 1990* 1997 

mg/kg 

Copper 60-70 42± 7 30-60 46±9 

ZinC 140- 150 91 ± 13 100- 140 90 ± 11 

Lead 35-40 27±3 25-40 30 ± 1 

Tuggerah 

1990* 1997 

20 15 ± 1 

110 72± 7 

40 24±2 
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*After Batley et at (1990) I 
Sed1ment contammat1on w1th1n the Tuggerah estuary was considered to be reasonably low I 
and whilst there are some potential elevated levels due to anthropogemc sources we can be 

reasonably sure that adverse ecological implications for the estuary IS mm1mal To place 

the Tuggerah estuary mto perspective 1t 1s useful to compare trace metal concentrations of 

sed1ments from other NSW estuanes (Table 9) Scanes eta/ ( 1998) reported "background" 

concentrations of pest1c1des and trace metals m natural oysters growmg at the mouth of the 

Tuggerah Lakes estuary lnterestmgly they did not detect trace metals w1thm the oysters but 

d1d detect some pest1c1des 

Table 9. Companson of trace metals in sediments with other estuanes 

Trace Metal Tuggerah (a) Berowra (a) Sydney (b) Lake (c) Lake 

mglkg Lakes Creek Harbour(*) lllawarra Macquarie 

Ag 0 1 ± 0 01 04±004 2 0 ± 0 8 (2) - -
As 14 5 ± 0 9 16± 0 9 24 ± 22 (25) - -
Cd 0 09 ± 0 01 0 31 ± 0 04 2 ± 0 6 (3) 3 24±04 

Cr 384± 1 6 57±4 51± 25 (118) - -
Cu 231±33 30±4 10 ± 10 (124) 28-40 16 ± 1 5 

Hg 005±0003 <05 - - -
Ni 176±06 24±2 26 ± 14 (38) - -
Pb 26 4 ± 1 5 60± 13 33 ± 25 (268) 17-33 79 2 ± 9 9 

Se 2 79± 02 19±01 - - -
Zn 72 2± 42 116± 7 47 (548) 46-550 72 7 ± 9 9 

* Data are from polluted locat1ons m Sydney Harbour 

Data source - (a) Mann eta/ (1996), (b) Chenhall eta/ (1994), (c) Batley (1987) 
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3.2.4. Potential Acid Sulfate Soils 

When exposed to air, acid sulfate soils oxidise and can form sulphuric acid. After rain this 

acid can wash into waterways and effect aquatic organisms. Acid in the soil can also reduce 

the ability of the soil to support plants. Potential acid sulfate soils within the catchment and 

around the estuary have been identified and mapped (Figure 31). Generally, potential acid 

sulphate soils dominated the estuary and any distubance to these soils may have an impact 

on the receiving waters quality. Under current legislation any disturbance of soil must be 

approved by the appropriate agencies with a plan of management for acid sulphate soils 

(see WSC, 1999). 

Figure 31. Potential acid sulphate soils around the estuary 
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4. PATTERNS IN THE BIOLOGICAL ASSEMBLAGES 

4.1. Introduction 

The Tuggerah Lakes estuary supports a range of aquatic, semi-aquatic and terrestrial 

biological communities. The major habitats within the estuary are the water column, the 

sediments and the fringing shoreline that surrounds all three lakes (Figure 32). The 

individuals, populations and assemblages of organisms that occupy these habitats have 

adpated to a way of life that may be considered harsh from a biological point of view. 

Estuaries are difficult places for organisms to live because of the highly variable physical and 

chemical processes that occur, over small spatial and temporal scales. However, estuaries 

are considered to be one of the most productive of ecosystem types. In reporting spatial and 

temporal patterns in the assemblages of plants and animals that live in the estuary we 

should begin with the smallest organisms which are essential to the cycling processes i.e. 

bacteria. For our purposes however they will be discussed later, in terms of their role in 

ecologicaJ processes. The reason we do this is it is more relevant to examine why they are 

important to the estuary rather than just describing their distribution and or abundance. The 

assemblages described below have been divided into the flora (plants) and animals (fauna) 

and are discussed separately. Biological assemblages can never truely be studied in 

isolation because of the complex ecological interactions that occur at various scales of 

organisation. It should be remembered that descriptions of biological patterns should never 

be used to infer processes in ecology (Underwood, 1997). 

Figure 32. Fringing saltmarsh and wetland vegetation 
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4.2. Flora of the Tuggerah Estuary 

4.2.1. Fringing Wetlands 

4.2.1.1. Introduction 

Saltmarshes and fnngmg wetlands are Important to estuanes because they are believed to 

be one of the most productive of plant commun1t1es, and pnor to human disturbances, often 

occup1ed the largest area of the shoreline vegetat1on They prov1de a source of food to 

estuanne consumers and serve as a hab1tat for large numbers of JUVenile and adult 

estuanne organ~sms (Samty, 1998) These hab1tats are also considered to be very Important 

1n the nutnent cycling process w1thm estuanes and th1s role IS currently bemg mvest1gated 

There are a number of remnant wetlands surroundmg the estuary and whilst there was 

qualitative mformat1on on these commun1t1es (WSC, 1994, NPWS, 1995, TBC, 1997) no 

quant1tat1ve data ex1sted A study was done to gam baseline 1nformat1on at a number of 

spat1al scales on the ex1stmg fnngmg wetland flora of the estuary The objeCtive was to ga1n 

quant1tat1ve background data on the fnng1ng vegetat1on so that assessment of long-term 

changes associated w1th estuary management pract1ces could be made (Samty, 1998) The 

data were to be further used to assess the management effectiveness of foreshores and 

sub-catchments Further work on fragmented and disturbed saltmarsh and foreshores IS 

now bemg done and w111 be reported 1n the management stud1es 

4.2.1.2. Methods 

Ouant1tat1ve est1mates of the d1stnbut1on and abundance of fnngmg wetland flora were made 

by sampling n1ne (9) locat1ons around the estuary (F1gure 33) At each locat1on, three (3) 

random plots (10m x 10m) were randomly sampled, and est1mates of the spec1es 

compositiOn and percentage cover of flora determmed W1th1n each plot, five (5) replicate, 

2m x 2m quadrats were sampled The locations were (1) Tuggerah Bay, (2) Chitta way 

Pomt, (3) Tacoma, (4) Eel Haul Bay, (5} Tenlbah Island, (6) Ooroaloo Pomt, (7) East 

Budgewo1 (behmd sandmass}, (8) Colangra Swamp and (9) Elizabeth Bay 
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4.2.1.3. Results and Discussion 

The Tuggerah Lakes estuary was found to have diverse saltmarsh and wetland 

assemblages (Samty, 1998) At the spat1al scales exam1ned, seventy-e1ght spec1es were 

1dent1f1ed, however of these approximately th1rty percent were weeds (Table 1 0) The 

assemblages of saltmarsh plants were typ1cal of others descnbed along the eastern coast of 

New South Wales (Adam et at, 1988) Sporobolus V/(gmtcus, Sarcocorma qumqueflora and 

Juncus kraussu were commonly the dommant spec1es found w1th1n each hab1tat (F1gure 34) 

Long-term changes to the quantity and frequency of the 1nundat1on by water have probably 

changed the vegetat1on patterns at some s1tes These processes appeared to be chang1ng 

the d1stnbut1on of the flora at Colongra Swamp and Orooaloo Po1nt Ev1dence IS prov1ded by 

the transitional state of the vegetat1on from dommance of saltmarsh spec1es to that of 

spec1es only part1ally tolerant of saline cond1t1ons (e g Bolboschoenus caldwellu and 

Baumea Juncea) The occurrence of these particular spec1es w1th1n the saltmarsh 1nd1cated 

that the area has not been Inundated w1th saline water for some penod Th1s may be 

attnbuted to a natural stage of success1on, common to low ly1ng areas, where sed1mentat1on 

gradually ra1ses the level of the shore and effectively decreases the level of mundat1on by 

sea water (Mornsey, 1995) 

A large proport1on of the rema1mng fnngmg saltmarsh and wetland habitats ex1st m areas 

that h1stoncally have had little econom1c value, 1n terms of urban or 1ndustnal development 

Human encroachment around the estuary has reduced the1r total area by over e1ghty 

percent The Wyrrabalong National Park offers some measure of protect1on, however the 

1ssues regardmg weed mvas1ons mto these areas IS of some concern Furthermore, the 

Nat1onal Park does not encompass any of the rema1nmg s1gmf1cant saltmarsh hab1tats Of 

the nme s1tes stud1ed, only two appeared to be unaffected by d1rect or 1nd1rect anthropogemc 

disturbance (Orooaloo Pomt and Colongra Swamp) The remammg seven s1tes vaned from 

severely (Elizabeth Bay and Eel Haul Bay) to moderately degraded, w1th respect to the 

extent of weed mvas1ons 

Three s1tes were Situated w1thm the Wyrrabalong Nat1onal Park and unfortunately at least 

two of these appear to be under the greatest threat from weed 1nvas1ons S1tes w1th d1ff1cult 

or no access were relat1vely free from weeds and appeared to be the most healthy (e g 

Orooaloo Po1nt and Colongra Swamp) The Tuggerah Bay s1te 1s 1n urgent need of 

management attent1on because of 1ts umque value to the estuary (from both an ecolog1cal 

and conservat1on v1ewpomt) 
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Table 10. List of species withm the frmging saltmarsh and wetland habitats of the Tuggerah Lakes estuary 
(* denotes weed species). 

Acac1a long1fol1a 
Acetosa sag1ttata * 
Agrost1s avenacea 
Apwm prostratum 
Aster subulatus* 
Atnplex australas1ca 
Atnplex prostrata* 
Av1cenma manna 
Baumea JUncea 
Bolboschoenus caldwellu 
Bolboschoenus fluv1at111s 
Cak1le mant1ma * 
Carex appressa 
Carpobrotus glaucescens 
Casuarma glauca 
Centaunum sp * 
Chrysanthemo1des moml1fera * 
Clad1um procerum 
Commelma cyanea 
Conyza canadensis* 
Cotula coronop1fol1a 
Crmum pedunculatum 
Cynodon dactylon 
Cyperus laevtgatus 
D1anella tasmamca 
Emad1a tngonos 
Eleusme md1ca * 
Erecht1tes valenamfol1a * 
Ehrharta sp * 
Entolas1a margmata 
Glad1olus undulatus* 
Hemarthna uncmata 
Hydrocotyle bonanens1s* 
Hypolep1s muellen 
lmperata cylmdnca 
Ipomoea camca* 
lschaemum australe 
lsolep1s nodosa 
Juncus kraussu 

Lagunana patersoma * 
Lantana camara * 
Lep1dwm sp * 
Leptmella long1pes 
Leptospermum laev1gatum 
Ltv1stona australis 
Lobelia alata 
Lomandra long1fol1a 
Melaleuca enc1fol1a 
Melaleuca qumquenervta 
M1mulus repens 
Paspalum d1st1chum 
Paspalum vagmatum 
Paspalum urv11Je1* 
Penmsetum clandestmum * 
Phragm1tes australiS 
Protasparagus aeth10p1cus * 
Ptendwm esculentum 
Samolus repens 
Sarcocorma qumqueflora 
Schoenoplectus mucronatus 
Schoenoplectus val1dus 
Sell1era rad1cans 
Senec1o anacampserot1s 
Senec1o b1serratus 
Senec1o mm1mus 
Sesuv1um portulacastrum 
Setana grac1fts* 
Solanum amencanum* 
Sonchus asper* 
Spergulana manna* 
Sporobolus vtrgm1cus 
Stenotaphrum secundatum* 
Stephama Japomca 
Suaeda australis 
Tetragoma tetragono1des 
Tnglochm stnatum 
Typha dommgens1s 
Zoys1a macrantha 
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4.2.2. Seagrasses 

4.2.2.1. Introduction 

Seagrasses are aquat1c ang1osperms (flowenng plants) that are 1mportant b1olog1cal 

components of coastal estuanes They prov1de nursery grounds and food for commercially 

1mportant prawns, f1sh and wad1ng b1rds (Gallegos and Kenworthy, 1996) and generally act 

as a structural hab1tat for a vanety of estuanne ammals and plants Seagrasses prov1de a 

role m stabalismg bottoms and shorelines and act as a natural water filter for suspended 

solids Large-scale declines (up to 85%) 1n seagrass meadows have been recorded w1thm 

NSW estuanes (West eta/, 1985, Walker and McComb, 1992, Sm1th eta/, 1997) and m 

some mstances (e g Botany Bay) these changes appeared to have resulted 1n permanent 

loss (West eta/, 1990) Increased turb1d1ty, siltation, nutnents and ep1phyt1c and benthiC 

algae have the potent1al to cause a reduct1on 1n the d1stnbut1on and abundance of 

seagrasses (West eta/, 1985) L1ght IS the pnmary environmental factor mfluenc1ng 

photosynthesis, growth and depth d1stnbut1on of submerged plants (Denmson, 1987) 

therefore water clanty, 1s the pnmary water quality vanable that can affect seagrasses, 

although salimty w111 limit the1r d1stnbut1on Prov1ded w1th a su1table substratum for the1r 

establishment, seagrasses w111 colomse to a depth where reduct1ons 1n light reachmg the 

plant preclude effect1ve photosynthesis Any S1gn1f1cant reduct1on m light transmiSSIOn 

through the water column w111 bnng about a reduction m the depth at wh1ch seagrasses w111 

surv1ve In clear waters, seagrass should be able to surv1ve at much greater depths than m 

turbid waters (1f substratum charactenst1cs are favourable and no lim1tat1on IS 1mposed 

through other mteract1ons). 

Seagrass meadows are an Important component of the Tuggerah Lakes estuary and an 

assessment of the spat1al and temporal abundance of seagrass meadows was considered 

Important The spat1al extent of the seagrass meadows w1th1n the estuary was mapped 1n 

the early 1960's (H1gg1nson, 1965) and smce that t1me, seagrass d1stnbut1on has been 

mapped many t1mes (West eta/, 1985, Kmg and Holland, 1986, K1ng and Hodgson, 1995) 

K1ng (1996) recently mapped the seagrass meadows w1th1n the estuary, wh1lst comparat1ve 

seagrass mappmg w1th1n the Tuggerah Lake was completed as part of collaborative stud1es 

between ERM (for COAL Australia) and Wyong Sh1re Counc11 (Pearson, 1998) The effects 

of pollution (H1gg1nson, 1971) and power stat1on operat1ons (Batley eta/, 1990, Kmg and 

Hodgson, 1995) on seagrasses have also been doen Daley (1997) exammed the phys1cal 

effects of disturbance on seagrass meadows m Ch1ttaway Bay and Tuggerah Bay wh1lst 

Otway eta/ (1998) mcluded Tuggerah Lake as part of a larger expenment examm1ng the 

effects of haul nettmg on seagrass meadows m NSW estuanes 
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Three spec1es of seagrass occur w1th1n the Tuggerah estuary, Halophlla ova/is (R Brown) 

Hooker f , Rupp1a megacarpa (Mason) and Zostera capncorm (Ascherson) and the1r spat1al 

extent and relat1ve abundance 1n all three lakes were last assessed by Kmg (1996) A senes 

of seasgrass maps were produced from 1963 through to 1975, from data collected by the 

Electnc1ty CommiSSion of NSW (Inter-Departmental Comm1ttee, 1979) Early reports by 

D1stnct F1shenes Inspectors suggested that the growth of Ruppta (Stackweed) 1n the 1920's 

was so v1gorous that 1t hampered f1shmg and boat1ng, whereas 1n the 1940-1950's seagrass 

d1stnbut1on had declined (Inter-Departmental Comm1ttee, 1979) Anecdotal ev1dence 

suggestmg s1gmf1cant fluctuations 1n the extent of seagrass meadows 1n the estuary were re

aflrmed by Scott (1999) us1ng oral h1story techmques 1n an attempt to descnbe the long-term 

changes to the ecology of the estuary The f1rst published maps of seagrass d1stnbut1on 

were produced 1n 1962 usmg a1r photograph mterpretat1on and groundtruthmg (Inter

departmental Comm1ttee, 1979) The d1stnbut1on of seagrass m the estuary changed 

s1gmf1cantly over the penod from 1963 to 1996 (see F1gures 35-43) Generally, the extent of 

seagrass cover 1n the estuary has declined and a companson of the changes m the spat1al 

extent of seagrass meadows (km2
} was made us1ng data published 1n K1ng and Hodgson 

(1995) w1th the most recent seagrass maps produced by Kmg (1996) In the 1960's, 1t was 

est1mated that there were over 40 km2 of sea grass meadows w1thm the estuary (Kmg and 

Hodgson, 1995) and by 1996 th1s had been reduced to approximately 20 km2
, representmg a 

decline of around 50% (F1gure 44) Th1s s1tuat1on has been documented m estuanes 

worldwide, and there are many mechamsms that cause seagrass decline mclud1ng dredgmg, 

reclamation and the effects of eutroph1cat1on (Walker and McComb, 1992} Increased 

turb1d1ty caused by localised disturbance and Increased runoff from the catchment may also 

have resulted 1n an overall loss of seagrass meadows through t1me (Doherty, 1998) The 

h1stoncal water quality data, suggested mcreased turb1d1ty 1n the estuary smce 1993, wh1lst 

the decline 1n seagrass extent corresponds w1th decreased secch1 depth from 1980 to the 

early 1990's An alternative model that could expla1n changes to seagrass d1stnbut1on 1s the 

fluctuating salm1ty caused by entrance channel closures and floodmg Caut1on must be 

applied when 1nterpret1ng patterns 1n bolog1cal assemblages and natural fluctuations m 

seagrass d1stnbut1on and abundance may JUSt represent long-term natural changes 

1rrespect1ve of anthropogemc disturbance 
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Ftgure 38. DtstnbutJOn of seagrasses m 1976 (after Inter-Departmental Commtttee, 1979) 
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Figure 40. DistnbutiOn ofseagrasses in Budgewo• Lake and Lake Munmorah m 1985 (after Kmg and 
Holland, 1986) 
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Whilst there have been many studies done on seagrasses within the Tuggerah Lakes 

estuary, there are limited data which quantify spatial and temporal patterns of seagrass 

distribution and abundance at appropriate scales (however see Otway eta/., 1998). 

Assessment of seagrass abundance is currently being done at various spatial and temporal 

scales as part of monitoring associated with "weed" harvesting (Casey, 1999). This research 

will quantify changes in leaf length, shoot density and biomass of the seagrass Zostera 

capricomii, and assess the effects of the mechanical weed harvester on seagrass 

assemblages. 
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4.2.3. Macroalgae 

4.2.3.1. Introduction 

BenthiC macroalgae carry out a number of Important funct1ons m aquat1c habitats (Sm1th, 

1999) as they contnbute to pnmary production and prov1de a hab1tat and food source for 

many organ1sms mclud1ng macromvertebrates and f1shes Unlike seagrasses, macroalgae 

are confmed to obta1nmg the1r nutnents from the water column (Nielson and Jernakoff, 

1996) Ephemeral spec1es of macroalgae can rap1dly expand the1r b1omass m response to 

nutnent ennchment of the water column (Duarte, 1995) and shadmg by these assemblages 

can reduce the abundance and d1vers1ty of slow-grow1ng macrophyte spec1es such as 

seagrasses (Ork and Moore, 1983, Cambndge and McComb, 1984, Burkholder et at, 1992) 

Large clumps of macroalgae or vegetat1ve breakdown after a bloom event can create anox1c 

cond1t1ons and promote the flux of morgamc n1trogen from the sediments or the production of 

hydrogen sulphide gas (Jorgensen, 1980, Hansen and Knstensen, 1997) Furthermore, 

severe anox1a can result 1n the death of the underlymg benthic community (Jorgensen, 1980, 

Sfnso et at, 1992, Valiela et at., 1992) 

Blooms of ephemeral macroalgae occurred regularly m shallow areas around the Tuggerah 

Lakes estuary dunng the late 1980's and early 1990's, and caused lack of amen1ty for the 

local commun1ty (Cheng, 1990) Excess1ve growth of certam macroalgae spec1es was 

thought to be m response to nutnents from urban runoff A number of stud1es have 

exammed macroalgal populations w1th1n the estuary, however these stud1es have been 

largely qualitative (see Cheng, 1980, 1984, 1985, 1986a, 1986b, 1987, 1990) Management 

of these plant assemblages was 1dent1f1ed as a h1gh pnonty and 1t was thought that 

macroalgae could be developed as a b1olog1cal md1cator of the success of proposed 

catchment management strateg1es (Walkerden and Gilmour, 1996) The ma1n ObJeCtive of 

th1s program was to ga1n quant1tat1ve data that could be used to evaluate changes to 

macroalgal assemblages over small and large temporal and spat1al scales and to determ1ne 

whether there were differences among developed foreshores and relatively undisturbed 

shoreline Th1s mformat1on was to be used to determ1ne patterns of macroalgae abundance 

and to assess the response of the assemblage to potential changes m catchment 

management pract1ces (Cumm1ns et at, 1999) 
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4.2.3.2. Methods 

To exam1ne patterns m macroalgae community structure, twelve sample penods were done 

randomly between November 1997 and May 1999 Three locat1ons were chosen m areas 

adjacent to undisturbed foreshores, Elizabeth Bay (EB), Eel Haul Bay (EB) and Tuggerah 

Bay (TB), wh1lst f1ve locat1ons were chosen 1n areas adjacent to developed foreshores, 

Budgewo1 (BW), Charmhaven (CH), Gorokan (GK), Berkeley Vale (BV) and Long Jetty (W) 

(F1gure 45) At each locat1on, two s1tes were randomly selected and macroalgae (excluding 

epiphyte spec1es) were harvested from f1fteen randomly placed quadrats (0.25m2
} Samples 

were placed 1nto labeled plast1c bags and returned to the laboratory where they were washed 

and sorted to spec1es level The samples were oven dned to a constant we1ght at 1 05°C for 

48 hours pnor to we1gh1ng to the nearest 0 01 g In add1t1on to the collect1on of b1omass 

samples, water quality data were also collected at the same s1tes usmg the methods 

descnbed m the water quality sect1on (Cummms eta/, 1999) 

Mult1vanate stat1st1cal techmques were used to look for patterns of s1m1lanty or diSSimllanty m 

spec1es abundance and compos1t1on at vanous scales, us1ng the PRIMER software package 

(Plymouth Manne Laboratones, UK) The abundance data were transformed us1ng the 

double-square-root transformation to reduce the we1ghtmg g1ven to abundant taxa and 

mcrease the we1ghtmg g1ven to rare taxa (Clark and Warw1ck, 1994) Non-metnc mult1-

d1mens1onal scaling (nMDS) was used to generate two-d1mens1onal ord1nat1ons, us1ng the 

average of all the replicates m each s1te, to graphically Illustrate the s1m1lanty (or 

diSSimllanty) of samples at the different spatial scales Analysis of s1m1lanty (ANOSIM} tests 

were used to exam1ne differences among locations and between disturbed and undisturbed 

foreshores {Clarke and Warw1ck, 1994} The SIMPER procedure was used to 1dent1fy the 

contnbut1on of md1v1dual spec1es abundance to the Bray-Curt1s s1m1lanty measure (Clark, 

1993) 

Regress1on analys1s was used to 1nvest1gate the degree of l1near assoc1at10n between 

selected water quality vanables and total biomass sampled w1th1n each locat1on Analys1s of 

vanance (ANOVA) was used to test whether there were s1gmf1cant differences m a number 

of selected vanables, at the temporal and spat1al scales sampled For the macroalgae 

samples, ANOVA was done on total b1omass, total number of taxa and on four spec1es that 

represented different relat1ve abundance's (small, med1um and large) Spec1f1cally, ANOVA 

models were used to test the followmg hypotheses 1) s1gmf1cant differences ex1st among 

locations around the estuary and 11) S1gmf1cant differences ex1st among areas adjacent to 

developed foreshores compared to undeveloped foreshores To exam1ne differences among 

locations, t1me was treated as a random factor, locat1ons as random and s1tes were nested 
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w1thm locations and t1me For the second model, t1me was treated as random, the factor 

disturbed versus undisturbed (DvU) was treated as fixed and orthogonal, locations were 

random and orthogonal (with respect to t1me) and s1tes were nested w1thm t1me, DvU and 

locations To ensure a balanced model for the developed versus undeveloped foreshore 

model, samples collected from EB, EH and TB (undeveloped foreshores) and BW, BV and 

LJ (developed foreshores) were used m the analyses Pnor to these analyses, the 

assumption of homogeneity of vanance was examined w1th the a1d of Cochran's test (Wmer, 

1971), and where vanances were unstable, the appropnate transformations were used 

(Underwood, 1981) Were vanances could not be stabilised analyses were performed on 

the untransformed data with consideration given to the Increased probability of Type I errors 

(Underwood, 1981) Where significant differences were found 1n the analysis of vanance, 

Student-Newman-Keuls (SNK) multiple compansons were done to determme differences 

among means (Wmer, 1971) 

4.2.3.3. Results 

A total of 18 species were recorded, from the diVISions Chlorophyta (green algae), 

Rhodophyta (red algae) and Phaeophyta (brown algae) Generally, assemblages were 

dominated by free-floating, ephemeral species such as Chaetomorpha /mum, Enteromorpha 

mtestmalts (Figure 46) and Mtcrodtctyon umbtltcatum (DIVISion Chlorophyta) The red algae, 

Calltthammon sp dominated assemblages w1thm Lake Munmorah between November 1997 

and Apnl 1998, however 1t was not found m either Budgewo1 Lake or Tuggerah Lake 

Significant lower order Interactions were detected for all of the vanables examined, Indicating 

that vanat1on m the assemblages was as great between Sites as w1thm sites (Cummins et at., 

1999) Generally, macroalgae biomass and species nchness displayed considerable 

temporal vanat1on (figure 47) however, developed foreshore's consistently recorded higher 

species nchness and biomass than undeveloped foreshores (Figure 48) Eel Haul Bay 

(Tuggerah Lake) recorded the lowest mean biomass (3.12 gDW\m2 ± SE 0 68) dunng the 

sampling penod Locations sampled m Budgewo1 Lake, at Charmhaven and Gorokan, 

recorded the highest biomass (145 6 gDW/m2 ± SE 44 4 and 124 4 gDW/m2 ± SE 44.3 

respectively), m September 1998 The high biomass was mostly compnsed of the 

filamentous species, Chaetomorpha /mum, which occurred m dense patches w1th1n the 

seagrass beds (Cummms et at, 1999) The average biomass recorded m the estuary was 

16 65 gDW/m2 ± SE 59 and If this IS contrasted w1th other estuanes around Australia or 

world-wide, the current status of macroalgal biomass and cover w1th1n the Tuggerah Lakes IS 

not considered to be excessive 
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Non-metric multidimensional scaling ordination's (nMDS) were done on the combined 

macroalgae assemblages identified at each site during the 12 sampling times with 

considerable variation in the patterns of similarity (and dissimilarity) found among samples 

(Cummins eta/., 1999). Generally, there was no consistent separation of samples into 

groups that readily distinguished among the eight locations or between developed and 

undeveloped foreshores (Cummins eta/ .. 1999). One-way ANOSIM tests were done to 

further test the hypotheses concerning differences in assemblages among locations and 

foreshores, and sites within each location were pooled to increase the power of the tests. 

Examination of the pairwise comparisons confirmed that all locations differed from each other 

(Cummins et al., 1999). Thus, the structure of macroalgae assemblages within the estuary is 

highly variable at a number of temporal and spatial scales. The SIMPER analysis identified 

species, ranked in order of importance that contributed to the similarities within a location 

(Cummins eta/ .. 1999). During each time, the dominant contributing species at most 

locations was Chaetomorpha linum. Other species providing a major contribution over time 

included Chondria succulents, Laurencia obtusa and Dictyota acutiloba. The abundance 

and distribution of species such as Microdictyon umbilicatum and Enteromorpha intestinalis 

was highly variable. 

Figure 46. Bloom of Enteromorpha inteslina/is around disturbed foreshore at Chittaway Bay 
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4.2.3.4. Discussion 

There were significant differences among all of the scales examined for macroalgal biomass, 

indicating that variation within assemblages was as great between sites as within sites. 

Macroalgal assemblages were dominated by un-attached (drift algae), ephemeral species, 

which existed as highly aggregated clumps. The distribution of drift species is highly subject 

to wind and water currents and it is likely that these pliysical processes made significant 

contributions to the high variance among samples. Furthermore, within-site differences may 

largely reflect variation in seagrass morphologies and their ability to capture and retain drift 

macroalgae. When examining macroalgal accumulations to address questions of scale, Bell 

eta/. (1995) suggested that d}'!!amic characteristics of an area would strongly contribute to 

among-site differences. 

Generally, macroalgae biomass and species richness displayed considerable spatial and 

temporal variation however, developed foreshore's consistently recorded higher macroalgae 

biomass than undeveloped foreshores. We were unable however, to show a clear link 

between higher biomass and ambient nutrient concentrations (Cummins eta/., 1999). 

Ephemeral macroalgae, such as Chaetomorpha and Enteromorpha species, can rapidly 

respond to nutrient enrichment of the water column (Duarte, 1995) and massive blooms are 

a commonly reported symptom of eutrophication. However, whilst nutrient supply will set the 

'productivity potential' of algae in marine systems (Fong eta/., 1994), few studies have 

demonstrated a clear, direct link between bloom events and ambient nutrient concentrations 

(Hanisak, 1983; Bayne eta/., 1999). It is thought that this is probably due to the ability of 

ephemeral species to act as sources of nutrients or luxury consume and store nutrients until 

conditions (such as light availability and temperature) become favorable for growth. 

Macroalgal nutrient up-take and release has been shown to influence water column nitrogen 

concentrations on a bay-wide scale (Sfriso eta/. , 1992; Piriou and Menesguen, 1992; Peckol 

eta/., 1994). Furthermore, macroalgae are able to rapidly take-up ambient nutrients, 

causing low concentrations of biologically availab.le forms to be measured irrespective of 

potentially large concentrations being cycled through the system. Further work within the 

Tuggerah Lakes estuary is to focus on the relationships between key nutrient sources and 

sinks and macroalgae growth. In terms of assessing the success of catchment management 

strategies, it has been recommended that additional locations be sampled within external 

reference systems. 
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4.2.4. Phytoplankton 

4.2.4.1. Introduction 

Phytoplankton are the photosynthetiC component of an aquat1c systems planktomc 

community, and represent a maJor source of energy for h1gher trophic levels such as 

zooplankton, f1sh and many benthic an~mals (Moss, 1988} Estuanne phytoplankton 

assemblages are charactensed by a d1verse range of taxa, wh1ch are generally dom1nated 

by d1atom and dmoflagellate spec1es (Day eta/., 1989) Phytoplankton are extremely 

dynam1c m response to a number of 1nteract1ng environmental factors, such as temperature, 

salinity, light ava1lab11ity and nutnent concentrations (Day eta/., 1989) R1ver discharge, tidal 

mflows and wmd-mduced currents create environmental grad1ents, wh1ch cause available 

resources for phytoplankton production to be qUite patchy 1n the1r d1stnbut1on (Dustan and 

P1nckney, 1989, Franks, 1992, Malone eta/., 1996, Pmckney eta/., 1998) B1olog1cal 

mteract1ons also occur and 1nclude grazmg by zooplankton or other water-column filter 

feeders (Cioern, 1992, Boynton eta/, 1997) It has been shown that m some eutrophic 

estuanes, phytoplankton b1omass can rema1n low desp1te opt1mum cond1t1ons, probably 

because of predation pressure (Cioern, 1992, Malone eta/, 1996) 

Estuanes are the rece1vmg waters for s1gn1f1cant amounts of organ1c and morgan1c matenals 

and the ava1lable forms of key plant nutnents, particularly n1trogen and phosphorous, are 

qu1ckly taken up by pnmary producers (Boynton eta/, 1997) If there IS a surplus of 

nutnents entenng the estuary 1t may become eutrophic (nutnent ennched) and develop plant 

b1omass that can severely alter ecosystem structure and funct1on (Boynton eta/, 1995b) 

Responses to nutnent ennchment are vaned, w1th some systems developmg phytoplankton 

blooms wh1lst others exh1b1t a macroalgae-dommated response (K1nney and Roman, 1998) 

As well as mcreased plant b1omass, changes 1n spec1es compos1t1on can occur, w1th 

assemblages often becom1ng dommated by one or a few ephemeral, opportun1st1c spec1es 

(Gallegos, 1992) Although eutroph1cat1on effects have been well documented, the exact 

conditions and mechanisms responsible for promoting algal proliferation (bloom events) and 

pers1stence are poorly understood 

Hallegraeff (1993) has stated that phytoplankton blooms are mcreas1ng m the1r frequency 

and extent m manne and estuanne waters worldwide In some cases, blooms can have 

negat1ve effects e1ther directly, some spec1es produce tox1c organ1c compounds, or 1nd1rectly 

by 1ncreasmg light attenuat1on or generat1ng anox1c cond1t1ons (Hallegraeff, 1993) The 

development of long-term strateg1es to prevent or allev1ate the 1mpact of phytoplankton 
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The vanat1on m the phytoplankton assemblages of the Tuggerah Lakes estuary were 

exammed at vanous spat1al and temporal scales us1ng a nested sampling des1gn The ma1n 

obJectives of the sampling program were to quant1fy vanat1on m the patterns of d1vers1ty and 

abundance w1th1n the estuary and to contrast the assemblages Within seagrass meadows 

and open water hab1tats (Cummms eta/, 2000) Phytoplankton were exam1ned m terms of 

the1r SUitability as a tool for assess1ng the effectiveness of catchment management 

strateg1es. 

4.2.4.2. Methods 

Twenty surveys were done randomly between May 1997 and September 1999 The estuary 

was d1v1ded 1nto four locat1ons (F1gure 49) based on 1ts hydrological charactenst1cs Lake 

Munmorah (LM) and Budgewo1 Lake (BW) were considered to be two mdependent water 

bod1es, wh1lst Tuggerah Lake was d1v1ded mto two locations termed Tuggerah Lake (TL), 

and The Entrance (TE) At each locat1on, two s1tes were randomly selected w1thm two fixed 

hab1tats termed open water and seagrass Three replicate samples were collected w1thm 

each s1te, us1ng a ng1d polycarbonate pole (50mm 1n d1ameter and 2m m length), wh1ch was 

ed 1deal for the collection of long1tud1nally representative samples (Sourma, 1978) 

A 125m grab sample was taken from each pole sample and preserved by addmg 2mL of 

ne alised gluteraldehyde solut1on At each s1te, amb1ent phys1cal and chem1cal data were 

also collected (sub-surface), usmg a Yeokal-611 water quality 1nstrument, calibrated to the 

manufacturer's spec1f1cat1ons pnor to each f1eld survey Measurements of pH, temperature 

(
0 C), dissolved oxygen (mg/L), salimty (ppt), turb1d1ty (NTU) and secch1 depth (m) were also 

recorded Zooplankton samples were also collected at the same temporal and spatial scales 

as the phytoplankton (Redden and Blacklock, 1999) 

Pnor to countmg, phyto samples were concentrated usmg a sedimentatiOn 

techn1que On undred m11 litr s of sample were allowed to stand for 48 hours before the 

supernatant was , leav1ng a f1nal volume of 10mL Sample 1dent1f1cat1on and 

enumerat1on were performed usmg a Standard Compound M1croscope (Light Microscopy) 

and the Lund Cell Techmque (Lund eta/, 1958) Phytoplankton were 1dent1f1ed to spec1es 

level, where possible, usmg the appropnate taxonomic keys It should be noted that very 

small cells belongmg to the p1coplankton fract1on (diameter= <2 ~m) were somet1mes 

1mposs1ble to 1dent1fy usmg light m1croscopy or were somet1mes masked by larger cells or 
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debns Where poss1ble, these cells were counted and mcluded under the taxonom1c 

categones 'un1dent1fled flagellate' or 'unidentified non-flagellate' spec1es Algal blooms were 

def1ned as cell concentrations greater than the1r respect1ve 90% quant1le values calculated 

from the data collected between May 1997 and September 1999 

Longer-term patterns of relat1ve abundance was assessed usmg data collected by Cheng 

(1994, 1997) from smgle grab samples, collected from eleven s1tes around the estuary 

between May 1992 and January 1997 (Cummms eta/, 2000) Samples were collected at 

approximately fortnightly Intervals however surveys became less frequent towards the end of 

the program The samples were preserved With Lugol's 10d1de solut1on and the dommant 

taxa were later 1dent1f1ed and enumerated usmg the 1nverted m1croscope method (Lund et 

a/., 1958) The data for Lake Munmorah, Budgewo1 Lake and Tuggerah Lake were pooled 

to calculate the mean abundance for total 1nd1v1duals and for d1atom spec1es referred to as 

Nttzchta senata 

The total number of 1nd1v1duals, total number of taxa, total number of diatom md1v1duals and 

total number of dinoflagellate md1v1duals, were each analysed usmg a 4-factor nested 

analys1s of vanance (ANOVA) In all analyses, t1me was treated as a random factor, habitats 

and locat1ons were fixed and s1tes were nested w1th1n the factors t1me, habitats and locat1ons 

(Cummms eta/, 2000) Pnor to analys1s, the data were exammed for homogeneity of 

vanances us1ng Cochran's test (Wmer, 1971) Generally, the d1stnbut1on of relat1ve 

abundance data was pos1t1vely skewed so loganthm1c transformations were applied where 

necessary (Underwood, 1981) Where the transformation was not successful 1n 'correctmg' 

the mequality of the vanances, analyses were performed usmg the raw data (Underwood, 

1981) Where s1gmflcant differences were found, the Student-Newman-Keuls (SNK) multiple 

companson procedure was used to d1fferent1ate means (Wmer, 1981) 

Mult1vanate statistical techmques were used to look for patterns of s1m1lanty or diSSimllanty 1n 

spec1es abundance and compos1t1on at vanous scales, usmg the PRIMER software package 

(Plymouth Manne Laboratones, UK) The abundance data were transformed us1ng the 

double-square-root transformation to reduce the we1ghtmg g1ven to abundant taxa and 

1ncrease the we1ghtmg g1ven to rare taxa (Clark, 1993) Non-metnc mult1-d1mens1onal 

scaling (nMDS) was used to generate two-d1mens1onal ordmat1ons, us1ng the average of all 

the replicates m each s1te, whilst one-way analys1s of s1m1lanty (ANOSIM) tests were used to 

examme differences among locat1ons and among hab1tats (Clark, 1993) The SIMPER 

procedure was used to 1dent1fy the contnbut1on of 1nd1v1dual spec1es abundance to the Bray

Curtis s1m1lanty measure (Clark, 1993) 
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116 

0 2 

Scale (km) 



117 

4.2.4.3. Results 

A total of 71 taxa were 1dent1f1ed from w1thm the Tuggerah Lakes estuary Generally, the 

fam1ly D1atomophyceae (d1atoms), represented by 36 spec1es, numencally dom1nated the 

phytoplankton at alllocat1ons, followed by the fam1ly Dmophyceae (Dinoflagellates), wh1ch 

cons1sted of 23 spec1es Other spec1es belonged to a number of taxonom1c groups mcludmg 

Chrysophyceae, Chryptophyceae, Euglenophyceae, Prasmophyceae, Cyanophyceae, 

Silicoflagellates and Raphidophytes. Some p1coplankters (s1ze fract1on <2 OJ.Lm) could not be 

1dent1f1ed dunng sample analys1s and therefore could not be mcluded m any quant1tat1ve 

est1mates of commumty structure (Cummms eta/., 2000) 

There were s1gmf1cant lower order mteract1ons detected for all of the selected vanables 

exammed, md1cat1ng that vanat1on m assemblage structure was as great between s1tes as 

w1thm s1tes Generally, phytoplankton abundance and spec1es nchness d1d not vary 

s1gmflcantly between locat1ons or habitats however, there were considerable vanatiOns 

through t1me (F1gure 50) Phytoplankton reached max1mum abundance dunng the wmter 

penod (Apnl - September) whilst spec1es nchness was highest m samples collected dunng 

the summer (October- March) (F1gure 50) The mean phytoplankton concentration for the 

ent1re sampling penod was 3,325 cells/mL ± 520 The highest mean cell concentration 

(22,016 cells/mL ± 1 ,069, n = 6) was recorded at The Entrance m the open water hab1tat m 

July 1999 (F1gure 50) The 90% quant1le value calculated for the estuary was 7,810 

cells/mL The Tuggerah Lake (TL) and Entrance (TE) locat1ons were the most d1verse, m 

terms of spec1es nchness, possibly as a result of the1r prox1m1ty to the entrance to the ocean 

and the presence of some manne spec1es (F1gure 50) 

D1atoms numencally dommated the samples and were the most spec1es nch component of 

assemblages throughout the estuary H1gh cell concentrations of the pennate spec1es, 

Pseudomtzch1a pseudo-deiJcatJSSJma, were the maJOr component of all bloom events (1 e cell 

number's greater than 7,810 cells\mL) Pseudomtzch1a spec1es also frequently dommated 

samples collected between 1992 and 1997, however bloom events occurred dunng the 

summer (Cummms eta/, 2000) 

Generally, the most abundant taxa listed w1thm th1s study did not vary considerably from 

those listed by Cheng (1994, 1997) Pseudomtzsch1a sp (prev1ously referred to as Nitzschia 

senata) consistently made s1gmf1cant contnbut1ons to assemblage structure, particularly m 

November and December 1992, when bloom events were recorded m the estuary Notable 

IS the apparent 1ncrease m the frequency of bloom events between 1997-1999 and lower 

mean cell concentrations (-878 cells/mL± 160) between 1992-1997 (F1gure 51) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

118 

Non-metnc multld1mens1onal scaling ord1nat1on's (nMDS) were done on the combmed 

phytoplankton assemblages 1dent1fled at each s1te dunng the 20 sampling t1mes (Cumm1ns 

et at, 2000} There was considerable vanat1on m the patterns of s1m1lanty (and diSSimllanty) 

among samples however there was no consistent separation of samples mto groups that 

read1ly distingUished between the four locations or diStingUished the open water from the 

seagrass habitat (Cummms et at, 2000} One-way ANOSIM tests were done to further test 

the hypotheses concernmg differences m assemblages among locat1ons and hab1tat types, 

and s1tes w1th1n each locat1on were pooled to mcrease the power of the tests Exammat1on 

of the pa1rw1se compansons confirmed that locat1ons and hab1tats Wlthm locat1ons differed 

from each other (Cumm1ns et at., 2000) The structure of phytoplankton assemblages w1thm 

the Tuggerah Lakes estuary 1s highly vanable at a number of temporal and spat1al scales 

The SIMPER analyses revealed that diatoms generally dom1nated commumty structure 

w1thm all groups of samples Of the 36 d1atoms 1dent1f1ed, 19 were ranked w1th1n the top 5 

spec1es and of those, Pseudomtzcsch1a pseudo-deflcatiSSima was the most common S1x 

dinoflagellate spec1es and 5 spec1es belongmg to other taxonom1c groups were also ranked 

as Important The taxonom1c groups termed umdent1f1ed flagellate and non-flagellate 

spec1es, wh1ch represent the p1coplankton fract1on of the phytoplankton, were 1ncluded 1n the 

analys1s and these groups were also commonly 1dent1f1ed as makmg considerable 

contnbut1ons to commumty structure Generally, there appeared to be little vanat1on 1n the 

spec1es that typ1f1ed assemblage structure among locat1ons and between open water and 

seagrass habitats, or between times (Cummms et at, 2000) A spec1es list of phytoplankton 

1dent1fled from the estuary was compiled (Table 11) 
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Figure 50. Mean abundance and richness (± SE; n = 6) for phytoplankton in seagrass and open water 
habitats (Lake Munmorab - LM, Budgewoi Lake - BW, Tuggerah Lake - TL, Tbe Entrance - TE) 
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Figure 51. Comparison of phytoplankton abundance from 1992 - 1999 (Lake Munmorab - LM, 
Budgewoi Lake- BW, Tuggerab Lake- TL) 

4.2.4.4. Discussion 
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Phytoplankton assemblages exhibited significant small-scale variability among and within 

sites. A number of studies examining the distribution and abundance of phytoplankton 

communities have shown that community structure can be determined by different resource 

limitations (silicate and phosphate) imposed on a different population within the community 

(Turpin and Harrison, 1979; Day eta/., 1989). Furthermore, resource availability is often 

patchy in its distribution within estuarine systems due to a number of interacting 

environmental processes such as tidally induced fronts (Dustan and Pinckney, 1989). 

Generally, phytoplankton abundance and species richness did not vary considerably among 

locations or between habitats, however they did vary through time. Phytoplankton 

productivity typically varied through time, often displaying annual cycles of winter minima and 

summer maxima coincident with temperature and irradiance patterns (Mallin eta/., 1991 ; Day 

eta/., 1989). Typical annual productivity cycles were observed by Cheng (1994; 1997), 

however in this study total phytoplankton biomass was consistently highest during the winter 
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months Desp1te w1de fluctuations m abundance of many of the constituent spec1es, 

assemblages vaned little m the1r qualitative compos1t10n We were unable to relate 

productiVIty to temporal vanat1ons m ramfall or freshwater 1nputs to the estuary however, 1t 1s 

likely that these processes were operat1ng at smaller temporal scales than could be 

quant1f1ed by program (Cumm1ns eta/, 2000) The Importance of freshwater nutnent 

sources has been well documented (see Mallin eta/, 1991, Rudek eta/, 1991) and 

Bourgues eta/ (1998b) demonstrated s1gmf1cantly mcreased phytoplankton b1omass by 

sampling weekly 1mmed1ately after a maJor flood event m the Tuggerah Lake 

Patterns 1n phytoplankton product1v1ty could also be related to observed pulses m 

zooplankton assemblages Zooplankton displayed s1m1lar patterns of d1stnbut10n and 

abundance however they were most abundant dunng the summer (Redden and Blacklock, 

1999) Redden and Blacklock (1999) suggested that mcreased grazmg wh1ch probably 

accompamed the zooplankton pulses could have produced the observed declines m 

phytoplankton b1omass It has prev1ously been shown that even m some eutrophic 

estuanes, phytoplankton b1omass can rema1n low desp1te opt1mum cond1t1ons, due to 

predat1on pressure (Cioern, 1992, Malone eta/, 1996) 

Seagrasses d1d not appear to prov1de a predat1on refuge for zooplankton or facilitate 

Increased spec1es nchness of e1ther zooplankton (Redden and Blacklock, 1999) or 

phytoplankton assemblages Furthermore, there was little vanatlon m the relat1ve 

compos1t1on of phytoplankton assemblages between both hab1tat types The Tuggerah 

Lakes estuary IS shallow (average depth of 1 7m) and well-m1xed even between the open 

water and seagrass hab1tats (Cumm1ns eta/, 1999) 

All phytoplankton blooms (1 e cell numbers greater than 7,810 cells/mL) recorded w1thm the 

Tuggerah Lakes estuary, were compnsed of h1gh abundance's of the pennate d1atom 

Pseudomtszch1a pseudo-de!JcatJSSJma P. pseudode/JcatJSSima IS one of the dommant 

bloom-form1ng spec1es m Australian coastal waters (Hallegraeff, 1994) Th1s spec1es has 

been found to be weakly tox1c and has been Implicated as the causative orgamsm of 

amnes1c shellfish po1somng (Hallegraeff 1994) however, tox1c1ty analyses on samples 

collected from Australian waters have been consistently non-tox1c (Hallegraeff, 1994) A 

number of other spec1es or taxonom1c groups 1dent1f1ed w1th1n the estuary have been 

assoc1ated w1th harmful occurrences, however these have been extremely rare m estuanes 

throughout New South Wales (Hallegraeff, 1993). 



Table 11. Phytoplankton taxa identified m the Tuggerah Lakes Estuary 

Diatomophyceae 

Achnanthes sp 
Amphora sp 
Bac11/ana sp 
BiddulphJa sp 
Campylod1scus sp 
Cerataulma cf pelag1ca 
Chaetoceros cf affm1s 
Chaetoceros dan~cus 
Chaetoceros cf d1dymus 
Chaetoceros cf d1stans 
Chaetoceros cf compressus 
Chaetoceros cf peruv1anus 
Coccone1s sp 
Coscmod1scus sp 
Cyclotella sp 
Cymbella sp 
Diplonels sp 
Eucamp1asp 
FragJianops1s sp 
Gumard1asp 
Leptocylmdrus spp 
Licmophora sp 
Melos1ra nummul01des 
Nav1cula spp 
Nitzschia clostenum 
cf Paralia sulcata 
Pleuros1gma sp 
Pseudomtzsch1a pseudodelicatJSSJma * 
Rh1zoselen1a sp 
Skeletonema costatum 
Stnatella sp 
Entomone1s sp 
Synedra sp 
Thalass1onema sp 
Thalass1othnx sp 
ThalassJos1ra sp * 
Unknown Pennate spp 
Unknown Centnc spp 

Chrysophyceae\Chryptophyceae 
Euglenophyceae\Pras1nophyceae 

Apedmella sp 
Ch1lamonas sp OR Cryptomonas 
Dmobrynon sp 
Eutreptlel/a sp 
Mal/omonas sp 
Mermgosphaera sp 
Micromonas/MantonJel/a 
Pyram1monas sp 

Dinophyceae 

cf Alexandnum sp * 
Amph1dmwm sp 
Ceratlum cf tenue 
Ceratwm furca 
Ceratwm fusus 
Dmophys1s caudate 
Dmophys1s sp * 
Gonyaulax sp * 
Gymnod1n1um breve* 
Gymnod1n1um sp * 
Gyrod1n1um sp 
cf Heterocapsa sp * 
Noct1luca scmtJI/ans * 
Oxyphys1s sp 
Oxytoxum sp 
Podolampus sp 
Polyknkos sp 
Prorocentrum 11m a* 
Prorocentrum m1n1mum• 
Prorocentrum tnestmum 
Protopendmwm pel/uc1dum 
Protopend1n1um sp 
Scnpps1ella cf trochOidea* 

Cyanophyceae 

Tnchodesmwm erythraeum* 

Silicoflagellate 

D1ctyocha octanana* 
Ebna tnpartlta 
Hermesmum adnat1cum 

Un-identified Raphidophyte 

* md1cates spec1es, or groups that contam spec1es that have been assoc1ated w1th the 

occurrence of tox1c orgamc compounds (Hallegraeff, 1993) 
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4.3. Fauna of the Estuary 

4.3.1. Terrestrial Macrofauna 

The fnng10g terrestnal macrofauna of an estuary IS composed of h1gher vertebrates such as 

mammals, b1rds, rept1les and amph1b1ans These ammals have different geographic ranges 

and some live the1r ent1re life around the estuary The assoc1ated fnngmg vegetat1on 

hab1tats w111 strongly mfluence the types of macrofauna found around an estuary A large 

proportion of the Tuggerah Lakes estuary has been urbamsed and much of th1s fnng10g 

structural hab1tat has been lost Research on fnng10g macrofauna around the Tuggerah 

Lakes estuary 1s be10g done by the Umvers1ty of Newcastle (Wallbndge, 1999) Prellm1nary 

reports descnb10g the assoc1ated macrofauna 10 Colongra Swamp (Wallbndge, 1998) and 

vanous other locat1ons are be1ng prepared (Wallbndge, 1999) 

4.3.1.1. Methods 

Faunal surveys were done w1th10 remanent bushland at vanous locations around the 

Tuggerah Lakes estuary The locat1ons reported here mcluded Colongra Swamp, 

Munmorah State Recreational Area, Wyrrabalong Nat1onal Park and Tacoma South 

(Wallbndge, 1999) The locat1ons vaned 10 s1ze from 50 to 1000 hectares, as d1d the degree 

of fragmentation from other areas of bushland Most of the areas were relatively flat or 

slightly undulating, w1th very little relief between the vanous survey po10ts The study was 

des1gned to 1dent1fy as many fauna spec1es us1ng the s1tes as poss1ble and to quant1fy 

hab1tat for nat1ve spec1es A subjective assessment of the general hab1tat value of each 

area was made and Included the hab1tat type, degree of disturbance and degradation, area 

occup1ed by the hab1tat, contmUJty w1th s1m1lar adjacent habitat by way of corndors, and the 

structure of vegetat1on 

Survey methods were based on the Comprehensive Reg1onal Assessment (CRA) fauna 

surveys used by the Nat1onal Parks and W1ldhfe Serv1ce Live trapp10g was done us1ng 

Elliott Type A traps (8 x 10 x 33cm), and s1x large cage traps (20 x 20 x 50cm), wh1ch were 

pos1t1oned us1ng a gradsect system (R1dge, Mid-slope and Gully). The terrestnal mammal 

trapp10g was done over three n1ghts w1th all gradsects (wh1ch mcluded a total of 36 traps) 

done Simultaneously The traps were placed approximately 20 m apart, h1dden 10 th1ck 

grass, under shrubs or were camouflaged w1th vegetat1on where the ground cover was 

sparse or where human mterference may occur The ba1ts used were a m1xture of rolled 

oats and honey, "Good-O's" and peanut butter, wh1ch were replaced when necessary The 

traps were left out for 3 mghts, g1v10g a total of 1 08 trap-n1ghts per survey and were checked 



124 

m the early mornmg Nme Elliot Type A traps and nme Elliot B traps (15 5 x15 x 45cm) were 

placed m trees to determ1ne the presence of arboreal mammals The traps were placed two 

to three meters aboveground, on platforms on or near trees Targeted trees contamed 

hollows, were flowenng and or had scratches present on the boles Three of each type of 

trap was placed w1thm each survey pomt Ba1ts cons1sted of rolled oats and honey, peanut 

butter, Good O's and amseed nngs The traps were sprayed w1th vamlla essence and honey 

m1xed 1n water before bemg placed 1n the trees, to mask the smell of humans The tree 

trunks were also sprayed w1th th1s m1xture each day E1ghteen traps were left out for 3 

n1ghts g1v1ng a total of 54 trap mghts per s1te, per survey In all cases, the traps were 

checked early the next day and where necessary reset and re-ba1ted The mammal trappmg 

data was supplemented by "spotlighting" usmg a 55 watt hand-held spotlight. Secondary 

md1cat1ons (scats, scratches, d1gg1ngs, tracks etc ) of resident fauna were noted and 

Included searches for whitewash and regurg1tat1on pellets from owls and chewed Casuarma 

cones from Cockatoos Bat echo-location calls were tapped at each pos1t1on us1ng an 

Anabat detector and were recorded for at least 30 mmutes at each survey po1nt The 

transformed calls were analysed usmg an Anabat Zero Cross1ng Analys1s, mterfaced With a 

computer Calls were 1dent1f1ed by companson w1th sample calls supplied by the 

manufacturer of the equipment D1urnal surveys of frogs were done w1th1n dramage lines 

and dams usmg spotlights and augmented by record1ng any frog calls. Recorded calls were 

1dent1fled by auditory companson w1th commercially available frog call recordmgs 

ldent1flcat1ons made th1s way were conf1rmed by computer analysis us1ng an Anabat ZCA 

analyser and software The presence of herpetofauna and av1fauna were recorded from 

opportumst1c s1ght1ngs as well as a d1urnal survey 

4.3.1.2. Preliminary Results 

The bushland vegetat1on surroundmg the Tuggerah Lakes estuary vaned from closed 

sublittoral ram forest to open woodland w1th grass understorey In the Colongra Swamp, 

small mammals mcluded the brown antechmus (Antechmus stuartu), the Bush Rat (Rattus 

fusctpes) and the Yellow-footed Antechmus (Antechmus flavtpes) No large mammals were 

noted, however scats cons1stant w1th those of a wallaby were found and swamp wallabies 

(Wallabta btcolor') were observed on road verges The Brown Hare (Lepus capensts) was 

also found at thiS locat1on Three spec1es of arboreal mammal were recorded, the common 

brush ta1led possum ( Trtchosurus vulpecula), the common nngta11 possum (Pseudochetrus 

peregrmus) and the squ1rrel glider (Petaurus norfolcensts). Bats mcluded the greater broad

nosed bat (Scoteanax rueppellu), Gould's wattled bat (Cha/molobus gouldt) and the lesser 

long-eared bat (Nyctophtlus geoffroyt) Spec1mens of the Grass Sk1nk (Lampropholts 

deltcata) and a Lace Mon1tor ( Varanus vartus) were also found The Common Eastern 
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Froglet ( Cnma stgmfera), the Stnped Marsh Frog (Ltmnodynastes peronu) and the Brown 

Toadlet (Pseudophryne btbronu) were also detected 
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W1thm the Munmorah State Recreational Area, small mammals mcluded the Brown 

Antechmus (Antechmus stuartu), the Dusky Antechmus (Antechmus swamsonu), the New 

Holland Mouse (Pseudomys novaehollandtae), the Bush Rat (Rattus fusctpes), the Swamp 

Rat (Rattus lutreolus) and the Black Rat (Rattus rattus) Large Mammals Included the 

Swamp Wallaby (Wallabta btcoloi), the Ech1dna (Tachyg/ossus aculeatus), the Brown Hare 

(Lepus capensts) and the Rabbit (Oryctolagus cumculus) Arboreal spec1es mcluded the 

Common Brush Ta1led Possum ( Tnchosurus vu/pecu/a), the Common Rmgta1l Possum 

(Pseudochetrus peregrmus) and the Sugar Glider (Petaurus brevtceps) Also reported from 

th1s area 1s the Feather ta1l Glider (Acrobates pygmaeus) and the Squ1rrel Glider (Petaurus 

norfolcensts) F1ve spec1es of bat were recorded at th1s s1te, the Grey-headed Flymg Fox 

(Pteropus poltocephalus), the Common Bent-w1ng Bat (Mtmopterus schretbersu), the L1ttle 

Bent-wmg Bat (Mtmopterus australts), the L1ttle Forest Eptes1cus ( Vespadelus vulturnus) and 

Gould's Long-eared Bat (Nyctophtlus gouldu) Dunng the spotlightmg surveys, seven 

spec1es of bat were recorded at th1s s1te, the Grey-headed Flymg Fox (Pteropus 

poltocephalus), the Common Bent-wmg Bat (Mtmopterus schretbersu), the L1ttle Bent-wmg 

Bat (Mtmopterus australts), the Greater Broad-nosed Bat (Scoteanax rueppellu), the L1ttle 

Forest Eptes1cus ( Vespadelus vulturnus), Gould's Wattled Bat ( Chalmolobus gouldu) and the 

Gould's Long-eared Bat (Nyctophtlus gouldu) S1x spec1es of rept1le were recorded and 

mcluded the Eastern Water Skmk (Eulamprus quoyu), the Eastern Water Dragon 

(Phystgnathus /eseum), the Grass Sk1nk (Lamporphons deltcata), the Blue Tounge L1zard 

(Ttltqua scmcotdes), the Jacky L1zard (Amphtbo/urus muncatus), and the Red Bellied Black 

Snake (Pseudechts porphynacus) The Common Eastern Froglet (Cnma stgmfera), the 

Brown Toadlet (Pseudophryne btbronu), the Stnped Marsh Frog (Ltmnodynastes peronu), the 

Eastern Dwarf Tree Frog (Lttora fallax), and Lesueur's Frog (Lttora Lesueun) were also 

common 

W1thm the Wyrrabalong National Park small mammals mcluded the Brown Antechmus 

(Antechmus stuartu), the Northern Brown Band1coot (lsoodon macrourus) and the Bush Rat 

(Rattus fusctpes) The Brown Hare (Lepus capensts) was noted on the fnnge of the park as 

well as the Fox ( Vulpes vulpes) Three spec1es of arboreal mammal were noted w1thm th1s 

area, the Common Brush Ta1led Possum (Tnchosurus vu/pecula), the Common Rmgta1l 

Possum (Pseudochetrus peregrmus) and the Squ1rre1 Glider (Petaurus norfo/censts) S1x 

spec1es of rept1le are known from th1s s1te, the Eastern Water Skmk (Eulamprus quoyu), the 

Eastern Water Dragon (Phystgnathus leseum), the Grass Skmk (Lamporphons deftcata), the 

Blue Tounge L1zard (Ttltqua scmcotdes), the Jacky L1zard (Amphtbolurus muncatus), and the 



Green Tree Snake (Dendrelaphls punctulata). The Common Eastern Frog let ( Cnma 

s1gmfera), the Stnped Marsh Frog (Llmnodynastes peronu), Green Tree Frog (Lltora 

caerulea), and the Eastern BanJO Frog (Llmnodynastes dumenlu) were also found 
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W1thm the Tacoma South area, small mammals mcluded the Brown Antechmus (Antechmus 

stuartu), the Bush Rat (Rattus fuscJpes), the Swamp Rat (Rattus lutreolus) and the Black Rat 

(Rattus rattus) Larger Mammals mcluded Swamp Wallab1es (Wal/ab1a bJcolor), and Eastern 

Grey Kangaroos (Macropus g1ganteus) The Brown Hare (Lepus capens1s) was also noted 

on th1s s1te Three spec1es of arboreal mammal were found mcludmg the Common Brush 

Ta1led Possum ( Tnchosurus vulpecula), the Common Rmgta11 Possum (Pseudoche1rus 

peregnnus) and the Squ1rrel Glider (Petaurus norfolcensls) Also reported from th1s area IS 

the Koala (Phascolarctos cmerus) Seven spec1es of bat were recorded and 1nclude the 

Common Bent-wmg Bat (Mm10pterus schre1bersu), the Greater Broad-nosed Bat (Scoteanax 

rueppellu), the Large-footed Mouse Eared Bat (Myot1s adversus), Gould's Wattled Bat 

(Chalmo/obus gouldu) and the Gould's Long-eared Bat (Nyctophllus gouldu) F1ve spec1es of 

rept1le are known from th1s s1te, the Eastern Water Skmk (Eulamprus quoyu), the Eastern 

Water Dragon (Phys1gnathus /eseum), the Grass Skmk (Lamporphons dellcata), the Blue 

Tounge L1zard (T1flqua scmco1des) and the Red Bellied Black Snake (Pseudech1s 

porphynacus) The Common Eastern Froglet (Cnma Slgmfera), the Stnped Marsh Frog 

(Llmnodynastes peronu), Green Tree Frog (L1tora caerulea), the Green and Golden Bell Frog 

(Lltora aurea-NPWS), Perons Tree Frog (Lltora peronu), the Eastern Dwarf Tree Frog (Lltora 

fa/lax), and Lesueur's Frog (L1tora Lesueun) were also detected 

The av1-fauna at all locatiOns were typ1cal of the forest, woodland and grassland habitats 

throughout the Central Coast reg1on Larger b1rds mcludmg the Torres1an Crow (Corbus 

orru), Laughmg Kookaburra (Dacelo novaegumeae), Eastern Rosella (Piatycercus exam1us) 

and Australian Magp1e ( Gymnorhma tlblcen) were common Smaller b1rds prefernng the 

small shrubs and longer grass for foragmg mcluded the W1lly Wagtail (Rh1p1dura 

leucophrys), Yellow Rumped Thornblll (Acanth1za chrysorrhoa), and the Superb Blue 

Fa1rywren (Malurus cyaneus) The full results of the faunal surveys WJII be reported 1n 

Wallbndge (1999) 
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4.3.2. Wetland Birds 

4.3.2.1. Introduction 

Fnngmg vegetat1on around the Tuggerah Lakes estuary ranges from saltmarsh to woodland 

swamp forests wh1ch prov1des excellent forag1ng and nestmg opportumt1es for a number of 

aquat1c and terrestnal spec1es of b1rd (Morns, 1996, Samty, 1998, Mackey, 1999) The 

estuary also has a range of open muddy hab1tats that support many spec1es of mvertebrates, 

wh1ch are Important as a food source for birds (Pow1s, 1973, Wettm, 1981 ). B1rds are h1gh 

up the food cham and have 1mportant ecological funct1ons w1th1n estuanes The1r acbv1bes 

contnbute to pollinatiOn 1n plants and they ass1st m controlling populations of many spec1es 

of msect (Recher eta/, 1986, Adam and Stncker, 1993) 

W1th the mcreased pressure placed on wetlands and estuanne systems by development, 

especially m the Sydney reg1on, and the loss of a large part of Botany Bay w1th the 

construction of the Th1rd Runway, the Tuggerah Lakes estuary takes on renewed Importance 

for m1gratory spec1es us1ng the South-East As1an Flyway Not only does 1t prov1de a feedmg 

pomt for a number of m1gratory b1rds, 1t also prov1des an Important feedmg ground for those 

b1rds that w1nter around the estuary (Wettm, 1981, Morns, 1996) 

The Tuggerah Lakes catchment IS under pressure from a range of development actiVIties 

and many sh1fts 1n b1olog1cal commumty compos1t1on mclude the rap1d mvas1on of spec1es 

such as Lantana (Lantana camara) and B1tou Bush ( Chrysanthemo1des monillfera), and 

dogs, foxes and cats (WSC, 1997, Wallbndge, 1998, Samty, 1998). To assess the relat1ve 

Importance of the fnng1ng vegetat1on commumtles to b1rds ut11ismg the estuary, a sampling 

program wh1ch exammed nchness and abundance at a number of spat1al scales was done 

Mackey, 1999) 

4.3.2.2. Methods 

Nme fnng1ng vegetat1on s1tes were chosen around the estuary and sampled for b1rd spec1es 

d1vers1ty and abundance (F1gure 52) The s1tes were Tuggerah Bay (s1te 1 ), Ch1ttaway Pomt 

(s1te 2), Tacoma (s1te 3), Eel Haul Bay (s1te 4), Tenlbah Island (s1te 5), Orooaloo Pomt (s1te 

6), East Budgewo1 (beh1nd the Budgewo1 sandmass) (s1te 7), Colongra Swamp (s1te 8) and 

Elizabeth Bay (s1te 9) At each s1te, three (3) replicate, 50m transects were randomly run 

and assessed usmg the area search method (Dav1es, 1984), wh1ch 1nvolved two people 

walkmg along each transect and recordmg the birds observed up to a d1stance of 30m on 



etther stde In the ma1onty of cases thts allowed for coverage of 1500m2 Spectes noted 

outstde the area, or flytng over tt, were also recorded 
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Multtvanate stattsttcal techntques were used to examtne patterns of stmtlanty or dtsstmtlanty 

tn spectes abundance and composttton at each stte, ustng the PRIMER software package 

(Plymouth Manne Laboratones, UK) The abundance data were transformed ustng the 

double-square-root transformatton to reduce the wetghttng gtven to abundant taxa and 

tncrease the wetghttng gtven to rare taxa (Clark, 1993) Non-metnc multt-dtmenstonal 

scaling (nMDS) was used to generate a two-dtmenstonal ordtnatton and ANOSIM tests 

examtned differences between sttes (Clark, 1993) The SIMPER procedure was used to 

tdenttfy the contnbutton of tndtvtdual spectes abundance to the Bray-Curtts stmtlanty 

measure (Clark, 1993) 

Analysts of vanance (ANOVA) was used to test for dtfferences assoctated wtth the btrd 

populattons around the estuary. Pnor to analysts, the data were examtned for homogenetty 

of vanances ustng Cochran's test (Wtner, 1971) and where necessary were transformed to 

log (x ± 0 5) (Underwood, 1981). Where the transformatton was not successful tn 

'correcttng' the tnequahty of the vanances, analyses were performed ustng the raw data 

(Underwood, 1981) Where stgntflcant dtfferences were found, the Student-Newman-Keuls 

(SNK) multtple companson procedure was used to tdenttfy where the dtfferences were 

located among the populatton means (Wtner, 1981) 
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4.3.2.3. Results 

Forty-seven bird spec1es from twenty-mne families were identified from the fnngmg 

vegetat1on s1tes around the Tuggerah Lakes In add1t1on, forty-three spec1es and seven 

fam11ies, wh1ch were not found along transects, were observed 1n the general area (Mackey, 

1999) Of the families recorded, the Melphag1dae was the most diverse, represented by nme 

spec1es Three exotic spec1es were also present, Streptopelia chmensrs (Spotted 

Turtledove), Pycnonotusjocosus (Red Whiskered Bulbul) and Acndotheres tnstrs (Common 

Myna), compnsmg around 5% of the total populat1on sampled Only one threatened spec1es, 

Haematopus longtrostns (P1ed Oystercatcher), was observed dunng the survey penod (TSA, 

1995) Th1s spec1es has been listed as Vulnerable under schedule 2 of the Threatened 

Spec1es Conservation Act 1995 

The non-metnc multl-d1mens1onal scaling ordmat1on (nMDS) md1cated that there was 

vanabon between s1tes, wrth Eel Haul Bay (srte 4) and Elizabeth Bay (srte 9) appeanng to be 

the most s1mllar (stress= 0 12) (F1gure 53) Clusters formed at s1mllanty levels of 25% and 

30-40% were supenmposed upon the nMDS ordmabon and 1t was found that there was good 

agreement between the 2 techmques Th1s agreement md1cates that the 2-d1mens1onal plot 

IS an accurate representation of the sample relat1onsh1ps (Clarke and Warw1ck, 1994) 

ANOSIM tests confirmed that significant differences ex1sted between s1tes (P < 0 01, R = 

0 268), however, due to the low number of poss1ble permutations m the analys1s, the 

pa11W1se compansons were unable to 1dent1fy where these differences were 
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The SIMPER procedure 1dent1f1ed b1rd spec1es, ranked 1n order of Importance that 

contnbuted to the s1m1lanty w1th1n each s1te (Table 12) No one spec1es was found to be 

consistently 1mportant across the 9 s1tes however, Malurus cyaneus (Superb Fa1ry Wren) 
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was ranked w1th1n the top 4 spec1es contnbutmg to the average s1m1lanty of a s1te, at f1ve of I 
the mne s1tes (Table 12) 

Table 12. Species ranked in order of unportance (1-4 presented), which contributed to the sunilaritles 
within a site, as determmed by using the SIMPER procedure 

Site Birds Comments 

Tuggerah *Halzastur sphenurus Fnngmg vegetation mcluded several large dead trees that 
Bay *Giassopsltta pus lila proVIded excellent roostmg places for raptors The 
(Site 1) presence of these raptor species could discourage 

utilisatiOn of tlus habitat by other smaller brrd species 
This site should support a Wide d1vers1ty of species, 
especially from the family Melphag1dae, when the 
Eucalypt and Melaleuca trees begm to flower 

Chittaway Malurus cyaneus Large Casuarma trees and a dense ground cover provided 
Point *Phylzdonyns novaehollandzae by Typha and sedges Members of the Melphag1dae were 
(Site 2) observed feedmg on the flowenng Norfolk Hibiscus 

trees A westerly wmd would expose a large area of 
mudflats, Ideal for foragmg by nugratory wadmg brrds 

Tacoma Hzrundapus caudacutus Donunated by large Casuarmas mterspersed by shrub 
(Site 3) Vane/Ius mzles (mcludmg wattle trees) understorey A number of 

Malurus cyaneus flowenng Norfolk Hibiscus trees and a large area of 
Eurystomus onentalzs mudflats that would be exposed dunng a westerly wmd 

Notable was the low number of species representing the 
Melphal2:Idae 

Eel Haul Bay Rhzpzdura folzgmosa Donunated by large Eucalypts that would be expected to 
(Site 4) Melzphaga /ewmu attract a number of species when flowenng Diverse 

Malurus cyaneus shrub layer which mcluded palm species Overrun by 
Pachycephala rufiventrzs Lantana and B1tou Bush 

Terilbah Ma/urus lambert! Donunated by Casuarma Melphag1dae species observed 
Island Anthochaera chrysoptera feedmg on the flowenng Norfolk Hibiscus Lantana 
(Site 5) Acanthzza puszlla mvadmg the understorey Only record of a nestmg 

Sencorms -frontalzs species, Onolus sa~lt/atus (Olive-backed On ole) 
Orooaloo Malurus cyaneus Donunant trees were Casuanna, Swamp Mahogany and 
Point Gractzcus torquatus Red Gum A tluck undergrowth Ideal for the smaller 
(Site 6) passenne species Several tall, dead trees proVIded 

habitat for Artamus leucorynchus (White Breasted 
Woodswallow) 

East * Stzpzturus malachurus Vegetation compnsed of sedges frmged by small 
Budgewo1 * Ma/urus cyaneus Casuarmas To the east of the Budgew01 sand-mass, tlus 
(Site 7) *Hzrundo ane/ Site offers httle protection from prevrulmg weather 

conditions 
Colongra Hzrundo neoxena Well established Casuarma, Melaleuca and Swamp 
Swamp Phalacrocorrax me/ano/eucos Mahogany With a sedge understorey A trai!qwl site With 
(Site 8) roostmg Butorzdes strzatus (Stnated Heron) 
Elizabeth Anthochaera chrysoptera Donunated by flowenng Banksza serrata, With 
Bay Senconns frontalzs Acanthorhynchus tenuzrostrzs (Eastern spmebill) and 
(S1te 9) Malurus cyaneus Anthochaera chrysoptera (Little Wattle Brrd) species 

observed to be feedmg on It Large Melaleuca trees and 
dense B1tou Bush also present 

*At s1tes where SIMPER d1d not 1dent1fy S1gn1f1cant spec1es of Importance, the most 
abundant spec1es were listed 
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No s1gn1ficant differences were found between srtes for total spec1es nchness (F1gure 54) 

however, s1gmficant differences were found for total abundance (F1gure 55) Companson of 

the srte means 1nd1cated that the total number of birds at Tacoma (s1te 3) were s1gn1ficantly 

higher than all other s1tes 
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Figure 54. Mean number of species (± SE) Identified at each s1te 
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Figure 55. Mean number of b1rds (± SE) counted at each Site 
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4.3.2.4. Discussion 

There 1s some debate as to whether vegetat1on structure, m terms of complexity of the 

canopy or flonstlc d1vers1ty and abundance, 1s the major determmant of b1rd community 

structure (French and Zubov1c, 1997) There was little vanatlon m both the structure and 

compos1t1on of vegetat1on commun1t1es fnng1ng the Tuggerah Lakes estuary (Samty, 1998), 

and th1s appeared to be reflected by the structure of the b1rd assemblages Stat1st1cal tests 

found no s1gn1f1cant differences between the s1tes sampled, for spec1es d1vers1ty, however, 

the s1te at Tacoma d1d record s1gn1f1cantly greater numbers of md1v1duals Mult1vanate 

analyses showed th1s was due to the presence of the msect1verous b1rd H1rundapus 

caudcutus (White Throated Needleta1l) H1rundapus caudcutus IS a summer m1gratory 

spec1es, wh1ch 1s often observed around the estuary, where 1t may flock wh1lst feedmg on 

aenal msects made abundant by thermal up-draughts (Morns, 1996) While m Australia, the 

b1rds are thought to spend most of the1r time 1n the a1r so the1r d1stnbut1on IS most likely 

dnven by the ava1lab11ity of an adequate food supply (HANZAB, 1996) 

The non-metnc multld1mens1onal scaling ordmat1on revealed that Eel Haul Bay and Elizabeth 

Bay had the most s1m1lar b1rd assemblages Both s1tes had s1gn1f1cant mfestat1ons of the 

mtroduced weed spec1es Chrysanthemo1des momiJfera (B1tou Bush), wh1lst Eel Haul Bay 

also had extens1ve stands of Lantana camara (Lantana) A number of stud1es have shown 

that weed mfestat1ons can be a major determmate of b1rd compos1t1on, due to the resultant 

changes m food supply and hab1tat structure (French & Zubov1c, 1997) C monlflfera has 

displaced nat1ve plant spec1es to form monotyp1c stands m a number of coastal areas w1thm 

New South Wales, wh1ch m the long-term can reduce the establishment of tall understorey 

and canopy spec1es (French and Zubov1c, 1997) 

Only one spec1es listed under the Threatened Spec1es Conservation Act 1995, was observed 

dunng the survey penod (TSA, 1995) Haematopus long1rostns (P1ed Oystercatcher) has 

been recorded breedmg on 1slets near The Entrance (Morns, 1992) Sm1th (1991) stated 

that the P1ed Oystercatcher's hab1tat IS ent1rely coastalm NSW and 1t favors ocean beaches 

and estuanne mud flats Generally, the b1rds bu1ld the1r nests m sand or shmgle on coastal 

or estuanne beaches, near the h1gh-tlde mark Occasionally, the b1rds w111 also utilize salt 

marsh or grassy areas for nest1ng (Sm1th, 1991) These habitats appeared to be under 

extreme pressure from a number of human actiVItieS, and 1t 1s recommended that a detailed 

plan of management be developed, particularly emphas1z1ng a reduct1on m phys1cal 

disturbance's such as mowmg, to help ensure the surv1val of th1s spec1es w1th1n the Wyong 

Sh1re 
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Tenlbah Island was the only s1te to record the presence of a nesting spec1es, Onolus 

sag1ttatus (Olive-backed Onole) The absence of nestmg or roostmg spec1es at most s1tes 

may be a reflect1on of e1ther human disturbance or the presence of feral cats, foxes and 

dogs For example, twenty-nme feral cats were trapped man area adjacent to the Colongra 

Swamp s1te, approximately 3 years ago (Wallbndge, 1998). 

At the t1me of the survey, two large colomes of b1rds were present on the estuary The 

largest of these was Cygnus atratus (Black Swan), w1th the population estimated as bemg 

over f1fteen hundred The Tuggerah Lakes estuary supports extens1ve, shallow beds of the 

seagrasses Zostera capncornu and Rupp1a megacarpa, wh1ch are known to be a popular 

and abundant source of food for the b1rds (Wettm, 1981, Morns, 1992) Several 

enwonmental vanables determ1ne the d1stnbut1on of C atratus populations, mcludmg 

penods of extreme drought 1n 1nland areas, wh1ch can cause the b1rds to m1grate to coastal 

wetlands and estuanes (Fnth, 1977, Morns, 1992) 

The second largest colony was Phatacrocorax sulcJrostns (Little Black Cormorant), w1th the 

population be1ng est1mated at over f1ve hundred b1rds Th1s IS not uncommon for th1s 

spec1es, or for the genus, as the b1rds w111 congregate wherever there IS an abundant supply 

of small f1sh or other manne ammals that can be caught eas1ly (HANZAB, 1996) The 

estuary prov1des an excellent hab1tat for these b1rds, as they also commonly forage offshore 

Wh1lst th1s survey recorded a number of spec1es of birds, several m1gratory spec1es that 

have previously been recorded were not observed due the stud1es restncted temporal 

component Morns (1992) states that over 300 spec1es of b1rds have been found w1thm the 

Wyong Sh1re, most of wh1ch were e1ther seen on the shore of the estuary or m the adjOining 

frmg1ng vegetat1on A number of the vegetat1on assemblages sampled dunng the survey, 

appeared to be greatly reduced m s1ze and 1ntegnty due to development act1v1t1es and 

assoc1ated disturbances (Samty, 1998) The v1ab11ity of the remammg fnngmg vegetation 

habitats and the1r assoc1ated av1fauna appears to be under enormous pressure and 1t IS 

strongly recommended that spec1f1c Plans of Management for these areas, With clear goals 

and objeCtives, be developed These Plans should be des1gned 1n assoc1at1on w1th 

contmued sampling programs, at appropnate spat1al and temporal scales, to determme 

whether they are a success Feedback from these surveys could also be used to focus 

future management dec1s1ons w1thm the estuary's catchment 
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4.3.3. Nekton 

The biomass of nekton (actively sw1mmmg pelagic orgamsms) within an estaury 1s generally 

very high The nekton of the Tuggerah Lakes estuary Includes recreat1onally and 

commercially Important species of fish, crabs and prawns The role of estuanes In f1sh 

production, both measured and assumed, has been a powerful contnbutor to the sc1entfic 

rationale for protecting estuanes from human 1m pact (Day eta/ , 1989) Studies have been 

done on f1sh and flshenes w1thm the Tuggerah Lakes estuary In response to assessing the 

1mpacts of power stations (Henry and V1rgona, 1981, V1rgona and Henry, 1987) and coal 

mmmg (The Ecology Lab, 1998) Recent reviews of the commercial and recreational 

f1shenes of the Tuggerah Lakes estuary (Wanless 1998) and assessments of changes to 

f1sh populations usmg oral history (Scott, 1999) confirm the need for more ngourous 

qantitat1ve spatial and temporal data on f1sh populations w1th1n the estuary 

The estuary provides significant commercial f1shenes for bream, flathead, ludenck, mullet, 

prawns and crabs (The Ecology Lab, 1998) Commercial f1sh production from the estuary IS 

the fifth largest In NSW w1th the recreational fishers generally targeting the same spec1es 

(The Ecology Lab, 1998) Scott (1999) provides a good assessment of the commercial f1sh 

catch data for the estuary and examines the limitations of the data 1n terms of quantifying 

trends associated w1th anthropogemc disturbance 

There are no quant1t1tve data on the spatial and temporal vanab1hty of f1sh assemblages 

w1th1n the Tuggerah Lakes estuary (however see sect1on on Weed Harvester) Wyong Sh1re 

Council has now Incorporated the quant1tave assessment of fish assemblages at a number 

of spatial and temporal scales within the estuary 

4.3.4. Benthic Invertebrates 

The abiotiC components of an estuanne system Include factors such as depth, sediment 

particle s1ze and distnbution, wave action and velocity, temperature, sahmty, and the 

concentrations of dissolved oxygen, nutnents and other chemicals Interactions between 

these vanables and the biological assemblages are complex and can be modified, however, 

1t 1s the abiOtic factors, which w111 ultimately determine whether or not an orgamsm can ex1st, 

and therefore be found w1th1n a system (Putman and Wratten, 1984) 

In a shallow estuanne environment such as the Tuggerah Lakes, the sediments play a 

structural role In terms of providing spec1f1c habitat requirements for certain orgamsms, and 

can act as a significant sink or source of nutnents (Boynton eta/., 1997, Bourgues, 1998) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

136 

Generally, a large fract1on of the morgamc nutnents entenng an estuary from major 

tnbutanes or storm water runoff, 1s taken up by the algae (part1culary phytoplankton) and 

converted to orgamc forms of mtrogen and phosphorous (Boynton eta/, 1995) A large 

port1on of th1s orgamc matenal ends up on the bottom sed1ments e1ther directly by depos1t10n 

or 1nd1rectly by zooplankton or suspension-feeder grazmg (Boynton, 1997} Th1s orgamc 

particulate matter 1s e1ther stored and buned m depos1t1onal areas of the estuary or IS 

consumed by the benthiC fauna (Boynton, 1997) 

Benthic fauna are the assemblages of ammals liv1ng on or 1n the muddy and sandy 

sed1ments of the estuary floor These orgamsms range 1n s1ze from the mmute bactena and 

protozoans to larger colomal ammals termed the 'macrobenthos', wh1ch are considered to be 

those ammals that are retamed on a 0 5 mm s1eve (Poore, 1992} Also Included m th1s 

bottom commun1ty are the mterst1t1al me1ofaunal ammals, wh1ch vary 1n s1ze between 0 1-0 5 

mm (H1gg1ns and Th1el, 1988, Coull, 1997) 

As well as havmg a major role m nutnent cycling processes, benthiC orgamsms serve as a 

food source for h1gher trophic orgamsms such as fishes and birds They are highly sens1t1ve 

to anthropogemc disturbance, wh1ch can make them an 1deal management tool for the 

assessment of the effects of potential catchment management strateg1es (Warw1ck, 1988, 

Coull, 1997} The strong mter-relat1onsh1ps that ex1st between the bactenal, me1obenth1c 

and macrobenth1c assemblages are complex and quant1tat1ve descnpt1ons of these 

processes are scarce, despite the1r Importance, particularly m Australian waters (Nielson and 

Jernakoff, 1996, Coull, 1997) 

Prev1ous work done 1n the Tuggerah Lakes estuary mcludes that by Pow1s (1973), who 

identified a total of 33 macromvertebrate spec1es The major objeCtives of the study by 

Pow1s (1973) were to exam1ne the effects of the power stat1on and weed cleanng operat1ons 

on macrobenth1c assemblages Pow1s (1973) concluded that the Munmorah power stat1on 

changed the structure of the benthic commumty but not spec1es d1vers1ty The weed cleanng 

operations were found to greatly reduce both the number of spec1es and the total number of 

Individuals w1thm expenmental plots and 1t was suggested that th1s reduct1on m the 

abundance of benthic macromvertebrates could lead to a reduct1on m f1sh populat1ons 

Of the food gUilds represented by the macrobenthos, suspens1on-feeders and deposit

feeders generally dommate the macrofauna (Poore, 1992} Suspens1on-feeders (mcludmg 

sponges, mussels, oysters and clams) can have a major mfluence on water clanty as they 

filter out particulate orgamc matenals from the water column Due to the1r considerable 

filtration capac1ty, suspens1on-feedmg bivalves have caused major changes m the growth 
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rates of phytoplankton populat1ons With consumpt1on somet1mes greater than product1on 

(Cioern, 1992, N1elson and Jernakoff, 1996) Suspension-feeders can also promote the flux 

of ammomum from the sediments through mortality and excret1on or b1oturbat1on processes 

(Moss, 1988, N1elson and Jernakoff, 1996) 

Deposit-feeders consume benthiC orgamc matenal and may b1oturbe or b1o1rngate the 

sed1ment through the1r burrowmg and feedmg act1v1t1es Th1s can md1rectly promote 

mtnf1cat1on by mcreas1ng oxygen penetration mto sed1ments and by mcreasmg bactenal 

act1v1ty (Aller, 1982, Fukuhara and Sakamoto, 1987, B1rd, 1994) N1tnf1cat1on m turn 

promotes demtnf1cat1on, w1th both processes leadmg to the consumption of ammomum and 

the production and subsequent loss of mtrogen gas from the sed1ments, representing an 

Important smk for mtrogen m estuanne sed1ments (Ko1ke and Mukai, 1988, N1elson and 

Jernakoff, 1996) 

Me1ofauna, desp1te bemg 1dent1f1ed as a su1table ecolog1cal group for momtonng the effects 

of pollut1on and bemg an 1ntegral part of estuanne food webs, have largely been 1gnored due 

to the1r d1ff1cult taxonomy L1ke the macrofauna, me1ofauna play a major role m 

mmeralizat1on and nutnent cycling however, 1t IS thought that the1r role IS more a stimulatory 

effect on the benthic m1crob1al commumty (TietJen, 1980, Coull, 1997) Tietjen (1980) 

proposed four ways that me1ofauna stimulate bactenal growth. 1) by mechamcal breakdown 

of detntal matenal wh1ch mcreases 1ts surface area to volume rat1o makmg 1t more react1ve to 

bactenal act1on, 11) by d1rect excret1on of nutnents, makmg them available for m1crob1al use, 

m) through the product1on of slime/mucous cases wh1ch attracts and sustams bactenal 

growth, 1v) through phys1cal rework1ng of the sed1ments wh1ch can red1stnbute deposited 

organ1c matter back to the sed1ment-water Interface As well as promotmg nutnent cycling, 

me1ofauna are an 1mportant source of food for a vanety of organ1sms (Coull, 1997) Many 

predator life cycles, for example JUvenile f1sh and prawns and b1rds, have obligatory 

me1ofaunal feed1ng stages (Coull, 1997) 

Previously, stud1es on the benth1c macromvertebrate assemblages of the estuary have 

focused on the effects of the Munmorah power stat1on (see Pow1s, 1973, Pow1s and 

Robmson, 1980, Macintyre, 1990) The power stat1on uses water from Lake Munmorah as a 

coolant for condensers and discharges th1s effluent mto Bugewo1 Lake, ra1smg the 

temperature and producmg an art1f1c1al current around the discharge area Small changes 1n 

commumty structure have been detected however, 1t would appear that the effects of the 

effluent were localised to shallow waters around the discharge area, where the temperature 

was usually about 42C above amb1ent 
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Powis and Robinson (1980) examined differences in the structure of communities throughout 

the estuary to determine whether there were correlations between substratum and seagrass 

type. They classified the estuary into four groups: 1) sea grass species growing in muddy 

sand, 2) mud substratum, 3) seagrass species growing in mud or mud sites adjacent to 

seagrass beds and 4) sand substratum and/or seagrass growing in sand. Unvegetated 

areas were characterised by low fauna diversity and abundance. The bivalves Theora 

tragi/is and Notospisula trigonella dominated mud substrata whilst another bivalve species, 

Sanguinolaria onuphria, was common in sandy substrata. The 'seagrass on muddy sand' 

habitat type was dominated by the filter-feeding polychaete Owenia tusitormis whereas 

Tel/ina deltoidalis and the omnivorous Ceratonereis erythraeensis dominated the 'seagrass 

on mud' habitat. It was concluded that the faunal composition of muddy areas did not vary 

significantly between the three lakes. These muddy areas were comprised of a high 

percentage of clays and silts (78-95%) which can greatly restrict the recruitment of animals 

that require a firm medium in which to settle or burrow (Powis and Robinson, 1978; The 

Ecology Lab, 1998). 

As part of the COAL Australia EIS, The Ecology Lab sampled demersal fish and benthic 

macroinvertebrate assemblages in the deep habitats of the estuary. Deep habitats were 

defined as unvegetated habitats where the depth of water was three meters or greater and 

sampling was done on two occasions; December. 1997 and June 1998 (The Ecology Lab, 

1998). The polychaete families Magelonidae and Ophelidae and the bivalve Theora tragi/is 

were found to represent 21%, 15% and 12% of the total abundance, respectively. The 

assemblages and populations of benthic macroinvertebrates differed among locations 

however differences could not be related to sediment particle sizes determined for each 

location. The location situated closest to The Entrance was generally diatinct from tfle two 

other locations sampled and it was assumed that these differences were mostli l<ety related 

in some way to distance from the ocean (The Ecology Lab, 1998). Generally, the most 

abundant taxa listed within this study did not vary considerably from those Hsted Tn previous 

studres (Powis and Robinson, 1980; Macintyre, 1990; Courtney, 1992), however, the rank 

abundance of taxa varied. 
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4.3.4.1. Methods 

BenthiC macromvertebrate assemblages from w1thm open water and seagrass hab1tats m the 

Tuggerah Lake estuary were sampled m February 1998 us1ng a nested sampling des1gn 

(Cummms eta/, 2000) The study was des1gned to prov1de a descnptiOn of the d1stnbut1on 

and abundance of macrobenth1c assemblages and to establish the1r vanab11ity at different 

spat1al scales. The sampling des1gn mcorporated three scales (locat1on, hab1tat and s1tes) 

and samples were collected from s1x locat1ons although only the data from Tuggerah Lake 

(TL), Tuggerah Bay (TB), Chlttaway Bay (CB) and The Entrance (TE) are presented here 

(F1gure 56) S1tes were approximately 50m2 and Situated randomly w1thm openwater and 

seagrass habitats Three replicate samples were taken from w1thm each of two s1tes at each 

of the locat1ons Sediments were collected by SCUBA to a depth of 1 Ocm w1th corers made 

from 15cm diameter PVC p1pe Samples were placed mto plast1c bags and f1xed m 1 0% 

buffered formaldehyde m seawater In the laboratory, samples were s1eved through a 1 mm 

mesh and the contents placed m labelled plast1c bags and preserved m 70% ethanol 

solut1on Samples were later 1dent1f1ed and enumerated to the lowest practicable taxonom1c 

level, for mstance, to fam1ly level for polychaetes and to order for crustaceans 

Data were transformed usmg the double-square root transformation to reduce the we1ghtmg 

g1ven to abundant taxa and mcrease the we1ghtmg g1ven to rare taxa (Clarke and Warw1ck, 

1994) Two-d1mens1onal nMDS ordmatlons were constructed and the S1gmf1cance of any 

apparent differences among locations or habitats was determmed usmg one-way ANOSIM 

S1tes were f1rst pooled to Increase the power of the pa1rw1se compansons (n =6) The 

SIMPER procedure was then used to examme the contnbut1on of faunal groups to the 

s1m11antles (and diSS1m11ant1es) among locations and hab1tats (Clarke and Warw1ck, 1994) 

Analys1s of vanance (ANOVA) tests were used to test the followmg hypotheses 1) s1gmf1cant 

differences ex1st 1n the structure of benthiC macromvertebrate assemblages w1thm seagrass 

and openwater hab1tats; 11) macromvertebrate assemblages vary s1gmf1cantly among 

locat1ons w1thm Tuggerah Lake The locat1ons were treated as f1xed, hab1tats were f1xed and 

orthogonal, wh1lst s1tes were nested w1thm both hab1tats and locations. 
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Figure 56. Macrobenthic sampling s1tes w•thm seagrass and open water habitats 
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4.3.4.2. Results 

A total of 1131 ammals representing 41 taxa (Table 13) were 1dent1f1ed from w1thm the 

seagrass and open water habitats (Cumm1ns eta/, 2000) Polychaetes were the nchest and 

most abundant taxa however the1r numbers vaned among openwater and seagrass habitats 

(F1gure 57) Open water habitats were charactensed by low faunal nchness and abundance 

and by the presence of two polychaete families, Magelomdae and Maldomdae Seagrass 

meadows had considerably h1gher numbers of taxa and total numbers of md1v1duals, when 

compared to the open water hab1tats Polychaetes, specifically cap1tellid worms numencally 

dommated assemblages sampled from sed1ments w1thm seagrass beds (F1gure 57) The 

next most numencally dommated taxa were the gastropods (F1gure 57) 

The total number of md1v1duals and spec1es nchness were s1gmf1cantly greatest m samples 

collected from w1th1n seagrass beds, compared to the open water hab1tat (F1gure 57). 

Seagrass meadows w1th1n Tuggerah Bay had s1gmflcantly greater numbers of 1nd1V1duals 

and taxa than all other locations (F1gure 57) The number of polychaetes vaned s1gn1flcantly 

among s1tes, however the1r numbers were considerably highest m the seagrass beds m 

Tuggerah Bay (F1gure 57) The number of bivalves d1d not vary s1gmf1cantly between 

locations or hab1tats, however the number of gastropods was s1gmf1cantly higher m seagrass 

meadows (F1gure 57) 

A non-metnc mulbd1mens1ona1 scaling (nMDS) ordmat1on grouped the samples mto two 

clusters, which d1stmgU1shed benthiC macro1nvertebrate assemblages w1th1n the seagrass 

hab1tat from those m the openwater habitat (F1gure 58) There appeared to be no clear 

separat1on of samples mto groups that read1ly d1St1ngu1shed between the four locations 

(Cummms eta/, 2000) ANOSIM tests conf1rmed that there were s1gmflcant differences m 

the structure of assemblages w1thm openwater and seagrass habitats (Cummms eta/, 

2000) Pa1rw1se compansons revealed there was little vanat1on among locat1ons sampled 

w1thm the openwater hab1tat however, assemblages w1thm seagrass beds vaned s1gn1f1cantly 

among the four locat1ons (Cumm1ns eta/, 2000). SIMPER analyses 1dent1f1ed two 

polychaete fam11ies, Magelon1dae and Maldomdae, and one gastropod spec1es, Nassanus 

burchard! (Fam1ly Nassarudae) as the taxa, wh1ch contnbuted most to the s1mllanty of 

samples collected w1thm the openwater hab1tat Cap1tellid worms were ranked highly for all 

groups of samples collected w1thm seagrass hab1tat m each of the 4 locations (Cummms et 

a/, 2000) 



Table 13. Macroinvertebrate taxa identified from the estuary 

ANNELIDA 

Polychaeta 
Cap1telildae (Notomastus sp ) 
( Capttella capttata) 
C1rratuildae 
Eumc1dae 
Lumbnnendae 
Magelomdae 
Maldamdae 
Nephty1dae (Nephtys australtensts) 
Nere1d1dae ( Ceratonerets aeqwsetts) 
Ophelndae (Armandta mtermedta) 
Orb1nndae (Scoloplos (scoloplos) stmplex) 
Owenndae(cf Owema fustformts) 
P1largndae 
Serpuildae 
Sp1omdae 
Sylildae 

Terebellidae 
Oligochaeta 
Nemert.na 
Actimara 
Sipuncula 

CRUSTACEA 
Mysidacea 

Amphipoda 
Coraphndae ( Caprella sp ) 
Meiltldae (Melita sp ) 
( Orchestta sp ) 
Phoxocephal1dae (Ltmnoporeta yarrague) 
Paracalilop1dae (Paraca/ltope australts) 
Paracorophtum sp 

Isopoda 
Anthundae ( Cyanthura hakea) 

Decapoda 
Alphe1dae 
Graps1dae (1/yograpsus paludtcola) 

MOLLUSCA 

Gastropoda 
Amph1boildae ( Salmator fragtlts) 
Aplysndae (Phyllaplysta sp) 
Ham~noe1dae (Hammoea sp) 
Hydrobndae (Potamopyrgus anttpodarum) 
L1ttonmdae (Bembtctum auratum) 
Marg~nelildae ( Cysttscus sp ) 
Munc1dae (Bedeva hanleyt) 
Nassarudae (Nassanus burchardt) 
Nat1c1dae ( Conuber sordtdum) 
Nentldae ( Smaragdta souverbtana) 
Potam 1d1dae ( Velacumantts australts) 
Pyram1delildae (Lmopyrga cerea) 
Troch1dae (cf Prothalotta comtesset) 
Troch1dae (Austrocochlea porcata) 

Bivalvia 
Arc1dae (Anadara trapezta) 
Galeommatldae (Arthrtttca helmst) 
Laternuildae (Laternula sp ) 
Mactnc1dae (Notosptsula trtgonella) 
Myt1ildae (Xenostrobus secuns) 
Semel1dae (Theora fragtlts) 
Telilmdae (Tellma deltotdalts) 

INSECTA 
Ch1ronom1dae 
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Figure 57. Mean (± SE) richness and abundance of benthic invertebrates from within seagrass and open 
water habitats in Tuggerah Lake (TL), Chittaway Bay (CB), Tuggerah Bay (TB) and The Entrance (TE) 
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Figure 58. nMDS ordination of invertebrate sites within seagrass and open water habitats 
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4.3.4.3. Discussion 

S1gn1f1Cant vanat1on m the structure of benthiC macromvertebrate assemblages among open 

water and seagrass habitats was found Generally, open water hab1tats were charactensed 

by low fauna d1vers1ty and abundance, wh1lst seagrass hab1tats were d1verse and had 

considerably greater numbers of mdlVIduals. Spec1es present m the open water hab1tat were 

mostly from depos1t-feed1ng groups Sed1ments w1thm the openwater zones were compnsed 

of a h1gh percentage of clays and s1lts (78 -95%) and 1t has been shown that a number of 

spec1es, particularly suspens1ons feeders, are unable to colon1se w1th1n these areas as a 

lack of stability and resuspens1on of the s1lt may cause "chokmg" or "smothenng" (Rhoads 

and Young, 1970, Bloom eta/, 1972, Pow1s and Rob1nson, 1980) As well as contnbutmg to 

hab1tat complexity (allow1ng greater coex1stance of taxa), seagrasses contnbute to a more 

stable substratum (by bmd1ng together sed1ments) They can also 1ncrease oxygen supply to 

the sed1ments v1a the1r root systems, thus mcreasmg the depth of the redox-potential 

d1scontmU1ty layer or by prov1dmg an abundant food-supply and protect1on from predat1on 

(Young eta/., 1976) 

Seagrass meadows w1th1n Tuggerah Bay had Significantly greater spec1es nchness and 

abundance than all other locations As well as havmg the most extens1ve area of seagrass 

meadow w1th1n the estuary, the foreshores of Tuggerah Bay are relatively undisturbed 

Development of foreshores at The Entrance, Chlttaway Bay and Tuggerah Lake mclude a 

number of recreat1onal areas and water-frontage propert1es Human related disturbances to 

these foreshore areas mclude stormwater drams that discharge d1rectly mto the lake and 

phys1ca1 disturbances such as beach-clean1ng actiVIties to remove dnft-macroalgae and 

seagrass wrack These act1v1t1es can Significantly alter water qualt1y and substratum 

charactens1tcs, subsequently 1mpact1ng benthic community structure (Pow1s, 1975, Daley, 

1997) It has been well documented that the d1vers1ty and abundance of macrobenth1c 

commumt1es are highest m stable, undisturbed hab1tats and become more depauperate m 

unstable reg1ons of constant disturbance (Pearson and Rosenberg, 1978, Boesch and 

Rosenberg, 1981, Austen eta/, 1989) 

The most abundant taxa listed w1thm th1s study d1d not vary considerably from those listed m 

prev1ous stud1es (Pow1s and Robmson, 1980, Macintyre, 1990, Courtney, 1992, The Ecology 

Lab, 1998), however the rank abundance of taxa vaned Estuanes are complex ecosystems 

and respond to a number of mteractmg phys1cal, chem1cal and biological processes Major 

fluctuations m sallmty can certamly alter the d1stnbut1on and abundance of stenohallne 

spec1es There have been Significant fluctuations 1n sallmty m the estuary over the past 30-

40 years (see water quality sect1on) and Pow1s and Robmson (1980) Implicated major floods 
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m 1974 to a f1sh kill and the destruction of considerable areas of seagrass meadows 

Anthropogenic disturbance around the estuary mcludes power stat1on operat1ons, dredgmg, 

harvesting, net-hauling and mcreased loads of nutnents and suspended particulate matter 

from catchment based runoff The effects of both natural and anthropogenic disturbances 

on the structure of benthiC assemblages requ1re stud1es that take mto account appropnate 

spat1al and temporal scales Desp1te w1de fluctuations 1n the1r d1stnbut1on and abundance 

the macrobenth1c assemblages w1thm the estuary rema1n cons1stent 1n the1r relat1ve spec1es 

compos1t1on over t1me Further stud1es on the benthiC assemblages Will be reported 1n the 

management study report 

4.3.5. Zooplankton 

Zooplankton are small, float1ng or weakly sw1mmmg an~mals, wh1ch occur 1n all estuanes and 

along w1th the phytoplankton and bactenoplankton constitute the planktoniC commun~ty 

Zooplankton play s1gn1f1cant roles 1n trophic transfer and nutnent cycling 1n aquat1c 

ecosystems Zooplankters are effective grazers of phytoplankton, keepmg m1croalgal 

populations 1n check Waste products from grazmg are e1ther recycled w1thm the water 

column or sed1mented to the bottom for ut11izat1on by ep1benth1c and benthic organ1sms In 

estuanne environments, zooplankters prov1de an essent1al food source for many taxa, 1n 

part1cular, larval and JUvenile f1sh 

Surveys that mclude assessments of zooplankton and phytoplankton abundance and 

d1stnbut1on may shed some light on the potential grazmg 1mpact of zooplankton They also 

prov1de an effective means for mon~tonng the presence of undesirable bloom-formmg 

spec1es, such as the large and ub1qu1tous heterotrophic dmoflagellate, Noctlluca scmt!llans 

(up to 2 mm d1am), wh1ch 1s known to produce red tides 1n local coastal waters Some 

zooplankton taxa have lim1ted tolerances to part1cular environmental conditiOns (e g. salinity, 

temperature) and thus may be used as md1cator spec1es of changes 1n the chem1cal and/or 

phys1cal env1ronment 

Planktonic mteract1ons and processes w1thm the Tuggerah Lakes estuary are currently little 

understood Prev1ous stud1es mclude a senes of phytoplankton surveys (Cheng, 1994 and 

pnor reports) and only one maJor mvest1gat1on of the zooplankton some 20 years ago 

(Hodgson, 1979) Th1s study of zooplankton was the f1rst to descnbe the1r d1stnbut1on and 

abundance at vanous spat1al and temporal scales and was run concurrently w1th the 

phytoplankton mon1tonng program 
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4.3.5.1. Methods 

Zooplankton samples were collected from 16 s1tes 1n the Tuggerah estuary, at the same 

spat1al and temporal scales as the phytoplankton program (from May 1997 to November 

1998} Zooplankton and phytoplankton samples were taken at the same t1me from a m1xed 

water sample of about 8-L, wh1ch was collected usmg a clear plastiC pole sampler (2-m long, 

60-cm d1am) and empt1ed mto a bucket To sample the zooplankton, a 2-L volume of 

seawater was taken from the bucket and poured through a 11 0 ).lm mesh zooplankton net 

All zooplankters reta1ned by the mesh were collected 1n an attached rece1v1ng Jar and f1xed 

w1th 3-5% formalin. Th1s method was repeated three t1mes at each s1te The f1xed 

zooplankton samples were then transferred to the lab for m1croscop1c 1dent1f1cat1on and 

enumerat1on The contents of a total of 480 samples were counted and the data were 

stat1st1cally analysed us1ng umvanate and mult1vanate techmques 

4.3.5.2. Results & Discussion 

The zooplankton were representative of those found 1n the 100-2000 !!m s1ze fract1on, and 

Included many benth1c larvae and 1mmature stages of other zooplankton A total of 44 

different zooplankton types were 1dent1fled Commonly occurnng types mcluded crustacean 

nauplu, JUvenile and adult copepods (calan01ds, cyclopo1ds and harpact1co1ds}, cladocerans, 

polychaete larvae, early developmental stages of many other benth1c ammals, small 

medusae, chaetognaths and the heterotrophic dmoflagellate, NoctJ/uca scmttllans Tmtmmds 

{loncate Ciliates), though at t1mes abundant, were not mcluded 1n the total counts as most 

were too small to be reta1ned by the net used for th1s study {110 !!m mesh} 

The estuary exh1b1ted seasonal trends 1n both zooplankton and phytoplankton dens1t1es 

(Redden and Blacklock, 1999) Dunng most of the year, the average zooplankton 

abundance was <1 00 IndiVIduals per litre, w1th the lowest dens1t1es observed 1n the wmter 

months of both 1997 and 1998 Increased abundance was apparent 1n early spnng (October 

1997 and November 1998), w1th highest abundance observed 1n December 1997 (>200 per 

litre) Zooplankton peaks 1n December 1997 and November 19981agged behmd observed 

phytoplankton peaks 1n July 1997 and July-August 1998, respectively Th1s trend IS typ1cal 

for temperate coastal waters and reflects differences 1n reproductive rates Wh1le 

phytoplankton cells may double as often as tw1ce per day, zooplankton typ1cally produce 

eggs wh1ch hatch days to weeks later 

For the purposes of exam1mng general trends 1n zooplankton compos1t1on, the 44 categones 

observed were grouped mto one of s1x mam types crustacean nauplu (mostly copepod larval 
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stages), copepods (Juvemles and adults), polychaete larvae, other benthic larvae, the large 

dinoflagellate Nocttluca scmttllans, and "others" (F1gure 59) 

Nauplu numencally dommated the zooplankton m the 100-2000 11m s1ze class, w1th 

representation over the 18 month penod rang1ng from 48% to 74% of total zooplankton 

abundance (F1gure 59) The1r dommance md1cates that copepods are reproducing year

round lnd1v1duals grouped under "copepods" (pnmanly cyclopo1d and harpact1co1d taxa) 

were observed m highest relat1ve abundance m the spnng months, folloWing a peak m the 

density of phytoplankton, the mam food source for zooplankton Polychaete larvae, wh1ch 

occurred year-round, appeared m highest numbers dunng the late summer and fall The 

category "other benth1c larvae" compnsed a large number of taxa, w1th representatives 

occurnng throughout the year In wmter, when zooplankton abundance was low, benthic 

larvae compnsed a large fract1on of the total zooplankton observed The large dinoflagellate, 

Nocttluca scmttllans, appeared m highest numbers m samples collected m wmter and early 

spnng 

An analys1s of zooplankton abundance w1th hab1tat type revealed no s1gmf1cant difference m 

total abundance between seagrass s1tes and open water s1tes (F1gure 60). However, the 

relat1ve compos1t1on of zooplankton taxa, were at t1mes d1fferent between hab1tats In 

particular, polychaetes and other benthiC larvae were generally more abundant m open water 

s1tes than m seagrass beds 

Although total zooplankton abundance vaned little w1th hab1tat type, there were s1gmf1cant 

differences m abundance between the locations at Tuggerah Entrance, Tuggerah Lake, 

Budgewo1 Lake and Lake Munmorah (F1gure 61) Notably, the abundance of zooplankton m 

the Tuggerah Entrance locat1on was s1gmf1cant1y lower than all other locations (F1gure 61) 

Th1s result may be due to a d1lutmg effect of tidal exchange 1n the Entrance area and/or 

greater predation by zooplankton-feedmg f1shes The highest zooplankton dens1t1es were 

often observed m samples collected from Budgewo1 Lake and Lake Munmorah, the two 

lagoons least affected by coastal m1xmg processes Interestingly, Nocttluca was most 

abundant m Tuggerah Lake and the Tuggerah Entrance area, reflect1ng 1ts coastal ongm and 

likely transport mto the estuary v1a tidal exchange and advect1on 
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Figure 59. Pie graphs showing percentage composition of broad zooplankton groups (nauplii, 
copepods, polychaete larvae, other benthic larvae, Noctiluca scintillans and all others) for individual 
sampling dates over the period May 1997 - November 1998. Each pie graph represents the mean 
composition from 16 sites, with 3 replicates per site (n=48). 
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period May 1997- November 1998. Each bar represents 8 sites (n=24 samples). 
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5. ECOLOGICAL PROCESSES AND DISTURBANCE 

5.1. Variability in Patterns and Processes 

All ecosystems expenence spat1al and temporal vanat1on 1n their phys1cal, chem1cal and 

b1ologog1cal components Th1s vanab1lty IS Introduced mto a system from 1nteract1ons 

between these components and disturbance from the natural enwonment Vanat1on 1n 

natural systems can also be caused by anthropogenic disturbance Some examples 1n 

estuanes are stormwater runoff, dredgmg and f1shmg Ecolog1cal systems are rarely 1n 

eqUIIibnum because of changes assoc1ated w1th natural disturbance and 1n heav1ly populated 

coastal estuanes by anthropogenic disturbance Patterns of vanat1on 1n b1olog1cal 

assemblages have rece1ved considerable attent1on 1n the sc1ent1f1c literature In estuanne 

systems s1gn1f1cant pattterns of change of macroalgae or phytoplankton populations (e g 

mass1ve mcreases 1n b1omass or changes to the structure of the assemblage) are generally 

assoc1ated w1th some form of anthropogenic disturbance, e g eutroph1cat1on There are 

many examples of estuanes where mcreased human act1v1ty has lead to mcreased pnmary 

product1v1ty assoc1ated w1th the disturbance What IS not clear 1s whether th1s mcrease 1n 

populations IS due to natural or anthropogenic disturbance What IS requ1red 1s a framework 

by wh1ch observations associated w1th natural patterns of vanab11ity can be discerned from 

those caused by humans The detect1on of enwonmental1mpacts 1n manne systems has 

been dealt w1th 1n great detail over the last few years (Underwood, 1997) The Tuggerah 

Lakes estuary has had 1ts fa1r share of d1stubance w1th development and subsequent 

eutroph1cat1on There are currently numerous sources of anthropogenic disturbance to the 

estuary Whether they cause enwonmental 1mpact has never really been quantified 

5.2. The Tuggerah Lakes Restoration Project 

The Tuggerah Lakes Restorat1on ProJect was a program established by the NSW State 

Government and Wyong Sh1re Counc111n response to community pressure to "clean up" 

Tuggerah Lakes (WSC, 1998) The program Involved dredgmg to keep the entrance open, 

foreshore reclamation and removal of nutnent ladden sediments from w1thm the shallow 

seagrass meadows (F1gure 62), and the construction of stormwater treatment zones around 

the estuary (Patterson Bntton & Partners, 1992) The 1mpacts of the actual works on 

phys1cal, chem1cal and b1olog1cal processes w1th1n the estuary were never evaluated The 

restoration program and 1ts value to the estuary have been questioned by enwonmental 

managers and there are m1xed feelings w1th1n the general community as to 1ts overall worth 

as a solut1on to the problems that the Tuggerah Lakes were expenencmg dunng the 1980's 
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Overall, 1t 1s d1ff1cult, 1f not 1mposs1ble to assess the pos1tve or negat1ve 1mpact of the 

restorat1on project on the estuary, because no quant1tat1ve data were ever collected e1ther 

before or after There are many reports of f1sh k1lls assoc1ated w1th the phys1cal works and 

the dredgmg d1d cause disturbance to ac1d sulphate so1ls The restoration project was 

essentially a "band a1d solut1on" to what 1s cons1dered to be anthropogenic disturbance from 

the catchment Nutnents delivered to the estuary from the w1der catchment and from local 

subcatchments were considered to be the cause of eutroph1cat1on 1n the f1rst place The 

source of the nutnent problem was never addressed m the restorat1on project but has been 

and 1s contmumg to be dealt w1th by environmental management of the catchments (WSC, 

1998) 

5.3. Munmorah Power Station 

The Munmorah Power Stat1on was commiSSIOned 1n 1967, and obtams 1ts cooling water from 

Lake Munmorah and discharges mto Budgewo1 Lake There have been numerous stud1es 

and mvest1gat1ons 1nto the effects of the Power Stat1on on the ecology of the Tuggerah 

Lakes estuary (Pow1s 1973, H1ggmson, 1973, Henry and Vlrgona, 1980) Batley et at (1990) 

and Thresher et at (1993) rev1ewed the effects of power stat1on operations on the ecology of 

the estuary It was cons1dered that the power stat1on had substantial ecological 1mpacts m 

Budgew01 Lake w1thm one kilometre of the outfall, w1th changes to sediments, benthos, 

macrophytes and water quality (Thresher et at, 1993) Elevated temperatures of surface 

waters m Budgewo1 Lake were obv1ous, however there were msuff1c1ent data to assess 

whether the stat1on has caused effects on the growth of seagrasses It was recommended 

that expenments be done to ascertain effects associated w1th mcreased temperature L1ght, 

sallmty and sed1ment compos1t1on were not affected by the power station, however 1t was 

thought that mcreased water temperature could lead to mcreased nutnent release rates 

(fluxes) from the sed1ments Particulate ash from the stat1on was h1gh m Lake Munmorah 

wh1lst z1nc, lead, copper and ant1mony were also h1gh There was no ev1dence of 

b1oaccumulat1on m seagrass or other b1oata (Batley et at , 1990) 
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5.4. Coal Mining and Subsidence 

Subsidence due to coal mmmg has been a problem 1n the Wyong Sh1re for many years 

especially m the northern areas around Lake Munmorah The effects of recent mme 

subsidence to the foreshores and freshwater wetland at Colongra (Lake Munmorah) was 

evaluated by Duchatel (1998) Generally, four hectares of foreshore wetland was subsided 

by 900mm allowmg saline water to flow mto the freshwater swamp beh1nd the more elevated 

foreshore (F1gure 63) Widespread mortality of plants and assoc1ated wildlife were predicted 

and management strateg1es to deal w1th the problem have been recommended (Duchatel, 

1998) 

COAL Australia has been undertakmg exploratory dnlling under the Tuggerah Lake w1th a 

v1ew to mmmg 1n the future Assessment of the environmental effects of these operat1ons 1s 

bemg done by COAL Australia m conjunction w1th consultants ERM M1tchell McCotter 

Wyong Sh1re Counc11 and ERM Mitchell McCotter have done some collaborative stud1es to 

gam baseline data on some of the more Important ecological components that may be 

affected by subsidence The results of these stud1es w111 be reported 1n an EIS by ERM 

Mitchell McCotter for Coal Australia however, the management plan for the Tuggerah Lakes 

estuary Will need to evaluate potent1al effects of mmmg Important 1ssues assoc1ated w1th 

subsidence mclude the effects on fnngmg wetland habitats and seagrass meadows 

Seagrass meadows are 1mportant for commercial and recreational f1shenes w1thm the 

estuary as many f1sh spec1es depend on these meadows at some stage m the1r life h1story 

W1th1n these seagrass meadows there are also many mvertebrate spec1es, wh1ch are 

Important to the ecology of the estuary. In general, mme subsidence could potentially alter 

the mean depth of seagrass hab1tats causmg a net loss m seagrass w1thm the estuary 

S1gn1f1cant seagrass meadows occur w1thm Tuggerah Bay and any mcrease m the overall 

depth of th1s area could cause changes to seagrass and f1shenes An hypothesis of 

mcreased depth leadmg to decreased seagrass and changes to mvertebrate assemblages 1s 

currently bemg exammed by a senes of mampulat1ve f1eld based expenments where 

sed1ment and seagrasses are bemg translocated to deeper water to m1m1c the effect of 

subsidence Th1s work Will be reported w1thm the management stud1es Furthermore, 1f 

sect1ons of Tuggerah Lake are "made deeper'' there IS greater potential for strat1f1cat1on of 

the water column, wh1ch could lead to lower oxygen levels w1thm "deeper pools" Dependmg 

on the scale of subsidence there 1s potent1al for greater nutnent release from sediments 

under these cond1t1ons Th1s IS all conjecture unt1l the mmmg surveys and plans are 

completed and the managers of the estuary have a better understandmg about wh1ch areas 

may be mmed and the extent of potent1al subsidence IS known 
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Figure 62. Swamp dozen removing sediment and macrophytes u part of tbe restoration project 

Figure 63. Tbe effects of mine subsidence on the foreshore at Colongra Wedand 
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5.5. Environmental Flows 

Environmental flows are the stream flows that are requ1red to mamtam natural stream 

cond1t1ons and these flows are thought to be essential for the "health" of mstream b1ota 
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The Tuggerah Lakes estuary relies on Inflows from 1ts tnbutary nvers and creeks to prov1de 

freshwater mput and brackish/freshwater hab1tat (The Ecology Lab, 1999) The water supply 

system for Wyong cons1sts of a small storage dam at Mardi reservo1r and we1rs and pumpmg 

stat1ons at Ounmbah Creek and Wyong R1ver, wh1ch pump to Mard1 Dam (The Ecology Lab, 

1999) It 1s thought that the mstream ecology of both Wyong R1ver and Ounmbah Creek are 

under some stress from reduced flow (The Ecology Lab, 1999), wh1ch has ecolog1cal 

1mplicat1ons for the rece1v1ng waters of the estuary The water authonty of Gosford and 

Wyong Sh1re 1s currently evaluat1ng opt1ons for management of env1ronmental flows 1n the 

waterways w1th1n 1ts sphere of operat1ons (The Ecology Lab, 1999) An environmental flow 

strategy (Muston, 1999) and a rev1ew of the water supply act1v1t1es and baseline ecological 

data (The Ecology Lab, 1999) have now been completed Wyong Sh1re Counc11 are 

collectmg data on the aquat1c ecology of the streams and nvers that feed mto the Tuggerah 

estuary w1th a v1ew to quant1fy1ng the effects of managmg environmental flows 1n the1r areas 

of operation (Towell, 1999) 

5.6. Potential Bioindicators of Estuarine Health 

The use of orgamsms as 'md1cator spec1es' has been attempted 1n a w1de vanety of 

apphcat1ons, rangmg from the m1crob1al level to the ecosystem B1olog1cal Indicators are 

organ1sms that by the1r hab1tat and 1nteract1ons w1th the env1ronment prov1de an eas1ly 

measurable, eas1ly Interpreted 1nd1cator for assess1ng the state of an ecosystems health 

A number of b101nd1cators are bemg assessed as part of the estuary management program 

for the Tuggerah Lakes estuary These mclude phytoplankton, macroalgae and benthiC 

assemblages To assess the success of catchment management strateg1es, 1t has been 

recommended that add1t1onal locat1ons be sampled 1n external reference estuanes such as 

Lake Macquane and Bnsbane Waters 
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5.6.1. Epiphytes as Indicators of Nutrient Status 

As1de from the established b1olog1cal momtonng programs, Wyong Counc1l 1n collaboration 

w1th the Umvers1ty of Newcastle are currently exam1mng the concept of usmg art1f1c1al 

substrata as tools for assessing the nutnent status of an estuary Th1s collaborative study 

exammes the use of epiphytes (the algae and an1mals that grow on other orgamsms or 

structures) as potential md1cators of estuanne health The concept has been borrowed from 

research and management strateg1es that are currently bemg mvest1gated 1n the eutrophiC 

Chesapeake Bay 1n Amenca (Boynton eta/, 1998} 

A p1lot study was done where arrays were deployed at a number of spat1al scales w1th1n the 

estuary and adjacent to major tnbutary mflows (Dav1s eta/, 1999) Each array had a 

number of plast1c "Myolar Stnps" attached and were deployed at depth of approximately 

1 5m lnd1v1dual stnps were collected at random from the arrays over a twelve-week penod, 

and est1mates of ep1phyt1c growth made at a number of spat1al scales At the same t1me 

water samples were collected for analys1s of the nutnents mtrogen and phosphorus The 

b1omass of ep1phytes at each location was assessed and correlations w1th water quality 

made The p1lot study showed that ep1phytes could potentially be a usefull techn1que 1n 

assessmg the nutnent status of the estuary and a twelve-month program of ep1phyte 

sampling has begun The results of th1s study w111 be reported 1n the management stud1es 

and 1n the sc1ent1f1c literature 

5.6.2. Seagrasses and Light Climate 

Decllnmg populations of seagrasses w1th1n NSW coastal estuanes have been recorded due 

to hab1tat destruction and detenoratmg water quality L1ght IS the pnmary llm1t1ng factor for 

seagrass growth and therefore any reduct1on 1n light quality w1ll cause a reduction 1n the 

depth to wh1ch seagrasses may grow. The NSW EnVIronment Protection Authonty have 

completed a study of a number of NSW estuanes to determ1ne the potential of usmg 

seagrasses and light climate as 1nd1cators of estuanne health (Doherty eta/, 1997) The 

a1m of the study was to assess the use of seagrass depth llm1tat10n as a sens1t1ve 1nd1cator 

of estuanne "health" Seagrass depth range was determined and water samples were 

analysed for nutnents, total suspended solids, turb1d1ty and light (PhotosynthetiC Act1ve 

Rad1at1on) The study 1nvest1gated the max1mum depth penetration of the seagrass Zostera 

spp 1n several estuanes along the coast of NSW By us1ng the seagrass as mtegratmg light 

meters, light reg1mes and assoc1ated water quality can be assessed and ecological 

1nformat1on Inferred Tuggerah Lake was Included 1n th1s study and a number of Important 

fmdmgs of relevence to the management of the estuary were 1dent1fled The results of the 
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water quahty vanables, WJth applications for water quahty management Tuggerah Lake was 

found to have the smallest depth range for seagrass growth and was one of the most turbid 

estuanes exam1ned, w1th mean turb1d1ty levels of 4 47NTU's Light attenuation coeff1c1ents 

(Kd) were calculated for the estuary and were generally h1gh The EPA study showed 

max1mum seagrass depth penetration m waters of low turb1d1ty, Kd and nutnents and 

progressively shallower depth lim1ts w1th declimng water quality L1ght reg1me modellmg m 

conJunction With lim1ted m srtu mappmg of seagrass depth penetrations may be an eff1c1ent 

means of assessmg ecosystem health and establishmg protect1on and restoration goals 

Wyong Sh1re Counc111s cons1denng adopting the measurement of photosynthetic adaptive 

rad1at1on (PAR) as part of 1ts long-term momtonng act1V1t1es for the estuary 
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6. ESTUARY MANAGEMENT ISSUES 

6.1. Introduction 

The pnmary a1m of the estuary process study was to establish the patterns and processes 

occurnng w1th1n the estuary and 1dent1fy potent1al management stud1es that may need to be 

done A number of "scop1ng workshops" were run w1thm the monthly estuary management 

comm1ttee meetmgs and the results obtamed were summansed to 1dent1fy the major 

management 1ssues that would need to be dealt w1th dunng the management study Input 

from a number of commun1ty meetings were used to help 1dent1fy potent1al1ssues that would 

need to be addressed 1n the development of the estuary management study and plan 

6.2. Scoping of the Management Studies 

6.2.1. Introduction 

To ass1st the development of the Estuary Management Plan, the Estuary Management 

Subcommittee ran a number of workshops at 1ts meetmgs to 1dent1fy and mvest1gate the key 

management 1ssues for the estuary The 1mt1al sess1on asked what were the major 1ssue 

areas (sets of 1ssues) that should be addressed? Subsequent committee meetmgs took one 

1ssue area and asked two key quest1ons (1) what management options should be 

cons1dered and (2) what were the key uncertainties that must be evaluated? In the event, 1t 

was much eas1er to 1dent1fy the opt1ons than to articulate the uncertamtJes that could be 

explored to help us make cho1ces about wh1ch pollc1es to adopt 

6.2.2. Overview of Problems and Issues 

The pomts ra1sed were orgamsed mto groups, and the groups d1v1ded roughly mto PressurE?, 

State and Response 1ssues, as th1s framework facilitates d1agnos1s of problems and 

development of management opt1ons (Walkerden, 1999) In general the 1ssues can be 

summansed 1nto the followmg key pomts, wh1ch w1ll be addressed m the estuary 

management study and plan 

• Ecolog1cally sustainable management of estuanne beaches, foreshores and 

seagrass meadows 

• ProtectiOn of ecolog1cally sens1t1ve habitats, eg Budgewo1 Sandmass and Tuggerah 

Bay 
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• Manag1ng potentially elevated nutnent and sed1ment loads to the estuary from 

mcreased urbamsat1on and development m the catchments 
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• Identification and management of those nutnents responsible for excess1ve aquat1c 

plant growth 

• Implications of penod1c dredgmg of nvers and the tidal delta at The Entrance 

• Pract1cal and ecolog1cal 1mphcat1ons of a second entrance and/or break walls, to alter 

ex1stmg estuanne m1xmg and flushing 

• The management of both recreational and commerc1al f1shenes 

• Potential ecolog1cal effects of mme subsidence 

• The feas1b1hty of us1ng "B1omd1cators" to quant1fy whether management targets for 

the estuary are attamed 

6.3. Management of Estuarine Foreshores 

6.3.1. Beaches and Reserves 

Wyong Sh1re Council has respons1b1hty for mamtammg and regularly cleanmg public 

foreshores around the Tuggerah Lakes estuary Th1s 1s done to 1mprove v1sual amemty and 

1s cons1dered Important for tounst areas such as at Canton Beach. Seagrass and 

macroalgae wrack and dangerous objects such as broken glass and synnges are removed 

usmg a tractor and rake A foreshore mamtenance and beach cleanmg procedure manual 

has been prepared by Counc1l, and IS regularly rev1ewed and updated (WSC, 1998) Council 

has been collecting seagrass wrack from public foreshores for many years, however the 

potential environmental 1mpacts assoc1ated w1th these operations has never been quant1f1ed 

Potential effects mclude the phys1cal disturbance of the strucure of the beach and the fauna 

and flora that hve there. A study IS currently bemg done by the Umvers1ty of Newcastle on 

the effects of beach cleanmg on estuanne beach fauna and av1-fauna Wyong Council 1n 

collaboration w1th the Centre for Ecolog1cal Impacts on Coastal C1t1es {EICC) have also 

begun prehm1nary mvest1gat1ons mto the ecological processes assoc1ated With seagrass 

wrack and saltmarsh The results of these 1nvest1gatlons w111 be reported m the management 

study 

6.3.2. Fragmented Saltmarsh Habitats 

Saltmarshes and fnngmg wetlands are 1mportant 1n the nutnent cycling process 1n NSW 

coastal estuanes and are 1mportant feed1ng and nursery hab1tats for many b1rds, f1sh, 

mvertebrates, and a range of fauna Around f1fty percent of these habitats have been 

destroyed m NSW, through the d1rect results of development and the 1nd1rect effects of 
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anthropogemc disturbance These habitats are generally h1gh on the shore of estuanne 

mtert1dal mudflats and are usually located behmd mangrove forests They are usually 

dommated by salt-tolerant spec1es of grasses, sedges, rushes, forbs, shrubs and small trees 

(Samty and Roberts, 2000) Although there has been considerable urban development 

around the Tuggerah Lakes estuary, fnng1ng Saltmarsh and wetland vegetation can st1ll be 

found m some undeveloped areas (Samty, 1998) Saltmarshes are frequently mundated by 

seawater because of tidal act1on, however, m the Tuggerah estuary, the tidal range IS qUite 

small Floodmg and long-term changes to mean water levels m the estuary are generally the 

mechamsms by wh1ch these part1cular hab1tats become mundated 

No data ex1sted on the smaller fragmented saltmarshes around the estuary These 

fragmented hab1tats are Important to the ecology of the estuary and the1r protection or 

enhancement needs to be considered m conjunction w1th public amemty A study was done 

to 1dent1fy ex1stmg fragmented saltmarsh/wetland hab1tats and outline methods to mamtam or 

enhance them (Duchatel, 2000) These data were essent1al to ass1st m formulatmg 

management opt1ons for foreshore mamtenance on Counc1l reserves that accounts for all 

stakeholders and users, wh1lst balancmg the ecology of the estuary The 1nformat1on from 

th1s mvest1gat1on w111 be v1tal for the Tuggerah Lakes Estuary Management Plan The project 

outcomes w1ll1nclude a sem1-quant1tat1ve assessment of the rema1nmg fragmented/disturbed 

saltmarsh hab1tats and make recommendations on management of the ex1stmg 

fragmented/disturbed saltmarsh habitats 

6.3.3. Effects of the Weed Harvester 

As part of the Lakes Restorat1on program a mechanical weed harvester was comm1ss1oned 

to remove floatmg seagrass and macroalgae wrack from shallow seagrass meadows, m h1gh 

pnonty areas around the estuary NSW F1shenes 1ssued an expenmental perm1t to collect 

wrack on the bas1s that environmental momtonng was done, where the effects of the 

harvester on seagrasses, benthic and nektomc assemblages was exammed Th1s research 

mto the potent1al 1mpacts of the harvester IS bemg done as part of a Post Graduate degree 

at the Umvers1ty of Newcastle A momtonng program has been m place s1nce August 1997, 

w1th regular sampling occurnng dunng each summer and wmter seasons The harvester d1d 

not begm operation until late 1998, so essential "before" data were collected for two wmter 

and one summer penod. "After" data now mcludes one summer and w1nter penod and future 

work w111 prov1de further summer/wmter data ~ 

The dommant sea grass spec1es was Zostera capncornu, w1th Hqlophlfa oval1s and Rupp1a 
" megacarpa spread throughout a vanety of areas The proJeCt has prov1ded two years of 

/ 

seasonal data on z capncornu from each of the three /kes Vanables 1nclude the numbeo 

/ ~·'~} 
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The dominant seagrass species was Zostera capricomii, with Halophila ova/is and Ruppia 

megacarpa spread throughout a variety of areas. The project has provided two years of 

seasonal data on Z. capricomii from each of the three lakes. Variables include the number 

of shoots, number of leaves per shoot, leaf lengths and biomass, all of which have not been 

previously been recorded. Significant spatial variation and seasonal trends were observed 

for some variables, with generally greater seagrass biomass during the warmer months 

(Figure 64). During winter the seagrass appeared to "die-back" producing less biomass and 

shorter leaf lengths (Figure 65). It is possible that the longer leaves are "sloughed" from the 

shoot in late summer, contributing to floating wrack mats and decreasing the average leaf 

lengths in winter (Casey, 1999). 

The richness and abundance of fish assemblages in the estuary generally increased in 

summer (Figures 66 & 67). lnfaunal macroinvertebrates were also sampled during winter 

1997/1999 and summer 1998 and seasonal trends were observed (Casey, 1999). The 

amount of by-catch and live seagrass being collected by the harvester was assessed in an 

experiment (Casey, 1999). The results indicated that negligible amounts of live seagrass 

and associated fauna were collected, however recent observations are that by-catch from 

the harvester may be larger and dependent on the operator and the location. Furthermore, it 

was found that turbidity and nutrients in the water column were significantly increased during 

harvesting, primarily due to the turbulent action of the paddlewheels. Daley ( 1997) found 

similar results in an experiment on the effects of manually raking seagrass wrack, where 

nutrients were elevated by an order of magnitude in the water column. 
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6.3.4. Ecologically Sustainable Foreshore Mauagemeut 

In New South Wales, many areas of saltmarsh have been cleared and re-establishment or 

restorat1on of these habitats can be problematiC (Chapman and Underwood, 1997) There 

are remnant patches of saltmarshes around the Tuggerah Lake estuary, some of wh1ch 

appear to be qUite healthy (Samty, 1998) There are also very large patches of disturbed 

foreshore, wh1ch probably once contamed saltmarsh (Duchatel, 2000) Observations have 

been made that sea grass wrack washed onto beaches may ass1st the establishment and/or 

growth and surv1val of saltmarsh plants Th1s may be because they prov1de a structure, 

wh1ch helps to reduce eros1on and dess1cat1on of the so11 and may prov1de nutnents to what 

are essentially nutnent-poor sediments To test these observations, a senes of man1pulat1ve 

expenments are bemg done by the EICC m collaboration w1th Wyong Sh1re Counc11 These 

expenments were des1gned to test hypotheses regardmg the role of seagrass wrack m the 

establishment and growth of saltmarsh Further expenments are exammmg how seagrass 

wrack may be used to ass1st saltmarsh restoration programs Fmally, saltmarsh may ass1st 

1n the recycling process m estuanes and removal of these hab1tats may have cnt1cally altered 

the natural breakdown of seagrass wrack m the estuary These management expenments 

are the f1rst step m address1ng the role of saltmarsh and fnngmg wetlands as nutnent 

recyclers m the estuary and m gUidmg the development of ecologically sustainable foreshore 

management 

6.4. Managing Nutrients and Sediments 

Wyong Sh1re Council currently mon1tors the amb1ent nutnent concentrations w1thm the water 

column of the estuary and at the major nver Inflows at a number of spat1al and temporal 

scales (Cummms eta/, 1999) Groundwater contnbut1ons have also been exammed (Kerry, 

1999), as well as the flux rates of nutnents between the sed1ments and the water column 

Nutnents (mtrogen and phosphorus) and sed1ments enter the estuary by vanous pathways, 

mcludmg nvenne sources, urban runoff (stormwater), groundwater, atmosphenc depositiOn 

(mtrogen), and ocean exchange The estuary 1s the rece1v1ng waters for most of the larger 

catchment based runoff and localised urban stormwater runoff Excess1ve nutnents and 

sed1ments can alter the ecolog1cal status of rece1v1ng waters and 1n many cases lead to 

eutroph1cat1on A stormwater management plan wh1ch mcorporated catchments drammg to 

the Tuggerah Lakes estuary was developed by Wyong Sh1re Counc11 (D1ckmson, 1999) The 

estuary was subjected to h1gh levels of nutnent ennchment (eutroph1cat1on) 1n the past, from 

vanous sources mcludmg sept1c systems and poor land-management-practices Large-scale 

blooms of vanous macroalgae (e g Chaetomorpha, Enteromorpha and Ulva) were common 
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dunng the 1980's leadmg to the Lakes Restoration Program Blooms of macroalgae st1ll 

occur at small-scales, generally m shallow vegetated seagrass meadows m close prox1m1ty 

to stormwater drams (Cummms et at, 2000) 

6.4.1. Stormwater Treatment Zones 

As part of the Tuggerah Lakes Restoration Project, some 37 gross pollutant traps (GPT's) 

and 200 stormwater treatment zones (STZ's) were constructed around the foreshores of the 

estuary at ex1stmg stormwater discharge pomts These structures were des1gned to remove 

sed1ments and other gross pollutants and nutnents from stormwater pnor to discharge 1nto 

the estuary The STZ's are regularly ma1ntamed by Wyong Sh1re Counc1l, but the1r 

effectiveness 1n terms of sed1ment and nutnent removal was questioned by Samty and 

Hunter (1997) and by D1ckmson (1997) Observations have been made that particularly 

coarse matenal has formed alluvial fans 1n front of some stormwater dramage lines Some 

of the coarse matenal has been 1dent1f1ed as gravel havmg a part1cle d1ameter of 

approximately 2mm or more (D1ckmson, 1997) The fact that such coarse matenal ex1sts 

suggests that the GPT's are not trappmg fme matenal1f the coarse matenal1s passmg 

through 1n larger flows (D1ckmson, 1999) Furthermore, the s1ze of the mm1-wetlands at the 

end of the stormwaters drams were too small, 1n terms of the volume of water they must 

treat, and the1r phys1cal des1gn allows water to pass stra1ght through the macrophytes 

Without any chance of nutnent uptake (Sa1nty and Hunter, 1997) 

6.4.2. Experimental Manipulations of STZ's 

A number of STZ's have been 1dent1f1ed for upgradmg wh1ch would make them more eff1c1ent 

at nutnent and sed1ment removal Counc11 was successful m obtammg fundmg from the 

Nat1onal Hentage Trust (NHT) for a collaborative management expenment w1th the EICC, to 

assess local aquat1c assemblages m response to upgradmg STZ's m the estuary The 

ObjeCtive of the study was to quant1fy the ecolog1cal response to upgradmg STZ's w1th1n 

shallow seagrass meadows 1mmed1ately adjacent to stormwater po1nt sources The project 

outcomes Will 1nclude a quant1tat1ve assessment of whether there IS eff1c1ent nutnent and 

sed1ment removal, whilst documentmg the ecolog1cal response of the aquat1c assemblages 

w1thm the rece1vmg waters S1x STZ's along the western shoreline of Budgewo1 Lake have 

been selected where the man1pulat1ve expenments are to be done At each of the STZ's a 

number of vanables are bemg measured mcludmg water quality, benthiC mfauna, 

seagrasses, macroalgae and nutnent uptake m the deployed bivalve Xenostrobts secuns 
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6.4.3. Nutrient Limitation 

The major plant nutrients nitrogen and phosphorus are important for the growth of 

macroalgae (Bayne eta/., 1999; Cummins eta/., 2000). Temperature, light, salinity, and the 

effects of grazing invertebrates and fish also potentially interact with the growth of 

macroalgae. Wyong Shire Council is investigating the possibility of retrofitting or upgrading 

a number of sub-catchment stormwater treatment trains and devices to help control nutrients 

entering the estuary (Dickinson, 1999). To assist in the design of these stormwater 

upgrades it was necessary to establish which nutrients need targeting so that efficient 

designs can be developed for the stormwater treatment devices. A nutrient limitation study 

on the growth of macroalgae has begun with a laboratory and field based experimental 

approach (Bayne eta/., 1999). The results of this collaborative research between the EICC 

and Wyong Shire Council will be reported in the management study. 

6.5. Dredging of the Tidal and River Deltas 

Maintenance dredging is currently done to keep the entrance channel open and river deltas 

navigable. The overall effect of maintenance--aredging on the ecology of the estuary will be 

assessed, as will the potential impact of larg,-scale dredging proposals such as the Budgewoi 

sandmass. The effects of dredging on benthic and seagrass communities will also be 

assessed with the aid of management experiments as part of the estuary management 

study. 

6.6. Entrance Management 

Wyong Shire Council currently maintains an open entrance channel to the sea primarily to 

elleviate the effects of severe flooding in low-lying developed areas around the estuary. The », I M 0\ · entrance channel is kept open by Council's dredge and the resultant spoil from the dredging 

\--..[is relocated to the northern end of the entrance. Hydrodynamic and water: quality monitoring 

I uggesl tflat the benefits of dredging to the- flushing of the estuary are minimal and the 

effects on eStuarine ecorogy are not known. Twin breakwalls at the entrance and opening a 

J second entrance in the north-east section of Budgewoi Lake (Budgewoi Sandmass) have 

-:1._ ~r been suggested as a way to increase tidal exchange and flushing. The AEAM program was 

J <..tJ... ~ used to model these scenarios and found that these options would not have the desired 

I 
I 

~ · · "flushing" effects (Walkerden and Gilmore, 1996). Furthermore, the environmental 

implications of opening a second entrance have not been examined and a full examination of 
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the ecolog1cal 1mplicat1ons would be requ1red and IS beyond the scope of th1s study G1ven 

that the modelling showed that a second entrance would not result m "flushmg the lakes", 1t 

1s considered that th1s opt1on be a low pnonty, however further d1scuss1on on th1s 

management opt1on w111 need to be done as part of the estuary management plan 

6.7. Fisheries Management 

The Tuggerah Lakes estuary 1s the f1fth largest commerc1al and seventh largest recreational 

fishery w1thm NSW W1th mcreas1ng population pressures m the catchment, there have 

~ been suggest1ons that the f1shery cannot be sustamed mto the future (Wanless, 1998) A 

~ ~ 
1 

rev1ew of h1stoncal and recent catch records showed that f1sh catches fluctuated from year to 

~ ~j..t · year w1th a decline m total catches (Wanless, 1998) The f1shery has been exam1ned for the 

effects of operat1ng the Lake Munmorah Power stat1on and the additiOn of another power 

stat1on at Chlttaway Po1nt (Ruelle, 1978, Henry and V1rgona, 1980, V1rgona and Henry, 

y 

1983) The open water hab1tats of the estuary are where the majonty of the pnmary target 

spec1es can be found (The Ecology Lab, 1998), wh1lst the seagrass beds are thought to be 

nursery grounds for larval fishes and other mvertebrates (Bell and Pollard, 1989). 

Commercial f1sh1ng w1thm the estuary has been ongomg smce the early 1900's Records 

have been kept for at least 50 years by NSW F1shenes m the form of catch return forms, 

submitted each month by the commerc1al fishers The present number of commercial 

fishers usmg the estuary on a regular bas1s IS 44, compared w1th 60 m 1984 (Wanless, 

1998) The recreational fishery 1s a mult1-spec1es, mult1-gear, small boat and shore based 

f1shery, targetmg a d1verse range of spec1es m NSW estuanes (Fletcher, 1998) F1shmg 

effort by recreational anglers IS thought to be 1ntense w1th recreational surveys havmg been 

done for more than 30 years (Fletcher, 1998) It has been est1mated that at least one th1rd 

of the population engage m recreational f1shmg at least once per year, on a casual bas1s, 

and recreational f1shmg IS st1ll qUite popular w1thm the estuary The effects of f1sh1ng m the 

Tuggerah Lakes estuary Will be further explored m the estuary management study. Although 

conflict between commerc1al and recreational anglers IS m1n1mal, there have been calls by 

the community to ban commerc1al f1shmg The conservation of b1olog1cal d1vers1ty of f1sh and 

manne vegetat1on and the protect1on of threatened spec1es, populations and ecological 

commun1t1es and key f1sh hab1tat are pnmary objectives under the F1shenes Management 

Act (Fletcher, 1998) F1shenes hab1tat loss, potential eutr+h1cat1on and entrance 

management all need to be explored m the management sudytJ 
1\ 
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6.8. Ecologically Sensitive Habitats 

6.8.1. Tuggerah Bay 

Tuggerah Bay has been 1dent1f1ed as an Important ecolog1cally sens1t1ve hab1tat w1th1n the 

Tuggerah Lakes estuary (Samty, 1998) There has been very little development around the 

shoreline of Tuggerah Bay, so much of the fnng1ng wetlands are relatively undisturbed 

Phys1cal disturbance to the saltmarshes does occur through horse nd1ng, four-wheel dnvmg 

and motorcycling act1v1t1es (R1Iey, 1998) Wyong Sh1re Counc1l has attempted to "seal off' 

the area so that disturbance to the saltmarsh and fnng1ng wetlands IS m1n1m1sed The 

seagrass meadows w1th1n Tuggerah Bay are nch and support prolifiC b1rdlife, Invertebrates 

and f1sh assemblages (Daley, 1997, Mackey, 1998; Bryant, 1999, Casey, 1999, Cumm1ns et 

a/., 2000). Tuggerah Bay w111 be targeted w1th1n the management study as an ecologically 

sens1tve area wh1ch may need protect1on and further mvest1gat1ons w111 be done to ascerta1n 

1ts value to the ent1re estuary These mclude an assessment of the role of seagrasses to 

mvertebrate and f1sh assemblages and the development of a management plan spec1f1c for 

Tuggerah Bay 

6.8.2. Colongra Wetland 

Colongra wetland 1s s1tuated w1th1n Lake Munmorah on land currently owned by Delta 

Electnc1ty, wh1ch 1s to be donated to the Nat1onal Parks and Wildlife Serv1ce The wetland IS 

perched above Lake Munmorah and 1s considered s1gn1f1cant w1th1n the area because of 1ts 

relat1ve 1solat1on, lack of urban development and as an 1mportant water b1rd hab1tat 

(Duchatel, 1998, Samty, 1998, Mackey, 1999, Wallbndge, 1999) Recent mme subsidence 

1n the area has caused some problems for the wetland and assoc1ated fnngmg flora and 

fauna (Duchatel, 1998) A plan of management for the wetland Will need to be considered, 

w1thm the estuary management study, wh1ch takes mto account all stake-holders and 

remedial management strateg1es 

6.8.3. Budgewoi Sandmass 

The Bugewo1 sandmass IS a relic tidal delta that was once open to the sea and IS the result 

of manne sands be1ng depos1ted mto the estuary through tidal exchange and storm events 

The sandmass IS a valuable ecolog1cal area w1th1n the estuary because 1t prov1des non-t1dal 

areas for feed1ng and roost1ng for many m1gratory and local waterbirds (Mackey, 1999, 

Bryant, 1999) There have been proposals to mme the sandmass and a number of 

Enwonmental Impact Stud1es have been prepared (Resource Plann~ng Pty Ltd, 1991, 
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Cheng, 1997) The estuary management study w111 be focussing on th1s area as a sens1t1ve 

hab1tat and exam1mng the potential ecolog1cal effects of any proposed m1n1ng or future 

development 

7. ACKNOWLEDGMENTS 

Many 1nd1v1duals and orgamsat1ons ass1sted w1th th1s study and the1r contnbut1ons are gratefully 

acknowledged Kerry Yates, Greg Walkerden and Dave Cathers are thanked for the1r cont1nued 

management support of the program The following are thanked for the1r vanous contnbut1ons, 

Tuggerah Lakes Estuary and Coastal Management Subcommittee (see appendix 1 for list of 

members), Tuggerah Lakes Techn1cal Rev1ew Panel (see appendiX 2 for list of members), Joanne 

Adams, Penny AJanl, John Axford, Bnan Bayne, Bnan Bell, K1rsty Blacklock, Paul Bowditch, Walter 

Boynton, Faye Brennan, Kev1n Butler, Scott Carter, Karla Casey, Gee Chapman, Tony Church, Ash 

Churches, Geoff Coade, Hal Cogger, Peter Collins, Ross Cooke, Sharon Cumm1ns, Helen Daley, Todd 

D1ck1nson, Kathryn Duchatel, Lana Duffy, Scott Duncan, Rose Eliason, Frank Garofallow, B1ll 

Gladstone, Allistar G1lmour, Ken Grantham, Bob Gray, Gustaff Hallegraeff, Gary Henry, Ross 

H1gg1nson, Geoff Hunter, Alan Jones, Nell Kelleher, Klaus Koop, Randal Lee, Marcus L1ncoln-Sm1th, 

M1ke Long, Peter Mackey, Daryl! Mann, Sue McDonald, Robyn McKenz1e, Ross McPherson, John 

McPherson, Alan Morns, Steve Mud1e, Shane Murray, Dean Musgrove, N1ck Otway, Troy Outerbndge, 

Janet Patterson, Ben Pearson, Adam Phillips, Alison P1gott, T1m Pntchard, Trudy Rae, Tony Roach, 

Graeme Rob1nson, Anna Redden, Peter Roy, Cliff Russell, Geoff Sa1nty, Peter Scanes, Roger Sh1rack, 

Adam Sm1th, Dan Sm1th, Bruce Taper, Bruce Thom, S1an Towell, Tony Underwood, Dave van Senden, 

Tom Wallace, Alex W1111ams, Paul W1se, S1mone W1tkowsk1, Ned Wnght, Ken Zimmerman 

I 
I' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

8. References 

• Abal, E G, Holloway, K M, Denmson, W C (1998) Intenm Stage 2 Scientific Report Bnsbane 
R.tver & Moreton Bay Wastewater Management Study 

169 

• Abal, E G, Lonergan, N, Bowen, P, Perry, C J, Udy, J W, Denmson, W C (1994) Physiological 
and morphologtcal responces of the seagrass Zosstera capncorrn Aschers To light mtenslty J Exp 
Mar Bzol Ecol 178, 113-129 

• Adam, P, Stncker, J (1993) Wetlands of the Sydney Region Nature Conservation Council 
• Adam, P, Wilson, N C, Huntley, B (1988) The phytosociOlogy of coastal 

saltmarsh vegetation m New South Wales Wetlands (Australza) 7 35-85 
• Aller, R C (1982) The effects of macrobenthos on chenncal properties ofmanne sedrment and 

overlymg water In Ammal-sedzment relatzons The bzogemc alteratzon of sedzments (Eds McCall, P 
L & Tevesz, M J S) Plenum press, New York pp 53-102 

• ANZECC, (1992), Australian water quality gUidelmes for fresh and manne waters, Australian & New 
Zealand Envrronment & ConservatiOn Council 

• ANZECC (1998) Australzan Water Qualzty Guzdlmesfor Fresh and Manne Waters Australian and 
New Zealand Envrronment and Conservation Council Draft Report 

• APHA, A WW A and WPCF (1989) Standard methods for the exannnauon of water and wastewater, 
17th edition Edited by L S Clescen, A E Greenburg and R R Trussel Washmgton D C , USA 

• Austen, M C, Warwick, R M, Rosado, M C (1989) Mewbentluc and macrobentluc commuruty 
structure along a putative pollutiOn gradient m southern Portugal Mar Pollut Bull 20, 398-405 

• Batley, G E (1987) Heavy metal speciation m waters, sedrments and bwta from Lake Macquane, New 
South Wales Aust J Mar Freshwater Res 38, 591-606 

• Batley, G E, Body, N, Cook, B, Dibb, L, Flemmg, PM, Skynng, G (1990) The ecology of the 
Tuggerah Lakes system A reVIew With special reference to the !IDpact of the Munmorah Power station 
CSIRO DIVISion of Fuel Technology and The Murray Darlmg Freshwater Research Centre 

• Bayne, B L, Grant, A J, Trautman, D A (1999) Effects of added nutnents on the mcrease m biOmass 
ofbentluc macroalgae m the Tuggerah Lakes EICC Report, Umvemty of Sydney 

• Bell, S S, Hall, M 0, Fonseca, M S (1995) Toward a landscape approach m seagrass beds usmg 
macroalgal accumulatiOn to address questiOns of scale Oecologza (Berl) 104, 163-168 

• Bell and Pollard 1989) The ecology of fish assemblages associated With seagrasses In A W D 
Larkurn, A J McComb, S A Shepherd (Eds) Biology of seagrasses A treatise on the bwlgy of 
sea grasses With special reference to the Australian regwn ElseVIer Publishers, New York 

• Brrd, F L (1994) The effects of biOturbation on Port Phillip Bay CSIRO Port Phillip Bay 
Envrronmental Study Techmcal Report No 14 

• Bloom, S A , S!IDon, J L , Hunter, V D ( 1972) Ammal sediment relations and commuruty analysis of 
a Flonda estuary Mar Bzol 13, 43-56 

• Boake, M (1991) On condition ofWyong Shire's water supply catchment Unpublished report 
prepared for Wyong Slure Council 

• Boesch, D F, Rosenberg, R (1981) Response to stress m manne bentluc commurutles In Stress 
EffectsonNatura/Ecosystems EdsG W BarretandR Rosenberg Wiley,NewYork pp 179-200 

• Bourgues, S, Carpenter, M, Coade, G, Scanes, P, Koop, K (1998a) Sediment-water fluxes of oxygen 
and nutnents m Tuggerah Lakes Unpublished report prepared for Wyong Slure Council, Australia 

• Bourgues, S, AJam, P, Carpenter, M, Coade, G, Scanes, P, Koop, K (l998b) Nutnents and 
phytoplankton status m the Tuggerah Lake after a flood event Unpublished report prepared for Wyong 
Slure Council, Australia 

• Boynton, W R (1997) Chesapeake Bay eutrophication Current status, lustoncal trends, nutnent 
hnntation and management actions In Coastal Nutnents Workshop (Proceedmgs) Australian Water & 
Wastewater Association Incorporated, Sydney pp 6-13 

• Boynton, W R, Garber, J H, Sunrmers, R, Kemp, W M (l995b) Inputs, transformations, and 
transport of mtrogen and phosphorous m Chesapeake Bay and selected tnbutanes Estuanes 18, 285-
314 

• Boynton, W R, Kemp, W M, Keefe, C W (l995a) A comparative analysis ofnutnents and other 
factors mfluencmg estuarme phytoplankton production In Estuanne Compansons Acadennc Press, 
Inc pp 69-90 

• Boynton, W R, Magdeburger, L L, Weaver, B J, Barnes, J M (1997) The effects of macrobenthos 
on sedrment-water oxygen and anrmomum fluxes Unpublished report prepared for U S Army Corps of 
Engmeers, VIcksburg, USA 



170 

• Burkholder, J M, Mason, K M, Glasgow, H B Jr (1992) Water-column rutrate ennchment promotes 
declme of eelgrass Zostera manna eVIdence from seasonal mesocosm expenments Ma r Ecol Prog 
Ser 81, 163-178 

• Cambndge, M L, McComb, A J (1984) The loss of seagrasses m Cockburn Sound, Western 
Australia I The tmle course and magrutude of seagrass declme m relation to mdustnal development 
Aquat Bot 20, 229-243 

• Casey, K (1999) Prelffilffiary mvestigations on seagrass and related faunal communities Withm the 
tuggerah lakes Uruvemty of Newcastle 

• Chapman, A R 0, Craigie, J S (1977) Seasonal growth mLammana long1cruns relatiOns With 
dissolved morgaruc nutnents and mtemal reserves ofrutrogen Mar Bwl 40, 197-205 

• Chapman, G M, Underwood, A J ( 1997) Concepts and Issues m restoratiOn of mangrove forests m 
urban envrronments Frontiers m Ecology, Bmldmg the lmks E1semer Science, Oxford Ltd 

• Cheng, D (1980) Further study of the littoral algae ofTuggera!I Lakes NSW Institute of Technology 
• Cheng, D (1984) Ecological basis for the management ofTuggerah Lakes NSW Institute of 

Technology 
• Cheng, D (1985) The effect of changes m water temperature on pnmary productiOn of Chaetomorpha 

NSW Institute of Technology 
• Cheng, D (1986a) The effect of changes m salllllty on the rates ofpnmary production of 

Chaetomorpha NSW Institute of Technology 
• Cheng, D ( 1986b) Expenments on nutnent additions on the growth of Chaetomorpha /mum NSW 

Institute ofTechnology 
• Cheng, D (1987) Cherrncal Composition ofChaetomorpha and Enteromorpha from Tuggera!I Lakes, 

NSW Institute of Technology 
• Cheng, D (1990) h!vestlgatlon of the effects of temperature changes on the growth of Chaetomorpha 

/mum from Tuggerah Lakes UruvefS!ty of Technology, Sydney 
• Cheng, D (1994) Phytoplankton Morutonng m the Tuggerah Lakes Uruvers1ty of Technology, Sydney 
• Cheng, D (1995) Water quality morutonng ofTuggerah Lakes for the purposes of management 

Uruvers1ty of Technology, Sydney 
• Cheng, D ( 1996) Water Quality Morutonng of Tuggerah Lakes for the Purpose of Management, 

Uruvers1ty of Technology, Sydney 
• Cheng, D (1997) Phytoplankton Morutonng m the Tuggerah Lakes Uruvemty of Technology, Sydney 
• Clark, K R ( 1993) Non-parametnc multivanate analyses of change m community structure Aust J 

Ecol 18, 117-145 
• Clarke, K R, WarWick, R M (1994) Change m marme communities An approach to statistical analysis 

and mterpretation Natural Envrronmental Research Council Plymouth, UK 
• Cloem, J E (1992) Does the benthos control phytoplankton biomass m South San Francisco Bay Mar 

Ecol Prog Ser 9, 191-202. 
• Coade, G (1997) h!d1cators ofnutnent status m estuarme waters In Coastal Nutrients Workshop 

(Proceedmgs) Australian Water & Wastewater AssociatiOn Incorporated, Sydney 
• Constable, A J, Fairweather, P G (1999) Ecology of estuanes and soft-sedrment habitats symposmm 

mtroduction Aust J Ecol 24, 289-290 
• Coull, B C (1997) Role ofmewfalllJa m estuarme soft-bottom habitats Aust J Ecol 24,327-343 
• Courtnay, G (1992) The mfluence ofMunmorah Power Station's discharge on the bentluc community 

ofBugewo1 Lake Grad D1p, Uruvemty ofNSW 
• Cnmmms, S P (1998) The role ofbentluc fauna m nutnent cychng Withm estuaries Uruvers1ty of 

Newcastle 
• Curnmms, S P, Daley, H, Roberts, D E, Walkerden, G (2000) Macroalgal distnbutiOn m relation to 

developed and undeveloped foreshores around the Tuggerah Lakes estuary, NSW Wyong Shrre 
Council 

• Cnmmms, S P , Roberts, D E , A Jam, P , Underwood, A J (2000) Spatial and temporal patterns m 
the phytoplankton assemblages of an urbarused estuary how rmportant are seagrass meadows to 
commuruty structure Mar Ecol Prog Ser , ms 

• Cnmmms, S P, Roberts, D E, Walkerden, G (1999) Water quality dynanncs m the Tuggerah Lakes 
estuary Wyong Shrre Council 

• Daley, H (1997) Seagrass and nJacrofa=l d1stnbutions m Tuggerah Lake a companson of disturbed 
and undisturbed locations Honors Thesis, Uruvers1ty of Newcastle 

• Davies, S J J F (1984) Methods ofcensusmg b1rds zn Australza Bulletm 153, RAOU and 
DepartJ.nent of Conservation and Envrronment, Perth 

• DaVIs, M W, Mch!trre, C D (1983) Effects of physical gradients on the productiOn dynanncs of 
sedrment-assocmted algae Manne Ecology Progress Senes 13, 103-114 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• DaVIS, J ( 1999) Epiphytes as md1cators of nutnent status m the Tuggerah Lakes estuary Progress 
Report Umvers1ty of Newcastle 

171 

• Day, J W, Hall, C A S, Kemp, W M, Yaiiez-Arancib!a, A (1989) Estuarme Ecology John Wiley 
& Sons, Bnsbane 

• Denruson, W C (1987) Effects ofhght on seagrass photosynthesis, growtll and depth d1stnbuuon 
A quat Bot 27, 15-26 

• Denruson, W C , Krrkman, H (1996) Seagrass survtval model, In proceedmgs of an mtemal workshop, 
Seagrass B10logy, Rottnest Island, Western Australia, 25-29/1196,341-344 

• D1ckmson, T (1997) The Sedrments ofTuggerah Lakes Therr Compositlon, Importance and 
Management, Umvemty of Newcastle 

• D1ckmson, T (1999) Urban stormwater management plan for the Tuggerah Lakes and Coastal 
Catchments Wyong Shrre Council 

• D1ckmson, T G, Roberts, D E (1999) Spaual and temporal changes m the d1stnbut10n of 
bottom sedrments m the Tuggerah Lakes estuary Mar Freshwater Res , ms 

• Doherty, M, Scanes, P, Dasey, M (1997) An mvesugat10n mto the maxrmum depth hnnts ofseagrass, 
Zostera sp , m NSW estuanes for use as a b10log1cal md1cator of estuanne health Envrronment 
Protectlon Authonty, Sydney, NSW 

• Duarte, C M (1991), Seagrass depth hnnts Aquat Bot, 40, 363-377 
• Duchatel, K (1998) Colongra Wetland subsidence rmpact assessment Samty and Associates Pty Ltd, 

Potts Pomt 
• Duchatel, K (2000) Management of fragmented disturbed saltmarsh habitats surroundmg the Tuggerah 

Lakes estuary Samty and Associates Pty Ltd , Potts Pomt 
• Dugdale, R C ( 1967) Nutnent hnntatlon m the sea dynanncs, Identlficauon and s1gruficance Lzmnol 

Oceanogr 12,685-695 
• Dustan, P, Pmckney, J L (1989) Tidally mduced estuarme phytoplankton patchmess Lzmnol 

Oceanogr 34,410-419 
• Estuary Management Manual (1992) Estuary Management Manual New South Wales Government 
• Erye, B, TWigg, C (1997) Nutnent behaVIour durmg post-flood recovery of the Richmond River 

estuary Northern NSW, Australia Estuar Coast Shelf Scz 44, 311-326 
• F1sher, T R, Peele, E R, Anrmerman, J W, Hardmg, Jr, L W (1992) Nutnent hnntatlon of 

phytoplankton m Chesapeake Bay Mar Ecol Prog Ser 82, 51-63 
• Fletcher, W J (1998) Strategic plan for research on the fishenes resources ofNSW 1998-2002 NSW 

AdVIsory Council on F1shenes Research 
• Fong, P, Donohoe, R M & Zedler, J B (1994) Nutnent concentration m Ussues of the macroalga 

Enteromorpha as a functiOn of nutrient Ins tory an expenmental evaluauon usmg field nncrocosms 
Manne Ecology Progress Serzes 106, 273-281 

• French, K , ZuboVIc, A ( 1997) The effect of the weed Chrysanthemozdes momlifera (B1tou Bush) on 
brrd commumues Wzldlife Research 24, 727-735 

• Fnth H J (1977) Waterfowl m Australza A H & A W Reed Pty Ltd, Sydney 
• Fukuhara, H , Sakamoto, M ( 1987) Enhancement of morgamc mtrogen and phosphate release from 

lake sedrment by tublfic1d worms and chrrononnd larvae Ozkos 48, 312-320 
• Gallegos, C L & Kenworthy, W J ( 1996) Seagrass depth hnnts m the Indian River Lagoon (Flonda, 

USA) Apphcatlon of an opucal water quality model, Estuarzne, Coastal & ShelfScz , 42, 267-288 
• Garofalow, F (1998) The exchange ofnutnents m the Tuggerah Lakes estuary, NSW, Australia 

Wyong Shrre Council 
• Gray, J S (1992) Eutroplncat10n m the sea In Manne Eutrophzcatzon and Populatzon Dynamzcs 

Ed1ted by G Colombo, I Ferran, V U Ceccherelh and R Ross1 Olsen and Olsen, Fredensborg, 
Denmark 

• Hallegraeff, G M (1993) A reVIew of harmful algal blooms and therr apparent global mcrease 
Phycologza 32, 79-99 

• Hallegraeff, G M ( 1994) Spec1es of the diatom genus Pseudomtzschza m Australian waters Bot Mar. 
37,397-411 

• Hamsak, M D (1983) The mtrogen relatlonslnps of marme macroalgae In Nztrogen m the Manne 
Envzronment Eds E J Carpenter, D G Capone Acadenuc Press, New York 

• Hansen, K, Knstensen, E (1997) Impact of macrofauna! recolomsauon on bentlnc metabolism and 
nutnent fluxes m a shallow marme sedrment preVIously overgrown With macroalgal mats Estuar Coast 
She/fScz45, 613-628 

• HANZAB (1996) Smpe to Pigeons (Volume 3) In Handbook of Australzan, New Zealand and 
Antarctzc Bmis Eds H1ggms, P J , DaVIes, S J J E RAOU, Melbourne 



172 

• Hams, G P ( 1996) Catchments and aquatic ecosystems nutnent ratios, flow regulatiOn and ecosystem 
unpacts m nvers hke the Hawkesbury-Nepean Cooperative Research Center for Freshwater Ecology 
DiscussiOn Paper CRC for Freshwater Ecology, Umvemty of Canberra 

• Hams, G P, Baxter, G (1995) Interannual vanabil1ty m phytoplankton biOmass and spec1es 
compositiOn m North Pme Dam, Bnsbane Fresh Bwl 17, 381-386 

• Henry, G W, Vrrgona, J L (1981) The Impact of the Munmorah Power Statton on the RecreatiOnal 
and Commercial Fmfish F1shenes ofTuggerah Lakes, Electnc1ty Comrmss10n ofNSW 

• H1ggms, R P, Tluel, H (EDS) (1988) Introduction to the Study ofMe10fauna Srmthsoman Inst Press, 
Washmgton, DC 

• H1ggmson, F R (1965) The d1stnbut10n of AquatiC AngiOsperms m the Tuggerah Lakes Ecosystem 
Lmnean Soc NSW, 90 329-334 

• H1ggmson, F R (1971) Ecolog1cal effects of pollution m Tuggerah Lakes Proc Ecol Soc Aust 5, 
143 

• Hodgson, B R (1979) The hydrology and zooplankton of Lake Macquane and the Tuggerah Lakes, 
Umvemty of New South Wales, PhD thes1s 

• Hunter, 1 (!996) EstmJates of the Flushmg ofTuggerah Lakes In Adapt1ve Envrronmental Assessment 
& Management (AEAM) Program for the Tuggerah Lakes system and assoc1ated catchments - Fmal 
Report, Macquane Research Ltd 

• Inter-Departmental Comrmttee (1979) Tuggerah Lakes Study Report, Mnnstry for Pubhc Works, 
Sydney 

• Jones, R 1 (!993) Wyong Rtver Water Qual1ty Survey Hawkesbury Agncultural College 
• Jorgensen, B B (1980) Seasonal oxygen depletiOn m the bottom waters of a Damsh fjord and 1ts 

effects on the bentluc commumty Ozkos 34, 68-76 
• Jergensen, B B, Serensen, 1 (1985) Seasonal cycles of02, N03- and SO/- reduction m estuanne 

sedunents the s1gmficance of an N03 reductiOn maxunum m sprmg Mar Ecol Prog Ser 24, 65-74 
• Kerry, B ( 1998) Groundwater nutnent loads, Tuggerah Lakes Umvers1ty of Newcastle 
• Kmg, R 1 (1996) Aquatic vegetation survey ofTuggerah Lakes Umvemty of New South Wales 
• Kmg, R 1 (1988) Thennal pollution and algal growth m the Tuggerah Lakes Wetlands 8, 30-32 
• Kmg, R, Hodgson, B (1995) Tuggerah Lakes System, New South Wales Australia, m Eutropluc 

Shallow Estuanes and Lagoons, CRC Press London 
• Kmg, R 1, Holland, V M (1986) Aquat1c angiOsperms m coastal salme lagoon ofNSW II The 

vegetatiOn of Tuggerah Lakes, With specific comments on the growth of Zostera capncornu Ascherson 
Proceedmgs of the Lmnean Soczety ofNSW 109,25-39 

• Kmney, E H , Roman, C T (1998) Response of pnmary producers to nutnent ennchment m a shallow 
estuary Mar Ecol Prog Ser 163, 89-98 

• KJerfve, B (!979) Measurements and analys1s of water, temperature, salnnty and dens1ty InK R, 
Dyer (Ed) Hydrography and sedunentatton m estuanes Cambndge Umvemty Press, UK 

• K01ke, I, Mukai, H (1988) N1trate reductiOn and demtnficatton m marme sedunents In Nztrogen 
cyclmg m Coastal Manne Envzronments (Eds Blackburn, T H, & Sorenson, 1) John Wiley & Sons, 
Cluchester 

• Long, E R, Macdonald, D D, Srmth, S L, Calder, F D (1995) Inc1dence of adverse biOlogical 
effects Wlthm ranges of chermcal concentratiOns m marme and estuanne sedunents Envzronmental 
Management 19,81-97 

• Lund, 1 W , Klplmg, C , Le Cren, E D (1958) An mverted rmcroscope method of estimating algal 
numbers and the statistical bas1s of estunattons by countmg Hydrobzologza 11, 143-70 

• Macintyre, R 1 (1990) Report on Tuggerah lakes Benthos ProJect (June 1990) Electnc1ty Comrmss10n 
of New South Wales 

• Mackey, P (1999) A prelunmary mvesttgatton mto the d1vemty and abundance ofbrrds found utthsmg 
the fnngmg vegetation habitat of the T uggerah Lakes estuary Aquatic Ecolog1cal Investigations, 
Sydney 

• Malllll, M A , Paerl, H W , Rudek, 1 (1991) Seasonal phytoplankton compos1tton, productlVlty and 
biOmass m the Neuse Rtver estuary, North Carolma Estuar Coast ShelfScz 32, 609-623 

• Mallm, M A, Paerl, H W, Rudek, 1, Bates, P W (1993) RegulatiOn of estuanne pnmary productiOn 
by watershed ramfall and nver flow Mar Ecol Prog Ser 93, 199-203 

• Mann, R A, lung, R F, Huang, B (1996) Contarmnants m sedunents from Calabash Pomt, Berowra 
Creek CSIRO DIVISIOn of Coal and Energy Technology 

• Martm, P M , Aragao, S (1997) Report on the JOIDt Umvemty of Sydney- Wyong Shrre Council turf 
farms study, Volume 1 Mam report Umvemty of Sydney & Wyong Shrre Council 

• Moms, A K (1992) Tuggerah Lakes A great brrd watchmg location on the Central Coast of New 
South Wales The Bzrd Observer, 9-11 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

173 

• Moms, A K (1996) Central Coast Bzrd Regwn of New South Wales 1995 Bzrd Report NSW F1eld 
Orrutholog1sts Club, Sydney, NSW 

• Momsey, D (1995) Saltmarshes In Unde!Wood, A J & M G Chapman (eds ), 
Coastal Manne Ecology of Temperate Australza UNSW Press, Sydney 

• Moss, B (1988) Ecology of fresh waters, man and medzum 2nd edn, Blackwell Sc1entdic 
PublicatiOns, Oxford 

• Murphy, C L (1993) Soil Landscapes of the Gosford-Lake Macquane I 100000 Sheet report 
Department of ConservatiOn and Land Management 

• Muston, R (1999) Gosford-WyongJornt water supply envrronmental flows strategy Quality 
Envrronmental Management Pty Ltd, Farry Meadow 

• NPWS ( 1995) Wyrrabalong Natwnal Park- Draft plan of management Natwnal Parks and W1ldhfe 
SefV!ce, Sydney 

• Nielsen, J, Jemakoff, P (1996) A reVIew of the mteraction of sed!ffient and water quahty With bentlnc 
commuruties CSIRO Port Plulhp Bay Envrronmental Study Techrucal Report No 25 

• NIXon, S W (1981) N1trogen m estuarme and coastal marme ecosystems InNztrogen m the Manne 
Envzronment Carpenter, E J, Capone, D G (eds) Acaderrnc Press, New York 

• Ork, R J, Moore, K A (1983) Chesapeake Bay an unprecedented declme m submerged aquatic 
vegetatiOn Sczence 222, 51-53 

• Paerl, H W, Rudeck, J, Mallm, M A (1990) Stlmulation of phytoplankton productiOn m coastal 
waters by natural ramfall mputs nutntwnal and tropluc rmplications Mar Bwl 107, 247-254 

• Partndge, I J (ed) (1994) Wzllzt Ram? Agncultural ProductiOn m Townsv1lle, State of Queensland, 
Dept of PrlffiarY Industnes 

• Patterson Bntton & Partners ( 1992) Tuggerah Lake Restoration ProJect Status Report Patterson 
Bntton & Partners Pty Ltd, North Sydney 

• Pearson, B (1999) Seagrass ground truthmg- Tuggerah Lake ERM M1tchell McCotter, Sydney 
• Pearson, T H , Rosenberg, R (1978) Macrobentluc successiOn m relatiOn to orgamc ennclunent and 

pollution of the marme envrronment Oceanography & Manne Bwlogy An Annual Revzew 16, 229-
311 

• Peckol, P, DeMeo-Anderson, B, Rivers, J, Val!ela, I M M, Yates, J (1994) Growth, nutnent uptake 
capabilities and tissue constituents of the macroalgae Cladophora vagabunda and Graczlana ukvahzae 
related to Site-specific mtrogen loadmg rates Mar Bwl 121, 175-185 

• Pmckney, J L, Paerl, H W, Harnngton, M B, Howe, K E (1998) Annual cycles of phytoplankton 
commuruty-structure and bloom dynarmcs m the Neuse River Estuary, North Carolina Mar Bwl 131, 
371-381 

• Pmou, J-Y, Menesguen, A (1992) Envrronmental factors controllmg the Ulva sp, bloom m Bnttany, 
France In Marme Eutroplucatwn and PopulatiOn Dynarmcs Eds G Colombo, I Ferran, V U 
Ceccherelh, R Ross1 Olsen & Olsen, Fredensborg, Denmark. 

• Poore, G C B (1992) Soft-bottom macrobenthos of Port Plulhp Bay a literature reVIew Port Plulhp 
Bay Envrronmental Study Techrucal Report No 2 , CSIRO 

• PoWls, B J (1973) The effect of power station discharges upon bentlnc mfauna Honours thes1s, 
Umvemty ofNSW 

• PoWls, B J (1975) The bentluc fauna of the Tuggerah Lakes Msc thes1s, Umvers1ty ofNSW 
• PoW!s, B J, Robmson, K I M (1980) Bentluc macrofauna! commuruties m Tuggerah Lakes, NSW 

Aus J Mar Freshwater Res 31,803-15 
• Pntchard, T (1997) Relative s1gmficance of slope water, estuarme discharges and sewage outfalls for 

nutnents m off-shore waters In Coastal Nutrzents Workshop (Proceedings) Australian Water & 
Wastewater Assocmtwn Incorporated, Sydney 

• Putman, R J, Wratten, S D (1984) The orgamsm and 1ts envrronment In Pnnczples of ecology 
Croom Hehn, London 

• Redden, A, Blacklock, K (1999) Tuggerah Lakes Zooplankton Umvers1ty of Newcastle 
• Resource Plannmg Pty Ltd ( 1991) Envrronmental Impact Statement for Extraction of Sand from 

Budgewo1 Lake Resource Plannmg Pty Ltd 
• Rhoads, D C, Young, D K (1970) The mfluence of deposit-feeding orgamsms on sed!ffient stability 

and commuruty tropluc structure J Mar Res 28, 150-78 
• Riley, A (1998) Tuggerah Bay Salt Marsh An expenmental Rehab1htauon Umvemty of Newcastle 
• Roberts, D E , Cunuruns, S P , Roach, A C (2000) Trace metals and organochlonnes 

Wlthm the sediments of the Tuggerah Lakes estuary, NSW Mar Freshwater Res, ms 
• Roy, P S, Peat, C (1973) Estuarme mvestigatwn ofTuggerah Lake- the bathymetry and bottom 

sedrments ofTuggerah, Budgewm and Munrnorah Lakes, and the subsurface stratigraphy ofTuggerah 
Lake Geological Survey ofNSW, Department ofMmes, Sydney 



• Rudek, J, Paerl, H W, Mallin, M A, Bates, P W (1991) Seasonal and hydrologtcal control of 
phytoplankton nutnent !mutatiOn m the lower Neuse River Estuary, North Carolma Mar Ecol Prog 
Ser 75, 133-142 

174 

• Ruello, N V (1978) Report on studtes on the rmpact of the Munmorah Power Statton on the Tuggerah 
Lakes prawns and fishenes NSW Ftshenes, Sydney 

• Ryther, J H, Dunstan, W M (1971) Nttrogen, phosphorous and eutrophtcatton m the coastal marme 
envrromnent Sczence, N Y 171, 1008-1013 

• Samty, G R (1998) Flora of the Tuggerah Estuary Report to Wyong Shire Council, Samty and 
Associates 

• Samty, G R , Hunter, G ( 1997) Tuggerah Lakes stormwater treaUnent study Samty and Associates, 
Potts Pomt 

• Samty, G R , Roberts, D E (2000) The salUnarsh and fnngmg vegetation of the Tuggerah Lakes 
estuary, NSW Wetlands Australza ms 

• Scanes, P, Coade, G, Large, D, Roach, A (1997) Developmg cntena for acceptable loads ofnutnents 
from catchments In Coastal Nutrients Workshop (Proceedmgs) Australian Water & Wastewater 
Association Incorporated, Sydney 

• Scott, A (1999) The ecology of the Tuggerah Lakes An oral history Samty & Associates, CSIRO 
Aust, Wyong Shire Council 

• Sfnso, A, Pavom, B, Marcoiillill, A, Ono, A A (1992) Macroalgae, nutnent cycles and pollutants m 
the lagoon ofVemce Estuanes 15, 517-528 

• Sm1th, A K , Holliday, J E , Pollard, D A ( 1997) Management of sea grass habttats m NSW estuanes 
Wetlands (Australza) 16, 48-55 

• Sounua, A, (1978) Phytoplankton Manual Monogr Oceanogr Methodol No 6 Umted Nat10ns 
Educational, Sctenttfic & Cultural Or , Pans 

• Suttle, C A, Fuhrman, J A, Capone, D G (1990) Raptd ammomum cyclmg and concentration
dependent parttttomng of ammomum and phosphate rmplicatlons for carbon transfer m planktomc 
commumtles Lzmnol Oceanogr 35, 424-433 

• TBC (1997) Wetland of the Tuggerah Lakes catchment Tuggerah Lakes Btodtversity Committee 
• TSA (1995) Threatened spectes Conservation Act 1995, No 101 
• The Ecology Lab (1998) Ptlot studtes ofaquattc ecology m deep habitats ofTuggerah Lake The 

Ecology Lab Pty Ltd , Balgowlah 
• The Ecology Lab (1999) Water supply act1Vlttes m the Wyong and Gosford catchment areas revtew of 

extstlng ecologtcal mfonnatton & statiStical analysts of water qualtty data The Ecology Lab Pty Ltd , 
Balgowlah 

• Thresher, A Ward, T and Crossland, C (1993) An Assessment of the Impacts ofMumnorah Power 
Statton on the Fauna ofTuggerah Lakes, Pactfic Power 

• TtetJen, J H (1980) Mtcrobtal-mewfaunal mterrelattonshtps a revtew Mzcrobzology, 335-38 
• Towell, S (1998) The mstream ecology oftnbutary creeks entenng the Tuggerah Lakes estuary 

Wyong Shire Council 
• Turptn, D H, Harnson, P J (1979) Lmutmg nutnent patchiness and Its role m phytoplankton ecology 

J Exp Mar Bwl Ecol 39, 151-166 
• Underwood, A J (1981) Techmques of analysts ofvanance m expenmental marme bwlogy and 

ecology Oceanogr Mar Bzol Ann Rev 19,513-605 
• Underwood, A J ( 1991 a) Beyond BACI Expenmental destgns for detectmg human envrromnental 

rmpacts on temporal vanatwns m natural populations Aust J Mar Freshwater Res, 42, 569-87 
• Underwood, A J (l99lb) Stuptdtty, myths and guess-work m the detection ofmarme envrromnental 

rmpacts Dead brrd-watching for hydrographers Hydrologzcal Soczety, Spectal Publication, 27, 43-53 
• Underwood, A J ( 1997) Expenments m Ecology, therr logtcal destgu and mterpretatton usmg analysts 

ofvanance Cambndge Umverstty Press 
• Valtela, I, Foreman, K, LaMontague, M, Hersh, D, Peckol, P, DeMeo-Anderson, B, D'Avanzo, C, 

BabiOne, M, Shatn, C, Brawley, J & Lajtha, K (1992) Couplmgs of watersheds and coastal waters 
Sources and consequences ofnutnent ennchment m Waquoit Bay, Massachusetts Estuanes 15,43-457 

• van Sendan, D (1997) Flushing Charactenstlcs ofTuggerah Lakes Manly Hydraulics Laboratory, 
Manly Vale 

• Walker, D I, McComb, A J (1992) Seagrass degradatiOn m Australian coastal waters Mar Poll 
Bull 25, 191-195 

• Walkerden, G (1999) Scopmg workshop notes on the management study for Tuggerah Lakes Wyong 
Shire Council 

• Walkerden, G and Gtlmour, A J (1996) Adaptive envrromnental assessment and management program 
for the Tuggerah Lakes system and associated catchments Macquane Research L1m1ted 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
1-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
• 
• 
• 
• 

Wallbndge, C (1998) Fauna trappmg report Within remnant bushland surroundmg Tuggerah lakes 
Uruvers1ty of Newcastle 
Wallbndge C (1999) Terrestnal macrofauna surroundmg tl!e Tuggerah Lakes estuary PreliDIIDary 
report, Uruvers1ty of Newcastle 
Wanless, M J ( 1998) A reVIew of tl!e commercial and recreatiOnal fishenes of tl!e Tuggerah Lakes 
estuary, sustamab!l!ty, conflicts and disturbance Uruvemty of Newcastle 

175 

WarWick, R M (1988) Analysis of comnmruty attnbutes oftl!e macrobentl!os of 
Fnerfjord!Langesundfjord at taxononuc levels lugher tl!an species Mar Ecol Prog Ser 46, 167-170 
West, R J, Jacobs, N E, Roberts, D E (1990) Expenmental transplantmg ofseagrasses m Botany 
Bay, Australia Mar Poll Bull 21, 197-203 
West, R J, Larkum, A W D, Kmg, R J, (1989) Regional studies- seagrasses ofSoutl! Eastern 
Australia In BIOlogy of Sea grasses, ElseVIer Press, Oxford 
West, R J, Thorogood C A, Walford, T R, Williams R J (1985) An estuarme mventory for New 
Soutl! Wales, Australia F1sh Bull 2, Dept of Agnculture, NSW 
Wettm, P (1981) Observauons ofwaterbrrds at tl!ree Sites on tl!e Tuggerah Lakes Wetlands Wetlands 
1, 26-28 
Wmer, B J (1971) Statzstzcal Prznczples zn Expenmental Deszgn McGraw-Hill Book Company, New 
York 
WSC (1994) Wyong's cnttcal wetland areas of conservauon value- draft local envrronmental plan 
Wyong Shrre Council 
WSC (1995) State oftl!e Envrronment Report Wyong Shrre Council 
WSC (1997) State oftl!e Envrronment Wyong Shrre Council 
WSC (1998) State oftl!e Envrronment, Wyong Shrre 1997/1998 Wyong Shrre Council 
WSC (1999) State oftl!e Envrronment, Wyong Shrre 1998/1999 Wyong Shrre Council 
Young, D K, Buzas, M A, Young, M W (1976) Species dens1ttes ofmacrobentl!os associated Witl! 
seagrass a field expenmental studyofpredatton. J Mar Res 34,577-92 



176 

9. Appendix 1 

Past and present members of the Tuggerah Lakes Estuary and Coastal Management Subcommittee 

Mr D Armstrong (Coal Australia) 

Cr J Axford (Chairperson, Wyong Sh1re Counc1l) 

Mr T Bagnat (Nat1onal Parks and Wildlife Serv1ce) 

Mr B Bell (Wyong Sh1re Counc1l) 

Cr G Best (Wyong Sh1re Council) 

Cr F Brennan (Wyong Sh1re Counc1l) 

Mr B Buggy (Tuggerah Lakes Catchment Management Committee) 

Mr K Byles (Tuggerah Lakes Commercial F1sh1ng Assoc1at1on) 

Mr P Carter (NSW F1shenes) 

Mr C Clarke (NSW F1shenes) 

Mr R Cooke (Department of Land and Water Conservation) 

Mr J Cowden (Community Representative) 
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10. Appendix 2 
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